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Overview

Burden of typhoid fever and cholera: similarities
and differences. Prevention strategies for European
travelers to endemic/epidemic areas
D. AMICIZIA, R.T. MICALE, B.M. PENNATI, F. ZANGRILLO, M. IOVINE, E. LECINI, F. MARCHINI, P.L. LAI, D. PANATTO
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Summary
The burden of diarrheal diseases is very high, accounting for 1.7
to 5 billion cases per year worldwide. Typhoid fever (TF) and
cholera are potentially life-threatening infectious diseases, and
are mainly transmitted through the consumption of food, drink
or water that have been contaminated by the feces or urine of
subjects excreting the pathogen. TF is mainly caused by Salmonella typhi, whereas cholera is caused by intestinal infection by
the toxin-producing bacterium Vibrio cholerae. These diseases
typically affect low- and middle-income countries where housing
is overcrowded and water and sanitation are poor, or where conflicts or natural disasters have led to the collapse of the water,
sanitation and healthcare systems. Mortality is higher in children
under 5 years of age. Regarding their geographical distribution,
TF has a high incidence in sub-Saharan Africa, India and southeast Asia, while cholera has a high incidence in a few African
countries, particularly in the Horn of Africa and the Arabian Peninsula.
In the fight against these diseases, preventive measures are fundamental.

With modern air travel, transmissible diseases can spread
across continents and oceans in a few days, constituting a threat
to global public health. Nowadays, people travel for many reasons, such as tourism and business. Several surveys have shown
that a high proportion of travelers lack adequate information
on safety issues, such as timely vaccination and prophylactic
medications. The main objective of this overview is to provide
information to help European travelers to stay healthy while
abroad, and thus also to reduce the potential importation of
these diseases and their consequent implications for public
health and society.
The preventive measures to be implemented in the case of travel to
countries where these diseases are still endemic are well known:
the adoption of safe practices and vaccinations. It is important to
stress that an effective preventive strategy should be based both on
vaccinations and on hygiene travel guidelines.
Furthermore, the emergence of multidrug-resistant strains is
becoming a serious problem in the clinical treatment of these diseases. For this reason, vaccination is the main solution.

Introduction

outpatient visits and hospital admissions in high-income
regions, and is a major health problem globally [1].
Diarrhea is caused by a wide range of etiological agents,
including viruses, bacteria and parasites. Among the
etiological agents responsible for diarrheal diseases are
Salmonella Typhi (S. typhi), Salmonella Paratyphi (S.
paratyphi) and Vibrio Cholerae. In this overview, the
burden of typhoid and paratyphoid fever and cholera is
described in order to provide updated information for
European travelers to endemic areas and to identify the
best preventive strategies.

The burden of diarrheal disease is very high, accounting for 1.7 to 5 billion cases per year worldwide. Specifically, diarrheal diseases are associated with an estimated 1.3 million deaths ann-ually, with most occurring
in resource-limited countries. Very young children are
the most vulnerable, the incidence of severe gastroenteritis being highest in the first 2 years of life. Indeed,
up to 25% of deaths in young children in Africa and
south-east Asia are attributable to acute gastroenteritis. In these geographical areas, total mortality has declined in recent decades, owing to the increased use of
oral rehydration therapy, improved nutrition, increased
breastfeeding, better supplemental feeding, female education, immunization and improvements in hygiene and
sanitation. Nevertheless, morbidity due to diarrhea has
not declined in the same manner. Indeed, in low-income
countries, children under three years old experience, on
average, three episodes of diarrhea every year. Although
the burden is greatest in low-income populations with
poor access to safe water, sanitation and urgent medical
care, acute infectious diarrhea is also a common cause of

https://doi.org/10.15167/2421-4248/jpmh2019.60.4.1333
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Typhoid and paratyphoid fever
Typhoid fever (TF), also known as enteric fever, is a
potentially life-threatening multi-systemic illness. It is
mainly caused by Salmonella enterica, subspecies enterica serovar typhi, and to a lesser extent by serovars
paratyphi A, B, and C, which are members of the family of Enterobacteriaceae [2]. The genus Salmonella is
divided into serovars on the basis of surface antigens: O
antigen, based on the lipopolysaccharide (LPS) compo-
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nent; and H antigen, based on flagellar proteins. Moreover, pathogenic strains of S. typhi and S. paratyphi C
present a Vi antigen polysaccharide component [3].
Clinical features
S. typhi is restricted to human hosts, and chronic carriers
constitute the reservoir of infection.
The disease is mainly transmitted through the consumption of food, drink or water that have been contaminated
by the feces or urine of subjects excreting bacteria (sick
or convalescent people or chronic asymptomatic carriers). After S. typhi has been ingested, it reaches the
intestinal epithelium, where it colonizes macrophages
and dendritic cells in the lamina propria; however, these
fail to destroy the bacterium [4]. Subsequently, bacteria invade the bloodstream, multiply and spread to the
lymph nodes, spleen and liver, causing multi-systemic
disease [5]. The main manifestations of the disease are
fever, which can reach 38°-40°C, and abdominal symptoms (such as diarrhea or constipation). Nonspecific
symptoms, such as weakness, anorexia, headache and
dizziness, may precede the fever. Moreover, rose-colored spots may appear on the trunk, and patients may
also experience neuropsychiatric manifestations, hepatomegaly and splenomegaly. The most severe complications are gastrointestinal bleeding, intestinal perforation
and typhoid encephalopathy, which occur in 10-15% of
patients, generally in the third and fourth weeks of infection [6, 7]. The duration of infection is a major determinant of the risk of severe complications, and a delay
in administering appropriate antibiotic treatment may
have serious consequences. Isolation of S. typhi from
blood is the most common method of diagnosis, though
the bacterium can also be isolated from bone marrow,
feces and duodenal fluid. Blood culture displays suboptimal sensitivity, generally being positive in only about
50% of cases. It also has several limitations, including
the volume of blood needed, the need for prompt transport to the laboratory, interference due to prior antibiotic
use, limited laboratory expertise and equipment, and expense [8]. Bone marrow culture increases the diagnostic
yield to approximately 80% of cases. Stool culture is not
usually positive during the earliest phase of the disease
[9]. Multiple cultures increase sensitivity and may be required in order to reach a diagnosis. Although the Widal
test (based on the detection of agglutinating antibodies
to ‘O’ and ‘H’ antigens) is unreliable (may give falsepositive or false-negative results), it is widely used in developing countries because of its low cost. Newer serologic assays for S. typhi infection are occasionally used
in outbreak situations, and are somewhat more sensitive
and specific than the Widal test [2]. Early diagnosis and
the prompt institution of appropriate antibiotic treatment
are essential for the optimal management of TF, especially in children. S. paratyphi causes paratyphoid fever.
S. paratyphi is thought to cause milder disease than S.
typhi, with symptoms being predominantly gastrointestinal [10]. While this is probably true of S. paratyphi B
infection, there are insufficient data to draw conclusions
regarding S. paratyphi A [11].

Ciprofloxacin is commonly used as an empiric treatment,
as fluoroquinolones are recommended. However, as
fluoroquinolone-resistant or multidrug-resistant strains
are spreading, third-generation cephalosporins are used
when the possibility of resistance is high [6, 12].
Epidemiology
TF is one of the main causes of enteric disease worldwide [13]. The incidence of TF (overall population) is
reported in Figure 1. Recent estimates of the global incidence of typhoid and paratyphoid fevers in 2017 indicate 14.3 million people affected (76.3% caused by
S. typhi) [14], a 44.6% decline from the 25.9 million in
1990 [5, 8, 15, 16].
The distribution of the disease differs widely throughout
the world (Fig. 1). In geographical areas with a high incidence, the main risk factors are inadequate drinking water and inadequate sanitation; indeed, low- and middleincome countries are mainly affected, owing to the lack
of clean water and of proper sanitation. Moreover, other
risk factors are: high population density, unsanitary living conditions, poor hygiene, low socio-economic status, and recent contact with a patient affected by TF [17].
In 2014, the World Health Organization (WHO) attributed 502,000 deaths to inadequate drinking water and
280,000 to inadequate sanitation [18]. TF has a heavy
burden in Asia, with an overall incidence of 170.8 cases
per 100,000 people per year, though this estimate varies across the continent [14]. Specifically, Buckle et al.
estimated an annual incidence rate of 394.2 per 100,000
in southern Asia. With regard to Africa, the incidence
is estimated to be 724.6 cases per 100,000 people per
year; however, it is probably underestimated, owing to
the lack of information and surveillance systems in the
continent [14]. Moreover, Africa suffers many cases of
invasive non-typhoid salmonellosis, which are additional confounding factors in estimating the TF burden [17].
TF also affects countries in Latin America, the Caribbean and Oceania, although to a lesser extent, with a
median incidence rate of 22.3 cases per 100,000 people
per year [5].
In 2014, Mogasale V et al. studied the incidence of TF
in various parts of the world, showing that it was considerably higher in low- and middle-income countries
(risk-adjusted and corrected for blood culture sensitivity) (Fig. 1) [19].
A 2017 study by Antillón et al. found that the age-group
most commonly affected by the disease is in the range
between 2 and 14 years. Specifically, incidence peaks in
the 2-4 years age-group, while it is lower in children < 2
years of age and adults. It must be stressed that children,
even when properly treated, have a high mortality rate.
These authors estimated that the expected number of TF
cases per year is 17.8 million across all low-income and
middle-income countries. According to their analysis,
almost 40% of all cases occur in sub-Saharan Africa
(7.2 million), although the uncertainty of their estimates
is considerable. Figure 2 reports the incidence (per
100,000 person-years) in the Global Burden of Disease
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Fig. 1. Typhoid incidence in low- and middle-income countries (risk-adjusted and corrected for blood culture sensitivity), adapted from
Mogasale et al. [19]. Colors indicate different incidence values, with darker shades corresponding to higher incidence.

Fig. 2. Incidence in the Global Burden of Disease regions and sub-regions made up of low- and middle-income countries. The incidence is
per 100,000 person-years. Adapted from Antillón et al. [20].

E273

D. AMICIZIA ET AL.

regions and sub-regions made up of low- and middleincome countries [20].
In developed countries, the incidence rate per 100,000
per year varies from < 0.1 to 0.3, and the disease mainly
affects people who travel to endemic areas located in
low- and middle-income countries [15].
The median TF mortality rate varies from region to region: high-income countries such as North America, Europe, Australia and New Zealand register less than 0.1
deaths per 100,000 people per year, while the mortality
rate is higher in Sub-Saharan Africa (7.2) and Southern
Asia (3.9) [15].
S. paratyphi A has been found to be responsible for a
considerable, and increasing, proportion of cases of enteric fever in some Asian regions [8].
A very recent systematic review by Marchello et al. reports the incidence of blood culture-confirmed TF without restrictions on age, country, language or time. The
authors identified Africa and Asia as regions with high
TF incidence, with a peak in children younger than 15
years old (particularly between 2 and 4 years old). These
results confirm the global incidence trend of new cases
of TF [21].
The impact of S. typhi and S. paratyphi disease is probably underestimated, owing to inadequate surveillance
systems in the most severely affected areas, the low sensitivity of diagnostic tools, and healthcare inequalities
resulting in scant health-seeking behavior among populations at the highest risk [22].
Vaccination
Despite major efforts to prevent and treat cases of enteric
fever, millions of new infections of typhoid fever occur
in many areas where sanitation is poor and food and water supplies are unsafe, frequently involving travelers to
endemic areas [22].
In the fight against this plague, preventive measures are
fundamental. Vaccination against typhoid is an effective
preventive intervention, especially when coupled with
hand-washing, the treatment of household water, and the
provision of adequate sanitation [4].
Well-tolerated and effective vaccines are currently available. One of these is based on the use of live attenuated
bacteria and is administered orally; the other is based on
Vi capsular polysaccharide (Vi-PS), and is administered
intramuscularly or subcutaneously [4].
Ty21a vaccine (Vivotif®)
A mutated strain of Salmonella (Ty21a) that reproduces
the natural infection is contained in Ty21a vaccine (Vivotif®).
The Ty21a strain is a Ty2 mutant, with deficiency of
the uridyl diphosphate-galactose enzyme (UDP-Gal)
-4-epimerase. The deficiency of this enzyme prevents
the conversion of UDP glucose to UDP galactose, one of
the components of the lipopolysaccharide membrane of
Salmonella. The absence of galactose UDP determines
the formation of an LPS that does not contain O antigen, which is the most important surface antigen. In this
phase, the mutant strain is not immunogenic; however,

since the Ty21a strain is fed by galactose, the bacterium
becomes capable of generating UDP galactose by means
of an alternative route, managing to express a complete
and immunogenic LPS. Despite its immunogenic capacity, the mutant strain is not virulent, as the galactose
is partially accumulated as galactose-1-phosphate and
UDP-galactose, which induce bacterial lysis. S. typhi
Ty21a is a stable mutant with no possibility of reversion
either in vitro or in vivo. This particular strain causes
an abortive infection, stimulating an immune response
at the intestinal level and inducing both a humoral, cellmediated and antibody reaction [23, 24].
Therapeutic indications
Children aged over 5 years and adults can take the Ty21a
vaccine orally. The pack contains 3 capsules, to be taken
every other day, with cold or lukewarm water, at least an
hour before meals. The protection starts between 7 and
10 days after the third dose.
In countries where the risk of contracting the disease is
high, vaccination is recommended every 3 years. Similarly, on the basis of new summary of product characteristics, those traveling to an endemic area should be
vaccinated every 3 years [25]. The vaccination schedule
must be completed at least one week before going to an
endemic area.
Vivotif® may be administered concomitantly with yellow fever vaccine and oral polio vaccine.
Immunogenicity, efficacy and safety
It has been shown that the vaccine stimulates a good local production of IgA against the O antigen and that it
induces good humoral and cell-mediated immunogenicity against the O antigen in adult male subjects [26].
The immunogenicity of Ty21a was evaluated in 634
Thai children, who underwent a three-dose vaccination schedule [27]. A seroconversion rate of 60% was
found in 3-year-old children and of 91% in 6-year-old
children (p <0.005); these percentages were higher than
the seroconversion rates in unvaccinated children of the
same age. The data showed that seroconversion rates increased proportionally to the age of vaccinated children.
Gilman et al. [28] studied 155 male adults vaccinated
with Ty21a and observed good seroconversion rates of
antibodies to the O antigen, resulting in disease protection.
In another controlled trial, 32,388 children were recruited in order to evaluate Ty21a vaccine (16,486 received
the vaccine, 15,902 received oral placebo, and 25,625
did not receive either) and it was reported that, out of
92,675 doses administered, there were 49 cases of vomiting among vaccinees, versus 21 in the placebo group; 1
case of fever after the vaccine and 3 cases in the control
group, and finally 14 cases of abdominal pain in the vaccinated group, versus 2 cases in the placebo group [29]
Levine et al. described a randomized, placebo-controlled field efficacy trial in Santiago (Area West); a total of 65,674 schoolchildren (aged 6-17 years) received
three doses of vaccine. Volunteers were randomly assigned to two groups, one of which received the three
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capsules within 48 hours (22,170 subjects), and the
other within 21 days (21,598). Children who received
placebo (21,906) served as the comparator group. The
study demonstrated that the best protection was seen in
the group that received all three doses of the vaccine in
enteric-coated capsules within one week; prolonging the
interval between doses to 21 days did not enhance efficacy [30].
Subsequently, a liquid formulation was commercialized
after it had been shown to provide greater protection
than enteric-coated capsules over three years of followup in a randomized, placebo-controlled trial in Area
South East and Area North, Santiago [31].
Surveillance in the Area West trial was continued for
four additional years (i.e., total seven years of follow-up)
and in the Area South East and Area North trial for two
additional years (i.e., a total of five years of follow-up).
Over the course of a decade, it was possible to conduct
separate large-scale trials to evaluate different immunization regimens and programs of Ty21a oral in vivo typhoid vaccine. The results showed that over 3 years of
follow-up in Santiago (Area West), there were 68 cases
of bacteriologically confirmed typhoid fever in the placebo group and 23 cases in the short-interval vaccine
group, yielding a point estimate of vaccine efficacy of
67% (95% CI 47-79%; p < 0.00001). There were 34 cases of confirmed typhoid fever in the long-interval group,
providing a point estimate of vaccine efficacy of 49%
(95% CI 24-66%; p = 0.0006).
In a field trial, the three-dose regimen of enteric-coated capsules taken on alternate days was shown to have
a protective efficacy of 71% (95% CI 35-87%) during
the first year after vaccination, 67% (95% CI 47-79%)
over 3 years, and 62% (95% CI 48-73%) over 7 years
of follow-up, which definitively supports the efficacy
reported in the vaccine summary of product characteristics [31].
Moreover, the data from the Area South East and Area
North trial revealed that three doses of liquid formulation conferred 77% (95% CI 60 ± 87%; p < 0.001) protection over three years and 79% (95% CI 65 ± 87%;
p < 0.001) over five years of follow-up, showing the
efficacy of three doses of the liquid formulation of
Ty21a [31].
Other studies of vaccine immunogenicity, safety and
tolerability have demonstrated the good profile of Vivotif® [32-34].
Vi polysaccharide vaccine (Typhim Vi®)
Vi polysaccharide vaccine (Typhim Vi®) contains purified Vi capsular polysaccharide of Salmonella typhi (Ty
2 strain). Immunity appears within 1-3 weeks after injection and lasts around 3 years. A single dose of ViPS
vaccine elicits high levels of serum IgG anti-Vi antibodies. The persistence of anti-Vi antibodies depends on
endemicity, with a trend towards greater persistence in
endemic areas (documented up to 10 years in 83 children
at levels equal to or above the serological correlate of
protection of 1 µg/mL). In non-endemic areas, anti-Vi
antibodies persist for 2 to 3 years [33].
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Therapeutic indications
Typhim Vi® can be used in adults and children over 2
years of age, administration being in a single dose of 0.5
ml, with re-administration required every 2–3 years in
subjects who remain at risk of typhoid fever. The common route of administration of this vaccine is intramuscular, although it may be given subcutaneously. Vaccination should be carried out at least 2 weeks prior to
potential exposure to S. typhi infection.
Typhim Vi® may be administered together with other
common vaccines (yellow fever, diphtheria, tetanus,
poliomyelitis, rabies prepared on Vero cells, meningitis
A+C, hepatitis A and hepatitis B) during the same
vaccination session [35].
Immunogenicity, efficacy and safety
A double-blind, randomized, controlled efficacy clinical
trial was conducted in a highly endemic area of Nepal,
in both pediatric and adult populations: 3,457 subjects
received Typhim Vi®. The results indicated that the level
of protection conferred by a single dose of the vaccine
was 74% against blood culture-confirmed cases of TF
throughout the 20 months of active surveillance, in comparison with the control group [36].
The seroconversion rate (defined as a 4-fold rise in anti-Vi antibody levels) was recorded in 19 clinical trials
involving a total 2,137 pediatric and adult subjects in endemic and non-endemic areas. In the adult population,
the seroconversion rate ranged from 62.5% to 100% four
weeks after a single injection, with a similar magnitude
of anti-Vi immune response in non-endemic areas and
endemic areas. Similar results were obtained in the pediatric population.
During clinical development, more than 15,000 people
received Typhim Vi® (first or second injection). The most
common adverse reaction, in all age-groups, was injection site pain. In adults over 18 years of age, myalgia and
fatigue were the most frequently reported systemic reactions. In children and adolescents (from 2 to 17 years
of age), myalgia and headache were the most frequently
reported systemic reactions. Most adverse reactions appeared within 3 days after vaccination and most resolved
spontaneously within 1 to 3 days after onset [33, 37].

Cholera
Cholera is a rapidly-dehydrating diarrheal disease caused
by intestinal infection by the toxin-producing bacterium
Vibrio cholerae.
Vibrio cholerae strains are classified into serogroups
on the basis of the structure of their cell surface lipopolysaccharides. Of the over 200 known serogroups of
Vibrio cholerae, distinguished by the polysaccharides of
the somatic (O) antigen, only the O1 and O139 serovars
can produce the cholera toxin and cause pandemic disease [38]. There is no proven cross-protection between
O1 and O139. On the basis of a number of phenotypic
differences, including their susceptibility to polymyxin
B and phage infection [39], the O1 serotype is further
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classified into 2 biotypes, El Tor and classical O1. Both
of these biotypes can be further classified into 2 crossreacting serovars, Ogawa and Inaba [40]. El Tor persists
for a longer time in the environment and is associated
with a higher rate of asymptomatic cases. The classical
strains are believed to have been responsible for the six
previous cholera pandemics in modern history, the first
of which started in 1817. The El Tor biotype is responsible for the longest and most severe seventh pandemic,
which started in 1961 and continues today [41]. In 1992,
a genetic derivative of the El Tor biotype, termed Vibrio cholerae O139 Bengal, caused extensive epidemics
of cholera in India and Bangladesh and subsequently in
other parts of south Asia [41]. The spread of the O139
serogroup is restricted to Asia and over the years its incidence has decreased following the appearance of a new
El Tor strain in 1994 [42]. This serogroup switch has
occurred several times over the past decade in choleraendemic regions, suggesting that acquired immunity
plays an important role in the emergence of specific
serogroups. Moreover, the rapid evolution and genetic
rearrangement of O1 and O139 strains contribute to the
persistence and re-emergence of this disease.
In recent years, new pathogenic variants of Vibrio cholerae have emerged as the genetic backbone of El Tor strains
and the higher infectivity of classical strains, and are associated with increased ecological persistence, infectivity,
disease severity, and dispersion worldwide [41, 43-47].
This strain is responsible for the epidemic on Hispaniola and may cause more severe episodes of cholera and
higher death rates [12].
As Vibrio cholerae strains continue to adapt and evolve,
understanding the underlying factors that contribute to
their enhanced environmental persistence and increased
transmission will be essential, in order to predict outbreaks and establish preventive measures [48].
Cholera currently remains a serious public health problem in many countries, occurring as an endemic disease
in some regions and causing major epidemics in some
low/middle-income countries [49, 50].
Clinical features
Cholera displays an acute nature, leading to severe dehydration within hours, and death if not treated adequately.
Vibrios are gram-negative, highly motile and commashaped, with a single polar flagellum. In affected individuals, Vibrio cholerae secretes a toxin (CT) that affects the small intestine. The toxic action of CT depends
on a specific receptor, the monosialosyl ganglioside
GM1. The binding (B) subunit of the toxin attaches to
GM1 and releases the active (A) subunit; this enters the
host cell and activates the G protein, which stimulates
adenylate cyclase [50]. This activation increases the
outflow of chloride and bicarbonate from the cell and
reduces sodium influx, causing water molecules to flow
into the lumen of the gut. The consequent net fluid loss
causes watery diarrhea and rapid dehydration, which, if
untreated, can lead to hypotonic shock and death within
12 hours of the first symptoms [38, 49, 51].

After an incubation period of approximately 18 h to 5
days, the illness typically starts suddenly with passage
of watery stools and vomiting. Systemic manifestations,
such as fever, are absent unless there is a co-infection.
Depending on the severity of dehydration, the patient
may be thirsty and irritable and, in later stages, display
lethargy, a rapid radial pulse, loss of skin turgor, diminished urine output, low blood pressure, rapid breathing
and sunken eyes. When severely dehydrated, the patient
may progress to hypovolemic shock. Complications of
cholera include electrolyte imbalance, including hypokalemia, hyponatremia, hypocalcemia and acidosis.
Children can develop hypoglycemia due to depleted hepatic glycogen reserves and insufficient gluconeogenesis, which may cause seizures [52]. Other complications
include various manifestations of diminished perfusion
of end organs, including acute renal failure, stroke and,
in pregnant patients, miscarriage, premature delivery
and stillbirth [12].
Susceptibility to infection by Vibrio cholerae depends
both on adaptive immune responses, induced by previous infection or vaccination, and on innate host factors.
A low gastric acid level has been associated with more
severe cholera disease. The immune response in individuals with cholera is directed primarily against bacterial surface molecules and against cholera toxin. The response includes intestinal-mucosal secretory IgA (SIgA)
and serum IgA, IgG, vibriocidal antibodies, antibodysecreting cells, T cells and, of special importance for
long-term protection, memory B cells and T cells [40].
Intriguingly, not all individuals infected with pathogenic
Vibrio cholerae exhibit symptoms of cholera, and several
host factors appear to impact on immunity to the disease.
Both retinol deficiency and blood type O have been associated with an increased susceptibility to infection [53-56].
Regardless of blood type, higher transmission rates of
cholera are observed between first-degree relatives than
between less closely related contacts living in the same
household, indicating that additional genetic factors play
a role in the susceptibility to cholera [55].
Laboratory tests are not essential for the diagnosis of
cholera, as the clinical picture of acute, non-bloody,
profuse, watery diarrhea quickly leading to dehydration
does not occur in many other scenarios [57]. Cholera is
confirmed through culture of a stool specimen or rectal
swab [12].
Treatment for cholera is relatively cheap and simple.
Intravenous rehydration with Ringer’s lactate solution
should be administered aggressively in order to restore
the circulation. With adequate and timely rehydration,
case-fatality rates (CFRs) are < 1%. The oral rehydration
solution recommended by the WHO contains glucose as
a source of carbohydrates, and has reduced osmolarity,
which is associated with reduced stool output. Antiemetics have no role, and might interfere with rehydration
because of their sedating effects. Antibiotic treatment
should be dictated by local antimicrobial susceptibility
profiles. Azithromycin and ciprofloxacin are commonly used, although azithromycin has been shown to be
more effective than ciprofloxacin in terms of shortened
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duration of diarrhea, reduced stool volume, lower frequency of vomiting and cessation of fecal excretion of
vibrios [12, 40].
Epidemiology
The disease typically affects regions where housing is
overcrowded and water and sanitation are poor, or where
conflicts or natural disasters have led to the collapse of
the water, sanitation and healthcare systems [58]. Access
to safe water and improved sanitation facilities has eliminated the transmission of Vibrio cholerae, the causative
agent, in high-income countries. However, the bacteria
continue to afflict millions of people in less developed
countries where adequate water and sanitation infrastructure are not widely available [59].
Cholera epidemics are superimposed on the endemic
disease in long cycles. These cycles are determined
by waning levels of population immunity and periods
of climate variability. When introduced into a choleranaive population, large-scale epidemics can occur, such
as the ongoing Haitian epidemic that began in 2010. In
epidemic settings where natural immunity is scant or absent, all age-groups are equally affected by the disease
although mortality in children < 5 years is higher [59].
Epidemics occur unpredictably and are often associated
with natural disasters and humanitarian emergencies that
disrupt the supply of water and sanitation. [58].

The global burden of cholera is largely unknown, as
the majority of cases are not reported [59]. The WHO
estimates that only 5-10% of cases occurring annually
are officially reported [60]. The main factors for this
low reporting efficiency include the limited capacity of
epidemiological surveillance systems and laboratories,
and social, political and economic disincentives to reporting [61-63]. While safe drinking water and advanced
sanitation systems have made the Global North cholerafree for decades, the disease is still endemic in many
regions, including Asia, Africa and the Americas, with
1.3 billion people at risk, Sub-Saharan Africa being the
worst affected [64].
As mentioned above, V. cholera originated in the Indian subcontinent and caused six pandemics from 1827
through 1923. The seventh pandemic has been ongoing
since 1961, reaching South America and most of the
Western Hemisphere in 1991 [65]. The WHO estimates
2.8 million cases and 91,000 deaths annually. Recently,
cholera has struck vulnerable communities, such as postearthquake Haiti (2010), Iraq and Yemen, where natural disasters, refugee movements, war and conflict increase the risk of infection and outbreaks [66]. In 2017,
the WHO gathered data on cholera from 71 countries
worldwide: 34 countries reported a total of 1,227,391
cases and 5,654 deaths (global case-fatality rate (CFR):
0.5%) (Fig. 3), and 37 countries reported cases for the
year [62].

Fig. 3. Countries reporting cholera cases in 2017 (Adapted from WHO, 2018) [67]. The colors indicate different values of incidence; a darker
shade corresponds to a higher incidence.
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Yemen accounted for 84% of all suspected cases reported and for 41% of cholera-attributed fatalities. Excluding cases related to Yemen, an increase of 45% in the
number of cases and 33% in the number of deaths over
the 2016 global totals was observed in Member States.
The increase in 2017 was due largely to severe epidemics in the Democratic Republic of the Congo (DRC), Nigeria, Somalia and South Sudan [68].
Since the last Communicable Disease Threats Report
(CDTR), updated on 24 August 2018, the countries reporting the most cases have been Yemen (38,269 cases,
63 deaths), Nigeria (7,966 cases, 224 deaths), the DRC
(2,918 cases, 65 deaths), Niger (1,592 cases, 36 deaths)
and Ethiopia (1103 cases). Since the last CDTR update,
the WHO has declared the cholera outbreaks in Kenya
and Uganda to be under control. Two countries have recently reported new cholera outbreaks within their territories: Algeria and Zimbabwe [68].
Natural disasters and epidemics
Epidemics occur unpredictably and are often associated
with natural disasters and humanitarian emergencies that
disrupt access to water and sanitation supplies. [57].
The WHO defines natural disasters as “catastrophic
events with atmospheric, geologic and hydrologic origins”, including earthquakes, volcanic eruptions, storm
surges, landslides, tsunamis, wildfires, floods and
droughts [69, 70].
In humanitarian crises and emergencies, the lack of infrastructures often forces victims to seek refuge in temporary accommodation, without adequate access to food,
safe water and sanitation. Obviously, in such situations,
public health surveillance systems may be suboptimal,
disrupted or even non-existent, exacerbating the risk of
transmission of communicable diseases [71]. Furthermore, the lack of electricity, laboratory equipment and
supplies can make conventional testing for water-borne
pathogens impossible [72].
Moreover, susceptibility to many diseases, including
cholera, may be due to pre-existing health conditions,
such as malnutrition, especially in infants and children.
Indeed, a 2011 study [73] showed that cholera cases (or
worse epidemics) are more likely to arise in malnourished populations with limited food availability owing to
famine, war or natural disasters [74]. A poor nutritional
status may have many causes, such as a deficient macro/
micronutrient intake, malabsorption, metabolic disturbances and other health issues (e.g., HIV/AIDS); for example, children with zinc and vitamin A deficiency are
more susceptible to cholera [75].
Moreover, natural disasters affect the ecology of pathogens, mainly by increasing the risk of exposure to them,
but also by facilitating their growth in aquatic environments, which are the main reservoir of pathogenic cholera bacteria [70, 76, 77]. In this regard, changes in the
aquatic environment, such as plankton concentration,
variations in salinity, temperature, pH, sediments and
their re-suspension/transport and other physico-chemical factors, can promote the survival of the pathogen,
especially in coastal zones [78].

In recent years, as a consequence of climate change
and human activities (e.g., rapid urbanization, deforestation, etc.), the incidence of natural disasters has increased [69, 78, 79]. An estimate derived from the International Disaster Database suggests that about 270
million people each year are affected by natural disasters [70, 80, 81].
However, not all disasters are followed by cholera epidemics; environmental conditions need to be conducive
to the rapid growth of this bacterium, the pathogenic
strains of which are susceptible to many factors, as seen
above. Furthermore, societal structure, prevailing climatic processes and the spatio-temporal seasonal variability of natural disasters play a very important role in
predicting cholera outbreaks. Indeed, an already “fragile” area is at greater risk of suffering an epidemic than
a high-income area, which, by contrast, will be able to
help the victims of a disaster promptly and can recover
from it relatively quickly, before an outbreak can occur [70].
Vaccination
In order to prevent cholera, it is important to vaccinate
both travelers to endemic areas and people who live in
such areas. Currently, the available vaccine for European
travelers is cholera inactivated vaccine (Dukoral®), that
is administered orally.
Cholera inactivated vaccine (Dukoral®)
Cholera inactivated vaccine (Dukoral®) contains killed
whole Vibrio cholerae O1 bacteria and the recombinant
non-toxic B-subunit of the cholera toxin (CTB) [82].
Bacterial strains of both Inaba and Ogawa serovars and
of El Tor and classical biotypes are included in the vaccine. Dukoral® is taken orally together with a bicarbonate
buffer, which protects the antigens from the gastric acid.
The vaccine acts by inducing antibodies against both the
bacterial components and CTB. The intestinal antibacterial antibodies prevent the bacteria from attaching to the
intestinal wall, thereby impeding colonization by Vibrio
cholerae O1. The intestinal anti-toxin antibodies prevent
the cholera toxin from binding to the intestinal mucosal
surface, thereby preventing the toxin-mediated diarrheal
symptoms.
The heat-labile toxin (LT) of enterotoxigenic E. coli
(ETEC) is structurally, functionally and immunologically similar to CTB. The two toxins cross-react immunologically.
Therapeutic indications
Dukoral® is indicated for active immunization against
disease caused by Vibrio cholerae serogroup O1 in
adults and children from 2 years of age who will be visiting endemic/epidemic areas.
As reported in the summary of product characteristics,
the use of Dukoral® should be determined on the basis of
official recommendations, taking into consideration the
variability of epidemiology and the risk of contracting
the disease in different geographical areas and traveling
conditions. However, Dukoral® should not replace stan-
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dard protective measures (such as washing hands, eating
well-cooked foods, avoiding raw foods, eating only beverages from sealed bottles, and if not boil them; remember: “boil it, cook it, peel it or forget it).
The standard primary course of vaccination with Dukoral® against cholera consists of 2 doses for adults and
children from 6 years of age. Children from 2 to below 6
years of age should receive 3 doses. Intervals of at least
one week between doses are necessary. If more than 6
weeks have elapsed between doses, the primary immunization course should be re-started.
For continuous protection against cholera, a single
booster dose is recommended within 2 years for adults
and children from 6 years of age, and within 6 months
for children aged 2 to 6 years. No clinical efficacy data
have been generated on repeat booster dosing. However,
immunological data and data on the duration of protection suggest that if up to 2 years have elapsed since the
last vaccination in adults, and up to 6 months in children
aged 2-6 years, a single booster dose should be given. If
more than 2 years have elapsed since the last vaccination (more than 6 months in children aged 2-6 years) the
primary course should be repeated.
Immunogenicity safety and tolerability
Safety and immunogenicity were studied in Bangladeshi
children (n = 340) aged 6-18 months. The results showed
that two doses of the vaccine were safe and induced antibacterial (vibriocidal) antibody responses in 57% of
the children and antitoxin responses in 85%. Immune
responses were comparable after the administration of
one and two doses. Administering the vaccines without
buffer or in water did not affect vibriocidal responses.
This study demonstrates that the vaccine is safe and
immunogenic in children under 2 years of age and that
simple interventions can enhance immune responses in
young children [83].
In the Bangladesh Field Trial (1985) protective efficacy
against cholera in adults and children aged ≥ 6 years was
evaluated, and short-term protection was detected in
85% of subjects [84].
In children aged 2-5 years in Mozambique, Dukoral®
provided protection for 6 months [78% protection (CI
39-92%)] [85]. Herd immunity was also registered in
non-vaccinated individuals [86, 87].
Recently, Dukoral® was evaluated in a clinical trial:
healthy volunteers (n = 21) and renal transplant recipients (n = 30) were vaccinated with the oral whole cell/
recombinant B subunit cholera vaccine Dukoral®. The
vaccine was administered at the baseline and on day 14.
The results showed that more than half of the transplant
recipients seroconverted, and adverse events were mild
to moderate and transient [88].
Several studies have investigated the cross-protection
of Dukoral® against enterotoxigenic Escherichia coli [84, 89, 90]. In particular, one study found that the
protective efficacy against cholera was 85% and protection against the toxin of enterotoxigenic Escherichia coli
reached 67% [90].
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S. typhi and cholera: similarities
and differences
Concerning similarities, TF and cholera are both transmitted through the oro-fecal route. Owing to poor sanitary conditions and lack of safe drinking water, which
are often associated with poverty and deprivation, developing countries are most severely affected by these
diseases [91].
In the 19th and 20th centuries, oro-fecal transmissible
diseases were endemic in many areas of the world, including Europe and the Americas. After the widespread
introduction of chlorination, sand filtration and other
practical preventive methods of water sanification, the
spread of oro-fecal diseases decreased drastically worldwide. Today, the WHO is actively involved in reducing
the transmission of diseases caused by critical health
conditions, particularly in middle- and low-income
countries.
The new WHO Guidelines on Sanitation and Health [92]
summarize the evidence on the effectiveness of a range
of sanitation interventions and provide a comprehensive
framework for health-protecting sanitation; this covers
policy and governance measures, the implementation of
sanitation technologies, systems and behavioral interventions, and monitoring approaches.
Critically, the guidelines detail the role of the health sector in identifying gaps in sanitation interventions, in order to guide future research efforts and to improve and
maximize the effectiveness of sanitation interventions
on the health of the population (a WHO study in 2012
calculated that for every US$ 1.00 invested in sanitation
there was a return of US$ 5.50 in lower health costs,
increased productivity, and fewer premature deaths).
Indeed, the benefits of improved sanitation extend well
beyond reducing the risk of diarrheal disease.
Importance of vaccination in fighting
antimicrobial resistance
Today, antimicrobial resistance has grown enormously,
and many pathogenic bacteria are resistant to multiple
antibiotics, including such micro-organisms as Vibrio
cholerae and S. typhi. Consequently, multi-drug resistance is now one of the most alarming emerging problem
associated with infectious diseases. On the other hand,
vaccines can prevent infectious diseases and can yield a
much longer-lasting control of infections. Indeed, vaccines can control infections over a long period of time
without becoming obsolete. This characteristic is due to
the fact that vaccines work prophylactically and prevent
the start of infections, while drugs work therapeutically
on an ongoing infection in which bacteria proliferate
and mutate, allowing the drug to select resistant variants [93].
Regarding S. typhi, since 2001, the complete genome
sequence of multiple drug-resistant S. typhi has been
mapped and the genes of resistance to the antibiotics
commonly used in the treatment of typhoid fever, especially fluoroquinolones, have been identified [94].
Infection caused by multiple drug-resistant strains has
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been documented to be associated with more severe illness and higher rates of complications and death, and
with a higher rate of prolonged asymptomatic carrier
status [95].
In 2016 in Pakistan, an outbreak of Salmonella enterica
(ssp. enterica serovar typhi), resistant to chloramphenicol, ampicillin, trimethoprim-sulfamethoxazole, fluoroquinolones and third-generation cephalosporins, was
observed. More than 1000 cases were registered and laboratory confirmed. The outbreak was caused by the H58
clade, a multidrug-resistant haplotype of S. typhi, common in Asia and in some African areas. As reported by
the authors, multi-resistant S. typhi involved a densely
populated area of Asia where adequate sanitation, water
and infrastructure were lacking [96].
With regard to cholera, multidrug-resistant isolates are
emerging, particularly in Southern Asia, with resistance
to quinolones, trimethoprim-sulfamethoxazole and tetracycline.
A variety of mechanisms of antimicrobial resistance
have been identified in Vibrio cholerae, including efflux pumps, chromosomal mutations and mobile genetic elements such as plasmids and SXT elements.
Antibiotics are often used in combination with rehydration therapy, as they are believed to relieve the
symptoms of cholera faster than rehydration treatment
alone, and because a shorter disease duration lessens
the transmission of infectious Vibrio cholerae. Because antibiotics are widely used as part of the cholera
treatment regimen, the number of pathogenic Vibrio
cholerae strains resistant to one or more antibiotics is
increasing [97]. To prevent the spread of resistance,
it is crucial to limit the use of antibiotics in cholera
patients and to implement alternative strategies and
novel approaches in managing this disease.
The WHO does not advise the prophylactic administration of antibiotics in travelers coming from or going to
a country affected by cholera. Indeed, routine treatment
with antibiotics, or preventive chemoprophylaxis, has no
effect on the spread of cholera. On the contrary, the use
of antibiotics can have adverse effects by increasing antimicrobial resistance.
Although TF and cholera seem to be similar diseases,
they display some different features in terms of geographical distribution, pathogenesis, clinical presentation, prognosis and mortality.
Regarding their geographical distribution, TF has a high
incidence in sub-Saharan Africa, India and south-east
Asia, while cholera has a high incidence in a few African countries, particularly in the Horn of Africa and the
Arabian Peninsula (Fig. 1 and Fig. 3).
Cholera has a worse prognosis than TF during the acute
phase of the disease, mainly owing to profuse watery diarrhea and vomiting, which cause massive dehydration.
If untreated, 50% of severe cases are fatal, while proper
treatment and fluid replacement reduce mortality to less
than 1% [98]. Mortality is higher in children, especially
those under 5 years of age.

International travel and migration
With modern air travel, transmissible diseases can
spread across continents and oceans in a few days, constituting a threat to public health. Indeed, it takes only 36
hours to travel around the world by plane; a time much
shorter than the incubation period of most infectious diseases [99].
In 1950, international travelers numbered just over 25
million, while according to estimates by the United
Nations World Tourism Organization (UNWTO) they
could become 1.3 billion by 2020. Over 700 million
travelers could be exposed to an increased risk of contracting infectious diseases, owing to changes in their
habits, different weather conditions (cold, heat, humidity, exposure to the sun or wind) and the consumption
of unsafe food. Asia and the Pacific area, which account
for 37% of the world’s international tourism expenditure
and nearly one-fourth of global arrivals, play a vital role
in global tourism, as both an inbound and an outbound
market. The increase in international travel in these areas
is due to major infrastructure and socio-economic development [100].
Nowadays, people travel for many reasons, such as
tourism and business. Several surveys have shown that
a high proportion of travelers, whether tourists or businesspeople, lack adequate information on safety issues,
such as timely vaccination and prophylactic medications. Indeed, only a small number of travelers seek advice from the Travel Medicine clinic, particularly with
regard to vaccinations. Notably, the pre-travel planning
of vaccinations is a complex operation that requires adequate medical support and proper timing.
In a cross-sectional, multicenter study, the European
Travel Health Advisory Board (ETHAB) used a self-administered anonymous questionnaire to evaluate current
travel health knowledge, attitudes and practices and to
determine where travelers to developing countries obtained travel health information, what information they
received, and what preventive health measures they implemented. The survey was conducted at several airports
in Europe, Asia, South Africa and the United States. The
questionnaire [101], which was distributed at the departure gate, gathered information on: personal characteristics (age, gender, nationality, country of residence and
profession); the journey undertaken (destination countries, type of region, purpose, duration, travel companions) and travelers’ knowledge, attitudes and practices
(timing of travel preparation, source and timing of travel
health information, planned food habits and restrictions,
perceived risk of specific infectious diseases, perception
and status of vaccinations, contents of travel health kit)
regarding malaria and vaccine-preventable travel-related
diseases. The results obtained from a total of 5,465 questionnaires showed that the majority of travelers (73.3%)
had sought general information about their destination
prior to departure, but only just over half of the respondents (52.1%) had sought travel health advice. Tourists
and people traveling for religious reasons had sought
travel health advice more often, whereas those visiting
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friends and relatives were less likely to do so. Hepatitis
A was perceived as the most common infectious disease,
followed by HIV and hepatitis B. When all participants
were asked to score the risk of vaccine-preventable diseases, between one-quarter and one-third of respondents
stated that they did not know the risk concerning the respective diseases; some 40% could not assess the risk
at all, and 10% to 15% did not answer this question. Ignorance was highest with regard to rabies, TF and cholera [101].
Many characteristics of the journey (duration, destination, etc.) can influence decisions regarding the preventive and prophylactic strategies to adopt. For example,
the strongest and most consistent predictor of typhoid
risk in travelers is the trip destination: 1/3,000 in travelers to South Asia (high risk), 1/50,000-100,000 Sub-Saharan Africa, North Africa and the Middle East or South
America (intermediate risk) and < 1/300,000 in travelers
to the Caribbean and Central America (low risk) [102].
A review published in 2005 confirmed that the risk to
travelers appears to vary by geographic region visited,
with travel to the Indian subcontinent accounting for the
greatest risk of acquiring typhoid fever. The overall risk
of contracting TF during travel to the Indian subcontinent was 18 times higher than in any other geographic
area [103]. Many cases acquired in the Indian subcontinent were multidrug-resistant, as fluoroquinolone resistance is on the rise in this geographical area.
A special category at higher risk of contracting TF is
that of travelers who visit relatives (emigrants returning
to their homeland). These subjects are less likely to have
received pre-travel advice, less likely to adopt food and
water precautions and, perhaps most importantly, by and
large do not perceive their risk or undergo typhoid vaccination before traveling [104].
Regarding the risk of cholera, with the growth of international travel by sea and air, cases of food-borne transmission of cholera have increased. Indeed, in addition to
contaminated water, certain foodstuffs are particularly at
risk of transmitting the disease: seafood, including fish,
shellfish, crabs, oysters and clams, and other foods that
can easily be contaminated during preparation in unhygienic food factories or by infected food handlers [105].
Transportation systems and trade routes have greatly improved and expanded worldwide, and the ease and speed
of migration mean that cholera is still a global health
challenge. Confirmation that cholera is still a public
health threat associated with migration and the rapid
movement of people is provided by the recent outbreak
reported in Algeria. As referred by the European Centre for Disease Prevention and Control, as of 30 August
2018, Algeria reported 74 confirmed cholera cases in six
northern and coastal areas of the country. This was the
first cholera outbreak reported in Algeria in more than
20 years. Cases were reported in both rural and urban
areas, including the capital. A water source was found
to be contaminated with Vibrio cholerae. On the basis
of the number of cases and the geographical extension
of the outbreak, additional cases are expected to be reported.
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Conclusion
Not only are cholera and TF a severe threat to the populations of low- and middle-income countries, these
diseases may also affect travelers to endemic areas. The
preventive measures to be adopted in the case of travel
to countries where these diseases are still endemic are
well known: the adoption of safe practices and vaccinations [24]. It is important to stress that an effective
strategy should be based both on vaccinations and on
hygiene travel guidelines. It is commonly believed that
chances of developing gastrointestinal illness will be reduced considerably by being counselled to “boil it, cook
it, peel it, or forget it.” However, surveys of returning
travellers have shown that receiving advice about food
and drink safety appears to have no significant effect on
rates of diarrhoea. Indeed, many travellers will commit
a food and beverage indiscretion within 72 hours after
arrival in a developing country, despite pre-departure
counselling. Standard protective measures are always
recommended such as: wash your hands thoroughly
before eating food, avoid consuming raw foods (meat,
fish, shellfish, vegetables and more), with the exception
of personally peeled fruits, take well-cooked foods and
not re-warmed; avoid milk that has not been previously
boiled, pasteurized or sterilized, ice creams, cakes with
cream, cream, raw egg sauces (like mayonnaise), fresh
cheeses. Don’t buy food and drinks from street vendors
and drink only from sealed bottles (if this is not possible,
boil the water) [106, 107].
TF is one of the main causes of death due to food-borne
infections, and results in the greatest loss of DisabilityAdjusted Life years (DALYs) worldwide [24]. Given
that man is the only host of S. typhi, an effective vaccination strategy could limit the spread of disease and reduce
its burden, especially in endemic areas [6]. Furthermore,
the emergence of multidrug-resistant strains is becoming
a serious problem in the clinical treatment of the disease.
For this reason, vaccination is the main solution.
The WHO has set the goal of eliminating cholera by
2030. To achieve this objective, it is essential to support
the efforts of low-income countries to strengthen their
capacities for preparedness, early detection, laboratory
confirmation and immediate effective response to outbreaks. In addition, travelers must be fully informed of
the risk of disease and be vaccinated before their departure for at-risk areas. Although safe drinking water and
advanced sanitation systems have made cholera a treatable and limited illness in Europe and North America,
the emergence of new Vibrio cholerae strains, the ease
of travel and the increased migration of possibly infected
individuals have raised serious public health concerns.
Today, people of all ages commonly travel to developing
countries for a variety of different reasons. The common
objective should be to help travelers stay healthy while
abroad, and thus also to reduce the potential importation
of infectious diseases and its consequent implications
for public health and society [108]. Indeed, the consequences of returning from abroad with an infectious disease can extend beyond the infected individual, in that
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they may also involve travelers’ relatives, people with
whom they have close contact, or the wider community.
Thus, prophylactic travel health measures do not only
benefit individuals, but also public health [101, 109].
Initiatives to enhance the awareness of travelers should
target all groups, including business travelers, those visiting friends and relatives, and the elderly. Nowadays,
travelling isn’t just a matter for young and adult people:
in the last years, the number of older travelers have increased. Older travelers have been encouraged by the
greater ease of access to cheap and rapid modes of transport [110].
Obviously, older travels are often patients, with chronic diseases and other medical conditions: for example,
lower respiratory tract infections, urinary tract infections
and cardiovascular disease. in order to taking account of
the special considerations for safe prescription, general
practitioners, geriatricians and other healthcare professionals should cooperate with specialist travel medicine clinics [111]. Moreover, the immunosenescence
in elderly people is also important in travel medicine,
because it could reduce vaccines immunogenicity and
could increase the risk of travel-related infectious diseases. For this reason older travelers, need a pre-travel
consultation, preferably earlier than others travelers, to
have an adequate time to respond to vaccinations, even
if they are healthy, without immunosuppressing/immunocompromising conditions [112]. Additionally, the
providers of travel health advice should continue to urge
travelers to comply with the pertinent recommendations.
A large and growing number of “free and independent
travelers”, identifiable as a “consumer class”, especially
young travelers aged 15-34 years (“millennials”), use
online travel agencies and mobile technology to make
faster and simpler bookings through online (and more
affordable) tourism platforms. These changes in travel
habits should prompt different information strategies,
e.g. the use of social media and collaboration between
public health organizations and the most widely used
travel websites.

revised the manuscript. All authors read and approved
the final version of the manuscript.
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Summary
Introduction. In Italy, the transmission of measles is still
endemic, and 7,919 cases were reported to the National Surveillance System between January 2017 and December 2018.
Aim of this study is to report the results of the measles surveillance activities in the Metropolitan City of Milan from March
2017 to December 2018, and to evaluate the surveillance performance WHO indicators.
Methods. The Local Health Units (LHUs) carried out case
investigations and collected specimens to send to the EpiSoMI
Lab (Subnational Reference Laboratory, SRL) of the University
of Milan for cases/outbreaks confirmation and genotyping performed according to the WHO Guidelines.
Results. Overall, 610 suspected measles cases were reported by
the surveillance system of the Metropolitan City of Milan. A total

of 439 out of 540 cases with adequate specimens were laboratoryconfirmed by molecular and/or serological assays. Two-hundred
and thirty-six cases were notified as sporadic and 203 as related
to 94 outbreaks. The most confirmed cases were aged 15–39
years, almost all not vaccinated. Overall, 282 cases were genotype D8 and 118 genotype B3.
The evaluation of a set of indicators to monitor the quality of surveillance activities demonstrated the proficiency of the EpiSoMI
Lab.
Conclusions. A well-done investigation of cases and outbreaks
by the surveillance local system, in a timely manner, in order to
notify and investigate suspected cases and to laboratory confirm
or discard cases is fundamental to reduce morbidity, to prevent
further virus transmission and to achieve measles elimination.

Introduction

nosocomial outbreaks have been reported [9, 10], highlighting both the problem of low vaccination coverage
among health workers (among which 450 cases were
reported) and the need to implement protocols for the
prevention of measles transmission in healthcare [11].
In Italy, the Measles and Rubella Surveillance Network
(Mo.Ro.Net), consisting of one National Reference
Laboratory (NRL) and 14 Subnational Reference Laboratories (SRL) that meet rigorous standards to provide
accurate results, was established in March 2017 [12].
Laboratories taking part in the network are required to
participate in annual proficiency testing in selected techniques and are evaluated through the WHO accreditation
program. The Laboratory of the Coordinated Research
Center for the Epidemiology and Molecular Surveillance of Infections EpiSoMI (EpiSoMI Lab) of the University of Milan is one of the two SRL of the Lombardy
Region (Northern Italy). The EpiSoMI Lab is a fully
WHO-accredited laboratory and, from March 2017, set
up a rapid and active surveillance for the complete characterization of the Mv in the Metropolitan City of Milan
and surrounding areas.
A set of eight core indicators to monitor the quality
of surveillance blend both field and laboratory activities [13]. Moreover, four of the eight indicators are di-

Measles is a highly contagious disease caused by measles
virus (Mv). Humans are the only reservoir of this infection and an effective vaccine is available. These characteristics make this disease eradicable. The World Health
Organization (WHO) planned to get the elimination of
Mv, but the rapid succession of several measles outbreak
in the European Region in the last years made this goal
impossible to achieve in a short-term [1-3]. This is one
of the leading immunization priorities of the European
Region as outlined in the European Vaccine Action Plan
2015-2020 [4]. Elimination of measles will depend on
achieving high coverage and closing immunity gaps and
ensuring high-quality, case-based surveillance [5, 6].
In Italy, the transmission of measles is still endemic,
and 7,919 cases were reported to the National Surveillance System between January 2017 and December
2018 [7, 8], including eight deaths. The median age of
the cases was 26 years, but the highest incidence was
recorded in children under one year of age, too young
to be vaccinated. The main settings involved were hospital, family, school (included nursery and university),
workplace and the community. In particular, numerous
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rectly related to the management and the performance
of the laboratory. These four indicators are the reporting
rate of discarded non-measles non-rubella cases, the laboratory confirmation, the viral detection, and the timeliness of reporting laboratory results [14]. These standard
performance indicators should be monitored to identify
weakness in the laboratory surveillance system so that
corrective action can be taken [15].
Aim of this study is to report the results of the measles
surveillance activities in the Metropolitan City of Milan and surrounding areas from 1 March 2017 to 31 December 2018. Furthermore, we want to evaluate the four
indicators, directly related to the management and the
performance of the laboratory, in order to demonstrate
whether the routine surveillance laboratory activities
provide accurate and timely data.

Methods
Epidemiological surveillance data
In Lombardy Region, according to the National Surveillance Guidelines, all suspected measles cases must be
promptly notified to the Local Health Units (LHUs). A
suspected Mv case is defined as a subject with clinical
evidence of “fever and rash” [6].
The LHUs carry out case investigations to determine
source, risk factors and transmission settings, and conduct contact tracing to identify contacts, evaluate their
immunity status, and vaccinate susceptible subjects.
Moreover, LHUs collect specimens to send to the SRL
for the case confirmation.
Notified cases are systematically reported to the Lombardy Regional database that provides, for each case,
personal data, clinical details, all information collected
during the epidemiological investigation as well as the
SRL results including virus genotype.
Descriptive information on measles cases in this study
were obtained from the Lombardy Regional database.
Laboratory surveillance data
Specimen collection
Before collecting samples, informed consent was obtained by suspected Mv cases (or their legal tutors in
case of minors). Collection of adequate specimens,
therefore, may include collection of specimens to test
for virus-specific immunoglobulin M (IgM) (by Enzyme
ImmunoAssay, EIA, on serum, blood or Dried Blood
Spot, DBS) and for measles RNA detection [by Realtime Reverse Transcription Polymerase Chain Reaction
(RT-PCR) on urine and throat or nasopharyngeal swabs,
Oral Fluid (OF)]. These biological samples must be collected during the acute phase of the disease, specifically
between 4 and 10 days after the exanthema onset (between 4 and 28 days for DBS) for serological test, up
to 14 days for OF or up to 21 days for urine for virus
detection using molecular techniques, or in any case at
the first contact with medical care [13-16].
Measles virus-specific IgM detection
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Blood, serum and DBS samples received for IgM analysis were processed and tested as soon as possible after
receipt in the laboratory. Serum samples were analyzed
for serological testing using MV IgM capture Enzyme
ImmunoAssay (EIA, Euroimmun AG, Luebeck, Germany), following the Manufacturing instructions.
Measles RNA detection
Total RNA was extracted from 1.5-15 ml of urine and/
or 0.2-1 ml of OF, depending on the timing of specimen
collection, using the NucliSENS® easyMAG™ automated platform (bioMérieux bv, Lyon, France) according to
the off-board lysis protocol. Extracted RNA was analyzed for molecular testing using a One-Step Real-time
PCR targeting the hemagglutinin (H) gene, as previously
described [17].
Measles genotyping
The genotype of Mv strains was identified by sequencing the highly variable region of the nucleoprotein gene
(N-450) [18]. RT-PCR products were purified with the
NucleoSpin® Gel and PCR Clean-Up (Macherey-Nagel
GmbH & Co. KG, Germany), and nucleotide sequences
were obtained by automated DNA sequencing based
on fluorescent dye terminator on genetic analyzer ABI
PRISM 3100 Genetic Analyser (Applied Biosystem,
Thermo Fisher, USA). N-450 Mv sequences detected
during the seasons 2017-2018 were analyzed using the
Basic Local Alignment Search Tool (BLAST, http://
blast.ncbi.nlm.nih.gov/Blast.cgi) to identify similarities
with previously reported strains and to define the belonging genotype. Virus genotypes were designated according to the official WHO nomenclature and sequences have been submitted to the WHO’s MeaNS (Measles
Nucleotide Surveillance) database [19, 20].
Laboratory confirmed case definition
A confirmed laboratory case was defined as a patient
with serological and/or virological evidence of acute
measles infection.
Indicators to monitor the quality of laboratory
surveillance
The quality of laboratory surveillance and a sensitive
system for detection and investigation of suspected cases
of measles are evaluated by four performance indicators:
1. Reporting rate of discarded non-measles non-rubella
cases: target: ≥ 2 cases per 100000 population per
year. This indicator is calculated as the number of
non-measles/non-rubella cases in a year divided by
the average population in the studied area;
2. Laboratory confirmation: meaning the proportion of
suspected cases with adequate specimens for detecting acute measles infection collected and tested in
a proficient laboratory (target: ≥ 80%). This indicator is calculated as the proportion between the cases
confirmed/discarded by each method of detection
and the number of the suspected cases;
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3. Viral detection: meaning the proportion of laboratory-confirmed chains of transmission (outbreaks) with
samples adequate for detecting measles collected and
tested in an accredited laboratory (target: ≥ 80%).
This indicator reflects the fundamental contribution
of the molecular characterization of the Mvs and is
calculated as the percentage of all chains of transmission, identified during a calendar year, that have been
successfully characterized by genetic analysis;
4. Timeliness of reporting laboratory results: meaning
the proportion of results reported by the laboratory
within 4 days of specimen receipt (target: ≥80%).
Statistical analysis
The comparison of two proportions was analyzed using
the Chi square test. Two-sided p values < 0.05 were considered statistically significant. All analyses were conducted using the OpenEpi software [21].

Results
Laboratory surveillance data
From March 2017 to December 2018, 610 suspected
measles cases were reported by the surveillance system
of the Metropolitan City of Milan and surrounding areas.
For 540 (88.5%, 540/610) measles suspected cases were
collected adequate specimens for serological and/or virological confirmation by the SRL. Of the 540 suspected
cases, 80 (14.8%) had specimens only to be tested by
molecular tests, whereas 6 (1.1%) only for serological
evaluation. A total of 439 (439/540, 81.3%) reported
cases were laboratory-confirmed by molecular and/or
serological assays, in accordance with the WHO guidelines [12] (Fig. 1). The 59.2% (260/439) of confirmed

cases tested positive by both serological and molecular
assays; the 39.9% (162/439) was confirmed only by molecular tests, and the 3.9% (17/439) exclusively for antiMeasles IgM (Tab. I).
In Figure 2 is described the number of confirmed and
discarded cases by age groups and year of surveillance.
During the considered period, the proportion of discarded measles cases was 45.2% (38/84) for the age groups
0-4 years, 17.9% (7/39) for the age groups 5-14 years,
11.03% (32/290), 10.7% (12/112) and 75.0% (9/12) for
the age groups 15-39, 40-64, and ≥ 65 years respectively.
A statistical significance was found in the rate of discarded non-measles cases of age groups 0-4 and ≥ 65
years (both p < 0.005).
Overall, 58.8% (258/439) of the confirmed cases (median age: 28 years; range: 1 day-7 years) were aged 1539 years, 22.8% (100/439) belonged to the 40-64 age
group, 10.5% (46/439) were aged 0-4 years, and 3.4%
were ≤ 1 year old. The 93.3% of confirmed cases were
not vaccinated. During the considered period, the epidemiologic investigation identified 94 different outbreaks/
chains of transmission: 77 during 2017 and 17 during
2018 epidemic. The 53.76% of the confirmed cases was
notified as sporadic.
Four-hundred and thirty-four out of 439 confirmed cases
had adequate specimens for viral detection and 402 out
of 434 (92.6%, 402/434) cases were genotyped. In 2
subjects, vaccinated as susceptible during the epidemic
period, was identified genotype A vaccine strain (0.5%).
These subjects were excluded, since did not meet the
case definition (genotype identification is required to
distinguish wild type from vaccine strain if vaccinated within 21 days of rash onset). Two different genotypes were identified, D8 and B3. Genotypes D8 and
B3 have co-circulated during the whole period (Fig. 3).

Fig. 1. Measles cases investigated during the period of surveillance activity to the enhanced measles surveillance system (data from the
official data base of Lombardy Region) and cases confirmed by the SRL EpiSoMI, March2017-December 2018.
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Tab. I. Reported suspected cases, suspected measles cases with adequate specimens and cases confirmation distribution during the study
period (2017 and 2018).

Parameters
Reported suspected measles cases, N (%)
Suspected measles cases with adequate
specimens to be tested, N (%)
Serum/Blood/DBS
Number of different
specimen type
Urine
investigated, n (%)
Oral fluid
Measles cases confirmed by lab, N (%)
Serological
Assays used to confirm
Virological
measles case (%)
Serological and virological
*

2017*
440 (72.1)

2018
170 (27.9)

Study period, N
610

394 (73.0)

146 (27.0)

540

372 (68.9)
413 (69.3)
405 (69.8)
335 (76.3)
11 (64.7)
125 (77.2)
199 (76.5)

168 (31.1)
183 (30.7)
175 (30.2)
104 (23.7)
6 (35.3)
37 (22.8)
61 (23.5)

540
596
580
439
17
162
260

in 2017 the parameters evaluation started on March.

Fig. 2. Distribution by age groups for confirmed/discarded cases
during surveillance activity of SRL EpiSoMI, March 2017- December 2018.

The most common genotype was D8 (70.5%, 282/400
cases), while B3 genotype was identified in the 29.5%
(118/400) of cases. D8 genotype was mainly observed
during 2017 epidemic (92.6%, 261/282), whereas during
2018 the most circulating genotype was the B3 (76.4%,
68/89).

Overall, D8 genotype was identified in 277 (98.2%,
277/282) autochthonous and 4 imported cases. In particular, 152 (53.9%, 152/282) were notified as sporadic
cases, while 130 (46.0%, 130/282) were involved in 68
outbreaks. B3 genotype was identified as imported in 13
cases out of 118 (11.0%, 13/118), as imported-related
in 1 case and as autochthonous in 105 (89.0%, 105/118)
cases. Otherwise, epidemiological investigation notified
61 (51.7%, 61/118) cases as sporadic and 57 (48.3%,
57/118) cases as related to 24 outbreaks.
Indicators to monitor quality of laboratory
surveillance
The four indicators to monitor the quality of laboratory
surveillance are calculated by period (March 2017-December 2017 and January 2018-December 2018) and the
results are shown in Table II.
The number of suspected cases that met the clinical case
definition but were not laboratory confirmed was 60 during 2017 and 39 during 2018. Considering a mean population of 4000000 inhabitants included in the Metropolitan City of Milan and surrounding areas, the reporting
rate of discarded cases was about 1.5 per 100000 popu-

Fig. 3. Genotypes circulation in the Metropolitan Area of Milan, from March 2017 to December 2018.
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lation per year in 2017 and about 1 per 100000 population per year in 2018.
In the considered period, more than the 80% of all cases that met the clinical definition had the collection of
adequate specimens and were laboratory confirmed/
discarded. Viral detection and genetic characterization
of measles virus responsible of a chain of transmission
was about 99% (only two chains of transmission were
not genetically characterized). The 89.6% (484/540) of
laboratory confirmed cases were reported to LHU by the
laboratory within 4 days of specimen receipt.

Discussion and conclusions
Monitoring progress toward measles elimination requires high-quality case-based surveillance that is able
to, in a timely manner, detect, notify and investigate
suspected measles cases and outbreaks, correctly classify them as confirmed or discarded, and prevent further
virus transmission [5, 22]. A key role of the high-quality
case-based surveillance is represented by the laboratory
activities.
In order to increase the performance level requested
by the WHO, including timeliness and completeness
of data, in March 2017 a sub-national network of accredited laboratories for measles and rubella surveillance (Mo.Ro.Net) coordinated by the NRL was formalized [12, 23].
As SRL, EpiSoMI Lab undergoes regular and thorough
processes for monitoring the accuracy and performance
of its procedures and the operators who performing them
(WHO accreditation). The EpiSoMI Lab must maintain
that status for the forthcoming calendar year, thus the accreditation assessment is based on the laboratory’s performance during the preceding 12 months. EpiSoMI Lab
achieved full accreditation for both investigated years,
2017 and 2018.
In the Lombardy Region, from September 2013 to May
2014 were collected biological samples from 80 suspected cases and the 57.5% were laboratory confirmed.
In that period, in Lombardy were noticed 880 suspected
cases [24], while in 2016, 165 Mv cases were notified
and 114 (69.1%) were confirmed (unpublished data).
From March 2017 (date of Mo.Ro.Net establishing)
to December 2018, a total of 959 Mv cases, including

confirmed, possible and probable cases, were reported
in Lombardy Region [25]. In particular, 610 out of 959
Mv cases was related to a large measles outbreak in the
Metropolitan City of Milan and surrounding areas, a
highly populated area with about 4 million inhabitants.
In this area, 439 measles cases (81.3% of cases investigated) were laboratory-confirmed. This highlighted how
a well-organized accredited laboratory improves the
quality of the surveillance system. The laboratory needs
adequate clinical samples to be timely and accurate in
reporting confirmation/discard for clinically suspected
cases. The detection of virus-specific IgM is the standard method for case confirmation. However, the use of
RT-PCR for direct detection of measles specific RNA
is fundamental to complement IgM antibody detection.
Using PCR method has become necessary to perform a
rapid case/outbreak investigation and to adopt the “fever and rash” case definition by collecting specimens at
the first encounter with the healthcare system, and performing molecular testing for virus detection in a “fast
and aggressive” way [13, 26, 27]. Remarkably, with this
strategy, the EpiSoMi Lab, during 2017-2018 period,
have confirmed by molecular methods a relevant proportion (13.2%) of seronegative cases (< 4 days from rash).
These results prove the value of molecular analysis as
tool to identify Mv cases otherwise unrecognized.
Overall, the 439 confirmed cases were classified by epidemiological investigations: 236 as sporadic cases and
203 as related to 94 outbreaks. Four hundred cases were
genotyped: 282 were genotype D8 and 118 were genotype B3. These two genotypes co-circulated in Europe
during the study period [28].
A set of indicators was identified by the WHO [14] to
monitor the quality of surveillance activities, including the
reporting rate of discarded non-measles non-rubella cases
(≥ 2 cases per 100000 population per year). The 88.57%
of suspected Mv cases were laboratory confirmed with
a reporting rate of discarded non-measles cases between
1-1.5 per 100000 population in the two years, whereas at
national level the reported rates were of 0.67 per 100000
population per year in 2017 and of 0.37 per 100000 population per year in 2018. The rate of discarded Mv cases
were significantly higher in 0-4 years and ≥ 65 years age
groups. These results could be explained by a higher attention and sensitivity for pediatric population (at higher

Tab. II. Indicators of the quality of laboratory surveillance.

Laboratory indicators
1. Reporting rate of
discarded non-measles
non-rubella cases
2. Laboratory
confirmation
3. Viral detection
4. Timeliness of
reporting laboratory
results

Results
March 2017 - December 2017 January 2018 - December 2018

Target

1.5 cases per 100000 population
per year

1 case per 100000 population
per year

≥ 2 cases per 100000 population
per year

89.5%

85.9%

≥ 80%

100%

97.4%

≥ 80%

88.9%

92.4%

≥ 80%
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risk of clinical complications, also neurological), and by a
very low measles incidence in the elderly.
Another critical indicator of surveillance performance
is the viral detection and genotyping (≥ 80% of laboratory-confirmed chains of transmission) [29]. The mean
rate of genomic characterization performed during the
observed period is 98.7%, much more than the national
average (61.5% for 2017) [11]. The genetic characterization has enabled us to identify or confirmed epidemiological links.
The evaluation of these indicators is intended to demonstrate the proficiency of the accredited laboratories and
whether adequate surveillance laboratory activities are
implemented and documented for verification purposes.
These data demonstrate that the EpiSoMI Lab has supported Mv cases ascertainment in the Lombardy Region
in these two years of activity in Mo.Ro.Net in a proficient way, confirming outbreaks/cases and determining
Mv circulating genotypes.
Achieving indicator targets provides assurance that public health authorities can detect, locate and describe potential Mv transmission in a timely manner [26].
In conclusion, a well-done investigation of cases and
outbreaks by the surveillance local system, in order to
notify and investigate suspected cases and promptly
laboratory confirm or discard cases, is fundamental to
reduce morbidity, to prevent further virus transmission
and to achieve measles elimination.
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Summary
Introduction. It is recognized that mobile phones may play a
role in microorganism transmission and that hand hygiene, is
considered the most important action for preventing infections
and the spread of pathogens. The objective of this study was
to determine presence and circulation bacteria on hands and
mobile phones capable of causing infections in people and also
determine if disinfection with gel-alcohol is useful to reduce the
bacterial colonization.
Methods. The bacterial evaluation included 596 hands of participants and 256 mobile phones. Isolated colonies were identified by biochemical test and confirmed by gene 16S rRNA
sequencing. Antimicrobial susceptibility was performed using
the automated instrument Vitek®2-Compact and disk-diffusionmethod.

Results. In total, 92.9% of mobile phones and 98.3% of participants in study demonstrated evidence of bacterial contamination with different types of bacteria. Surprisingly, we observed
that 18.6% plaques inoculated with disinfected fingers showed
bacterial growth. In general, Gram negative isolates showed
resistance to a higher number of antibiotics tested than Gram
positive isolates.
Conclusions. Our results could help to raise awareness in our
society about the importance of hand hygiene, as well as frequently used devices, reducing bacterial contamination and
limiting the possibility of transmission of resistant multi-drug
bacteria.

Introduction

The purpose of this study was to determine presence
and circulation of antibiotic-resistant bacteria on mobile
phone and hands capable of causing systemic infections
in healthy people and also determine if disinfection with
gel-alcohol is useful to reduce the bacterial colonization.

Hand hygiene, is considered the most important habit
to prevent infections and the spread of microorganisms
pathogens [1]. The common of people often believe that
microbes are only present in rubbish and dumps, in research labs, in sick people, in hospitals and clinics and thus
they have a misleading feeling of security in other places.
Lack of knowledge about where germs occur and how are
they transmitted could be the cause of health problems [2].
In fact, microorganisms are found almost everywhere in
air, water, soil, food, plants and animals, including humans
and may be transmitted, either directly, through hand-tohand contact, or indirectly via food or other inanimate objects such as cell phones, money and coins [3].
Nowadays, mobile phones have become one of the most
essential devices for professional and social life, and they
can act as a vehicle for the spread of pathogenic bacteria
and other microorganisms [2, 4]. One of the first studies
reported that more than 90 % of cell phones of healthcare workers were contaminated with microorganisms
and 14 % of them carry pathogenic bacteria that commonly cause nosocomial infections [5]. Predominantly
Gram-positive cocci (Staphylococcus spp., Streptococcus spp., Enterococcus spp., Micrococcus spp.), but also
spore-forming rods (Bacillus spp.) or Gram-negative
bacteria, can be transmitted through devices like mobile
phones or computer keyboards [2, 6].
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Materials and methods
Study design
This cross-sectional study was conducted in a hand hygiene stand during massive exhibition Tecnopolis Federal, for a period of 2 week (May 2017), at the convention
center of Posadas city (Misiones, Argentina). A total of
852 samples were collected from the touch surfaces of
mobile phones (256 samples) and ventral surface of finger dominant (single hand) of apparently healthy volunteers (596 samples).
The protocol was approved by the ethical committee of
Pediatric Hospital, and an oral informed consent was obtained from the participants or if they were minors, of
their legal guardians.
Sample collection
Samples of mobile phones were collected using the fingers previously disinfected with gel-alcohol or sterile
swab, were immediately transferred into LB agar plates.
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The fingers (two group: with or without disinfection)
were supported onto plates for 5-7 seconds. Plates were
incubated aerobically at 37°C for 48 h. Bacteria recovered from all plate were pooled and frozen in 20% medium glycerol.
Bacterial identification and antibiotic
susceptibility
Colonies obtained in each processed plate were screened
by their resistances, using broad spectrum antibiotics-10
μg ampicillin, 4 μg gentamicin and 5 μg chloramphenicol
(Britania SA, Argentina) placed separately on Muller–
Hinton agar plates and incubated aerobically at 37°C for
18 hours. The number of colony forming units (CFU) for
the sample pool was estimated by plaque count.
Isolated microorganisms were identified using Gram
stain, colony morphology, standard biochemical tests
and confirmed by the automated ID/AST instrument Vitek® 2 Compact (Biomerieux) both Gram positive (GP
ID card) and Gram negative (GN ID card) cards (Biomerieux, France) were used. Minimal inhibitory concentration (MIC) was performed using the automated ID/
AST instrument Vitek® 2 Compact (Biomerieux) and
the Gram positive and Gram negative susceptibility
test cards (AST-P577; AST-N117; Biomerieux, France).
Diffusion method according to Kirby-Bauer was used
for the antibiotics aztreonam, minocycline and levofloxacin. The breakpoints were interpreted following CLSI
guidelines [7].
DNA extraction, amplification
and sequencing
Culture of each isolate was suspended in sarcosil
(0.01%) and DNA extracted using a combination of
heating and centrifuged. Universal 16S rRNA bacterial
primers 27F (5’-AGAGTTTGATCCTGGCTCAG-3’)
and 1492R (5’-GGTTACCTTGTTACGACTT-3’) were
used to amplify this gene using 10 ng of genomic DNA
isolated from each strain. PCR products were purified
and sequencing using primers 27F and 1492R [8].

Results
Five hundred thirty-one (98.3%) out of 538 volunteers in
study had hands contaminated with bacteria. Also, 238
(92.9%) out of 256 cell phones of volunteers were contaminated with bacteria. Surprisingly, we observed that
18.6% of the 58 plaques inoculated with disinfected fingers showed bacterial growth. Filamentous fungi were
observed in 3% of the plates.
Twenty one different appearance colonies were recovered on plates with antibiotic. The organisms identificated with 96-100% probability belonged to seven species
of Gram positive bacteria (Bacillus subtilis, B. pumilus,
Lysinibacillus sphaericus, Staphylococcus cohnii ssp
urealyticus, S. warneri, S. saprophyticus and Enterococcus durans) and seven species of Gram negative bacteria
(Serratia marcescens, Pseudomonas putida, Sphingomonas paucimobilis, Acinetobacter baumannii complex,

Stenotrophomonas maltophilia, Klebsiella pneumoniae
ssp pneumonia, and Ochrobactrum anthropi).
Results of antibiotic resistance of Gram positive and
Gram negative bacterial isolates are listed in Table I
(Antibiotic susceptibility results for all tested antibiotics are shown in supplementary data Table SI and Table
SII, respectively). A strain S. cohnii was resistant to ERI
and intermediate to NIT. S. warneri was resistant to ERI
and GEN. S. saprophyticus resistant to OXA, ERI, GEN
and STX, plus positive cefoxitin screen. E. durans was
resistant and intermediate to SXT and NIT, respectively.
Bacillus sp evidenced intermediate resistance to CLI. In
general, Gram negative bacteria exhibit increased resistance to antibiotics. P. putida strains were resistant to
AMP, SAM, CTX, NAL, NIT, SXT and intermediate to
TZP. S. marcescens strains were resistant to AMP, SAM,
CF, COL and NIT. S. paucimobilis was resistant to NAL,
GEN and NIT. A. baumannii complex was resistant to
AMP, CTX, NIT. S. maltophilia was resistant to GEN,
IPM and AZT. K. pneumonia was resistant only to AMP.
O. anthropi was resistant to AMP, SAM, NAL, NIT and
SXT and intermediate to TZP and CTX. All the observed
resistances respond to natural mechanisms of resistance.

Discussion
Our study – first of its kind in our region – carried out
with aimed to determine presence and circulation of antibiotic-resistant bacteria on mobile phone and hands of
healthy people. The most organisms recovered, do not
typically cause infections in healthy people rather they
have been known to cause significant infections in those
with depressed immune systems, including those infected with HIV, patients undergoing cancer chemotherapy,
or taking other medications that depress the immune
system (transplanted) [9, 10]. However, other belong to
species that have been protagonist in both nosocomial
and community acquired infections [11, 12].
In recent years, dozens of publications report the presence of microorganisms on money, coins and mobile
phones. While the studies can vary, due to the methods
used, local community flora, environmental conditions,
including the socio-cultural levels of the population, in
general, Gram positive bacteria were the most predominant [13]. Staphylococci found in the mucous membranes and normal skin flora has recently got attention as
a potential pathogen, specifically for hospital infections
where are a major cause of septicemia and bacteremia,
especially for the patients who have immune deficiency.
Locally, Staphylococcus aureus (MRSA) emerged at the
Pediatric Hospital, in 2003 as a cause of communityacquired (CA) infections [14]. In several studies, high
resistance ratios against erythromycin, gentamicin and
trimethoprim-sulfamethoxazole, which is an alternative medicine in the treatment of methicillin-resistant
staphylococci infections were reported [15]. Some species of genus Enterococcus have currently a particular
medical significance, considering their notable ability
of acquire and disseminate antimicrobial resistance de-
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Tab. I. Minimum inhibitory concentration in bacteria antibiotic resistant recovered in this study.
Species isolated

OXA

S. cohnii N132
S. warneri G62

4

S. saprophyticus
N4

≥4

S. saprophyticus
N3

≥4

E. durans G152
E. durans G153
S. paucimobilis
G61
P. putida Ch7
P. putida Ch8
A. baumannii
Ch16
A. baumannii
A10B
S. marcescens M2
S. marcescens A12
S. maltophilia
G151
K. pneumoniae
M11
O. anthropi N13

GEN

≥ 16

ERI

NIT

≥8

64*

SXT

AMP

SAM

TZP

CF

CTX

CAZ

CEF

IPM

MEM

NAL

COL

AZT
-

≥8

-

≥8

≥ 320

-

64*

10

-

64*

10

-

256

≥ 32

≥ 16

≥ 512

80

≥ 32

≥ 32

32*

16

≥ 32

-

≥ 512

80

≥ 32

≥ 32

32*

16

≥ 32

-

512

16

8

256

≥ 32

256

≥ 32

16

≥ 64

≥ 16

-

256

≥ 32

16

≥ 64

≥ 16

-

4

8

16

-

≥ 16

≥ 16
2
256

≥ 32

≥ 16

≥ 32
-

≥ 32

≥
128*

≥ 64*

≥ 64

32

-

OXA, oxalin; GEN, gentamicin; ERI, erythromycin; NIT, nitrofurantoin; SXT, trimethoprim/sulfamethoxazole; AMP, ampicillin, SAM, Ampicillin/Sulbactam;
TZP, Piperacillin/Tazobactam; CF, cefalotin; CTX, cefotaxime; CAZ, ceftazidime; CEF, cefepime; IPM, imipenem, MEM, meropenem, NAL, nalidic acid; COL,
colistin; AZT, azteronam. ( - ) no tested;* Intermed according to CLSI [7].

terminants [16]. Bacillus pumilus and B. subtilis are environmental “non-pathogenic” bacteria that have rarely
been associated with clinical infections [17]. Lysinibacillus sphaericus (best known as Bacillus sphaericus) is
first bacteria with insecticidal activity against mosquito
larvae were reported in the 1960s [18]. The majority of
Bacillus species are susceptible to aminoglycosides, fluoroquinolones, vancomycin, clindamycin and carbapenems while penicillin and cephalosporin susceptibility is
variable [19], unlike our isolates (B. pumilus - A10 and
B. subtilis - A9) that evidenced intermediate resistance
to clindamycin. Previous studies have shown that Bacillus species should be recognized as true pathogens,
especially in neonates and other immunosuppressed
host [9, 17, 19]. In vitro susceptibility testing has shown
that strains of S. paucimobilis unlike our observed are
susceptible to aminoglycosides and quinolones [20, 21].
In dissidence, one-third of S. paucimobilis strains recovered cell phone’s health worker were resistant to ampicillin, first and second generation cephalosporins, gentamicin and nitrofurantoin. Unfortunately, no antibiotic
resistance mechanisms have yet been elucidated [22]. S.
marcescens is natural sensitivity to aztreonam and naturally resistant to ampicillin, macrolides, and first-generation cephalosporins, expressing chromosomally-encoded AmpC β-lactamases [11]. O. anthropi was resistant to
all b-lactams which is consistent with the reported expression of an AmpC b-lactamase [23]. S. maltophilia is
naturally resistant to aminoglycosides, tetracycline, and
quinolonas due to the high level of expression of smeA
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or smeD. β-lactam resistance is due to the expression of
two β-lactamases that hydrolyzes all β-lactams with the
exception of aztreonam [24]. Species of Acinetobacter
exhibit mechanisms of resistance to all existing antibiotic classes as well as a prodigious capacity to acquire
new determinants of resistance [12]. P. putida is usually susceptible to fluoroquinolones, aminoglycosides,
monobactams, and extended-spectrum cephalosporins.
However, acquisittion metallo- β-lactamases that confer
resistance to most β-lactams, including carbapenems,
have been reported [25].
Our results revealed permanent colonization of bacteria
on the mobile phones, which are very close to the hand
of users. For this fact, contaminated phones can play a
potential role in the spread of drug-resistant bacteria into
the community. Food manipulators have been implicated
in various outbreaks of food-borne diseases and human
occupational activities could introduce the risk of food
contamination. Food manipulators (workers) can be infected by pathogens from multiple sources and them in
turn become potential sources of contamination in food
processing and preparation facilities [26]. Equally important is way as parents tend to use their mobile phones
at the bedside to communicate while touching, change
diapers or holding their baby, increasing the risk of
transmission [27].
Disinfection with gel-alcohol was effective in reducing bacterial colonization [4], however, it does not ensure complete disinfection, according to our results. We
speculate the more likely explanation is related to the
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inadequate application of gel-alcohol. Developing active preventive strategies like routine decontamination
of mobile phones with gel-alcohol containing disinfectant materials might reduce cross-infection. Another
way of reducing bacterial contaminations on mobile
phones might be the use of antimicrobial additive materials, today available for medical applications [28]. We
could easily avoid dispersion of bacterial infections just
by using regular cleaning agents, such as gel-alcohol
and rearranging our habits. This could include educating to children in schools and parents on the risk that a
contaminated mobile phone poses for their baby, mobile
phone hygiene and proper hand antimicrobial-gel application before and after mobile phone usage at the baby’s
bedside [27]. In the future mobile phones and devices
could be produced by using protective material against
the microbial contamination [29].
This activity was novel, Tecnopolis exhibition gave us
the opportunity to interact with the community – especially students of initial and middle school levels to show
the microscopic world we carry with itself. Highlighted
the occurrence of pathogens bacteria on objects outside
the health care environment in order to and raise awareness people on the necessity of improving the habit of
washing their hands and employ appropriate disinfection
methods to tactile electronic device in order to reduce
microbial transmission. However, study presents some
limitations. First of all we conducted a descriptive analysis, during an optional intervention, of sample obtained
from non-probabilistic sampling thus no generalization
of the results can be proposed. Questions to participants regarding the level of knowledge about microorganisms were not properly registered. Furthermore, the
design not explore socio-demographic characteristics
of the study sample. In future research, these variables
should be considered for a more complete analysis of
the thematic which allows identifying the determinants
of health acting in hand washing adherence of the community to a more effectiveness intervention on specific
population groups.

Conclusion
The present study shows that the mobile phones and
hands of people even without symptoms of disease harbored a variety of pathogenic organisms with resistance
to some of the therapeutic antibiotics used which can
cause serious diseases. Our results could help to raise
awareness in our society about the importance of hand
hygiene and frequently used devices, decreasing bacterial contamination and limiting the transmission of
pathogens.
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S. cohnii
N132

S. cohnii
N13M

S. warneri
G62

0.5
4
0.5
1
0.5
1
16
0.5
10

S
S
S
S
S
S
S
R
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S

S
S
S
S
S
S
S

S

S.
saprophyticus
N4
4
R
0.5
S
0.5
S
1
S
0.25
S
8
R
0.25
S

S

R
S
S
S
S
S
S

S. saprophyticus
N3

Oxacilin
0.5
S
0.5
S
0.25
S
4
Gentamicin
0.5
S
0.5
S
4
R
0.5
Ciprofloxacin
0.5
S
0.5
S
0.5
S
0.5
Levofloxacin
1
S
0.5
S
0.12
S
0.5
Moxifloxacin
0.25
S
0.25
S
0.25
S
0.25
Erythromycin
≥8
R
0.5
S
8
R
0.5
Clindamycin
0.25
S
0.25
S
0.25
S
0.25
Quinupristin/
1
S
0.5
S
0.5
S
1
Dalfopristin
Linezolid
4
S
2
S
2
S
4
Teicoplanin
4
S
4
S
0.5
S
4
Vancomycin
1
S
1
S
1
S
1
Minocycline
0.5
S
0.5
S
0.5
S
0.5
Tetracycline
2
S
1
S
1
S
1
Nitrofurantoin
64
I
32
S
16
S
16
Rifampicin
0.5
S
0.5
S
0.5
S
0.5
Trimethoprim/
10
S
10
S
10
S
320
Sulfamethoxazole
( - ) no tested. S, sencible. I, intermed. R, resistant according to CLSI [7].

Antibiotic

Tab. SI. Determination of minimal inhibition concentration in Gram positive bacteria recovered in this study.

10

2
0.5
0.5
0.5
1
64
-

1

2
0.5
0.5
0.25
-

R

S
S
S
S
S
I
-

S

S
S
S
S
-

E. durans
G152

10

2
0.5
0.5
0.5
1
64
-

1

2
0.5
0.5
0.25
-

R

S
S
S
S
S
I
-

S

S
S
S
S
-

E. durans
G153

-

0.25
-

-

0.5
2

-

S
-

-

S
I

B. pumilus
A10

-

0.25
-

-

0.5
1

0.25
-

-

-

-

S
-

-

L.
sphaericus
Ci14
0.5
S
0.5
S

S
-

-

S
I

B. subtilis
A9

-

1
-

-

-

S
-

-

L.
sphaericus
Ci5
0.5
S
-
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S
S
R
R
S
R
-

-

R

4
2
16
32
1
256
-

-

≥ 16

S

1

S

S

4

4

S

2

S.
paucimobilis
G61
2
S

-

80

16
4
1
1
1
2
1
≥ 32
0.25
512
0.5

32

≥ 32

≥ 32

-

R

R
S
S
S
S
S
S
R
S
R
S

I

R

R

P. putida
Ch7

-

80

16
4
1
1
1
2
1
≥ 32
0.25
512
0.5

32

≥ 32

≥ 32

-

R

R
S
S
S
S
S
S
R
S
R
S

I

R

R

P. putida
Ch8

-

20

8
4
2
0.25
0.25
2
1
2
0.25
512
0.5

4

2

16

-

S

R
S
S
S
S
S
S
S
S
R
S

S

S

R

A. baumannii
Ch16

( - ) no tested; ( ) no detected. S, sensitive. I, intermed. R, resistent according to CLSI [7].

Ampicillin
Ampicillin/
Sulbactam
Piperacillin/
Tazobactam
Cefalotin
Cefotaxime
Ceftazidime
Cefepime
Imipenem
Meropenem
Amikacim
Gentamicin
Nalidixic acid
Ciprofloxacin
Nitrofurantoin
Colistin
Trimethoprim/
Sulfamethoxazole
Levofloxacin
Minocycline
Aztreonam

Antibiotic

-

20

8
4
2
0.25
0.25
2
1
2
0.25
512
0.5

4

2

16

-

S

R
S
S
S
S
S
S
S
S
R
S

S

S

R

A. baumannii
A10B

Tab. SII. Determination of minimal inhibition concentration in Gram negative bacteria recovered in this study.

-

-

S

R
S
S
S
S
S
S
S
S
S
R
R

64
1
1
1
0.5
0.25
2
1
2
0.25
256
16
20

S

R

4

16

S.
marcescens
M2
32
R

-

20

64
1
1
1
0.5
0.25
2
1
2
0.25
128
16

4

16

-

S

R
S
S
S
S
S
S
S
S
S
R
R

S

R

S.
marcescens
A12
32
R

2
≤4
≥ 32

S
S
R

S

R
-

≥ 16
20

S
R
R

-

-

-

4
≥ 16
≥ 16

-

-

-

S. maltophilia
G151

-

20

2
1
1
1
0.25
0.25
2
1
2
0.25
32
0.5

4

2

-

S

S
S
S
S
S
S
S
S
S
S
S
S

S

S

K.
pneumoniae
M11
2
R

-

≤ 20

≥ 64
≥ 64
32
1
1
16
2
4
0.25
256

≥ 128

≥ 32

≥ 32

-

S

I
S
S
S
S
S
S
R
S
R

I

R

R

O. anthropi
N13
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Summary
Objectives. The aim was to provide an affordable method of computing socio-economic (SE) deprivation indices at the regional
level, in order to reveal the specific aspects of the relationship
between SE inequalities and health outcomes. The Umbria Region
Socio-Health Index (USHI) was computed and compared with the
Italian National Deprivation Index at the Umbria regional level
(NDI-U).
Methods. The USHI was computed by applying factor analysis to
census tract SE variables correlated with general mortality and
validated through comparison with the NDI-U.

Results. Overall mortality presented linear positive trends in
USHI, while trends in NDI-U proved non-linear or non-significant. Similar results were obtained with regard to specific
causes of death according to deprivation groups, gender and
age.
Conclusions. The USHI better describes a local population in
terms of health-related SE status. Policy-makers could therefore
adopt this method in order to obtain a better picture of SE-associated health conditions in regional populations and to target strategies for reducing health inequalities.

Introduction

of the population with respect to SE characteristics, but
not to show the specific effects of SE deprivation on deprivation-related health outcomes.
This methodological choice raises some critical problems. Firstly, these indices are often not sufficiently related to overall mortality, the main and most commonly
used health indicator. Worldwide, overall mortality is
related to material and social differences in the population and to inequalities in the distribution of public and
private health resources [10]. Computed according to
this “pure” definition of SE deprivation, the usual deprivation indices do not consider whether their constituent
variables influence health status [6, 7]. They therefore
risk neglecting to evaluate differences in the local allocation of resources in response to health needs. These
differences can be particularly marked in countries with
large differences in national and regional demographics
and SE status, causing considerable disparities in health
outcomes [5].
Significant examples of such situations can be found in
Italy, a country where population density varies from
region to region, ranging from 39 to 429 inhabitants
per square km. Moreover, the various regions differ in
terms of the rate of population ageing, proportion of the
population that is active, birth rate, family size, and labour market characteristics, particularly from North to
South [11]. In addition, the orographic characteristics of
the territory in the various regions impacts on the internal distribution of goods and wealth. In brief, the economy of Northern Italy is similar to, and connected with,
that of Central Europe, while the Central and Southern

Over the last fifty years, most countries have investigated the relationships between socio-economic (SE) status and inequalities in the utilisation and distribution of
healthcare resources and patient outcomes [1-6]. These
studies have been carried out at the national or individual
level, and have examined the relationships between the
distribution of demographic characteristics (gender and
age), SE factors (income and occupation), cultural factors (educational level), living conditions (marital status, household composition, domestic overcrowding and
tenure, etc.) and health outcomes in areas ranging from
the macro to the micro level [5, 6]. Indeed, an SE classification that takes the patient’s neighbourhood into account provides a useful starting point in describing and
improving the effectiveness of local public health interventions [4, 6].
The definition of “neighbourhood” is debated in the literature, the most common being that of the smallest official administrative area [5-9], usually the census tract
(CT), which approximates the SE and health features of
the area to the resident individuals’ characteristics.
This choice is justified by the aim of such studies, which
is to accurately assess the feasibility of providing preventive, diagnostic and therapeutic services targeted to
individuals who live in a specific area.
Most of these studies have utilised indices of SE deprivation that were computed for the whole nation [6, 7].
Moreover, it is noteworthy that such indices were commonly constructed in order to describe the distribution
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regions of Italy are penalised by their poor connection
with the heart of Europe.
It is also necessary to consider how public financing is
distributed. With few exceptions, funds flow from the
central government to the single regional authorities,
which decide how they should be allocated and determine the amount and distribution of resources devoted
to socio-health policies (social support, preventive measures, etc.) [11-14].
In countries with such characteristics, all these aspects
lead to health inequalities that are specific to each region, and particularly to sub-areas where population
density is lower [5]. These inequalities can be accurately described and analysed only by means of indicators
that are constructed at the regional level and which can
take local peculiarities into account [5-7]. Such indicators are computed on the basis of health-related local
demographic and SE indicators [9, 12]. These indices
should be called Indices of SE and Health Inequalities
(SHI), rather than Deprivation Indices, as they describe
the population distribution not only in terms of mere SE
inequalities, but also according to people’s needs for
health support.
The present study aimed to describe, discuss and validate
the method and the technique for computing this kind of
index, which could be applied in every nation affected
by marked regional differences. The Umbria region was
chosen as an example of the application of these procedures, which are derived from a previous successful
attempt in another Italian region (Liguria) [8, 9, 12].
Moreover, this study assessed the ability of the Umbria
regional index (USHI) to efficiently classify population
subgroups in Umbria on the basis of a combination of
health fragility and SE differences related to health outcomes, in comparison with the Italian National Deprivation Index (NDI) computed at the level of the Umbria
region (NDI-U), which distinguishes populations only
on the basis of SE status [7-9, 12].

Methods
The NDI is the benchmark for validating local indices
(USHI in this study). As the NDI based on the 2011 National Census data is not yet available, we used local SE
and mortality data from around 2001 (the date of the latest available NDI) in order to compute the local index
(USHI), and mortality data from the period 2005-2012
to analyse the performance of the two indices.
We used 543 variables taken from the 2001 Italian Census in order to compute the two indices at the CT level;

these variables describe features of individuals (age,
marital status, educational level, employment, etc.),
families (number of family members, single parents, average age of families, etc.) and households (ownership,
over-crowding, housing conditions, services available,
etc.).
The NDI considered 280 of these variables, covering
five conditions which described the multidimensional
concept of social and material deprivation (persons with
only primary education, unemployed or searching for
first employment, one-parent families and dependent
children living together, rented accommodation, domestic overcrowding) [7]. The NDI was computed at the CT
level as the sum of these five indicators in standardised
form, grouped in population quintiles at the national
level [7]. In the present study, we used a regional version of the NDI (NDI-U), categorised in quintiles of the
Umbrian population.
To construct the USHI, we adopted the same method
used to compute the Liguria Socio-economic and Health
Inequalities Index (LSHI) [8]. Pearson’s bivariate correlation (p < 0.05) was calculated between each of the
543 basic variables and the synthetic SE indices (employment/unemployment rates, ageing index, dependence rate, etc.) and general mortality in Umbria in 20012004. Significantly correlated variables were picked out
and a tolerance test (p < 0.05) was applied to these in
order to reduce collinearity [15]. From the nine variables
which emerged after these steps, a principal-component
analysis extracted three factors. These defined the latent
structure connecting the SE variables that were able to
synthetically describe the health-related SE characteristics of the population. The three factors underwent a varimax rotation, in order to render them orthogonal, and
thus independent. These three independent factors were
linearly combined into a single quantitative variable, the
values of which were re-scaled as a percentage in order
to obtain the USHI at the CT level [16] (Tab. I). Subsequently this variable was aggregated, both for the purpose of its validation and to obtain a municipality index,
based on the CTs in each municipality (Tab. SI). This
operation was necessary because the population of the
Umbria region is small (825,796 inhabitants); therefore,
a higher level of aggregation (municipality) than the CT
was required in order to analyse the effects of deprivation on mortality according to the causes of death. The
population of the largest municipalities (above 55,000
residents) were split into districts, on the basis of CT
proximity, in order to create geographic areas with populations similar in size to those of other municipalities in
the region.

Tab. I. Composition of the factors making up the USHI.

Factor 1= 30.7%
% of owned houses
% of houses with independent heating system
Number of persons in the family

Total explained variance = 71.0%
Factor 2= 23.0%
Youth employment rate
% of high school diplomas and university degrees
Average age of 3-person families
% of people born in the municipality of residence
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Factor 3 = 18.3%
% of singles
Employment rate
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Finally, in order to obtain a normal distribution of the
population across the deprivation clusters in the final
USHI classification [9, 17], a cluster discriminant analysis, based on the algorithm of Agnelli et al. [17], was
applied on aggregating municipalities and districts. The
level of normalization was tested at p < 0.05 statistical
significance.
The Umbria Regional Mortality Registry was the source
of the 5-year general mortality (2001-2004) data used
in selecting the variables pertaining to the USHI. The
same Registry also provided the data on cause-specific
mortality by age-group and gender (2005-2012), which
were utilised to validate the USHI and compare its performances with those of the NDI-U.
The mortality features included in the present study
were: the overall mortality rate (ICD-10th: A00-Y89)
and the rates of mortality due to diabetes mellitus (E10E14), circulatory system (I00-I99), respiratory (J00-J99)
and digestive (K00-K93) diseases in the period 20052012, by age-group (all ages, 0-64 and 65+ years old)
and gender.
The Standard Mortality Ratio (SMR) of each group
identified by the USHI and the NDI-U was computed
against the overall regional rate, by age-group, gender
and cause.
SMR variance was analysed with regard to the specific
causes of death, in order to detect linear (L) or non-linear (NL) significant relationships with the deprivation
groups. Significance was tested by means of the F-test

(p < 0.05). Analyses were performed by means of SPSS
19.0 and Stata 12.0 statistical packages.

Results
Table II displays the size of the Umbrian population
and the percentages of this population in each group
identified by the NDI-U and USHI; it also shows trend
comparisons of some synthetic SE indices (replacement, age, structural dependence, activity, employment
and unemployment). The groups were labelled from 1
to 5, on the basis of decreasing SE deprivation according to the NDI-U and decreasing socio-health-economic
(SHE) deprivation according to the USHI (i.e., 1 = most
deprived; 5 = least deprived).
Each of the five NDI-U deprivation groups comprised
approximately one-fifth of the Umbrian population, according to the NDI computing techniques. The small
differences from perfect quintiles were due to the sizes
of the CT populations (obviously, the CTs cannot be divided).
In each USHI deprivation group, the population size was
normally distributed, being larger in the central groups
and smaller in the tails.
With respect to USHI distribution, all synthetic indices
showed linear (L) trends that were consistent with SHE
deprivation. Positive L trends (↑, increasing on increasing deprivation) were seen with regard to replacement,
ageing, structural and unemployment indices, while

Tab. II. Population size and percentage of total population (825,796 inhabitants) of SE deprivation groups identified by the NDI-U and USHI.
Comparison of trends between distributions of some synthetic SES indices (ISTAT) in the NDI-U and USHI population groups.

SE deprivation
groups

NDI-U

N° of residents
(%)
Replacement Index
Ageing Index
Structural
dependence Index
Activity Index
Employment index
Unemployment
index

SHE
deprivation
groups

USHI

N° of residents
(%)
Replacement Index
Ageing Index
Structural
dependence Index
Activity Index
Employment index
Unemployment
index

1

2

3

4

5

Trend

156,473
(19.0%)
147.3
246.7

175,700
(21.3%)
132.4
198.9

176,965
(21.4%)
141.8
203.4

157,574
(19.1%)
150.2
209.2

159,084
(19.3%)
151.5
229.5

n.s.
n.s.

59.2

57.7

58.1

57.9

61.4

n.s.

63.8
57.6

64.9
59.0

64.6
58.2

64.3
57.7

64.0
57.1

n.s.
n.s.

9.2

8.4

9.3

9.7

10.2

p < 0.05 NL

1

2

3

4

5

Trend

162,196
(19.6%)
177.4
332.2

176,275
(21.3%)
149.7
217.3

188,458
(22.8%)
139.5
209.6

163,401
(19.8%)
132.9
182.4

135,466
(16.4%)
127.9
168.6

p < 0.05 L↑
p < 0.05 L↑

68.0

59.8

58.8

54.8

53.5

p < 0.05 L↑

61.4
54.5

62.8
55.9

63.9
57.6

66.2
59.8

67.4
61.9

p < 0.05 L↓
p < 0.05 L↓

10.7

10.4

9.3

9.0

7.6

p < 0.05 L↑

SE group labels indicate decreasing SE deprivation from 1 = most deprived to 5 = least deprived; SHE group labels indicate decreasing SHE deprivation
from 1 = most deprived to 5 = least deprived. L = linear trend; NL = non-linear trend; n.s. = non-significant trend; ↑ = positive trend (increasing with
deprivation); ↓ = negative trend (decreasing with deprivation).
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activity and employment indices displayed negative L
trends (↓, decreasing on increasing deprivation).
In the NDI-U, no significant (NS) correlation was found,
except for the unemployment index, which showed a NL
relationship.
USHI overall mortality trends (Tab. III) showed L↑
trends in males and females, while NDI-U trends were
NL in men and NS in women. Concerning age, the
USHI trend was L↑ in the younger age-groups and in
older females, but NL in older males. NDI-U age-related
trends were NL among males in both age-groups and NS
among females.
The distribution of the main causes of death, by SE
(NDI-U) and SHE (USHI) groups, is shown in Table IV.
The USHI trends in diabetes-related deaths were L↑ in
women and NL in men, while the NDI-U trends were
NS. By age-group, the USHI trends were L↑ only in the
elderly, being NS in the young. The NDI-U trends were
NS in males in both age-groups, and NL in younger
women.
Regarding circulatory system diseases, USHI trends
were L↓ in men and NL in women, While NDI-U trends
were NL in men and NS in women. Concerning agegroups, USHI trends were L↑ in younger men, L↓ in
older men and NL in both female age-groups. NDI-U
displayed NL trends in males and NS in females.
Respiratory system diseases showed NL USHI trends in
both sexes, while NDI-U trends were NS. Age-related

USHI trends were NL in both groups of men and NS in
younger women. All the age-related NDI-U trends were
NS.
Finally, with regard to diseases of the digestive system,
USHI trends were L↑, while NDI-U trends were NS
in men and NL in women. When linked to age, USHI
trends were L↑ in younger men and older women, NL
in older men and NS in younger women. NDI-U trends
were NL in older subjects and NS in the younger groups.

Discussion
Tables II and III show very marked differences between
the two indices in terms of their relationships with the
synthetic SE indicators (Tab. II) and the distribution of
overall mortality across the SE groups of population
(Tab. III). The NDI-U displayed only a weak correlation with mortality (the health indicator), confirming the
findings at the national level [7]; moreover, correlations
with the SE indicators were either non-significant or
non-linear. These results confirmed those of other studies, particularly the Liguria study [12] and a national
one, involving 10 other Italian regions [18, 19].
The NDI is a commonly accepted benchmark at the national level. However, if the same procedures are applied
at the local level in order to obtain a local version of
this index, and if the same variables and population seg-

Tab. III. 2005-2012 ove rall mortality in Umbria by gender, age and deprivation groups identified by NDI-U and USHI: Standard Mortality Ratios
(SMR), cases and trend significance.

Indexes

Age
Indigroups cator

MEN
1

NDI-U

All ages SMR
OBS

96.7

3

Trend

1

2

3

P
<0.05
NL

99.6

96.5

97.8

101.1 100.5

7685
P
102.2 104.6 99.0 < 0.05 103.7
NL
1088 1033 5300
590
P
103.7 99.2
99.1 < 0.05 99.3
NL
6358 6731 33463
7095
P
99.1 98.7
99.1 < 0.05 103.1
L↑
7244 6124 38763
8669
P
95.0 95.6
99.0 < 0.05 105.7
L↑
1013 887
5300
641
P
99.8 100.4 99.1 < 0.05 101.3
NL
6231 5237 33463
8028

8445

8202

7620

7941

39893

90.7

100.2

98.5

99.9

98.5

566

649

579

543

2927

96.9

97.5

101.4 100.5

7879

7553

7041

7398

36966

101.7

99.6

99.5

97.6

99.0

9359

8680

7364

5821

39893

100.5

93.7

94.7

93.0

99.5

623

618

551

494

2927

101.8

99.9

99.9

97.6

99.1

8736

8062

6813

5327

36966

5
99.9

99.1

7245 8389 7919 7446

7764

38763

95.0

95.5

OBS

968

1082 1129

SMR

98.3

96.8

OBS

6277 7307 6790

All ages SMR

102.7 101.9 99.8

OBS

7998 9011 8386

0-64 yrs SMR

108.8 105.4 96.6

OBS

1062 1195 1143

SMR

99.4

OBS

6936 7816 7243

65+ yrs

Umbria

4

98.0 103.4

0-64 yrs SMR

65+ yrs

USHI

97.9

2

WOMEN

98.1

98.0

101.4 94.9

4

5

Umbria

Trend

99.0

n.s.

99.1

n.s.

n.s.

P
< 0.05
L↑
P
< 0.05
L↑
P
< 0.05
L↑

SE group labels indicate decreasing SE deprivation from 1 = most deprived to 5 = least deprived; SHE group labels indicate decreasing SHE deprivation
from 1 = most deprived to 5 = least deprived. L = linear trend; NL = non-linear trend; n.s. = non-significant trend; ↑ = positive trend (increasing from 1
to 5 group); ↓ = negative trend (decreasing from 1 to 5 group).
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mentation (quintiles) are used, its ability to distinguish
population groups in terms of SE and health differences
seems to be weakened.
Although the NDI-U groups were formed by quintiles,
SE phenomena more frequently display a normal distribution (as do many other phenomena: e.g., many
health-related indicators) [20, 21]. Thus, the USHI was
constructed in accordance with a normal distribution
of the population in clusters, in order to maximise the
probability of relationships with SE characteristics. The
validity and reliability of this methodological choice are
demonstrated by the linear correlations that the synthetic
SE indicators (replacement, ageing, dependence rate, activity, and employment) showed (linear correlations in
USHI, but not in NDI-U).
Furthermore, only USHI trends in overall mortality almost always confirmed other reports [1-4, 22]. USHI
age-trends illustrated the effects of inequalities on overall mortality, revealing that SMRs increased with SHE
deprivation in both female age-groups and in younger
males. The NDI-U failed to draw out this information
or to identify the well-known relationship between SE
deprivation and the major causes of death explored in
this study (Tab. IV).
USHI trends depicted female-related advantages (e.g.,
greater attention to prevention) and disadvantages (e.g.,
greater ageing and disability) [23-25], suggesting a
strong relationship with confounding factors in older
men, such as deleterious habits and occupational risks.
Regarding specific causes of death (Tab. IV), the associations observed in the younger age-groups were interesting, in that the low frequency of competitive diseases
made it easier to identify determinants of risk, and also
SE-linked factors. Indeed, younger age-groups tend to
be more receptive to campaigns for the prevention and
early diagnosis of diseases. Such campaigns facilitate
a timely diagnosis and are associated with more efficacious treatments and better care and outcomes, though
their effects may differ across SHE clusters [14, 23, 24].
Their effects may differ in the intensity of exposure
to risk factors (such as occupational exposure in older
men) or to differences in implementing preventive or diagnostic/therapeutic strategies. For instance, women are
known to be more likely to display beneficial behavioural patterns, such as adopting healthy dietary habits and
adhering to early prevention [23, 24]. However, this predisposition is mostly culturally mediated, being greater
in the less deprived than in the more deprived [25].
With regard to the main diseases, the trends which
emerged from the present study mainly confirmed the
findings from other studies. The more lethal diseases, for
which less efficacious preventive and therapeutic options
are available, showed a more homogeneous distribution
of mortality among the population clusters, because,
although exposure to risk factors was not similar in all
individuals, care opportunities were limited in the same
way for all. Conversely, when preventive and therapeutic options are available, mortality rates differ among
clusters of population at different SHE deprivation levels [12, 26, 27]. Specifically, the literature indicates that

ageing-linked social challenges and poor healthcare are
mediated by SE differences, and that they are worse in
one-person families, particularly in the elderly [26, 27].
The growing prevalence of diabetes in populations with
a western life-style [28-31] has shown robust positive
associations with SE deprivation in both males and females [28]. The main risk factors, i.e. overweight or
obesity and inheritance of the disease from parents, suggest a common environment or gene-environment interaction and SE deprivation. These factors, however, can
be partially counterbalanced by better education and the
adoption of a healthier lifestyle). Moreover, diabetes is
reported to increase the individual’s vulnerability to airborne particles emitted by the combustion of hydrocarbons, and an inverse relationship has emerged between
air pollution and nitro-glycerin-mediated reactivity in
older people [29, 30]. These detrimental effects might
affect the population differentially across SHE groups,
as suggested by the positive trends seen in elderly persons of both sexes in Umbria.
Cardiovascular diseases are associated with lifestyle
(smoking, alcohol, metabolic disorders, scant physical
activity, overweight and obesity, pollution exposure) in
all SE groups [29-34]. In Italy, smoking has decreased
among young males, although to a lesser extent in the
most deprived [35]. Among Italian women, smoking
started at a later date, but spread rapidly from the most
privileged to the other SE groups [35]. As yet, there are
only a few signs of a decline in female smokers [36].
Umbria has the third highest smoking prevalence in Italy
[36], which might partially account for the very high differences in risks between younger and older men across
SHE groups and the non-linear trend in women.
Health campaigns and corrective actions on diet [38, 39]
have had an effect in Italy, but SE differences still penalise the most deprived. The association between unhealthy eating and low SE status seen in the most deprived population strata in Umbria could be linked to
the consumption of a traditional diet, which is rich in
red meat and processed meat, even in the less deprived
population strata [40].
The association between air pollution, particularly
that caused by ultrafine particles, and low SE condition [41, 42] impacts on cardiovascular diseases. These
particles reach cardiovascular sites, cause systemic inflammation in response to oxidative stress and promote
the progression of atherosclerosis. In Umbria, this association emerged in urban areas with an industrial background (i.e., the town of Terni), while rural areas of the
region appeared to be less affected.
Most deaths caused by diseases of the respiratory system are due to chronic-obstructive pulmonary diseases [43, 44], which affect the deprived more than the other groups. Although smoking is one of the main causes,
significant roles are attributed to occupational exposure
and air pollution. The present findings in Umbria only
partially confirmed the positive association observed
elsewhere in deprived people [43-46]. Lifestyle differences (rural/urban) could be partly responsible for these
differences. Moreover, we recorded a few deaths attrib-
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CAUSE

Tab. IV. 2005-2012 mortality in Umbria, by cause, gender, age and deprivation groups identified by NDI-U and USHI: Standard Mortality Ratios
(SMR), cases and trend significance.

12

14

78

96.2

109.3

101.1

455

371

2635

p < 0.05
NL
n.s.
n.s.
n.s.
p < 0.05
NL

n.s.

p < 0.05
NL

continues

utable to pneumoconiosis, probably occupation-related,
involving asbestos- and silica-processing workers [47].
This type of exposure mainly affects the most deprived
groups of population [48], and indeed, this situation was
observed in the Umbrian province of Terni, where a
large steel-mill is located.
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Finally, diseases of the digestive system are positively
associated with SHE deprivation [49-51]. Indeed, cirrhosis, ulcers, diverticulitis and inflammatory bowel
disease are usually associated with low SE status; this
is due more to delays in diagnosis and therapy than to
greater exposure to risk factors [51]. USHI trends on-
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Tab. IV. follows.
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90.3

4
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3

NDI-U All ages

65+ yrs

98.0

2

WOMEN

99.3

89.5

87.7

82.0

99.3

273

223

197

1345

86.0

53.1

88.0

99.1

45

25

36

235

90.2

95.5

92.9

99.3

228

198

161

1110

ly partially confirmed the literature, with NL trends in
males and females in all age-groups.
The above considerations seem to support the validation
of USHI as an indicator of socio-economic and healthrelated inequalities.
A limit of USHI is that it cannot be considered a mere
deprivation index. Indeed, as it is intended specifically
to assess SE and health inequalities, overall mortality
is one of its constituent variables. Therefore, it cannot be used to describe SE differences in a population,
but only the SE differences tied to the health condition. Thus, although it is very useful for public health
purposes, it cannot substitute a deprivation index for
general purposes.
A second limit appears to be the local characterisation
of the indices computed by means of this method, as
the SHE descriptors may differ from area to area. In
reality, however, given that the local indices are constructed according to the same method, they express
the same conceptual definition of SHE deprivation
even though they consider different SHE descriptors.
Instead, sharing the same method in order to identify
SHE deprivation groups, even if they consider different SHE descriptors, they express the same conceptual definition of SHE deprivation. Therefore, similar
segments of population in the different regions could
be pooled, because they identify the same SHE differences and needs in people pertaining to different
areas. At the European level, an analogous approach
was adopted in the construction of the European Deprivation Index [52].

Trend

1
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1292

n.s.
p < 0.05
NL
p < 0.05
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n.s.

p < 0.05
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Conclusions
By connecting SE findings with some explanations of
health conditions described in the literature, the present
study confirms that the construction of regional indices
of SHE inequalities allows us to formulate specific hypotheses regarding the reasons behind health outcomes
in a population and, consequently, to make suggestions
concerning the corrective actions to undertake.
Our aim was to provide a valid and reliable method of
computing SE and health inequality-related indices at
the regional level, in order to better analyse the specific elements associated with the health condition of the
population.
The present findings demonstrated that the USHI better
represented the association between health and inequalities, and may provide a useful guide to the allocation of
regional health resources.
In conclusion, regional indices computed in the same
way as the USHI could be adopted elsewhere, in order
to draw up specific strategies to reduce inequalities in
health, thereby contributing to the sustainability of the
health system and to the evaluation of the outcomes of
the policies implemented.
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Tab. SI. Municipalities and sub-municipalities, by SE deprivation group and USHI value.
Very high
deprivation

High
deprivation

Medium
deprivation

Low
deprivation

Very low
deprivation

Municipality/
Submunicipality

USHI value

Municipality/
Submunicipality

USHI value

Municipality/
Submunicipality

USHI
value

Poggiodomo

0.02

Foligno 2

61.87

Foligno 1

Municipality/
Submunicipality

USHI
value

Municipality/Submunicipality

USHI
value

68.01

Perugia 4

78.25

Avigliano Umbro

83.02

Perugia 5

68.10

Campello sul
Clitunno

78.42

Cannara

83.27

Polino

39.04

Narni

61.94

Foligno 3

42.75

Arrone

62.75

Todi

68.46

Perugia 2

78.73

Montefalco

83.28

62.82

Tuoro sul
Trasimeno

69.22

Porano

78.86

Spello

83.66

Terni 5

45.42

Nocera Umbra

Preci

49.21

Montefranco

63.42

Paciano

69.31

Gualdo Cattaneo

79.28

Fratta Todina

85.33

Terni 4

51.32

Otricoli

63.71

Cascia

69.50

Montecastrilli

79.64

Magione

85.87

Parrano

53.36

Guardea

63.74

Alviano

69.95

Fossato di Vico

80.09

Bevagna

85.89

Terni 3

54.95

Ficulle

64.10

Perugia 6

70.71

Piegaro

80.19

Perugia 1

86.53

Calvi
dell’Umbria

55.53

Montecchio

64.35

Attigliano

71.15

Marsciano

80.32

Sigillo

86.58

Penna in
Teverina

56.36

Orvieto

65.33

Gubbio

71.30

San Venanzo

80.34

Montone

87.43

Monteleone
d’Orvieto

56.37

Amelia

65.83

Allerona

71.40

Città di Castello

80.61

Trevi

88.60

Vallo di Nera

56.59

Ferentillo

65.85

Sant’Anatolia di
Narco

71.66

Collazzone

81.23

San Giustino

90.92

Sellano

56.70

Gualdo Tadino

66.03

Pietralunga

72.20

Valtopina

81.81

Monte Santa Maria
Tiberina

92.12

Terni 2

57.65

Città della
Pieve

66.14

Lisciano Niccone

72.65

Panicale

82.01

Deruta

92.94

Perugia 7

59.37

Giove

66.19

Lugnano in
Teverina

73.23

Giano
dell’Umbria

82.05

Torgiano

94.51

Terni 1

59.59

Castiglione del
Lago

66.64

Castel Viscardo

73.38

Valfabbrica

82.16

Bettona

95.16

Stroncone

60.46

Scheggino

66.98

Fabro

73.88

Castel Ritaldi

82.63

Bastia

95.89

Norcia

67.15

Passignano sul
Trasimeno

74.46

Assisi

82.69

Corciano

95.89

Citerna

99.98

Monteleone di
Spoleto

60.53

Montegabbione

60.58

Spoleto

67.21

Costacciaro

74.62

61.61

Cerreto di
Spoleto

67.24

San Gemini

74.64

Baschi

67.59

Massa Martana

74.70

Acquasparta

67.88

Perugia 3

74.76

Umbertide

75.30

Scheggia e
Pascelupo

76.44

Monte Castello
di Vibio

77.40

Castel Giorgio
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Summary
Introduction. Chronic infections and infestations represent one
of the leading causes of cancer. Eleven agents have been categorized by the International Agency for Research on Cancer (IARC)
in Group 1, 3 in Group 2A and 4 in Group 2B. We previously
estimated that the incidence of cancers associated with infectious
agents accounted for the 8.5% of new cancer cases diagnosed in
Italy in 2014.
Methods. In the present study we evaluated the incidence of cancer in Italy and in the 20 Italian regions in 2018, based on the data
of Cancer Registries, and calculated the fraction attributable to
infectious agents.
Results. Cancers of infectious origin contributed to the overall
burden of cancer in Italy with more than 27,000 yearly cases, the

92% of which was attributable to Helicobacter pylori, human
papillomaviruses, and hepatitis B and C viruses. With the exception of papillomavirus-related cancers, the incidence of cancers
of infectious origin was higher in males (16,000 cases) than in
females (11,000 cases). There were regional and geographical
variations of cancers depending on the type of cancer and on the
gender. Nevertheless, the overall figures were rather similar, the
infection-related cancers accounting for the 7.2, 7.6, and 7.1% of
all cancers in Northern, Central, and Southern Italy, respectively.
Conclusions. The estimate of the incidence of cancers attributable to infectious agents in Italy in 2018 (7.3% of all cancer cases)
is approximately half of the worldwide burden, which has been
estimated by IARC to be the 15.4% of all cancer cases in 2012.

Introduction

countries based either on morbidity and/or on mortality data. Thus, mortality PAF estimates have been
made in the USA in 1981 (10%) [8], in the UK both
in 1998 (10-20%) [9] and 2005 (5%) [10], in France in
2000 (3.6%) [11], and in China in 2005 (29.4%) [12].
Other studies estimated incidence data or both incidence and mortality data. For instance, the 4.1% of all
new cancer cases occurring in France in 2015 were attributable to infectious agents [13]. In China, infectionrelated cancers accounted in 2005 for 25.9 and 29.4%
of the overall cancer cases and deaths, respectively [14].
In another study in China, cancers related to the main
cancer-related pathogens in men and women accounted for 17.7 and 15.4% (incidence) and 20.0 and 16.9%
(mortality), respectively [15]. In the Korean population,
for 2007 the fractions of all cancers attributable to infection were 25.1% and 16.8% for cancer incidence in men
and women, and 25.8% and 22.7% for cancer mortality
in men and women, respectively [16]. The 2.9% of cancers diagnosed in Australia in 2010 were attributable to
infectious agents [17].
We previously estimated the PAF of infection-related cancers in Italy, based on 2014 national incidence
data [2]. That analysis demonstrated that cancers associated with 6 pathogens accounted for 31,000 out of
365,000 new yearly cases (8.5%), 42.0% of which was

Altogether, chronic infections and infestations represent
one of the leading causes of cancer worldwide. Eleven
agents have been categorized by IARC (International
Agency for Research on Cancer) in Group 1 (sufficient
evidence of carcinogenicity to humans), 3 in Group 2A
(probably carcinogenic), and 4 in Group 2B (possibly
carcinogenic) [1]. Several other viruses, bacteria and
protozoa have been suspected to be associated with various human cancers [2, 3].
The global burden of infection-related cancers has been
estimated and periodically updated at IARC. The population attributable fraction (PAF) in the world population,
in terms of incidence, was estimated to be the 15.6%
in 1990 [4], 17.8% in 2002 [5], 16.1% in 2008 [6], and
15.4% in 2012 [7]. The last figure corresponds to 2 million new cancer cases of infectious origin out of 14 million cases of all cancers, with broad variations depending on the geographical region and on the developmental status. In fact, the PAFs varied from less than 5% in
North America, Australia-New Zealand and some Western and Northern Europe countries to more than 50% in
sub-Saharian Africa countries [7].
The PAF, indicating the proportion of cancers of infectious and parasitic origin, has been estimated in various

https://doi.org/10.15167/2421-4248/jpmh2019.60.4.1434
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attributable to Helicobacter pylori (Hp), 34.7% to hepatitis B virus (HBV) and hepatitis C virus (HCV), 19.8%
to human papillomaviruses (HPV), 2.9% to human herpesvirus 8 (HHV8) or Kaposi’s sarcoma virus (KSHV),
and 0.2% to human herpesvirus 4 (HHV4) or EpsteinBarr virus (EBV). The objectives of the present study
were to reassess the incidence of infection-related cancers in Italy 4 years later and to evaluate the geographical distribution of these cancers in the 20 Italian regions.
To this purpose, we made estimates of the incidence and
of the attributable fractions (AFs) of cancers associated
with IARC Group 1 pathogens, excepting the infestations by trematodes, which are rare in Italy, and HIV-1
infections, because HIV-related immunodeficiency requires the concomitant infection with other carcinogenic
infectious agents [1].

Methods
Monitored regions and coverage by cancer
registries (CR)
The study covered the whole Italian territory, which includes 20 regions whose localization is shown in the map
(Fig. S1). The regions were grouped according to geographic areas (North, Central or South) [18]. Northern
regions include, in alphabetical order, Emilia Romagna, Friuli Venezia Giulia, Liguria (Ligury), Lombardia
(Lombardy), Piemonte (Piedmont), Trentino Alto Adige
(Trentino South-Tyrol), Valle d’Aosta (Aosta Valley),
and Veneto, having an overall population of 27,746,158
residents as to January 2018 (Tab. SI). Central regions
include Lazio (Latium), Marche (Marches), Toscana
(Tuscany), and Umbria, having an overall population
of 12,050,054 residents (Tab. SII). Southern and Insular
regions include Abruzzo, Basilicata, Calabria, Molise,
Puglia (Apulia), Sardegna (Sardinia), and Sicilia (Sicily), having an overall population of 20,697,761 residents
(Tab. SIII).
The estimate of the incidence of cancers associated with
chronic infections in the male and female population of
whole Italy and of individual regions was based on the
data available from Italian CRs, which in 2018 covered
the 68% of the national population. In particular, the
coverage in Northern regions was on an average 71%
(Tab. SI), the coverage in Central regions was 25% (Tab.
SII), and the coverage in Southern and Insular regions
was 65% (Tab. SIII).
Estimates of the incidence of cancers of
infectious origin
The evaluated agents covered DNA viruses, including
HPV, HHV4/EBV, HHV8/KSHV, and HBV, either alone
or in coinfection/superinfection with hepatitis D virus
(HDV); RNA viruses, including HCV and human Tlymphotropic virus-I (HTLV-I); and bacteria, including
Hp. The main cancers associated with the above pathogens are shown in Tables SI-SIII. The incidence estimates were selected from the AIOM-AIRTUM publica-

tion [19] for the available cancer sites (oropharynx, liver,
uterine cervix, vulva, vagina, penis, Hodgkin’s lymphoma, Kaposi’s sarcoma). The remaining sites (non-cardia
stomach, MALT, oral cavity, larynx, nasopharynx, Burkitt’s lymphoma, adult T cell lymphoma/leukemia) were
estimated by applying the previously described methodology [19], that is: a) preliminary time trend analysis;
b) computation of regional incidence rates (with correction for incomplete coverage when necessary); c) projection of incidence rates to 2018; and d) application of
rates to the resident population. A preliminary time trend
analysis was made by selecting data from CRs with complete information on incidence during the 2003-2014 period. Cancer sites, three major age group (0-49, 50-69,
70+ years) and sex were considered. The average annual
percent change (APC) of age-standardized incidence
rates was estimate by a Joinpoint analysis [20]. APCs for
the most recent period were considered for projections.
Regional incidence rates
Site-, sex-, age- and region-specific rates were computed in the calendar period 2010-14 (observed rate). Also
site-, sex-, age- and geographic area- specific rates were
computed for the same calendar period. Then regional
rates were obtained as the weighted average between the
observed rate and the area specific rates: Regional rate =
α*Observed rate + (1-α)*Area specific rate, where α is
the regional coverage. Consequently, in case the proportion of population covered by CRs is 0%, as it was the
case for 3 regions (Marche, Abruzzo, and Molise), the
regional rate equals the area specific rate, in case such a
proportion is 100% the regional rate equals the observed
rate. In Lazio and Campania the average rate was computed between observed rates and national pool data, instead of area specific ones.
Projection of incidence rates to 2018
and application of rates to the resident
population
We assumed that incidence observed in the period 20102014 represent on an average the incidence of the year
2012 and that the time trend observed in the most recent
time interval between 2003 and 2014 does not vary during the subsequent six years. Moreover, in order to take
into account the random variability, when the site-, sexand age- trend variation was not statistically significant
(that is 95% confidence intervals include 0), the APC
was constrained to 1. Therefore, incidence rates were
projected to 2018 by multiplying the site-, sex-, age- and
region- specific rates. The site-, sex-, age- and regionspecific projected rates were multiplied by the region
and age specific resident population in 2018, based on
prevision from the National Statistical Institute [21].
Attributable fractions
The fraction of each cancer attributable to infectious
agents was inferred from data available in the literature.
In particular, as detailed in Table I, the data for HBV (±
HDV) + HCV-related liver cancer made reference to the
Italian population [22]. The data for HPV-related oro-

E312

ESTIMATES OF THE INCIDENCE OF INFECTION-RELATED CANCERS IN ITALY AND ITALIAN
REGIONS IN 2018

Tab. I. Estimates of total incident cancer cases and of incident cancer cases attributable to the main cancer-associated infectious agents in
Italy in 2014 and 2018.

Cancer site
(ICD-10)
Non-cardia
stomach
(C16.1-C16.9)
MALT
(C88.4)
Total Hpassociated
cancers
Liver
(C22)
Uterine cervix
(C53)
Vulva
(C51)
Vagina
(C52)
Penis
(C60)

Infectious
agent

AF

Hp

0.90
(World [6])

Hp

0.86
(World [6])

Hp
HBV
(± HDV)
+HCV
HPV

0.87
(Italy [29])
1.00
(World [6])
0.40
(World [24])
0.61
(World [24])
0.47
(World [24])

2,200

2,200

F

900

364

F

200

122

M

182

85

M
F
M+F
M
F
M+F
M
F
M+F
M
F
M+F

2,283
1,524
3,807
1,214
348
1,562
3,714
335
4,049
7,393
5,507
12,900

537
358
895
432
124
566
891
80
971
1,945
3,248
5,203

0.80 (Low
incidence
regions [6])

M
F
M+F

315
124
439

252
99
351

EBV (HHV4)
0.20
±
(USA &
Pf
Europe [6])

M
F
M+F

200
100
300

40
20
60

NA

NA

515
224
739
600
300
900

292
119
411
600
300
900

NA

NA

25,758
16,831
42,589

18,034
13,194
31,238

HPV
HPV
HPV
HPV

0.24
(World [25])

Oropharynx
(C09-C10,
C12-C14)

HPV

0.36
(World [25])

Larynx
(C32)

HPV

0.24
(World [25])

Total HPVassociated
cancers

HPV

Burkitt’s
lymphoma
(C83.7)
Hodgkin’s
lymphoma
(C81)
Total EBVassociated
cancers
Kaposi’s
sarcoma
(C46)
Adult T cell
lymphoma/
leukemia
(C91.5)
All the above
cancers

Infectionrelated
cases
6,750
4,950
11,700
602
731
1,333
7,352
5,681
13,033
7,465
3,298
10,763

F

Oral cavity
(C00-C08)

Nasopharynx
(C11)

Italy, 2014 [2]
Gender
Total
incident
cases
M
7,500
F
5,500
M+F
13,000
M
700
F
850
M+F
1,550
M
8,200
F
6,350
M+F
14,550
M
8,600
F
3,800
M+F
12,400

EBV (HHV4)

EBV (HHV4)

EBV (HHV4)
KSHV
(HHV8)

1.00
(World [6])

M
F
M+F
M
F
M+F

HTLV1
M
F
M+F

Italy, 2018 [present study]
Gender
Total
Infectionincident
related
cases
cases
M
8,156
7,259
0.89
F
5,060
4,503
(World [7])
M+F
13,216
11,762
M
169
125
0.74
F
112
83
(World [7])
M+F
281
208
M
8,325
7,384
F
5,172
4,586
M+F
13,497
11,970
M
8,929
6,071
0.68
F
3,966
2,697
(Italy [22])
M+F
12,895
8,768
1.00
F
2,241
2,241
(World [23])
0.25
F
1,266
317
(World [24])
0.78
F
226
176
(World [23])
0.50
M
563
282
(World [23])
M
3,034
121
0.04
F
1,721
69
(World [7])
M+F
4,755
190
0.24
M
1,552
372
(South
F
407
98
Europe [7])
M+F
1,959
470
M
4,076
204
0.05
F
500
25
(World [7])
M+F
4,576
229
M
9,225
979
F
6,561
3,126
M+F
15,786
4,105
0.80
M
452
362
(Low
F
156
125
incidence
M+F
608
487
regions [7])
0.20
M
115
23
(USA &
F
44
9
Europe [6])
M+F
159
32
0.36
M
1,228
442
(Europe
F
1,013
365
[7])
M+F
2,241
807
M
1,795
839
F
1,213
503
M+F
3,008
1,342
M
646
646
1.00
280
F
280
(World [23])
926
M+F
926
AF

1.00
(World [23])

M
F
M+F

12
2
14

12
2
14

M
F
M+F

28,932
17,194
46,126

15,894
11,178
27,072

Hp: Helicobacter pylori; HBV: hepatitis B virus; HCV: hepatitis C virus; HDV: hepatitis D virus (Delta agent); HPV: human papillomavirus; EBV: Epstein-Barr
virus; HHV4: human herpesvirus 4; PF: Plasmodium falciparum; KSKV: Kaposi’s sarcoma virus; HHV8: human herpesvirus 8; HTLV: human T-lymphotropic
virus; AF: attributable fraction; M: males; F: females.; NA: not available.
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pharynx cancer were related to the South Europe population and those for EBV-related Hodgkin’s lymphoma
were related to the European population [7]. Those related to Burkitt’s lymphoma were related to the USA
and European populations [6]. All the other cancers
were related to the world population [6, 7, 23-25]. As
shown in Table I, the AFs for individual cancers ranged
from a minimum of 0.04 for HPV-related oral cancer
to a maximum of 1 for KSHV/HHV8-related Kaposi’s
sarcoma, HTLV-1-related adult T cell lymphoma/leukemia, and HPV-related uterine cervix cancer. However, it
is known that lifestyle, environmental and genetic factors can affect the susceptibility to HPV-related cervical
cancer [26].

Results
Comparison of the incidence of infectionrelated cancers in Italy in 2014 and 2018
Table I compares the incidence of infection-related cancers in Italy as estimated in 2014 [2] with the one estimated in 2018 (present study). According to the more recent estimate, there was a 13% decrease in the incidence
of all cancers associated with chronic infections, which
accounted for a total of 31,238 cases in 2014 and a total
of 27,072 cases in 2018. Such a decrease depends both
on methodological issues and on variations in the AFs
adopted during that period. In particular, in the case of
Hp-related cancers the incidence of non-cardia stomach
was very similar in 2014 and 2018. In contrast, there was
a sharp drop in Hp-related MALT cases especially because of a different methodological approach. As to the
liver cancers attributable to HBV and HCV, the 1.23-fold
decrease in the incidence from 2014 to 2018 parallels a
1.28-fold decrease in the adopted AFs. The estimates of
HPV-related cancers of female genitals were very similar in 2014 and 2018. In contrast, there was an apparent
increase in HPV-related penis cancer in 2018 because
of a different methodological approach. The estimate of
the incidence of HPV-related cancers of the upper aerodigestive tract was much lower in 2018 because in the
meantime a considerable drop of the AFs had been proposed. Some variations also occurred for EBV-related
cancers because Hodgkin’s lymphoma had not been included in 2014. The estimate of KSHV (HHV8)-related Kaposi’s sarcoma was almost identical in 2014 and
2018, whereas very few cases of HTLV1-related adult T
cell lymphoma/leukemia had not been computed in the
previous study.
Incidence of infection-related cancers in the
italian regions in 2018
Tables SI, SII and SIII report the resident male and
female population in 2018 [27], the percentage of the
population covered by accredited CRs, and the estimated incidence of cancers, expressed as cases/100,000
residents, attributable to infectious agents in Northern,
Central and Southern Italian regions, respectively. The

panels in Figure 1 display maps that show the estimated
incidence of cancers of infectious origin in the male and
female population of the 20 Italian regions in 2018. As
to all cancers of infectious origin (Fig. 1A), there was
an evident intergender difference, which among males
was characterized by a general trend to a gradient from
North to South, with a maximum of 67 cases/100,000
in Veneto and a minimum of 39 cases/100,000 in Sicily. A similar picture was apparent in the female population, but with some regional exceptions. In fact, the
maximum incidence was in Umbria (42 cases/100,000)
but with close data in a Southern region (Basilicata). On
the whole, by combining the two genders, the total number of cases/100,000 residents in Northern, Central and
Southern regions were 94.4, 97.2 and 85.6, respectively.
A strong difference between males and females was also
evident for HBV/HCV-related liver cancer (Fig. 1B),
with sharp interregional variations in the male population, where the maximum incidence values were recorded in Northwestern regions, while a more homogeneous
regional distribution occurred in the female population.
By combining the two genders, the number of HBV/
HCV-related liver cancer cases/100,000 residents in
Northern, Central and Southern regions were 31.2, 24.4
and 30.3, respectively.
The higher incidence of all HPV-related cancers in females, compared to males, is evident from the values
reported in Fig. 1C. The interregional differences were
not sharp, although there was a regular gradient from
North to South, especially in the female population. By
combining the two genders, the number of HPV- related
cancer cases/100,000 residents in Northern, Central and
Southern regions were 15.2, 13.8 and 11.9, respectively.
The incidence of Hp-related cancers was considerably
higher in males than in females (Fig. 1D). The highest
incidence values were clustered in Central Italy regions.
By combining the two genders, the number of Hp-related liver cancer cases/100,000 residents in Northern,
Central and Southern regions were 42.0, 52.9 and 34.3,
respectively.
Table SIV reports the estimates of total incident cancer
cases for the whole Italy and by region and area. By cumulating the two genders, the infection-related cancers
in Northern, Central, and Southern Italy accounted in
2018 for the 7.2, 7.6, and 7.1% of all cancers, respectively. The national figure was 7.3%, corresponding to
27,381 cases of infection-related cancers out of a total of
373,300 incident cases.

Discussion
The present study estimated the incidence of the most
relevant cancers associated with chronic infections over
the whole national territory and, individually, in the 20
Italian regions. Drawing an up-to-date picture of the
epidemiological situation is important because of the
evolving estimates of PAFs and of our knowledge about
the infectious origin of cancer. For instance, Hp role in
gastric cancer was established in the nineties, the role
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Fig. 1. Maps showing the estimated incidence of all cancers of infectious origin (A), of HBV/HCV-related cancers (B), of HPV-related cancers
(C), and of Hp-related cancers (D) in the male and female population of the 20 Italian regions in 2018. The incidence is drawn with a continuous tonal gradation, ranging on a scale between a minimum of 3 and a maximum of 67. The number of new cases/100,000 is reported in
each region.

of HPV in head and neck cancer has recently been assessed, and recent studies are suggesting a role for other
pathogens, such as the involvement of EBV in gastric
cancer development, either alone or in coinfection with
Hp [28].
The overall national estimates of infection-related cancers in 2018 (present study) were slightly lower than
those made in 2014 [2], with a decrease from a total
of 31,238 new cases to 27,072 cases (-13%). For some
cancers, such as Hp-related non-cardia stomach cancer,
HPV-related uterine cervix cancer and KSHV-related
Kaposi’s sarcoma, the estimates were virtually overlapping in 2014 and 2018. For other cancers there were
variations, mainly in the sense of a decrease, which depended either on technical issues or on the lower AFs
adopted recently.
The most paradigmatic example of AF resizing is provided by liver cancer attributable to hepatotropic viruses.
In the previous study, we adopted an AF of 0.87, which
was based on an estimate made in Italy in 2001 [29]. Already at that time, HCV infections overwhelmed HBV
infections in the causation of primary hepatocellular car-
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cinoma in Italy [29]. Later on, the scenario has further
evolved, with a progressively increasing contribution of
non-viral factors and a decrease of the role of the viral
etiology, which went down to 67.6% in the quinquennium 2010-2014, with the contribution of 8.6% by HBV
(± HDV), 47.3% by HCV, 1.5% by HBV + HCV, and
10.5% classified as multi-etiology [22]. Indeed, as inferred from 770,000 cases of liver cancer occurring
worldwide in 2012, the contribution of these hepatotropic viruses to liver cancer is sharply variable according to
the geographical area, HBV causing approximately 2 of
3 liver cancers in developing countries but 1 in 4 cases
in more developed countries [30]. Such a trend appears
to be even more pronounced in Italy. Screening for HBV
and HCV was introduced to reduce transmission among
high risk groups. HCV screening has gained increasing
diffusion because of the potential of antiviral drugs to
eliminate the infection, which led WHO to pose the objective of eradication in 2030 [31].
Hp, HPV, HBV and HCV together accounted for the
92% of all infection-attributable cancers diagnosed both
in the world in 2012 [7] and in Italy in 2018. However,
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there are sharp differences in the overall contribution of
the above agents to the incident cancers of infectious
origin, which in the world and in Italy was 14.8% and
6.8%, respectively. In particular, Hp, HBV + HCV, and
HPV were responsible on a global scale for the 5.4, 4.8,
and 5.0% of all incident cancer cases [7], whereas in
Italy they were responsible for the 3.2, 2.3, and 1.3% of
cases, respectively. Another important difference is that
the total numbers of infection-related cancers worldwide was equal in males and females, i.e. 1,100,000
cases each in 2012 [7], whereas in Italy there were in
2018 many more cases in males (16,000) than in females
(11,000). This is likely to be ascribed to the fact that the
most pronounced difference between the world and the
Italian situation is related to HPV-related cancers, which
displayed a female/male ratio of 3.2 in Italy and of 8.6 in
the world [7]. Such a difference reflects the fact that in
Italy there is a broad application both of primary prevention measures (anti-HPV vaccination) and of secondary
prevention by means of oncological screenings (PAP test
and HPV-DNA test).
There were evident variations in cancer incidence between the North, Centre and South of Italy and among
the 20 regions, with some characteristic clusters of
cancers according to the geographical localization.
Thus, there was a general trend to a North to South
downward gradient for all cancers of infectious origin, and especially to a lower incidence in Southern
Italy. As to HBV/HCV-related liver cancer cancers, the
maximum incidence was detected in Northwestern regions, at least in males, and the lowest incidence was
in Central Italy. It should be noted that sub-regional
variations may also occur. For instance, within the
Campania region in 1998-2002 the incidences of liver
cancer recorded by the Naples CR in the male and female populations were 34.8 and 10.2 cases/100,000
residents, respectively, whereas the corresponding
values recorded in the nearby Salerno CR were 14.6
and 6.2 cases/100,000 residents, respectively [32, 33].
A moderate North to South downward gradient occurred in the incidence of HPV-related cancers. The
incidence of Hp-related cancers was remarkably high
in Central Italy regions, which confirms the observation that gained the definition of “gastric cancer belt”
in Central Italian regions [34].
A statistically significant correlation (r = 0.893,
P < 0.001) was detected between the estimated 2018
incidence data of HBV/HCV and Hp-related cancers
in the male and female population of Northern, Central
and Southern Italy, as detected in the present study, and
the corresponding mortality data for liver and stomach
cancers for the period 2010-2014, standardized on the
European population [19]. It is exceedingly difficult to
relate cancer incidence to the incidence of the related infections in each region, also because these cancers have
a long latency time, and the information about the geographical distribution of the corresponding infections in
the past is scanty. Furthermore, many of these infections
are not clinically apparent and therefore they are just
detectable by implementing ad hoc designed screening

programs. For instance, HPV may be harbored in a latent state for 20 years or longer before manifesting as
a precancerous lesion of the cervix [35], and the latent
period between infection with hepatotropic viruses
and primary hepatocellular carcinoma is in the order
of decades [36].
Assessing the incidence of infection-related cancers
has two intrinsic limitations. The first critical point is
that we had to extrapolate incidence data to the whole
population. The second one is that, for each infectionrelated cancer, AFs may vary depending on the regional area and may not necessarily be uniform over the
whole national territory, depending on several local
variables.

Conclusions
In conclusion, our estimates suggest that cancers of infectious origin contributed to the overall burden of cancer in Italy with more than 27,000 new cases, which
represent the 7.3% of all incident cancer cases in 2018.
This figure is comparable to the fraction of new cancer
cases diagnosed in Europe in 2012 that was ascribed to
infections, which accounted for the 7.2% of all cancer
cases [7].
There were differences highlighting a higher incidence
of these cancers in males, with the exception of HPVrelated cancers. Regional variations and geographical
clusters of cancer cases were evident, depending on
the type of cancer and on the gender. Nevertheless,
the overall figures were rather similar, the infectionrelated cancers accounting for the 7.2, 7.6, and 7.1%
of all cancers in Northern, Central, and Southern Italy,
respectively.
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Tab. S1. Estimated incidence (new cases/100,000 residents) of cancers attributable to infectious agents in Northern Italy regions in 2018.

Resident
population
as to January
2018
Population
covered
by Cancer
Registries (%)
Cancer site
(ICD-10)

Infectious
agent

Non-cardia
stomach
(C16.1-C16.9)

Hp

MALT (C88.4)

Hp

Total Hpassociated
cancers

Hp

Liver (C22)

HBV
(± HDV)
+ HCV

Uterine cervix
(C53)

Vulva
(C51)

Vagina
(C52)

HPV

HPV

HPV

Penis
(C60)

HPV

Oral cavity
(C00-C08)

HPV

Oropharynx
(C09-C10,
C12-C14)

HPV

Larynx
(C32)

HPV

Total HPVassociated
cancers

HPV

Nasopharynx
(C11)

EBV
(HHV4)

Burkitt’s
lymphoma
(C83.7)

EBV
(HHV4)
± Pf

Hodgkin’s
lymphoma
(C81)

EBV
(HHV4)

Total EBVassociated
cancers

EBV

Kaposi’s
sarcoma
(C46)

KSHV
(HHV8)

Gender

Emilia
Romagna

Friuli
Venezia
Giulia

Liguria

Lombardia

Piemonte

Trentino
Alto
Adige

Valle
d’Aosta

Veneto

All
Northern
regions

M

2,162,684

589,785

743,755

4,907,685

2,123,610

525,523

61,695

2,395,801

13,510,538

F

2,289,945

625,753

813,226

5,128,573

2,252,255

542,125

64,507

2,509,236

14,225,620

M+F

4,452,629

1,215,538

1,556,981

10,036,258

4,375,865

1,067,648

126,202

4,905,037

27,746,158

M+F

80

100

55

92

30

100

100

53

71

M

30.6

35.8

25.9

28.2

27.1

19.7

26.0

20.2

26.7

F

19.6

17.8

14.3

15.1

14.0

13.0

12.4

10.9

14.6

M+F

50.3

53.6

40.2

43.3

41.1

32.7

38.4

31.1

41.3

M

0.4

0.0

0.4

0.5

0.4

1.1

0.0

0.4

0.4

F

0.5

0.0

0.3

0.3

0.2

0.3

0.0

0.2

0.2

M+F

0.9

0.0

0.7

0.8

0.6

1.4

0.0

0.6

0.6

M

31.0

35.8

26.3

28.6

27.5

20.8

26.0

20.6

27.1

F

20.1

17.8

14.6

15.3

14.2

13.2

12.4

11.1

14.9

M+F

51.1

53.6

40.9

43.9

41.7

34.0

38.4

31.7

42.0

M

18.8

22.5

24.0

24.5

24.6

20.8

29.8

22.3

23.4

F

7.8

7.5

10.1

9.5

9.3

4.9

5.3

7.8

7.8

M+F

26.6

30.0

34.1

34.0

33.9

25.7

35.1

30.1

31.2

M

-

-

-

-

-

-

-

-

-

F

7.6

9.1

10.7

8.7

9.4

5.5

9.3

7.5

8.5

M+F

7.6

9.1

10.7

8.7

9.4

5.5

9.3

7.5

8.5

M

-

-

-

-

-

-

-

-

-

F

1.2

1.4

1.1

1.0

1.0

0.8

0.8

1.1

1.0

M+F

1.2

1.4

1.1

1.0

1.0

0.8

0.8

1.1

1.0

M

-

-

-

-

-

-

-

-

-

F

0.7

0.8

0.8

0.7

0.7

1.0

0.0

0.7

0.7

M+F

0.7

0.8

0.8

0.7

0.7

1.0

0.0

0.7

0.7

M

0.8

0.8

1.3

0.8

1.0

0.7

0.8

0.8

0.9

F

-

-

-

-

-

-

-

-

-

M+F

0.8

0.8

1.3

0.8

1.0

0.7

0.8

0.8

0.9

M

0.4

0.6

0.4

0.4

0.5

0.5

0.5

0.5

0.5

F

0.3

0.3

0.3

0.2

0.3

0.2

0.3

0.3

0.3

M+F

0.7

0.9

0.7

0.6

0.7

0.7

0.8

0.8

0.8

M

1.4

3.2

1.6

1.7

1.8

2.4

2.0

1.6

1.9

F

0.4

0.8

0.4

0.5

0.4

0.4

0.7

0.4

0.5

M+F

1.8

4.0

2.0

2.2

2.2

2.8

2.7

2.0

2.4

M

0.6

1.0

0.8

0.7

0.7

0.5

1.1

0.8

0.8

F

0.1

0.1

0.1

0.1

0.1

0.1

0.2

0.1

0.1

M+F

0.7

1.1

0.9

0.8

0.8

0.6

1.3

0.9

0.9

M

3.3

5.6

4.2

3.6

3.9

4.0

4.3

3.6

4.1

F

10.2

12.5

13.5

11.1

11.9

8.1

11.3

10.0

11.1

M+F

13.5

18.1

17.7

14.7

15.8

12.2

15.6

13.6

15.2

M

1.2

0.5

1.2

1.2

1.3

0.8

1.3

0.8

1.0

F

0.4

0.5

0.4

0.4

0.4

0.4

0.0

0.4

0.4

M+F

1.6

1.0

1.6

1.6

1.7

1.2

1.3

1.2

1.4

M

0.1

0.1

0.1

0.1

0.1

0.0

0.0

0.1

0.1

F

0.0

0.1

0.0

0.0

0.0

0.0

0.0

0.1

0.0

M+F

0.1

0.2

0.1

0.1

0.2

0.0

0.0

0.1

0.1

M

1.6

1.3

1.8

1.4

1.4

1.2

0.0

1.6

1.3

F

1.1

1.2

0.8

1.2

1.2

1.0

0.6

1.4

1.1

M+F

2.7

2.5

2.6

2.6

2.6

2.2

0.6

3.0

2.4

M

2.9

2.0

3.1

2.8

2.8

1.9

1.3

2.5

2.4

F

1.5

1.8

1.2

1.6

1.6

1.4

0.6

1.8

1.4

M+F

4.4

3.8

4.3

4.4

4.4

3.3

1.9

4.3

3.8

M

2.2

1.4

1.6

2.2

2.6

1.0

1.6

1.3

1.7

F

0.8

0.0

1.1

0.8

0.9

0.6

0.0

0.2

0.6

M+F

3.0

1.4

2.7

3.0

3.5

1.6

1.6

1.5

2.3
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Adult T cell
lymphoma/
leukemia
(C91.5)
All the above
cancers

HTLV1

M

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

F

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0
0.0

M+F

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

M

58.2

67.1

59.0

61.6

61.4

48.5

63.0

50.2

58.7

F

40.4

39.6

30.3

38.3

37.9

28.3

29.5

31.0

35.7

M+F

98.6

106.7

89.3

99.9

99.3

76.8

92.5

81.2

94.4

Hp: Helicobacter pylori; HBV: hepatitis B virus; HCV: hepatitis C virus; HDV: hepatitis D virus (Delta agent); HPV: human papillomavirus; EBV: Epstein-Barr virus; HHV4:
human herpesvirus 4; PF: Plasmodium falciparum; KSKV: Kaposi’s sarcoma virus; HHV8: human herpesvirus 8; HTLV: human T-lymphotropic virus; M: males; F: females.
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REGIONS IN 2018

Tab. SII. Estimated incidence (new cases/100,000 residents) of cancers attributable to infectious agents in Central Italy regions in 2018.
Gender

Resident population
as to January 2018
Population covered by
Cancer Registries (%)
Cancer site
(ICD-10)
Non-cardia stomach (C16.1-C16.9)

MALT (C88.4)

Total Hp-associated cancers

Liver (C22)

Uterine cervix (C53)

Vulva (C51)

Vagina (C52)

Penis (C60)

Oral cavity (C00-C08)

Oropharynx (C09-C10, C12-C14)

Larynx (C32)

Total HPV-associated cancers

Nasopharynx (C11)

Burkitt’s lymphoma (C83.7)

Hodgkin’s lymphoma (C81)

Total EBV-associated cancers

Kaposi’s sarcoma (C46)

Adult T cell lymphoma/leukemia
(C91.5)

Lazio

Marche

Toscana

Umbria

All Central
regions

M

2,848,727

743,645

1,803,203

425,547

5,821,122

F

3, 047,966

788,108

1,933,765

459,093

6,228,932

M+F

5,896,693

1,531,753

3,736,968

884,640

12,050,054

M+F

15

0

33

100

25

M

24.0

34.1

34.3

37.2

32.4

F

14.4

20.9

20.9

21.9

19.6

M+F

38.4

55.0

55.2

59.1

52.0

M

0.4

0.6

0.6

0.5

0.6

F

0.3

0.4

0.3

0.3

0.3

Infectious agent

Hp

Hp

Hp

HBV (± HDV) +HCV

HPV

HPV

HPV

HPV

HPV

HPV

HPV

HPV

EBV (HHV4)

EBV (HHV4) ± Pf

EBV (HHV4)

EBV

KSHV (HHV8)

HTLV1

M+F

0.7

1.0

0.9

0.8

0.9

M

24.4

34.7

34.9

37.8

33.0

F

14.7

21.3

21.3

22.2

19.9

M+F

39.1

56.0

56.2

60.0

52,9

M

18.8

16.4

15.1

18.4

17.2

F

7.9

6.9

6.4

7.6

7.2

M+F

26.7

23.3

21.5

26.0

24.4

M

-

-

-

-

F

7.6

8.1

8.8

8.7

8.3

M+F

7.6

8.1

8.8

8.7

8.3

M

-

-

-

-

F

1.0

1.2

1.1

1.3

1.2

M+F

1.0

1.2

1.1

1.3

1.2

M

-

-

-

-

F

0.6

0.6

0.5

0.7

0.6

M+F

0.6

0.6

0.5

0.7

0.6

M

0.9

1.2

1.1

1.3

1.1

F

-

-

-

-

M+F

0.9

1.2

1.1

1.3

1.1

M

0.4

0.4

0.4

0.5

0.4

F

0.2

0.2

0.2

0.2

0.2

M+F

0.6

0.6

0.6

0.7

0.6

M

1.2

0.9

1.0

0.9

1.0

F

0.3

0.2

0.2

0.3

0.3

M+F

1.5

1.1

1.2

1.2

1.3

M

0.7

0.6

0.7

0.6

0.7

F

0.1

0.1

0.1

0.1

0.1

M+F

0.8

0.7

0.8

0.7

0.8

M

3.1

3.2

3.2

3.3

3.2

F

9.7

10.4

11.0

11.3

10.6

M+F

12.8

13.6

14.2

14.6

13.8

M

1.2

0.9

1.0

0.8

1.0

F

0.4

0.5

0.4

0.7

0.5

M+F

1.6

1.4

1.4

1.5

1.5

M

0.1

0.1

0.0

0.1

0.1

F

0.0

0.1

0.1

0.0

0.1

M+F

0.1

0.2

0.1

0.1

0.2

M

1.6

1.8

1.9

1.7

1.7

F

1.2

1.2

1.0

1.4

1.2

M+F

2.8

3.0

2.9

3.1

2.9

M

2.8

2.7

2.9

2.5

2.7

F

1.5

1.8

1.4

2.2

1.7

M+F

4.31

4.5

4.3

4.7

4.4

M

2.0

1.1

1.6

0.7

1.3

F

0.8

0.3

0.2

0.2

0.4

M+F

2.8

1.4

1.8

0.9

1.7

M

0.0

0.1

0.2

0.2

0.1

F

0.0

0.0

0.1

0.0

0.0

M+F

0.0

0.1

0.3

0.2

0.1
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All the above cancers

M

51.3

58.2

57.8

62.8

57.5

F

34.6

40.6

40.4

43.4

39.7

M+F

85.9

98.8

98.2

106.2

97.2

Hp: Helicobacter pylori; HBV: hepatitis B virus; HCV: hepatitis C virus; HDV: hepatitis D virus (Delta agent); HPV: human papillomavirus; EBV: Epstein-Barr virus; HHV4:
human herpesvirus 4; PF: Plasmodium falciparum; KSKV: Kaposi’s sarcoma virus; HHV8: human herpesvirus 8; HTLV: human T-lymphotropic virus; M: males; F: females.
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Tab. SIII. Estimated incidence (new cases/100,000 residents) of cancers attributable to infectious agents in Southern Italy regions in 2018.
Gender

Resident
population
as to January 2018
Population covered
by
Cancer Registries
(%)
Cancer site
(ICD-10)

Infectious
agent

Non-cardia
stomach
(C16.1-C16.9)

Hp

MALT (C88.4)

Total Hp-associated
cancers

Liver (C22)

Uterine cervix (C53)

Vulva (C51)

Vagina (C52)

Penis (C60)

Oral cavity
(C00-C08)

Hp

Hp

HBV (±
HDV) +
HCV

HPV

HPV

HPV

HPV

HPV

Oropharynx
(C09-C10. C12-C14)

HPV

Larynx (C32)

HPV

Total HPVassociated cancers

HPV

Nasopharynx (C11)

EBV (HHV4)

Burkitt’s lymphoma EBV (HHV4)
(C83.7)
± Pf

Hodgkin’s
lymphoma (C81)

Total EBVassociated cancers

Kaposi’s sarcoma
(C46)

EBV (HHV4)

EBV

KSHV
(HHV8)

Abruzzo

Basilicata

Calabria

Campania

Molise

Puglia

Sardegna

Sicilia

All
Southern
regions
10,095,947

M

641,185

278,882

959,437

2,841,049

152,228

1,967,751

810,072

2,445,343

F

674,011

288,236

997,250

2,985,811

156,265

838,104

2,581,646

10,601,814

M+F

1,315,196

567,118

1,956,687

5,826,860

308,493

4,048,242

1,648,176

5,026,929

20,697,761

M+F

0

100

64

71

0

54

42

91

65

M

20.0

30.0

24.4

19.9

20.5

17.6

17.8

16.1

20.8

F

13.1

17.9

12.5

12.8

13.7

11.9

11.8

10.2

13.0

M+F

33.1

47.9

36.9

32.7

34.2

29.5

29.6

26.3

33.8

M

04

0.00

0.2

0.3

0.5

0.5

0.7

0.3

0.4

F

0.2

0.5

0.4

0.2

0.0

0.3

0.4

0.2

0.3

M+F

0.6

0.5

0.6

0.5

0.5

0.8

1.1

0.5

0.7

M

20.3

30.0

24.6

20.2

21.0

18.1

18.5

16.4≤

21.1

F

13.3

18.4

12.9

13.0

13.7

12.1

12.1

10.3

13.2

M+F

33.6

48.4

37.5

33.2

34.7

30.2

30.6

26.7

34.3

M

20.8

21.5

20.4

22.2

21.0

19.4

22.5

14.3

20.3

F

10.7

9.9

10.1

10.8

11.3

9.2

10.7

7.5

10.0

M+F

31.5

31.4

30.5

33.0

32.3

28.6

33.2

21.8

30.3

M

-

-

-

-

-

-

-

-

-

F

7.1

8.0

7.4

6.8

7.0

6.9

7.0

6.9

7.1

M+F

7.1

7.98

7.42

6.80

7.04

6.87

7.04

6.86

7.14

M

-

-

-

-

-

-

-

-

-

F

1.0

0.9

1.1

0.9

1.1

1.1

0.8

0.9

1.0

M+F

1.0

0.9

1.1

0.9

1.1

1.1

0.8

0.9

1.0

M

-

-

-

-

-

-

-

-

F

0.5

0.3

0.2

0.5

0.5

0.5

0.4

0.3

0.4

M+F

0.5

0.3

0.2

0.5

0.5

0.5

0.4

0.3

0.4

M

1.2

0.7

1.2

1.0

1.3

1.0

1.0

1.1

1.1

F

-

-

-

-

-

-

-

-

-

M+F

1.2

0.7

1.2

1.0

1.3

1.0

1.0

1.1

1.1

M

0.4

0.5

0.3

0.3

0.4

0.4

0.5

0.4

0.4

F

0.2

0.1

0.2

0.2

0.2

0.2

0.2

0.2

0.2

M+F

0.6

0.6

0.5

0.5

0.6

0.6

0.6

0.6

0.6

M

0.8

1.3

0.4

0.8

0.8

0.8

1.8

0.6

0.9

F

0.2

0.1

0.2

0.2

0.2

0.2

0.2

0.2

0.2

M+F

1.00

1.4

0.6

1.0

1.0

1.0

2.0

0.8

1.01

M

0.8

0.5

0.7

0.8

0.8

0.6

0.8

0.6

0.7

F

0.1

0.0

0.1

0.1

0.1

0.1

0.1

0.1

0.1

M+F

0.9

0.5

0.8

0.9

0.9

0.7

0.9

0.7

0.8

M

3.2

3.0

2.6

2.9

3.3

2.8

4.1

2.6

3.0

F

9.0

9.3

9.1

8.6

9.1

8.9

8.7

8.4

8.9

M+F

12.2

12.3

11.7

11.5

12.4

11.7

12.8

11.0

11.9

M

1.6

2.3

1.5

1.2

1.6

1.3

1.2

2.0

1.6

F

0.5

0.6

0.2

0.4

0.5

0.4

0.3

0.6

0.4

M+F

2.1

2.9

1.7

1.6

2.1

1.7

1.5

2.6

2.0

M

0.1

0.1

0.0

0.1

0.0

0.1

0.1

0.1

0.1

F

0.00

0.0

0.00

0.0

0.0

0.0

0.0

0.0

0.0

M+F

0.1

0.1

0.0

0.1

0.0

0.1

0.1

0.1

0.1

M

1.4

1.0

1.4

1.5

1.4

1.3

1.6

1.5

1.4

F

1.1

1.6

1.6

1.2

1.2

1.3

1.3

1.0

1.3

M+F

2.5

2.6

3.0

2.7

2.6

2.6

2.9

2.5

2.7

M

3.1

3.4

3.0

2.7

3.0

2.8

2.9

3.5

3.0

F

1.5

2.2

1.8

1.6

1.7

1.7

1.6

1.6

1.7

M+F

4.6

5.6

4.8

4.3

4.7

4.5

4.5

5.1

4.7

M

3.0

3.6

3.0

2.4

2.6

4.3

3.2

2.0

3.0

F

1.3

1.0

0.8

1.1

1.3

2.2

1.4

0.7

1.2

M+F

4.3

4.6

3.8

3.5

3.9

6.4

4.6

2.7

4.2
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Adult T cell
lymphoma/
leukemia (C91.5)
All the above
cancers

HTLV1

M

0.0

0.0

0.0

0.0

0.0

0.0

0.1

0.0

0.0

F

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

M+F

0.0

0.0

0.0

0.0

0.0

0.0

0.1

0.0

0.0

M

50.3

61.4

53.5

50.3

50.8

47.4

51.4

38.8

50.5

F

35.9

40.9

34.6

35.0

37.0

34.0

34.6

28.5

35.1

M+F

86.2

102.3

88.1

85.4

87.8

81.4

86.0

67.3

85.6

Hp: Helicobacter pylori; HBV: hepatitis B virus; HCV: hepatitis C virus; HDV: hepatitis D virus (Delta agent); HPV: human papillomavirus; EBV: Epstein-Barr virus; HHV4:
human herpesvirus 4; Pf: Plasmodium falciparum; KSKV: Kaposi’s sarcoma virus; HHV8: human herpesvirus 8; HTLV: human T-lymphotropic virus; M: males; F: females.
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ESTIMATES OF THE INCIDENCE OF INFECTION-RELATED CANCERS IN ITALY AND ITALIAN
REGIONS IN 2018

Tab. SIV. Estimates of total incident cancer cases and proportion of incident cancer cases attributable to the main cancer-associated infections
in Italian regions in 2018.
Region

Gender

Total incident casesa

Infection-related casesb

M

15,550

1,270 (8.2%)

F

15,350

943 (6.1%)

M

4,750

399 (8.4%)

F

4,300

253 (5.9%)

Northern Italy
Emilia Romagna
Friuli Venezia Giulia
Liguria
Lombardia
Piemonte
Trentino Alto Adige
Valle d’Aosta
Veneto
All Northern regions

M

6,150

441 (7.2%)

F

5,800

336 (5.8%)

M

33,550

3,050 (9.1%)

F

30,650

2,001 (6.5%)

M

16,300

1,216 (8.1%)

F

14,550

870 (6.0%)

M

3,100

257 (8.3%)

F

2,800

156 (5.6%)

M

450

40 (8.9%)

F

350

20 (5.7%)

M

16,759

1,215 (7.3%)

F

15,100

789 (5.2%)

M

96,600

7,987 (8.3%)

F

88,900

5,369 (6.0%)

Central Italy
Lazio
Marche
Toscana
Umbria
All Central regions

M

17,150

1,472 (8.6%)

F

16,700

1,074 (6.4%)

M

5,000

437 (8.7%)

F

4,800

325 (6.8%)

M

12,900

1,053 (8.2%)

F

12,000

796 (6.6%)

M

3,050

270 (8.9%)

F

2,900

202 (7.0%)

M

38,100

3,233 (8.5%)

F

36,400

2,397 (6.6%)

Southern Italy and Islands
Abruzzo
Basilicata
Calabria
Campania
Molise
Puglia
Sardegna
Sicilia
All Southern Italy and Islands

All Italian regions
a

M

4,200

324 (7.7%)

F

3,800

245 (6.4%)

M

1,850

174 (9.4%)

F

1,400

118 (8.4%)

M

5,850

514 (8.8%)

F

4,500

346 (7.7%)

M

16,350

1,420 (8.7%)

F

13,700

1,056 (7.7%)

M

1,000

77 (7.7%)

F

900

59 (6.6%)

M

10,850

936 (7.9%)

F

10,750

716 (6.7%)

M

5,200

417 (8.0%)

F

4,800

292 (6.1%)

M

13,900

956 (6.9%)

F

13,250

746 (5.6%)

M

60,200

4,418 (8.0%)

F

53,100

3,577 (6.7%)

M

194,900

16,038 (8.2%)

F

178,400

11,223 (6.4%)

M+F

373,300

27,381 (7.3%)

From AIOM/AIRTUM [19]. b From Tables SI-SIII.
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Fig. S1. Geographical distribution of the 20 Italian regions.
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Summary
Extracellular vesicles (EVs) are released from cells and enter
into body fluids thereby providing a toxicological mechanism of
cell-cell communication. The present study aimed at assessing
(a) the presence of EVs in mouse body fluids under physiological
conditions, (b) the effect of exposure of mice to cigarette smoke
for 8 weeks, and (c) modulation of smoke-related alterations by
the nonsteroidal anti-inflammatory drug celecoxib, a selective
cyclooxygenase-2 inhibitor. To this purpose, ICR (CD-1) mice
were either unexposed or exposed to cigarette smoke, either
treated or untreated with oral celecoxib. EVs, isolated from
bronchoalveolar lavage fluid (BALF), blood serum, and urines,
were analyzed by nanoparticle tracking analysis and flow
cytometry. EVs baseline concentrations in BALF were remarkably high. Larger EVs were detected in urines. Smoking increased

EVs concentrations but only in BALF. Celecoxib remarkably
increased EVs concentrations in the blood serum of both male
and female smoking mice. The concentration of EVs positive for
EpCAM, a mediator of cell-cell adhesion in epithelia playing a
role in tumorigenesis, was much higher in urines than in BALF,
and celecoxib significantly decreased their concentration. Thus,
the effects of smoke on EVs concentrations were well detectable
in the extracellular environment of the respiratory tract, where
they could behave as delivery carriers to target cells. Celecoxib
exerted both protective mechanisms in the urinary tract and
adverse systemic effects of likely hepatotoxic origin in smokeexposed mice. Detection of EVs in body fluids may provide an
early diagnostic tool and an end-point exploitable for preventive
medicine strategies.

Introduction

can be detected in nearly all biological fluids, such as
blood, urine, saliva, cerebrospinal fluid, bronchoalveolar lavage fluid (BALF), amniotic fluid, seminal plasma,
and breast milk [2]. Since their content is protected from
degradation by extracellular proteases and RNases, they
are highly stable in storage conditions.
EVs are of particular interest in the study of lung diseases due to the high blood flow and vascular surface
area of the respiratory tract. Surface proteins play a role
in EVs pharmacokinetics and in particular in their distribution to the lung [12]. These biomarkers have been
investigated in lung diseases, such as pulmonary hypertension [13], chronic obstructive pulmonary diseases
(COPD) [14], and lung cancer [15]. Furthermore, it has
been reported that a variety of environmental and lifestyle risk factors, such as air pollutants, smoking, alcohol, obesity, nutrition, physical activity, and oxidative
stress, can modulate EVs trafficking [2].
The assessment of EVs modulation in biological fluids
is of great importance following exposure to cigarette
smoke (CS), which is the dominant risk factor for lung
cancer and, in addition, has been causally associated
with the induction of other cancers affecting the respiratory tract, urinary tract, digestive system, and hematopoietic system [16]. CS is also one of the main risk

Extracellular vesicles (EVs) are spherical structures
with a lipid bilayer, which include exosomes, having a
size of 30-100 nm, microvesicles (MVs), having a size
of 100-700 nm, and apoptotic bodies, having a size up
to 5,000 nm, which contain cell organelles and nuclear
components [1, 2]. The International Society for Extracellular Vesicles proposed a series of criteria, based on
current best practice, that represent the minimal characterization of EVs [3]. Exosomes are constitutively generated, stored, and released from the endosomal system,
whereas MVs are released by outward budding from the
bi-lipid external membrane of cells [4, 5]. Most, if not
all, cell types release EVs, which then enter the body
fluids [6]. Thus, EVs are endogenous delivery carriers that transport molecules to target cells and, travelling from the cells of origin to target cells, they transfer
their contents after having been internalized [7]. In such
a way, they provide a mechanism of cell-to-cell communication [8] and of intercellular exchange of cell
components, such as nucleic acids, cytokines, lipids and
proteins. Therefore, they act as signals both in cell homeostatic processes and in pathological conditions [9],
also including inflammation [10] and cancer [11]. EVs

https://doi.org/10.15167/2421-4248/jpmh2019.60.4.1284
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factors for other chronic degenerative diseases, such as
BPCO [17]. In vitro studies have shown the relationships
between exposure to CS and release of EVs, for instance
by using human macrophages [18], human mononuclear
cells, depending on Ca2+ mobilization [19], and cultured
human bronchial epithelial cells [20]. The last effect
could be prevented by the antioxidant thiols glutathione (GSH) and N-acetyl-L-acetylcysteine (NAC) [20],
which may contribute to understand the benefits of NAC
as a chemopreventive agent [21]. In addition, it was
shown that circulating endothelial MVs can be assumed
as a measure of early lung destruction and emphysema
in cigarette smokers [22], and smoking enhanced the
levels of MVs in blood cells of healthy volunteers [23].
Furthermore, the analysis of human BALF showed that
smoking can alter EVs profiles [24].
The present study had various goals. The first one was
to evaluate in a preclinical model, under controlled experimental conditions, the physiological background
concentration and size of EVs in mouse biological fluids, including BALF, blood serum, and urines, and to
determine the proportion of EVs of epithelial origin. The
second goal was to assess how exposure to mainstream
CS (MCS), which is inhaled by active smokers as an undiluted complex mixture, can affect the concentration of
EVs in these biological fluids. These experiments were
carried out by using, in part, a subset of mice that had
been treated in a study evaluating the release of microRNAs (miRNAs) in the same biological fluids and, additionally, in 10 organs of mice exposed to MCS [25, 26].
A further goal was to explore whether administration of
a chemopreventive agent to MCS-exposed mice may be
able to further modulate the concentration of EVs in biological fluids. Since chronic inflammation plays a key
role at different stages of the carcinogenesis process [27]
and is crucial in CS-related carcinogenesis [28, 29], we
tested the nonsteroidal anti-inflammatory drug (NSAID)
celecoxib (4-[5-(4-methylphenyl)-3-(trifluoromethyl)1H-pyrazol-1-yl] benzene-1-sulfonamide, CAS 16959042-5). Celecoxib is a selective inhibitor of cyclooxygenase-2 (COX-2), the inducible COX isoform having
a pro-inflammatory function, which is expressed in response to certain stimuli such as mitogens, cytokines
and growth factors [30]). In contrast, COX-1 is the
housekeeping isoform, the prostaglandins derived from
COX-1 being involved in the homeostatic maintenance
of the gastric mucosa. Therefore, selective COX-2 inhibitors (coxibs) seem to be safer with regard to gastric
damage compared to traditional NSAIDs [31]. A rationale for using celecoxib in these experiments is that, at
least in synovial fibroblasts, microparticles are able to
upregulate the production of prostaglandins by inducing
COX-2 [11].
The results obtained showed that: a) there were baseline
differences in both size and concentration of total EVs
and of EVs of epithelial origin in the 3 examined biological fluids; b) exposure to MCS significantly increased
EVs concentrations but only in BALF; and c) treatment
of MCS-exposed mice with celecoxib further enhanced
EVs concentrations in the urines and especially in the

blood serum, which presumably reflects the occurrence
of toxic effects related to administration of this NSAID.

Materials and methods
Mice and experimental groups
Two-month old Swiss ICR (CD-1) mice of both genders,
purchased from Harlan Laboratories (San Pietro al Natisone, Udine, Italy), were housed in MakrolonTM cages on
sawdust bedding and maintained on standard rodent chow
(Teklad 9607, Harlan Laboratories) and tap water ad libitum. The animal room temperature was 23 ± 2°C, with a
relative humidity of 55% and a 12 h day-night cycle.
Sixty mice were randomly assigned to 3 experimental
groups, including mice kept in filtered air for 8 weeks
(Group 1, sham-exposed mice), mice exposed to MCS
for 8 weeks (Group 2, MCS-exposed mice), and MCSexposed mice treated with celecoxib for the same period of time (Group 3). Each group was composed of 10
males and 10 females.
Housing and treatments of mice were in accordance with
NIH, European (2010/63 UE Directive), and institutional guidelines. The issuance of the NIH Office of Laboratory Animal Welfare (OLAW) with the University of
Genoa bears the identification number A5899-01 and
is effective until February 28, 2021. The IACUC protocol regarding treatment of the same mice for studying
modulation of miRNAs was approved by the Fox Chase
Cancer Center Committee on April 13, 2015.
Exposure to MCS and treatment
with celecoxib
The 40 mice belonging to Groups 2 and 3 were exposed
whole-body to the MCS generated by Kentucky 2R4F
reference cigarettes (University of Kentucky, Lexington, KY), having a declared content of 9.4 mg tar, 0.73
mg nicotine, and delivering 12 mg CO each. MCS was
transferred to the exposure chambers by drawing 15 consecutive puffs, each of 60 ml and lasting 6 s. Each daily
session involved 6 consecutive exposures, lasting 10
min each, with 1-min intervals during which a total air
change was made in order to avoid excessive accumulation of MCS and toxic effects. The average concentration of total particulate matter measured in the exposure
chambers was 784 mg/m3.
The 20 MCS-exposed mice belonging to Group 3 were
treated with celecoxib, starting 3 days before the first exposure to MCS. Celecoxib was supplied by the US National Cancer Institute (NCI) via MRIGlobal (Kansas
City, MO). Based on a preliminary subchronic toxicity
study in Swiss H mice [32], it was decided to incorporate
celecoxib in the mouse diet at the dose of 1,600 g/Kg diet,
which corresponded to the 80% of the maximum dose that
did not produce any body loss or sufferance or alterations
in the behavior of mice after 6 weeks of treatment.
Collection of body fluids
After 8 weeks, all mice were euthanized. The 2013 AVMA guidelines on euthanasia were followed using slow
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introduction of CO2 for asphyxiation of mice. Death was
confirmed by absence of respiration and/or heartbeat.
Cell-free biological fluids were obtained as follows. Immediately after sacrifice, BAL was performed by intubating the trachea and lavaging with 5 ml of phosphate
buffered saline (PBS) per mouse. The BAL samples
were centrifuged and the supernatant fluids (BALF)
were pooled within each experimental group, separately for males and females. The blood was collected by
heart puncture and used for preparing serum, which was
pooled within each experimental group separately for
males and females. The urine was collected for 8 h and
pooled from the male mice belonging to each experimental group by using metabolic cages during the day
preceding euthanasia of mice. The urine was centrifuged
in order to remove the sediment.
Isolation of EVs from body fluids
Differential ultracentrifugation methods were used to
isolate EVs from BAL, plasma and urine samples, which
remain the most widely used primary isolation procedure [33]. In particular, EVs were isolated by ultracentrifugation as described previously [1]. Briefly, blood
serum and BALF samples from male and female mice
were centrifuged first at 1,000 x g for 5 min to pellet the
intact cells and then at 2,000 x g for10 min to discard
the dead cells. The supernatants were further centrifuged at 10,000 x g for 30 min in order to remove cell
debris. EVs were isolated from the final supernatant by
ultracentrifugation at 100,000 x g for 1 h. The EVs pellets were resuspended in a final volume of PBS corresponding to 1:100 of the original volume. Urine samples
pooled from male mice were collected and centrifuged
first at 1,000 x g for 5 min to pellet the intact cells and
then at 3,000 x g for 10 min at 4°C to remove cell debris.
The supernatants were further centrifuged at 10,000 x g
at 4°C for 30 min to remove large membrane fragments
and other debris. Finally, the supernatants were ultracentrifuged at 110,000 x g for 75 min at 4°C [34]. The EVs
pellets were resuspended in 400 μl PBS filtered 3 times
through 0.10 μm pore size membranes (EMD Millipore,
Billerica, MA, USA).
Nanoparticle Tracking Analysis (NTA)
Concentrations and size of EVs were assessed by nanoparticle tracking analysis (NTA), a technique that
measures the Brownian motion of vesicles suspended in
fluids and displays them in real time through a chargecoupled device (CCD) camera with high sensitivity.
Using a NanoSight LM10-HS system (NanoSight Ltd.,
Amesbury, UK), EVs were visualized by laser light scattering. Five 30-s recordings were made for each sample.
The collected data were analyzed with NTA software,
which provided high-resolution particle-size distribution
profiles and concentration measurements of EVs.
EVs characterization
EVs were characterized by MACSQuant analyzer flow
cytometer (Miltenyi Biotec, Calderara di Reno, Bologna,
Italy) according to the customer protocol. 5(6)-carboxy-
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fluorescein diacetate N-succinimidyl ester (CFSE) was
used to discriminate the integrity of the vesicles before
the specific antibody staining. CFSE is a cell permeant
non-fluorescent dye. Intracellular esterases in EVs
cleave the acetate groups which results in the green fluorescent molecule carboxyfluorescein that is membrane
impermeant. In particular, 60 µl sample aliquots were
stained with 0.02 μM CFSE at 37°C for 20 min in the
dark. The CFSE-stained sample was incubated with 6
μl monoclonal antibody CD326 (EpCAM)-APC (clone:
caa7-9G8) in the dark for 20 min at 4°C. The double
staining with CFSE and EPCAM antibody discriminates
EVs from other contaminants, such as cell membrane
fragments, and allowed us to quantify the EVs from
epithelial cells. Thirty μl of double stained sample were
acquired on the MACSQuant Analyzer. Due to the very
low amounts of blood serum remaining after Nanosight
analysis, it was possible to execute the EVs characterization analysis only in urine and BALF.
Statistical analysis
Quantitative data were expressed as the mean ± SD of
5 replicate recordings. Continuous variables were tested
for normality and linearity. The comparison between the
EVs concentration/size curves was made by calculating
the subtended areas by adding each other histogram column values recorder for each interval size. The statistical significance of the differences between groups was
evaluated by ANOVA followed by Student’s t test for
unpaired data. P values lower than 0.05 were regarded
as statistically significant. All statistical analyses were
performed by using the statistical software Statview
software (Abacus Concept Inc., Berkeley, CA, USA).

Results
Survival and body weights
All 60 mice survived throughout duration of the experiment (8 weeks). At the beginning of the study, before
starting the treatments, the body weights (means ± SE)
were 38.3 ± 0.83 g in the 30 males and 28.8 ± 0.82 g
in the 30 females. After 8 weeks, the body weights in
males and females were 42.3 ± 1.09 g and 37.5 ± 1.16 g
in Group 1 mice (sham-exposed mice), 39.4 ± 0.70 g and
31.7 ± 1.22 g in Group 2 mice (MCS-exposed mice), and
34.6 ± 1.55 g and 26.7 ± 1.16 g in Group 3 mice (MCSexposed mice treated with celecoxib). The slight body
weight loss recorded in MCS-exposed mice was statistically significant in both males (P < 0.05) and females (P
< 0.01), and it was not further significantly affected by
administration of dietary celecoxib.
Physiological spread of EVs into body fluids
We first evaluated comparatively the shedding of EVs
into mouse BALF, blood serum, and urines under baseline conditions. To this purpose, we used sham-exposed
male mice, for which all three biological fluids were
available. As summarized in Figure 1, the EVs differed
in the body fluids both in size and in concentration. In

A. PULLIERO ET AL.

Fig. 1. Concentration of EVs according to their size in the BALF
(dashed line), blood serum (continuous line), and urines (dotted
line) of sham-exposed male mice.

fact, the EVs curves in blood serum and BALF were unimodal, with maximum concentration peaks at a diameter
of about 170 nm and 230 nm, respectively. In both cases,
the curves fit a quasi-Gaussian distribution ranging between 70 and 530 nm, with a queue of larger EVs spanning until about 730 nm. Conversely, the EVs curve in
the urines was multimodal, with two major peaks at 170
nm and 230 nm, and a minor peak at 430 nm, with a
more abundant presence of larger EVs. As assessed by
calculating the areas under the curves, the concentrations of EVs were 41,198.4/µl BALF, 23,436/µl blood
serum, and 19.462.0/µl urines. The differences between
blood serum and urines were not statistically significant,
whereas EVs concentrations in BALF were significantly
higher than those measured in each one of the other two
biological fluids (P < 0.05 in both cases).
Concentration of EVs in body fluids
as related to exposure to MCS
and treatment with Celecoxib
Figure 2 shows the curves relating the size of EVs to their
concentrations in the BALF and blood serum of mice of
both genders and in the urines of male mice as related to
exposure to MCS and treatment with celecoxib. Exposure to MCS did neither significantly affect the EVs size
distribution nor their concentrations in blood serum and
urines, whereas it significantly increased their concentrations in BALF, as compared with sham-exposed mice
(P < 0.001). The oral administration of celecoxib did not
further affect EVs concentrations in the BALF of MCSexposed mice of both genders. In contrast, treatment
of MCS-exposed mice with celecoxib remarkably and
significantly (P < 0.001) increased the concentrations of
EVs in the blood serum of both male and female mice
as compared to either sham-exposed or MCS-exposed
mice. In the urine of male MCS-exposed mice, treatment

with celecoxib caused a slight but significant (P < 0.05)
increase in the concentrations of EVs in the 150-200 nm
range as compared with both sham-exposed mice and
MCS-exposed mice in the absence of the COX-2 inhibitor.
Evaluation of EpCAM-positive EVs
EpCAM was characterized by flow cytometry in the
BALF of both male and female mice and in the urines of
male mice, as related to treatment of mice. The resulting
fluorescence-activated cell sorting (FACS) scatter plots
are shown in Figure 3, which relates the concentration of
EpCAM-positive EVs to SSC (Side Scatter) intensity. In
sham-exposed male mice, the concentration of EpCAMpositive EVs in urines was much higher than in BALF
(1,249.2 vs. 55.1 EVs/µl, P < 0.001).
Following exposure to MCS, the concentration of EpCAM-positive EVs in BALF was significantly increased
as compared with sham-exposed mice, both males (76.5
vs. 55.1 EVs/µl, P < 0.05) and females (102.7 vs. 55.4
EVs/µl, P < 0.001), whereas it was significantly decreased in urines (725.3 vs. 1,249.2 EVs/µl, P < 0.05).
Administration of celecoxib to MCS-exposed mice did
not affect the concentration of EpCAM-positive EVs in
the BALF of female mice (115.2 EVs/µl) and slightly
but significantly increased it in the BALF of male mice
(108.3 EVs/µl, P < 0.05). Conversely, celecoxib significantly decreased the concentration of these EVs in the
urines of male mice (478.1 EVs/µl, P < 0.05).

Discussion
The results obtained show that, under physiological conditions, the concentrations of EVs in the extracellular
environment of the 3 examined mouse body fluids is of
a similar order of magnitude, ranging between almost
20,000 particles/µl in urines and more than 40,000 particles/µl in BALF. There were some differences regarding
the size of EVs, which in BALF and blood serum were
mainly MVs but also contained some exosomes, whereas in urines almost all EVs were MVs and included
larger vesicles having a multimodal distribution. These
differences correlated with the variable proportion of
EVs of epithelial origin among total EVs, as assessed by
evaluating the proportion of EVs positive for EpCAM,
which was much higher in the case of urines. The low
proportion of EpCAM-positive EVs in BALF correlates
with the finding that epithelial cells range from 0.05%
to 1.5% of the total number of cells recovered in human BAL samples [35]. It is noteworthy that, besides
mediating cell-cell adhesion in epithelia [36], EpCAM
plays a role in tumorigenesis and metastasis of carcinomas, being expressed in most neoplastic epithelial cells
[37]. In fact, normal epithelia express this cell surface
glycoprotein at a variable but generally lower level than
carcinomas [38].
The data concerning the baseline concentrations of EVs
in the examined body fluids should be related to the volumes of the same fluids. An adult mouse excretes daily
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Fig. 2. Size distribution and concentration of EVs in the BALF and blood serum of mice of both genders and in the urines of male mice,
either sham-exposed (black lines) or exposed to MCS (blue lines) or exposed to MCS and treated with celecoxib (gray lines).

around 0.5-1.0 ml urine and has a total blood volume of
approximately 1.5 ml (https://www.nc3rs.org.uk/mousedecision-tree-blood-sampling). More difficult are the
estimates for BALF. This fluid was obtained by lavaging the lungs of each mouse with 5 ml of physiological
saline and therefore it is likely that the EVs present in
terminal airways were considerably diluted in the examined samples. BAL recovers the pulmonary epithelial
lining fluid (ELF), which includes the surfactant and
bronchial-bronchiolar secretions and, in mammals, has
a relatively constant composition of about 90% lipids
and 10% proteins. Surfactant lipids, which are produced
by alveolar type II pneumocytes and to a lesser extent
by bronchiolar non-ciliated epithelial cells, are synthe-
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sized in preformed intracytoplasmic lamellar bodies that
are secreted into the aqueous subphase of ELF [39]. We
have no information about the volume of ELF in mice,
but in humans its volume is pretty high, having been
reported to be between 37.5 and 75 ml [40]. It should
be also taken into account that the EVs found in different body fluids undergo a different fate. In fact, the EVs
present in urines get in contact with the mucosae of the
urinary tract and thereafter are excreted from the body.
Those present in the bloodstream are either eliminated
through emunctory organs or transmitted to distant organs. Those found in BALF may trigger cell-to-cell communication mechanisms in bronchoalveolar cells before
being removed from the lower respiratory spaces via the
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Fig. 3. Analysis of EpCAM-positive extracellular vesicles in the BALF of mice of both genders and in the urines of male mice, either shamexposed or exposed to MCS or exposed to MCS and treated with celecoxib. The x-axis reports the concentration of EpCAM-positive EVs,
and the y-axis reports the SSC (Side Scatter) intensity, an indicator of granularity. The percentages and concentrations of EpCAM-positive
EVs within the total EV population are reported inside the red boxes. P1 refers to all EVs, P2 to intact EVs in the 150-500 nm range, and P3
to EpCAM-positive EVs.

mucociliary escalator and being either eliminated from
the body by expectoration or swallowing. Swallowed
EVs are expected to get in contact with the mucosae of
the GI tract, thus being either transported to the liver or
ultimately eliminated with feces.
Exposure of mice to MCS resulted in a significant increase of EVs in the BALF of both male and female
mice, whereas the baseline concentrations of EVs
in blood serum and urines were not affected following exposure to MCS. Similar findings were observed
by evaluating the miRNA profiles in 10 organs and 3

biological fluids of the same mice used in the present
study [25, 26]. In fact, the miRNAs detectable in the
BALF were mainly of pulmonary origin, whereas the
skeletal muscle gave a striking contribution to the presence of MCS-dysregulated miRNAs in the blood serum,
and the kidney was the main source of miRNAs detectable in urines. Among the examined organs, dysregulation of miRNA expression was by far most prevalent in
the lung, which is consistent with the observed upregulation by MCS of proteins that defend the respiratory tract
by triggering a variety of protective mechanisms, such
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as antioxidant pathways, detoxification of carcinogens,
DNA repair, anti-inflammatory pathways, and apoptosis. At the same time, however, MCS activates toxic and
carcinogenic mechanisms, such as modulation of oncogenes and oncosuppressor genes, cell proliferation, recruitment of undifferentiated stem cells, inflammation,
inhibition of intercellular communication, angiogenesis,
invasion, and metastasis [41]. In addition, exposure of
mice to MCS in the medium term (7.5-9 months) induces a significant increase in preneoplastic and neoplastic
lesions and in other histopathological alterations, also
including malignant tumors in the lung [42].
The distribution patterns of both EVs (present study)
and miRNAs [25, 26] clearly reflect pharmacokinetic
mechanisms. Inhaled MCS undergoes a multiorgan distribution, contains systemic toxicants, and causes cancers in about 15 human tissues [16]. Indeed, blood and
urines can be used to detect some smoking-related alterations, such as increased carboxyhemoglobin levels in
the blood [43] and mutagenicity of urines [44]. However,
these body fluids do not appear to be suitable substrates
to detect alterations of other smoking-related biomarkers, such as miRNA dysregulation [26] and shedding of
EVs (present study). This is not exclusive of experimental data, but also in humans miRNA signatures in plasma
do not correspond with miRNA signatures in BAL samples of lung cancer patients [45], and studies in humans
have suggested that smoking alters lung EVs profiles
in BALF that are expected to influence the surrounding
bronchial epithelial cells [24].
Therefore, in spite of the fact that the collection of BALF
is semi-invasive, the analysis of this fluid appears to be
more appropriate to detect smoking-related biomarker
alterations than analysis of blood serum and urine, where
the alterations of pulmonary origin are confounded by
contributions from other organs. In fact, BAL has widely
been used in preclinical and clinical studies because this
fluid contains both biochemical and cytological indicators of cellular responses to infection, cancer, or inhaled
drugs or toxicants [46, 47].
A further goal of the present study was to evaluate how
a putative chemopreventive agent can modulate the release of MCS-related EVs into biological fluids, which
can be assumed as an indicator either of protective effects or of adverse effects. Irrespective of gender, the
oral administration of celecoxib did not further affect
the increase in EVs concentration in BALF caused by
exposure of mice to MCS and had poor effects on the
concentration of EpCAM-positive EVs in this biological fluid. This means that this selective COX-2 inhibitor
failed to modulate the MCS-related release of EVs from
respiratory tract cells.
On the other hand, celecoxib considerably increased the
concentrations of EVs in the blood serum of mice of
both genders exposed to MCS. A similar but less pronounced effect occurred in the urines of MCS-exposed
male mice, which however was accompanied by a loss
of EpCAM-positive EVs. Such an effect may correlate
with the observed protective effects of celecoxib towards induction by MCS of preneoplastic alterations
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in the urinary tract of mice [32]. Moreover, celecoxib
has been shown to prevent N-butyl-N-(4-hydroxybutyl)
nitrosamine-induced bladder carcinomas in rats [48]. It
is noteworthy that urinary EpCAM is overexpressed in
bladder tumors to such an extent that it could act as a
biomarker of bladder cancer detection [49]. Thus, our
results suggest that, even at an early stage, the decrease
of EpCAM produced by celecoxib in urines may predict
the protective effects of this drug towards MCS-induced
neoplastic alterations in the urinary tract.
The increased systemic concentrations of EVs in MCSexposed mice treated with celecoxib are likely to be related to their release from organs other than the lung,
such as skeletal muscle and liver. In this light, there
seems to be a relationship between upregulation of circulating EVs by celecoxib and its hepatotoxicity. In fact,
the dose of celecoxib used in the present study (1,600
mg/kg diet) did not produce any apparent toxic effect in
a preliminary 6-week test in smoke-free mice. However,
in the long-term, this drug became toxic to MCS-exposed mice, as inferred from the decrease in survival and
body weight gain as well as from some histopathological
signs of hepatotoxicity in mice treated with celecoxib at
the same dose [32]. It should be noted that such a dose
is rather high but is comparable to the pharmacological
dose in humans. In fact, a dose of 1,000 mg/kg diet of
celecoxib administered to mice resulted in a plasma concentration of 1.6 µg/ml, which approximates the reported
therapeutic plasma concentration of celecoxib in humans
[50]. The hepatotoxicity of celecoxib observed in MCSexposed mice is consistent with the detection of hepatocellular alterations produced by this drug in rats [51,
52]. From a mechanistic point of view, it should be taken
into account that celecoxib is metabolized primarily by
cytochrome P450 2C9 (CYP2C9) [53], which at the
same time is involved in the metabolism of polycyclic
aromatic hydrocarbons contained in CS [54]. Mediators
derived from COX-2 have an important hepatoprotective
function and accordingly the risk of drug-induced liver
injury may be increased by COX-2 inhibition [55]. In
fact, an increased clinical vigilance is required during
the co-administration of celecoxib and other substrates
or inhibitors of CYP2C9 [50], as it could be the case with
smoking. Since drug-induced liver damage increases the
number of circulating EVs [56], it may be assumed that
the hepatotoxicity caused by celecoxib-induced COX-2
inhibition in MCS-exposed mice was responsible for the
observed increase of EVs in blood and urines.
In conclusion, the findings of the present study shed
light on the role of EVs as biomarkers of exposure to
MCS, the dominant risk factor for lung cancer, other
cancers, and other diseases of toxicological relevance.
It has been postulated that there is immense potential
for the use of EVs for biomarker detection in clinical
settings [57]. Our data provide evidence that the effects of MCS on that end-point are well detectable in
the extracellular environment of the lower respiratory
tract, where they could behave as endogenous delivery
carriers of a variety of molecules to target cells. On the
other hand, the effects of MCS on EVs release into body
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fluids were not discernible at a systemic level, presumably due to confounding factors such as the contribution
from organs other than the lungs. The assay of a putative chemopreventive agent, the selective COX-2 inhibitor celecoxib, modulated EVs spread at a systemic level
by suggesting the occurrence of both protective mechanisms in the urinary tract and adverse effects of likely
hepatotoxic origin in MCS-exposed mice. It should be
emphasized that these changes were detected after only
8 weeks of treatment of mice, whereas the development
of MCS-related tumors and other histopathological alterations requires longer periods of time [32]. Therefore,
the data regarding the spread of EVs in biological fluids
may be translated to the clinical practice and taken as an
early diagnostic tool and as an end-point exploitable for
toxicological studies and preventive medicine strategies.
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Summary
Background. High level of attendance by population is considered
a proof of the efficacy in the screening programmes. Public health
aims to increase people’s attendance to cancer screening. The study
aimed at assessing the level of knowledge and awareness about
screening of citizens in Cagliari, from June to July 2016.
Methods. Recruitment took place near the atrium of the two
main shopping centres of the city. The sample included 270
adults (138 men), 18-75 years old (mean age 46 years old).
The information gathered from interviews were categorized by
dichotomizing answers according to the knowledge and understanding of the discussed topics. Descriptive analysis was performed. The Chi-square test was used to assess gender and educational differences.
Results. Results show that population’s knowledge of screening is

limited. Although the word “screening” is known, only half of the
people who declared to have heard of this word know about the
aim of screening. Colorectal cancer screening is the least known.
Men and people with lower education are less informed than
women and those with high education level.
Conclusion. In order to raise knowledge and awareness about
cancer screening, special attention should be paid to communication and to the use of plain language. Future action should
highlight the benefit of the screening procedure and thus contributing to spread the cancer prevention culture. Gender and socioeconomic inequalities must be taken into account when planning
screening communication campaigns. General practitioner are
highly trusted by people. They could play a decisive role to promote screening attendance.

Introduction

nical and scientific support to the Italian regions for
planning and conducting population based organized
screening in Italy [3]. The regional administrations are
accountable for organizing, managing, assuring quality
of screening programmes.
The efficacy and efficiency of screening programmes are
influenced by a high level of participation in order to
achieve a significant impact on population health [4, 5].
The report of the ONS shows a snapshot that describes
the screening attendance rate in Italy, by indicating that
the coverage of the organized screening is uneven on
the national territory. In 2017, in Northern regions, the
attendance at organized screening for cervical cancer
was 51%, 37,4% in the central regions, and 28% in the
Southern regions. The attendance to organized screening compliance for breast cancer reached 63% in the
Northern regions, 53% in the Central regions, and 41%
in the Southern regions. In Northern regions, organized
screening compliance for colorectal cancer (fecal occult
blood test) is around 52%, 35% in the Central regions,
and 24% in the Southern regions [6, 7].
One of the goals of the Regional prevention plan of Sardinia is to increase the attendance of target population
to the three organized cancer screening programmes [8].
The plan highlights the importance of analysing and defining the information needs, as well as the importance

Cancer is a leading cause of global deaths after cardiovascular diseases. Because of disabling effects, cancer
is now one of the most important priorities in terms
of health. The World Health Organization (WHO) has
reported that almost two-thirds of all cancers could be
prevented or fully cured through regular cancer screening, combined with appropriate healthy lifestyles. Furthermore WHO has recommended that national efforts
to screen for cancer should be enhanced [1].
The National Health Prevention Plan [2] promotes cancer screening and offers three screening programmes
completely free of charge:
• screening for cervical cancer (Pap test), for women
aged between 25 and 64 years, who are recalled every three years;
• screening for breast cancer (mammography) for
women aged between 50 and 69 years, who are recalled every two years;
• screening for colorectal cancer (fecal occult blood
test, FOBT), for both men and women, aged between
50 and 69 years, who are recalled every two years.
The Italian Ministry of Health assigned to the Osservatorio Nazionale Screening (National Observatory of
screening - ONS) the coordination, monitoring, tech-
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of providing information and communicating with citizens about cancer screening.
Until now, in Sardinia, the communication campaigns
were based on two main tools:
• an invitation letter addressing the target population;
• posters and brochures, available at any time on the
institutional website of the Sardinia Health System,
the website is accessible both to target and general
population, and it provides helpful information and
explanation about cancer screening.
Both tools try to answer to the most common questions
concerning cancer features and screening procedures,
also providing general information for specific cancer
screening: breast, cervical and colorectal screening [9].
The high level of attendance of the informed population in the organized screening programme is one of the
factors making possible the effectiveness of the screenings [2]. This ambitious goal can be reached through
an informed and aware participation of every person.
Moreover, before the attendance, people should know
the benefits and the disadvantages of the screening programmes [4, 10-12].
An effective communication programme has to take into
account citizens’ limited health literacy, since a positive
association between inadequate health literacy and low
attendance at cancer screening is widely demonstrated [13-16].
According to the WHO recommendations and the Regional prevention plan of Sardinia, the aim of the present
study was to assess the level of knowledge and awareness about screening among the general population
(adults subjects aged ≥ 18 years old), belonging to the
Local Health Unit of Cagliari. The study was carried out
between June 1st, 2016 and July 31st, 2016.

Methods
Data were collected in the city of Cagliari, between June
and August 2016, by means of a questionnaire, administered by interview. Each interview took about 5 minutes
to complete.
Study design
The respondents were selected through a non-probabilistic sampling. Recruitment took place in the atrium of
the two main shopping centres of the city; people passing through the atrium of these centres were invited to
participate in the survey and subsequently they were interviewed. Trained interviewers collected data at different times of the day, both on weekdays and weekends.
People who refused to answer were less than 10%.
Questionnaire
The questionnaire included a section for the collection
of socio-demographic data (age, gender, and educational
level), as well as open-ended and closed questions in order to assess people’s knowledge of some features concerning organized screening programmes.

Data on educational level were split in low (individuals
who attended a school lesser than Senior high school)
and high (individuals who attended Senior high school).
The main topics explored through open-ended questions
were the following:
• knowledge of the word “screening” (open-ended
question) and awareness about the goal of cancer
screening (open-ended question);
• knowledge of cancers for which a screening programme has been activated (open-ended question);
• knowledge of the name of the three tests used in cancer screening programmes (3 open-ended questions)
and awareness of the goal of each test (3 open-ended
questions);
• information source on cancer screening programmes
(open-ended question).
Appendix 1 reports the questions.
In order to analyse data, the information gathered from
the open ended questions were categorized by dichotomizing answers (yes vs no) according to knowledge and
understanding of discussed topics.
Statistical analysis
The sample size was 270 adults (138 men, 51%) aged
18-75 years old (mean aged 46 years old, standard deviation 16).
Descriptive analysis was performed through the estimation of the prevalence of the main variables, with 95%
confidence intervals. The Chi-square test was used to
assess gender and educational differences. Multivariate
logistic regression analysis was performed in order to
evaluate if gender, and educational level, as independent
variables, are related to the awareness of the purpose of
cancer screening (dependent variable).
Additionally, a multivariate logistic regression analysis
was performed in order to evaluate if gender, and educational level are related to the awareness of the purpose of
mammography (dependent variable).
Moreover, a multivariate logistic regression analysis was
performed in order to evaluate if gender, and educational
level are related to the awareness of the purpose of Pap
test (dependent variable).
Again, a multivariate logistic regression analysis was
performed in order to evaluate if gender, and educational
level are related to the awareness of the purpose of fecal
occult blood test (dependent variable).
A p-value < 0.05 was considered as statistically significant.

Results
Results have shown that the word “screening” is known
by 77.4% [95% confidence interval (CI) 72.4%-82.4%]
of the respondents, but among them, only 59.3% (95%
CI 52.7%-66.0%) are aware that oncological screening
is used for cancer early detection. People who stated to
have heard about screening were asked to indicate which
specific organised screening programme they had heard
about. Screening for breast cancer was the most cited,

E338

KNOWLEDGE ABOUT CANCER SCREENING PROGRAMMES IN SARDINIA

64.6% (95% CI 58.1%-71.1%), followed by screening for uterine cervical cancer, 49.8% (95% CI 43.0%56.5%); screening for colorectal cancer was only cited
by 39.2% (95% CI 32.6%-45.9%) of respondents. In addition, 32.1% (95% CI 25.7%-38.4%) of the respondents
named other cancers, mentioning in particular prostate
and lung ones.
Around 52.2% of the respondents, who stated to know
the word “screening” knew that organised screening programme is free of charge.
In order to explore the general knowledge about the tests
that are used in cancer screening programmes, participants were asked, for each of the listed tests, whether
they had ever heard of them and whether they were
aware of their aims. Almost all the interviewers had
heard of mammography, 96.3% (95% CI 94.5%-98.8%),
but only 63.6% (95% CI 57.8%-69.4%) knew that it can
be used for early diagnosis. Similarly, a large proportion
of the respondents knew about the Pap test, 87.1% (95%
CI 83.5%91.4%), but among them, only 57.6% (95% CI
51.3%-63.9%) were aware that it can be used for early
diagnosis. Around 64.2% of respondent (95% CI 58.7%
-70.2%), declared having heard of the fecal blood test
but among them, only 61.5% (95% CI 54.3%-68.7%) is
aware that the goal of the test is early diagnosis.
Gender and education level differences in knowledge
about screening are reported in Tables I and II.
Results highlight knowledge differences about the purpose of cancer screening. Women and highly-educated people appear to be more aware than other groups
about purpose and tests that are used for screening, especially about mammography and Pap test. Moreover,
women appear to be more aware about the specific cancer screening programmes that are available, especially
about breast and cervical cancers.
As for the source of information about cancer screening programmes, general practitioners and other health

professionals were indicated by 16.7% and 20.1% respectively, while mass media and friends/family were
indicated by one-third of respondents (Tab. III).
More than half of the interviewed people would like
to receive information on cancer screening programme
from the general practitioner, 56.3% (95% CI 50.4%62.2%).
Multivariate Logistic Regression analysis show significant associations between the awareness of the purpose
of cancer screening (dependent variable) and independent variables gender and educational level: women are
more aware than men [p = 0.02; odds ratio (OR) = 2.01;
CI 1.13-3.60] ; individuals with high educational level
are more aware than individual with low educational
level (p = 0.02; OR = 2.18; CI 1.17-4.07).
Regarding awareness of the purpose of mammography,
the multivariate logistic regression shows a significative
effect of gender and educational level: women (p = 0.01;
OR = 1.96; CI 1,19-3,25) are more aware of the purpose
of mammography; individuals with high educational
level (p = 0.02; OR = 1.81; CI 1.08-3.04) are more aware
of the purpose of mammography.
Concerning awareness of the purpose of Pap test, the
multivariate logistic regression shows a significative effect of gender and educational level: women (p < 0.001;
OR = 7.15; CI 4.15-12.31) are more aware of the purpose of Pap test; individuals with high educational level
(p = 0.02; OR = 1.93; CI 1.10-3.42) are more aware of
the purpose of Pap test.
Considering awareness of the purpose of fecal occult
blood test the multivariate logistic regression shows a
significative effect of gender: women are more aware of
the purpose of fecal occult blood test (p < 0.001; OR =
2.51; CI 1.52-4.15). Educational level does not result
significantly associated to the awareness of the purpose
of fecal occult blood test (p = 0.52; OR = 1.19; CI 0.702,01).

Tab. I. Knowledge and awareness about screening: differences between men and women.

How many people have ever heard of screening?
Among people having heard of screening, how many are aware of the
purpose of cancer screening?
Among people having heard of screening, how many people did mention
breast cancer screening?
Among people having heard of screening, how many mentioned cervical
cancer screening?
Among people having heard of screening, how many mentioned colorectal
cancer screening?
How many people have ever heard about mammography?
Among people having heard of mammography, how many are aware of the
purpose of this test?
How many people have ever heard about the Pap test?
Among people having heard of Pap test, how many are aware of the
purpose of this test?
How many people have ever heard of the fecal occult blood test?
Among people having heard of fecal occult blood test, how many are aware
of the purpose of this test?
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Men
N (%)
95 (68,8%)

Women
N (%)
114 (86,4%)

p value

48 (50,5%)

76 (66,7%)

0,018

49 (51,6%)

86 (75,4%)

< 0,001

19 (20,0%)

85 (74,6%)

< 0,001

32 (33,7%)

50 (43,9%)

0,134

129 (93,5%)

132 (100,0%)

0,003

74 (57,4%)

92 (69,7%)

0,038

106 (76,8%)

130 (98,5%)

< 0,001

39 (36,8%)

95 (73,1%)

< 0,001

82 (59,4%)

92 (69,7%)

0,078

38 (46,3%)

60 (65,2%)

0,012

0,001
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Tab. II. Knowledge and awareness on screening: differences in levels of education.

How many people have heard of screening?
Among people having heard of screening, how many are
aware of the purpose of cancer screening?
Among people having heard of screening, how many people
did mention breast cancer screening?
Among people having heard about screening, how many
mentioned cervical cancer screening?
Among people having heard about screening, how many
mentioned colorectal cancer screening?
How many people have ever heard about mammography?
Among people having heard of mammography, how many
are aware of the purpose of this test?
How many people have ever heard about the Pap test?
Among people having heard about Pap test, how many are
aware of the purpose of this test?
How many people have ever heard of the fecal occult blood
test?
Among people having heard of fecal occult blood test, how
many are aware of the purpose of this test?

Tab. III. Information sources about screening (individuals gave more
than one answer).

General practitioner
Other health
professionals
Mass media
Internet
Family members,
friends
Posters, leaflets
Those who do not
remember

Relative
frequencies
(sample 209)
35 (16.7%)

95% Confidence
Interval

42 (20.1%)

14.7%-25.5%

54 (33.0%)
23 (11.0%)

26.6%-39.4%
6.8%-15.2%

75 (35.9%)

29.4%-42.4%

17 (8.1%)

4.4%-11.8%

14 (6.7%)

3.3%-10.1%

11.7%-21.8%

Discussion
Overall, the study shows that the general population’s
knowledge and understanding about organised cancer
screening is rather limited. Results highlight that, although the word “screening” is widely known, only half
of respondents who have heard of it are aware of the
purpose of these tests (that is cancer early detection).
Likewise, names for screening tests seem to be well
known, individuals spontaneously mentioned mammography and Pap test; however, a large proportion of
respondents seem not to know what these tests are for.
Additionally, there is little knowledge about the specific
type of cancers, which can be early diagnosed through
organised screening programmes. The screening for
colorectal cancer resulted to be the less known. Overall,
men and individuals with lower education appeared to
be less informed about screenings than women and individuals with high educational level. They appear the
most vulnerable individuals to focus on with the aim of

Low education (%)
60 (62,5%)

High education (%)
149 (85,6%)

p value
< 0,001

29 (48,3%)

95 (63,8%)

0,040

33 (55,0%)

102 (68,5%)

0,070

26 (43,3%)

78 (52,3%)

0,238

18 (30,0%)

64 (43,0%)

0,083

88 (91,7%)

173 (99,4%)

0,001

50 (56,8%)

116 (67,1%)

0,104

72 (75,0%)

174 (94,3%)

< 0,001

38 (52,8%)

96 (58,5%)

0,411

55 (57,3%)

119 (68,4%)

0,068

29 (52,7%)

69 (58,0%)

0,516

increasing their knowledge and their awareness about
cancer screenings.
These results should be taken into account in designing
local interventions, in order to increase cancer organised
screening attendance. Since several factors can prevent
citizens to undergo screening (i.e. individual, logistic, or
cultural factors), participation should be then promoted
through different strategies [11, 14-16]. Health communication can be one of them, and it could be used to promote informed choices. Scientific literature suggests the
effectiveness of communication programmes address to
the general population [17-19]. Awareness about cancer
prevention relevance will help the general population to
take into account the importance of cancer screenings
during their lifetime and then it could encourage them
in taking part into screening programmes when needed.
Although the words screening, mammography, and Pap
tests are well known among the general population, their
meaning in terms of early detection of cancer is still not
understood. This aspect could be an indicator of low
health literacy that should be better detected in future
research.
Cancer screening campaigns should have the aim to
favour and facilitate access to information in order to
motivate people toward preventive health. Therefore,
communication aiming at increase knowledge and
awareness about screening should give special attention
to language. In order to contribute to spread the cancer
prevention culture, the benefit of early diagnosis of cancer should be emphasised by means of a plain language;
thus the general population could became more aware of
the importance of cancer prevention.
Men and people with lower education appeared to be not
enough aware of the benefit of cancer screening; hence,
communication campaign should be tailored to these
categories, in order to tackle gender, as well as social
and economic inequalities. [18, 20-22]. Likewise, it is
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necessary to put particular attention to promote colorectal screening that appears the least known and with the
lowest participation.
Finally, this study has indicated that general practitioners could play a decisive role in promoting screening
attendance. In fact, the interviewees indicate the GP as
the main source from which they would like to receive
information on screening. This result suggests that patients highly trust their doctors; therefore, general practitioners could be the health professionals who could best
contribute to increase people’s attendance to screening
programmes, by informing and encouraging patients to
participate. General practitioners know their patients,
they have the possibility to meet them and address discussion about the opportunity of cancer screening and
clarify their doubts, they have the role of reassuring and,
at the same time, alerting people about the importance of
participating in cancer screening [12, 19, 24].
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APPENDIX 1
THE QUESTIONARE
Gender: Woman ___ Man ___
Age ___		
Education level: Low education level (less of Senior high school) ___
		
High education level (Senior high school) ___
1. Have you ever heard of cancer screening?
2. Can you tell me what the cancer screening is?
3. What kind of cancer screening did you hear about?
4. What are your main information source about cancer screening?
5. Who would you like to contact for more information on screening?
6. Do you know the purpose of cancer screening?
7. Have you ever heard of mammography?
8. Do you know the purpose of mammography?
9. Have you ever heard of Pap test?
10. Do you know the purpose of Pap test?
11. Have you ever heard of fecal occult blood test?
12. Do you know the purpose of fecal occult blood test?
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Summary
Introduction. Tuberculosis (TB) is a major public health problem in most of developing countries. Meanwhile, the prevalence of
type 2 diabetes mellitus (DM) is also increasing rapidly.
Objectives. To describe the feasibility of implementing screening
test for tuberculosis among diabetic patients and identifying factors associated with high detection rate.
Methods. Study Design: Multi-center cross-sectional study. This
study was implemented in the governmental healthcare settings.
To diagnose TB among diabetics, we used a symptom-based questionnaire that included the symptoms of suspected TB according
to the guidelines of National Tuberculosis Program in Egypt.

Results. Among 4283 adult diabetics, 14 TB cases were diagnosed; 9 known TB cases and 5 newly detected cases. The number
needed to detect one new case of TB was 855. Male diabetics and
who those suffered from liver disease experienced a significantly
higher prevalence of TB and a higher detection rate of new active
cases.
Conclusions. Screening for TB among diabetics in routine governmental healthcare services was successfully implemented.
Screening DM patients in countries with a high prevalence of DM
will reveal a significant number of active TB cases, which will in
turn improve the case detection rate of TB.

Introduction

the risk of developing TB as well as its complications
e.g. treatment failure, relapse and death rate [7]. Accordingly, this association has a negative impact on TB
control program. Screening of high risk group as diabetic patients has been part of the Stop TB strategy for
many years. In 2011, the estimated incidence rate of TB
in Egypt was 18 per 100,000 populations. In 2017, this
figure showed improvement, as the estimated incidence
rate declined to 13 per 100,000 populations [1]. The
prevalence of DM among those aged 15 to 64 years increased from 15.8% in 2005 to 17.2% in 2011-12 then
slightly declined to 15.5% in 2017. Accordingly, a large
proportion of Egyptians will be exposed to the risk of
DM, and DM patients themselves will be exposed to a
high risk of acquiring TB. Moreover, patients with both
TB and DM will be more likely to develop complications than TB patients without DM [8, 9]. TB screening
in selected risk groups as persons with DM is considered
affordable and of low cost and at the same time will improve the low case detection of TB and reduce the delay
of TB diagnosis [10].
The objectives of this study are to describe the feasibility of implementing a screening program to screen DM
patients for TB within the governmental health settings
affiliated to the Ministry of Health and Population of
Egypt and identifying factors associated with high detection rate of new TB cases.

Tuberculosis (TB) continues to be the leading killer
among bacterial diseases worldwide. Globally, in 2017,
there were an estimated 10.0 million incident cases of
TB and 1.3 million TB-related deaths [1]. In the same
year, diabetes mellitus (DM) affected 425 million adults
and killed 4.0 million people [2]. It is projected that the
number of people affected by DM will increase to 629
million by 2045, and approximately 80% of these people
live in low- and middle-income countries, where TB is
endemic [2]. The association between DM and TB presents a major public health problem either in the current
time or near future especially in low- and middle-income
countries where TB is endemic disease and the prevalence of DM is high and rising. According to a metaanalysis study, DM patients have a three-fold greater
risk of contracting TB than do non-diabetics (95% confidence interval [CI]: 2.3-4.3) [3]. Another systematic
review and meta-analysis done by Al-Rifai et al revealed
a resilient positive association between DM and TB with
a substantial variation in the effect size between different studies [4]. Other systematic reviews of bidirectional
screening for TB and DM reported that the prevalence
of TB among diabetics ranged between 0.38% and 14%,
with median global value of 4.1% [5, 6]. DM increases
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Methods
Study design
This study was a national multicenter cross-sectional
study.
Study population and sampling selection
The study population was adult DM patients aged ≥ 18
years old. All study DM patients were diagnosed by fasting blood sugar (FBS) test (≥ 126 mg/dl) and postprandial blood glucose (PPBG) test (≥ 200 mg/dl). According
to the last population surveys done in Egypt, the prevalence of TB and DM differed in urban and rural areas,
therefore, in this study a multistage sampling was applied to represent different geographical areas of Egypt.
The country was divided geographically into 5 sectors:
Greater Cairo, the Coastal zone, Upper Egypt, the Suez
Canal zone, and Lower Egypt. One governorate was selected by a simple random sample from each sector except for Lower Egypt due to its high population density;
in this case, two governorates were selected randomly.
The selected governorates were Cairo, Alexandria,
Gharbia, Daqahlia, Ismailia and Suhag. In each selected
governorate, DM patients who attended outpatient clinics were recruited from all governmental hospitals from
June 2012 to December 2012. A total of 4283 patients
were recruited. A simple questionnaire was designed to
collect data from the DM patients. These data included
age, gender, residence area (urban/rural), type of treatment of DM, duration of DM (years), history of chronic
diseases, history of previous TB, details of symptoms of
suspected TB that used for symptom screening test.
Diagnosis of TB
All DM patients were asked about having a history of TB
i.e. history of previous TB diagnosis (known TB). If the
answer was yes, then those patients were excluded from
the screening test but included in the study. If the answer
was no, then those DM patients were screened first by a
predesigned questionnaire (screening by symptoms) for
detecting suspected TB. This symptom screening tool is
used in Egypt and almost in all developing countries as
it is cheap and affordable method for detecting suspected
TB cases especially among high risk groups as diabetic
patients. According to the Egyptian National TB Program, suspected TB was based on having a cough for
more than 2 weeks, which may be accompanied by other
respiratory symptoms (e.g., shortness of breath, chest
pains, and hemoptysis) and/or constitutional symptoms
(e.g., loss of appetite, weight loss, fever, night sweats,
and fatigue). DM patients who showed positive symptoms suggesting suspected TB were further subjected
to chest X-ray and sputum analyses (smear and culture)
for pulmonary TB and histopathology and/or culture for
extra-pulmonary TB. The validity of this algorithm for
screening of TB was assessed by World Health Organization-Guideline Development Group [10] and reported
the followings: the pooled sensitivity of using symptom

screening alone was 57% and pooled specificity was
80%. While using chest radiography these percentages
increased to 87% for pooled sensitivity and 89% for
pooled specificity.
Sample size calculation
Sample size was calculated based on the estimated prevalence of TB among DM patients. From reviewing the
literatures of similar studies in developing countries, the
prevalence of TB among DM patients was approximately 2 to 7 times higher than the figure in the population or
among non-diabetics. In Egypt, the estimated prevalence
of TB (at the time of the study) among adult population
was 28 per 100,000 adults. Accordingly, we assumed the
following assumptions for calculating the sample size of
the study: An estimated prevalence of 112 per 100,000
diabetic patients (4 times higher than the figure among
adult population), 95% confidence level and 0.10% confidence limits. From the above assumptions, a sample
of 4295 DM patients was required. The sample size was
calculated using Epi Info version 7. The actual sample
size in this study with complete records was 4283 DM
patients.
Ethical approval
The protocol of the study was approved by the Institutional Review Board (IRB) of the faculty of medicine,
Ain Shams University. All patient data were kept confidential. Informed consent was obtained from each patient included in the study after having been given a clear
description of the study objectives. Patients detected by
the bidirectional screening were referred to specialized
clinics for further management.
Statistical analysis
All data were analyzed using SPSS version 21. Descriptive analyses with 95% confidence intervals (95% CI)
were done for all study variables. The only quantitative
variables in the study were age (years) and duration of
diabetes (years) and both converted to categorical variables. Age was classified as two categories (< 50 years
and ≥ 50 years) while the duration of diabetes was classified as less than 10 years and ≥ 10 years. The tests of significance used for qualitative variables were Chi-square
test or Fisher’s exact test when appropriate. Binary (simple and multiple) logistic regression models were used
for identifying the predictor variables associated with
the detection of new cases of TB among DM patients
and to adjust for other confounding variables as age and
sex. A P value of ≤ 0.05 was considered significant and
all tests of significance were two tailed.

Results
In this study, 4283 DM patients were recruited from
different primary healthcare centers (PHCs) and hospitals from the selected study sites. Approximately threequarters of the DM patients aged ≥ 50 years, two-thirds
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were females, 52% were from rural areas, 54.7% had
DM duration of less than 10 years, approximately half
of the patients were under insulin therapy, and 4.9%
also suffered from liver disease. Moreover, three quarters of the diabetic patients included in the study were
screened at hospitals. Hypertension was reported among
36.8% of DM patients. In this study, the prevalence of
known TB was 210.1 per 100,000 population (95%
CI:110.6-398.6) among DM patients, which was further examined by age, sex, residence, screening place
(PHCs and hospitals), DM treatment type, DM duration
and chronic disease comorbidities. The results revealed
that the known prevalence of TB among DM patients
was higher among those less than 50 years old, males,
urban residents, those under treatment with oral hypoglycemic drugs, those with DM duration of less than 10
years, and those with liver disease. The prevalence of
TB was more or less similar among those screened at
PHC or hospitals (Tab. I). Screening DM patients who
gave no history of TB (n = 4274) revealed that 261 diabetic patients were positive for symptom screening and
referred for further assessment by chest radiography and
sputum analyses. The final investigations showed five
new TB cases, with a detection rate of 117.0 per 100,000
population (95% CI: 50.0-273.6). This screening detection rate was further analyzed according to patient
characteristics. A higher screening detection rate of TB
was reported among males, those aged ≥ 50 years, rural
residents, those under oral treatment with hypoglycemic
drugs, those with a DM duration ≥ 10 years, and those
with liver disease (Tab. II).

Tab. I. Prevalence of known TB per 100,000 among DM patients.

Total
Age
< 50
≥ 50
Sex
Male
Female
Residence
Urban
Rural
Screening place
PHC
Hospital
Treatment
Oral
Insulin
Duration of DM
< 10 years
≥ 10 years
Chronic disease
None
Liver
Hypertension
Others
a
b

Total Known
sample
TB
4283
9

Prevalence of TB
(95% CI)
210.1 (110.6-398.6)

1134
3149

3
6

264.6 (90.0-774.9)
190.5 (87.4-436.7)

1393
2890

8
1

574.3 (291.3-1129)a
34.6 (6.1–195.7)

2043
2240

6
3

293.7 (134.7-639.3)
133.9 (45.6-393.0)

954
3329

2
7

209.6 (60.0-760.0)
210.3 (60.0-430.0)

2127
2156

6
3

282.1 (129.4-614.1)
139.1 (47.4-408.9)

2343
1940

7
2

298.8 (144.8-615.4)
103.1 (28.3-375.1)

2110
211
1578
384

2
2
3
2

94.8 (26.0–344.9)
947.9 (260.3–3389.0)b
190.1 (64.7–557.4)
520.8 (143.0–1879.0)

p < 0.001 compared with females
P = 0.044 compared with none chronic diseases

The lowest figure of CDR was among female diabetics
(34.6 per 100,000; 95% CI = 6.1-195.8) while the highest value of CDR was reported among diabetic patients

Tab. II. Screened case detection rate (newly diagnosed) of TB per 100,000 among DM patients with no history of TB.

Total
Age
< 50
≥ 50
Sex
Male
Female
Residence
Urban
Rural
Screening place
PHC
Hospital
Treatment
Oral
Insulin
Duration of DM
< 10 years
≥ 10 years
Chronic disease
None
Liver
Hypertension
Others

Total no. screened
for TB
A
4274

New cases of TB
B
5

Screen detection rate
(95% CI)
A/B * 100,000
117.0 (50.0-273.6)

Number needed to
screen
A/B
855

1131
3143

1
4

88.4 (15.6-499.1)
127.3 (49.5-326.8)

1131
786

1385
2889

4
1

288.8 (112.4-740.2)
34.6 (6.1-195.8)

346
2889

2037
2237

2
3

98.2 (26.9-357.3)
134.1 (45.6-393.5)

1019
746

952
3322

0
5

NA
150.5 (60.0-350.0)

NA
664

2121
2153

3
2

141.4 (48.1-415.0)
92.9 (25.5-338.1)

707
1077

2336
1938

2
3

85.6 (23.5-311.6)
154.8 (52.7-454.1)

1168
646

2108
209
1575
382

3
1
1
0

142.3 (48.4-417.6)
478.5 (84.5-2660.0)
63.5 (46.2-1468.0)
NA

703
209
1575
NA

NA = Not Applicable due to zero detected cases
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with liver diseases (478.5 per 100,000).The number
needed to screen (NNS) to detect one new case of TB
among diabetics was 855. Furtherly, NNS values were
calculated according to the patient characteristics. The
results showed that the lowest value (NNS = 209) was
found among DM patients with liver disease, followed
by male patients (NNS = 346). The NNS values ranged
from 209 to 2889 (Tab. II).
To study factors associated with the total prevalence (diagnosed and newly detected cases) of TB among diabetics; both bivariate and multivariate logistic regression
models were applied (Tab. III). The results from the bivariate analysis showed that male DM patients and those
with liver disease had a significantly higher prevalence
of TB. After adjusting for age and other variables using
a logistic regression model, both the male gender and the
presence of liver disease remained as independent risk
factors, with adjusted odds ratios (AORs) and 95% confidence intervals (CIs) of 12.57 (2.73-57.82) and 6.44
(1.45-28.72) respectively.

Discussion
This present study is considered the first national base
survey in Egypt to study the feasibility of screening the
comorbidity of TB and DM. Recently, there is growing
evidence supporting DM as a risk factor for developing
TB. There are many published reports suggesting the
mechanisms of developing TB among DM patients, such
as uncontrolled hyperglycemia, alveolar macrophage

dysfunction, decrease in monocyte chemotaxis and neutrophil count and immune system depression that favors
infection [11, 12]. However, the mechanism linking DM
and TB susceptibility requires further study [13]. In this
study, high prevalence of known TB (previously diagnosed elsewhere) among DM patients was found (210.1
per 100,000), which is 7.5-fold higher than the national
prevalence of TB (28 per 100,000). Similar to our results, higher prevalence of TB than national figure was
reported among diabetic patients in China, Ethiopia,
India and Mexico [14-18]. Diabetes mellitus is considered a strong risk factor for developing TB as well as
worsening the outcome of treatment and increasing the
mortality rates among comorbid patients (TB with DM).
Although TB is more associated with other immune
suppressive diseases as HIV, yet the prevalence of HIV
in Egypt is very low and the prevalence of diabetes is
high and with rising prevalence. Therefore, diabetes is
considered powerful significant risk factor for TB infection among Egyptian population which in turn adversely
affects the global TB control [1]. Our results revealed
that male patients experienced 16.6 fold higher in prevalence of TB than females. Also, diabetic patients with
liver diseases showed higher significant prevalence of
TB than those without chronic diseases. Other patients’
characteristics were insignificantly associated with the
prevalence of TB such as age, residence, type of treatment and duration of diabetes. Our results were in agreement to the report of Lin et al. [19] in China who reported higher significant increase in the prevalence of
TB among male diabetics and those with liver cirrhosis

Tab. III. Factors associated with the total prevalence of TB among DM patients.

Characteristic
Age
< 50
≥ 50®
Sex
Male
Female®
Residence
Urban
Rural®
Screening place
PHC®
Hospital
Treatment
Oral
Insulin®
Duration of DM
< 10 years
≥ 10 years®
Chronic illness
None®
Liver
hypertension
Others
®

Total prevalence of TB (previously diagnosed and newly detected)
Simple logistic regression
Multivariate logistic regression
Unadjusted OR
P value
P value
Adjusted OR (95% CI)
(95% CI)

0.900

1.11 (0.35-3.55)

0.545

1.63 (0.16-12.90)

0.001

12.55(2.80-56.14)

0.001

12.57 (2.73-57.82)

0.479

1.46 (0.51-5.23)

0.701

0.80 (0.26-2.44)

0.477

1.72 (0.39-7.71)

0.264

2.43 (0.51-11.53)

0.273

1.83 (0.61-5.46)

0.505

1.49 (0.46-4.87)

0.471

1.49 ( 0.50-4.46)

0.533

1.46 (0.45-4.74)

0.005
0.813
0.658

6.07 (1.44-25.59)
1.07 (0.29-3.99)
2.20 (0.43-11.40)

0.015
0.529
0.184

6.44 (1.45-28.72)
1.55 (0.40-6.01)
3.14 (0.58-16.97)

Reference group
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in addition to other factors as smoking and subjective
body loss. Also, Castellanos-Joya et al in Mexico [18]
reported highly significant increase in the prevalence of
TB among males and those with history of TB or in contact with TB patients.
Our screening of DM patients with an unknown history
of TB detected 5 new cases of TB with a case detection
rate of 117 per 100,000 population. DM patients face
frequent infections, which can mainly be attributed to
hyperglycemia adversely affecting the immune system.
The highest detection rates of new active cases of TB
among diabetics were found among those with liver
diseases (478.5 per 100,000 population, 95% CI = 84.52660.0) and males (288.8 per 100,000 population,
95% CI =112.4-740.2). The NNS of DM patients for
detecting one new TB patient was 858 with a range between 209 for those with liver diseases and 2899 for
female patients. A similar result (NNS = 812) was reported by Prakash et al. in South India [17] while lower
values were reported as 71 and 490 in Mexico and Ghana [18, 21]. The NNS of diabetic patients to find a new
case of active TB depends mainly on the prevalence of
TB and DM in the community. Egypt is considered to
have one of the highest prevalence rates of DM in the
Middle East; and there is at least 3 million cases with
DM visiting the healthcare facilities thus, the screening
of DM patients in Egypt, as well as in similar countries
with high DM prevalence rates, will yield a significant
number of new TB cases. When the screened detected
cases are added to the total number of annual notifiable
TB cases it will intensify the case detection rate of TB.
Therefore, screening of DM patients for TB in countries
with high prevalence of DM and low rate of case detection is of great importance not only for the proper management of patients with the double burden of DM and
TB but also for improving the case detection rate of TB.
In this study, male diabetics and those with liver disease
exhibited a significantly higher prevalence of TB and a
higher detection rate of new active cases. These results
were confirmed even after adjusting for age and illness
duration. Most DM patients with liver disease were classified as such mainly due to hepatitis C virus infection.
Egypt is considered to have the highest prevalence of
hepatitis C virus infection [22]. Therefore, it is of the
utmost importance when starting to treat DM patients
with liver disease and TB to closely monitor their liver
functions, as the first-line drugs for treating TB increase
the risk of hepatitis (hepatotoxic drugs) and can lead to
an increase in mortality rate.
In conclusion, the results of this study showed that
screening for TB among diabetic patients is feasible and
could be implemented in a governmental setting. We
found a high yield of TB among DM patients, and early
TB detection will improve not only the treatment outcome of this comorbidity but also the case detection rate
of TB. Furthermore, the early detection of TB among
DM patients will reduce the transmission of TB among
DM patients. The prevalence of TB among diabetics was
more prominent among males and those with liver disease. These findings support the advantages of imple-
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menting TB screening as a routine investigation during
the management of diabetes, particularly in developing
countries with high prevalence of DM and considered
one of the strategies for addressing TB control and increasing case detection rate.
There are some limitations of this study. The study sample used for screening diabetic patients for detection of
TB was restricted only to patients seen in governmental
hospitals affiliated to the Ministry of Health and Population while there are other Universities and private hospitals not included in this study. This is a cross-sectional
study with the inability to demonstrate a temporal relationship between exposure and outcome. However, the
results of this study may throw the light on the potential
risk factors associated with high detection of new TB
cases among diabetic patients.
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Summary
Objectives. To evaluate the reliability of self-reporting chronic
diseases in the baseline data of the Ravansar Non-Communicable
Diseases (RaNCD) cohort study in Kermanshah province, western Iran.
Methods. The study was conducted in RaNCD cohort study. To
assess the reliability of self-report of chronic disease, a random
sample of 202 participants were asked about some of chronic conditions 30-35 days (mean = 32) after recruitment.

Results. A range of kappa agreement between 39.52-100%, which
the lower statistics was for hypertension and hepatitis and the
higher one for cancer, cardiac ischemic, and diabetes.
Conclusion. The self-report of chronic diseases was relatively
reliable. Therefore self-reporting data for some conditions can be
used in situations where the validity is acceptable.

Introduction

90% specificity [11-13], for other chronic diseases such
as hypo-hyperthyroidism and arthritis is lower [2, 14].
There are some reports on association between single
item self-rated health and overall mortality [15, 16].
RaNCD is the only cohort from PERSIAN in Kurdish
people and there is no published data on reliability of
self-reported of chronic morbidity in PERSIAN. Hence,
our study aimed to evaluate the reliability of self-reporting chronic diseases in a sample from RaNCD study in
Kermanshah province, western Iran.

There are several epidemiological studies on chronic
conditions in both developed and developing countries
that are based on self-reported information [1-4]. Although such studies provide valuable information about
common frequency measures with lower cost compared
to those in which researchers use clinical and paraclinical criteria, there are still strong argument against reliability of self-report data.
Chronic diseases are increasing in terms of number and
rates in both developed and developing countries and are
responsible for about 70% of mortality in Iran [5]. About
45% of the mortality and 85% of total burden of chronic
disease occur in the population aged under 70 years [6].
To tackle this important public health issue, the deputy
of research and technology in ministry of health in Iran
with cooperation of 17 universities decided to conduct
the Prospective Epidemiological Research Studies in
Iran (PERSIAN) [7]. Ravansar Non-Communicable
Diseases (RaNCD) study is one the 17 cohort studies in
Kurdish people of Kermanshah province, west of Iran.
Most of the information related to chronic diseases in
the PERSIAN cohort is often self-reported data.
While previous studies showed the importance of the
self-reported data, there are no general agreement on reliability of such data in different cultures and for different chronic diseases [8-10]. In fact, reliability of self-reported chronic morbidity is related to different socio-demographic variables as well as type of chronic diseases.
Similar to reliability, validity of self report is different
for chronic conditions. While for diabetes, stroke, hypertension, asthma, and cancer there are some reports on
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Methods
Study population
In order to investigate the reliability of self-report of
chronic morbidity, a cross-sectional study conducted in
the RaNCD study in 2017. Ravansar, located in west of
Kermanshah province is one of 17 centers of the PERSIAN Cohort study [17]. Ravansar is a district with both
urban and rural areas, close to the Iraqi border, with a
total population of around 50,000. The majority of residents have Iranian Kurdish ethnicity.
There are two substudies in Ravansar: adult PERSIAN
and PERSIAN Youth Cohort. While Youth cohort is
mainly focus on mental and psychological disorders
among those aged 15-35 years old, in adult PERSIAN,
researcher investigate about non-communicable diseases
and their determinants in people aged > 35 years [17, 18].
For the purpose of this study, we used a random sample
of 202 participants from adult cohort.
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Data collection and quality control
The original design and sample size for the RaNCD
was recruitment of 10,000 people living in Ravansar in
Kermanshah province. However, for the purpose of this
study and in order to assess the reliability of self-report
of chronic morbidities, a random sample of 202 participants were reinvited to attend our center in Ravansar
after 30-35 days (mean: 32 days) of their recruitment.
According to the related guidline, a maximum sample
size with 95% confidence level, power 80%, and ICC of
0.2 was calculated as 152 subjects [19]. Using the same
questionnaire, center and staff, we tried to provide the
same situation similar to their first attendance during
their recruitment. The inclusion criteria for the RaNCD
were the age range of 35-65 years, inhabitant in Ravansar county for one year or more and providing oral and
written informed consent for participant in the cohort
study. There was no any inclusion and exclusion criteria
for present study.
Chronic disease detection
Chronic diseases are recorded based on self-report of
participants, history of past and present treatment and
medication plus physical exam by trained staff in all
PERSIAN cohort sites (Fig. 1). In order to asses the reliability of self-report of chronic morbidities, we reinvited
a sample of 202 participants and the whole process repeated 30-35 days later.
All stages of the study design and implementation were
approved by Ethical committee of Kermanshah University of Medical Sciences (kums.res.1394.315).
Statistical analysis and calculations
Reliability of self-report was assessed using kappa (K)
statistics for each chronic disease. In addition, reliability
was assessed using two-way random effects intraclass

correlations coefficient (ICCs) and total agreement. All
analyses were carried out at 95% confidence interval using STATA software version 14.1 (Stata Corp, College
Station, TX, USA).

Results
Table I presents the characteristics of the study sample
by gender. A sample of 202 subjects was selected. Majority (64.18%) of them were aged more than 46 years
(Tab. I). From total, 59.9% were illiterate (73.6% of
women and 26.4% of men).
The test-retest reliability with range of ICC between
90.59% and 100% was found for different type of chronic diseases. There was an ICC of 100% for cancer and
hepatitis. The agreement for self-reported hypertension
was 78.50%, while it was ≥ 89.97% for all other selfreported chronic diseases. The reported kappa was between 39.52%-100% with the lowest value for hypertension and hepatitis and much higher values for cancer,
ischemic heart disease, and diabetes. While self-report
of chronic morbidity had a moderate sensitivity (range
between 25%-100%), the reported specificity ranged between 93.1%-100% (Tab. II).

Discussion
Self-reporting health-related morbidities such as chronic
diseases are frequently used in the epidemiological studies [20-23]. Both quality and reliability of these data
are important to estimate the health indicies (such as
incidence and prevalence) of chronic diseases and their
determinants. In this study, for the first time, the reliability of self-reporting chronic diseases was evaluated in a
small sample of RaNCD study in western Iran.

Fig. 1. The proportion of self-reported and medical records of chronic diseases in RaNCD, Kermanshah, western Iran.
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Tab. I. The characteristics of the study sample by sex in RaNCD, Kermanshah, western Iran.

Variables
Age group
(years)
Marital status
Level of education
(years)

35-45
46-65
Single
Married
Illiterate
1-5
>6

Total
N (%)
72 (35.82)
129 (64.18)
31 (15.35)
171 (84.65)
121 (59.90)
54 (26.73)
27 (13.37)

We found a good test-retest reliability with range of
ICC between 90.59 and 100. Reliability was better for
hepatitis, cancer, thyroid disease, and ischemic heart
disease than for diabetes. We also observed a wide
range of reliability score with calculating Kappa statistic (range 39.52-100). These differences exemplify the
fact that the score of Kappa takes into account the possibility of the agreement occurring by chance. While
in our study the Kappa score for diabetes (82.33%),
ischemic heart disease (86.76) and cancer (100%) were
high, for other condition, such as hepatitis (39.52%)
and hypertension (39.96%) were low. A study to examine test-retest reliability of self-reported diabetes
among 33,919 participants showed an acceptable Kappa score of 0.65 for both type 1 and type 2 diabetes
diagnoses [2]. It should be noted that with such a low
value for kappa among those who reported suffering
from hypertension, there are some reports on undertreatment of such people. There is a report from China
that only 25%-50% of hypertensive subjects who are
aware of their disease receive appropriate medical
treatment [24]. In fact, because of low public awareness regarding the chronic condition, the burden of diseases such as diabetes mellitus and hypertension are
assumed as iceberg and most of the patients don’t know
about their disease status. Moreover, the most of these
patients don’t receive treatment [6]. Although, there
are numerous reliability studies on different aspects
of diabetes and hypertension diseases [2, 4, 6, 25], we
found no similar study conducted on other chronic diseases for more comparisons. A study to determine the
validity and reliability of self-reported stillbirth data in
Australia [26] has concluded that self-reported data are
important to resolve inconsistencies in administrative
datasets.

Female
n (%)
44 (59.72)
74 (57.36)
27 (87.10)
91 (53.22)
74 (73.55)
23 (42.59)
6 (22.22)

Male
n (%)
29 (40.28)
55 (42.64)
4 (12.90)
80 (46.78)
32 (26.45)
31 (57.41)
21 (77.78)

P value
0.75
< 0.001
< 0.001

To our knowledge, this is the first study on assessment
of reliability of self-report of chronic morbidities in
PERSIAN cohort. The ICC and the kappa values in our
study may not be comparable to other studies in other
countries or even in other provinces in Iran. The reliability indices is closely related to factors such as culture,
public awareness, socioeconomic factors, and lifestyle,
as well as type of chronic condition, severity and even
prevalence in population. Another factor may be the
time interval between test and retest studies. In the present study, the average time of retest was 32 days after
the recurement whereas a time interval of seven years
was used in the study by Sheikh MA et al (2016) [2]. In
a test–retest reliability of diabetes diagnosis with time
interval of 30 days the kappa agreement was found to
be 0.48 [27]. However, our results can be considered as
a reference for other PERSIAN studies with some consideration.
In conclusion, with increase in public awareness regarding the chronic conditions, the self-report of chronic
morbidities can provide a highly reliable feature for estimation of burden of such morbidities among participants
aged 35-65 years in RaNCD. Although these measures
vary among different chronic diseases, these scores provide an important information on self-reported questions
and can be useful for increasing precision in the PERSIAN cohort studies.
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Summary
Introduction. The health benefits of physical activity in all ages
are widely known, however the effects of early physical activity
on future health are not yet fully understood. The aim of this study
was to analyze the cross-sectional associations between previous
and current physical activity with overweight among adults.
Methods. A probabilistic sample of 534 teachers was included in
the study. Independent variables were physical activity in childhood, adolescence, and current, and clustering of the variables,
all analyzed using a self-report questionnaire. The dependent variable was overweight, estimated by the body mass index, assessed
using self-report measures of weight and height. Covariates were
sex, age, skin color, income, sedentary behavior, medication use
for weight control, and nutritionist counseling. Poisson regression

was adopted to estimate Prevalence Ratios (PR) in the multivariate analysis.
Results. Physical activity at ages 6-10 (PR = 1.03 to 1.13), 12-14
(PR = 0.96 to 0.98), and 15-17 (PR = 0.76 to 0.90) years was not
associated with overweight. Participants who do not meet the recommendation of current physical activity have a higher likelihood
of being overweight (PR = 1.55 to 2.17) and the magnitude of the
association increased when analyzing those who were not physically active through all periods analyzed (PR = 3.69 to 4.69).
Conclusion. Performing physical activity only in early life does
not seem to promote health benefits in the sample analyzed.
Although current physical activity is associated with the outcome,
the promotion of both early and current physical activity seems to
be a better strategy to prevent overweight among adults.

Introduction

ening activities of moderate or higher intensity involving
major muscle groups are recommended [4, 5].
Although physical activity is recommended to prevent
overweight and obesity through life, the effects of physical activity during childhood and adolescence on weight
status in adulthood are not yet well understood. Physical
activity guidelines do not describe any effects of physical activity in childhood and adolescence on subsequent
ages [4, 6, 10]. Information is available describing that
early physical activity promotes a lower prevalence of
chronic diseases [11-13], carotid intima-media thickness [14], a better metabolic profile [15], and bone
health [16-18]. One study showed that extracurricular
physical activities reduce the risk of being overweight in
adulthood [19]; however data were not adjusted for current physical activity in adult age. Another study showed
a negative association between sports practice early in
life and body fat [15], but the sample was not classified according to weight status. Besides the information
available, the role of physical activity in childhood and
adolescence on overweight in adulthood is unclear, as
well as whether continuity of physical activity can provide better effects when compared to physical activity in
only one period of life.
Investigation of the long-term effect of physical activity
during early age on subsequent overweight is relevant
since it is a priority in health promotion, and the prevalence has increased over the years independently of age,

Overweight and obesity is a worldwide epidemic and the
prevalence is approximately 40%, although this varies
according to the region of the world [1]. The health consequences are widely known and include cardiovascular,
metabolic, and musculoskeletal diseases, some types of
cancer, depression, anxiety, body dissatisfaction, low
self-esteem, a negative self-concept, and poor quality
of life [2]. The etiology of overweight is complex and
multifactorial and involves environmental, behavioral,
biological, and contextual factors that result in a positive
energy balance [1-3].
Among behavioral factors, physical activity is an important aspect in the emergence of overweight, independent of age [4-6]. Observational data demonstrated that
physical activity is associated with a lower prevalence
of overweight and obesity among adults [7, 8]. Results
of experimental studies corroborate observational data
and indicate that an increase in physical activity reduces weight, the body mass index, and body fat among
adults [9]. Any amount of physical activity is encouraged, however, it is recommended that adults perform
at least 150 min a week of aerobic physical activity at
moderate to vigorous intensity to receive health benefits [4, 5], whereas a higher amount of physical activity @
300 min provides additional benefits. In addition to aerobic activity, two or more sessions of muscle-strength-
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sex, or socioeconomic status [20]. Furthermore, overweight is determinant in the etiology of non-communicable diseases as well as some other health disorders [2].
Considering the scarcity of information related to this
topic, the aim of this study was to analyze the crosssectional associations between physical activity during
childhood, adolescence, and current, as well as the clustering of these variables with overweight among adults.

Methods
A cross-sectional study with a probabilistic sample of
elementary teachers from public schools from Londrina, Paraná, Brazil was carried out in 2014. Information
about the characteristics of the city can be found elsewhere [21]. The present study is part of a larger project aiming to investigate the sociodemographic, work
condition, and health risk predictors of health service
use, medication consumption, absenteeism, and presenteeism. A study was conducted with a representative
sample of teachers from 63 schools according to each region of the city (north, south, east, west, and center). All
measures were self-reported and assessed using a standardized questionnaire. The study was approved by the
Ethics Committee for Research involving human beings
of the State University of Londrina, process 118/2014.
The guidelines of Resolution No 466/2012 of the Brazilian National Health Council were followed.
The minimum sample size was estimated using the following parameters: N = 2.500, a 50% outcome prevalence, 5% sample error, confidence interval of 95%, and
design effect of 1.5, using the software OpenEpi 3.0.
A minimum of 500 teachers was required to compose
the sample of the study. All schools from the urban region (N = 74) were invited to participate in the study
and 63 agreed. The proportion of participating schools
in relation to the total was 85%. The following eligibility
criteria were adopted: a) having been a teacher in municipal schools for at least 1 year and be working in an
elementary school; b) not being retired or on medical
leave during data collection; c) not having been work
relocated (i.e., teacher working as a secretary or in administration). These eligibility criteria were applied as
they are derived from the main project described above.
Procedures
Before data collection all participants signed an informed written consent containing the objectives, procedures, risks, and benefits of the study, as well as the researchers’ contact details. The project was authorized by
the Municipal Education Department who provided permission to conduct the study. All schools that agreed to
participate in the study were visited to present the study
proposal and obtain authorization from the principals.
The purpose and procedures of the study were presented
to teachers and data collection was scheduled randomly
in the schools where the teachers were enrolled. The participants completed the self-report questionnaire and for
those who were absent on the scheduled date, another
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data collection was performed. All the procedures were
carried out in the school where each teacher worked and
performed by the coordinator of the project.
Variables
The dependent variable was overweight and the independent variables were physical activity between 6-10,
11-14, and 15-17 years old, as well as current, and the
clustering of physical activity in all ages analyzed. Sex,
age, skin color, income, sedentary behavior, medication
use for weight control, and nutritionist counseling were
the covariates.
Overweight was assessed by the body mass index
(weight/heigth2). Weight and height were self-reported
and the cut-off adopted for overweight classification was
≥ 25kg/m2 [22]. The validity of self-report measures of
weight and height in adults for classification purposes
in epidemiological studies has been described elsewhere [23, 24]. In addition, we conducted a pilot study
to analyze the validity of measures (self-report and measured weight and height) with 50 teachers. There was
high agreement between data for overweight (Kappa
index = 0.864), with relative agreement in 93.5% of
cases. The difference in overweight prevalence between
predicted and observed values was 2.2%, with a mean
difference of 0.16 (-0.32 to 0.64) kg for weight and 0.02
(-0.27 to 0.12) m for height, and there were no statistical differences (P > 0.05) between self-report and measured values. Intraclass correlation coefficients were as
follows: Weight = 0.98 (0.97-0.99), height = 0.91 (0.830.94), body mass index = 0.96 (0.93-0.98).
Current physical activity was assessed with the Brazilian version of the International Physical Activity Questionnaire, details of which can be found elsewhere [25].
The procedures described by Hallal et al. [26] were followed. The domains recreation, sports, exercise, and
leisure-time physical activity were used for aerobic activity and the assessment of strength exercise practice
was performed through the question: “How many days a
week do you perform muscle strengthening exercises?”
with response options “0, 1, 2, 3, and ≥ 4”. The current
recommendation of 150 minutes/week of moderate to
vigorous physical activity and muscle-strengthening activities on 2 or more days a week was adopted [4, 5].
Physical activity in childhood and adolescence was assessed using the question: “When you were between 6
and 10 years old, how many days a week did you practice physical activity outside of school (supervised or
not)” with answer options “none; 1-2 days; 3-4 days; > 5
days”. The same question was performed for 11-14 and
15-17 years of age. Participants that reported “3-4 days”
or “> 5 days” were considered active. Any type of physical activity commonly performed by children and adolescents in leisure time was considered, such as sports
practice, physical exercises, gymnastics, dance, running,
walking, swimming, riding a bike, active games, and
outdoor play.
Age and skin color were assessed by an open question.
Similarly, sedentary behavior was estimated by hours
spent watching TV and using a PC: “On a normal day
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during leisure time, how much time do you watch TV”,
and the same question was asked for PC. Income was
estimated according to the values proposed by the questionnaire of the Brazilian Association of Polling Companies [27]. Medication use for weight control was estimated by the question: “Do you regularly use (continuously)
any type of medication? Indicate only medicines used
under medical prescription during the last six months.”
A list of categories of medicine was displayed, including
weight control. The response options were “Yes or No”.
The question “How many times in the last 12 months
have you attended consultations with a nutritionist” was
used to assess nutritionist counseling.
Due to the lack of instruments, some variables were
assessed by questions that were developed to achieve
the aims of the present study (previous physical activity, muscle strength exercise, medication use for weight
control, and nutritionist counseling). Some steps were
adopted for the development of questions: Proposal of
the questions, assessment of the content validity by a
panel of experts, and modification of the questions according to suggestions from the experts. Furthermore, a
pilot study with 50 elementary teachers was conducted
to assess comprehension and the reproducibility of the
questions within seven days test-retest. The cut-off for
the inclusion of variables in this study were (one-way
intraclass coefficient > 0.5 for continuous variables and
kappa index > 0.40 for categorical variables).
Descriptive statistics are presented as mean, confidence
interval of 95%, and absolute and relative frequency.
The comparison of self-report versus measured weight
and height was performed by the T-test for independent
samples and the Kappa statistic was used to test the
agreement between overweight classifications. Reproducibility of measures was performed by the Intraclass
Correlation Coefficient for continuous variables and
Kappa statistic for categorical variables. The bivariate
association between independent variables with overweight was performed by the Chi-Squared test and variables that presented P < 0.20 were inserted in multivariate models. Multivariate analysis was conducted using
Poisson Regression to estimate Prevalence Ratios (PR)
and confidence intervals of 95% (CI95%) considering
strata, weight, and primary sample units using the package “survey” of the software STATA 13.0. Statistical significance was set at P < 0.05.

Results
Of the 595 participants, 61 teachers were excluded from
the study due to incomplete information on the questionnaire. The final sample was composed of 534 teachers,
stratified according to region of the city. The respective
proportion of teachers in the population and sample were
similar according to regions of the city: north (32.8 and
30.8%), south (20.0 and 17.9%), east (20.3 and 18.3%),
west (22.1 and 28.0%), and center (4.8 and 4.9%).
The sample was composed of a higher proportion of
female teachers, between 30 and 49 years old, middle

and high income, white color, with sedentary behavior
for less than 2h, not users of medication for weight control, with no nutritionist counseling, and not physically
active in adolescence; not currently active or active in
childhood, adolescence, and adulthood physical activity were clustered. The prevalence of overweight was
40.4% (Tab. I).
Table II describes the bivariate association between
physical activity at 6-10, 12-14, and 15-17 years old,
as well as current physical activity, and the clustering
Tab. I. Characteristics of the sample (n = 534).

Sample characteristics
Sex
Male
Female
Age
22 - 29
30 - 39
40 - 49
> 50
Income
Low
Middle
High
Skin color
White
Other
Sedentary behavior
<2h
≥2h
Overweight
No
Yes
Medication use for weight control
No
Yes
Nutritionist counseling
No
Yes
Physically active between 6-10 years old
No
Yes
Physically active between 12-14 years old
No
Yes
Physically active between 15-17 years old
No
Yes
Current Physical activity *
No
Yes
Physically active between 6-17 years old and
currently active
No
Yes

n (%)
25 (4.7)
509 (95.3)
70 (13.1)
169 (31.6)
210 (39.3)
85 (15.9)
83 (15.5)
235 (44.0)
216 (40.4)
424 (79.4)
110 (20.6)
304 (56.9)
230 (43.1)
318 (59.6)
216 (40.4)
519 (97.2)
15 (2.8)
461 (86.3)
73 (13.7)
268 (50.2)
266 (49.8)
291 (54.5)
243 (45.5)
373 (69.9)
161 (30.1)
439 (82.2)
95 (17.8)

482 (90.3)
52 (9.7)

* 150 min of moderate to vigorous aerobic physical activity plus strength
activities two times/week.
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Tab. II. Association between previous and current physical activity and overweight among elementary teachers.

Overweight
Variables
Physically active between
6-10 years old
Yes
No
Physically active between
12-14 years old
Yes
No
Physically active between
15-17 years old
Yes
No
Current physical activity
Yes
No
Physically active between 6-17 years old and current
physical activity
Yes
No

% (CI 95%)

Crude PR (CI 95%)

P = 0.181
46.2 (40.1-52.4)
40.4 (34.6-46.3)

Reference
0.86 (0.66-1.12)

P = 0.069
47.6 (41.2-54.0)
39.6 (34.1-45.4)

Reference
0.82 (0.63-1.08)

P = 0.033
50.3 (42.5-58.0)
40.2 (35.2-45.3)
P < 0.001
23.9 (16.3-33.5)
47.4 (42.7-52.1)

Reference
0.79 (0.61-1.05)
Reference
1.98 (1.27-3.08)

P = 0.002
16.1 (7.0-32.6)
44.9 (40.5-49.4)

Reference
2.78 (1.15-6.76)

% (CI95%): Relative frequency and confidence interval of 95% for prevalence; PR (CI95%): Prevalence Ratio and confidence intervals of 95%.
Bold denotes statistical significance at P < 0.05.

of physical activity of all categories with overweight. A
higher prevalence of overweight was found in teachers
who do not perform physical activity currently compared to active teachers (47.4 vs 23.9 %, PR = 1.98) and
in those who were not classified as active in childhood,
adolescence, and currently (44.9 vs 16.1 %, PR = 2.78),
P < 0.05.

The multivariate association between independent variables and overweight is presented in Table III. In all
models analyzed, teachers who are currently physically
inactive (PR = 1.55 to 2.17) and those who were physically inactive between 6-17 years of age and remain inactive currently (PR = 3.69 to 4.69) presented a higher
likelihood of being overweight compared to those who

Tab. III. Multivariate association between previous and current physical activity and overweight among elementary teachers.

Variables
Physically active between
6-10 years old
Yes
No
Physically active between 12-14 years old
Yes
No
Physically active between 15-17 years old
Yes
No
Current physical activity
Yes
No
Physically active between 6-17 years old and current
physical activity
Yes
No

Adjusted PRa (CI95%)

Adjusted PRb
(CI95%)

Adjusted PRc
(CI95%)

Reference
1.03 (0.76-1.40)

Reference
1.12 (0.77-1.62)

Reference
1.13 (0.79-1.63)

Reference
0.98 (0.73-1.31)

Reference
0.96 (0.66-1.40)

Reference
0.96 (0.66-1.39)

Reference
0.90 (0.68-1.19)

Reference
0.83 (0.61-1.13)

Reference
0.76 (0.52-1.10)

Reference
2.09 (1.43-3.08)

Reference
2.17 (1.48-3.19)

Reference
1.55 (1.04-2.31)

Reference
4.69 (1.81-12.17)

Reference
-

Reference
3.69 (1.36-10.02)

PR (CI95%): Prevalence Ratio and confidence intervals of 95%; Bold denotes statistical significance at P < 0.05;
a
Multivariate analysis adjusted for sex, age, skin color and income;
b
Multivariate analysis adjusted for sex, age, skin color, income, sedentary behavior, medication use for weight control, nutritionist
counseling, current and previous physical activity;
c
Variables inserted in model b plus the clustering of current and previous physical activity.
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are currently active or those who were active in all periods analyzed respectively. Being inactive in any period
of childhood or adolescence was not associated with
overweight (PR = 0.76 to 1.13).

Discussion
Previous studies have demonstrated that physical activity during early life is associated with a variety of health
indicators such as a lower prevalence of chronic diseases [11-13], lower carotid intima-media thickness [14],
better metabolic profile [15], bone health [16-18], overweight [19], and body fat [15]. Two hypotheses can explain the long-term benefits of early physical activity.
First, the classical model advocates that the practice of
physical activity during childhood leads to lower body
fatness and higher physical activity in adulthood and
consequently prevents future health disorders. Second,
in the alternative model the same mechanisms as the
classical models occur, however modifications in DNA
methylation also occur, which result in future protection
for cardiovascular disease and diabetes [12].
In the present study there was no association between
previous physical activity and overweight in adulthood,
while teachers who reported not being currently active
presented a higher likelihood of overweight. These results are not in line with previous studies that described
positive benefits of physical activity during childhood
on adult health [11-18], including overweight and body
fat [15, 19]. On the other hand, the results corroborate
those describing the positive effect of current physical
activity on overweight [7, 8]. The results suggest that
the positive effect of physical activity on body mass and
body fat occurs at the period when physical activity is
performed, and for this reason, adults who currently
practice physical activity have more favorable benefits
on overweight compared to those who only performed
earlier physical activity. This can be seen through the
recommendation of regular physical activity on the prevention of weight regain after initial weight loss [4].
When analyzing the participants who reported physical
activity in all periods analyzed, the magnitude of association was more than twofold higher compared to those
who were only currently active (PR = 1.55 vs 3.69). This
suggests that exposure to higher energy expenditure in
all stages of life results in less body fat accumulation
in adult life. This finding reinforces in part both classical and alternative models that explain the mechanisms by which long-term benefits of physical activity
in childhood occur [12] and indicates that although current physical activity promotes a positive effect on adult
health, the benefits are more pronounced if physical activity is performed in more than one period of life.
The association between clustering of physical activity
during childhood, adolescence, and current with overweight described in this study has relevant public health
implications, however only 9.7% of the participants presented this characteristic (Tab. I). This demonstrates the
complexity of physical activity maintenance, which is

affected by multilevel individual, interpersonal, environmental, regional, and global factors [28]. Although there
is tracking of physical activity through childhood into
adulthood, longer periods of monitoring result in lower
stability of physical activity [29] and a decline can be
evidenced over time [30]. The same tendency was found
in the present study, since the prevalence of participants
with three or more days of physical activity in a week at
ages 6-10, 11-14, and 15-17 years were 49.8, 45.5, and
30.1%, while 17.8% of the sample met the guideline for
current physical activity. This information suggests the
need for support for physical activity in various stages
of life to achieve higher health benefits as described in
the present study.
The following points provide the implications of the
present results. First, although there is growing interest
regarding the effects of early physical activity on adult
health, literature about this topic is still scarce. The results improve knowledge about the benefits of physical activity during childhood and adolescence on overweight among adults and reinforce the need for physical
activity promotion in both early and adult life. Although
this is a cross-sectional study, the analysis showed that
physical activity in more than one period of life can
prevent overweight to a greater extent when compared
to physical activity performed only in adult ages. This
finding is relevant since overweight is determinant in
the emergence of a variety of health disorders [1-3] and
the prevalence is still increasing from a global perspective [20]. Considering the body of evidence in the literature and in the present study, it is suggested that future
guidelines for physical activity include the long-term
effects of physical activity performed in childhood and
adolescence. Likewise, future studies should investigate
this topic using longitudinal designs to confirm findings
from cross-sectional studies.
Some limitations should be described to better understand the results of the present study. Regarding the
sample, it was composed of elementary school teachers
and a higher proportion of females compared to males is
a common characteristic of this profession. It is widely
described that males present higher physical activity
compared to females [31], however the relationship between physical activity and overweight is present in both
sexes [32] and is not sex dependent. In the present study,
a multivariate analysis adjusted for sex was used to control this limitation. Physical activity during work should
also be considered when investigating overweight in a
sample of workers. The health effects of leisure time
physical activity can be masked in individuals who perform high physical activity during their job due to higher
energy expenditure resulting from labor tasks. The sample of the present study was composed of elementary
teachers that commonly present high demands in their
job, but not related to high energy expenditure. Furthermore, the prevalence of both overweight and physical
activity of the sample studied was similar to the general
population [1, 31], which enables generalization of the
present results.
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Another limitation is that the instruments used to assess
physical activity were self-reported and there is an inherent bias of recall when using questionnaires. In addition,
isolated questions were elaborated for the present study
to estimate physical activity in childhood and adolescence. Unfortunately, there is no questionnaire to assess
previous physical activity and isolated questions are often used [11, 12, 14-16, 19]. To minimize this limitation,
the construct validity and reproducibility of the questions
were tested. The period for which physical activity was assessed should also be discussed; childhood, adolescence,
and current physical activity. However, the sample is heterogeneous regarding age (22 to 66 years), which together
with the cross-sectional study design, prevents accurate
estimation of physical activity between the beginning of
adult life and the current period, as well as understanding of the influence of the disruption of an active life in
the adult period on the associations. The consequence of
this limitation for the present results was that the magnitudes of the associations were probably attenuated. The
absence of measures of the body mass index during childhood and adolescence is another limitation that should be
considered, since it is a predictor of adult overweight [33].
Although the cross-sectional design can be considered a
limitation of the present study, it is an alternative to longitudinal designs which are expensive and require decades
of follow-up. The present study is based on the conceptual
model of the relationship between physical activity and
overweight, a phenomenon widely described in both observational and experimental studies [7-9], which reduces
the probability of bias, common when investigating variables that are not yet well understood.

Conclusion
In summary, self-reported physical activity during childhood and adolescence was not associated with overweight in adulthood. Individuals who were not currently
engaged in physical activity presented a higher likelihood
of being overweight, while not being physically active
in childhood, adolescence, and currently increased the
magnitude of the association. Although current physical
activity is associated with the outcome analyzed, promoting both early and current physical activity seems to
be a better strategy to prevent overweight among adults.
However, the absence of information regarding physical
activity in all periods of adult life prevents understanding of how discontinuity can influence the associations
between physical activity and overweight, and, thus, this
should be considered in future studies.
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Summary
Background. The rising burden of non-communicable diseases is
a threat to India. The behavioural risk factors having largest contribution to NCDs. Neighbourhood retailing of tobacco products,
and alcohol are important risk factors. The objectives of the present study were to determine the prevalence of smoking and alcoholism among adults of Srikot, Uttarakhand, and to determine its
relationship with tobacco, and alcohol retail outlet density.
Materials and methods. The study design was a community
based cross sectional study, which was done in Srikot, Uttarakhand among adults aged above 20 years, selected by systematic
sampling. A semi-structured questionnaire was used. The outlet
density was measured mapped using android application.
Results. A total of 155 were enrolled in the study of which 61.3%

were females. A total of 11.6% of the study participants were
smokers. On multivariate analysismale gender, and alcohol use
was significantly associated with increased risk of smoking (p <
0.05). A total of 16.8% of the study participants were alcohol user.
On multivariate analysis it was found male gender, and smoking
was significantly associated with increased risk of alcohol use
(p < 0.05). On mapping the study area, it was found that total
tobacco selling outlets were 40. There was no alcohol-selling outlet in the study area.
Conclusion. The community is in an early stage of urbanization
as evident from the burden of smoking, and alcohol use. This burden of smoking might be worsened by outlet density of tobacco
seller.

Introduction

The prevalence of smoking among residents of urban
Jharkhand, Maharashtra and Tamil Nadu was 14.5%,
11.1% and 20.1% respectively [6].
In present world, Alcohol use is a major public health
concern. Each year harmful use of alcohol causes approximately 3.3 million deaths worldwide. Nearly 5.1%
of the global burden of disease is attributable to alcohol
consumption [7]. According to World Health Organization, in India 3.5% males > 15 years and < 0.1% females
> 15 years age consumed at least 60 grams or more of
pure alcohol on at least one occasion in the past 30 days,
heavy episodic drinking, in 2010 [8]. A cross-sectional
survey was done among males aged 15-64 years in rural Wardha, India. The prevalence of alcohol intake was
22.7% [9]. The prevalence of alcoholism was significantly higher among rural residents as compared to urban residents in Jharkhand (33.6% vs. 18.1%, P < 0.001)
as reported by a study conducted in 2008-10. The prevalence of alcoholism among residents of rural Chandigarh, Maharashtra and Tamil Nadu was 17%, 11.8% and
22.2% respectively. The prevalence of smoking among
residents of urban Chandigarh, Maharashtra and Tamil
Nadu was 16.4%, 13.3% and 21.4% respectively [6].
Various aspects of the local environment are important
factors in explaining health and health-related behaviours. Neighbourhood retailing of tobacco products,

The rising burden of non-communicable diseases
(NCDs) is a threat to India [1]. Non-communicable diseases (NCDs) contribute to around 5.87 million deaths
that account for 60% of all deaths in India [2]. Hence 1
in 4 Indians risks dying from an NCD before they reach
the age of 70. The main NCDs in India are cardiovascular diseases, hypertension, diabetes mellitus, chronic
obstructive pulmonary diseases, and cancer [3].
The behavioural risk factors having largest contribution
NCDs morbidity and mortality are tobacco use, harmful use of alcohol, unhealthy diet, and physical inactivity [3]. Tobacco use is the one of the primary causes
of preventable death. The Global Adult Tobacco Survey study indicates that more than one third of Indian
adults use tobacco [4]. India has over 275 million tobacco users, with 164 million users of only smokeless
tobacco, 69 million exclusive smokers, and 42 million
users of both smoking and smokeless tobacco [5]. The
prevalence of smoking was significantly higher among
rural residents as compared to urban residents in Chandigarh (17.7 vs. 13.6 %, P < 0.001) as reported by ICMR
study conducted in 2008-10. The prevalence of smoking
among residents of rural Jharkhand, Maharashtra and
Tamil Nadu was 13.7%, 10.5% and 21% respectively.
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and alcohol, had been implicated in affecting prevalence rates of smoking, and alcoholism, respectively [10, 11]. High density of such retailers may increase
the ease with which individuals can access these products. The smoking behavior may be reduced by limiting retail tobacco outlet density [12]. Moreover, the
rural areas are rapidly undergoing urbanization. Much
of this urbanization leads to large social, economic,
and environmental transformations. This further leads
to lifestyles characterized by unhealthy nutrition, reduced physical activity and tobacco consumption.
Thereby increasing the risk and burden of non-communicable diseases [13]. The aim of the present study
was to determine the prevalence of smoking and alcoholism among adult population of Srikot, Uttarakhand
and its association with outlet density.

bacco/alcohol respectively at any point before the past
thirty days. Never smoker/tobacco use/alcoholic was a
person who had never smoked/ consumed tobacco/alcohol respectively at any point in the past. Tobacco/alcohol outlet was any settlement selling tobacco/alcohol
respectively [15, 17].
Data were entered in Microsoft excel spreadsheet and
analysed with SPSS version 17.0 (Chicago, IL, USA).
Descriptive statistics was conducted for the percentage,
mean, and standard deviation (SD); inferential statistics
was conducted using test of significance to measure associations between outcome and explanatory variables.
P value less than 0.05 was considered significant. Ethical
clearance was received from institute Ethics committee.

Materials and methods

In the present study, 38.7 percent were males and 61.3
percent were females. The majority (63.2%) of the study
participants belonged to age group 21-40 years. The
mean age of the study participants was 38.3 years (SD
13.6).Out of the 155, study participants, more than two
third (68.3%) of males studied graduation or higher. On
the other hand only 46.3 percent of females had studied
graduation or higher. Overall, almost ten percent of the
study participants studied primary class or less.Among
males, 41.7% were office workers, having a private or
government job. On the contrary among females three
fourth (75.7%) were homemaker. The mean individual
income and family income of the study participant
was INR 10856.1 (SD 18117.2) and INR 28409.0 (SD
19950.1) respectively. Nearly 73.5% of the study participants had nuclear family. The mean per capitamonthly
income was INR 7440.9 (SD 6261.0). Using revised
modified BG Prasad socioeconomic classification scale,
January 2014, it was found 47.7% of the study participants belonged upper class (INR > 5357) and 31.6% to
upper middle class (INR 2652-5356) (Tab. I).
A total of 11.6% of the study participants were smokers
and 7.7% were smokeless tobacco user. Among smokers, 8.4% were current smokers and 3.2% were former
smoker. Nearly 3.2% were both smoker and smokeless
tobacco user. Approximately 20.6% stated one or more
family member as tobacco smoker (Tab. II). Table shows
the pattern of smoking among the smokers with respect
to frequency and quantity (Tab. III). Male gender, and
alcohol use was significantly associated with increased
risk of smoking (p < 0.05) (Tab. IV). A total of 16.8 %
of the study participants were alcohol user. Over 61% of
the alcohol user reported daily consumption. The mean
number of drinks consumed in atypical day was 1.95 (SD
0.87). Approximately 19.4% stated one or more family
member as tobacco smoker. 23.1% of study participants
reported failed attempt to stop alcohol use. The 7.7% of
the study participants reported failure to perform normal
activity due to alcohol use. Over 73% had knowledge of
alcohol use is hazardous to health (Tab. V). On multivariate adjustment it was found male gender and smoking was significantly associated with increased risk of

This study was a community based cross sectional study,
carried out in Srikot about 5 km from Srinagar towards
Joshimath, Uttarakhand. It was conducted in May to
July 2016. Study participants were the adult male and
female aged above 20 years. The sample size was calculated based on the prevalence of smoking in Indian
population. For the calculation of the sample size the
prevalence of smoking was taken to be 17.7% among
adult population of rural Chandigarh, north India [6].
For logistic issues we took a precision of 6%. The final
sample size came to be 155 after taking 6% precision
and 95% confidence level.
Based on the previous studies [14-16], we developed
interview schedule as relevant to the objectives of the
present study. The interview schedule was finalized after incorporating changes based on the pretesting. This
questionnaire contained questions relevant to sociodemographic data, smoking, tobacco use and alcohol
behavior. These questions were asked in the local language. The density of tobacco, and alcohol outlet was
measured in Srikot by walking. House to house survey
was done. Systematic sampling in the community of
Srikot identified eligible households. Every nth house
was chosen after a random starting point between 1 and
10. The youngest eligible person in a house was considered for the study. Informed written consent was taken
from study participants. The study participants were
interviewed according to the interview schedule. The
survey was conducted until the final sample size was
achieved. The detailing of the geographic location and
count of outlets were carried out by walking in the community. The coordinates of tobacco/alcohol outlets were
picked up using free android app, Map it. The coordinate
was recorded while standing at the entrance of the outlet.
The appropriate items were purchased from the outlet to
mark them as tobacco/alcohol outlets.
Current smoker/tobacco use/alcoholic was a person who
smoked/consumed tobacco/alcohol respectively at any
point within the past thirty days. Former smoker/tobacco
use/alcoholic was a person who smoked/consumed to-
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Tab. I. Socio-demographic distribution of the study participants (n = 155).

Variable
Gender
Age

Occupation

Education

Male
Female
20-40
40-60
> 60
Homemaker
Teaching
Not working/students
Business
Office worker/Job/Clerk

N (%)
60 (38.7)
95( 61.3)
98 (63.2)
44 (28.4)
13 (8.4)
72 (46.5)
17 (10.9)
27 (17.4)
9 (5.8)
30 (19.4)

Primary school or less

15 (9.7)

Middle school
Higher secondary or secondary school
Graduation or higher
Monthly individual income Mean (SD)
Monthly family income
Mean( SD)
Family size
Mean(SD)
Socioeconomic status
Lower
Lower middle
Middle
Upper middle
Upper

8 (5.2)
47 (30.3)
85 (54.8)
10856.1 (18117.2)
28409.0 (19950.1)
4.4 (w1.6)
7 (4.5)
9 (5.8)
16 (10.3)
49 (31.6)
74 (47.8)

Tab. II. The prevalence of smoking/tobacco use among the study participants (n = 155).

Variable
Total no. of tobacco smoker
Total no. of current smoker
Total no of former smoker
Total no. of smokeless tobacco user
Total no. of current smokeless tobacco user
Total no. of former smokeless tobacco user
Total no. of both tobacco smoker and smokeless tobacco user
Total no. of tobacco user
Reported one or more family member as tobacco smoker
Reported one or more family member as smokeless tobacco

n (%)
18 ( 1.6)
13 (8.4)
5 (3.2)
12 (7.7)
7 (4.5)
5 (3.2)
5 (3.2)
25 (16.1)
32 (20.6)
19 (12.3)

95%CI
7 to 17.7
4.5 to 13.9
1.1 to 7.3
4.1 to 13.1
1.8 to 9.1
1.1 to 7.3
1.1 to 7.3
10.7 to 22.8
14.5 to 27.9
7.5 to 18.5

Tab. III. The pattern of smoking/tobacco use among tobacco user.

Variable
Frequency of smoking (n = 18) [n(%)]
Daily
Less than daily
Mean number of cigarette/Bidi smoked in a day (SD)
Frequency of use of smokeless tobacco (n = 12) [n(%)]
Daily
Less than daily
Mean number of packets of tobacco use in a day (SD)
Knowledge of tobacco use is hazardous to health present (n = 25) [n (%)]

alcohol use while consumption of junk food was protective (p < 0.05) (Tab. VI).Total tobacco selling outlets
were 40. There was no outlet selling tobacco only. There
was no alcohol outlet in the study area. The number of
tobacco outlet per study participant was 0.3. There was
no alcohol outlet in the study area.
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Value
11(61.1)
7(38.9)
14(11.5)
6(50.0)
6(50.0)
1.14(0.6)
23(92.0)

Discussion
To the best of our knowledge, this study is the first of its
type to assess tobacco and alcohol outlet density relationship with prevalence of smoking and alcoholism among
adults in a rural community in India. In addition, there is
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Tab. IV. Distribution of various risk factors with smoking among study participants.

Variable
Age in years
Sex
Literacy status
Occupation

Socioeconomic status
Type of family
Consumption of junk
food
Obesity
Smokeless tobacco
use
Alcohol use

< 60
≥ 60
Male
Female
≤ Secondary
≥ Graduation
Unemployed/
Student/
Housewife
Employed
≤ Middle class
≥ Upper class
Nuclear
Extended
Present

Smoking
n (%)
n = 18
13 (72.2)
6 (27.8)
17 (94.4)
1 (5.6)
11 (61.1)
7 (38.9)
5 (27.8)

Unadjusted OR
(95% CI)

p-value

Adjusted OR
(95% CI)

p-value

0.2 (0.06-0.7)

0.017

0.3 (0.04-2.1)

0.219

37.1 (4.7-288.3)

0.000

12.6 (1.2-128.4)

0.03

2.1 (0.8-5.7)

0.208

-

-

0.2 (0.1-0.5)

.001

0.7 (0.1-4.1)

0.683

0.7 (0.2-2.7)

1.000

-

-

13 (72.2)
3 (16.7)
15 (83.3)
14 (77.8)
4 (22.2)
13 (72.2)

1.3 (0.4-4.2)

0.782

-

-

0.1 (0.0-0.5)

.006

0.2 (0.02-1.9)

0.181

Present
Present

12 (66.7)
5 (27.8)

1.7 (0.6-4.8)
25.9 (4.5-147.3)

0.450
.000

9.6 (0.9-102.8)

0.062

Present

13 (72.2)

24.8 (7.6-80.6)

.000

5.4 (1.2-24.2)

0.029

Tab. V. The prevalence and pattern of alcohol use among the study participants.

Variable
Number of study participants ever used alcohol (n = 155)
Mean number of drinks in a typical day (SD)
Frequency of alcohol use in a week (n = 26)
1 day
2-4 day
> 4 day
Reported failed attempt to stop alcohol use (n =26)
Reported failed to perform normal activity due to alcohol use (n = 26)
Knowledge of alcohol use is hazardous to health present (n = 26)
Reported one or more family member alcohol use (n = 155)

a lack of published literature about presence of tobacco
and alcohol outlet density the rural community of India.The prevalence of smoking in present study was
11.6% [confidence interval (CI): 7.0% to 17.7%] and
72.2% of these were current smokers. The present results were comparable to ICMR INDIDAB study. They
found the prevalence of smoking among residents of rural Jharkhand, Maharashtra and Chandigarh was 13.7%,
10.5% and 17.7% respectively [6]. The present study
prevalence of smoking was also similar to study from rural Kerala (14.8%) [18], and rural Chennai (14.3%) [19].
The prevalence of smoking was lower than that reported from tribes of central India (18.9%) [20], Nigeria
(25%) [21] and Madagascar (19%) [22]. This might be
due to difference in study tool and study setting.
The prevalence of current smoking in present study was
8.4% (CI: 4.5% to 13.9%). This was similar to studies
from rural Wardha (14.2%) [9]. However, a study from
rural Uttarakhand stated the prevalence of current smoking was 28.5% [4]. This difference could be due to small

n (%)
26 (16.8)[95% CI 11.3 to 23.6]
1.95 (0.87)
16 (61.5)
5 (19.2)
5 (19.2)
6 (23.1)
2 (7.7)
19 (73.1)
30 (19.4) [95% CI 13.5 to 26.4]

sample size in the present study and a single site study
area. Among males 28.3% and among females 1.1%
was tobacco smokers. Among males, 21.6% were current tobacco smokers. This was lower than those found
by studies in rural Andhra Pradesh [23], rural Uttarakhand [4], rural Rajasthan [24], primarily due to difference in sample size and study population. It was found
in the present study that the risk of smoking significantly
increases with male gender, smokeless tobacco uses and
alcohol use. There was no association with literacy status or occupation. On contrary a study from urban slums
of Chandigarh found the prevalence of tobacco use was
high among low education status [5, 24, 25] and employed people [5].
The prevalence of alcohol use in present study was
16.8% (CI: 11.3% to 23.6%). The results of the present study was analogous with studies from rural Wardha
(22.7%) [9], rural Chandigarh (17%), rural Maharashtra
(11.8%), rural Tamil Nadu (22.2%) [6], tribes of central
India (23.0%) [20], Mumbai (18.8%) [26], rural Rajast-
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Tab. VI. Distribution of various risk factors with alcohol use of study participants (n = 155).

Variable
Age in years
Sex
Literacy status
Occupation

Socioeconomic status
Type of Family
Consumption of Junk
food
Obesity
Smokeless Tobacco
use
Smoking

< 60
≥ 60
Male
Female
≤ Secondary
≥ Graduation
Unemployed/
Student/
Housewife
Employed
≤ Middle class
≥ Upper class
Nuclear
Extended
Present

Alcoholism
n (%) n = 26
21 (80.8)
5 (19.2)
23 (88.5)
3 (11.5)
13 (50.0)
13 (50.0)
6 (23.1)

Unadjusted OR
(95% CI)
0.4 (0.1-1.1)

0.136

Adjusted OR
(95%CI)
0.9 (0.1-5.8)

19.1 (5.4-67.4)

0.000

5.9 (1.2-28.9)

0.027

1.3 (0.5-2.9)

0.668

-

-

0.1 (0.04-0.3)

0.000

0.2 (0.1-1.0)

0.057

0.7 (0.2-2.1)

0.600

-

-

p-value

p-value
0.874

20 (76.9)
4 (15.4)
22 (84.6)
19 (73.1)
7 (26.9)
20 (76.9)

1 (0.4-2.5)

1.000

-

-

0.2 (0.04-0.6)

0.006

0.1 (0.02-0.9)

0.04

Present
Present

14 (53.8)
5 (19.2)

0.9 (0.4-2.2)
15.1 (2.8-83.1)

1.000
.002

3.7 (0.5-29.7)

0.212

Present

13 (50.0)

24.8 (7.6-80.6)

0.000

5.3 (1.3-21.5)

0.020

han (24.7%) [27]. Nevertheless, the prevalence of alcohol use in present study was lower compared to another
study from rural Tamil Nadu (35.7%) [28], (62.4%) [29],
West Bengal (65.8%) [30] and rural Goa (39.5%) [31].
This might be because the later study included only
male participants. It was found 38.3% of men and 3.2%
of women had consumed alcohol in the past 1 month.
This was higher compared to a study from Madhya
Pradesh [32]. Main reason for this could be the later
study included both urban and rural population. In addition, there was difference in the operational definitions.
An overall 23.1% of alcohol user in present study stated
they consume more than 4 days a week. This was similar
to study form Mumbai, which mentioned of all current
alcoholic 32.8%, drank on at least 6 days per week [26].
The alcohol use in the present study was significantly
associated with male gender, employment, non-consumption of junk food and associated smoking. Studies
urban slums of north India [33], Vellore [34] and south
India reported a likely, statistically significant association of alcohol use and occupation [35]. The study from
Vellore also mentioned smoking is associated with alcohol use [34]. The disease burden clearly reflects that the
community is in early stages of urbanization.
The density tobacco outlet in present study, per study
participant was 0.3 respectively. There was no outlet
selling only tobacco. This is high or low tobacco outlet
density is difficult to understand, as there is no similar
study from India or a like countries. A study conducted
in US, which revealed less than half of study subjects
lived within ½ mile of a tobacco outlet. They stated
higher tobacco outlet density near home was associated
with risk of smoking [36]. Another study from Rhode
Island, Australia, and Scotland mentioned association
exits between high odds of smoking and high tobacco
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outlet density [37-39]. A study revealed the prevalence
of current smoking was higher at schools in neighborhoods with the more than five tobacco outlets [38].
There was no alcohol outlet in the study area. This is because of implemented laws and regulation of government
of Uttarakhand, India. However, prevalence of alcohol
use was similar to many previous studies. This could be
due to the presence of the alcohol outlet in nearby city.
In addition, previous studies stated alcohol outlet density [8, 40] were directly related to greater drinking frequencies. Another study found the greatest variation in
drinking were for an upper limit of 70 alcohol outlets per
square mile [40]. The study has its limitations as well.
We were not able to map the smoker and alcohol user’s
location for logistic reasons. A better understanding of
practices especially that focuses on urbanization of rural
population one needs a qualitative study, which was beyond the scope of this study.

Conclusion
The high burden of smoking is influenced by prevalent
tobacco selling outlet density in the environment. The
tobacco outlet environment may be a critical factor in
promoting and sustaining tobacco use. This suggests
greater outlet densities may have affected smoking behaviours, purchases from shops or lower cigarette prices.
The community is in an early stage of urbanization as
evident from the burden of smoking, and alcohol use.
The present study suggested the importance of environmental when studying alcohol consumption. Despite
the strict policies for alcohol outlets, supply varies significantly across space for off-licences, the burden of
alcoholism is still high. Knowledge of the environment

Y.S. RAUTELA ET AL.

could help policy makers better to determine the density
of alcohol outlet burden in the community to combat the
burden of alcoholism. This quest for research on prevention approaches for neighbourhoods at risk.
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Summary
Background. The prevalence of adolescent pain varies considerably across epidemiological studies, and little information is
available on pain-related behaviours among adolescents, including medicine use. The aims of this study were: [1] to examine the
prevalence of recurrent pain among 15-year-old adolescents in
Italy; [2] to investigate the association between recurrent pain
and medicine use among boys and girls; and [3] to evaluate the
consistency of these associations across Regions.
Methods. The World Health Organization (WHO) collaborative International Health Behaviour in School-aged Children 2013/2014 study collected self-reported data on pain and
medicine use from 13611 15-year-old adolescents in 21 Italian
Regions. We used multi-level multivariate logistic regression,
stratified by gender, to analyse the association between recurrent
pain and medicine use for headache, stomachache, nervousness
and difficulties in getting to sleep.

Results. On average, across all Regions, almost 45% of adolescents reported recurrent headache, more than 30% reported
recurrent backache and approximately 30% reported recurrent
stomachache. Although the prevalence of both pain and medicine use was much higher among girls, the association between
pain and medicine use was similarly strong in adolescents of both
genders. Adolescents with recurrent pain proved more likely to
use medicines also for non-corresponding pain, nervousness and
difficulties in getting to sleep. The association between recurrent
pain and medicine use was consistent across Regions despite large
inter-regional differences in the prevalence of both phenomena.
Conclusions. Recurrent pain in adolescence is common nationwide. Adolescents with recurrent pain are more likely to use
medicines in general. Recurrent pain and medicine use should be
addressed by adolescent health policies.

Introduction

are the primary source of medicines [2, 6, 7]. As adolescents generally have scant knowledge of the use of pharmaceutical drugs, it seems important, from the public
health standpoint, to instruct these young people in the
appropriate use of such medicines and to conduct studies
in target groups in order to analyse the phenomenon of
medicine use in greater depth [2, 8, 10]. Although trends
in the use of medicines have been investigated by several
in-country studies, the results are difficult to compare
owing to differences in study populations, data collection and measurements. The International Health Behaviour in School-aged Children (HBSC) study is a single
tool for the collection of data on medicine use among
adolescents; as it is based on a unified methodology that
involves all Italian Regions, it enables direct comparison
of the data collected.
The aims of the present study were: to determine the
prevalence of recurrent pains, such as headache, stomachache and backache, among 15-year-old adolescents
in 21 Italian Regions; to evaluate any correlation between recurrent pains and medicine use among males
and females; and to assess the possible similarities and
differences among the Italian Regions considered.

The World Health Organization (WHO) defines adolescence as the age between 10 and 19 years, which constitutes a key period of human growth [1]. Numerous
studies have shown that about 10-50% of adolescents
report suffering from recurrent pains. Recurrent pain is
defined as pain occurring at least once a week within
the time frame of three or six months. The use of medicines to treat common complaints, such as headache
and stomachache, is widespread and increasing among
adolescents [2-6]. Overall, the use of medicines and
the prevalence of recurrent complaints are much higher
among girls than boys [7-9]. Studies have demonstrated
an increasing use of medicines for headache and stomachache among girls, and an association between the use
of medicines and the frequency of the corresponding
complaints [2, 3]. Adolescents who suffer from recurrent
pains take medicines more frequently, and it has been
hypothesized that medicine use during adolescence continues into adulthood [10]. In general, the use of pharmaceutical drugs seems to be facilitated by their easy
accessibility and availability, and by changes in pharmaceutical regulations and the attitudes of parents, who
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Materials and methods

Tab. I. Subdivision of the sample by sex and region.

Study population
The data utilised were taken from the HBSC Italian
study, a cross-sectional study promoted by the WHO at
the international level in order to document health-related behaviours among school-age adolescents. Details of
the method and the investigative tools used to gather the
data have been reported elsewhere [11-13].
Specifically, we used the data from 21 Italian Regions; these were collected from a representative
sample of adolescents aged 11, 13 and 15 years in
each Region from 2013 to 2014. In order to obtain
a random sample of school classes, we implemented
the strategy of cluster sampling. Data were collected
by means of an internationally validated questionnaire, which was self-administered (in the presence
of qualified personnel) in schools, in conformity with
the national protocol [11]. This questionnaire is subject to ongoing development and validation by all
the researchers in the countries participating in the
international HBSC project. Parental consent to participation in the study is mandatory. The study protocol, which was approved by the Ethics Committee
of the University of Turin, provided for the use of an
“opt-out” consent form, meaning that a child would
be included by default unless his or her parents chose
to opt out by explicitly refusing consent. All the data
were collected anonymously, so that the individual
participants could not be identified. For what concerns the present article, we selected only 15-yearold adolescents (n = 13611), 6907 girls (50.7%) and
6704 boys (49.3%), in order to observe the behaviour
of only those subjects who are more independent in
their use of medicines (Tab. I).
Variables
From the HBSC questionnaire, we used the questions
concerning the following complaints: headache, stomachache, difficulties in getting to sleep and nervousness,
which were measured on a scale ranging from “almost
every day” to “rarely or never”. Each symptom was dichotomized as “recurrent”, if it occurred at least weekly,
and “not recurrent” otherwise. The percentages of nonresponse to the questions were: headache, 0.31%; stomachache, backache and nervousness, 0.35%; and difficulty in getting to sleep, 0.38%.
In addition, the question “Have you taken any medicines or drugs for the following complaints in the last
month?” was used to assess the recurrence of the use
of medicines for headache, stomachache, difficulty
in sleeping and nervousness. The possible response
options were: no, yes once, and yes more than once.
In this case, too, the answers were dichotomised into
yes and no. The percentages of non-response were:
1.04% to the question regarding medicines for headache; 1.18% for stomachache; 1.13% for nervousness, and 1.16% for sleeping difficulties.
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Italian Regions
Abruzzo
Basilicata
Bolzano
Calabria
Campania
Emilia Romagna
Friuli Venezia Giulia
Lazio
Liguria
Lombardia
Marche
Molise
Piemonte
Puglia
Sardinia
Sicilia
Toscana
Trento
Umbria
Val d’Aosta
Veneto
Total

Boys
262
209
170
317
313
340
391
241
374
462
319
282
311
285
204
299
356
299
427
141
702
6704

Girls
269
210
255
316
287
317
354
213
420
444
424
277
306
293
206
308
398
323
363
150
774
6907

Total
531
419
425
633
600
657
745
454
794
906
743
559
617
578
410
607
754
622
790
291
291
13611

Statistical analysis
The prevalence of the various complaints and of the use
of medicines among males and females, subdivided by
Region, was evaluated by means of the chi-square test.
In all statistical analyses, we applied a significance value
of 0.05 and 95% confidence intervals. Logistical regression was used to evaluate the association among the various complaints, on considering boys and girls separately.
The odds ratios (OR) and the confidence intervals were
then calculated in order to evaluate the association. The
association between complaints and medicine use was
evaluated by means of multilevel logistical regression, in
which the clusters were identified by the Italian Regions.
Subsequently, we calculated the ORs and the pertinent
confidence intervals in order to evaluate the association,
the Median OR (MOR) as a measure of heterogeneity
in order to assess the random effect of the Regions, and
the Intra-Class Correlation (ICC), which enabled us
to assess both the variance within the clusters and the
variance among the clusters. The ICC thus enables us
to evaluate the relevance of clustering, i.e. the degree to
which subjects within the same Region have the same
outcome [14]. The analyses were carried out by means
of the R software, version 3.3.3.

Results
Prevalence of recurrent complaints
On considering all the Italian Regions included in this
study, a mean of more than 40% of the adolescents surveyed reported suffering from recurrent headache; 27%
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reported recurrent stomachache, and over 30% recurrent
backache (Tab. II).
The prevalence of recurrent headache among girls ranged
from 43.5% in the Autonomous Province of Bolzano to
67.5% in Campania, while among boys it ranged from
20% in the Autonomous Province of Bolzano to 36.9%
in Piedmont, followed by Campania and Val d’Aosta,
which displayed similar values (36.1%). In general, in
all of the Regions considered, the prevalence of recurrent headache proved to be 1.5-2 times higher in females
than in males, the difference being statistically significant.
The lowest prevalence values were recorded for stomachache, especially among males; in this group, the
lowest value (14.1%) was seen in the Autonomous Province of Trento, and the highest (31.2%) in Val d’Aosta.
Among girls, the highest prevalence of stomachache
was recorded in Basilicata (43.2%) and the lowest in
Bolzano (21.9%). The prevalence of stomachache also
proved to be significantly higher among females than
among males in practically all the Regions (except in
Bolzano e Val d’Aosta, in which the difference was not
significant).
Different types of recurrent pain were found to co-exist
in individuals. All recurrent pains, nervousness and difficulty in getting to sleep were associated (the ORs were
higher than 1 and statistically significant).
Prevalence of medicine use
The data on the prevalence of medicine use revealed that
almost half of 15-year-old Italian adolescents use medicines to treat headache, followed by stomachache, the
use of medicines to treat this complaint being about 1.5
times more frequent among girls than among boys in all
the Regions (Tab. III). The use of medicines to alleviate insomnia and nervousness displayed markedly lower
percentages, and in most of the Regions no significant
difference emerged between males and females.
With regard to headache, the lowest prevalence of medicine use by boys was recorded in Lazio (26.7%), while
the highest was seen in Calabria (37.9%). Among girls,
by contrast, the prevalence proved to be much higher in
almost all the Regions considered, with the highest percentage being recorded in Lombardy (57.6%) and the
lowest in Marche (44.7%) and Molise (44.8%).
A marked difference was also seen between males and
females with regard to the use of medicines to treat stomachache in most Regions, the greatest difference (almost
3-fold) being recorded in the Autonomous Province of
Trento (males 9.6%, females 31.3%). Among males,
the lowest percentage was seen in Trento (9.6%) and
the highest in Campania (23.6%); among females, the
lowest percentage was recorded in Friuli Venezia Giulia
(28.4%) and the highest in Basilicata (41.6%).
Medicine use among adolescents with
recurrent complaints
The odds of medicine use for headache and stomachache were substantially higher among adolescents with
corresponding recurrent pain than among adolescents

who reported pain less often (Tab. IV). Adolescents with
recurrent headache or stomachache were more likely to
use medications for other types of pain, too.
For both genders, the OR of medicine use for headache
was 4. Furthermore, those who suffered from recurrent
headache were twice as likely also to use medicines for
nervousness and difficulties in getting to sleep. While for
boys with recurrent stomachache there was four times
increase in the odds of medicine use for stomachache,
for girls the OR was 3. Furthermore, among adolescents
of both genders, those who had stomachache and backache were 1.5 times more likely also to use medicines
for headache. Regarding the use of medicines for nervousness and difficulties in getting to sleep, it can be seen
in Table IV that, among boys, the ORs ranged from 2 to
2.5 for each complaint and among girls from 1.5 to 2.
Overall, little regional variation was seen in the association between medicine use and recurrent pain, as most
of the calculated MORs were close to 1 and the ICCs
were close to zero; thus, little of the total variance in the
use of medicines is due to differences among the Italian
Regions (Tab. IV).

Discussion
Medicines are commonly used to alleviate such complaints as headache, stomachache, backache, difficulty
in getting to sleep and nervousness, and their use among
adolescents is increasing [2-5, 15]. Given that habits
acquired during adolescence tend to persist into adulthood, adolescents constitute a strategic study population
from the point of view of public health [10, 16]. The
purpose of the study was threefold. First, we aimed to
investigate the prevalence of recurrent complaints, such
as headache, stomachache and backache, among adolescents in 21 Italian Regions in a year time frame (2014).
Second, we assessed the correlation between recurrent
complaints and medicine use among males and females.
Third, we conducted a comparison of data from the Italian Regions involved in our analysis. The fact that the
HBSC utilises a common homogeneous method enabled
us to compare the data gathered in the various Italian
Regions. The data analysed in our study revealed that the
prevalence of recurrent complaints among Italian adolescents was high in all the Regions considered, and that,
in general, such complaints were more common among
females than among males, as also reported in other studies [7, 8, 17-19]. The most frequent complaint proved to
be headache, followed by backache and stomachache.
Moreover, it emerged that the prevalence of backache
was higher than that of stomachache, especially among
males, in the majority of Regions. These data are in line
with those of other studies, in which backache has been
observed to be more common than stomachache among
older adolescents [8].
Overall, about half of Italian adolescents make use of
medicines, particularly in order to alleviate headache, as
reported in other studies [18, 19], and, in second position, stomachache, with medicine use being more fre-
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NS = not significant

Regions
Abruzzo
Basilicata
Bolzano
Calabria
Campania
Emilia
Romagna
Friuli Venezia
Giulia
Lazio
Liguria
Lombardia
Marche
Molise
Piemonte
Puglia
Sardegna
Sicilia
Toscana
Trento
Umbria
Val d’Aosta
Veneto
Total

59.94

51.98

62.91
55.24
54.50
58.53
56.00
59.80
56.16
59.22
60.39
61.93
52.48
53.99
59.46
59.25
57.92

29.67

24.48
27.35
25.00
32.18
25.81
36.98
33.22
30.20
25.50
27.48
24.92
28.47
36.17
33.90
29.80

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

< 0.001

< 0.001

Recurrent headache
Females
p
57.99
< 0.001
63.94
< 0.001
43.53
< 0.001
64.87
< 0.001
67.48
< 0.001

26.76

Males
34.35
28.71
20.00
34.92
36.10

42.51
42.07
39.29
46.97
40.43
48.30
44.64
44.63
43.16
45.23
39.07
40.13
47.77
47.15
43.94

40.27

42.77

Total
46.33
46.06
34.11
49.76
51.00

Tab. II. Prevalence of recurrent complaints, subdivided by sex and Region.

18.26
16.62
14.91
20.19
21.07
21.29
20.49
21.78
17.11
14.73
14.14
15.02
31.21
17.29
18.44

18.16

20.59

Males
16.03
23.44
15.88
21.27
21.15

38.50
38.33
33.78
35.31
37.45
35.92
33.56
40.29
42.67
38.83
29.50
34.81
40.54
38.16
36.54

30.23

35.02

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
NS
< 0.001
< 0.001

< 0.001

< 0.001

Recurrent stomachache
Females
p
38.29
< 0.001
43.27
< 0.001
21.96
NS
41.27
< 0.001
43.36
< 0.001

27.75
28.09
24.06
28.67
28.98
28.53
26.99
30.98
29.98
27.19
22.03
24.05
35.74
28.18
27.54

23.89

27.55

Total
27.31
33.17
19.53
31.12
31.67

21.58
28.42
23.19
27.44
25.18
30.23
20.14
33.17
27.61
23.23
24.58
26.29
35.46
26.71
25.75

23.33

25.88

Males
24.43
19.14
21.76
25.88
29.39

44.60
41.19
40.77
41.71
33.09
38.56
32.88
40.29
38.64
39.09
37.27
37.74
43.92
38.55
38.00

37.01

40.69

< 0.001
< 0.001
< 0.001
< 0.001
0.05
0.04
< 0.001
NS
0.005
< 0.001
< 0.001
< 0.001
NS
< 0.001
< 0.001

< 0.001

< 0.001

Recurrent backache
Females
p
34.20
0.02
43.27
< 0.001
27.84
NS
34.29
0.03
31.82
NS

32.38
35.14
31.68
35.40
28.80
34.36
26.47
36.59
33.11
31.30
31.03
31.52
39.52
32.86
31.86

29.80

33.03

Total
29.38
31.03
25.41
29.86
30.50
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t significant

Total

Regions
Abruzzo
Basilicata
Bolzano
Calabria
Campania
Emilia
Romagna
Friuli Venezia
Giulia
Lazio
Liguria
Lombardia
Marche
Molise
Piemonte
Puglia
Sardegna
Sicilia
Toscana
Trento
Umbria
Val d’Aosta
Veneto

51.90
50.72
57.69
44.74
44.89
53.95
54.64
55.61
46.25
53.59
48.90
55.71
55.78
55.71

52.24

32.01

< 0.001

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.02
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
41.84

38.11
41.18
43.82
37.55
37.03
42.79
43.43
41.46
41.19
40.32
40.03
41.77
42.96
45.26

43.62

16.42

22.59
15.55
15.42
17.57
13.57
18.83
19.08
16.42
20.34
13.71
9.69
14.73
18.44
14.41

11.83

26.78
31.27
31.21
29.21
30.00
32.26
32.62
27.86
36.86
27.07
31.96
30.88
30.94
34.29

< 0.001

33.20

34.43
33.73
33.63
32.21
31.14
33.88
30.24
36.45
40.98
35.13
31.35
29.61
34.69
33.72

28.49

< 0.001

0.007
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.003
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.003
< 0.001

< 0.001

24.65

27.97
24.94
24.17
25.44
22.00
26.09
24.57
26.10
30.48
24.54
20.58
21.27
26.46
24.32

19.60

22.07

53.98

< 0.001

34.79

28.98

16.12

42.16

55.70

29.97

< 0.001

Medicines for stomachache
Males Females
p
Total
15.89
32.46
< 0.001
24.11
19.42
41.67
< 0.001
29.83
14.12
32.55
< 0.001
25.18
20.90
33.33
< 0.001
26.70
23.62
33.10
0.01
27.83

Medicines for headache
Males Females
p
Total
32.31
48.13
< 0.001
40.11
30.43
49.76
< 0.001
39.38
31.76
46.27
0.004
40.47
37.94
54.02
< 0.001
45.18
36.25
53.36
< 0.001
43.83

Tab. III. Prevalence of medicine use, subdivided by sex and region.

3.37

3.80
4.07
4.41
2.86
2.51
3.57
2.14
1.99
3.74
4.00
2.76
2.36
0
3.45

4.10

2.68

5.16

4.29
7.91
5.42
4.07
1.82
4.26
4.11
7.84
3.30
4.88
6.25
4.47
7.48
6.76

6.55

4.49

< 0.001

NS
0.04
NS
NS
NS
NS
NS
0.01
NS
NS
NS
NS
0.002
0.006

NS

NS

4.23

3.96
6.05
4.86
3.50
2.15
3.89
3.11
4.88
3.46
4.38
4.50
3.29
3.78
5.15

5.23

3.50

Medicines for sleeping difficulties
Males Females
p
Total
3.88
4.85
NS
4.33
5.83
3.40
NS
4.53
7.06
7.45
NS
7.29
2.25
3.21
NS
2.69
2.92
3.51
NS
3.17

4.32

6.72
3.23
2.64
4.13
5.36
4.85
5.32
2.51
6.14
2.85
3.11
3.77
2.86
5.16

2.05

4.73

7.23

10.90
7.25
6.79
6.99
4.74
5.61
7.24
7.80
6.86
7.69
6.58
7.80
8.84
7.57

6.82

5.73

<0.001

NS
0.02
0.006
NS
NS
NS
NS
0.03
NS
0.006
NS
0.02
NS
NS

0.003

NS

5.73

8.59
5.29
4.64
5.65
5.01
5.19
6.23
5.12
6.43
5.31
4.82
5.57
5.84
6.37

4.30

5.18

Medicines for nervousness
Males Females
p
Total
4.25
6.72
NS
5.46
5.83
6.83
NS
6.21
7.65
10.59
NS
9.41
4.50
6.75
NS
5.53
5.18
7.75
NS
6.33
F. CENTAURI ET AL.
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Tab. IV. Association between propensity to recurrent complaints and medicine use.

Medicines for headache
Recurrent
complaint
Males
Headache

Stomachache
Backache

OR

4.14
MOR = 1.03
1.80
MOR = 1.06
1.33
MOR = 1.06

95% CI

Medicines for
stomachache

Medicines for sleeping
difficulties

Medicines for
nervousness

OR

95% CI

OR

95% CI

OR

95% CI

1.78
MOR = 1.19

1.56-2.04
ICC = 0.01

2.45
MOR = 1.05

1.87-3.21
ICC = 0.001

2.12
MOR = 1.19

1.67-2.70
ICC =0.01

1.58-2.04
ICC = 0.001

3.85
MOR = 1.19

3.33-4.44
ICC = 0.01

2.67
MOR = 1.09

2.01-3.54
ICC = 0.003

2.52
MOR = 1.16

1.96-3.24
ICC = 0.007

1.19-1.50
ICC = 0.001

1.48
MOR = 1.20

1.28-1.70
ICC = 0.01

2.08
MOR = 1.04

1.58-2.74
ICC = 0.0004

1.90
MOR = 1.18

1.49-2.43
ICC = 0.01

1.55
MOR = 1.03

1.39-1.72
ICC = 0.0004

2.06
MOR = 1.27

1.62-2.61
ICC = 0.02

2.13
MOR = 1

1.73-2.62
ICC = 0

2.89
MOR = 1

2.60-3.21
ICC = 0

2.25
MOR = 1.28

1.81-2.79
ICC = 0.02

1.93
MO = 1

1.61-2.32
ICC = 0

1.42
MOR = 1.05

1.28-1.57
ICC = 0.0008

1.49
MOR = 1.24

1.20-1.85
ICC = 0.02

1.55
MOR = 1

1.29-1.87
ICC = 0

3.70-4.63
ICC = 0.00003

Females
Headache

4.38
MOR = 1.14

Stomachache

1.67
MOR = 1.12

Backache

1.43
MOR = 1.11

4.07-4.72
ICC = 0.006
1.51-1.84
ICC = 0.004
1.29-1.58
ICC=0.004

quent among females than males [3, 6, 7, 9]. These data
support the conviction that adolescents now have easier
access to medicines as a result of modifications in pharmaceutical regulations, more aggressive marketing and
the changing attitudes of parents, who are the primary
source of medicines [2, 6, 7]. In addition, the odds of
medicine use for headache and stomachache were seen
to be substantially higher among adolescents with corresponding recurrent pain than among those who reported
less frequent pain in all the regions considered. Interestingly, boys with recurrent stomachache were seen to be
much more likely to take medicines to treat this complaint than girls; although the medicine taken proved
to be appropriate to the type of complaint, it should be
stressed, as already pointed out by the results of national
and international studies, that adolescent boys should
not be underestimated as a subgroup at risk of excessive
medicine use [20, 21].
In addition, it emerges from the present study that adolescents suffering from recurrent complaints are also
more likely to use medicines that are not appropriate to
the treatment of their specific complaint. This tendency, which was documented among adolescents of both
sexes in our study, has been observed in international
studies, in which adolescents with recurrent complaints
have been seen to display a greater likelihood of using
medicines in general and, in particular, medicines that
are not specific to the treatment of their symptoms [20].
Those adolescents who most frequently take medicines
to alleviate their pain not only report a higher frequency
of pain, but also a higher frequency of anxiety, depression and functional disabilities than adolescents who
make little or no use of medicines [22]. Moreover, the
tendency to take medicines has been observed more frequently among young people with scant coping resourc-
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es and poor self-rated health, and those of lower social
class [8, 21].
A limitation of the present study is its lack of a clinical
diagnosis of the intensity of each individual complaint
and the unavailability of data on the social class of the
respondents’ parents; indeed, previous studies have
found a correlation between the use of medicines and
low parental social class, in addition to the conditions
of having a scant sense of coherence and being a victim
of bullying [21]. Nevertheless, the subjective perception
of pain, regardless of its primary cause, is important in
that it impacts on the adolescent’s general well-being;
indeed, recurrent pain has a detrimental effect on adolescents’ daily functioning and quality of life [24-27].
Overall, the data reported in this study reveal that over
40% of 15-year-old adolescents in Italy report suffering
from recurrent headache, followed by stomachache and
backache. Adolescent girls are more likely to take medicines to treat headache and stomachache, while those
of both sexes who suffer from recurrent complaints are
more likely to take medicines that are not intended for
the treatment of their specific complaint.
Adolescents’ use of medicines to treat recurrent complaints is a complex phenomenon which needs to be
properly studied. Indeed, this behaviour may be influenced by many factors, such as the attitudes, social class
and educational level of parents, which should be taken
into account. Given that behaviours acquired during adolescence tend to be carried over into adulthood, the recurrent complaints experienced by adolescents may increase the risk of chronic complaints and critical health
disorders in adulthood [28]. Thus, the use of medicines
in adolescence is a public health concern and constitutes
an emerging issue that requires more attention and investigation on the part of scientific research and greater
awareness among adults and health professionals.
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Summary
Introduction and purpose. The consumption of alcohol among
young people and young adults has undergone, in recent decades,
a sharp upsurge with the increasingly frequent intake of large
quantities of alcohol. The aim of our study was to investigate
socio-demographic, economic and behavioural factors that have
a major impact on the voluntary alcohol habit in young people.
Methods. The survey was conducted via administration of an
anonymous questionnaire based on “the WHO Alcohol Use Disorders Identification Test”, disseminated on-line, to young people
and young adults (aged 18 to 35).
Results. We examined a sample of 365 subjects. Consumption of
wine and beer were predominant followed by super-alcohol mixes.

We found correlations between alcohol use and the following
variables: marital status (p < 0.001), parental education (mother
p < 0.05; father p < 0.001), income level (p < 0.05), physical
activity (p < 0.05) and voluptuous habits (smoke and coffee: p <
0.001.The 5% of men and 1% of women had car accidents during
the previous year due to alcohol use and 15% said they did not
remember what happened in an alcoholic evening once or twice
a month.
Conclusions. The phenomenon of alcohol consummation is
deeply ingrained in our reality, with dangerous episodes of binge
drinking in young adults with a higher prevalence in the female
sex.

Introduction

well as metabolic and behavioral disorders. The problems arising from alcohol consumption in young people,
in fact, are different from those of adults [4]. In young
people, the negative effects involve changes in the relationship with family members, classmates, colleagues
and teachers, with poor academic performance and progressive lengthening of the time needed to complete primary education, aggression, anti-social behavior, crime,
public disorder and other high-risk behaviors, such as
driving while intoxicated, unprotected sexual activity involving a greater risk of unwanted pregnancy and transmission of sexual diseases [5]. Young people who consume a large amount of alcohol are on the whole more
at risk than young people who do not drink at all [6]. Alcohol abuse therefore contributes directly and indirectly
to the development of physical, mental and social harm
in the drinker. Not only does all this combine to harm
the young person physically, emotionally and socially, it
is also a permanent negative modifier in the school and
university environment, resulting in delayed training and
entry to the world of labor.
The ISTAT data [7] report alcohol consumption in the
18-24 age group, compared to the older adult population,
with a more episodic frequency, but with higher overall
consumption, including heavy drinking prolonged for
entire nights. Some authors report a greater likelihood of
using psychoactive substances in adolescence and early
adulthood, with a positive association between education level and socio-economic situation and consumption and substance abuse [8].

The consumption of alcohol among adolescents has undergone a sharp upsurge in recent decades with behavioral changes and increasingly frequent intake of large
quantities of alcohol. In community and adolescent social contexts in particular, this is called “binge drinking”
or the so-called alcoholic binge which consists in taking
five or six alcoholic beverages outside a meal and concentrated in a short time – two hours or less – for the purpose of getting drunk [1]. It is a recreational consumption away from the family context, but among friends,
where drinking is associated with a state of well-being,
joy and fun combined with emancipation, and where
getting drunk becomes a fashion and a source of pride.
There is no safe consumption for health, but if you drink
alcohol, you should not drink on an empty stomach and
you must not exceed the quantities considered at low
risk, i.e. 2 units of alcohol per day for men, 1 unit of
alcohol per day for women and for over 65s, zero units
of alcohol for those under 18 [2]. The excess limits [3]
correspond to the one-time consumption of more than
6 Alcoholic Units (UA = 12 grams of pure alcohol) of
any alcoholic beverage. The alcoholic unit corresponds
to about 10-12 grams of pure alcohol, corresponding to
a standard glass of wine (12°, 125 ml), a can of beer
(4.5°, 330 ml), an aperitif (18°, 80 ml), or a small glass
of spirits (36°, 40 ml). The survey on the consumption
of alcohol in adolescence and post-adolescence has
aroused great concern in the scientific community as it
is closely linked to social problems arising from it, as
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Given these premises, it is essential to investigate the
socio-demographic and economic factors that have an
overall impact on the voluntary habit of alcohol consumption, especially since the data confirm that young
Italians are in the top rank among drinkers worldwide, despite the measures predisposed to reduce this
abuse [9].
The aim of the study was to investigate the consumption of alcoholic substances by young people and young
adults resident in southern Italy in relation to the socioeconomic and cultural situation.

Methods
An observational study was carried out between January
2018 and June 2018, by administration of an anonymous
questionnaire, disseminated online to subjects aged between 18 and 35through social networks and based on
multiple-choice questions.
The questionnaire was based on the WHO Alcohol Use
Disorders Identification Test. Questions were asked concerning the subject’s socio-economic condition, educational level and family nucleus, with particular attention
to income. Habits and lifestyles were investigated regarding, apart from alcohol consumption, cigarette smoking,
physical activity and coffee consumption. Also assessed
were the frequency of alcohol intake, the amount taken
daily, the excess consumption of spirits and the effects of
alcohol on daily life, with particular attention to alcoholinduced driving accidents. Lastly, we investigated the
type of alcohol consumed most frequently.
The sample was defined considering the prevalence of
alcohol consummation of 73.3% for males with a n=75
and 44.7% and so a n=95 for women in Sicily, identifying a 95% Confidence Interval (CI) and an absolute accuracy of 10%.
We stratified the sample in relation to age (18- 4 years
and 25-35 years) and sex, their education (graduate or
undergraduate), parents’ education (under or over eight
years of education) and income level (0-10.000, 10.00030.000, 30.000-50.000, 50.000-80.000, > 80.000 euros).
Statistical analysis
The mean and standard deviation (SD) were calculated
with regard to the quantitative variable (age), while absolute and relative frequencies were obtained for categorical data. The Chi-Square test of independence with Yates
correction (only for samples with n between 40 and 200)
was used to determine any statistically significant associations between the alcohol consummation and all the
categorical variables, adopting a relative partition model
where the null hypothesis was rejected. Statistical significance thresh-old was set at p = 0.050; p-values of less
than 0.050 on two-tailed tests were considered statistically significant. We chose to perform statistical analyses both on all samples (n = 365) and on samples stratified in two age groups (18-24 years and 25-35 years), to
identify associations between young people and young
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adults. All statistical analyses were performed using R
software.

Results
All respondents joined the questionnaire: we examined
a sample of 365 subjects aged between 18 and 35 years
with a mean of 24.70 years (4.5), of which 140/365
(38.6%) were males and 225/365 (62,4%) were females.
Of these, 212/365 (58%) said they had used alcohol in
the last year at least occasionally; of these, 40% of drinkers were males and 60% were women, with a mean age
of 24.68 years (4.1) (Tab. I).
We stratified the sample in two age groups: 18-24
years and 25-35 years. The former represented 195/365
(53.4%) of the sample. Of these 131/195 (67.2%) were
women and 64/195 (32.8%) were men. The age group
of25-35 years made up 170/365 (46.6%) of the sample, of which 94/170 (55.3%) were women and 76/170
(44.7%) were men (Tab. II).
Demographic factors and education
We compared the responses of drinkers and nondrinkers, evaluating the presence of associations by
gender and age. However, we found no statistical associations by sex (χ2: 0.3431; p = 0.55) or age (χ2:
0.4807; p = 0.49). It is important to underline the high
percentage of alcohol use in women (71.15%) above
the Sicilian average, while the percentage in males is
lower (62.5%).
Other factors investigated were years of education and
the presence of a paid job and, for students, which type
of degree course they are attending (medical or not).
No associations emerged between the years of education, less than or equal to 8, between drinkers and nondrinkers (χ2 = 1.488; p = 0.22) and the presence of a paid
job. However, more than half of those who joined the
questionnaire were students. Within the subdivision for
degree courses, it emerged that in this age group, 30/39
(77%) of medical students usually consume more alcohol than those who attend other degree programs, but
we did not find any statistical difference (χ2=0.5959;
p = 0.44).
It also emerged that non-drinkers were both male and female, had a stable relationship or were married in greater numbers (of these 22% were males and 33% were
women) than drinkers with high statistical associations
(χ2 = 7.1059; p < 0.001).
We also investigated whether there were behavioral associations between young people and young adults, dividing the sample in two age groups, 18-24 yrs and 2535 yrs.
Among the18-24-year-olds, the male drinkers represented 40/64 (62%) while female drinkers represented
70/131 (53%) of the sample. Among the 25-35-yearolds, males drinkers represented 58/94 (61%) of the
sample while female drinkers were 44/76 (58%). We did
not find any statistical difference by sex.

V. LA FAUCI ET AL.

Tab. I. Distribution of the sample in “drinkers” and “non-drinkers” by sex, age, education, work (employed or not), type of work, sector of work,
parents’ education, income level, voluptuous habits.
Non-drinkers
Male

Female

15.34% (56)

26.58% (97)

18-24 yrs

25-35 yrs

23.29% (85)

18.63% (68)

Single

Married

36.44%(133)

5.48% (20)

Less than 8 yrs

More than 8 yrs

31.51%(115)

10.41%(38)

Employed

Unemployed

9.04%(33)

32.88%(120)

Public employee

Private employee

Business owner

Self-employed

Housewife

Student

Worker

2.47%

2.19%

0.27%

2.74%

0.82%

30.96%

0.55%

Agriculture/fishing

Building

Industry

Trade/turism

Public health

Administration

Other

0.27%

0.55%

0.82%

0.55%

33.42%

0.27%

0.82%

Mother’s education

Father’s education

Less than 8 yrs

More than 8 yrs

Less than 8 yrs

More than 8 yrs

12.05%

29.86%

15.34%

26.57%

< 10,000

10,000-30,000

30,000-50,000

50,000-80,000

> 80,000

8.77%

18.90%

10.14%

3.56%

0.55%

Physical activity
No

Yes

21.92% (80)

20% (73)

Smoker
No

Yes

16.16% (59)

25.75%(94)

Coffee drinker
No

Yes

28.22% (103)

13.70%(50)

Drinkers
Male

Female

23.01% (84)

35.07% (128)

18-24 yrs

25-35 yrs

30.14% (110)

17.95% (102)

Single

Married

55.07% (201)

3.01% (11)

Less than 8 yrs

More than 8 yrs

0.27%(1)

57.81% (211)

Employed

Unemployed

15.89%(58)

42.19% (154)

Public employee

Private employee

Business owner

Self-employed

Housewife

Student

Worker

2.74%

6.30%

1.37%

4.11%

0.55%

42.19%

0.27%

Agriculture/fishing

Building

Industry

Trade/turism

Public health

Administration

Other

1.10%

1.10%

0.27%

1.10%

44.38%

1.37%

1.91%

Mother’s education
Less than 8 yrs
More than 8 yrs

Father’s education
Less than 8 yrs More than 8 yrs

10.96%

46.85%

11.23%

46.85%

< 10,000

10,000-30,000

30,000-50,000

50,000-80,000

> 80,000

7.40%

24.38%

15.07%

8.49%

2.74%

Physical activity
No

Yes

38.08%(139)

20%(73)

Smoker
No

Yes

38.90%(142)

19.18%(70)

Coffee drinker
No

Yes

50.14%(183)

7.95%(29)

*the percentage was calculated on the entire sample (n=365); the percentage does not represent “no answer”.
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Tab. II. Distribution of the sample in two ranges (18-25 yrs and 25-35 yrs) and in “drinkers” and “non-drinkers”, by sex, education, work (employed or not), type of work, parents’ education, income level and voluptuous habits.

Young people(18-24 years) n = 195
Non-drinkers
Male
Female

Drinkers
Male

24 (12.31%)

61 (31.28%)

40 (20.51%)

70 (35.90%)

Single

Married

Single

Married

Female

84 (43.08)

1 (0.51%)

110 (56.41%)

0 (0%)

Less than 8 yrs

More than 8 yrs

Less than 8 yrs

More than 8 yrs

1 (0.51%)

84 (43.08%)

1 (0.51%)

109 (56.41%)

Unemployed

Employed

Unemployed

Employed

83 (42.56%)

2 (1.03%)

94 (48.21%)

16(8.21%)

Mother’s education
< 8 yrs
> 8 yrs

Father’s education
< 8 yrs
< 8 yrs

Mother’s education
< 8 yrs
> 8 yrs

Father’s education
< 8 yrs
> 8 yrs

21 (10.77%)

64 (32.82%)

23 (11.79%)

87 (44.62%)

< 30,000

30,000-50,000

31 (15.9%)

> 50,000

54 (27.69%)

< 30,000

30,000-50,000

25 (27.70%)

> 50,000

21 (10.7%)

57(29.23%)

7 (3.59%)

12 (6.15%)

80 (41%)

18 (9.23%)

Physical activity
No

Yes

No

Yes

41 (21.03%)

44 (22.56%)

43 (22.05%)

67 (34.36%)

Smoker
No

Yes

No

Yes

55 (28.21%)

30 (15.38%)

42 (21.54%)

68 (34.87%)

Coffee drinker
No

Yes

No

Yes

31 (15.9%)

54 (27.69%)

15 (7.69%)

95 (48.72%)

85 (43.59%)

Young adults (25-35 years) n = 170
Non-drinkers

Drinkers

Male

Female

Male

32 (18.82%)

36 (21.18%)

44 (25.88%)

Female
58 (34.12%)

Single

Married

Single

Married

49 (28.82%)

19 (11.18%)

91 (53.53%)

11 (6.47%)

Less than 8 yrs

More than 8 yrs

Less than 8 yrs

More than 8 yrs

3 (1.76%)

65 (38.24%)

0

81 (60%)

Unemployed

Employed

Unemployed

Employed

37 (21.76%)

31 (18.24%)

60 (35.29%)

42 (24.71%)

Mother’s education
< 8 yrs
> 8 yrs

Father’s education
< 8 yrs
> 8 yrs

Mother’s education
< 8 yrs
> 8 yrs

Father’s education
< 8 yrs
> 8 yrs

23 (13.53%)

45 (26.47%)

17 (10%)

84 (49.42%)

< 30,000

30,000-50,000

25 (14.71%)

> 50,000

43 (25.29%)

< 30,000

30,000-50,000

16 (9.41%)

> 50,000

11 (6.47%)

49 (19.%)

8 (4.7%)

15(8.8%)

64 (37.6%)

23 (13.5%)

Physical activity
No

Yes

No

Yes

32 (18.82%)

36 (21.18%)

30 (17.65%)

72 (42.35%)

Smoker
No

Yes

No

Yes

39 (22,94%)

29 (17,06%)

28 (16,47%)

74 (43,53%)

Coffee drinker
No

Yes

No

Yes

19 (11.18%)

49 (21.82%)

14 (8.24%)

88 (51.76%)

We investigated associations in the same age groups by
education (graduate and undergraduate) and employment.
For the former, we found no statistical difference, while a
statistical difference emerged from the latter (χ2 with Yates
correction = 8.5072; p < 0.01), with medium statistical significance.
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86 (50.59%)

For marital status, we found medium statistical associations
in young adults, with 60% of drinkers single and 36.67%
married (χ2 with Yates correction = 7.1255; p < 0.01).
Socio-economic factors
Regarding the parents’ education, we observed that both
fathers and mothers of non-drinkers have a lower educa-
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Fig. 1. Number of glasses drunk during a single alcoholic evening.

tional qualification with high statistical associations (for
mothers: χ2 = 4.7991; p < 0.05; for fathers: χ2 = 13.0779;
p < 0.001).
As regards income level, we found statistical associations between income levels of drinkers and non-drinkers (χ2 = 9.8957; p < 0.05). Only 12.7% of drinkers, in
fact, had an income of less than 10,000 euros per year,
42% had an income of between 10,000 and 30,000 euros, 25.9% between 30,000 and 50,000 euros, 19.1%
between € 50,000 and € 80,000 and as many as 4.7%
exceeding € 80,000 annually. Among non-drinkers, on
the other hand, 20.9% had an income of less than 10,000
euros a year and only 9.8% have an income of between
50,000 and 80,000 euros or more.
For these factors, we also evaluated associations between
young people and young adults and we found a correlation with income level (lower, medium or higher) only
for the first group (χ2 with Yates correction = 8.0836;
p < 0.05). For parents’ education we found statistical
associations both in young people (for fathers χ2 with
Yates correction = 3.7782; p < 0.05, that in young adults
(χ2 with Yates correction = 8.7869; p < 0.05 for fathers;
χ2 with Yates correction = 5.5881; p < 0.05 for mothers).
Physical activity and voluptuous habits
We investigated the presence of associations between drinkers and non-drinkers for voluptuous habits and we found high statistical associations between
drinkers and non-drinkers for coffee consumption

(χ2 = 18.9172; p < 0.001 ) and cigarettes smoking
(χ2 = 29.0068; p < 0.001).Statistical associations were
also found for physical activity (χ2 = 6.5286; p < 0.05),
63.8% in the drinkers’ group not performing any compared with 50% that did. In the non-drinkers’ group we
found 47.2% that did not perform physical activity compared with 50% that did.
As regards lifestyle, drinkers aged 25-35 perform
more physical activity than non-drinkers, with statistical associations (χ2 with Yates correction = 4.7487;
p < 0.05). Drinkers take coffee more frequently and in
higher quantities non-drinkers (χ2 with Yates correction= 12.6321; p < 0.001 for 18-25 yrs; χ2 with Yates
correction = 814.0507; p < 0.001). Lastly, drinkers
are also smokers in significantly higher percentages
than non-drinkers (χ2 with Yates correction = 12.4535;
p < 0.05 for 18-25 yrs; for 25-35 yrs χ2 with Yates correction = 14.0507). It is interesting that among drinkers (but this can also be observed in non-drinkers), more
women smoke (67%) than men (53%) (Tab. II).
Frequency and amount of alcohol intake
We stratified the sample by frequency of alcohol intake: never or less than once a month, twice/four times
a month, twice/three times a week, four time or more
per week. We investigated associations of consumption
frequency by sex and age and we found statistical associations only in the first case (χ2=10.2781; p < 0.05).
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Fig. 2. Ratio between frequency and quantity for those who drink 3-4 glasses a night.

We evaluate alcohol intake according to each age group
and sex (1-2 glasses, 3-4 glasses, over 4 glasses). The
data are shown in Figure 1. We analyzed the presence of
associations between sex and age group in the amount
of alcohol intake, but we did not find any statistical associations, even when stratifying the samples between
young people and young adults. Among those who drink
from 3 to 4 glasses per night, it is interesting to evaluate
the relationship between amount and frequency. There
emerged a repetition of such high consumption 2-4
times a month, 2-3 times a week or even over 4 times a
week, far exceeding the limits set by the WHO (Fig. 2).
In the 18-24 age group, women drank occasionally and
monthly, respectively 24.3% and 60% against 20% and
52% for men. Instead, increasing the frequency of drinking, men drank more, respectively 22.5% drink weekly
against 12.9% for women, while 5% of men in this age
group drank daily against 2.9% for women. In the 2535 age group, ratios remain similar, with women drinking less frequently than men. 13.8% drank occasionally
against 9.1% for men, while 72.4% drank monthly compared with 27.3% for men. As the frequency increases,
the results reverse, with 47.7% of men drinking weekly
and 15.9% daily compared to 10.3% and 3.4% for women.
Type of alcohol consumed
The most frequently consumed types of alcohol, on the
basis of the frequency range of 2-4 times a month, is
beer, at 49%, followed by wine 38%, mix of spirits and,
lastly, liqueurs and spirits (Fig. 3).
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The effect of alcohol on everyday life
6% of men aged 18 to 24 yrs said they could not stop
drinking once they started, both several times in the
same month and in the same week. 15% felt remorse for
the amount of alcohol taken while 3% said that several
times a month they had no memory of what happened
after an alcoholic evening. Among women between the
ages of 18 and 24 years, 4% could not stop drinking once
they started, 8% said they could not complete their daily
activities due to drinking, 23% had remorse for the alcohol taken and 23% could not remember, several times in
the same month, what happened the night before.
In the 25-35 age group, 4% of men failed to complete
their daily activities, 7% needed a drink in the morning,
16% felt remorse for the alcohol taken and 12% could
not remember what happened the night before. Among
women of the same age group, 3% failed to perform normal daily activities, 12% felt guilty about the amount of
alcohol taken and 10% had no memory, on several occasions, of what happened the night before.
Among those who responded to the questionnaire, 5% of
men and 1% of women aged 18-24 reported having had
an alcohol-related accident in the last year, 5% of men
and 3% of women in previous years. While in the 25-35
age-band, only 2% of men had accidents in the last year
due to drinking and 7% of women in previous years.
Lastly, 5% and 3% of men and women aged 18-24, respectively, admitted having a relative concerned about
their alcohol consumption and having received advice
to stop drinking. In the 25- to 35-year age group, 2% of
both men and women had received the same advice.

V. LA FAUCI ET AL.

Fig. 3. Type of alcoholic beverages most frequently consumed.

Discussion and conclusion
Our results are in line with national data and in particular with Sicily, where the percentage of consumers of at
least one alcoholic beverage in 2016 was 73.3%among
men, 44.7% among women, compared to the national
average for both genders [7, 8]. In our sample, women,
in all age groups considered, had a higher educational
qualification than men. Furthermore, when comparing
drinkers and non-drinkers, drinkers showed to have a
higher educational qualification and greater availability
of financial resources, as they have more often a paid
job. As regards socio-economic conditions, younger and
older adult drinkers belong to economically more welloff and scholastically higher families, in line with international literature, though some studies reported more
drinkers in families with low education [9, 10].
Non-drinkers tend to have stable relationships, but drinkers are predominantly single, according to international

literature, with a decrease in drinking accompanying the
transition from being single to a first marriage [11, 12].
The people that consume alcoholic beverages are also
more often consumers of coffee and cigarettes, but paradoxically they perform more physical activity. Women
of both categories smoke and drink more coffee and
more often. These data confirm the literature and are
worrying due to effects that these three factors can have
on health [13].
When alcohol is mixed with caffeine, this can mask its
depressant effects, making drinkers feel more alert than
they would otherwise. As a result, they may drink more
alcohol and become more impaired than they realize,
increasing the risk of alcohol-attributable damage [14].
The effects of excessive consumption on respondents
have more or less serious repercussions on daily life, influencing them in carrying out normal daily activities,
reducing their prudence while driving. About this point,
worrying is the fact that 8% of respondents in the last
year alone had alcohol-related traffic accidents [15, 16],
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a figure in line with the national one (ISTAT, 2018)
where 7.8% of accidents are caused by drunkenness and
the percentage is increasing [17]. The ISTISAN data
then showed that among those who had a car accident
in the 18-29 age group, the main cause turned out to be
driving under the influence of alcohol and drugs (61.6%
of cases) [18]. Alarming is the percentage of young
people (3.4% compared to 0.7% of those over 30) who,
although they know they have to drive, choose not to
limit their consumption of alcohol [19]. The results of
this study confirm that alcohol abuse is an important risk
factor for public health.
It has been shown that reducing or stopping drinking
produces health benefits at any age. The elimination of
alcohol involves an inversion of the danger for all related chronic diseases, such as cirrhosis of the liver or
depression, although there remains a level of risk due
to protracted exposure [20]. Reduction or cessation of
alcohol consumption is associated with a rapid improvement in physical conditions and a reduction in overall
mortality [21]. In particular, young people who drastically decrease their alcohol consumption in the proximity of adulthood significantly reduce the risk of developing alcohol-related damage, particularly to the nervous
system [22].
Limiting intake also allows subjects to keep their body
weight under control: alcohol provides about 7 kilocalories per gram, requiring a certain activity in order to dispose of it [23-26].
Drinking alcohol, as well as smoking, also involves a
considerable expense, not only for drinkers but for all
society [27]. According to a recent review, in fact, the
economic burden of alcohol on society is substantial,
accounting for 0.45% to 5.44% of the Gross Domestic
Product [28].
Moreover, we found in our study a statistical association between family income for young people but not
for young adults, probably because the latter work more
than the former and have a personal salary. Another factor is, as previously reported, that more people in this
age group are more married and this could limit alcohol
use.
Lastly, a recent study conducted by the University of
Washington and published in September 2018 [29] highlighted that the amount of alcohol that should be taken,
for safe consumption, is zero. This fact, taken with the
due exceptions, highlights even more how policies aimed
at reducing alcohol consumption should be an absolute
priority. The WHO, too, after a study published recently,
has established that there is no safe level to drink alcohol [30].
Obviously, there is low-risk consumption, but the WHO
does not set particular limits, because the evidence
shows that the ideal situation for health is not drinking at
all. Research has shown a lower risk of ischemic events
(heart disease, stroke and type 2 diabetes) among middle-aged and older light to moderate drinkers. However,
the damaging effects of alcohol far outweigh any potential protective benefit. An older person will get much
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greater health benefits from being physically active and
eating healthy foods that from alcohol [31].
The limit of our study is represented by the fact that selfreported data is often inaccurate, especially for adolescents and furthermore, we used an online survey, and
this could have limited the effects of underestimation because the interviewer cannot view the respondents [32].
Diseases resulting from unhealthy behavior, facilitated
by an unhealthy environment and solicited by commercial interests, are the dominant health problem of the 21st
century. However, there is a clear need to motivate everyone, from young people to adults, so that we can start
an important and radical cultural change [33], especially
in behaviors adopted at a younger age. The model of
drinking we have imported from northern Europe (binge
drinking), must therefore be countered by the most effective means and in the shortest time possible.
Prevention remains the key element to combat this phenomenon. Highly necessary is the collaboration between
families and the school. Indeed, the first signs of discomfort are among the school desks; it would therefore be
very useful to train teachers to intercept this malaise in
order to prevent the consequent possible use of tobacco,
alcohol and drugs in young adolescents. Although this
problem persists enormously on our territory with colossal consequences for the economic, psychic and general
lives of the drinkers, prevention measures are lacking.
Promotion programs, such as vaccination, water potabilization, prevention of HAIs remain the most important
weapons in the hands of public health: it is, therefore,
imperative to establish structured forms of primary and
secondary prevention at territorial level in order to prevent this phenomenon [34-43].
Other possible benefits could come from careful control
policies and health programs, by increasing the taxation
of alcoholic beverages, controlling their sales and sales
hours and reducing the exposure of buyers to alcoholic
beverage advertisements.
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Summary
Introduction. Thinness affects more children and adolescents
than obesity. Thus, the aim of the study is to examine the recent
estimates of thinness and associated risk factors, and to identify
trends in thinness, among Greek schoolchildren.
Methods. Epidemiological study. Population data from the recent
estimates are derived from a school-based health survey polled in
2015 on 336,014 participants aged 4- to 17-years-old. To assess
trends of thinness (1996-2015) we included a total of 300,104
children aged 8- to 9-years-old. Physical activity, dietary habits
and sedentary activities were assessed through self-completed
questionnaires. The gender and age-specific body mass index cutoff points proposed by International Obesity Task Force were used
in order to define weight groups.
Results. Percent 8.4% of girls and 6.5% of boys were thin (all
grades included). The prevalence of thinness decreased with age

more in boys (from 13.8% at 4-years-old to 5.1% at 17-years-old,
p < 0.001), than in girls (from 10.9% at 4-years-old to 8.7% at
17-years-old, p < 0.001). Sufficient dietary habits (OR: 0.87, 95%
CI: 0.77-0.97) and adequate physical activity levels (OR: 0.92,
95% CI: 0.85-0.99) were associated with decreased risk of thinness. Thin schoolchildren performed better in aerobic fitness test
than normalweight ones. Between 1996 and 2015, thinness rates
decreased from 8.0% to 6.5% in boys (p = 0.046) and from 10.6%
to 8.4% in girls (p = 0.036).
Conclusions. Our results suggest that thinness is a significant
overlooked phenomenon. Although the prevalence of thinness
has decreased the last two decades among Greek schoolchildren,
actions need to be taken from public policy makers in order to
establish and maintain a healthy body weight.

Introduction

There is even less data accessible in the scientific literature on the prevalence of thinness among children and
adolescents in Greece [10], while in developed countries
trends in children’s thinness have been scarcely documented [2, 7, 11, 12]. In addition, due to the lack of up to date
data in the literature, research on the issues of factors associated with thinness in schoolchildren deserves further
attention. Moreover, we hypothesized that thinness would
have a negative impact on physical fitness measurements as
compared to normalweight.
The aims of the present study were to: (i) describe the prevalence of graded thinness in Greek children and adolescents aged 4- to 17-years-old, using the three cut-off points
proposed by Cole et al. [13]; (ii) investigate whether there
is an association between lifestyle factors and thinness; (iii)
identify trends in the prevalence of 3 grades of thinness in
the last two decades in nationally representative samples
of 8- to 9-years-old children; and (iv) explore association
between thinness and physical fitness performances.

Thinness among children and adolescents can be described
clinically as the low body mass index (BMI)-for-age [1]. In
2016, 192 million children worldwide were moderate and
severe thin, while, in the same year, 124 million children
worldwide were obese [2]. Thinness has a considerable impact on the health, development and well-being of children
and adolescents which can also extend into adulthood [1].
Specifically, thinness is associated with stunting, menstrual
irregularity, delayed maturation, nutritional deficiencies,
and reduced cognitive capacity [3, 4].In addition, it is connected to frailty in muscular strength and work capacity,
and lessens bone density into later life [1]. The problem
of thinness concerns countries with different levels of socioeconomic status and is attributed to medical, social, and
economic issues [5]. Especially in European countries,
thinness is more prevalent among young females, potentially due to their desire to attain a dreamlike beauty of thinness displayed by fashion industry [6, 7]. Moderate or/and
severe thinness could be a sign of malnutrition attributed to
unhealthy eating behaviors. The factors that make susceptible a child/adolescent to undernutrition or malnutrition are
complicated [8]. Thinness could be an indicator of malnutrition even though thin children and adolescents are not
inevitably undernourished [9].

Methods
Main study (participants)
Data were derived from a nation-wide, school-based
health survey under the auspices of the Ministry of
Education. Anthropometric, physical activity, sedentary
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habits, nutrition, and physical fitness data along with
information on age and sex were collected from March
2015 to May 2015. In total, 336,014 (51% boys) children aged 4- to 17-years-old from pre-elementary (4- to
5-years-old), elementary (6- to 11-years-old) and middle
(12- to 17-years-old) public and private schools agreed
to participate in the study (participation rate was almost
40% of the total population). The working sample was
representative of the entire Greek population(chi-square
p-value as compared to the current sample with the agesex distribution of all Greek areas = 0.93).
Assessment of demographic
and anthropometric measurements
Demographic information of students (e.g., school, class,
gender and date of birth) was obtained from each school
headmaster. Children’s height and weight were measured
in the morning, using a standardized procedure. The exact ages of the participants were calculated from birth and
examination dates. Weight was measured in the standing
upright position with electronic scales with a precision of
100 g. Standing height was determined to the nearest 0.5
cm with the child’s weight being equally distributed on
the two feet, head back and buttocks on the vertical land
of the height gauge. BMI was calculated as the ratio of
body weight to the square of height (kg/m2). Thinness (3
grades) and normal weight children were classified using the International Obesity Task Force (IOTF) age- and
gender-specific BMI cut-off criteria as the most proper
for epidemiologic studies [14]. We used the term thinness, instead of the term underweight in children, which
the World Health Organization (WHO) uses to mean low
BMI for age in children and adolescents. The WHO graded definition of thinness (adult cut-off points of 16, 17 and
18.5 kg/m2 at age 18 years) corresponds to the three cut
offs of thinness in IOTF criteria [1]. Specifically, using the
IOTF age- and sex-specific criteria, the three categories
of thinness were determined, coding grades I, II and III
as cut-offs of 17 < BMI < 18.5 kg/m2, 16 < BMI < 17 kg/
m2 and BMI < 16 kg/m2, respectively. In each school, two
teachers of physical education (PE) performed all anthropometric measurements. PE teachers followed a specific
detailed protocol taught in corresponding seminars held
by the Greek General Secretariat of Sports and followed a
standardized procedure of measurements in order to minimize the inter-rate variability among schools.
Assessment of physical fitness levels
The Euro-fit physical fitness (PF) test battery was used
to evaluate children’s PF levels [15]. The battery consists
of five tests: (a) a multi-stage 20 m shuttle run test (20 m
SRT), to estimate aerobic performance; (b) a maximum
10 × 5 m shuttle run test (10 × 5 m SRT) to evaluate
speed and agility; (c) a sit-ups test in 30 seconds (SUs),
to measure the endurance of the abdominal and hip-flexor muscles; (d) a standing long jump (SLJ), to evaluate
lower body explosive power; and (e) a sit and reach (SR)
test to measure flexibility. All five PF tests were administered during the PE class by trained physical education
professionals.
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Assessment of dietary habits
Participating children’s dietary, physical activity and
sedentary habits were recorded via the use of an electronic questionnaire. It was completed at school with the
presence and assistance of their teachers and/or information technology professors. Students’ dietary habits were
assessed through the KIDMED (Mediterranean Diet
Quality Index for children and adolescents), developed
by Serra-Majem et al. [16]. The total KIDMED score
ranges from 0 to 12 and is classified into three levels: ≥8,
suggesting an optimal adherence to the Mediterranean
diet (MD); 4-7, suggesting an average adherence to the
MD and an improvement needed to adjust dietary intake
to guidelines; and ≤ 3, suggesting a low adherence to the
MD and generally a low diet quality.
Assessment of self-reported physical
activity and sedentary time
Physical activity (PA) patterns were also self-reported.
The questionnaire has been previously used in children
in other large-scale epidemiological studies [17] and
included simple closed-type questions regarding children’s frequency, time and intensity of participation in
(i) school-related PA; (ii) organized sports activities;
and (iii) PA during leisure time. The frequency of all reported PA was multiplied by the minutes of moderate to
vigorous physical activities (MVPA) and then divided
by seven to obtain the mean daily time children engaged
in MVPA. Children who participated in MVPA at least
for 60 minutes per day were considered as meeting the
recommendation for PA [18].
Daily time (in hours) spent in sedentary activities (e.g.
television viewing, use of Internet for non-study reasons,
playing with computer or/and console games) was also
calculated for each student. Students were classified as
sedentary or not, i.e., exceeding (> 2 hours per day) or
not (≤ 2 hours per day) the recommended daily time
spent in sedentary activities [19, 20].
Based on the Consensus Statement of the American
Academy of Sleep Medicine, we classified as meeting
the recommendations of sufficient sleep those children
who were sleeping at least nine hours daily and those
adolescents who were sleeping at least eight hours per
day. Children and adolescents that were sleeping daily
fewer than the number of recommended hours were classified as having insufficient sleep [21].
Trends (1996-2015) of thinness
Population data derived from five waves of a nation-wide
school-based health survey, carried out by the auspices
of the Ministry of Education in 1996, 2001, 2006, 2010
and 2015.Specifically, anthropometric data and information on age, gender, city and area were collected yearly,
between March 1 and June 15, in almost all schools
of Primary Education (roughly 85%); schools that did
not participate were from borderland areas, with small
numbers of children. There were not differences in the
survey methodology as well as measurement methods
across time. Analytical presentation of anthropometric
measurements is described above. The response rates of
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dependent variable was the year of birth. Serial dependency
was evaluated using the partial autocorrelation function; no
autocorrelation was observed for various lags tested. Results are presented as b-coefficient ± standard error (SE).
In order to assess the potential effect of several lifestyle
factors on thinness, binary logistic regression analysis was
implemented and odds ratios (OR) with the corresponding
95% confidence intervals (CI) were calculated. The Hosmer and Lemeshow’s goodness-of-fit test was calculated in
order to evaluate the model’s goodness-of-fit and residual
analysis was implicated using the dbeta, the leverage, and
Cook’s distance D statistics in order to identify outliers and
influential observations. Z-scores were calculated for each
fitness test, by gender. All statistical analyses were performed using the SPSS version 23.0 software for Windows
(SPSS Inc., Chicago, Il, USA). Statistical significance level
from two-sided hypotheses was set at p < 0.05.

participation were similar and the characteristics of the
responders remained consistent, across time. Thus, from
1996 to 2015, a total of 300,104 children 8- to 9-yearsold (51% boys and 49% girls, over 95% of the total student population) participated in the present study.
Ethical approval
Ethical approval for all health surveys was graded by
the Ethical Review Board of the Ministry of Education
and the Ethical Committee of Harokopio University. As
the measurements were included in an obligatory school
curriculum, verbal informed consent by the students was
considered sufficient.
Data analysis
Normality was verified through the Shapiro-Wilk test. Descriptive statistics were expressed as means ± standard deviations. Prevalence of thinness and normal weight was calculated as the ratio of those children belonging in the corresponding class, based on the proposed cut-off points for
BMI by IOTF and divided by the total number of children.
Comparisons of the prevalence between genders were performed using the Pearson’s chi-square test. Furthermore,
simple regression analysis was used to evaluate the trends
of each grade of thinness and in total (with lag 0). The in-

Results
Thinness in 2015 in children and adolescents
Prevalence of thinness (three grades and total) by age
and gender is incorporated in Table I. More girls than
boys aged 4- to 17-years-old were thin (8.4% vs. 6.5%,
p < 0.001). In the whole population, proportions of thin-

Tab. I. Prevalence of thinness grades according to IOTF definitions, by gender and age, in 4- to 17- years-old Greek children.

Age†
Children
4
5
6
7
8
9
10
11
B ± SE per
year change
P for trend =
0.008
Adolescents
12
13
14
15
16
17
B ± SE per
year change
P for trend
All
B ± SE per
year change
P for trend

Grade III (%)

Boys
Grade II (%)

Grade I (%)

Total (%)

Girls
Grade III (%) Grade II (%) Grade I (%)

2.3*
1.1*
0.7
0.7*
0.4*
0.4
0.3*
0.2*

2.4*
2.2*
1.8*
1.4*
1.0*
0.8*
0.7*
0.6*

9.1*
9.3*
7.4*
6.3*
5.5*
4.9*
4.4*
4.7*

13.8*
12.6*
9.9
8.4*
7.0*
6.1*
5.4*
5.5*

1.1
1.3
0.8
0.9
0.6
0.5
0.5
0.5

2.3
2.4
2.0
1.6
1.4
1.2
1.2
1.3

9.0
7.2
7.0
6.8
6.4
5.8
6.1
6.2

10.9
10.9
9.8
9.3
8.4
7.6
7.8
8.0

-0.24 ± 0.06

-0.28 ± 0.03

-0.76 ± 0.10

-1.3 ± 0.15

-0.11 ± 0.02

-0.19 ± 0.03

-0.35 ± 0.09

-0.52 ± 0.08

< 0.001

< 0.001

< 0.001

= 0.003

= 0.001

= 0.008

= 0.014

0.2*
0.2*
0.2*
0.3*
0.2*

0.7*
0.8*
0.7*
0.6*
0.7*

4.5*
4.6*
4.1*
3.6*
3.9*

5.3*
5.6*
5.0*
4.4*
4.8*

0.5
0.5
0.6
0.3
0.3

1.3
1.3
0.9
1.2
1.1

6.6
6.5
5.2
5.9
6.1

8.4
8.4
6.7
7.4
7.5

0.3*

0.5*

4.3*

5.1*

0.5

1.4

6.8

8.7

0.02 ± 0.01

-0.04 ± 0.02

-0.10 ± 0.09

-0.11 ± 0.09

-0.02 ± 0.03

0.01 ± 0.05

0.01 ± 0.16

-0.01 ± 0.20

= 0.188

= 0.104

= 0.302

= 0.293

= 0.414

= 0.910

= 0.931

= 0.979

-0.10 ± 0.03

-0.13 ± 0.2

-0.39 ± 0.06

-0.62 ± 0.11

-0.06 ± 0.01

-0.08 ± 0.02

-0.13 ± 0.05

-0.23 ± 0.06

= 0.004

< 0.001

< 0.001

< 0.001

< 0.001

= 0.001

= 0.02

< 0.001

Total (%)

B: beta; SE: standard error; IOTF: International Obesity Task Force; Thinness Grade III (BMI < 16.0); Thinness Grade II (BMI = 16.0-16.9); Thinness Grade I (BMI
= 17.0-18.49); †Age: completed age, e.g., 4 years = 4.00-4.99 years; * p-value < 0.05 for differences between boys and girls from the same thinness grade.
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ness decreased with age, in both genders (all p-values for
trend < 0.05).The findings regarding the trend of thinness
by gender during childhood and adolescence are presenting in Table I. In childhood, thinness (three grades and
total) rates were decreasing with age, in both genders (all
p-values for trend < 0.05). In adolescence, no significant
differences were observed in thinness rates.
Health behaviors of children/adolescents on
thinness
Data were analyzed only for those children who filled
their questionnaire (177,091 children) from a whole
sample of 232,401 schoolchildren 8- to 17-years-old.In
unadjusted binary logistic regression (normalweight vs.
thinness), adherence to the Mediterranean diet was associated with lower odds of thinness in both genders (Tab.
II, Model 1). After adjusting for potential covariates (e.g.

sleeping hours and screen time), the food habits index,
previously reported remained significantly associated
with thinness, in both genders (Tab. II, Model 2). Additional further adjustment for PA levels holds onto the
same results regarding nutrition habits, while it appears
that adequate PA level was associated with lower odds
of being thin, in both genders. (Tab. II, Model 3). Finally, when PF measurements were added in the analysis
(Tab. II, Model 4), the influence of previous factors did
not changed significantly, while improved performances
in aerobic fitness (20 m SRT) measurements were related to lower probabilities of being thin, in both genders
(all p-values < 0.05). In opposite, better performances
in SLJ, SR and SUs among boys and SR, SUs among
girls were connected to higher odds of being thin (all
p-values < 0.05). Specifically, performances of thin boys
was significantly poorer than normalweight ones on SR

Tab. II. Associations between health behaviors and odds of normalweight vs. thinness, by gender.

Predictors

Model 1
OR (95% CI)

Model 2
OR (95% CI)

Model 3
OR (95% CI)

Model 4
OR (95% CI)

0.875
(0.871-0.880)

0.816
(0.741-0.898)
0.964
(0.963-1.028)
1.018
(0.949-1.092)

0.823
(0.747-0.906)
0.963
(0.902-1.067)
1.025
(0.955-1.100)
0.902
(0.846-0.961)

0.857
(0.760-0.967)
0.931
(0.862-1.006)
1.004
(0.922-1.094)
0.919
(0.850-0.993)
0.924
(0.979-0.989)
1.006
(1.004-1.008)
0.991
(0.979-1.004)
0.973
(0.966-0.981)
0.999
(0.989-0.999)

0.911
(0.844-0.978)

0.908
(0.831-0.993)
0.949
(0.897-1.004)
0.979
(0.916-1.046)

0.909
(0.831-0.994)
0.949
(0.896-1.003)
0.979
(0.916-1.047)
0.912
(0.875-0.960)

0.890
(0.792-0.999)
0.945
(0.880-1.014)
0.963
(0.885-1.048)
0.924
(0.862-0.990)
0.981
(0.977-0.985)
1.009
(1.007-1.012)
1.003
(0.992-1.014)
0.982
(0.986-0.999)
1.000
(0.999-1.001)

Boys
Adherence to the Mediterranean diet (low vs. moderate/high)
Sleeping hours (insufficient vs. sufficient)
Screen time (increased vs. acceptable time)
Physical activity levels (inadequate vs. adequate)
Sit and reach test (per 1cm)
20 meters shuttle run test (per 1 stage)
10x5 meters shuttle run test (per 1 sec)
Sit-ups in 30 seconds (per 1 sit-up)
Standing long jump (per 1 cm)
Girls
Adherence to the Mediterranean diet (low vs. moderate/high)
Sleeping hours (insufficient vs. sufficient)
Screen time (increased vs. acceptable time)
Physical activity levels (inadequate vs. adequate)
Sit and reach test (per 1 cm)
20 meters shuttle run test (per 1 stage)
10x5 meters shuttle run test (per 1 sec)
Sit-ups in 30 seconds (per 1 sit up)
Standing long jump (per 1 cm)

OR: odds ratio; CI: confidence interval;; Model 1: KIDMED index; Model 2: Model 1 + Sleeping status and screen time; Model 3: Model 2 + Physical activity
levels; Model 4: Model 3 + Physical fitness measurements
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Fig. 1. The differences between the physical fitness tests measurements of normalweight boys and girls aged 6- to 17-years-old
as compared to thin ones (IOTF criteria); SR: sit-and-reach; SLJ:
standing long jump; SU: sit up; 10 x 5 m SRT: 10 X 5 m shuttle run
test; 20 m SRT: 20 m shuttle run test. *p < 0.05 for differences
between normalweight and thin.

Trends of thinness (1996-2015)
The trends of thinness (1996-2015) by grades and in total are presented in Table III. Rates of thinness as total
in boys decreased, from 8.0% in 1996 to 6.5% in 2015
(p = 0.036), while a significant decreasing trend per
0.03 ± 0.01% (p < 0.001) per year was observed only in
thinness grade II, the same time period. For girls, a decrease in thinness rates of grade II and in total from 2.2%
to 1.4% (p = 0.01) and from 10.6% to 8.4% (p = 0.046),
was evident between 1996 and 2015.

Discussion

(p < 0.001), SLJ (p < 0.001) and SUs (p < 0.001), while
thin boys outperformed on 20mSRT in comparison to
normalweight (p < 0.05) (Fig. 1). Thin girls presented
better performances in 20 m SRT(p < 0.001), but poorer
in SR and SUs(p < 0.001) than normalweight ones (Fig.
1).There were no significant differences between thin
and normalweight ones in 10 × 5 m SRT test, for both
genders.

The main findings of our study, indicate that: (a) thinness rates seems to decrease in the transitioning from
childhood to adolescence, (b) compliance with recommendations in Mediterranean diet and adequate physical activity levels decreased the odds of thinness, in
both genders, (c) thin schoolchildren performed better
in aerobic fitness test than normalweight ones, and (d)
the trends of thinness the last two decades presented a
significant decrease in both genders.
The current results indicated that the overall prevalence
of thinness was higher in girls than in boys. In general,
the prevalence of thinness among Greek schoolchildren
is similar to countries such as Brazil and Russia, higher
to that in the USA, and lesser than in developing areas
such as south Asia, southeast Asia, China and Africa, on
the basis of the same definitions of thinness (IOTF criteria) [10, 22]. In similar, the mean prevalence of thinness
in girls and boys aged 2-18 years from The Netherlands
in 2009 were 10.1% and 9.5%, respectively [11]. Also,
the presented findings are in line with those of study
among ten European countries (thinness rates equal to
7.2% and 5.4%, in boys and girls, respectively) [23]
and with those of Spanish and United Kingdom children aged 9- to 10-year-old that refereed percentages
9.0% among boys and 9.5% among girls (IOTF criteria) [12, 24].Potentially, dieting with advanced age, particularly in adolescent girls, might be an explanation for
the higher prevalence of thinness among girls.
Thinness rates in the transitioning from childhood to
adolescence seem to significantly decreased, in both
genders. The finding that thinness in schoolchildren

Tab. III. Trends (1996-2015) of thinness (3 Grades) among boys and girls 8- to 9-years-old.

Boys
Grade III (%)
Grade II (%)
Grade I (%)
Total (%)
Girls
Grade III (%)
Grade II (%)
Grade I (%)
Total (%)

1996
(n = 61995)

2001
(n = 65332)

2006
(n = 71227)

2011
(n = 60251)

2015
(n = 41299)

B±SE per
year change

P for trend

0.7
1.5
5.7
8.0

0.8
1.4
5.7
7.9

0.7
1.3
5.9
7.9

0.5
1.1
5.5
7.1

0.4
0.9
5.2
6.5

-0.01 ± 0.01
-0.03 ± 0.01
-0.02 ± 0.02
-0.08 ± 0.02

0.379
0.010
0.249
0.036

1.0
2.2
7.4
10.6

1.5
2.3
6.8
10.6

1.1
1.9
6.7
10.7

0.9
1.7
6.5
9.1

0.6
1.4
6.4
8.4

-0.03 ± 0.02
-0.05 ± 0.01
-0.05 ± 0.01
-0.13 ± 0.04

0.181
0.010
0.032
0.046
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is declining across age has been reported and elsewhere [12, 25, 26]. Furthermore, results in schoolchildren from 10 European countries and the USA refereed
increased prevalence of thinness in younger schoolchildren compared to older ones [7].
To our knowledge, this study is the first to examine the
association of thinness with several modifiable lifestyle
factors simultaneously. Adequate dietary habits and PA
levels related to decreased risk of being thin among
Greek children and adolescents. Thin children are more
prone to poor dietary habits (e.g. dislike of fish, vegetables, legumes etc.) compared to normalweight counterparts [27]. An unbalanced diet could be a reason of malnutrition, which is related to holdup in somatic growth
and development among children [28]. Thin children
may consume fewer dietary nutrients such as minerals
and vitamins that are required for optimal health [29].
Moreover, increase in PA levels with the adequate energy and protein intake can promote children’s healthy
body composition [30].
The relationships between thinness and physical fitness
are less well investigated. Our results indicated that thin
children performed poorer than normalweight ones on
SU, SLJ and SR tests, but better on 20 m SRT. Previous study of our laboratory in 8- to 9-years-old children revealed that underweight children (IOTF criteria)
had better performances on 20 m SRT as compared to
normalweight ones [31]. In accordance, study among
10,285 children shown that underweight children performed better on 20 m SRT than normalweight ones
(p = 0.017) but poorer on SU and SLJ tests [32]. Also,
thin children aged 6- to 18-years-old from Mozambique
performed worse in absolute strength tests, better in endurance tests, and equally in agility test, as compared
to normalweight group [33]. In contrast, Malina et al.,
did not found significant differences between stunted
(z-score below -2.00) and normalweight children aged
6- to 13-years-old in the distance covered in 8 to 12 min
runs [34]. Potentially, the lower weight of thin children
could be an advantageous parameter for aerobic fitness
performance, especially for weight-bearing physical activities like running.
In our study thinness rates were decreasing steadily
between 1996 and 2015. Globally, the prevalence of
moderate and severe thinness decreased from 9.2% to
8.4% between 1975 and 2016 in girls and from 14.8%
to 12.4% in boys, the same time period [2]. In line, data
regarding the trends of thinness during childhood has
been shown a decline in the USA, Brazil, China and
The Netherlands [11, 22]. Furthermore, study included
adolescents from ten European countries and the USA,
indicated that the prevalence of thinness has declined in
almost all countries from 1998 to 2006 [7].
Our study has several strengths. It was conducted in a
wide age-range group and examined several anthropometric and lifestyle factors. Furthermore, primary and
secondary education is compulsory in Greece and, therefore, we were able to study a great proportion of 4- to
17-years-old children and adolescents.
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Limitations of the present study include methodological issues and the fact that potential confounding factors
(e.g. genetic factors, socioeconomic status, sexual maturation, etc.) have not been evaluated. In addition, information on the health status of the schoolchildren (e.g.
infectious disease) has not been assessed. Dietary habits,
physical activity and sedentary time status are based on
self-reported data that could be subject to socially desirable reporting bias.

Conclusions
Despite the previously mentioned limitations, our results
revealed that almost 7.5% of schoolchildren population was thin, while thinness rates in both genders were
transitioning at more favorable levels from childhood
to adolescence. Poor dietary habits and inadequate PA
levels were associated with increased risk of thinness.
Thin schoolchildren presented better performances in
aerobic fitness test than normalweight ones. The trends
of thinness the last two decades showed a significant
decrease. This study suggests that health actions should
be adopted for the treatment of thinness, with emphasis
in primary caregivers of children who can support and
establish behaviors to achieve and maintain a healthy
weight for the child.
Supplementary Table (Tab. SI).
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Tab. SI. Anthropometric indices (means ± SE) of population by gender and age.

Age†
4
5
6
7
8
9
10
11
12
13
14
15
16
17
P for trend
†

Boys
N
3157
4550
11361
21034
21159
21387
21162
19875
16349
8515
7635
6273
3695
2358

Height (cm) Weight (kg) BMI (kg/m2)
107.9 (5.0)*
18.7 (2.8)*
16.0 (1.9)
113.1 (5.4)*
20.8 (3.8)*
16.3 (2.1)*
120.0 (5.6)*
24.0 (3.7)*
16.4 (2.4)*
125.1 (5.8)*
26.6 (5.5)*
16.9 (2.6)*
131.4 (6.0)*
30.4 (6.7)*
17.6 (3.0)*
136.9 (6.4)*
34.5 (8.0)*
18.3 (3.3)*
142.1 (6.8)*
38.5 (9.0)*
18.9 (3.5)*
147.3 (7.1)*
43.2 (10.2)*
19.6 (3.6)*
153.7 (7.9)*
47.5 (11.3)*
20.1 (3.8)*
160.5 (8.7)*
54.0 (12.9)*
20.7 (3.9)*
167.4 (8.5)*
60.5 (13.6)*
21.4 (3.9)*
172.5 (7.5)*
65.2 (13.1)*
21.8 (3.8)*
175.5 (7.0)*
69.3 (13.0)*
22.5 (3.8)*
177.0 (7.1)*
72.0 (13.2)*
22.9 (3.7)*
< 0.001
< 0.001
< 0.001

Girls
N
3091
4477
11139
21165
20140
20524
20424
18910
15465
7819
6734
5425
3413
2228

Height (cm) Weight (kg) BMI (kg/m2)
106.6 (5.1)
18.3 (2.8)
16.0 (1.9)
111.8 (5.3)
20.2 (3.7)
16.1 (2.2)
118.8 (5.5)
23.3 (4.6)
16.4 (2.4)
124.1 (5.8)
26.0 (5.3)
16.8 (2.6)
130.0 (6.1)
29.7 (6.5)
17.4 (3.0)
135.6 (6.5)
33.7 (7.7)
18.1 (3.2)
141.8 (7.7)
38.0 (8.9)
18.7 (3.4)
148.4 (7.6)
43.0 (9.9)
19.3 (3.6)
154.8 (7.4)
47.9 (10.6)
19.9 (3.6)
159.2 (6.7)
52.1 (10.8)
20.5 (3.7)
162.0 (6.2)
55.6 (10.5)
21.2 (3.6)
163.2 (6.1)
57.5 (10.2)
21.6 (3.5)
164.2 (6.3)
58.9 (10.4)
21.8 (3.5)
164.7 (6.3)
60.1 (10.8)
22.1 (3.6)
< 0.001
< 0.001
< 0.001

Age: completed age, e.g., 4 years = 4.00-4.99 years; * p-value < 0.01 between boys and girls; BMI: Body Mass Index.
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Summary
Introduction. The regional healthcare system of the Lombardy
Region pay great attention to monitoring the effectiveness and
quality level with which its services.The aim of this paper is to
describe the method adopted by the Lombardy Region to create a
governance tool for the healthcare system that would be applied
within hospitals to create value at financial-economic level, to
achieve continuous quality improvement and to increase patient/
customer satisfaction levels. It was called: Piano Integrato del
Miglioramento dell’Organizzazione (PIMO), i.e. Integrated Plan
for Hospital Improvement.
Metods. The approach for the definition of the PIMO was based
on: the Plan Do Check Act methodology; the management

requirements introduced by the UNI EN ISO 9001:2008 and UNI
EN ISO 9004:2005 standards; the regulations and indications
made for the Public Administration; the Guidelines for planning
and monitoring improvement proposed by the CAF (Common
Assessment Framework).
Results. The evaluation of the scores for all the health structures
shows a good level of quality and qualifies PIMO as a strategic
tool for hospitals.
Conclusions. It will be necessary to allow this tool to operate for
some time in order to make an overall assessment of the results
achieved.

Introduction
A solution to provide quality health care in an efficient
way that has proved effective, especially at higher decision-making levels, is performance management [1].
The cardinal element of performance management is the
quality improvement in order to promote the best possible quality level [2].
One of the most widespread strategies for the pursuit of
a quality improvement is the creation of accreditation
and performance monitoring systems. Examples of performance monitoring systems in hospitals are the Joint
Commission on Accreditation of Healthcare Organization (JCAHO) [3] and the Australian Council of Healthcare Standards (ACHS) [4].
Since 1997, with the recommendation n. R 97.17 “On
the development and activation of systems for the improvement of the quality of healthcare”, adopted on 30
September 1997, Europe recommends a higher quality
of the health system for all Member States and the presence of an improvement system that is known and understood by all [5].
Despite this, in Europe hospital performance monitoring
seems a relatively new sector in the field of healthcare
sciences and hospital management [6].
In 2005, a project named PATH (Performance Assessment Tool for quality improvement in Hospitals) was
promoted by the WHO Regional Office for Europe. Its
goal was to develop a framework for performance monitoring and quality improvement in hospitals by creating
and developing a set of monitoring indicators [7, 8].

This project involved several States and it aimed to improve the quality of their services, in their public healthcare departments. A network system was developed to
facilitate exchange of information, to identify best practices and to pinpoint key elements in the monitoring/accreditation programmes [9].
With the entry into force of Directive 2011/24/EU concerning cross-border healthcare, it has become essential
to monitor the quality of individual structures so that the
patient has guarantees concerning the quality of the facilities present in the different Member States [10].
Since 1978, Italy has organized a public national healthcare service based on availability to all (universal). Various subsequent laws have introduced reforms that have
gradually established the concept of company-style
management [11, 12]. Starting from the end of the last
century a strong trend towards decentralization has led
to an increasingly regional basis for the provision of
healthcare services; the result has been that healthcare
services have been organized and managed in very different ways from one region to another, but the principle
of a national health service was not denied.
The regional healthcare system of the Lombardy Region, in Northern Italy, was approved in 1997. From its
inception, it pays great attention to monitoring the effectiveness and quality level with which the services were
provided [13].
The Lombardy Region aimed to adopt a governance tool
for the healthcare system that would be applied within
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A TOOL FOR IMPROVING QUALITY IN HOSPITAL

hospitals to create value at the financial-economic level,
to achieve quality improvement in the internal processes.
The aim of this paper is to describe the results of the
self-assessment checklists filled twice a year by all the
healthcare structures of the Lombardy region in the years
2016 and 2017 to monitor their quality improvement.

Methods
This tool was created by the clinical and research healthcare facilities themselves through the organization of
work groups and applying a bottom up logic within a
system that had acquired, over the years, solid experience in relation to Quality Improvement.
The structures themselves named the project Piano Integrato del Miglioramento Ospedaliero (PIMO), i.e. Integrated Plan for Hospital Improvement.
PIMO project is directed to all healthcare facilities, public and private, accredited and contracted within the
Regional Health Service, in particular the main objective
of PIMO is to highlight the priorities for improving the
quality of each organizations fixing medium and longterm strategic objectives [14].
The self-assessment check list of the PIMO of the single health structure is collected in a regional database
(after the approval by the health structure’s Strategic Direction), so this is an important monitoring tool also for
the Region (as well as for the single structure and for
territorial level).
The self-assessment checklist has 17 areas with 85 standards and 370 items (Tab. I).
For each item there are 6 possible scores:
• 1 (systematic application);
• 0.75 (applied everywhere);
• 0.5 (applied in part);
• 0.25 (applied in experimental or initial phase);
• 0 (not applied);
• NA (Not Applicable).
For documental items there are four scores:
• 1 (document prepared according to the content of the
item);
• 0.5 (document partially respects the expected contents);
• 0 (no document);
• NA (Not Applied)..
The Regional Health Authority of Lombardy provided
data of 4 self-assessment checklists (first semester of
2016, second semester of 2016, first semester of 2017
and second semester of 2017) for all the healthcare
structures who took part in the project in the considered
period (ASST (Aziende Socio Sanitarie Territoriali,
i.e. hospital and community trusts), IRCCS (Istituto di
Ricovero e Cura a Carattere Scientifico, i.e. Scientific
Institute for Research and Healthcare), and private structures).
We had not the possibility to access to the dataset of each
structure collected by Lombardy Region. We could only
use information provided by the report of Lombardy region. The reports available contained only graphical rep-
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resentation of data and, in particular, we decided to use
histograms with the following information:
• the average value of self-assessment for each type of
structures (IRCCS, ASST and private structures) in
the two semesters of 2016 and 2017;
• the percentages of zero responses for each area for
the first and the second semesters of 2016 and 2017.
In this case it was not possible to distinguish between
structures because in the histogram there was not a
distinction between different types of structures, but
the data was aggregated for information of interest;
• the average value of self-assessment checklists for
each type of structures (IRCCS, ASST e private
structures) for each area in the two semesters of 2016
and 2017.
Data were synthesized by the average value for selfassessment checklists of each type of healthcare structures, the zero percentage responses for each area and,
for each semester and the number of areas in which the
type of structures obtained a higher value respect to the
other structures for the same area. Moreover, we made
differences about the second and the first semester of
the same year and the first and the second semester of
different years about the zero percentage responses for
each area. We also made difference from the second and
the first semester of the same year for the average value
of self-assessment for each type of structures.
To obtain numerical values needed for the descriptive
statistical above cited, for each histogram, the average
values of self-assessment for each type of structures, the
percentages of responses with a value of zero per area of
interests and the average values of self-assessment for
each institution was obtained through the program “PDF
Xchange Viewer” (Tracker Software) [15].
In particular the program measurement tool allowed to obtain the height of the bars of the histogram, from which
the value of the average or of the percentage was obtained
thanks to a proportion with the measurement of a tick
marks.
In this study, even considering the available data, only
descriptive statistic was made, as the population was
considered as the set of health structures that were interested by the PIMO in the considered period.
The analyses with numerical data (obtained from histograms as described above) were carried out using R
(ver. 3.5.1, R: A Language and environment for statistical computing, R Foundation for Statistical Computing,
Vienna, Austria) and KNIME (KNIME Analytics Platform, ver. 3.5.3, KNIME AG, Zurich, Switzerland).

Results
In Lombardy Region there are 27 ASST and 4 IRCCS
and 86 private hospitals. For all type of healthcare structures, it was possible to evaluate the results of the 4 selfassessment checklists for the years 2016 e 2017.
Table II presents the average value of ASST, IRCCS and
private structures for each semester of 2016 and 2017;
the percentage of zero responses for each area for each
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Tab. I. The 17 areas of the self-assessment checklist

Acronym
AAC
AAS

ACA

CCC
DCR
DIM
EPF
IDP
OBI

PDC
PGF

PGM

PVP
QDP

SDI
SML
TDP

Area
Anaestheesiological and
surgical assistance
Acquisition of
equipment and
supervision of contracts
Access to care and
assistance services

Standards
Sedation; anesthesia; surgical planning; surgery; post-operative care

Appropriate use of equipment, devices and medications recommended by professional
associations or, alternatively, by other authoritative sources; contracts for services entrusted
to external persons
Screening and reception; Patient acceptance and hospitalization process and management
of ambulatory patients; evaluation of patients with urgent needs; linguistic, cultural and
structural barriers; Access criteria and transfer to intensive care units
Coordination and
Coordination of care for clinical-assistance continuity; sharing of clinical and assistance
continuity of care
information
Clinical and rehabilitative Patient’s medical record; contents of the patient’s medical record; health documentation
documentation
checks; symbols codes and definitions
Discharge area
Appropriate discharge of the patient; territorial network; discharge letter; follow-up
instructions
Education of patients
Assessment of each patient’s educational needs and registration; essential areas of the
and family
educational process
Information and rights
Protected categories; patient information and informed consent; privacy and confidentiality
of the patient
International goals for
Identification of the patient; telephone and verbal communications; management of highpatient safety
risk drugs; safe surgery; prevention of infections related to care practices; prevention and
management of damage resulting from falls
Care process
Planning of care and assistance; planning rehabilitation treatment; care for high risk
patients; high risk processes; pain management
Drug management
Prescription and transcription of drugs: policies and procedures; requirements and
process
criteria for acceptability of drug therapy prescriptions; the organisation identifies qualified
professionals who are authorized to prescribe or order drugs; Registration of prescription
and administration of drugs; drug preparation management; authorization to administer
drugs; management of drug administration; regulation of self-administration of drugs and
samples of medicinal specialities; monitoring and measurement of the effects of drugs on
the patient; LASA drugs (look-alike drugs)
Management process
Development and dissemination of documentation; plan for the improvement of
for improving the
the organization and its realization; communication and feed back to the staff about
organization
information on improvement; monitoring and control activities and data analysis; guidelines
for clinical practice and clinical pathways to guide clinical care; key indicators to monitor
the structures, the processes,and the clinical and managerial, processes and outcomes;
management of sentinel event; reporting and management of near misses and adverse
events; analysis of trends and unwanted variations; planning of information requirements
Patient Assessment
Initial evaluation of the patient; timeliness of the initial evaluation process; personalized
Process
evaluations; presurgical evaluations; resignation planning; patient revaluation
Qualification of the staff Plan of the organic amenities; the responsibilities of each member of staff are defined in
an updated document (job description); insertion of the newly-hired or newly-assigned
person and his evaluation; evaluation of managerial staff; evaluation of the operators
belonging to the health professions and the technical administrative area; personal file;
credentials: degree of study and qualifications;training in the techniques of emergency
cardiopulmonary resuscitation; training, updating and development of skills
Diagnostic services
Pre-diagnostic phase; diagnostic phase and refertation
through images
Pre-analytical phase; quality controls; analytical phase; post-analytical phase
Laboratory medicine
services
Patient transfer
Patient transfer; suitability of the receiving structure; transfer letter; monitoring during the
transfer; documentation of the transfer process; transport service of patients

semester of the considered periods is presented in Table
III.
The biggest difference between the second and the first
semesters of the 2016 was for the area PVP (patient assessment process), with -1.039% of answers with value
zero, so in the second semester of 2016 the quality of
this area increased respect to the first semester of 2016
(Tab. III). The other areas that in the second half of 2016
increased their quality were: DIM (discharge area), CCC
(coordination and continuity of care), OBI (international

goals for patient safety), AAS (acquisition of equipment
and supervision of contracts), IDP (information and
rights of the patient) and AAC (anaestheesiological and
surgical assistance) (Tab. III). For PDC (care process)
the percentage of responses with zero value was the same between the first and the second semester of 2016.
In the other areas the percentage of zero-responses score
increased between the first and the second semester of
2016 (Tab. III).

E396

A TOOL FOR IMPROVING QUALITY IN HOSPITAL

Tab. II. The average value for self-assessment checklists of each type of healthcare facility.

ASST
IRCCS
Private structures

I sem. 2016
0.891
0.91
0.887

II sem. 2016
0.878
0.881
0.880

I sem. 2017
0.858
0.883
0.879

II sem. 2017
0.855
0.884
0.882

The average value for self-assessment checklists for each type of healthcare facility (ASST (hospital and community trusts), IRCCS (Scientific Institute
for Research and Healthcare) and private structures) for each semester (I sem.2016 (first semester of 2016), II sem.2016 (second semester of 2016), I
sem.2017 (first semester of 2017), II sem.2017 (second semester of 2017)).

Tab. III. The zero percentage responses for each area.

Area
AAC
AAS
ACA
CCC
DCR
DIM
EPF
IDP
OBI
PDC
PGF
PGM
PVP
QDP
SDI
SML
TDP

I sem. 2016 (%)
0.615
1.231
1.154
1.615
0.423
4.423
1.423
1.769
1.385
0.692
1.038
2.115
2.962
3.5
2.615
0.462
3.423

II sem. 2016 (%)
0.5
0.962
1.5
1.192
0.538
3.808
1.577
1.615
1.115
0.692
1.115
2.423
1.923
4.154
2.961
0.538
3.577

I sem. 2017 (%)
0.769
1.308
2.154
2.846
1.077
4.538
2.615
2.423
1.615
1.154
1.346
2.962
2.769
4.654
5.192
1
5.577

II sem. 2017 (%)
0.731
1.308
2.538
3.5
0.962
4.654
2.577
2.423
1.577
1.077
1.038
3.346
2.577
5.423
5.538
1.192
6.192

The zero percentage responses for each area for each semester. For the explanation of the acronyms of the areas see Table I. I sem. 2016 (first semester
of 2016), II sem. 2016 (second semester of 2016), I sem. 2017 (first semester of 2017), II sem. 2017 (second semester of 2017).

Between the second and the first semester of 2017 the
biggest difference was for the area PGF (drug management process) (-0.308%), so in the second semester of
2017 the quality increased for this area, respect to the
first semester of 2017. The other areas that in the second
half of 2017 increased their quality were: PVP (patient
assessment process), DCR (clinical and rehabilitative
documentation), PDC, EPF (education of patients and
family), AAC and OBI.
For AAS and IDP the percentage of responses with zero
value was the same between the first and the second semester of 2017. In the other areas the quality decreased
between the first and the second semester of 2017.
The biggest difference between the first semester of
2017 and the first semester of 2016 was for PVP (patient
assessment process) area (-0.193%), so in the first semester of 2017 the quality was better. For all other areas
there was a decrease in quality in the first semester of
2017 compared to the first semester of 2016.
The only area where there was an improvement in the
quality from the second semester of 2017 compared to
the second semester of 2016 was the PGF. For the other
areas there were a decrease in the level of hospital quality.
In the first semester of 2016, for 9 areas out of 17 the
highest score (compared to the scores of the other type
of structures in the same period for the same area) was
for IRCCS structures, for 6 areas it had been registered
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for private structures and for 2 areas was detected for
ASST.
In the second semester of 2016, for 8 areas out of 17 the
highest recorded score (compared to the scores of the
other type of structures in the same period for the same
area) was for private structures, for 4 areas was detected
for IRCCS, for 3 areas it has been registered for ASST;
for 1 area the highest average score was found to be the
same between IRCCS and ASST and for 1 area out of 17
the maximum recorded score was found to be the same
between private structures and IRCCS.
In the first semester of 2017, for 8 areas out of 2017 the
highest recorded score (compared to the scores of the
other type of structures in the same period for the same
area) was for IRCCS, for 7 areas it has been registered
for private structures, for 1 area was detected for ASST;
for 1 area the highest average score was found to be the
same between private structures and IRCCS.
In the second semester of 2017, for 9 areas out of 2017
highest recorded score (compared to the scores of the
other type of structures in the same period for the same
area) was for private structures, for 7 areas was detected
for IRCCS, for 1 area it has been registered for ASST.
In the second half of 2016 there was the decrease of
all the scores for all the structures compared to the
first half of the same year, and the biggest difference
was for IRCCS structures. In 2017 it was the same
for the ASST, but the average of the scores of IRCCS
structures and the average of the private structures
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increased from the first to the second semester of the
considered year; the increase was greater for the private
structures (Tab. II).

Discussion
The checklist as a self-assessment tool makes possible to
identify most of the areas which need a plan of quality
improvement that enable the standards to be achieved. It
is worth emphasizing that the checklist is not merely a
set of standards to be monitored: it is a planning tool. It
should be conceived and implemented to bridge the gap
between medium/long-term strategic decisions and the
implementation tools which are, as of now, principally
aimed at the short-term. Its planning function, unlike
other tools, it could overcome certain limits/risks linked
to the introduction of management performance systems, such as tunnel vision and compliance mood, since
it steers the unit’s attention towards finding answers
to its needs [16]. It encourages healthcare facilities to
identify long-term goals as well as short-term ones, so it
could overcome the risk of short-sightedness. The scores
differences looking at the same year or at the trend in the
two years might be explained with the meetings of the
working group and with their attempts to make comparable their scores. Also some peculiarities of the national
and regional health services might explain some differences and trends, for example IRCCS must be certified
to obtain Ministry of Health fundings and private structures try to be appeal for patients and increase the level
of their services.
In any case, the goal of this approach of the Lombardy
Region has been achieved as all the health structures involved have shown that they take into great consideration the level of quality of their services. It is worth to
underlines some limitations of this study:
• the tool we describes has only two years of life and
for this reason we propone our results as preliminary
ones;
• the tool we presented need for its application of a
health service with a quality background it is not feasible to be used as the starting method to implement
quality improvement.
It si quite strange in the international scenario that the
quality improvement starts from a single health regional
service but it should be read looking at the organization
of the Italian National Health Service which in 1992 and
1993 allowed the single Regional Authorities to organize their health service complying with the National
one [17, 18].
The are many types of quality improvement tools because they must manage the specific health service organization as happened in the Lombardia Regional Health
Authority also in many other Countries the quality improvement used different strategies the most succeful
are the ones able to involve all the staff and the leadership [3-5].

Conclusions
In response to the increased attention towards quality, many Countries have developed improvement programmes based on both an external auditing approach,
such as accreditation systems, and an internal assessment
approach, such as self-assessments and plans merging
both strategies, such as indicator-based systems.
Starting from the standards proposed by the accreditation systems, performance monitoring programmes
based on specific indicators have often been created.
The process presented is the result of experience gained
by the Lombardy region from 2010 onwards in the performance monitoring all the healthcare facilities both
public and private.
This tool was created by the clinical and research healthcare facilities themselves through the organization of
work groups and applying a bottom up logic within a
system that had acquired, over the years, solid experience in relation to Quality Improvement.
The checklist as a self-assessment tool makes possible to
identify most of the areas which need a plan of quality
improvement that enable the standards to be achieved.
The internal monitoring system enables control of all
areas and processes and identification of areas for improvement.
It is worth emphasizing that the checklist is not merely a
set of standards to be monitored, it is a planning tool. It
should be conceived and implemented to bridge the gap
between medium/long-term strategic decisions and the
implementation tools which are, as of now, principally
aimed at the short-term. Its planning function, unlike
other tools, it could overcome certain limits/risks linked
to the introduction of management performance systems, such as tunnel vision and compliance mood, since
it steers the unit’s attention towards finding answers to
its needs.
It encourages healthcare facilities to identify long-term
goals as well as short-term ones, so it could overcome
the risk of short-sightedness.
The methodology used to support these activities responds to the need to involve first and foremost the Regional Government in drawing up programmes for quality improvement, in order to ensure consistency between
the activities undertaken and the needs of the system,
involving the healthcare providers directly in proposing
ways to improve the systems for which they are responsible. Sharing knowledge is a cardinal aspect at both
healthcare unit and regional levels. This latter has created a dedicated network that will continue to support the
improvement process. Quality improvement, especially
in the healthcare field, requires multiple approaches, often in apparent contradiction with one another, strong
leadership combined with a sense of participation, orientation and control, but also flexibility in implementing
actions on the basis of local needs, and a willingness to
learn from feedback that is constructively critical of the
services provided.

E398

A TOOL FOR IMPROVING QUALITY IN HOSPITAL

Declarations
Ethical approval and consent to partecipate - not applicable.
Consent form - not applicable.
Availability of data and materials - Data used for this paper were given to the authors by the regional authorities
and Dr Maurizio Bersani and Elisabeta Brivio controlled
they were used correctly. Data are about the results of
the check lists of all the health structures of the Lombardia region for the year 2016 and 2017.

Acknowledgements
All the authors would like to thank very much Maria
Aloia.
Funding sources: this research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.

Conflict of interest statement
The authors declare no conflict of interest.

Authors’ contributions
MN, SC and RS designed the study EL anlysed and evaluated data, EB and MB revised the manuscript. All the
author approved the final version
References
[1]

[2]

[3]

[4]

[5]

Dilley JA, Bekemeier B, Harris JR. Quality improvement interventions in public health systems: a systematic review. Am
J Prev Med 2012;42(Suppl 1):58-71. https://doi.org/10.1016/j.
amepre.2012.01.022
Beitsch LM, Yeager VA, Moran J. Deciphering the imperative: translating public health quality improvement into organizational performance management gains. Annu Rev Public
Health 2015;36:273-87. https://doi.org/10.1146/annurev-publhealth-031914-122810
The Joint Commission. What is accreditation? https://www.
jointcommission.org/accreditation/accreditation_main.aspx
(2018). Accessed 3 September 2018.
The Australian Council on Healthcare Standards (ACHS). Programs & Services. https://www.achs.org.au/programs-services/
(2018). Accessed 3 September 2018.
Consiglio d’Europa, Raccomandazione N. R (97) 17 del Co-

mitato dei Ministri agli Stati Membri. Sullo Sviluppo e l’attivazione di Sistemi di Miglioramento della Qualità (SMQ)
dell’Assistenza Sanitaria” (i.e. “On the Development and activation of healthcare quality improvement systems (SMQ)”). Adottato dal Consiglio dei Ministri il 30 settembre 1997 alla 602°
riunione dei Ministri. http://www.salute.gov.it/imgs/C_17_pubblicazioni_28_allegato.pdf (p.8). Accessed 31 October 2018.
[6] Groene O, Skau JK, Frølich A. An international review of projects on hospital performance assessment. Int J Qual Health Care
2008;20:162-71. https://doi.org/10.1093/intqhc/mzn008
[7] National Center for Quality Assessment in Health Care, WHO
Collaborating Centre for Development of Quality and Safety in
Health Systems. PATH Performance Assessment Tool for Quality Assessment in Hospital. http://www.pathqualityproject.eu/
what_is_path.html (2018). Accessed 20 August 2018.
[8] Shaw CD, Groene O, Botje D, Sunol R, Kutryba B, Klazinga N,
Bruneau C, Hammer A, Wang A, Arah OA, Wagner C; DUQuE
Project Consortium.. The effect of certification and accreditation on quality management in 4 clinical services in 73 European hospitals. Int J Qual Health Care 2014;26(Suppl 1):100-7.
https://doi.org/10.1093/intqhc/mzu023
[9] Brewer RA, Joly B, Mason M, Tews D, Thielen L. Lessons learned from the multistate learning collaborative. J
Public Health Manag Pract 2007;13:388-94. https://doi.
org/10.1097/01.PHH.0000278033.64443.2a
[10] Directive 2011/24/EU of the European Parliament and of the
Council of 9 march 2011 on the application of patients’ rights
in cross-border healthcare. Official Journal of the European
Union, 4/4/2011, L 88/45.
[11] Legge 23 dicembre 1978, n. 833: Istituzione del servizio sanitario nazionale, GU n.360 del 28-12-1978, Suppl. Ordinario.
[12] D. Lgs 19 giugno 1999, n. 229. Norme per la razionalizzazione
del Servizio Sanitario Nazionale, a norma dell’articolo 1 della
legge 30 novembre 1998, n. 419. Gazzetta Ufficiale n. 165 del
16 luglio 1999 - Supplemento Ordinario n. 132.
[13] Legge Regionale 11 luglio 1997, n. 31. Norme per il riordino
del servizio sanitario regionale e sua integrazione con le attività
dei servizi sociali. BURL n. 28, 2° suppl. ord. del 11 Luglio
1997, urn:nir:regione.lombardia:legge:1997-07-11;31.
[14] Regione Lombardia, BOLLETTINO UFFICIALE, Serie Ordinaria n. 25, Lunedì 15 giugno 2015, Allegato 1,Programma
Integrato di Miglioramento dell’Organizzazione.
[15] Xchange PDF, version 2.5.322.6, Tracker Software Products, web
site: www.trackersoftware.com/product/pdf-xchange-viewer.
[16] Dixon-Woods M, McNicol S, Martin G. Ten challenges in improving quality in healthcare: lessons from the Health Foundation’s
programme evaluations and relevant literature. BMJ QualSaf 2012;
21:876-84. https://doi.org/10.1136/bmjqs-2011-000760
[17] Decreto Legislativo 30 dicembre 1992, n. 502.Riordino della
disciplina in material sanitaria, a norma dell’articolo 1 della
legge 23 ottobre 1992, n. 421.
[18] Decreto Legislativo 7 dicembre 1993, n. 517.Modificazioni al
decreto legislativo 30 dicembre 1992, n. 502, recante riordino
della disciplina in materia sanitaria, a norma dell’articolo 1
della legge 23 ottobre 1992, n. 421.

Received on May 25, 2019. Accepted on September 26, 2019.
Correspondence: Silvana Castaldi, Dept Biomedical Science for Health, University of Milan, Section of Public Health, Fondazione IRCCS
Ca’ Granda OMP, Quality Unit, via Pascal 36, 20133 Milan, Italy - Tel +39 02 55038342 - Fax +39 02 55033144 - E-mail: Silvana.castaldi@
unimi.it – silvana.castaldi@policlinico.mi.it
How to cite this article: Nobile M, Luconi E, Sfogliarini R, Bersani M, Brivio E, Castaldi S. Regione Lombardia: a tool for improving quality in hospitals. J Prev Med Hyg 2019;60:E394-E399. https://doi.org/10.15167/2421-4248/jpmh2019.60.4.1298
© Copyright by Pacini Editore Srl, Pisa, Italy
This is an open access article distributed in accordance with the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which permits others
to distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly
cited, appropriate credit is given, any changes made indicated, and the use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

E399

OPEN ACCESS

J PREV MED HYG 2019; 60: E400-E406

Original article

The prevalence and predictive factors of somatization
and its relationship with anxiety and depression
in Iranian population
B. GARRUSI1, M. DANAEI2, R. ABOOSAEIDI3
Neuroscience Research Center, Institute of Neuropharmacology, Kerman University of Medical Sciences, Kerman, Iran; 2 Department
of Community Medicine, Social Determinants of Health Research Center, Institute for Futures Studies in Health, Kerman University of
Medical Sciences, Kerman, Iran; 3 Department of Community Medicine, HIV/STI Surveillance Research Center, WHO Collaborating
Center for HIV Surveillance, Institute for Futures Studies in Health, Kerman University of Medical Sciences, Kerman, Iran

1

Keywords
Somatoform disorders • Anxiety • Depression • Prevalence • Risk factors

Summary
Introduction. Today mental disorders are important concerns
of health care system in all countries. Among different mental
disorders; depression, anxiety, and somatization are more frequent. This manuscript was conducted to evaluate the frequency
of somatization symptoms, its related factors and the correlation
between somatization symptoms and anxiety and depression disorders in Iranian population.
Methods. The cross-sectional study was conducted in Kerman, Iran,
2017. Participants were selected from patients who referred to the
Clinics of Educational Hospitals using convenience sampling method.
The PHQ-15 and HADS questionnaire were used to assess the somatization and depression and anxiety, respectively. The univariate and
multivariate logistic regression was used to determine the predictive
factors of somatization symptoms. The correlations between each
PHQ-15 item score and anxiety and depression score were expressed.

Results. The frequency of mild, moderate and severe levels of
somatization was 66.3%, 20.5% and 13.1%, respectively. Considering multivariate logistic regression analysis; age was associated with somatic symptoms, significantly. The risk of somatic
symptoms was 3.4 times more in Divorced/Widowed participants
than single ones (p-value: 0.035). There were significant positive
correlations between anxiety and depression scores. Each additional score of anxiety and depression were associated with 1.14
times more likely (p-value: < 0.001) and 1.11 times less likely
(p-value: 0.003) of having somatic symptoms, respectively.
Conclusion. The burden of somatization, depression and anxiety is high in Iranian population. Psychologists and policymakers should consider these predictive factors for primary
prevention of somatization at the personal and community level,
respectively.

Introduction

especially anxiety and depression. This situation causes
the suffering of the patients and their family [6].Different
studies concluded that 20.4% [7], or 30% [8] of patients
with somatoform disorders suffer from anxiety and depressive disorders, concurrently. Women, older people,
and widowed or divorced individuals reported somatic
symptoms more than others, significantly [7]. Also, the
results of studies show somatization occurs commonly
in people with low socio-economic status and low educational level [9].
Somatization has direct and indirect consequences on
society. Direct consequences are resources that use to
treat and manage it such as costs of drugs, laboratory
tests, and health care personnel. Indirect consequences
are absenteeism from work, reduction or loss of productivity and quality of life. To the best of our knowledge, there are limited studies about somatization and
its risk factors among Iranian population [5, 10]. Due
to the importance of somatization and the concurrence
of somatization with other mental disorders, this study
was conducted to evaluate the frequency of somatization
symptoms, its related factors. Also, the correlation between somatization symptoms and anxiety and depression disorders was assessed in Iranian population.

Today mental disorders are important concerns of health
care system in all countries, with a major burden of disease and catastrophic socio-economic effects [1]. The
prevalence of psychological morbidity in north Amira
and Western Europe were estimated by different studies from 14% to 50% among primary health care patients [2, 3]. Approximately 80% of mental disorders
occur in low or middle-income countries [1]. Among
different mental disorders; depression, anxiety, and somatization are more frequent [4].
A population-based study on 36,000 Iranian adult populations in 2015 showed that 23.4% of them have mental
disorders. Among cases, the prevalence of somatization (29.8% of cases) and anxiety (29.5% of cases) was
higher. The prevalence of mental disorder was higher
in females, individuals living in urban areas and older
age peoples. Single individuals, students, employed and
more educated people suffered less frequent from mental disorders comparing other groups [5].
Somatization is identified by multiple and recurrent
complaints regarding somatic symptoms. Somatization
has a chronic course and high psychiatric co-morbidity
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Material and methods
This cross-sectional study was conducted in Kerman,
Iran, from July to December 2017. Kerman Province
covers about 3% of Iran population and is located in the
Southeast of Iran. Participants were selected from patients
who referred to the Clinics of Educational Hospitals. Considering Municipality district (4 districts), one Clinic of
Educational Hospitals in each Municipality district was
selected randomly. Individuals who have at least 18 years
old, and did not have any dementia or mental retardation
or medical condition requiring hospitalization were included in the study using convenience sampling method.
Verbal informed consent was obtained. Considering the
prevalence of somatization symptoms in general population as 22% [9] type I error as 0.05, confidence level as
0.95, and precision as 0.04 the total sample size was calculated as 412. Considering the design effect as 1.25, the
total sample size was calculated as 515.
After obtaining the permission from the Ethics Committee
of Kerman Medical University, trained interviewers described the importance and the aim of this study and asked
participants to complete the questionnaires carefully. The
process of interview was continued until the completeness
of sample size. Two questionnaires were used. The valid
and reliable Patient Health Questionnaire-15 (PHQ-15)
questionnaire (Cronbach’s alpha: 0.76) was used to assess
the somatization symptoms [9].
Thirteen symptoms (including stomach pain, back pain,
pain in arms, legs, and joints, headache, chest pain, dizziness, fainting spells, palpitation, shortness of breath, pain
during sexual intercourse, Constipation/diarrhea, nausea
and menstrual pain or problem) were asked for the last
four weeks and participants answered them as “not bothered at all”, “bothered a little”, and “bothered a lot”. These
answers were coded as a Likert scale from 0 to 2, respectively. Feeling tired and Sleep problems were asked, additionally. Participants answered the questions as the Likert
scale as 0 (“not at all”), 1 (“several days”), and 2 (“more
than half the days” or “nearly every day”). Therefore the
minimum and maximum score of the PHQ_15 questionnaire were 0 and 30, respectively. The total score < 5 was
considered as no somatization disorder. Also, the total
score classified to the three level of somatization as mild
(Score ≥ 5), moderate (Score ≥ 10) and severe (Score
≥ 15) [11-13]. Finally, for regression analysis, the total
score of PHQ-15 was coded as 0 “< 10 scores” and 1 “≥ 10
scores”. The menstruation item was excluded, because its
function is only for women and other studies excluded
this item from their study, therefore we can compare the
results of this study to other studies [14].
The Hospital Anxiety and Depression Scale questionnaire (HADS) was used to assess the anxiety and depression. The validity and reliability of this questionnaire were assessed later with Cronbach’s alpha 0.83 for
anxiety subscale and 0.82 for depression subscale. This
questionnaire measures the severity of anxiety and depression through last week. This questionnaire includes
14 items, 7 items for measuring the severity of depression and 7 items for measuring the severity of anxiety.
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The responses were coded as a Likert scale from 0 to 3.
Therefore a total score of HADS questionnaire ranged
from 0 to 21 for each anxiety and depression subscale.
It is classified as normal (score: 0-7), mild (score: 8-10),
moderate (score: 11-14), severe (score: 15-21) [15].
Completed questionnaires with more than 10% non-response questions were excluded from the analysis.
HADS and PHQ are frequently used questionnaires.
These questionnaires are self-administered, but studies
demonstrated that these questionnaires could diagnose
disorders with an accurate estimation [16, 17].
The socio-demographic questions including age, gender,
marital status, occupational status, level of education, living condition and socio-economic status (participants’
estimation of their socio-economic status) were asked at
the end of questionnaires. The severity of somatization,
anxiety and depression disorders were described. The
data were analyzed using IBM SPSS 20.0 software (IBM
SPSS Inc. Chicago, IL, USA). The univariate and multiple
logistic regressions were used to determine the effects of
demographic factors, and anxiety and depression score on
somatization symptoms. After conducting univariate logistic regression analysis, all variables with P-value ≤ 0.2
were included in the multiple logistic regression analysis
(Enter Method).The correlation between each PHQ-15
item score and anxiety and depression score were expressed using Pearson correlations. The significance level
was set at 0.05(Two-tailed analysis).

Results
Sample characteristics
A total of 502 questionnaires were completed (Response
rate: 97.5%). The socio-demographic characteristics of
samples are described in Table I. The mean ± SD of the
age was 44.78 ± 9.6.About 60% of participants were
women. Majority of participants were married. Approximately 28.2% of male participants and 25.8% of female
participants had a university education. Majority of them
were housewife and lives in the urban area. From the
point of view of participants, only 14% of participants
reported their socio-economic status as bad (Tab. I).
The mean ± SD of the total PHQ-15 score was 8.53 ± 5.6.
The median and interquartile range was 7.9 and 7. According to the classification of PHQ-15 score, the frequency
of no, mild, moderate and severe levels of somatization
were 23.7% (n = 79), 42.6% (n = 254), 20.5% (n = 103) and
13.2% (n = 66), respectively. Comparing different symptoms, feeling pain in arms, legs, and joints, stomach pain
and headache have a highest mean score, also shortness
of breath, chest pain, pain during sexual intercourse and
palpitation have a lower mean score, respectively (Tab. II).
Anxiety and depression
The mean ± SD of anxiety and depression scores were
7.20 ± 4.9 and 5.72 ± 4.8, respectively. Nearly 56.2% of
participants did not have any anxiety disorder and 66.2%
of participants did not experienced depression disorders.
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Tab. I. Socio-demographic characteristics of participants.

Socio-demographic
characteristics
Age group
10-30 years
31-50 years
51-70 years
71-90 years
Marital status
Single
Married
Divorced/Widowed
Education
Illiterate or primary school
Secondary school
High school
University
Occupational status
Government job
Non-government job
Retired
Housewife/Unemployed
Living Condition
Urban
Rural
Socio-economic status
Bad
Moderate
Good
Very good

Males
(n = 204)

Females
(n = 298)

Total sample
(n = 502)

n

%

n

%

n

%

60
99
35
5

30.2
49.7
17.6
2.5

100
141
44
7

34.2
48.3
15.1
2.4

161
241
79
12

32.7
48.9
16.0
2.4

49
145
8

24.3
71.8
4.0

47
219
31

15.8
73.7
10.4

96
366
39

19.2
73.1
7.8

19
27
99
57

9.4
13.4
49.0
28.2

42
44
135
77

14.1
14.8
45.3
25.8

61
71
235
135

12.2
14.1
46.8
26.9

64
100
27
2

33.2
51.8
14.0
1.0

46
36
12
192

16.1
12.6
4.2
67.1

111
137
39
194

23.1
28.5
8.1
40.3

173
21

89.2
10.8

259
25

91.2
8.8

434
46

90.4
9.6

30
51
62
58

14.9
25.4
30.8
28.9

40
91
80
83

13.6
31.0
27.2
28.2

70
142
142
143

14.1
28.6
28.6
28.8

PHQ-15 mean scores

Tab. II. The mean score, Standard Deviation and frequency of answers to PHQ-15 items.

Complaint
Stomach pain
Back pain
Pain in arms, legs, joints
Headache
Chest pain
Dizziness
Fainting spells
Palpitation
Shortness of breath
Pain during sexual intercourse
Constipation, diarrhea
Nausea
Feeling tired
Sleep problems

Mean

SD

0.85
0.60
0.93
0.82
0.37
0.58
0.68
0.37
0.30
0.35
0.55
0.79
0.72
0.54

0.7
0.6
0.7
0.6
0.6
0.6
0.6
0.6
0.5
0.5
0.6
0.6
0.6
0.6

The prevalence of severe anxiety and depression were
9.8% and 4.3%, respectively (Tab. III).
Associated factors of somatic symptoms
The results of univariate logistic regression analysis
showed the significant association between age, marital status, education, occupational status, living condi-

Not at all
N (%)
181 (36.1)
262 (52.2)
155 (30.9)
161 (32.1)
351 (69.9)
255 (50.8)
216 (43.0)
362 (72.1)
377 (75.1)
400 (79.7)
276 (55.0)
195 (38.8)
198 (39.4)
290 (57.8)

A little
N (%)
213 (42.4)
177 (35.3)
232 (46.2)
276 (55.0)
114 (22.7)
203 (40.4)
230 (45.8)
94(18.7)
97 (19.3)
71 (14.1)
183 (36.5)
226 (45.0)
249 (49.6)
154 (30.7)

A lot
N (%)
108 (21.5)
63 (12.5)
115 (22.9)
65 (12.9)
37 (7.4)
44 (8.8)
56 (11.2)
46 (9.2)
28 (5.6)
31 (6.2)
43 (8.6)
81(16.1)
55 (11.0)
58 (11.6)

tion, socio-economic status, anxiety and depression with
somatic symptoms Results of multiple analyses showed
that age was associated with somatic symptoms, significantly. The 71-90 years old people were 36.10 times
more likely to have somatic symptoms than 10-30 years
old one (p-value: 0.004), also 51-70 years old participants were 2.81 times more likely to have these symp-
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Tab. III. The measures of central tendency and dispersion of anxiety and depression score and the Frequency of severity of anxiety and depression disorders in participants.

HADS questionnaire
subscales
Anxiety
Depression

Anxiety
Depression

Mean
7.20
5.72

Standard
Deviation
4.9
4.8

Inter quartile
range
7
7
4
8
Classification
Frequency (percent)
Mild
97 (19.6)
65 (13.4)

Median

Normal
278 (56.2)
321 (66.2)

Minimum

Maximum

0
0

21
21

Moderate
71 (14.1)
78 (16.1)

Severe
49 (9.8)
21 (4.3)

Tab. IV. The associated factors of somatic symptoms using univariate and multivariate logistic regression.

Variable
Age group
10-30 years
31-50 years
51-70 years
71-90 years
Gender
Male
Female
Marital status
Single
Married
Divorced/Widowed
Education
Illiterate or primary school
Secondary school
High school
University
Occupational status
Housewife/Jobless
Government job
Non-government job
Retired
Living condition
Urban
Rural
Socio-economic status
Bad
Moderate
Good
Very good
Anxiety
Depression

OR

95% CI

OR

95% CI

1.00
1.72
4.94
18.68

1.08-2.74
2.76-.87
3.91-89.29

1.00
1.250
2.817
36.101

0.704-2.219
1.240-6.401
3.192-408.238

1.00
1.03

0.70-1.49

1.00
0.88

0.45-1.76

1.00
2.41
9.29

1.37-4.25
3.98-21.69

1.00
2.44
3.58

1.08-5.53
1.13-11.37

6.96
2.83
1.52
1.00

3.57-13.59
1.51-5.28
0.92-2.49
-

1.11
2.08
1.16
1.00

0.40-3.17
0.88-4.92
0.59-2.30
-

1.00
0.80
0.75
4.27

0.48-1.33
0.47-1.21
2.03-8.95

1.00
2.12
1.02
2.55

0.95-4.73
0.48-2.27
0.85-7.68

1.00
2.55

1.38-4.71

1.00
1.30

0.58-2.93

3.53
2.37
1.31

1.92-6.49
1.41-3.96
0.76- 2.22

1.178
1.065
0.793

0.487-2.850
0.532-2.133
0.395-1.592

1.00

-

1.00

-

1.19
1.18

1.19-1.26
1.13-1.23

1.14
1.11

1.06-1.22
1.04-1.19

toms (p-value: 0.013). The risk of somatic symptoms
was 3.58 times more likely in Divorced/Widowed participants than single ones (p-value: 0.031). There were
significant positive correlations between anxiety and
depression scores. Each additional score of anxiety and
depression were associated with 1.14 times more likely
(p-value: <0.001) and 1.11 times less likely (p-value:
0.003) of having somatic symptoms, respectively (Tab.
IV).
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The correlations between the PHQ-15 items and anxiety and depression scores are described in Table V. All
items of PHQ-15 have significant positive correlations
with the anxiety and depression scores. Among different items “fainting spells” was most moderately correlated with anxiety score (r = 0.36) and “sleep problems”
was most moderately associated with depression score
(r = 0.41).
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Tab. V. Correlations between PHQ-15 items and anxiety and depression scores.

Complaint
Stomach pain
Back pain
Pain in arms, legs,
joints
Headache
Chest pain
Dizziness
Fainting spells
Palpitation
Shortness of breath
Pain during sexual
intercourse
Constipation,
diarrhea
Nausea
Feeling tired
Sleep problems

Anxiety
score
r
P-value
0.32
< 0.001
0.31
< 0.001

Depression
score
r
P-value
0.30
< 0.001
0.36
< 0.001

0.17

< 0.001

0.13

0.006

0.25
0.24
0.31
0.36
0.20
0.19

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

0.17
0.34
0.24
0.30
0.33
0.28

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

0.19

< 0.001

0.18

< 0.001

0.20

< 0.001

0.16

< 0.001

0.25
0.25
0.266

< 0.001
< 0.001
< 0.001

0.27
0.28
0.41

< 0.001
< 0.001
< 0.001

Discussion
Physicians in primary health care settings visit many
patients with perplexing complaints. Often these people
had multiple visits and various treatment but they are
unsatisfied. Somatic complaints play as the junction between physical and psychosocial aspects of illness and
health; accordingly, physicians must be learned regarding variant aspects of diseases.
In this study, the frequency of no, mild, moderate and severe levels of somatization were 23.7%, 42.6%, 20.5%,
and 13.2%, respectively. The results of a similar study in
Germany showed that the frequency of no, mild, moderate and severe levels of somatization in the general
population in Germany was 46.8%, 38.3%, 11.8%, and
3.1%, respectively [14]. Our study showed prevalence
of somatic symptoms in primary care is high and about
13.2% of patients had severe symptoms. Katon and colleagues introduced “The systems model of somatization” in the patient’s socio-cultural background. These
social and cultural factors were included in cultural attitudes regarding health and illness, illness behavior, and
availability of health care facilities. Interaction between
these factors could be affected demonstration of somatization in different groups [18]. On the other hand, Pain
experience has inter-individual variability and many factors including genetic factors, ethnicity, age, and gender
could affect it [19].
Previous studies in Asian societies have shown that somatic complaints may be an appropriate way for psychological distress presentation and help-seeking rather
than direct expression [20]. Therefore it is not surprising, the prevalence of somatic complaints varies in different societies as 1.5 to 21.9% or even greater in the
adult population [21].

In this study, most complaints were Pain in limbs, Stomach pain, headache, and nausea. In some of the researches, the most common symptoms were a pain in limbs
and joints, GI symptoms and headache [22, 23]. According to our results older age, being divorced or widowhood, and having anxiety or depression were associated
with somatization symptoms. There was no difference
regarding kinds of somatic complaints based on genders.
Glise demonstrated the nearly equal prevalence of somatic complaints in men and women [21]. The results of
a review article demonstrated that women reported more
frequently somatic symptoms then men. In addition
mental disorders in women were greater than men [24].
Biological factors, more limitations in society, gender
social roles and traditional social stressors may play a
role in its differences [25].
Our results showed about 43.8% and 33.8% of respondents had some of degree of anxiety and depression respectively. The World Health Organization (WHO) estimated the lifetime prevalence of mental disorders ranged
from 18.1 to 36.1% [26]. Based on the last Mental Health
Survey of the Iranian Adult Population in 2015, somatic
complaints and anxiety (29% for both) were greater than
depression (10.39) [6]. This difference may be due to
different setting, different questionnaire for detection
of mental disorders and or study design [4].The prevalence of mental disorders was notable in this study. The
statistical society in this study was the patients who referred to the Clinics of Educational Hospitals; therefore
the prevalence of mental disorders was higher than the
total population. Also, changing economic situations in
recent years could affect Iranian mental disorders.
WHO data demonstrated in the primary care setting
about 70% of patients had diagnostic criteria for depression that present with somatic symptoms [27]. Since
the psychosocial stressors could affect health, some of
the researches were showed that anxiety and depression increase unexplained somatic complaints more than
twice [28]. Depression and anxiety could because of somatic complaints. Mental disorders such as depression
and anxiety are associated with a higher misperception
of somatic complaints. Also, it may be the existence of
depression or anxiety was causing more vulnerability to
disease [22]. In other words, the somatic complaint may
be a presentation of invisible mental disorders. Mental
disorders were being affected by some of the variables
such as age and marital status [5].
In present study, increasing of age was the one of important contributing factor, in somatic complaint presentation. Impaired of function, social network changes such
as social withdrawn are associated with poor health in old
age persons [29]. The results of this study showed that
the age of more than 50-year-old is a significant predictor factor for somatization. The effect of age was maximized at the age of ≥ 70-year-old. The results of another
similar study also showed the maximum score of somatization was observed in ≥70-year-old participants [14].
In late life, some of mental health disturbances (depression, dementia) could worsen and may be affect somatic
complaint. Patient-doctor relation, also may be affected
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by patient’s age. This matter may be act as contributing
factors in attention to patients’ complaints [30].
In this study, the risk of somatic symptoms was 3.4 times
more in Divorced/Widowed participants than single
ones. There are different findings regarding the relationship between marriage and mental disorders, but one
Epidemiologic Catchment Area (ECA) study revealed
married men and women had the lowest depression than
divorced men and women [31].
Anxiety also was similar. Loss of spouse and widowed has the high rate of stress and individual could
be prone to mental disorders such as depression, Generalized Anxiety Disorders and panic disorders [32].
Our finding may be due to indirect effect of marital status on depression and anxiety.
Multiple somatic complaints that associated with psychiatric co morbidities are the large portion of burden
of disease. It is expected, physician who had trained bio
psychosocial -oriented have more appropriate approach
to somatic complaints. Future researches regarding physicians’ diagnostic ability and their therapeutic plan are
advised.
There were significant positive associations between
anxiety (OR: 1.14) and depression scores (OR: 1.11)
with somatization in this study. The results of a large
population study in Norway showed the strong association between anxiety, depression and somatic symptoms
in both men and women [33]. Also, the results of a systematic review in women in low/middle income countries suggested a strong correlation between anxiety/
depression and somatization (OR ranging 2.5-3.5). This
association has multidimensional etiology including existence the risk factors for all mental diseases or being
anxiety/depression as a risk factor for somatization [34].
This study has a number of limitations. We used selfreport questionnaires, cross-sectional design and convenience sampling method. Limited sociodemographic
data especially family and social support were other
limitations of this study. These limitations could be a
negative effect on the generalization of study.

Conclusion
With considering of results, having old age, being divorced or widow and suffering from anxiety or depression are moderately associated with somatization. Family physicians, psychiatrists, mental health workers and
policy-makers should consider these predictive factors
for primary prevention of somatization at the personal
and community level, respectively. Physicians should
consider the overlap syndrome between depression/anxiety and somatization in their primary care visits.
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Summary
The three main sources of asbestos pollution in the city of Bari,
Puglia, the former Fibronit asbestos factory, the Torre Quetta
beach, the former Rossani barracks and the history of their reclamation are described. The results of cohort studies on factory workers and case-control studies on asbestos exposure to

the resident population and the onset of mesothelioma are also
reported. Finally, the data of the regional register of mesothelioma related to residents in the city of Bari and four new cases
with environmental exposure due to the former Rossani barracks are presented.

Introduction

In addition to occupational exposure, the risk of asbestos-related diseases is also linked to environmental exposure, both of human origin (i.e. pollution by industrial
sites, presence of asbestos in buildings) or of natural origin (i.e. areas where there are natural outcrops of asbestos-like minerals) [20, 21].
Several studies have reported a significant risk of mesothelioma for environmental asbestos exposure. Other studies
have shown an increased risk in the general population associated with relatively low exposure to asbestos [22, 23].
Environmental exposure is defined as a neighbourhood
exposure based on residence close to industrial /mining
sources of asbestos or residence in municipal or polluted
areas. It is also described as any exposure that occurs
during the period of residence in a city in which asbestos processing plants were located [24], nevertheless it
can come from the presence of asbestos in buildings and
from natural contamination of the soil [25].
In Italy, raw asbestos has been used in a wide range of industrial activities such as industrial production of asbestos-cement products, textile articles containing asbestos,
shipbuilding, repair and\or demolition of railway rolling
stock, construction and many other sectors. Therefore,
the number of workers occupationally exposed is very
significant [26].
Despite the Directive 2003/18/CE of the European Parliament and of the Council of 27 March 2003 that bans
the use of asbestos, it is still used in developing countries
and even in some of the twenty-five countries of the European Union [27].
In Italy, Law n. 257/1992 decreed the “cessation of asbestos use”; in particular, it prohibits the extraction, importation, exportation and use of asbestos and products
containing asbestos. The law also provides measures to
decontaminate and reclaim areas affected by asbestos
pollution [28].

Environmental pollution is one of the most serious global
challenges. It can induce effects on human health. In particular, some polluting substances (asbestos, polycyclic
aromatic hydrocarbons, carbon monoxide, heavy metals,
gases) can cause respiratory and oncological diseases in
the general population [1-6]. Among these, asbestos is a
naturally occurring fibrous mineral found in the ground
and mines all over the world of which there are different
mineralogical varieties (actinolite, amosite, antophyllite,
chrysotile, crocidolite and tremolite) [7]. Because of its
mechanical, electrical, chemical and thermal resistance
characteristics, asbestos fibers are exploited in numerous commercial and industrial settings [8].
Since the 1960s, several studies have shown the relationship between asbestos and cancer [9, 10]. In 1964, the
conference on the biological effects of asbestos organized by the New York Academy of Sciences unanimously recognized the carcinogenic effects of asbestos [11].
In 1973, the International Agency for Research on Cancer (IARC) classified all types of asbestos as carcinogenic to humans (Group 1) [12].
In contrast to other professional air pollutants (e.g. formaldehyde, wood and leather dusts) [13-15] that cause
tumors mainly in the upper airways, asbestos fibers,
when mechanically disturbing, tend to divide longitudinally, generating thinner fibers (fibrils) that can penetrate
deeply into the lung and reach the pulmonary air spaces.
Exposure to them can cause serious diseases such as fibrotic (asbestosis) and neoplastic processes [i.e. malignant mesothelioma (MM), lung cancer] [16-18]. These
disorders are characterized by a long latency interval
between the beginning of exposure and the onset of the
disease (usually decades) [19].
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Although Italian legislation concerning asbestos is one
of the most advanced in Europe, on national territory
there are still present several million tonnes of compact
materials containing asbestos and many tonnes of brittle asbestos in a large number of public and private and
industrial sites [29].
According to World Health Organization, contaminates
sites are defined as: “Localized areas hosting or having
hosted large and / or hazardous industrial facilities, producing or with strong potential to produce environmental contamination resulting in health impacts” [30].
Despite in 2001, the municipality of Bari was included
among Italian Polluted Sites, environmental remediation
interventions only started in 2016, after fifteen years,
and it is still in progress [31].
The area of Bari municipality, Apulia region of southern
Italy, is one of the most contaminated sites nationwide
and in 2001 was classified as site of national interest for
remediation. The three main sources of asbestos pollution in the city of Bari are represented by the former Fibronit asbestos factory, the Torre Quetta beach and the
former Rossani barracks.
Since the 1990s, several epidemiological studies have
been conducted in exposed workers as well as in resident
population. The aim of this review is to assess the impact
on public health of exposure to asbestos in both occupationally and non-occupationally exposed individuals in
the area of Bari municipality.

Methods
The published literature was searched using MEDLINE,
accessed via PubMed (the U.S. National Library of
Medicine). Additional studies were also hand-searched
from bibliographies of the selected studies. Key words
included environmental pollution, asbestos (and specific
fiber types, including crocidolite, amosite, and chrysotile), occupational exposure, municipality of Bari, health
effects, mesothelioma, or asbestosis.
Analytical and descriptive epidemiologic studies were
considered in this study, including cohort, case-control
and case reports. The medical conditions of interest were
pleural and peritoneal mesothelioma.
Information extracted from each study included first author, publication year, geographic area, study type, total
number of cases, and controls, fiber type, industry type,
measurement of asbestos, definition of asbestos exposure and/or period of employment/exposure and classification of outcome. The exposure studies reviewed included a variety of study types conducted in the area of
Bari municipality, divided into 3 major groups:
1. SENTIERI Project - Epidemiological study of residents in national priority contaminated sites: incidence of mesothelioma.
2. Cohort studies - Occupational exposure assessmentFibronit (Bari).
3. Environmental exposure.
The sites of interest are listed below.

Fibronit asbestos cement factory
The former Fibronit placed close to a densely populated
area, occupies a surface area of 39,000 square meters
and it is composed of several industrial buildings and
offices. The plant, with about 400 employees produced
various products containing asbestos, from 1933 until
1985 [32, 33]. In particular, it manufactured pipes of various lengths, corrugated sheets and special pieces, such
as square rods, ridges, sleeves or tanks, water tanks. The
production cycle was divided into several phases which,
until the beginning of the 1970s, were mostly dry and
manually. The most common type of asbestos used in
the factory was crysotile (80%), followed by crocidolite
(15%) and amosite (5%).
The dusts initially sucked were carried to the outside
generating a high environmental risk. Exhaust systems
used in 1974 only partially had blast chillers.
The wards were cleaned with a shovel and a broom. The
processing residues were accumulated on one side and
once a week a company passed that took everything and
took it away. Some of the waste material was in some
cases thrown into natural troughs of soil existing in the
Fibronit area and were then covered first with soil and
then with asphalt. In Fibronit, there were no waste collection and disposal systems and no processing waste,
other areas of the city outside the factory were repeatedly used as an illegal dump. There is no news of any
use of personal protective equipment (PPE) by Fibronit
workers who have testified that they returned home with
clothes and hair soaked in dust.
From 1970 to 1974 some industrial hygiene surveys were
carried out with measurement of the concentration of airborne fibers, in a range between 5 ff/l and 20 ff/l, with
the highest values measured

in the milling department and
the monolithic tube and glass department. The first survey
carried out by the National Institution for the Prevention
of Accidents (ENPI) in 1970 revealed concentrations up
to 20 ff/cc near the “molazza”. In the second survey, carried out in 1972 by the Labor Inspectorate, the maximum
concentrations reached were 10 ff/cc near the mullers and
in the monolithic tube and glass department. Finally, in
1974, an expert opinion prepared by the judiciary carried out withdrawals on three consecutive days, finding
concentrations that, where the most risky operations were
performed, ranged from 4 to 19 ff/cc [32].
The operations that resulted with the greatest exposure
to asbestos were emptying and rattling of the bags, milling, pipe turning and slab cutting. In the seventies, the
ACGIH working exposure limit (TLV) was 5 ff / cc (fibers / cubic centimeter).
In 1975, the same year of the first complaints of the total
non-existence of safety measures in the workplace, by
the unions, the presence of dust was detected in the air
not only of the factory, but also in the neighboring areas. Average concentration values equal to 16.06 x 10-4
“particles (< 5 microns in size) per cc of air” [34] were
reported.
In 1994 the hygiene and public health service set up for
Fibronit a work plan for the removal of some materials containing asbestos that had been piled up outside
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the factory buildings since 1985 (cessation of the company’s activities), there were high quantities of asbestos
not only in outdoor sheds, but also in the basement of the
plant and for several meters of depth. In the most serious
cases, the contaminated areas also reached a thickness
of 6 meters, for a total volume of about 90,000 cubic
meters, even affecting the land on which the sheds are
located. Even the underground utilities and the sewage
system are contaminated by dust and asbestos processing residues.
From 1997 to 2001, provisional safety has started with
the removal of shed roofs, the ground breach and with
fixing paint to prevent asbestos fibers from continuing to
disperse in the air.
In 2001, the Fibronit industrial area was included among
Italian Polluted Sites (IPS) and in 2002 the Bari Public
Prosecutor seizes the polluted area, still recognizing the
presence of serious risks for public health.
After the closure of the factory in 1985, the work of
partially securing the overpass was only completed in
2007. In 2011, the decision-making conference between
the Ministries of the Environment, Health and Economic
Development and the Apulia Region approves the project of putting Fibronit into permanent safety. To date,
remediation activities are ahead. At the same time, the
procedure for awarding the works for the construction
of the park that will be built instead of the factory was
started.
Currently, the area of the former Fibronit plant covers
over ten hectares in a central area of the city of Bari.
Nearby, there are both construction-free soils and densely built-up soils, as well as other areas with different destinations.
This area is defined as brownfields that is “sites that have
been affected by the former uses of the site and the surrounding land; are derelict or underused; have real or
perceived contamination problems; to bring them back
to beneficial use” [35, 36].
Torre Quetta Beach
Former workers have testified that the residues of processing were unloaded not only in the subsoil of the industrial area, but also in the surrounding areas and along
the coastal strip, in particular on the coast south of the
city “Torre Quetta”, used as a landfill for waste and mixtures of asbestos processing.
At the beginning of 2001, a technical report by the Environmental Protection Agency of Apulia (ARPA) highlighted, in the stretch of the Bari coast of “Torre Quetta”,
the widespread presence of asbestos, both in the form of
asbestos cement scrap embedded in the ground scattered
everywhere, and in material friable with the presence
of free asbestos fibers, present in the filling layers. The
total amount of asbestos collected amounted to around
40,000 kilograms.
The materials had an absolutely peculiar typology, different from that of asbestos cement waste, which is often
found in areas subject to uncontrolled waste dumping
and deriving from building demolition, consisting of
roof slabs, flues or fragmented downspouts. In 2004, the
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entire stretch of coast of “Torre Quetta” was precautionary seizure by the Judicial Authority.
For many years, Torre Quetta area has been used in public bathing and caused an unconscious exposure to asbestos in general population. As regards the permanent
safety and reclamation of the area there are problems
due to the continuous action of the sea, which over time
has produced the erosion of the filling layers and the
spread of asbestos materials on a very extensive stretch
of coast [37].
The Military Barrack “Rossani”
The military barracks “Rossani” were built in the early
decade of the 20th century. The barracks, located near
the central station – in the heart of city –, stands on a total area of 80,000 square meters of which 14,000 square
meters of covered area. All the roofs and chimneys of the
barracks buildings were constructed of asbestos. In 2001
the reclamation of asbestos roofing started, estimating
the removal of about 5000 square meters of Eternit.
In 2004, an Inspection of the Environmental Protection
Agency of Puglia (ARPA) suspended the first works for
the removal of hazardous materials because the remains
of the removal remained on the ground. In particular, the
defaults would concern fragments of the dispersed artefacts, bags containing poorly kept asbestos, failure to use
decontamination units and a pollution higher than that
hypothesized in the operational program.
In 2005, despite the strong protests from citizens,
the work resumes and were completed at the end of
2006 [38].

Results
SENTIERI Project
As part of the SENTIERI project, a national epidemiological study of the territories and settlements exposed
to pollution risk, coordinated by the National Institute of
Health, the mortality rate of IPS Bari-Fibronit relative to
the years 1995-2002 was analyzed.
Among the main causes of death, there is an excess of
mortality for all causes, for all tumors and for respiratory system diseases in both women and men. In women,
there is an excess of mortality for diseases of the digestive system. Once adjusted for deprivation rate index,
mortality is also higher than expected for cardiovascular
diseases in both the genders, for digestive system in men
and for genito-urinary system in women.
For causes of death for which there is an evidence sufficient or limited in association with the sources of environmental exposures of IPS, there is an excess for lung
cancer in women. There is an excess for malignant pleural cancer among men and women.
Respectively among men and women, 49 and 17 deaths
from pleural cancer with standardized mortality ratio
(SMR) equal to 199 (confidence interval (CI) 90% 155253) and 192 (CI 90% 122-287) [39].
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SENTIERI-ReNaM
The SENTIERI-ReNaM project described the incidence of mesothelioma in IPS in the period 2000/2011.
In this period, 123 cases (88 men, 35 female) of MM
were recorded in subjects residing in IPS. In men the
average age at diagnosis was 66.4 (DS ± 11.4) and the
median at 66.5; in women they were respectively 67.3
[standard deviation (SD) ± 12.4] and 70. The standardized incidence ratios (SIR) of MM (certain, probable, possible), for all the sites, were equal to 271 (CI
90% 228- 323) in men and 322 (CI 90% 244-426) in
women [40].
The settlement, in the urban context, of the Fibronit
factory for the production of asbestos cement has configured both direct asbestos exposure panels, airborne
fibers during processing, and indirect exposure to environmental exposure. The cases of MM with environmental exposure, in the period considered, are 9 in men
and 18 in women, with M/W ratio of 0.5. For these environmental cases, residence near the aforementioned
Fibronit plant was established. In the only case with
family exposure (female gender) it is an exhibition of
cohabitants with employees in the manufacture of fiber
cement products [40].
Cohort studies - Occupational exposure
assessment- Fibronit (Bari)
A first cohort study involved 233 Fibronit workers with
disability pensions for asbestos on 12/31/1979. The data
was retrieved from the National Institute of Occupational Accident Insurance (INAIL) archive. The mortality observed in the cohort was then compared with that
expected based on mortality data from Apulia and was
higher than expected, with significant excesses for asbestosis and for lung, pleural, mediastinal and peritoneal
mesothelioma [41] (Tab. I).
Coviello et al. [32] analysed mortality in Fibronit workers present in the factory from 1972 to the closure of the
same: the cohort included all male subjects, for a total
of 417 people.
In terms of latency it is observed that, while the first
cases of pulmonary neoplasia begin to appear already
around 1975, the first case of pleural mesothelioma does
not arise before 1990.
Tab. I. Fibronit cohort - National Institute of Occupational Accident
Insurance – INAIL (Bari).

Follow-up
Follow-up completed
Cause of death known
All deaths
Pneumoconiosis
Malignant tumors
Circulatory diseases
Lung tumors
Pleura and peritoneum
tumors

1980-1997
98,3%
96,6% of deaths
SMR: 117 (87 deaths)
SMR: 11238 (14 deaths, p < 0.05)
SMR: 163 (38 deaths, p < 0.05)
SMR: 64 (18 deaths, p < 0.05)
SMR: 206 (17 deaths, p < 0.05)
SMR: 2551 (8 d., P < 0.05)

In the investigated cohort, the average latency for pleural
mesothelioma is about 42 years, with a minimum latency of 26 and a maximum of 52 years. The results of the
study concerning the entire cohort of 417 workers show
excess mortality for all causes, for pneumoconiosis, for
all tumors, for malignant lung, pleura and peritoneum
tumors [42] (Tab. II).
In 2016, the follow-up of 414 former Fibronit workers
at 31 December 2012 was published. The subjects in the
study, all male, number 414 (377 workers, 29 employees
and 8 transacted from worker to employee duties), of
which 325 (78%) were already present at February 1,
1972 in the Fibronit plant and 89 (22%) were hired later.
No information is available about workers who left the
job before the aforementioned date, which we define as
baseline. The workers were hired in the factory between
1934 and 1982, with a median age at the first recruitment
of 27.1 years [43] (Tab. III).
The analysis disaggregated by ten-year latency classes
shows a significant excess for the lung tumor starting
from the latency class 20-29 years, while the excess for
the malignant tumor of the pleura occurs from the 3039 year class and for peritoneum cancer from the 40-49
year class.
Among the non-neoplastic causes, pneumoconiosis
shows extremely high values that are already evident
starting from the 10-19 year latency class.
In the analysis along the latency axis, for lung cancer, we
note an increase in SMRs up to the latency class 30-39
years, with subsequent decrease; in the case of pleural
cancer the first cases appear 30 years after the beginning
of the exposure with a growing SMR up to the latency
class 50-59 years [43].
Tab. II. Fibronit cohort (1975-2000).

1972-1995 (105 deaths)
2000 (145 deaths)
1995 SMR (CI 95%) 118 (97-143),
All causes
2000 SMR (CI 90%) 121 (102-142)
1995 SMR (CI 95%) 14.705 (9.519-21.708)
Asbestosis
2000 SMR (CI 95%) 15.650 (11.010-22.250)
1995 SMR (CI 95%) 139 (100-189)
All tumors
2000 SMR (CI 95%) 148 (114-191)
1995 SMR (CI 95%) 191 (116-294)
Lung tumors
2000 SMR (CI 95%) 175 (116-259)
1995 SMR (CI 95%) 1.578 (325-4.613)
Pleural tumors
2000 SMR (CI 95%) 2.963 (1.594-5.507)
1995 SMR (CI 95%) 95 1667 (222-6018)
Peritoneal tumors
2000 SMR (CI 95%) 1165 (264-4.007)
Follow-up

Tab. III. Fibronit cohort (1972-2012).

Follow-up
All causes
Asbestosis
All tumors
Lung tumors
Pleural tumors
Peritoneal tumors
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1972-2012 (232 deaths)
SMR (CI 95%) 120 (105-136)
SMR (CI 95%) 13.268 (9.481-18.570)
SMR (CI 95%) 194 (159-237)
SMR (CI 95%) 201 (146-276)
SMR (CI 95%) 4.033 (2.541-6.401)
SMR (CI 95%) 2.945 (1.404-6.177)
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Environmental exposure
In 2003 Bilancia et al. [44] analyze, with explorative
methods based on geographical analysis, the relationship
between the presence of the asbestos cement factory in
the urban area of Bari and the mesothelioma cases that
occurred between 1980 and 2001 among the residents.
Subjects who have had a permanent residence in the city
of Bari for a period of at least 20 years prior to the onset
of the disease. The estimate of the SIR shows that within
an area having a radius of approximately 1 km, centered
on the industrial plant, the risk level was higher than expected. The data source of the 64 cases studied is the
National mesothelioma Registry (ReNaM), the Regional
Operations Center of Apulia (COR-Apulia). The data
was analyzed with the S + SpatialStats software. Both
the single data analysis and the exploratory geographical
analysis showed an increase in the risk of disease among
the people who lived near the asbestos cement factory:
within an area centered on the location of the company
and with a radius of about 1 km, the estimated risk was
2.38 times the normal level.
The impact of environmental exposure to asbestos, in
neighborhoods bordering the production site, was also
estimated with a case-control study that assessed the
spatial distribution of 48 cases of mesothelioma of nonprofessional origin residing for more than 15 years time
of diagnosis, from the data of the mesothelioma register
of Puglia referring to the years 1993-2003, and of 273
controls also residing for over 15 years in the city of
Bari. The complete residential histories of both cases and
controls were analysed. The study compared the distribution of addresses between cases of MM with the corresponding distribution of controls, residents who died
on the same calendar date as cases for causes other than
mesothelioma. Residential history and distance from Fibronit has been considered as a proxy for environmental
exposure to asbestos.
The disease risk was estimated using a logistic regression
model, in which the probability of disease occurrence is
expressed as a function of the distance classes from the
Fibronit site. A non-parametric method was applied to
estimate the total area of the
 risk relative. The study observed a significant increase in risk within the resident
population within 500 meters of the plant [Relative Risk
(RR) = 5.29 (95 CI: 1.18-23.74)] as the distance between
the patients’ home and the factory decreased. A cluster
of six cases of MM has been identified east of Fibronit,
near the urban beach “Torre Quetta”, where unauthorized waste disposal occurred during 1950-70 years.
The results also show that the odds ratio (OR) for the
lowest exposure group (in terms of distance from the
plant, 1,500-2,000 m) is remarkably high but not significant (OR = 2.31, 95% CI: 0.88-6.06): a reasonable
explanation is that this distance band includes the secondary cluster ‘’ Torre Quetta” [33].
In the 2012 study [45] a high pulmonary fiber load is
described in five mesothelioma cases, two women and
three men, subjects who after an accurate reconstruction
of the exposure circumstances were professionally unexposed but resident near Fibronit. The subjects of age at
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diagnosis between 36 and 65 years, diagnosed between
2005 and 2009, had lived in periods between 2 and 24
years, between 1960 and 1997, at distances between 200
and 2000 meters from the factory.
Lung tissue samples used to measure the pulmonary load
of asbestos fibers were taken 10-38 years after the last
residence (after the cessation of exposure). To provide
information on the intensity of environmental exposure
of asbestos, semi-quantitative and quantitative indices
of cumulative environmental exposure to asbestos were
calculated, based on the distance of the residence from
the factory and its duration. The pulmonary load of fibers ranges from 110 000 to 2 300 000 fibers per gram of
dry lung (f/g). In two cases, a 51-year-old woman and
a 53-year-old man found concentrations greater than 1
000 000 f/g of amphibole fibers, a value proposed as a
cut off to identify subjects with occupational exposure
to asbestos, even when no evidence of such exposure is
present in their work histories [46]. The semi-quantitative indices of asbestos exposure intensity assume that
the intensity of exposure is proportional to the contamination of the environment surrounding the factory and
that the contamination decreases with distance.
Amphiboles were found in the patients’ lungs, presumably due to the slower clearance of amphiboles in the
lungs. Considering the clearance of asbestos fibers and
the average of 22.5 years of delay between the cessation
of exposure and the collection of tissue samples, during
exposure or immediately after the pulmonary load was
probably much higher.
A linear relationship was observed between the pulmonary fiber load and the cumulative dose indices in the
five subjects with environmental exposures. In the absence of systematic measurements of asbestos fiber concentrations in the Bari ambient air when the factory was
active, these results provide information on past exposure to asbestos associated with contamination of the urban environment. Environmental exposure to a mixture
of asbestos fibers can lead to a high pulmonary load of
amphiboles even years after the cessation of exposure.
The epidemiological data of an increased risk of mesothelioma for the general population of Bari, associated
with asbestos contamination of the living environment,
is confirmed [45].
In addition, from the data of COR Apulia on the years
1993/2015, there are 367 cases of mesothelioma among
the residents of the city of Bari. 69% in males and 31%
in females. For 70% of cases registered among residents
(255) it was possible to reconstruct the exposure. 58%
of reconstructed cases have occupational exposure, 3%
family / domestic or extra-work exposure occurred as a
result of leisure activities. 26% of the cases among the
residents have environmental exposure, of these 45% are
men and 55% are women. Among the cases resident in
Bari, 107 occasions of environmental exposure were recorded due to Fibronit or Rossani. Among these cases,
62% was classified as environmental exposure in the
absence of other exposures. On the contrary, for 38%
of subjects who also had occupational exposure, despite
having residences close to the two sources of exposure,
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they were not classified as environmental exposures as
they are multiple exposures.
Six family clans in blood relatives are present in the
cases of COR Apulia related to occupational, family or
environmental exposures due to Fibronit. Three sisters
who lived inside the plant in the apartments available to
employees [47]. Two brothers who worked in Fibronit
and a couple, a father who worked in Fibronit and son
with environmental exposure for residence near the
plant for 36 years [48]. A mother and daughter couple
both lived for 11 years near Fibronit [45]. A mother and
son couple living near the plant for over 24 years, and a
brother couple who worked in Fibronit and sister with
family exposure, had washed his brother’s suits for 11
years.
Recently from the regional registry data four new cases
of MM emerged, one peritoneal and three pleural caused
by environmental exposure to asbestos due to the presence of a military barracks located in a semi-central urban area [49, 50].

Discussion
This study, consistent with literature, confirms the adverse health effects of asbestos environmental pollution
in the Municipality of Bari resulting from the presence
of the three contaminated sites in this area.
Since 1960, some authors showed the risk of pleural
mesothelioma associated with asbestos exposure in
South Africa, some of the cases reported have been attributed to environmental exposure [9].
Malignant mesothelioma cases found in the city of Bari
are emblematic of unconscious environmental exposure
in a large polluted city. In a recent review, Liu et al. [24]
summarized the latest studies on the association between
MM and environmental exposure to asbestos.
The role of non-occupational asbestos exposure (paraoccupational, domestic or environmental) in the occurrence of MM has already been demonstrated in numerous studies. In a recent meta-analysis Marsh et al. [23]
confirmed an increased risk of pleural MM from nonoccupational exposure to asbestos RR = 6.9 (95% CI 4.2
to 11.4).
In this regard, IARC (2012, No. 100) [51] states that “In
studies of asbestos concentrations in outdoor air, chrysotile is the predominantly detected fiber. Low levels of
asbestos have been measured in rural areas (typical concentration, 10 fibers/m3 [f/m3]). Typical concentrations
are about 10 fold higher in urban locations and about
1000 times higher in proximity of industrial sources
of exposure (e.g. asbestos mine or factory, demolition
site, or improperly protected asbestos-containing waste
site)”.
Moreover, when mesothelioma is due to environmental
exposure, the M: F ratio is 1:1 and the median age at
diagnosis is 60 years. The duration and intensity of exposure to asbestos are positively associated with the risk
of MM [52, 53].

Because of the long latency period and the limited number of cases, the study of the environmental risk of MM
is challenging [54]. Furthermore, considering that it is
difficult to obtain an early diagnosis with radiological
techniques alone, it is important to use biological indicators especially in the early stages [55]. Among these,
mesothelin is one of the several well-know biomarkers
used in the diagnosis of pleural malignant [56].
Other studies have found a significant risk of MM
caused by residence near asbestos cement production
plants without an occupational exposure [57, 58]. These
studies highlight the importance of assessing the impact
of exposure to asbestos not only among workers but also
among their cohabiting family members and in the general population.
Orenstein and Schenker [59] studied the association between the distance of residence from the source of environmental exposure, the decrease in the duration of
exposure and the risk of MM. Environmental exposure
studies have shown that the increase in the distance from
pollution sources is associated with a decreased MM
risk [33, 60]. Furthermore, in 1989 Spurny established
that fibers released from asbestos cement products have
the same carcinogenic charge as standard chrysotile [61].
Regarding the four cases of MM selected from Apulia
Regional Mesothelioma Register, all patients lived or
worked at distances from 12 to 100 meters from the
military barracks and from 200 to 1200 meters from Fribronit plant. In particular, patient n. 4 had an important
exposure because he lived and worked closely with the
two sources of pollution.
Instead, the patient n. 1 with peritoneal mesothelioma
lived close to the source of pollution continuously from
birth for 36 years and his long exposure, even if not
professional, is in agreement with what was claimed by
Hodgson and Darnton [62]. The patient was 36 at diagnosis. He was treated at a specialized center in France
(Gustave Roussy Institute) where he underwent cytoreductive surgery (CRS) and hyperthermic intraperitoneal
chemotherapy with oxaliplatin (HIPEC). An exposure
to residential/environmental asbestos was ascertained:
he had lived in a building less than 12 meters from the
barracks for 36 years from birth: the apartment had overlooked the military barracks and since he was a child he
had played to soccer in the camp of the barracks. Following a follow-up in April 2017, more than 18 years (221
months) after diagnosis and 216 months after treatment,
the patient is alive and without recurrence. Currently, he
has chronic diarrhea and chronic abdominal pain.
When the tumor occurs in younger people, generally,
a genetic predisposition and environmental exposure
to asbestos or other mineral fibers are implicated. Cytogenetic studies have shown chromosomal and genetic
alterations in patients with MM could play an important
role in the initial development and subsequent progression of tumor [63 64]. Molecular analysis with comparative genomic hybridization (CGH-array), performed on
tumor samples embedded in paraffin, revealed multiple chromosomal anomalies (copy number alterations
CNAs), with prevalent amplifications. Deletions have

E412

ASBESTOS AND HEALTH IMPACT

been found in 1q21, 2q11.1 → 2q13, 8p23.1, 9p12 →
9p11, 9q21.33 → 9q33.1, 9q12 → 9q21.33 and 17p12
→ 17p11.2. Chromosomes 3p21 (BAP1), 9p21 (CDKN2A) and 22q12 (NF2) were not affected. Such findings
are rare in malignant peritoneal mesothelioma. Some
chromosomal aberrations that in this case seem to be
random, could justify the response to therapy and long
survival, thus revealing useful prognostic factors in the
peritoneum MM [50].
The authors report that peritoneal mesotheliomas increase with the square of cumulative exposure to asbestos and conclude that any further unit of exposure
would have added lower risk for pleural MM and greater
risk for peritoneal MM. Furthermore, Welch et al. [65],
found a strong association (OR, 5.0; 95% CI: 1.2-21.5)
between exposure in a population control case-study. of
asbestos and peritoneal mesotheliomas in cases with relatively low exposures and conclude that intermittent or
low asbestos exposure is associated with peritoneal mesothelioma. More recently, Dragon et al. [66] found that
the difference in the incidence of pleural and peritoneal
MM, in the same conditions of exposure to asbestos, is
due to the different physiology of mesothelial cells in
charge of a different inflammatory response.
This study, in agreement with the literature, confirms the
negative health effects of environmental asbestos pollution in the city of Bari [33, 44]. Data on the environmental concentration of asbestos in the barracks and on the
Fibronit site are not available. Fibronit fiber concentration measurements were only available with data limited
to the 1970s. At that time up to 20 ff/cc of asbestos fibers
in the air were measured (length > 5 μm and diameter>
0.3 μm). In 1972, up to 10 ff / cc and in 1974, after reclamation, concentrations ranging from 4 to 19 ff/cc were
reported [32]. In the mid-1970s, environmental measurements near the plant in areas away from roads, without
urban traffic pollution, reported average concentration
values of
 16.06 x 10-4 “particles (< 5 microns in size)
per cc d ‘air’ [34], but were certainly not representative
of the high level of pollution in previous decades.
The level of environmental pollution present at the time
in the city of Bari, corresponding to the years of exposure in the cases discussed here, can also be estimated
from the comparison with the currently recognized
background levels. The exposure level at the background
level corresponds to an average cumulative exposure of
less than 0.1 fibers/mL-y, an average concentration of
about 0.1 fibers/l, as reported by the monograph of the
International Research Agency on Cancer (IARC) n. 100
(2012) [51]. Furthermore, the World Health Organization (WHO) has estimated that with continuous exposure at 0.4-1 fibers / l, the risk of MM would be from (4
to 10) × 100,000. The linear extrapolation to 0.1 fibers/l
(the current background level) would correspond to an
excess in the order of one case (from 0.4 to 2.5) of MM
per 100,000 people [67].
The process of spreading asbestos fibers, both from the
factory and from the military barracks, to the surrounding areas was favored by physical mechanisms and was
confirmed by the history of urban expansion in the city
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of Bari around the two sites. Urban development and
natural weather conditions have potentially contributed
to release asbestos fibers into the environment. The wind
direction influences the concentration of asbestos fibers
in specific areas and the concentrations of asbestos in
the air surrounding the point of emission depend on the
direction and speed of the wind [68]. Furthermore, Abakay et al. [69] studied the risk of MM in relation to meteorological and geological conditions and the distance
from the natural source of asbestos (naturally occurring
asbestos – NOA) and found a greater risk near NOA and
in the direction of the wind (downwind of the source).
The study showed that the distance of a residence from a
natural source of asbestos contamination and the prevailing wind conditions in the area can influence the risk of
developing environmental mesothelioma. Other authors,
Kurumatani, Kumagai [70] and Tarres et al. [71], also
studied the effect of meteorological conditions on MM.
In their studies, the dominant wind direction influenced
the MM risk and therefore meteorological factors could
be related to pleural MM deaths through environmental
exposure. A high standardized mortality ratio (SMR) has
been reported among people living in areas of relatively
high concentration levels. Therefore, the authors conclude that a parameter that includes the meteorological
conditions is a better proxy of the exposure dose than the
distance of residence from the source of pollution and
could be useful for a more accurate investigation of the
effects of asbestos exposure between the residents [70].
Fazzo et al. [72], in a study on the incidence of tumors,
reported that the highest values in the polluting sectors were consistent with the directions of the prevailing winds and confirmed that the air quality in the areas
defined as “contaminated sites” (CS) is influenced by
industrial atmospheric emissions.
In this study the meteorological data of the period of
interest, from 1912 for the Rossani barracks and from
1933 for the Fibronit, were not available, so the meteorological data and the direction of the winds of the last
years (1961-1990) were considered as in our previous
study [33]. The diffusion of the wind does not seem to
play an important role due to the absence of clearly dominant winds.
Furthermore, in the study conducted by Barbieri on the
loading of asbestos fibers in the lungs of five patients
who had lived in Bari (age at diagnosis from 36 to 65
years) and residence at distances ranging from 200 to
2000 m from Fibronit (from1960 to 1997), a linear relationship between the pulmonary load and the environmental exposure indices based on the distance between
the residence and the factory has been demonstrated [2].
These results can provide information on the past exposure to asbestos associated with the contamination of the
urban environment of Bari, in particular considering that
the cases discussed lived at a distance between 200 and
1200 meters from Fibronit.
A systematic review of the quantitative relationship between MM and asbestos exposure was carried out for
the second Italian Consensus Conference on Malignant
Mesothelioma of the Pleura, in which it was document-
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ed that the MM incidence is increased with cumulative
exposure to asbestos, the pulmonary fiber load and the
duration of exposure [73]. In the study of the epidemiology of MM, the cumulative exposure is a proxy for the
relevant exposure and the duration and intensity of the
exposure are independent determinants of the appearance of MM [73]. The same conclusion was reported
in the third Italian Consensus Conference on Malignant
Mesotheliomas of the Pleura [74, 75]. Furthermore, a
recent case-control study [76] explored the relationship
between cumulative exposure and pleural MM after nonoccupational exposure and studied the risk associated
with asbestos materials in residential areas, with a cumulative exposure index for estimate exposure frequency,
duration and intensity. The study showed a relationship
between pleural MM risk and cumulative exposure after non-occupational environmental exposure (OR = 2.0
95% CI 1.2-3.2) and confirmed the quantitative relationship between MM incidence and cumulative exposure
to asbestos, even at low levels of exposure due to nonoccupational exposure (OR = 3.8 95% CI 1.3-11.1). The
assessment of environmental exposure was based on the
distance between the residence and the source of pollution.
ReNaM has documented that 10.2% of MM cases are
due to unprofessional exposure to asbestos [77]. In particular, in our regional register, 10.9% of cases are due
to environmental exposure [78]. These data confirm the
difficulty in recognizing and attributing non-occupational exposure to asbestos even though this type of exposure
is becoming increasingly common among new mesothelioma cases. Coherently with Armstrong, Driscoll [79],
this can be defined as exposure to the “third wave”. Indeed, Armstrong [76] defined “third wave exposure”
as both occupational and non-occupational exposure to
asbestos following repairs, renovations, demolition of
buildings and environmental exposure to asbestos.
The history of these military barracks shows that the deterioration of asbestos in situ, the removal of asbestos
and its exposure require careful control of the concentrations of asbestos fibers in urban air and in areas close to
situations considered to be particularly dangerous, such
as the renovation or demolition of houses and buildings
constructed with asbestos cement products.

Conclusion
In view of the official data available, the sources of asbestos pollution in the city of Bari and the impact on human health coming from asbestos exposure were highlighted.
The presence of the asbestos cement factory and military
barracks in urban area is correlated with the increased
risk of MM in resident population. The lack of recover
and decontaminate of the two areas within the city was a
serious public health problem.
According to the second government conference [80] and
the national asbestos plan [81], environmental exposure to
asbestos and risk of malignant mesothelioma are research

priority for ReNaM and COR; the regions will have to
commit the regional COR or other competent structures to
investigate the degree of risk of mesothelioma related to
non-professional exposure (environmental or para-occupational). Moreover, the scientific research, the establishment of the regional registry and the continuous confirmation of the effects of environmental exposure to asbestos
have increased the risk awareness among the citizens of
Bari and have led the authorities to plan the reclamation of
contaminated sites to safeguard health public.
Epidemiological studies has shown that the risk of mesothelioma increases with the increase in exposure to
asbestos fibers. There are no doubts regarding the proportional relationship between cumulative dose, and frequency of mesothelioma [73, 74, 82]. Furthermore, the
most recent exposures have a lower weight, not a zero
weight [83]. As with all carcinogens, however, there is
no safety “threshold” below which the risk is zero [74].
Epidemiological surveillance of incident cases of mesothelioma is important to understand the damage to health
due to exposure to asbestos, to identify exposure situations still present in the territory and to assess the evolution of asbestos exposure. In agreement with most of
the data in the literature, both workers and their families
should wear specific personal protective equipment devices to reduce the risk of adverse health effects [84-86].
The registration of mesothelioma cases is essential to
epidemiological knowledge develop and to support research activities. It is an instrument of control and prevention of risks, an indicator to guide the choices and
organization of health services in terms of public health
and population needs [80, 87].
The risk associated with residual non-occupational and
environmental exposure after the asbestos ban should
not be underestimated. For environmental (residential)
exposures the duration of exposure is the duration of
the residence period and is a proxy for the cumulative
dose to which residents have been exposed. It should be
emphasized that in the work of Ferrante et al. [76], an
increase in the risk of MM is observed with the increase
in the cumulative exposure to asbestos. This increase is
also observed when only those subjects who have had
non-working exposure to asbestos are considered, as
well as for the exposures to asbestos artefacts, including
in particular the coverings, flooring materials and other
asbestos cement materials in work (in situ). After the
cessation of processing, the danger to public health is the
presence of both large quantities of materials containing
asbestos in a friable matrix, in civil and industrial buildings, in systems and means of transport (e.g naval), and
in significant quantities of materials containing asbestos in a compact matrix whose progressive deterioration
can cause the release of fibers and the consequent risk
to health. Interventions are therefore required to remove
even the residual environmental exposure [88] as demonstrated also by the data on the cases discussed here.
The experience of the city of Bari also shows that, being environmental exposures and taking into account the
interest of citizens for the protection of public health, the
timely identification of the most appropriate recovery
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decisions is essential in the risk management process.
reclamation as well as the elaboration of specific communication interventions. Particularly important are the
psychological support interventions in mesotheliomaaffected communities [89]. The asbestos emergency in
the city of Bari, which in this chapter was summarily reconstructed, also highlights the importance of EHL (Environmental Health Literacy), literacy on environmental
health, which can be defined as the ability to search,
understand , evaluate and use information on public
health and the environment to encourage the adoption
of informed choices, the reduction of health risks, the
improvement of the quality of life and the environment.
For this reason it is necessary to adopt a communication
strategy that involves different stakeholders, health professionals, authorities, local communities, media, presenting results of environmental epidemiology research
useful for health interventions and health promotion activities that actively involve the whole community in a
participatory process [90, 91].
Public health can directly pursue the public good in
terms of the maximum advantage for the greatest number of subjects, or it can have a privileged consideration
for the worst situations [92]. It appears essential, in the
light of current scientific knowledge, to adopt the precautionary principle to pursue the best solutions with respect to local priorities and the specific needs associated
with reducing the health impact of involuntary exposure
to asbestos through timely remediation, rehabilitation
and surveillance on which the international scientific
community agrees.
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Summary
Introduction. Neck/back pain is one of the common health problems associated with significant impact on health resulting in
sickness absenteeism. Neck/back pain is one of important causes
of disability adjusted life years worldwide. The objectives of
study were: To identify various occupations related risk factors
and their possible role in occurrence of back pain/neck pain and
visual analogue scale(VAS) assessment of their perceived pain.
Methods. The study was conducted at one of the tertiary care
hospital at Ahmedabad city, India. All patients above age of 18
years attending physiotherapy department for treatment of back
pain/neck pain and gave consent were taken as study participants.Information about certain body postures in their lifestyle
or at workplace which can have effects on back pain/neck pain
were asked. VAS for perceived pain was anchored by “no pain”
(score 0) and “pain as bad as it could be” (score 100). Data were

entered in MS Excel and analyzed by frequency, contingency coefficient and Goodman and Kruskal’s Gamma test.
Results and Conclusion. Total of 512 participants were included
in study, among which(10.3%)and 392 (76.6%) participants had
neck pain and back pain alone, respectively, while 67 (13.1%)
participants had both neck and back pain. Age, marital status,
socioeconomic class, body mass index and type of occupation
revealed statistically significant association with severity of pain.
Among participants with prolonged computer usage, back rest fitting to natural back curve and adjustable height of chair were
significant factors for occurrence of neck pain.Various body postures like prolonged sitting/ standing, frequent bending at waist/
knee, pulling/pushing heavy objects, frequent weight lifting > 10
kg and repetitive movements of back/neck revealed as statistically
significant risk factors for back/neck pain.

Introduction

pain is one of the most frequent reasons for visiting a
general practitioner or physiotherapists [9].
Risk indicator for back pain includes age, gender, education level, weight, height, right or left handed, number
of children, smoking habits, body mass index, regular
physical exercise, driving time, job, duration of work
time, work time a week, manual lifting of heavy weights
and uncomfortable static and awkward working positions, heavy physical work, night shifts, bending, twisting, pulling, and pushing and psychosocial factors like
Perceived high pressure on time and workload, low job
control, job dissatisfaction, monotonous work, and low
support from co-workers and management [10, 11].
Studies suggest that between 60% and 90% of people
will suffer from low back disorders at some point in their
life and that at any one time between 15% and 42% of
people are suffering (depending on the study population and the and the definition of back pain used). Data
from the European survey on working conditions reveal
that 30% of European workers suffer from back pain,
which tops the list of all reported work related disorders [12]. Pain, discomfort and loss of function in the
back, neck and extremities are common among working
people [13].
The problems of back pain or neck pain are commonly
neglected in initial stages by community mainly due to

It has been estimated that between 70% and 85% of the
population will have a back problem of some kind in their
lifetime, and while many of these problems may be short
term, some develop into a chronic condition with serious
ramifications [1]. One similar research with meta-analysis suggested that pooled estimate for the occurrence of
work absence in workers with back pain was 15.5% [2].
Occupational low back pain is the largest single health
problem related to work and absenteeism at most common cause of incapacity among workers aged less than
45, it primarily affects young adults and is responsible
for approximately one quarter of all cases of premature
invalidity [3]. It has been estimated that 5-10% of cases
of spinal pain become chronic [4, 5] and one fifth lead
to pain-related disability one year after the first pain episode [6]. The global point prevalence of neck pain is estimated to be 4.9% with Disability-adjusted life years to
33.6 million in 2010. Out of all 291 conditions studied
in the global burden of disease 2010 study, neck pain
ranked 4th highest in terms of disability as measured by
years lived with disability [7]. Low-back pain and neck
pain are the biggest and fourth biggest causes of years
of life with disability worldwide, respectively [8]. Back
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its nonfatal course until it becomes excruciating. Even
upon request of detailed investigation for diagnosis by
treating doctors, patients are compelling to limit the
treatment with painkillers or self-treat themselves.
This behaviour has adverse impact on their health later
on including sensory or motor disturbances of affected
limb.
Objectives of the study were: 1) To identify various
occupations related risk factors and their possible role
in occurrence of back pain/neck pain and 2) To appreciate role of computer job work on occurrence of back
pain/neck pain.

as bad as it could be” or “worst imaginable pain” (score
of 100 [100-mm scale]) [20]. Pain score was further divided in 2 and 3 categories : Not Severe (1-6) and Severe
(7-10) and Mild (1-3), Moderate (4-6) and Severe (710). Necessary approval from institutional ethical committee was obtained. Personal interview of all participants were carried out at physiotherapy department of
institute. Data were entered in MS Excel and analyzed
using IBM SPSS Statistics for Windows, Version 20.0.
Armonk, NY: IBM Corp. For statistical analysis of data,
tests like contingency coefficient, Cramer’s V, Odds ratio and Goodman and Kruskal’s Gamma test are applied.

Methods

Results

The present study was conducted at one of the tertiary
care hospital attached with medical college at Ahmedabad city, Gujarat, India. All patients above age of 18
years attending physiotherapy department of the institute for treatment of back pain/neck pain and willing to
give informed oral consent were taken as study participants. The study was conducted from August 2017 to
March 2018 and following convenient sampling size, all
patients who gave oral informed consent were included
in study. In present study, a total of 512 participants were
included. After necessary permission, pilot study was
conducted among 30 patients and then questionnaire
was finalized. It included sociodemographic details, assessment of various occupation related risk factors, information regarding current/past episodes of back pain/
neck pain and treatment being undertaken.
Socio-economic classification was based on Modified
Prasad Classification. Modified Prasad Classification
is calculated using latest available All India-Consumer
Pricing Index (Industrial Worker) [14] and correction
factor of 1981 and 2001. Formula to obtain multiplication factor for month of May 2018 is:
MF= AICPI of May 2018 * 4.63 * 4.93 / 100
The multiplication factor that was obtained with above
formula is multiplied with baseline classification values.
Hence, the latest classification was revealed.
Information about certain body postures in their lifestyle
or at workplace which can have effects on back pain/
neck pain were asked. Details are given in Table I.
Visual Analogue Scale (VAS) for perceived pain was included in proforma. For pain intensity, the scale is most
commonly anchored by “no pain” (score of 0) and “pain

Total of 512 participants were included in present study.
General characteristics of participants are given in Table
II.
When inquired amongst all the participants, 53 (10.3%)
participants had Neck pain, 392 (76.6%) participants
had back pain and 67 (13.0%) participants were suffering from both neck pain and back pain. Upon asking
details of referred pain: amongst the 120 participants
with complaint of neck pain, 19 (15.8%) had shoulder
pain, 102 (85.0%) had radiating pain in upper limb, out
of which 54 (52.9%), 38 (37.3%) and 10 (9.8%) had
radiating pain in right upper limb, left upper limb and
bilateral upper limb respectively. In same subset of patients, Tingling (92, 76.7%) and numbness (88, 73.3%)
in upper limb complaint were also reported. In 459 participants with complaint of back pain, radiating pain in
lower limb was present in 326 (71.0%) participants. Tingling and numbness in lower limb was presented by 105
(22.9%) and 136 (29.6%) patients, respectively. Onset
of pain in 207 (40.4%) participants was sudden, while
in 305 (59.6%) participants it was gradual and pain increased over period of time. 380 (74.2%) participants
had continuous pain which remained almost throughout
the day, while 132 (25.8%) participants had intermittent
pain. On inquiring about past medical history related to
back pain, it was found that out of 512 participants, 70
(13.7%) had received spinal anesthesia, 171 (33.4%) had
suffered from trauma at back and 2 (0.4%) had congenital deformity of spine. Lifting heavy weights as a part of
job which may be on flat surface, on slop or on staircase
was informed by 191 (37.30%) participants.

Tab. I. Information about various body postures and their ideal positions in lifestyle.

Various body postures

Ideal position

Ideal method to use pillow during sleep

Push down pillow next to shoulders but not lay shoulders on pillow. Head should
be level when it’s on pillow. The pillow should not be so thick that chin is tucked
into chest, or not so flat that chin is elevated in air. Pillow should maintain natural
curvature of spine [15-17]
Proper position of armrest is below elbow, when elbow are at right angle to shoulder.
Ideally elbow should not bear weight on armrest while using computer [18]
Proper height of chair is one in which monitor of computer is at level of eye or few
inches above, feet are flat on the floor and knees in line or slightly lower than hips [19]

Position of armrest while using computer
Height of chair while using computer
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Tab. II. General characteristics of study participants.

Variable
Age (in completed years)

Gender
Education status

Marital status

Occupation

Socio-economic class (modified Prasad
classification)*

BMI

Sub-category
18-25
26-35
36-45
46-55
> 55
Male
Female
Illiterate
Primary
Secondary
Higher Secondary
Graduate and above
Unmarried
Married
Divorced/widowed/separated
Non-worker
Household work
Business
Labourer
Service
Tailor
Others
I

n = 512 (%)
35 (6.8%)
127 (24.8%)
142 (27.7%)
111 (21.7%)
97 (18.9%)
192 (37.5%)
320 (62.5%)
74 (14.5%)
111 (21.7%)
118 (23.0%)
90 (17.6%)
119 (23.2%)
49 (9.6%)
403 (78.7%)
60 (11.7%)
52 (10.2%)
172 (33.6%)
53 (10.4%)
78 (15.2%)
86 (16.8%)
63 (12.3%)
8 (1.5%)
66 (12.9%)

II
III
IV
V
Normal or underweight
Overweight
Obese (Class I, II, III)

190 (37.1%)
124 (24.2%)
104 (20.3%)
28 (5.5%)
293 (57.2%)
156 (30.5%)
63 (12.3%)

* AICPI – Industrial worker for month of May 2018-289 [14].

On asking about continuous neck position during work
(more than 4 hours without rest in between of at least 30
minutes), 114 (22.3%) participants told that their neck
was flexed, 72 (14.1%) told that it was straight, 312
(61.0%) told that it was either flexed or straight most of
time, 5 (1.0%) told it was extended while 9 (1.6%) told
that it was flexed or rotated most of time. Same way, upon in terms of continuous position of back (more than 4
hours without rest in between of at least 30 minutes) during work, 81 (15.8%) participants told that position was
flexed, 152 (29.7%) told it was straight, 264 (51.6%) told
it was flexed or straight and 15 (2.9%) told it was flexed or
straight or rotated most of time. Upon asking about maintaining ideal body posture of forward head and shoulder
position at work, 67 (13.1%) participants told that they
were able to follow the ideal posture. The mode of conveyance to workplace revealed: Auto rickshaw (n = 232),
Two wheeler (n = 141) and public transport (n = 127)
were commonly used as modes of transportation by participants besides bicycle (n = 63) and car (n = 40).
Out of total 512 study participants, 269 (52.5%) participants waited for 1 month or more before consulting a
specialist for pain. 416 (81.3%) participants underwent
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1-3 consultation with doctors in last one year. 348 (68%)
participants were still undiagnosed for the root cause of
their pain. From all, 343 (67.0%) participants informed
that their pain never subsided even on using some remedy for it. Majority participants - 454 (88.7%) used
non steroidal anti inflammatory drugs (NSAIDs) alone
or in combination with other drug for relieving pain.
Of all the participants taking medication, 409 (79.9%)
participants regularly consumed medication for relieving pain. Of total, 33 (6.4%) participants were advised
surgical intervention for their spinal problem but they
refused, while 2 (0.4%) underwent surgical intervention for their spinal problem. 498 (97.3%) participants
took Out-patient service for their problem and had no
history of hospitalization due to back pain or neck pain.
The participants who were prescribed lumbar belt for
back pain were 170 (37.0%) while, 4 (3.3%) were prescribed cervical collar for their neck pain, which was
mostly worn during working hours. As a treatment part,
175 (34.2%) participants were advised exercise at home,
out of which 155 (88.6%) participants did it regularly.
Out of total, 311 (60.7%) participants used some home
remedy method to relieve pain. The various house-hold
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methods utilized by these participants were: electric
heating pad - 39 (12.5%), hot water bag - 269 (86.5%)
and vibrating massager - 3 (1.0%).
Participants, who suffered from restriction in some activities due to their pain, were 466 (91.0%). Of total,
99 (19.3%) participants suffered from loss of working
days in last year due to their pain. Preventive measure
in terms of avoiding specific posture which aggravated
the pain was applied by 454 (88.7%) participants. Out of
120 participants suffering from neck pain, 28 (23.3%)
participants had habit of using hard and thick pillow
during sleep, while 92 (76.7%) used soft and thin pillow. Only 19 (15.8%) participants knew about correct
method of using pillow.
On inquiring about prolonged use of computer at workplace, 50 (9.8%) participants used computer at work
place for more than 4 hours duration. Out of 50 participants, 32 (64.0%) participants informed that monitor of
computer was at the level of eye. 20 (40.0%) participants

told that backrest was according to natural curve of the
body. 26 (52.0%) participant had chair whose height
could be adjusted according to user. The participants
using reclining chair were 25 (50.0%) with 42 (84.0%)
having armrest of chair proper.
Pain score of all participants categorized as per Visual
Analogue Scale (VAS) as described in methodology.
Out of total, 89 (17.4%) participants were included in
Mild (1-3) pain score category while 286 (55.9%) and
137 (26.7%) participants were included in Moderate (46) and Severe (7-10) pain score category, respectively.
Association between general characteristic of study participants and pain score categories was analysed using
Gamma test of significance and Contingency coefficient. The characteristics which found to have statistical
significance were: age, marital status, socio-economic
class, BMI and occupation of participants. No statistical
significance was revealed in association between gender, education and severity of pain score (Tab. III). No

Tab. III. Association between general characteristic of study participants and pain score categories.

Variable

Age

Gender
Education

Marital status

Pain score

18-25
25-35
35-45
45-55
≥ 55
Male
Female
Illiterate
Primary
Secondary
Higher secondary
Graduate and above
Unmarried
Married
Divorced/widowed/
separated

Socio economic
I
class
II
III
IV
V
BMI
Normal or less than
normal
Overweight
Obese
Occupation
Business
Service
Labourer
Household work
Non workers
Tailor
Other

Total
N = 512 (100%)

Gamma
(p value)

0.155 (0.003)

Mild (1-3)
N = 89 (17.4%)
10 (11.2%)
29 (32.6%)
18 (20.2%)
17 (19.1%)
15 (16.9%)
63 (70.8%)
26 (19.2%)
5 (5.6%)
24 (26.9%)
17 (3.3%)
24 (26.9%)
19 (21.3%)
0(0.0%)
68(76.4%)

Moderate (4-6)
N = 286 (55.9%)
12 (4.2%)
62 (21.7%)
86 (30.1%)
55 (19.2%)
71 (24.8%)
65 (22.7%)
221 (77.3%)
46 (16.1%)
60 (21.0%)
60 (21.0%)
53 (18.5%)
67 (23.4%)
28 (9.8%)
235(82.2%)

Severe (7-10)
N = 137 (26.7%)
13 (9.5%)
36 (26.3%)
38 (27.7%)
39 (28.5%)
11 (8.0%)
64 (46.7%)
73 (53.3%)
23 (16.8%)
27 (19.7%)
41 (29.9%)
13 (9.5%)
33 (24.1%)
21( 15.3%)
100(73.0%)

35 (6.8%)
127 (24.8%)
142 (27.7%)
111 (21.8%)
97 (18.9%)
192 (37.5%)
320 (62.5%)
74 (14.5%)
111 (21.7%)
118 (23.0%)
90 (17.6%)
119 (23.2%)
49 (9.6%)
403 (78.7%)

21 (23.6%)

23 (8.0%)

16 (11.7%)

60 (11.7%)

9 (10.1%)

46 (16.1%)

11 (8.0%)

66 (12.9%)

45 (50.6%)
16 (18.0%)
14 (15.7%)
5 (5.6%)

91 (31.8%)
83 (29.0%)
54 (18.9%)
12 (4.2%)

54 (39.4%)
25 (18.3%)
36 (26.3%)
11 (8.0%)

190 (37.1%)
124 (24.2%)
104 (20.3%)
28 (5.5%)

61 (68.5%)

156 (54.5%)

76 (55.5%)

293 (57.2%)

25 (28.1%)
3 (3.4%)
8 (9.1%)
10 (11.2%)
16 (18.0%)
46 (51.7%)
5 (5.6%)
2 (2.2%)
2 (2.2%)

90 (31.5%)
40 (14.0%)
30 (10.5%)
64 (22.4%)
35 (12.2%)
82 (28.7%)
33 (11.5%)
39 (13.7%)
3 (1.0%)

41 (29.9%)
20 (14.6%)
15 (10.9%)
12 (8.8%)
27 (19.7%)
44 (32.1%)
14 (10.2%)
22 (16.1%)
3 (2.2%)

156 (30.5%)
63 (12.3%)
53 (10.4%)
86 (16.8%)
78 (15.2%)
172 (33.6%)
52 (10.2%)
63 (12.3%)
8 (1.5%)

* contingency coefficient value
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4.789 (0.091)
0.081 (0.152)

0.329 (0.000)

0.128 (0.026)

0.141 (0.039)

0.269* (0.000)
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statistical significance was found between lifting heavy
weights at work and severity of pain (5.105; p = 0.078).
Statistical significance was found between computer
use and pain score severity (0.149; p = 0.003) on applying contingency coefficient test. Statistical significance was found between various risk factors associated with prolonged computer use at work place which
can cause back/neck pain. (Tab. IV).
Various body postures like prolonged sitting, prolonged standing, frequent bending waist and knee,
pulling/pushing heavy objects, frequent heavy weight
lifting > 10 kg (for back pain only), prolonged walking
and/or standing and repetitive movement of back/neck
(for neck pain only) were found to be statistically significant risk factors for occurrence of back/neck pain.
(Tab. V).

Discussion
In present study, it is quite evident that there is relation between occupations related risk factors and back
pain and neck pain. Majority of participants attending
physiotherapy clinic for spinal problem belonged to
working age group of 26-55 years which is statistically significant with pain score. Some other studies
in physiotherapists also showed that initial onset of
work related back pain occurred before the age of 30
years [21-23]. No statistical association was obtained
in the present study between gender, education of
participant and severity of pain score. However some
studies have reported association between gender and
spinal problems, in which it was more common problem among females [24-28].

In case of Body Mass Index, severity of pain was
more among obese people compared to other two
groups, which is statistically significant. This supports
various studies showing that spinal problem is more
among obese people compared to normal or overweight people [29, 30]. Yue et al. [31] in their study
at China among teachers, found that severity of neck
and shoulder pain was more severe among females
compared to males. In another study global burden
of lower back pain (LBP) showed that LBP was more
common among males than females [32]. However in
present study, no such significance was obtained between severity of neck and/or back pain and gender. In
the same study Yue et al. [31], revealed that neck and
shoulder pain was associated with physical exercise,
prolonged standing, prolonged sitting and static posture, while lower back pain was associated with twisting posture, uncomfortable back support, prolonged
sitting and static posture. Similarly in current study,
prolonged sitting and standing, frequent bending at
waist and knee, pulling and pushing of heavy objects,
prolonged walking and/or standing, prolonged neck
bending and repetitive movements and lifting heavy
weights were found to be significant factors associated
with neck/back pain (Tab. V).
In present study, it was revealed that participants with
prolonged computer usage had more severe pain compared to others. All 50 patients using computer, had either moderate or severe back/neck pain. None of them
had mild pain. No significant association was found
between position of monitor at level of eyes, back rest
whether reclining or non-reclining, armrest proper or
not, height of chair proper or not and score of severity
of pain. This possibly may suggest that unless moni-

Tab. IV. Association between risk factors associated with “computer use” at workplace and pain score categories.

Variable

Pain score

Mild (1-3)
N = 0 (0.0%)
Risk factors
Screen of
Yes
associated with Monitor at level
Computer use of eye
No
Back rest fitting Yes
to natural back
curve
No
Adjustable
Yes
height of chair
No
Back rest
Reclining
Non-reclining
Arm rest
Proper
Improper
Height of chair Proper
Improper

0 (0.0%)

Moderate
Severe (7-10)
(4-6)
N = 16 (32.0%)
N = 34 (68.0%)
20 (58.8%)
12 (75.0%)

Total
N = 50 (100%)

Contingency
coefficient
value
(p value)

32 (64.0%)

0.155 (0.351)

0 (0.0%)
0 (0.0%)

14 (41.2%)
10 (29.4%)

4 (25.0%)
10 (62.5%)

18 (36.0%)
20 (40.0%)

0.301 (0.034)

0 (0.0%)
0 (0.0%)

24 (70.6%)
14 (41.2%)

6 (37.5%)
12 (75.0%)

30 (60.0%)
26 (52.0%)

0.301 (0.035)

0 (0.0%)
0 (0.0%)
0 (0.0%)
0 (0.0%)
0 (0.0%)
0 (0.0%)
0 (0.0%)

20 (58.8%)
15 (44.1%)
19 (55.9%)
31 (91.2%)
3 (8.8%)
18 (52.9%)
16 (47.1%)

4 (25.0%)
10 (62.5%)
6 (37.5%)
11 (68.8%)
5 (31.2%)
11 (68.8%)
5 (31.2%)

24 (48.0%)
25 (50.0%)
25 (50.0%)
42 (84.0%)
8 (16.0%)
29 (58.0%)
21 (42.0%)
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0.169 (0.364)
0.274 (0.092)
0.148 (0.365)
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Tab. V. Association between different body postures at variety of occupations and complaint of back/neck pain.

Body
posture
Prolonged
sitting
(n = 381)

No

32
(10.8%)

Household
work
103
(34.8%)

Yes

7
(8.2%)
1
(3.8%)
38
(10.7%)
27
(12.8%)

32
(37.6%)
15
(57.7%)
120
(33.8%)
97
(45.5%)

11
(12.9%)
1
3.8%)
42
(11.8%)
41
(19.2%)

0
(0.0%)
0
(0.0%)
23
(6.5%)
3(
1.4%)

8
(9.5%)
0
(0.0%)
71
(20.0%)
24
(11.3%)

26
(30.6%)
9
(34.6%)
54
(15.2%)
15
(7.0%)

1
(1.2%)
0
(0.0%)
7
(2.0%)
6
(2.8%)

16
(20.5%)
3 (9.1%)

28
(35.9%)
13
(39.4%)
112
(43.4%)
74
(46.5%)

11
(14.1%)
4
(12.1%)
48
(18.6%)
48
(30.2%)

6
(7.7%)
6
(18.2%)
3
(1.2%)
4
(2.5%)

7
(9.0%)
7
(21.2%)
24
(9.3%)
5
(3.1%)

9
(11.5%)
0
(0.0%)
24
(9.3%)
16
(10.1%)

1
(1.3%)
0
(0.0%)
7
(2.7%)
7
(4.5%)

No

1
(1.7%)
1
(5.0%)
5
(2.6%)
N.A.

30
(51.8%)
9
(45.0%)
95
(48.2%)
8
(32.0%)

11
(19.0%)
4
(20.0%)
55
(27.9%)
11
(44.0%)

6
(10.3%)
6
(30.0%)
4
(2.0%)
0
(0.0%)

8
(13.8%)
0
(0.0%)
13
(6.6%)
N.A.

1
(1.7%)
0
(0.0%)
17
(8.6%)
N.A.

1
(1.7%)
0
(0.0%)
8
(4.1%)
6
(24.0%)

Yes

N.A.

N.A.

N.A.

Yes

N.A.

N.A.

N.A.

No

8
(6.2%)

6
(85.7%)
6
(100%)
0
(0.0%)
4
(3.1%)

N.A.

N.A.

0
(0.0%)
0
(0.0%)
11
(42.3%)
38
(29.5%)

N.A.

No

0
(0.0%)
0
(0.0%)
8
(30.8%)
45
(34.9%)

8
(6.2%)

19
(14.7%)

1
(14.3%)
0
(0.0%)
7
(26.9%)
7
(5.4%)

Yes

2
(3.0%)
1
(5.0%)
9
(5.1%)
4
(4.5%)

29
(43.9%)
9
(45.0%)
65
(37.1%)
62
(69.7%)

14
(21.3%)
4
(20.0%)
48
(27.4%)
12
(13.5%)

6
(9.1%)
6
(30.0%)
4
(2.3%)
0
(0.0%)

5
(7.6%)
0
(0.0%)
13
(7.4%)
1(
1.1%)

9
(13.6%)
0
(0.0%)
28
(16.1%)
4
(4.5%)

1
(1.5%)
0
(0.0%)
8
(4.6%)
6
(6.7%)

3
(9.1%)
1
(10.0%)
6
(5.3%)

9
(27.3%)
0
(0.0%)
71
(63.4%)

3
(9.1%)
3
(30.0%)
12
(10.7%)

6
(18.2%)
6(
60.0%)
0
(0.0%)

5
(15.1%)
0
(0.0%)
6
(5.4%)

6
(18.2%)
0
(0.0%)
10
(8.9%)

1
(3.0%)
0
(0.0%)
7
(6.3%)

Complaint
Neck pain

Back pain

Business

No
Yes

Prolonged
standing
(n = 291)

Neck pain

No

Yes
Back pain

No
Yes

Frequent
Neck pain
bending waist
knee
(n = 217)

No

Yes
Back pain

No
Yes

Pulling/
pushing
heavy objects
(n = 32)

Neck pain

Back pain

Frequent
heavy weight
lifting
(n = 195)

Neck pain

Back pain

No
Yes

Prolonged
walking and/
or sting
(n = 122)

Neck pain

No

Yes
Back pain

No
Yes

40
(15.5%)
5
(3.1%)

Labourer

Non
worker

Service

Tailor

Others

32
(10.8%)

23
(7.8%)

63
(21.3%)

37
(12.5%)

6
(2.0%)

296

85

Total p-value

26

0.000

0.003

355
213

0.028#

78
33

0.000

258
159

0.002#

58
20

0.001

197
25

0.000

7
6

0.000

26
129

0.260#

66
20

0.000

175
89

0.000

33
10

0.000

112

continues
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Tab. V. follows.

Body
posture

Complaint

Prolonged
squatting
(n = 182)

Neck pain

Back pain

Business

No

0
(0.0%)

Yes

No

1
(2.0%)
0
(0.0%)
1
(0.6%)
N.A.

Yes

N.A.

No

N.A.

Yes

N.A.

No

N.A.

Yes

N.A.

No

N.A.

Yes

N.A.

No
Yes

Neck bending Neck pain
(n = 34)

Back pain

Repetitive
Neck pain
movement of
back/neck
(n = 13)

Back pain

#

Household
work
91
(68.9%)

Labourer

Non
worker

Service

Tailor

Others

9
(6.8%)

4
(3.0%)

3
(2.3%)

18
(13.6%)

7
(5.3%)

132

33
(66.0%)
13
(100%)
111
(65.6%)
9
(40.1%)
3
(25.0%)
3
(100%)
9
(29.0%)
4
(57.1%)

6
(12.0%)
0
(0.0%)
15
(8.9%)
3
(13.6%)
0
(0.0%)
0
(0.0%)
3
(9.7%)
N.A.

0
(0.0%)
0
(0.0%)
4
(2.4%)
3
(13.6%)
0
(0.0%)
0
(0.0%)
3
(9.7%)
0
(%)

0
(0.0%)
0
(0.0%)
3
(1.8%)
1
(4.5%)
5
(41.7%)
0
(0.0%)
6
(19.3%)
2
(28.6%)

9
(18.0%)
0
(0.0%)
27
(16.0%)
0
(0.0%)
3
(25.0%)
0
(0.0%)
3
(9.7%)
N.A.

1
(2.0%)
0
(0.0%)
8
(4.7%)
6
(27.2%)
1
(8.3%)
0
(0.0%)
7
(22.6%)
1
(14.3%)

50

0
(0.0%)
4
(57.1%)
0
(0.0%)

N.A.

6
(100%)
0
(0.0%)
6
(100%)

0
(0.0%)
2
(28.6%)
0
(0.0%)

N.A.

0
(0.0%)
1(
14.3%)
0
(0.0%)

N.A.
N.A.

N.A.
N.A.

Total p-value

13

0.332

0.427

169
22

0.001

12
3

0.001

31
7

0.604

6
7

0.604

6

Contingency coefficient test was applied. Other all variables were assessed by Fisher’s Exact test.

tor display is in front and not on either side, pain is
not severe. Such conclusion was also made in study
conducted by Ye et al. [32] at China. In current research, significant association was obtained between
computer use, back rest fitting to natural curve of
body, adjustable height of chair and severity of pain
score. Severity of pain was more among participants
who didn’t have proper backrest in chair and amongst
those whose chair height couldn’t be adjusted. Certain studies have found relation between visual display unit and musculoskeletal disorders and advice
for appropriate design of workstation [33, 34] similar
findings were revealed in present study.

back rest fitting to natural back curve and adjustable
height of chair were significant factors for occurrence
of neck pain. Various body postures like prolonged
sitting, prolonged standing, frequent bending waist
and knee, pulling/pushing heavy objects, frequent
heavy weight lifting > 10 kg (for back pain only), prolonged walking and/or standing and repetitive movement of back/neck (for neck pain only) were found to
be statistically significant risk factors for occurrence
of back/neck pain.

Conclusion

Authors are very much thankful to the staff of Physiotherapy Department, GCS Medical College Hospital
and Research Centre for their support throughout the
study.
Funding sources: this research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.

In age group more than 25 years, distribution of occurrence of neck/back pain has more preponderance
for females. Household work has significant contribution in occurrence of neck/back pain. Majority of
the participants suffered from restriction in some activities due to their pain, while some participants suffered from loss of working days in last year due to
their pain. Age, marital status, socioeconomic class,
BMI and type of occupation were found to have statistically significant association with severity of pain.
Among participants with prolonged computer usage,
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Dear Editor,
It is known that the most traditional endurance and ultra-endurance (ultra-endurance competition is defined
as events that exceed the 6 hours in duration) sports are
swimming, cycling, running, and triathlon as a combination of them. In recent years, several studies reported an
increased participation in ultra-endurance performances
of six hours or longer [1] such as ultra-running [2, 3],
ultra-cycling [4] and ultra-triathlon. In several cases in
these ultra-endurance events has been observed an increased participation from master athletes older than 35
years [5].
Several authors investigated the influence of age in triathlon performance [6] and in running performance [7],
but only a few studies investigated other endurance
disciplines such as swimming or cycling. In particular,
cycling as a non-weight-bearing activity represents an
interesting model because it can be performed even in
older ages [8]. Most of the studies on ultra-endurance
race cyclists have been performed in experimental conditions, so the aim of this study was to evaluate “on
field” the effects of this activity.
The so-called “1001 miles” is the longest and extreme
randonnée of Europe and stretches over a distance of
1600 km to go across in 7 days in a region characterized by high temperatures and high humidity (the race
occurs in August, in Italy). Remarkable is also the commitment in terms of slope and altitude changes to deal
with [9]. The so-called randonneuring is a sport born in
France. During each competition (called randonnée), the
participants tackle paths of 200 km and beyond, passing through predetermined control points. The aim is to
complete the course within certain time limits, and the
order of arrival is irrelevant.
In August 2016 Twenty-one cyclists were voluntary enrolled in the study. This small sample size was due to
the limited available economic resources. The study was
approved by the Ethical Committee of the race organizer
and an informed consent form (in multiple languages)
was distributed and signed by the athletes before being
enrolled.
A medical evaluation, and the collection of blood and
urine samples occurred before the race and at the end

of the race. Data were managed in a totally anonymous
way. Tests were not technically considered invasive.
Samples were collected by a nurse and examined by an
external laboratory (in Sesto San Giovanni, Milan). The
performed analyses were: blood count, creatinine, urea
(Blood Urea Nitrogen - BUN), calcium, sodium, potassium, chlorine, magnesium, bicarbonates, glycemia, creatine phosphokinase (CPK), urine analysis.
Collected data were inserted in a database and exported
for statistical analysis. Percentages, means and standard
deviations were calculated, followed by the creation
of tables for a descriptive purpose. Continuous variables were evaluated using the Kolmogorov-Smirnov
test in order to verify the normality hypothesis, and the
Bartlett’s test for homogeneity of variances between the
two groups. For all variables, the assumptions of normality and homogeneity were satisfied. The differences between groups were evaluated with paired t test except for
“Urine clarity” that was evaluated using the chi-square
test. Statistical analyses were performed using R version
3.3.3. The significance level was set at p < 0.05. Athletes
who agreed to participate in the study were 3 females
(14.3%) and 18 males (85.7%). The mean age was 53.42
years old (Std. Dev. 8.27; range 40-69). 14 (66.6%) were
from Italy, 2 (10%) from Germany, 1 (4.7%) from Canada, 1 (4.7%) from Switzerland, 1 (4.7%) from Japan, 1
(4.7%) from Peru, 1 (4.7%) from Spain.
Laboratory results are resumed in Table I. Temperatures
recorded during the randonnée are resumed in the Supplementary Table I.
Our investigation showed a statistically significant increase in blood urea concentration (BUN) in cyclists
involved in “1001 miles” race. The phenomenon is certainly due to the increase in energy demand by the large
striated muscle masses involved in the exercise, whereas
the perfusion of body organs such as the kidneys may
decrease up to 25% of resting levels [10]. It resulted in
a temporary reduction in the glomerular filtration rate
(eGFR) with a consequent increase in the values of
metabolic wastes such as urea [11, 12]. Not statistically
significant differences were observed between men and
women.
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Tab. I. Laboratory analysis.

Blood
Urea* (mg/dL)
Creatinine* ( mg/dL)
Calcium (mmol/L)
Sodium (mEq/L)
Potassium (mEq/L)
Chlorine (mEq/L)
Magnesium (mmol/L)
Bicarbonates (mmol/L)
Glucose (mg/dL)
Urine
Urine clarity*
Clear (%)
Turbid (%)
PH (mean, Std. dev.)
Specific gravity (mean, Std. dev.)
Blood* (mean, Std. dev.)
Leucocytes (mean, Std. dev.)

Beginning (mean, Std. dev.)
39.24 ± 6.50
0.86 ± 0.12
2.37 ± 0.10
144.67 ± 1.59
4.29 ± 0.31
105.19 ± 1.72
0.64 ± 0.07
25.60 ± 2.30
97.10 ± 24.17
Beginning

End (mean, Std. dev.)
52.62 ± 11.68
0.81 ± 0.09
2.15 ± 0.08
138.76 ± 2.79
4.10 ± 0.46
105.05 ± 2.87
0.85 ± 0.05
21.21 ± 2.34
94.81 ± 21.77
End

21 (100%)
0 (0%)
5.71 ± 0.89
1.02 ± 0.004
13.24 ± 40.61
5 ± 5.5

6 (28.57%)
15 (71.43%)
5.43 ± 0.18
1.03 ± 0.002
16.95 ± 38.34
10.14 ± 18.92

* statistically significant difference (p value < 0.05)

Concluding, in master athletes, it is important to have an
adequate water-saline reintegration during ultra endurance races: this could lead to a good perfusion pressure
of the internal organs and, especially some functional
sport drinks (particularly those containing GlucoseFructose and sodium) can improve athletic performance
by sustaining metabolism and optimizing water absorption [13]. It is also important an adequate diet during the
whole preparation phase and the race, aimed at enriching
the hepatic and muscular glycogen reserves as much as
possible, in order to contain protein catabolism and the
synthesis of nitrogen compounds [14].
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Tab. S1. Temperature recorded in each 1001 miles stop (in Celsius degrees).

Day/place
I Colorno
II Lugo
III Todi
IV Staffoli
V Castellania
VI Nerviano

Temp. med.
27°
25°
25°
24°
23°
24°

Min. temp.
19°
20°
17°
20°
21°
21°

Max. temp.
32°
30°
30°
29°
24°
29°

Humid. med.
47%
64%
61%
85%
85 % (rainy)
67%

Wind
19 km/h
15 km/h
7 km/h
9 km/h
6 km/h
7 km/h
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