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HTA is considered the most comprehensive and transparent method 
of supporting decision-makers in their choices in Public Health.
HTA on vaccines is being performed by many experts. However, 
they often present their studies to colleagues, but not to decision-
makers, who should be the main target and current users. It is 
therefore crucial to improve the transfer of scientific data to deci-
sion-makers and all stakeholders.
The aims of the present project are: 1) to set up a team of experts 
to collect economic evaluations and HTA studies on vaccines 
and assess their actual use in decision-making processes; 2) to 
constitute regional working groups in order to identify the criti-
cal aspects of the communication process and identify the most 
appropriate method of data transfer.

Systematic reviews of economic evaluations and HTA on 
vaccines and their actual use in decision-making will be 
used to draw up the basic documents for discussion by the 
3 regional working boards. The working groups will discuss 
the current scientific evidence and communication methods 
and will try to implement a model of technology assessment 
with well-defined and objective criteria, in order to better 
fit pharmaco-economic and HTA methods to the field of vac-
cinations.
Improving the transfer of HTA results to stakeholders, particu-
larly decision-makers, will enable decisions to be taken on the 
basis of scientific evidence, and appropriate, sustainable actions 
to be undertaken.
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Summary

Introduction 

In accordance with the recommendations of the World 
Health Organization (WHO) (2005)  [1], the current 
Italian National Plan for Vaccination Prevention 2012-
2014 (PNPV) [2] specifies that the choices made in the 
sector of prevention, such as those concerning vaccina-
tion, should be based on clear, robust, shared criteria. 
This need is due to the increasing availability of new 
vaccines, the introduction of new vaccination indica-
tions and the limited economic resources of health sys-
tems, even in developed countries. Only by prioritizing 
all possible preventive interventions can we rational-
ize the use of limited resources and maximize results 
in terms of health. As Health Technology Assessment 
(HTA) meets the above-mentioned criteria, it may con-
stitute the best approach to this issue. 
HTA is regarded as the most comprehensive and trans-
parent method of supporting decision-makers in their 
choices concerning health technologies. This approach 
is even more important in the Public Health sector, par-
ticularly with regard to vaccine prevention  [3]. As vac-
cination targets healthy individuals, its benefits (such as 

absence of disease, reduced disease burden etc.) are often 
unapparent to both the population and decision-makers. 
Consequently, preventive interventions are viewed only 
as a considerable cost to the health system, rather than 
as fundamental investments that generate benefits in the 
short and long terms. These issues are even more evi-
dent today, in the current critical period of spending re-
view in Italy. Indeed, the most debated issue related to 
the introduction of a new vaccine is that of economic 
sustainability. In order to verify economic sustainability, 
pharmaco-economic evaluations are needed. The first 
step in this process is to evaluate the costs that a disease 
generates for the National Health Service (point of view 
of the third-party payer) and the community (point of 
view of society). Pharmaco-economics offers several ap-
proaches. In the field of vaccinations, the most frequently 
used approach is cost-effectiveness analysis, whereby the 
cost of vaccination is compared with its clinical benefit 
(e.g. the number of cases avoided or the years of sur-
vival gained). Among cost-effectiveness analyses, cost-
utility analysis is preferentially adopted, as benefits are 
measured in QALYs (quality-adjusted life-years). When 
comparing two or more alternatives which have different 
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costs and degrees of efficacy/effectiveness, it is important 
to obtain information in a single summary measure, i.e. 
considering both cost and effectiveness. The Incremental 
Cost-effectiveness Ratio (ICER) provides this information 
and expresses the additional cost of each unit of a health 
outcome (e.g. one QALY) obtained by one strategy com-
pared with another. The ICER is a fundamental parameter 
for decision-makers. However, decision-makers must also 
consider other domains: the epidemiology of the disease 
in question; vaccine efficacy/effectiveness; the predicted 
clinical impact on the population, as assessed through 
mathematical modelling of possible vaccination strate-
gies; ethical, social and legal aspects, and the impact of 
introducing a new vaccine on health organizations. HTA 
deals with all these aspects.
In Italy, as in other countries, the application of HTA to 
vaccines has increased in recent years. Many HTA reports 
and pharmaco-economic studies, including several in the 
Italian context, have been published  [4-24]. Although 
the data from these studies are widely available, they are 
often underused by decision-makers, who may lack the 
knowledge and ability necessary to exploit them fully. In-
deed, decision-makers often evaluate the implementation 
of new vaccines only on the basis of vaccination costs, 
without considering the clinical and economic benefits 
derived from the avoidance of cases of disease.
It is therefore essential to improve the transfer of scien-
tific data to decision-makers and all stakeholders, in order 
to promote evidence-based decisions in the area of immu-
nization. The introduction of a new vaccine can only be 
based on Evidence-Based Medicine (EBM), or rather Evi-
dence-Based Prevention (EBP) [25]. To achieve this goal, 
it is necessary to create a communication network linking 
all subjects involved in the decisional process: research-
ers, decision-makers and stakeholders. In this perspective, 
the project “HTA for public health decision-makers in the 
area of vaccination” has been planned and endorsed by 
the ISPOR Rome Chapter.
The International Society for Pharmacoeconomics and 
Outcomes Research (ISPOR), founded in 1995, is a pub-
lic non-profit educational and scientific association. It 
promotes pharmaco-economic and outcome research 
and facilitates the translation of the results of that re-
search into useful information for decision-makers in 
order to encourage efficiency, effectiveness and equity 
in health and to improve the health of the population. 
The ISPOR Italy-Rome Chapter is a working group af-
filiated to ISPOR and sharing its mission and objectives. 
It involves healthcare professionals, providers of health-
care technologies, decision-makers and other pertinent 
subjects in issues of pharmaco-economics and outcome 
research in the Italian context.

Objectives

The objectives of the project are:
1)  to organize a multidisciplinary working group com-

posed of experts (the Project’s founding group) in 
order to: 

•	 carry out systematic reviews of economic evalu-
ations and HTA reports on vaccines and vaccina-
tion strategies;

•	 assess the current use of HTA and economic eval-
uations in decision-making processes;

•	 implement a model of technology assessment 
with well-defined and objective criteria, in order 
to better fit pharmaco-economic and HTA meth-
ods to the field of vaccinations.

2)  to constitute regional working groups composed of 
experts, decision-makers and stakeholders in order 
to:
•	 identify and define critical points in communica-

tion from/to decision-makers and stakeholders 
and in data transfer processes, in order to identify 
the most appropriate method of data transfer;

•	 increase decisions taken on the basis of scientific 
evidence in the field of vaccinations;

•	 improve the culture of vaccination in the Italian 
population and counteract the spread of errone-
ous, confusing and outdated information.

Achievement of these objectives will lead to the identi-
fication of the best strategies for creating a “data bridge” 
between researchers, decision-makers and stakeholders.

Materials and methods 

Two different main activities will be performed: sys-
tematic reviews of economic and HTA studies on vac-
cine/vaccination strategies, and organization of working 
boards. Table I shows the main activities of the ISPOR 
Rome Chapter Project.
The following specific activities will be carried out:
•	 systematic reviews of economic and HTA evalua-

tions of vaccination strategies or of vaccines already 
included in the Italian vaccination schedule or still 
under discussion for inclusion in the current regional 
or national vaccination programs: for example, HPV 
vaccination in females and males, meningococcal C 
vaccine, pneumococcal vaccine in children and the 
elderly, varicella vaccine, quadrivalent conjugate 
meningococcal vaccine, meningococcal B vaccine, 
rotavirus vaccine, and herpes zoster vaccine. This 
systematic review will be performed on PubMed, 
Scopus and NIHR HTA databases; articles published 
at any time up to the end of 2015 will be included. 
PubMed and Scopus will be queried by means of a 
combination of MESH terms and keywords referring 
to vaccines/vaccinations and HTA/economic evalu-
ations, while the search on NIHR HTA will be per-
formed through the use of keywords related only to 
vaccines/vaccinations. Furthermore, a hand-search 
of the following journals will be carried out: Global 
& Regional Health Technology Assessment, Phar-
maco-Economics Italian Research Articles, Giornale 
Italiano di HTA, Politiche Sanitarie, HTA Focus – 
Pills of Clinical Governance, Pillole di Farmaco-
economia, Giornale Italiano di Farmacoeconomia 
e Farmacoutilizzazione, Italian Journal of Public 
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Health and Quaderni dell’Italian Journal of Public 
Health. Eligible articles will be identified through a 
two-step approach: screening of titles/abstracts and 
reading of full texts. Articles will be considered eli-
gible if they report the results of an economic evalu-
ation or of an HTA performed in Italy or one or more 
Italian Region;

•	 evaluation of the real use of economic and HTA 
studies in the decision-making process in Italy in 
recent years. This evaluation will be performed by 
comparing the results of the studies collected with 
the decisions taken at the national and regional levels 
in recent years, with regard to the inclusion of new 
vaccines or vaccination strategies in immunization 
programmes;

•	 some vaccination programmes will be compared 
with other health interventions (therapeutic interven-
tions) by means of mathematical models, in order to 
increase decision-makers’ awareness of the fact that 
investments in the field of vaccines generate signifi-
cant benefits and are not only a cost for the health 
system. For example, HPV vaccination in females 
will be compared with therapeutic interventions in 
women with HPV-related lesions/cancer.

These activities will be carried out by the Project’s 
“founding group”, made up of researchers working on 
these subjects at the Universities of Florence, Genoa and 
Rome (Catholic University and Tor Vergata Universi-
ty). The founding group will also implement a model of 
technology assessment with well-defined and objective 
criteria, in order to better fit pharmaco-economic and 
HTA methods to the field of vaccinations.
Data acquired from these activities will be used to draw 
up the basic documents for discussion by the working 
boards that will be organized. The working boards will 
be composed of all relevant subjects involved in the 
decision-making process: researchers, decision makers 
and stakeholders. (Tab. II). The parties that have an in-
terest are: citizens and their associations, health profes-
sionals and their associations, scientific societies, those 

elected by citizens to the various levels of government, 
businesses and no-profit partners, academics, and volun-
teers and their associations [26].
The importance of involving as many stakeholders as 
possible stems from the need to improve the culture of 
vaccination in the Italian population and to counteract 
the spread of erroneous, confusing and outdated informa-
tion. Indeed, the success of a vaccination campaign de-
pends not only on the supply of a vaccine free of charge, 
but also on the acceptance of vaccination on the part of 
the target population. The acceptability of vaccination 
strongly influences vaccine coverage rates, and only 
high vaccine coverage enables the incidence of disease 
to be reduced, thereby achieving considerable savings in 
terms of both healthcare and socioeconomic costs. Opin-
ion leaders and journalists will be involved in the work-
ing groups, on account of their significant influence on 
the choices of the population and decision-makers. In 
particular, journalists can support the improvement of 
communication between researchers and decision-mak-
ers by identifying the most appropriate method of data 
transfer. Journalists can also help to spread the culture of 
vaccination in the population and increase public aware-
ness of the importance of prevention activities.

Tab. I. The main activities of ISpOr rome Chapter project.

Activities Working boards
Systematic reviews on economic and hTA evaluations of vaccination strategies or vaccines already 
included in the vaccination schedule in Italy and europe.

project’s founding group

Systematic reviews on economic and hTA evaluations for vaccination strategies or vaccines that are 
as yet under discussion for inclusion in the current regional or national vaccination programs in Italy 
and europe.

project’s founding group

report on the real use of economic and hTA studies in decision-making process in Italy. project’s founding group
development of mathematical models for compared some vaccination programmes with other 
health interventions.

project’s founding group

Identification of critical points in communication from/to decision-makers and stakeholders and in 
data transfer processes in order to identify the most appropriate method of data transfer.

regional working groups

Increasing of decisions taken on the basis of scientific evidence in the field of vaccinations. regional working groups
Improving of the culture of vaccination in the Italian population and counteracting the spread of er-
roneous, confusing and outdated information.

regional working groups

Implementation of a model of technology assessment with well-defined and objective criteria in order 
to better fit pharmaco-economic and hTA methods to the field of vaccinations.

project’s founding group

National event of working groups

Tab. II. multidisciplinary working groups of ISpOr rome Chapter project.

researchers
University researchers
Independent researchers

decision-maker

minister of health
Institute of health
regions
minister of economic
Italian medicine Agency
minister of University

Stakeholders

vaccine manufacturers
Scientific Societies
medical Federations
Citizens associations
provident Institution
volunteers associations
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Expected results and discussion

Two systematic reviews will be published: the first will 
focus on economic and HTA evaluations of vaccination 
strategies or vaccines already included in vaccination 
schedules in Italy and Europe; the second will focus on 
economic and HTA evaluations of vaccination strategies 
or vaccines that are as yet under discussion for inclusion 
in current regional or national vaccination programs in 
Italy and Europe.
A report on the real use of economic and HTA studies 
in the decision-making process in Italy in recent years 
will be made.
Three permanent regional working boards will be set up 
in Northern, Central and Southern Italy, coordinated by 
the Project’s “founding group”. These will discuss the 
current scientific evidence of cost-effectiveness and the 
cost-benefit profiles of vaccinations and will also inves-
tigate other domains relevant to the decisional process 
(such as ethical, social and legal aspects and the impact 
of introducing a new vaccine on health organizations). 
They will also identify and analyse critical points in the 
different kinds of communication, in order to pick out 
the most appropriate methods of communication and da-
ta transfer. Furthermore, they will discern the informa-
tion needs of each subject involved and work out how to 
improve the transfer of knowledge from researchers to 
decision-makers and stakeholders. The information ob-
tained by these permanent regional boards may be vali-
dated in other Italian Regions. Lastly, a national event 
will be organized in order to extend the indications and 
information obtained at the regional level to the national 
level.
The feasibility of the project is guaranteed by the partici-
pation of academics and researchers in the permanent re-
gional working boards. However, the achievement of the 
above-mentioned objectives might be jeopardised by the 
potentially scant participation of decision-makers and 
stakeholders in the communication network. To avoid 
this eventuality, every effort will be made to convince 
decision-makers and stakeholders of the importance of 
developing a communication network with scientific 
experts in order to foster evidence-based decisions that 
meet the needs highlighted by the decision-makers and 
stakeholders themselves.
Finally, individuation of a model of technology assess-
ment with well-defined and objective criteria could con-
tribute to the development of new HTA reports accord-
ing to the requirements and needs evinced by the deci-
sion-makers and stakeholders themselves in the future.

Conclusions

The success of the project will pave the way towards 
an interactive dialogue among all subjects involved in 
the decision-making process. In this way, decisions can 
be taken on the basis of scientific evidence, and appro-
priate, sustainable actions can be undertaken. Indeed, 
healthcare priorities can only be established through 

broadly based, shared evaluations of health interven-
tions. This approach will ensure a more appropriate use 
of limited resources and enable preventive activities that 
generate many benefits and not only costs.
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Introduction. The objective of this paper is the comparison 
between two different technologies used for the removal of a uter-
ine myoma, a frequent benign tumor: the standard technology cur-
rently used, laparoscopy, and an innovative one, colpoceliotomy. 
It was considered relevant to evaluate the real and the potential 
effects of the two technologies implementation and, in addition, 
the consequences that the introduction or exclusion of the innova-
tive technology would have for both the National Health System 
(NHS) and the entire community. 
Methods. The comparison between these two different technolo-
gies, the standard and the innovative one, was conducted using 
a Health Technology Assessment (HTA). In particular, in order 
to analyse their differences, a multi-dimensional approach was 

considered: effectiveness, costs and budget impact analysis data 
were collected, applying different instruments, such as the Activ-
ity Based Costing methodology (ABC), the Cost-Effectiveness 
Analysis (CEA) and the Budget Impact Analysis (BIA). Organisa-
tional, equity and social impact were also evaluated.
Results. The results showed that the introduction of colpoceliot-
omy would provide significant economic savings to the Regional 
and National Health Service; in particular, a saving of € 453.27 
for each surgical procedure. 
Discussion. The introduction of the innovative technology, colpoce-
liotomy, could be considered a valuable tool; one offering many 
advantages related to less invasiveness and a shorter surgical pro-
cedure than the standard technology currently used (laparoscopy).
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Summary

Introduction

Uterine myoma is the most common benign tumour of 
the uterus [1], affecting around 20-25% of women over 
30 years old [2]. The incidence of this disease increases 
from age 40 to 50. 
This disease is usually asymptomatic; sometimes, how-
ever, it may cause disorders such as dysmenorrhea, com-
promising women’s health and quality of life. Symptoms 
may be severe enough to require treatment.
There are several options for the treatment of myomas, 
including both medication and surgical procedures, such 
as myomectomy and hysterectomy. Surgical and other 
invasive interventions still dominate treatment [3], while 
the medical therapy is currently limited to the preopera-
tive reduction of symptoms [4].
Myomectomy is the only surgical option for women of 
childbearing age. With myomectomy, it is necessary to 
consider both laparoscopy and colpoceliotomy, which, 
in this paper, is defined as “innovative technology”.
Laparoscopy was first described by Semns in 1980 [5]. 
It is a surgical procedure in which a small incision is 
made, through which a viewing tube (laparoscope) is in-
serted. Colpoceliotomy is a surgical procedure in which 
an opening of the pelvic cavity is made through the for-
nix of the vagina. The latter procedure is less invasive 
than the standard one; there is no need of any abdomi-

nal incision and the peritoneum is surgically opened via 
the vaginal fornix; furthermore colpoceliotomy can be 
useful even in case of large, numerous and intramural 
fibroids [6]. However, although the first description of 
this method dating from 1951, thanks to De Bedoya [7], 
it is an uncommon methodology as it requires a detailed 
knowledge of the vaginal apparatus and manual trans-
vaginal skills. It is, therefore, a rarely used technique in 
the removal of uterine myomas. Over the last decades, 
this methodology has been studied by other authors [8-
9], asserting that its surgical access to pelvis and, in 
general, its surgical time are more rapid if compared 
with laparoscopy one. However, despite these advan-
tages, gynecologists do not often use vaginal myomec-
tomy [10].
The aim of the present study is to compare laparoscopy 
with colpoceliotomy, focusing on the advantages and 
benefits of the innovative technology, based on their 
use in the Department of Obstetrics and Gynecology of 
the Health Authority Civil Hospital of Legnano. The fi-
nal goal of the analysis conducted is the definition of 
the best procedure to be implemented and used in this 
specific setting, in accordance with a multidimensional 
and multi-disciplinary Health Technology Assessment 
(HTA) approach, considering the Health Authority point 
of view.
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Materials and methods

In order to achieve the above mentioned objective, HTA 
was considered the most acknowledged tool for being 
adopted in the decision-making phase, in professional 
and knowledge-intensive settings, such as hospitals.
HTA is a multi-disciplinary tool, one that aims at evalu-
ating both the real and the potential effects of technolo-
gies, and the consequences that the introduction or the 
exclusion of a procedure has for the health system, the 
economy and society.
The present approach is able to analyse different tech-
nologies, by examining their economic, social, clini-
cal, ethical and organizational implications  [11], thus 
identifying methodologies that offer a greater benefit to 
the population. The primary objective of HTA, is not 
to increase specialists and evaluators’ knowledge, but 
to directly influence the decision making process [12], 
with an evidence-based, more quantitative and objective 
approach.
The present paper compares laparoscopy with colpoceli-
otomy through the implementation of a Hospital-Based 
HTA, namely IMPAQHTA model (Implementation of 
a quick Hospital-based HTA), assuming the Health Au-
thority Civil Hospital of Legnano perspective.
The proposed IMPAQHTA framework was redesigned, 
based on exiting models: 1) Core Model [13], because 
of the completeness of its dimensions; 2) Multi Crite-
ria Decision Analysis  [14], because of the quantitative 
scoring methods evaluation; 3) Lombardy Region Mod-
el [15], because of its alignment with policies, laws and 
country-oriented setting.
The IMPAQHTA framework  [16] identified 8 dimen-
sions to be used in the assessment phase: i) general rel-
evance; ii) safety; iii) efficacy; iv) effectiveness; v) eco-
nomic and financial impact; vi) equity; vii) legal, social 
and ethic impact; and viii) organizational impact. The 
above mentioned dimensions could be evaluated using 
13 specific quantitative metrics.
The implemented framework is composed by three dis-
tinct logical phases:
i) prioritisation of the 8 dimensions of analysis;
ii) evaluation of the technologies, thanks to the support 
of 13 quantitative criteria for the complete quantitative 
assessment and the production of a final report;
iii) determination of a concise result, for the final ap-
praisal of the evaluated innovations.
With regards to the first phase, the 8 dimensions com-
posing the framework are prioritized by specific evalu-
ators, in accordance with the VTS-HTA Lombardy Re-
gion model [15]. Thus, the dimensions are prioritised in 
order to show their relative importance through a numer-
ical value, following a rating scale from 1 to 8 (1 = less 
important and 8 = more important), using the evaluators’ 
judgment in order to define which is the most important 
dimension. 
A clarification is needed. The chief of the Department of 
Obstetrics and Gynaecology (who was currently using 
the innovative technology) needed to evaluate all the im-
pact related to the introduction of Colpoceliotomy in the 

ordinary clinical practice, thus requiring the judgement 
of the Strategic Board. The prioritization phase involved 
5 members of the Hospital Authority, acting as evalua-
tors.
The second phase consists of a detailed analysis of the 
dimensions; i) identification of different evaluation sub-
dimensions; ii) attribution to each of them, a three level 
rating score with 1 (less performant), 2 (equal perfor-
mant) and 3 (more performant) was applied, in accord-
ance to the Mitton Model [17].
For the complete technology assessment, developing 
the IMPAQHTA framework, a multi-disciplinary HTA 
team was required: 6 volunteers, with a certified knowl-
edge and skills on HTA, composed an evaluating team 
and produced an unabridged IMPAQHTA report, useful 
for the Strategic Board, to take evidence-based choices 
during the appraisal phase.
The third phase, according to evidence in the literature, 
regarding EVIDEM Core Model and Multi-Criteria De-
cision Analysis, leads to the final synthesis, in order to 
compare the technologies evaluated. The higher the final 
rating is, the more preferable the technology is. This fi-
nal evaluation was conducted by the Strategic Board of 
the reference Hospital, with the inclusion of the Chief of 
Department of Obstetrics and Gynaecology.
Moving on from these premises, the evaluation of the 
above mentioned 8 dimensions was conducted by the 
multi-disciplinary team, with the development of 13 
sub-dimensions using specific operative and quantita-
tive tool (Tab. I).
It is important to clarify that the efficacy dimension was 
not taken into consideration in the present analysis, be-
cause the proposed evaluation was a specific need of the 
Health Authority of reference, thus grounding the as-
sessment on real data referring to the year 2013.
Safety is a relevant dimension to be investigated, one 
that leads to the evaluation of adverse events, mortality 
or morbidity, related to the technologies under assess-

Tab. I. Details of the dimensions and the related sub-dimension of 
the IMPAQHTA model.

Dimensions Sub-dimensions

General relevance

Quality of scientific evidences 

Description of the pathology and the 
related technologies

Safety
Seriousness of Adverse Events (mild, 
moderate or severe adverse events)

Efficacy Efficacy data

Effectiveness Effectiveness data

Economic financial 
Impact

ABC

Health Economic Evaluation

Budget Impact Analysis

Equity Equity data

Legal, social and 
ethic impact

Legal aspects

Social and ethical impact

Organizational 
Impact

Quantitative impact

Qualitative impact 
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ment. In particular, it allows the identification of mild/
moderate/severe adverse events, considering the popula-
tion treated with the technology. Since the lack in litera-
ture of this specific information, safety data were col-
lecting through specific interviews to clinicians, in rela-
tion to their own clinical experience. In particular, safety 
information refer to all the possible consequences on the 
patient, related to the use of the innovative technology, 
in terms of a) seriousness of adverse events; b) invasive-
ness of the procedure; c) safety in its implementation.
Equity, legal and organizational impacts were investi-
gated using specific questionnaires, completed by both 
clinicians and patients, in accordance with the items 
composing the EUnetHTA Core Model. For instance, 
the equity impact aimed at investigating a) access to care 
on a local level; b) access to care for person of a legally 
protected status; c) hospital waiting list improvement 
and d) the invasiveness of the innovative technology. 
The legal and the social impact aimed at evaluating both 
the patients’ satisfaction and the related productivity 
loss. 
Furthermore, the organizational impact had the objec-
tive to define the perception of the clinicians involved 
in the innovative procedure and to quantify all the in-
vestments needed if organizational changes occurred: a) 
additional people; b) additional room; c) training course; 
d) meeting and e) learning time of the implementation 
of the innovation, f) investment in equipment; g) up-
date of the existing equipment; h) impact on the internal 
and the purchasing processes. According to this, all the 
items composing the above mentioned dimensions have 
been evaluated by the multi-disciplinary team (with the 
support of clinicians), with the rating scale proposed by 
Mitton and colleagues in 2011, as previously mentioned.
With regard to the economic and financial dimension, 
the method used for the enhancement of the average cost 
of the two technologies was the Activity Based Costing 
analysis (ABC), which measured the costs and perfor-
mances of each activity. The concept of ABC was first 
defined in 1980 by Cooper and Kaplan [18] and it fo-
cused on the activity useful for the final output of the of-
fered service; in particular, it gives the cost of a specific 
product (in this case, a specific technology), according 
to the activities through the use of cost drivers [19]. The 
process consists of the following stages [18, 20-21]: i) 
activities’ identification; ii) definition of the activities’ 
cost; iii) definition of the activities’ cost drivers; iv) defi-
nition of the cost drivers’ volume; v) definition of a unit 
cost, per cost driver, for each activity and vi) calculation 
of the unit cost per procedure.
Another methodology applied to compare the two tech-
nologies is the Cost-effectiveness analysis (CEA), an 
economic evaluation in which the costs of alternative 
procedures are compared using outcomes measures ex-
pressed in natural units [22]. In order to implement the 
CEA it is necessary to have suitable measures of effec-
tiveness, because this technique expresses health ben-
efits in simple terms, such as years of life gained [23]. 
From a methodological point of view, CEA is divided 
into five stages: i) definition of the program; ii) com-

putation of net costs; iii) computation of net health ef-
fects; iv) application of decision rules; v) sensitivity 
analysis  [23]. This method is often implemented in an 
HTA report in order to obtain a specific effectiveness 
with minimum costs.
Whereas a CEA evaluates both costs and outcomes of 
alternative technologies over a specified time horizon 
in order to estimate their economic efficiency, a Budget 
Impact Analysis (BIA) is based on their affordability. In 
fact, its main purpose is to predict the final consequenc-
es of the adoption and diffusion of a new technology into 
a healthcare system with finite resources [24].

Results

The sample
The analysis was conducted in accordance with the real 
data performed by the Department of Obstetrics and 
Gynaecology of the Health Authority Civil Hospital of 
Legnano, during the year 2013.
In particular, it emerged that 166 women were treated 
for the removal of uterine myomas (Tab. II).
The table above shows that the two populations under 
analysis (118 patients in the arm of colpoceliotomy and 
48 patients in the arm of laparascopy) were comparable 
from both the dimensions and the diameters of the myo-
mas. It could be considered a relevant feature, allowing 
the comparability of the two population and the related 
technologies used in this category of procedure.

Results from the IMPAQHTA model 
implementation
The first step of the HTA is the prioritisation of the di-
mensions, by the chief of the Department and the Strate-
gic Board of the Hospital of reference, involving a total 
of 5 individuals as evaluators. The table below shows 
that the most important variable for the experts is the 
patient’s safety (Tab. III).
The second most relevant dimension is the economic 
and financial impact. When the ABC analysis is imple-
mented, the technologies are perfectly super-imposable 
in terms of the process’ description; however, the spe-

Tab. II. Description of the sample under assessment.

Colpoceliotomy Laparoscopy P-value

N. of patients 118 48

Mean age [years] 41 39 > 0.005

Length of the 
procedure [min]

85 80 > 0.005

Myoma 
diameters [cm]

7 6 > 0.005

Myoma 
dimensions [gr]

100 200 0.01

Length of 
hospitalization

3 5 0.000

Adverse events 1,60% 6% 0.000
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cific and related operative phases of the intervention are 
different (Tab. IV).
The table above shows the differences, between each 
phase, in terms of costs and impact. It emerges that 
laparoscopy absorbs economic resources for a total of € 
1,789.42, whereas colpoceliotomy a total of €1,336.15, 
allowing a €453.72 saving for each surgery. This dif-
ference may be explained by the expensive instruments 
used for laparoscopy.
The CEA was calculated as the “ratio” between the unit 
cost per patient related to the two compared technologies 
(derived from the previously conducted ABC Analysis) 
and the effectiveness data. The effectiveness data is de-
fined as the percentage of “non-complications surgery”. 
It emerges that in the colpoceliotomy arm only 1.60% of 
patients reported problems during surgery. 
On the contrary, in the laparoscopy arm 4% of patients 
reported the onset of mild and moderate adverse events. 
As previously mentioned, the effectiveness data used 
for the CEA have been collected from an observational 
study involving 166 patients in total (see Table II)
In accordance with the real data related to the year 2013, 
Table V shows that the innovative procedure achieved 
a higher cost-effectiveness value if compared with the 
gold standard technology. Colpoceliotomy, on the basis 
of an increase in the effectiveness data, leads to a de-
crease of total costs, thus being defined as the dominant 
strategy.
In the BIA, two scenarios are considered: the first one 
calculates the annual cost of 118 laparoscopy surgeries 

and 48 standard procedures, taking into account what 
actually happened in the year 2013 within the reference 
Health Authorities; the second one estimates the annual 
cost of 166 surgeries, if done with the standard technol-
ogy (it could be considered as the “baseline” scenario). 
According to this scenario, the BIA, with the inclusion 
of both the results deriving from the activity based cost-
ing approach, and the organisational investment needed, 
leads to an overall significant financial and economic 
saving for the Health Authority of reference, in case 
of implementation of colpoceliotomy procedure in the 
clinical practice (with regards to the year 2013). 
An economic saving of € 48,955.06 emerged from the 
evidence, in the first scenario: the data confirmed that 
colpoceliotomy could be introduced in the clinical prac-
tice of the referred hospital. This difference takes into 
account also the training costs required by the introduc-
tion of colpoceliotomy.
This analysis was implemented over a 12-month period 
due to the fact that the present health technology evalu-
ation was requested by the Strategic Management Board 

Tab. III. Prioritisation.

Dimensions
Evaluators Total Normalisation

# 1 # 2 # 3 # 4 # 5

Safety 3 1 1 1 2 1 0.222

Economic and financial 
impact

1 2 3 3 1 2 0.194

Effectiveness 2 5 4 5 3 3 0.167

Organisational impact 5 3 5 2 5 4 0.139

Efficacy 7 7 2 4 4 5 0.111

General relevance 6 6 6 6 6 6 0.083

Equity 4 8 7 7 7 7 0.056

Social and ethical impact 8 4 8 8 8 8 0.028

Tab. IV. ABC analysis.

Phases Laparoscopy Colpoceliotomy
Pre-Hospitalisation 305.08 € 17% 305.08 € 23%
Admission 65.62 € 4% 65.62 € 5%
Pre-Surgery 
Recovery 

38.93 € 2% 38.93 € 3%

Surgery 1,089.64 € 61% 636.37 € 48%

Post-Surgery 201.83 € 11% 201.83 € 15%

Discharge 88.33 € 5% 88.83 € 7%
Total 1,789.42 € 100% 1,336.15 € 100%

Tab. V. Cost-effectiveness and Budget Impact Analysis.

Cost-Effectiveness Value CCT STD

ABC Analysis  €1,336.15  €1,789.42 

Effectiveness data 98.40% 94%

CEV 1,357.87 1,903.64 

Budget Impact Analysis CCT STD

ABC Analysis  €1,336.15 €1,789.42 

# surgery per year 118 48

Surgery cost per year  € 243,557.30 € 297,043.55 

Further Training cost  €3,870.00  

   € 660.80  

Total Training cost  €4,530.80 

BIA  €248,088.10 €297,043.55 

∆ BIA -€48,955.45 €/year
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of the Hospital Authority, and the financial period of ref-
erence for the budget was equal to 12 months.
Additional training courses are relevant from an or-
ganizational point of view. In fact, clinicians have to be 
trained in order to implement the innovative procedure.
The figure shows that colpoceliotomy is preferable from 
an organizational point of view. A clarification is need: 
for a proper reading of the picture, it is important to take 
into consideration the two areas (the wider the area is, 
the more preferable the technology is).
However, specific training courses are needed for cli-
nicians, scrub nurses and support staff for learning the 
correct procedure for colpoceliotomy, in terms of i) ad-
equate preparation of the women undergoing the inter-
vention, ii) proper provision of all the instruments re-
quired and iii) correct implementation of the innovative 
technology.
In particular, it emerged that in the specific setting under 
assessment, 2 surgeons, 3 scrub nurses and 5 health pro-
fessionals needed to attend a 20-hours training course.
With respect to the last phase of the IMPAQHTA frame-
work implementation, it is important to determine a final 
score, both for laparoscopy and colpoceliotomy, useful 
for an evidence-based decision-making appraisal phase. 
It is relevant to specify the sub-criteria of each evaluated 
dimension, starting from the prioritisation shown in Ta-
ble I. Sub-criteria are detailed in order to appoint a basis 
score for each of them.
The following table shows the final score of the present 
comparative study, assigned by all the 5 evaluators that 
have been involved in the prioritization phase (Tab. VI)
In this view, the chief of the Department of Obstetrics 
and Gynaecology and the Strategic Board assigned (in 
columns three and four) a rating score for each sub-
criteria, taking into account all the possible differences 
related to the two technologies under assessment. In col-
umn five and in the final row defining each dimension, 
the maximum total achievable score is reported.

These data allow the calculation of the effect of each 
sub-dimension through a ratio between the maximum 
achievable total score and the established total score.
Finally, it is useful to show the sum of the normalised 
scores per each technology (normalized score x normal-
ized prioritization), resulting a total score for colpoceli-
otomy and a total score for the standard procedure. The 
table shows that colpoceliotomy achieves a higher score 
than laparoscopy (0.56 vs 0.44).

Discussion

As shown in Table VI, colpoceliotomy achieves a high-
er score than laparoscopy. The innovative technology 
presents a lower annual cost and it brings significant 
economic savings for health care organisations. It is 
relevant to note the importance of an appropriate and 
rational implementation of the available technologies, in 
order to achieve maximum benefits with minimal costs.
However, the introduction of a new technology affects 
the Health Authority of reference from an organizational 
point of view, requiring coaching and training courses 
for the persons involved in the procedure (as mentioned 
in the previous section). Then, it is necessary to have 
frequent meetings aimed at communicating the changes 
introduced by the new technical surgery in the whole 
organization.
The adoption of colpoceliotomy does not, however, re-
quire a purchase of new surgical instruments or equip-
ment. Therefore, the innovative technology could lead 
to an economic saving due to the lack of need for ex-
pensive instruments, such as Trocar. The new procedure 
also allows a saving of time with some activities, such 
as the purchase or the maintenance of equipment; this 
may result in a positive impact on the internal process of 
gynaecology units and on health workers’ safety.
If colpoceliotomy were inserted in the clinical setting, 
it would have a positive impact also on the access to 
care, thus positively affecting the equity dimension 
(average score equal to 2.2). In fact, the innovative pro-
cedure would enlarge the treated “target” population, 
including persons of a legally protected status; thanks 
to the use of natural orifices, colpoceliotomy is less 
invasive and specific physical conditions of eligibility 
are not required.
In addition, colpoceliotomy has a relevant social im-
pact on a patient’s life due to a shorter hospitalisa-
tion; this means that patients may return to their daily 
life and work sooner, thus reducing productivity loss. 
From the present analysis, it emerged that the aver-
age score declared by the expert for the social dimen-
sion is equal to 2.5 for colpoceliotomy; the innovative 
technology could improve the patient’s autonomy af-
ter the procedure. 
However, there is a disadvantage in the implementa-
tion of colpoceliotomy: it requires an accurate manual 
ability, which implies a longer learning time of the new 
surgical procedure, thus needing coaching and training 
periods. This has been reflected in the evaluation of the 

Fig. 1. Organizational impact.
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organizational impact (see Fig. 1): the items related to 
training course needed for colpoceliotmy achieved a 
lower score than the standard procedure. The present 
feature has a substantial impact only on a short term 
period, because training courses required only 20 hours 
for person. In general, it emerges that the introduction 
of colpoceliotmy has a positive organizational impact, 
achieving an average score equal to 2.50.
Although an HTA study is a useful tool for decision 
makers, who are involved every day in many different 
strategic and tactical decisions  [25], it is not the only 
one. In fact, the results and evaluation of an HTA are 
relevant to decision making only if they are aligned with 
the mission of the health care organization.

Conclusions

Colpoceliotomy is an alternative technique to laparos-
copy, the latter being the standard method used for the 
treatment and removal of uterine myomas. At present, 
colpoceliotomy is still uncommon because it requires a 
high knowledge of the anatomy of female genitalia (in 
particular the vaginal canal), high experience and manu-
al ability. Furthermore, the innovative procedure meets 
institutional constraints that limit its implementation.
In the present study, an HTA evaluation was made, which 
compared the use of traditional laparoscopy and colpoce-
liotomy for the removal of uterine myomas. The results 
showed that the innovative technology is more advanta-

Tab. VI. HTA comparative study.

Basis score
Normalsed 

score
Final score

Dimensions Sub – dimensions CCT STD TOT Incidence CCT STD
Normalized 

prioritization
CCT STD

Safety   2 2 6 1.5 0.5 0.5      

    4     0.5 0.5 0.22 0.11 0.11

Economic and 
financial impact

Activity Bases Costing 
Analysis

2 1 6 0.7 0.2 0.1      

Cost-effectiveness 
Analysis

2 1 6 0.7 0.2 0.1  

Budget Impact Analysis 2 1 6 0.7 0.2 0.1  

    9     0.7 0.3 0.19 0.13 0.06

Effectiveness   2 1 6 2.0 0.7 0.3      

    3     0.7 0.3 0.17 0.11 0.06

Organisational 
impact

Quantitative Impact 2 1 6 0.9 0.3 0.1      
Qualitative Impact 2 2 6 0.9 0.3 0.3  

    7     0.6 0.4 0.14 0.08 0.06

Efficacy   2 2 6 1.5 0.5 0.5      

    4     0.5 0.5 0.11 0.06 0.06

General relevance

Consistency of 
evidence

1 3 6 0.3 0.0 0.1      

Description of 
technology and 
comparator

1 2 6 0.3 0.0 0.1  

Safety of the new 
technology and 
comparator 

2 2 6 0.3 0.1 0.1  

Target Population 2 1 6 0.3 0.1 0.0  
Consistency of the 
objectives with the 
adopted strategy

2 2 6 0.3 0.1 0.1  

Potential advantaged 
areas

2 2 6 0.3 0.1 0.1  

    22     0.5 0.5 0.08 0.04 0.05

Equity   2 3 6 1.2 0.4 0.6      

    5     0.4 0.6 0.06 0.02 0.03

Social and ethical 
impact 

Ethical Impact 3 2 6 0.6 0.3 0.2      
Social Impact 3 2 6 0.6 0.3 0.2  

    10     0.6 0.4 0.03 0.02 0.01

Results 0.56 0.44
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geous in terms of invasiveness and shorter surgery time; 
thus, this procedure is low-time consuming [26].
The study highlights both the social and the financial 
impact of colpoceliotomy, considering also the organi-
sational impact on health care companies, represented 
by the introduction of coaching and training courses 
both for the medical staff and the support personnel in-
volved in the surgery.
Data show that the new procedure is safe, and that it pro-
vides both short and long term benefits in terms of the 
savings in the purchase and maintenance of machinery.
The innovative technology leads to a significant reduc-
tion in adverse events, invasiveness, duration of surgery 
and post-operative hospitalization.
Considering the economic and financial perspective, the 
new procedure would lead to a substantial reduction of 
costs related to the absence of sophisticated equipment, 
as required by laparoscopy, and to a smaller number of 
personnel involved.
Therefore, colpoceliotomy may be considered a valu-
able tool in reducing costs regarding the surgical treat-
ment for uterine myomas.
In conclusion, although the present study highlights its 
technical superiority; that is, the advantages it ensures 
over prior or existing technologies  [27], a further ran-
domised study is suggested in order to confirm colpoce-
liotomy’s benefits achieved in the present study.
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Introduction. Health-related knowledge is often assessed 
through multiple-choice tests. Among the different types of for-
mats, researchers may opt to use multiple-mark items, i.e. with 
more than one correct answer. Although multiple-mark items 
have long been used in the academic setting – sometimes with 
scant or inconclusive results – little is known about the implemen-
tation of this format in research on in-field health education and 
promotion.
Methods. A study population of secondary school students com-
pleted a survey on nutrition-related knowledge, followed by a sin-
gle-lecture intervention. Answers were scored by means of eight 
different scoring algorithms and analyzed from the perspective of 
classical test theory. The same survey was re-administered to a 
sample of the students in order to evaluate the short-term change 
in their knowledge. 
Results. In all, 286 questionnaires were analyzed. Partial scor-

ing algorithms displayed better psychometric characteristics than 
the dichotomous rule. In particular, the algorithm proposed by 
Ripkey and the balanced rule showed greater internal consistency 
and relative efficiency in scoring multiple-mark items. A penal-
izing algorithm in which the proportion of marked distracters was 
subtracted from that of marked correct answers was the only one 
that highlighted a significant difference in performance between 
natives and immigrants, probably owing to its slightly better dis-
criminatory ability. This algorithm was also associated with the 
largest effect size in the pre-/post-intervention score change.
Discussion. The choice of an appropriate rule for scoring mul-
tiple-mark items in research on health education and promotion 
should consider not only the psychometric properties of single 
algorithms but also the study aims and outcomes, since scoring 
rules differ in terms of biasness, reliability, difficulty, sensitivity 
to guessing and discrimination.
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Summary

Introduction

Knowledge of topics related to lifestyle, health and 
healthcare may guide people’s health-related choices 
and determine their health status. Assessment of these 
issues is growing, as any inadequacies identified can be 
targeted by specifically designed health promotion inter-
ventions [1]. Health-related knowledge may be seen as a 
part of health literacy [2], which is a broader concept de-
fined as “the constellation of skills, including the ability 
to perform basic reading and numerical tasks required 
to function in the healthcare environment”  [3]. Health 
literacy is considered a priority public health goal  [4], 
as its low level is a well-known predictor of poor health-
related outcomes (reviewed in [5]). 
Factual knowledge on health-related topics is usually 
assessed by means of questionnaires and, in particular, 
multiple-choice tests or quizzes. Of the different types of 
question formats, multiple-choice (type-A or one-out-of-
N items, i.e. with the single best option) and true-false 
items are among the most widely used to assess health-
related knowledge. The widespread use of these two for-
mats is probably due to such characteristics as their objec-
tivity, rapidity in testing numerous subjects and receiving 
respondents’ feedback, and the possibility of automatic 

scoring  [6]. Alongside these strengths, however, multi-
ple-choice questions also have weaknesses  [6], such as 
reduced validity due to the possibility (or even encourage-
ment) of guessing [7] and their failure to distinguish be-
tween partial knowledge and absence of knowledge [8, 9]. 
Alternative item formats may partially solve the short-
comings of type-A tests. Among these, multiple true-
false (MTF, also known also as type-X) and multiple-
mark (MM) items with several correct answers (also 
dubbed multiple choice multiple answer or pick-N items) 
have been extensively studied  [10-19]. MTF tests, in 
which the respondent classifies each option as a separate 
true-false statement [14], are somewhat similar to MM 
items, in which the correct options chosen are regarded 
as true options while unmarked distracters are classed as 
false options. Indeed, Cronbach [10] has established that 
MTF and MM formats are very similar in terms of reli-
ability, validity and respondents’ performance. In cer-
tain situations, the MM format may be advantageous in 
terms of item construction, in that it allows more natural 
wording of both questions and response options and may 
need fewer distracters  [15]. Pomplun and Omar  [13] 
have demonstrated that MM questions are a feasible 
objective format and display acceptable reliability and 
validity, while Berk  [20] has underlined that the MM 
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format preserves the main qualities of the type-A format 
while at the same time quantifying complex cognitive 
outcomes by assessing respondents’ lines of reasoning 
in selecting answers. Moreover, MM items are useful 
in evaluating people with average and above-average 
knowledge of a topic [12].
One of the main issues regarding the MM format is the 
choice of an appropriate scoring rule. The most compu-
tationally simple scoring algorithm (SA) is the so-called 
dichotomous rule, whereby the respondent gets the full 
score for all correctly marked options, but nothing oth-
erwise. An important drawback of the dichotomous SA, 
however, is its inability to give credit for partial knowl-
edge; a respondent who gets all but one answer correct 
obtains the same score as one who is unable to provide 
any correct answer or even selects all wrong answers [15, 
21, 22]. Indeed, in research on health education and pro-
motion, laypeople’s knowledge of health-related topics 
is often dubbed as partial knowledge. 
In recent years, several SAs that are able to award partial 
credit, with or without penalties for guessing, have been 
developed and studied  [12, 15, 16, 18, 19]. However, 
the results of these studies have often been inconsist-
ent. Thus, Hsu et al. [12] established that none of the six 
SAs used in their study was significantly better than the 
others, while a partial-credit SA developed by Ripkey et 
al. [16] proved to be superior to the dichotomous SA in 
terms of item difficulty and discrimination parameters. 
These latter findings were later replicated by Bauer et 
al. [19], who documented the superiority of two differ-
ent partial SAs to the dichotomous SA. More recently, 
the balanced SA, specifically designed for MM items, 
has been proposed as an improvement on Ripkey’s al-
gorithm [18]. 
Most of the above-mentioned studies were carried out in 
the academic setting in order to evaluate students’ per-
formances in exams and find an optimal item format. 
However, little is known about how different scoring 
rules applied to MM survey items would affect the eval-
uation of health-promotion outcomes. The present study 
therefore aimed to evaluate whether the choice of a scor-
ing rule could impact on the evaluation of findings. Spe-
cifically, we posed two research questions: (1) do the 
psychometric properties of different SAs applied to the 
evaluation of factual health-related knowledge differ? 
and (2) do different SAs applied to the evaluation of fac-
tual health-related knowledge impact on the outcome?

Methods

Study design and setting
The nutrition-related knowledge of students from seven 
secondary schools in the Genoa metropolitan area was 
assessed in 2012/2013 by means of a self-administered 
paper-and-pencil survey. Participation was voluntary 
and anonymity was assured. No time limit was placed on 
compilation of the questionnaire, though students took 
less than 20 min.; survey administration was strictly su-

pervised in order to prevent cheating. The study and the 
test were approved by the boards of each school.
This initial assessment of nutrition-related knowledge 
was followed by a single interactive lecture given by ap-
propriately trained medical staff accompanied by teach-
ers. The lecture lasted approximately 45 minutes and 
covered both general food- and nutrition-related topics 
(e.g. healthy diet, dietary recommendations, notions of 
macro- and micronutrients) and questions frequently 
asked by the students during the pre-intervention survey 
administration. 
To evaluate changes in knowledge scores, the same sur-
vey was re-administered to a sample of students 2 weeks 
after the lecture.

Survey instrument for assessing  
nutrition-related knowledge
The factual nutrition-related knowledge part of the sur-
vey consisted of 14 items. Two knowledge items were 
excluded from the analysis, as formal flaws (poor speci-
fication of questions) were detected after survey admin-
istration; a total of 12 items were therefore analyzed. 
The survey also contained 7 perceived knowledge items 
(such as, Do you know what carbohydrates are?) and 
2 open-ended items (such as, What would you like to 
know about nutrition?). These items were introduced 
after agreement with teachers, in order to plan the con-
tent of the upcoming lecture and of future school-based 
health-promotion interventions, and were not analyzed 
in the present study. Conceptually, the survey consisted 
of two nutrition-related topics, namely the understand-
ing of food terms and the main sources of nutrients. Two 
formats were adopted: 9 items were MM, while the re-
maining 3 were type-A. The items did not conform to a 
single pattern; among the MM items, the number of op-
tions ranged from 4 to 8, the number of correct options 
from 2 to 5, and the number of distracters from 1 to 5. 
The type-A items had 2 or 3 distracters. To discourage 
guessing [23], a “don’t know” option was also provided. 
All questionnaires were checked for quality control and 
responses were entered into an ad hoc database.

Scoring algorithms
The type-A items were scored by the conventional meth-
od: one point if the respondent marked only the keyed cor-
rect option and zero otherwise. To score the MM items, 
a total of eight SAs were implemented (Tab. I). The first 
was the dichotomous algorithm, which does not allow 
partial knowledge to be quantified (“all or nothing”); this 
SA has been widely used as a comparator versus partial 
SAs [12, 16, 18, 19]. The partial SAs 2-5 were adapted 
from the paper by Hsu et al. [12]; SAs 2, 4 and 5 involve 
some penalty for incorrectly chosen options, while SA3 
does not. The formula of SA2 is similar to that of SA3, 
except for the fact that it penalizes incorrect answers; SA2 
has been judged rather “severe” regardless of the num-
ber of marked distracters and unmarked correct answers 
provided by a respondent [12]. SA4 and its modifications 
are among the first methods of partial scoring described 
in the literature [24, 25]; SA4 consists of subtracting the 
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proportion of marked distracters from that of marked cor-
rect answers. SA5 involves a binomial coefficient and as-
sumes that the incorrect choices made by a respondent are 
the result of guessing [12]. SAs 2, 3 and 5 treat MM items 
as MTF ones. SA6, known as balanced SA, has recently 
been described by Tarasowa and Auer  [18]; it includes 
some logical operators and a penalty is applied only when 
the number of marked options exceeds that of keyed cor-
rect options. The SA7 proposed by Ripkey [16] yields a 
proportion-of-possible-points score only if the number 
of marked options does not exceed the number of keyed 
correct options. SA8, dubbed PS50 by Bauer et al.  [19], 
awards the full score if all correct options are marked (no 
distracters must be marked), half the score if least 50% 
of correct options are marked, and zero points otherwise. 
Items to which no response was given or the “don’t 
know” option was selected were awarded zero points. 
The “don’t know” option was not included in the count 
of the total number of options used for scoring and data 
analysis. 
Scores of individual items were summed to produce a 
total score. By agreement between the research team and 
teachers, for scoring purposes all 12 items were assumed 
to have the same level of difficulty of 1; the highest pos-
sible score was therefore 12.

Independent variables
Demographic variables of age, sex and immigrant back-
ground were recorded from each participant. Body mass 
index (BMI) was calculated from self-reported height 
and weight, mapped to the BMI-for-age growth charts 
and classified in underweight (< 5th percentile), normal 
weight (5th-85th percentile), overweight (85th-95th per-
centile) and obese (≥ 95th percentile) categories.

Statistical analysis
For purposes of analysis, the factual nutrition-related 
knowledge part of the survey was divided (by item type 
format) into two subsets: the MM subset and the whole 
survey, which also included 3 type-A items. 
Students’ scores calculated according to the different 
SAs were compared by means of repeated-measures 
analysis of variance (rANOVA); the Greenhouse-Geis-

ser correction for sphericity was applied by applying a 
significant Mauchly’s test statistic. Post-hoc t tests for 
paired data, with p-values corrected by means of Bonfer-
roni’s method, were subsequently performed. Tarasowa 
and Auer [18] have suggested that the dichotomous SA1 
should be used as a reference rule for scoring MM items 
(as it virtually excludes the probability of guessing) and 
that respondents’ rankings should then be compared 
among different SAs; we therefore calculated Spear-
man’s ρ coefficients with 95% confidence intervals 
(CIs) in order to compare students’ rankings yielded by 
SA1 and the other seven SAs.
The psychometric properties of each SA were evalu-
ated from the perspective of classical test theory. To 
measure internal consistency, Cronbach’s α coefficients 
with 95% CIs were computed. The eight dependent α 
coefficients and subsequent pairwise comparisons with 
adjusted p-values were compared by means of Feldt’s 
formulas  [26, 27] implemented in the cocron R pack-
age [28]. The standard errors (SEs) of students’ scores 
were determined as SD√1-α, where SD is the standard 
deviation of the scores [29]. The efficiency of an SA was 
evaluated by means of the coefficient of effective length; 
two SAs with a coefficient of effective length of 1 were 
considered equally efficient (relative efficiency)  [12]. 
The Spearman-Brown prophecy formula was applied in 
order to estimate the number of items needed to reach 
a desirable α of 0.7 and to compare the reliability coef-
ficients of type-A and MM items, considering their dif-
ferent numbers. The item-difficulty index p, calculated 
as the mean score of an item, was categorized as “dif-
ficult” (p < 0.2), “acceptable” (0.2 < p < 0.8) and “easy” 
(p  ≥  0.8)  [29, 30]. The mean difficulty indexes of the 
eight SAs were compared by means of rANOVA. The 
item-discrimination index D was computed for each SA; 
items with D > 0.2 were considered acceptable [31].
The differences in the total scores according to the in-
dependent variables of interest (gender, immigration 
background and BMI categories) were quantified by 
applying standardized mean differences (SMDs) with 
95% CIs; SMD was interpreted as large (0.8), medium 
(0.5) and small (0.2) [32]. Any association between the 
total score and the independent variables was checked 
by means of analysis of variance (ANOVA), while that 

Tab. I. Description of scoring algorithms used in the study.

Scoring algorithm Definition Reference
SA1 S = 1 if IC = 0, otherwise S = 0 12, 16, 18, 19
SA2 S = (CC – IC)/TO 12
SA3 S = CC/TO 12
SA4 S = MCO/CO – (MIO/(TO – CO)) 12
SA5 S = CC/TO – ((TO!/IC!·(TO – IC)!)/2^TO) 12

SA6
p = MCO/CO, if p > 0 ⇒ x = MO/TO – CO/TO, otherwise p = S; 
if x > 0 ⇒ S = p – (x/(1 – CO/TO)), otherwise p = S

18

SA7 S = MCO/CO if MCO ≤ CO, otherwise S = 0 16
SA8 S = 1 if IC = 0, S = 0.5 if 0.5·CO ≤ MCO < CO, otherwise S = 0 19

S: Respondent’s score on a multiple-mark item (max = 1); CO: Number of keyed correct options; CC: Correct choices made by a respondent (both marked 
correct answers and unmarked distracters); IC: Incorrect choices made by a respondent (both marked distracters and unmarked correct answers); TO: 
Total number of item options; MCO: Correct options marked by a respondent; MIO: Incorrect options marked by a respondent; MO: Options marked by 
a respondent; p: Points for MCO; x: Penalty.
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between the score and the participants’ age was checked 
by means of Pearson’s correlation coefficient r. These 
tests were performed separately for each SA. 
Assuming an SMD of 0.5 between pre- and post-lecture 
scores when two-sided α is 0.05 and β is 0.9, we calcu-
lated that at least 44 subjects were needed. Cochran’s Q 
test was performed to evaluate whether the different SAs 
had identical effects on the pre- to post-lecture change in 
individual scores (improved vs. not improved). The pre/
post score changes were quantified by means of SMDs.
The statistical significance level was conventionally set 
to two-sided p < 0.05. All data were analyzed by means 
of the R stats package, version 3.1.2 [33] and GPower, 
version 3.1.9.2 [34].

Results

Sample characteristics
Students took an active part in the survey, completed 
questionnaires (total 298) being received from all par-
ticipants. However, 12 questionnaires did not pass the 
quality check: 9 students had not attempted to answer 
any question, including demographic ones, while 3 
questionnaires contained unlikely answers (such as im-
probable weight or height). These 12 were discarded and 
a total of 286 questionnaires were analyzed. Male and 
female students participated in approximately equal pro-
portions (males: 51.0%) and their mean age was 16.1 
(SD 1.1, range 14-20) years. Approximately a quarter 
of subjects [22.7% (95% CI: 18.0-28.0%)] were from an 
immigrant background. As calculated from self-reported 
height and weight, more than four fifths [82.2% (95% 
CI: 77.2-86.4%)] of students were of normal weight 
for their age and sex, while 2.1% (95% CI: 0.8-4.5%), 
12.2% (95% CI: 8.7-16.6%) and 3.5% (95% CI: 1.7-
6.3%) were classified as underweight, overweight and 
obese, respectively. 

Difference in students’ performance,  
by algorithm
As shown in Figure 1, the summary scores of the seven 
partial SAs were higher than those yielded by the dichot-
omous algorithm (∆ means: 1.50, 3.71, 2.03, 2.51, 2.88, 
2.96 and 1.64 for SA2-8, respectively); as expected, the 
partial, non-penalizing SA3 yielded the highest scores. 
The mean scores of SA6 and SA7 were very close to 
each other; the mean scores yielded by SA7 were 1.1% 
and 1.5% higher than those of SA6 in the whole sur-
vey and the MM subset, respectively. rANOVA with 
corrected for sphericity (ε = 0.41) degrees of freedom 
showed a significant (p  <  0.001) within-subject effect 
of SA on students’ performances. All pairwise com-
parisons proved statistically significant. As shown by 
rank correlation coefficients (Tab.  II), students’ scores 
calculated according to SA8 were the most highly cor-
related with those of SA1; the lower limit of 95% CIs of 
ρ between SA1 and SA8 did not overlap with the upper 
limits of most of the other pairwise coefficients. 

Psychometric properties of the scoring 
algorithms
There was a perceptible difference in the reliability meas-
ures of the SA: the dichotomous SA displayed a lower 
α coefficient (0.48) than any of the partial algorithms 
(Tab.  III). Notably, considering only MM items, SA3, 
SA6 and SA7 increased their reliability coefficients, 
but only SA7 reached an α > 0.7. The SE of measure-
ment was lowest for SA3 (0.68), while SA1, SA2 and 
SA4 showed substantially higher SEs (1.08, 1.03 and 
1.06, respectively). Analogously, the Spearman-Brown 
prophecy formula showed that, in order to achieve an 
α of 0.7, the number of items would need to be more 
than doubled for the dichotomous SA1, while for the 
balanced SA6 only three items would need to be added 
(Tab. III). The reliability coefficient of the three type-A 

Fig. 1. Students’ scores, by scoring algorithm and survey subset.

Tab. II. Spearman’s ρ correlation coefficients between the dichoto-
mous scoring algorithm 1 (SA1) and the other seven partial scoring 
rules applied to the multiple-mark survey subset (all p < .001).

Scoring algorithm ρ 95% CI
SA2 0.79 0.74-0.83
SA3 0.73 0.67-0.78
SA4 0.74 0.68-0.79
SA5 0.82 0.78-0.85
SA6 0.81 0.77-0.85
SA7 0.78 0.73-0.82
SA8 0.88 0.85-0.90
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items was 0.32 (95% CI: 0.17-0.44). The projected coef-
ficient for N = 9 type-A items was estimated to be 0.58, 
which was lower than the α coefficients of the 9 MM 
items scored according to SAs 3, 5-8 (Tab. III).
As demonstrated by the coefficients of effective length 
(Tab. IV), SA1 was the least efficient algorithm, while 
SA7 was the most efficient. More generally, SAs 3, 
5-7 were at least twice as efficient as SA1. The eight 
reliability coefficients of both survey subsets differed 
significantly (p < 0.001). Several pairwise comparisons 
of α coefficients proved statistically significant in both 
survey subsets (Tab. V). In the MM survey subset, the 
α of SA7 was significantly higher than those of the 
other seven SAs, while, considering all items, the α 
of SA7 did not differ significantly from those of SA3 
and SA6.
The mean difficulty index (Tab. VI) was the lowest when 
SA1 was applied, while the quiz was the “easiest” when 

SA3 was used. The differences among mean difficulty 
coefficients adjusted for sphericity violations proved 
to be highly significant in both subsets (p < 0.001). All 
type-A items had difficulty indexes p between 0.2 and 
0.8; thus the numbers of easy and difficult items in both 
survey subsets matched. The highest number (N = 4) of 
difficult items (p  <  0.2) was observed when SA1 was 
used, while according to SAs 3, 5-7, no difficult ques-
tions were present in the survey. Conversely, according 
to SA3, three items were classified as easy (p  >  0.8), 
while none were when the dichotomous SA1 was ap-
plied.
The item discrimination analysis reported in Table VII 
did not reveal any negative total item correlation coef-
ficient, while the number of items with D > 0.2 varied 
by SA. SA2 and SA4 showed slightly higher mean dis-
crimination indexes; notably, all MM items scored by 
SA4 had desirable point-biserial coefficients. 

Tab. III. Reliability measures of the scoring algorithms (SAs), by survey subset.

Scoring algorithm
α (95% CI) N of items needed to reach α = 0.7

All (N = 12) MM (N = 9) All (N = 12) MM (N = 9)
SA1 0.48 (0.38-0.56) 0.42 (0.32-0.52) 31 29
SA2 0.60 (0.53-0.67) 0.57 (0.49-0.64) 19 16
SA3 0.65 (0.59-0.71) 0.66 (0.60-0.72) 15 11
SA4 0.59 (0.51-0.65) 0.53 (0.45-0.61) 20 19
SA5 0.65 (0.58-0.71) 0.65 (0.59-0.71) 16 12
SA6 0.66 (0.60-0.72) 0.68 (0.63-0.74) 15 10
SA7 0.67 (0.62-0.73) 0.71 (0.65-0.76) 14 –
SA8 0.60 (0.53-0.68) 0.59 (0.52-0.66) 19 15

Tab. IV. Relative efficiency of the scoring algorithms, as measured by the coefficient of effective length of all items (upper right triangle) and 
only multiple-mark items (lower left triangle).

Scoring algorithm SA1 SA2 SA3 SA4 SA5 SA6 SA7 SA8
SA1 – 1.63 2.01 1.56 2.01 2.10 2.20 1.63
SA2 1.83 – 1.24 0.96 1.24 1.29 1.35 1.00
SA3 2.68 1.46 – 0.77 1.00 1.05 1.09 0.81
SA4 1.56 0.85 0.58 – 1.29 1.35 1.41 1.04
SA5 2.56 1.40 0.96 1.65 – 1.05 1.09 0.81
SA6 2.93 1.60 1.09 1.88 1.14 – 1.05 0.77
SA7 3.38 1.85 1.26 2.17 1.32 1.15 – 0.74
SA8 1.99 1.09 0.74 1.28 0.77 0.68 0.59 –

Tab. V. Pairwise comparisons* of Cronbach’s α coefficients of all items (upper right triangle) and only multiple-mark items (lower left triangle)..

Scoring algorithm SA1 SA2 SA3 SA4 SA5 SA6 SA7 SA8
SA1 – < 0.001 < 0.001 0.011 < 0.001 < 0.001 < 0.001 < 0.001
SA2 0.003 – 0.036 0.99 < 0.001 < 0.001 < 0.001 0.99
SA3 < 0.001 < 0.001 – < 0.001 0.99 0.99 0.94 0.046
SA4 0.31 0.23 < 0.001 – < 0.001 < 0.001 < 0.001 0.99
SA5 < 0.001 < 0.001 0.99 < 0.001 – 0.99 0.048 0.001
SA6 < 0.001 < 0.001 0.99 < 0.001 0.12 – 0.51 < 0.001
SA7 < 0.001 < 0.001 0.037 < 0.001 < 0.001 0.004 – < 0.001
SA8 < 0.001 0.99 0.018 0.99 0.001 < 0.001 < 0.001 –

*: Results are reported as p-values corrected by means of Bonferroni’s method.
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In-field assessment: impact of the scoring 
algorithm on outcome assessment
Neither BMI category nor age was associated with the 
total score yielded by any SA. Female students scored 
significantly higher than males on 5 of the 7 partial SAs. 
The effect size was, however, judged small. By con-
trast, SA1, SA2 and SA8 were unable to highlight the 
effect of gender on the respondents’ nutrition knowledge 
(Fig.  2a). Foreign students tended to score lower than 
Italians, though the difference reached the significance 
level (low effect size of 0.29) only when SA4 was ap-
plied (Fig. 2b). However, the total score yielded by most 
algorithms was probably determined by a combined 
effect of gender and immigration background; foreign-
born males scored much lower than native male students 
(Fig. 2c), while no obvious pattern emerged regarding 
differences in scores between immigrant and Italian fe-
males (Fig. 2d). The effect size in scores between foreign 
and native male students was medium for all but one 

(SA7) rule. Final ANOVA models of the main effects of 
gender and nationality and their interaction confirmed 
the results of univariable statistics, although patterns of 
main and interaction effects differed by SA (Tab.VIII).
A total of 42 students completed the post-lecture survey. 
Most students improved their pre-lecture scores, though 
the proportions differed significantly (p = 0.006) by SA 
(54.8%, 76.2%, 73.8%, 66.7%, 71.4%, 61.9%, 66.7% 
and 64.3% on using SA1–SA8, respectively). Figure 3 
reports effect sizes for pre- and post-lecture scores. The 
highest effect sizes were observed for SA4 (0.60) and 
SA2 (0.53), and were judged medium, while the other 
SAs displayed low effect sizes.

Discussion

The present study investigated the application of eight 
different scoring rules for MM items and demonstrated 

Fig. 2. Standardized mean differences in total scores between females and males (a), native and immigrant students (b), native male and 
immigrant male students (c) and native female and immigrant female students (d), by scoring algorithm.
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how they may affect the evaluation of health education 
outcomes. In line with previous findings [16, 18, 19], we 
found greater internal consistency and relative efficien-
cy of Ripkey’s rule (SA7) and its modifications, such 
as the balanced algorithm (SA6), in scoring MM items. 
The SA proposed by Ripkey also performed compara-
tively well with regard to item difficulty. We found that 
the choice of SA may have a great influence on student 
performance; application of the non-penalizing SA3 ap-
proximately doubled the total score yielded by the di-

chotomous SA1. This finding is consistent with previous 
research [12, 16, 18, 19], which has indicated that MM 
items scored dichotomously are relatively difficult. In 
addition, our results support those of Tarasowa and Au-
er [18], in that SA6 and SA7 penalized respondents more 
than SA3, which is an MTF-like algorithm, but less than 
the other rules. This may have important implications 
for the comparison of knowledge scores obtained from 
different studies. For instance, previous European stud-
ies on nutrition knowledge among adolescents  [35-38] 
have found about 60% of correct responses in multiple 
choice tests, which roughly corresponds to our estimate 
(mean percent scores of 54%-64%) obtained by apply-
ing partial SAs 3,5-7. By contrast, the dichotomous al-
gorithm produced a substantially lower score of 33%.
Despite the somewhat superior psychometric properties 
of the Ripkey and the balanced scoring rules, our analy-
sis revealed that SA4 was the only one that identified the 
negative impact of an immigrant background on the total 
score. This observation was probably due to a slightly 
higher discriminatory ability of SA4. The relationship 
between immigrant status and knowledge scores seems 
to be plausible; indeed, a large European study [35] con-
ducted in nine countries found a 10% difference in nu-
trition knowledge scores between native and immigrant 
adolescents. This coincides with our estimate of a 10.6% 
mean score difference between Italian and migrant teen-
agers. On the other hand, the association between im-
migrant background and knowledge scores probably 
depends on sex, as shown by the fact that foreign-born 
male students displayed the poorest performance, re-
gardless of the scoring rule used. Similarly, in the quasi-
experimental part of the study, all algorithms were able 

Fig. 3. Standardized mean differences in pre- and post-interven-
tion total scores, by scoring algorithm

Tab. VI. Difficulty parameters of survey items, as measured by the different scoring algorithms, by survey subset.

Scoring algorithm
Mean difficulty, p (SD)

N of easy items N of difficult items
All (N = 12) MM (N = 9)

SA1 0.33 (0.27) 0.27 (0.25) 0 4
SA2 0.46 (0.29) 0.44 (0.32) 1 2
SA3 0.64 (0.20) 0.68 (0.17) 3 0
SA4 0.50 (0.26) 0.50 (0.28) 1 2
SA5 0.54 (0.22) 0.55 (0.22) 1 0
SA6 0.57 (0.20) 0.59 (0.20) 1 0
SA7 0.58 (0.21) 0.60 (0.20) 1 0
SA8 0.47 (0.25) 0.45 (0.26) 1 2

Tab. VII. Discrimination parameters of survey items, as measured by the different scoring algorithms, by survey subset.

Scoring algorithm
Mean discrimination index, D (SD) N of items with D > 0.2
All (N = 12) MM (N = 9) All (N = 12) MM (N = 9)

SA1 0.33 (0.21) 0.35 (0.28) 8 5
SA2 0.36 (0.12) 0.38 (0.16) 11 8
SA3 0.30 (0.16) 0.30 (0.10) 8 6
SA4 0.36 (0.12) 0.37 (0.15) 11 9
SA5 0.32 (0.15) 0.30 (0.14) 9 7
SA6 0.32 (0.14) 0.30 (0.11) 9 8
SA7 0.32 (0.13) 0.31 (0.12) 9 8
SA8 0.32 (0.16) 0.32 (0.16) 10 6
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to highlight the efficacy of the single-lecture interven-
tion in improving students’ scores, although SA4 yield-
ed the highest effect size for the pre-/post-intervention 
difference. Given the above-mentioned patterns, we be-
lieve that the choice of an SA for MM items should take 
into account not only the psychometric properties of sin-
gle SAs but also the study aims, study population and 
research topic. This supports the principal conclusions 
of Muijtjens et al.  [39], who suggested that the choice 
between less biased number-right (e.g. one point for 
each correct response) and more reliable formula-based 
scoring rules should be balanced by considering several 
education factors. For instance, it is acknowledged that 
females know more about nutrition than males do [35, 
40, 41]; it has also been established that females are less 
likely to guess in multiple-choice tests [42, 43]. It could 
therefore be speculated that SAs with a correction for 
guessing would, to some extent, adjust for gender dif-
ference in scores. Furthermore, the choice of scoring 
rule for MM items may affect the statistical power of the 
analysis, and thus somehow alter outcome assessment. 
An appropriate SA should therefore be chosen during 
the design and planning (e.g. sample size calculation) 
of surveys on health-related knowledge containing this 
type of item format. 
More generally, our results support the principal find-
ings and conclusions of earlier studies [10, 13, 18, 19] 
on the feasibility of the MM format, since the MM items 
scored by most of the partial algorithms displayed at least 
equal internal consistency of the type-A items. MTF 
and MM items are not rare in health-related knowledge 
surveys  [44, 45], including food- and nutrition-related 
ones [46], and these items have usually been scored by 
means of the conventional number-right method. Nev-
ertheless, the guidelines for assessing nutrition-related 
knowledge, attitudes and practices issued by the Food 
and Agriculture Organization of the United Nations [47] 
discourage the use of multiple-choice and true-false for-
mats because of the probability of “lucky guessing”, and 
thus overestimation of knowledge scores. However, a 
correctly guessed answer may be the result of either a 
blind guess (i.e. a random response given by a fully un-
informed subject) or an educated guess (i.e. a response 
given by a partially informed subject) [48]. Despite its 
main disadvantage of giving no credit for partial knowl-
edge, use of the dichotomous rule in scoring MM items 

almost excludes the measurement error due to blind 
guesses [18]. SA8 showed the highest rank correlation 
with the dichotomous reference rule (SA1); this con-
firms the findings of Bauer et al. [19], which indicated 
that partially scored MM items with a 50% threshold of 
correct answers may separate the two types of guessing.
Scoring MM items as MTF items did not yield any ad-
vantage; SAs 2, 3 and 5 neither displayed better psy-
chometric characteristics nor were superior to the others 
in the on-field outcome evaluation. Despite some simi-
larities between MM-item and MTF-item structures, 
Cronbach [10, 49] noted a significant difference in ques-
tions marked as true, and dubbed this an “acquiescence 
bias”; poor respondents tend to perform better on items 
to which the correct answer is “true” rather than “false”. 
In turn, this bias contributes to the skewness of respons-
es  [18]. An added advantage of algorithms, especially 
the balanced SA6, that do not treat MM items as MTF 
items, is that they allow both MM and type-A questions 
to be scored. In other words, MM items scored in ac-
cordance with SA6 and similar rules make these items a 
“subspecies” of the type-A items widely used and recog-
nized in health education/promotion research [18]. 
Overall, our sample may be considered as representative 
of the adolescent population of Genoa. Furthermore, the 
distribution of BMI was very close to the estimates ob-
tained by the Health Behavior in School-Aged Children 
(HBSC) study [50] in the Liguria region (underweight: 
2.3%, normal weight: 83.1%, overweight: 13.2%, and 
obese: 1.5%). A very high participation rate enabled us 
to minimize the response bias. Alongside its strengths, 
the present study had some limitations. First of all, we 
used a survey instrument that had not been fully vali-
dated, although it was highly comprehensible (as shown 
by a Gulpease readability index of 78.4, i.e. easy for 
subjects with a middle-school education) and sensitive 
to changes. Secondly, relatively low reliability coeffi-
cients of the knowledge part of the questionnaire were 
observed; this was probably due to the small number of 
survey items. However, Cronbach’s α of > 0.6 is still ac-
ceptable [51] and the coefficients yielded by some par-
tials SAs were comparable to those of well-established 
literacy instruments (e.g. the Spanish version of the New 
Vital Sign has an α of 0.69 [52]). 
In conclusion, the past few years have seen a revival of 
the use of MM items to assess factual knowledge [22], 

Tab. VIII. Results of ANOVA models for sex and nationality, by scoring algorithm.

Scoring algorithm
Sex Nation Sex : Nation

F p F p F p
SA1 2.88 0.091 1.87 0.17 5.43 0.021
SA2 3.42 0.066 3.90 0.049 8.05 0.005
SA3 8.07 0.005 4.13 0.043 3.07 0.081
SA4 4.66 0.032 5.53 0.019 6.47 0.012
SA5 6.64 0.011 3.28 0.071 5.35 0.021
SA6 5.79 0.017 2.53 0.11 4.41 0.037
SA7 5.62 0.018 1.44 0.23 4.40 0.037
SA8 3.84 0.051 1.98 0.16 5.49 0.020
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including health-related knowledge [44-46]. In research 
on health education and promotion, the choice between 
number-right and formula-based scoring rules, and be-
tween formulas that penalize guessing and those that 
do not, should balance the psychometric properties of 
single scoring rules and the outcomes of interest. The di-
chotomous “all or nothing” algorithm should be applied 
with caution to MM items, especially in cross-sectional 
study designs, owing to its poorer reliability, item dif-
ficulty and discrimination properties. Considering its 
high sensitivity to blind guessing, we believe that im-
plementation of the dichotomous scoring rule should be 
limited to highly standardized survey instruments with 
excellent content validity. However, since school-based 
health-promotion interventions often require close col-
laboration with teachers in preparing knowledge-eval-
uation surveys, the validity of these questionnaires may 
be far from optimal. In the present study, the scoring rule 
proposed by Ripkey [16] and the balanced algorithm de-
scribed by Tarasowa and Auer [18] showed greater in-
ternal consistency and relative efficiency in scoring MM 
items, while the penalizing SA4 was associated with 
largest effect sizes in the in-field evaluation.
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Introduction. Imprisoned people have usually a poor health 
status in comparison with the general population. The aim is to 
investigate a possible association between the quality of life and 
physical activity level in male inmates. 
Methods. A cross-sectional pilot study was carried out between 
2010 and 2011. A questionnaire contained SF12 and Interna-
tional Physical Activity Questionnaire was administered. Mental 
Component Score (MCS) and Physical Component Score (PCS) 
were computed. The physical activity level was measured using 
Metabolic Equivalents score (MET).

Results. 121 inmates entered the survey. MCS is directly corre-
lated to MET of physical activity (β = 0.23; P = 0.03) and nega-
tively to BMI variations (β = -0.24; P = 0.02) and smoking status 
(β = -0.24; P = 0.02).
Discussion. This pilot study suggests to improve the investigation 
to support the promotion of physical activity programs in Italian 
prisons in order to improve inmates QoL and allow a better social 
integration at the end of detention.
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Summary

Introduction

Imprisoned people have usually a poor health status in 
comparison with the general population [1].
This health disparity has been attributed to various caus-
es. The behavioral factors such as use of intravenous 
drug, alcohol misuse, smoking, and inactivity could in-
crease the risk of morbidity, mortality and mental disor-
ders [2-5].
There is clear evidence of a connection between physical 
exercise and Health Related Quality of Life (HRQoL) [6-
8], and this association has been proven for detention 
environments too [9-10]. Studies show a direct relation-
ship between self-reported exercise, calculated in min-
utes per week, and good health of prisoners [4, 11].
In Italy no studies evaluated the association between 
quality of life and physical activity in the prison popula-
tion while two studies suggest an association between 
physical activity and improvement of mental and physi-
cal health among prisoners [3, 12].
The hypothesis of the investigation is the possible as-
sociation between the HQoL, assessed through the short 
form 12 questionnaire (SF12), and Metabolic Equiva-
lents (MET) of physical activity in male inmates, as-
sessed through the IPAQ questionnaire.

Methods

Study design, setting, participants
This cross-sectional pilot study was carried out between 
2010 and 2011.
STROBE Statement was applied to plan the study [13]. 
The male inmates were recruited on a voluntary basis 
in two prisons situated in the Center Italy, Rebibbia in 
Rome and the Cassino penitentiary. The prisons were 
chosen on an opportunistic basis.
We enrolled only the prisoners apparently healthy who 
showed good conduct during their detention and we ex-
cluded the inmates in higher security and mental health 
units.
The questionnaires were administered twice for prison, 
during each day of administration around 30 prisoners 
answered the questionnaire: 10 minutes to explain the 
project and 50 to support and complete the questionnaire 
were spent and reduce the missing data. The prisoners 
enrolled were informed concerning the nature and the 
aim of the research project.

Questionnaire and variables
The questionnaire included three parts:
the International Physical Activity Questionnaire (IP-
AQ) [14] investigating the time spent carrying out mod-
erate/intensity activity, walking and sitting in a week 
and referring adapted examples for inmates [15]. IPAQ 
responses were converted to MET minutes per week 
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(MET-min/wk) according to the IPAQ scoring proto-
col [16] through the analysis of total minutes over last 
seven days spent on vigorous activity, moderate-intensi-
ty activity, and walking;
Short Form-12 (SF-12) questionnaire [17] presenting 12 
questions evaluating the HRQoL. The answers provide 
two outcome measures of the physical and the mental 
QoL: the Physical Componet score (PCS) and Mental 
Componet Score (MCS) and the score ranges from 0 to 
100 (bad and good quality respectively). Although the 
use of SF12 rather than SF36 has been suggested for big 
samples (more than 500 subjects) the SF-12 was cho-
sen for two reasons. First of all we were interested in 
the two summary subscales rather than eight health di-
mensions provided by the SF36 and secondly SF-12 has 
been already used in community-based cross-sectional 
studies [18].
Socio-demographic and biometric variables were includ-
ed because they were considered potential confounding: 
age, gender, nationality, educational level, period of 
detention (dichotomized in 0-2 and ≥ 2; in years), civil 
status, smoking habits, weight in kilograms and height 
in centimeters auto-referred, subsequently combined to 
compute the BMI. Weight at the entrance was asked to 
and differential BMI was calculated.
The questionnaire was translated in three languages 
(Italian, English and France) allowing foreign prisoners 
to participate to the study.
A written consent to participate into the survey was col-
lected from each participants. The study was approved 
by the Local Ethical Committee.

Statistical analysis
All results were recorded on paper and then double en-
tered into SPSS19.0 database for analysis.
A probability level of 0.05 was set as limit for statistical 
significance.
Statistical analysis included descriptive statistics (mean, 
standard deviation and proportion) and inferential sta-
tistics.
In order to assess association between PCS and MCS of 
HRQoL and socio-demographic, biometric and attitudi-
nal variables different statistic tests were performed:
to assess the normal distribution of the continuous varia-
bles, including the outcomes, the Kolmogorof-Smirnoff 
‘s test was applied;
Pearson’s Correlation for quantitative variables (age, 
BMI at the imprisonment, Current BMI, BMI variation, 
MET of physical activity);
Mann Whitney’s test for dichotomous qualitative vari-
ables (civil status, smoking status, years of detention, 
nationality); 
Kruskal-Wallis test has been performed for qualitative 
variables with more than two modalities.
Multivariate analysis was performed. According with 
Hosmer and Lemeshow [19] variables associated to PCS 
and MCS with probability level of 0,25 or less at the uni-
variate and bivariate analysis were included in the mod-
el. Given the exploratory nature of the research project 
and the little literature available on the issue we chose 

to adopt backward elimination model. Only covariates 
still present at the last elimination step were reported in 
Table III. 

Results

121 inmates entered the survey, 64 in Rome and 57 in 
Cassino detection centers (response rate = 87%).
The illiterate or the low educational level and no knowl-
edge of English, Italian or French were the most com-
mon missing data sources that were referred from re-
searchers that have administered the questionnaires.
The socio-demographic, biometric and attitudinal char-
acteristics of the sample are described in Table I.
The bivariate analysis shows a direct association be-
tween PCS of HRQoL and MET of physical activity 
(r = 0.22; P = 0.04) and an inverse association with BMI 
variation (r = -0.23; P = 0.02). MCS of HRQoL is direct-
ly associated with MET of physical activity (r = 0.25; 
P = 0.02) and with age of inmates (r = 0.21; P = 0.03) 
and an inversely associated with the smoking attitude 
(P = 0.02). Educational level, civil status, nationality and 
years of detention are not significantly associated with 
the inmates’ quality of life.
Two multivariate analyses were performed, one with 
each HRQoL score (PCS and MCS) as outcome. The 
following variables entered the analysis of PCS as co-
variates: current BMI, BMI variation since the start of 
detention, MET of physical activity, Educational level, 
smoking status and years of detention. PCS resulted di-

Tab. I. Descriptive characteristics of the inmates studied.

Continuous variables
N. of 

responders
Mean SD

Age (years) 121 35.0 11.1
BMI at the start of the 
detention

114 25.9 4.7

BMI at the present 112 26.1 3.4
PCS 113 48.7 7.7
MCS 113 45.6 11.0
Total MET per week 95 9278.9 13845.9
Years of detention 120 5.20 6.1

Qualitative variables %

Educational 
level

None or 
primary school

29 24.6

Secondary 
school

68 57.6

High school /
university

21 17.8

Smoking 
status

Smokers 83 69.7
No smokers 36 30.3

Civil status
Married 41 33.9
Not married 80 66.1

Years of 
detention

0-2 54 45.0
> 2 66 55.0

Nationality
Italian 77 66.4
Foreign 39 33.6
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rectly associated to physical activity (r = 0.25; P = 0.02) 
and inversely correlated to BMI variations (r  =  -0.26; 
P = 0.02). The following variables were included in the 
model for MCS: age. BMI variation since the start of 
detention, MET of physical activity and smoking status. 
MCS is influenced positively by MET of physical activ-
ity (r = 0.23; P = 0.03) and negatively by BMI varia-
tions (r = -0.24; P= 0.02) and smoking status (r = -0.24; 
P = 0.02).

Discussion

Our results are consistent with the scientific literature on 
the issue. Even if HRQoL is rarely investigated among 
inmates population, physical activity has been proven to 
reduce depression and anxiety  [3], increase functional 
capacity and improving the health status of incarcer-
ated people [12]. Moreover in a US high security prison 
women participating in a focus group described limited 
physical activity as a specific prison-based factors that 
affected their physical health [20]. Our study reveals that 
physical activity is associated to both the physical and 
the mental components of the HRQoL in the inmates 
population. According with Meek et al.  [21] we can 
state that physical activity can contribute to achieving 
“healthy prison” objectives in practice. 
Moreover, there is evidence from our survey that BMI 
variations are inversely associated to the HRQoL and 
tobacco smoking is inversely associated with the men-
tal component of HRQoL. Demographic factors and the 
educational level does not appear to affect the HRQoL. 
Likely this can be partially explained by the low sample 
size, it would be appropriate to continue to investigate 
this aspect.
The strengths of this study are mainly two. First the in-
novation that brings to the Italian landscape where few 
experiences have been conducted on the topic. Few stud-
ies have been carried out in this field. Even if the focus 
of this work is specific it can contribute to the evidence 
building on the prisoners health. Secondly, the possibil-
ity to actively intervening to bettering the HRQoL of 
inmates through the realization of physical training in 
Italian prisons. Physical activity is a proven cost effec-
tive tool to challenge chronic diseases in general popula-
tion and this research seems to support albeit weakly to 
a number of limitations to the idea that physical activity 
can be beneficial to the quality of life. Larger studies are 
needed to find out [22].
However, we have to acknowledge the study presents 
some limitations. Above all the sample size (120 partici-
pants) and composition (only males) could not infer the 
associations we found to the general inmate population. 
Moreover, only few behavioral factors have been evalu-
ated and not pathologic or environmental factors have 
been assessed due to the nature of pilot study. 
The goodness of fit of the model could have been in-
creased adding other factors to the multivariate analysis. 
Anyway, the results are promising and a multicenter 
study is ongoing to expand the sample and include the 

Tab. II. The impact of demographic and anthropometric characteris-
tics and behaviors on the Quality of Life, bivariate analysis.

  Physical score Mental score

 
Pearson’s 

correlation
P

Pearson’s 
correlation

P

Age 0.023 0.807 0.209 0.026

BMI at the 
imprisonment

0.077 0.428 0.061 0.533

Current BMI -0.135 0.172 -0.108 0.274

BMI variation -0.232 0.021 -0.164 0.106

MET total 0.217 0.040 0.248 0.018

Years of 
detention

0.088 0.355 -0.041 0.666

  Median (IQR) P* Median (IQR) P*

Educational level

None/primary 
school

50.2 (13.3)

0.232

47.0 (15.7)

0.591Secondary school 48.7 (11.7) 49.6 (15.7)

High school /
university

51.7 (9.8) 43.3 (21.0)

Civil status

Not married 50.2 (12.7)
0.988

48.3 (15.0)
0.955

Married 49.5 (11.43) 46.4 (19.2)

Smoking status

No 52.0 (8.7)
0.226

52.1 (12.3)
0.022

Yes 49.5 (13.2) 45.0 (18.2)

Years of detention

0-2 48.6 (11.4)
0.194

50.7 (19.2)
0.898

> 2 50.8 (12.5) 47.1 (15.2)

Nationality

Italian 49.4 (13.0)
0.400

47.6 (18.3)
0.614

Foreign 50.4 (10.0) 47.5 (17.6)

IQR: interquartile range

 * P: p-value of Mann Whitney’s test for dichotomous qualitative vari-
ables and Kruskal-Wallis test for qualitative variables with more than two 
modalities.

Bold: p < 0.05.

Tab. III. The impact of demographic and anthropometric character-
istics and behaviors on the Quality of Life, multivariate analysis.

 Covariates*

Physical 
component score

Mental 
component score

Beta P Beta P

BMI variation -0.262 0.017 -0,242 0,023

MET total 0.250 0.023 0,232 0,030

Current BMI -0.135 0.217  

Smoke -0.119 0.270 -0,242 0,023

Educational level 0.018 0.872

Age     0,153 0,140

R2 0.090  0.143 

* Only variables still present at the last step of the backward elimination 
model are shown in the table.

Bold: p < 0.05.
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female population in the study. Further research ap-
proaches could include the realization of a randomized 
trial with the organization of physical training in prisons 
and qualitative analysis to identify other determinants of 
inmates HRQoL.
If physical activity will be confirmed to highly affect 
the inmates HRQoL practical implications have to be 
considered. The realization of training programs for de-
tention centers could be a simple, effective, and cost ef-
fective way to improve the Quality of Life of prisoners 
and to contribute to the re-educational aim of the prison 
detention. According with the Italian Constitution Docu-
ment “punishments must aim at rehabilitating the con-
demned” for the restitution of healthy and renewed per-
sons to the community [23].
Physical activity programs in prisons could contribute to 
accomplish this target.

Conclusions

Both physical and mental components of quality of 
life are affected by physical activity that seems to be 
the main determinant, joint with the BMI variation and 
smoking attitude, of inmates’ quality of life [9].
A multicenter study is ongoing in Italy to confirm pre-
liminary results.
Programs promoting physical activity should be planned 
and implemented in Italian prisons in order to improve 
inmates QoL and allow a better social integration at the 
end of detention.
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Multidrug resistant pathogens are a widespread problem in the 
hospital setting especially on intensive care units (ICU). This 
study evaluated the susceptibility of clinical isolates of gram-
negative extensively drug resistant organisms (XDR), methicillin-
resistant Staphylococcus aureus (MRSA), and vancomycin-resist-
ant Enterococcus (VRE) to a proprietary chlorhexidine digluco-
nate (CHG) formulation used in one brand of CHG-impregnated 
cloths. Ten isolates each of XDR Pseudomonas aeruginosa, XDR 
Acinetobacter baumannii, XDR Klebsiella pneumoniae, XDR 
Escherichia coli, MRSA, and vancomycin-resistant Enterococcus 
faecium from our hospital were tested. All isolates were suscep-
tible to the proprietary CHG formulation (0.5%, 1%, 2%), with 

99% to 100% suppression of growth at the earliest time point in 
time kill assays (1 minute for gram-positive and 15 seconds for 
gram-negative organisms). Minimum inhibitory concentrations 
ranged from 1 : 4096 to 1 : 65536 for MRSA, 1 : 1024 to 1 : 2048 
for VRE, 1 : 2048 to 1 : 4096 for XDR E. coli, 1 : 512 to 1 : 2048 
for XDR A. baumannii, 1 : 512 to 1 : 1024 for XDR P. aerugi-
nosa, and 1  :  512 to 1  :  1024 for XDR K. pneumoniae. Cloths 
impregnated with this CHG formulation provide effective protec-
tion against colonization and infection by many pathogens. This 
study provides in vitro evidence that the proprietary CHG formu-
lation used in one brand of CHG-impregnated cloths is effective 
against XDR gram-negative organisms, MRSA, and VRE. 
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Introduction

The rapid emergence and spread of multidrug resistant 
organisms (MDROs) in hospitals is a growing problem 
worldwide [1, 2]. Hospital-acquired infections, particu-
larly those caused by MDROs, are associated with excess 
mortality and morbidity as well as increased hospital 
costs [3-7]. Methicillin-resistant Staphylococcus aureus 
(MRSA), vancomycin-resistant Enterococcus (VRE), 
and multidrug resistant (MDR) gram-negative patho-
gens commonly cause hospital-acquired infections  [8]. 
Managing hospital-acquired infections and MDROs is a 
daily challenge in hospitals, especially from the perspec-
tive of critical care. 
Universal decolonization using topical antiseptic agents 
that reduce the population of microorganisms on patients’ 
skin represents a simple, cost-effective way to prevent 
healthcare-associated infections  [9, 10]. Universal de-
colonization by daily bathing of ICU patients with chlo-
rhexidine digluconate (CHG)-impregnated cloths resulted 
in a substantial reduction in bloodstream infections and 
MRSA acquisition  [9, 11-13]. CHG-impregnated cloths 
have also proven effective in reducing the skin burden of 
MRSA and VRE in ICU patients [9, 14, 15]. 
Evidence suggests that skin colonization with gram-
negative bacterial pathogens may be a root cause of hos-
pital-acquired infections. ICU patients who have diar-
rhea can be particularly at risk of gram-negative bacteria 
dissemination from feces to skin areas on distant parts 
of the body [16]. There is less information concerning 

the utility of CHG on antibiotic-resistant gram-negative 
bacteria [15], although a recent study showed that a pro-
prietary CHG formulation reduced hospital-acquired in-
fections caused by gram-negative bacteria [17]. The ob-
jective of this study was to quantify in vitro the antimi-
crobial effectiveness of a proprietary CHG formulation 
used in one brand of CHG-impregnated cloths against 
gram-negative MDR and extensively drug resistant 
(XDR) clinical isolates (e.g., Pseudomonas aeruginosa, 
Klebsiella pneumoniae, Escherichia coli, Acinetobacter 
baumannii), as well as against clinical isolates of MRSA 
and VRE. 

Materials and methods 

Bacterial Isolates
Clinical isolates of P. aeruginosa, K. pneumoniae, E. 
coli, and A. baumannii selected for testing were classi-
fied as MDR or XDR as described elsewhere [18]. Clini-
cal isolates of MRSA and vancomycin-resistant E. faeci-
um were also tested. Ten consecutive isolates per species 
were collected from patients who were diagnosed with 
an infection cause by a MDRO during their stay in at the 
Heidelberg University Hospital, Germany, in 2014. 

Formulations and Neutralizer
A proprietary 2% CHG formulation (Sage Products 
LLC, Cary, Illinois, US) was tested. The solution used 
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to neutralize the antimicrobial properties of the CHG 
was composed of Caso-bouillon and LTHTh (Heipha, 
Eppelheim, Germany). 

Time Kill Assays
The antimicrobial properties of the proprietary CHG 
formulation at concentrations of 2% (20 mg/ml, the 
original proprietary formulation concentration), 1% 
(10  mg/mL), and 0.5% (5  mg/mL) were determined 
using the quantitative suspension methods described 
by Gebel et al.  [19]. Briefly, bactericidal efficacy 
was determined without organic load. The CHG for-
mulation was diluted in water of standardized hard-
ness. One milliliter of the test organism suspension 
and 1  mL of sterile water of standardized hardness 
were mixed and incubated for 2 minutes, after which 
the test substance was added. The resulting solutions 
were incubated for 1, 3, and 9 minutes, respectively; 
gram-negative organisms were also incubated for 15 
seconds, based on the test procedures outlined in the 
FDA Tentative Final Monograph for Topical Anti-
microbial Drug Products for Over-The-Counter Hu-
man Use (59 FR, 31444, June 17, 1994). At the end 
of the incubation time, 1 mL of the test solution was 
transferred to 10  mL of Caso-bouillon and LTHTh 
and neutralized for 5 minutes. Thereafter, 100 µl and 
500 µl of the neutralized test solution was spread onto 
two agar plates. After incubation for 24 hours at 37 °C 
the colony forming units (CFU) were counted. The 
log 10 reduction was determined as the logarithm to 
the base 10 of the difference between the number of 
cells in the test solution at the beginning of the con-
tact time and at the end.

Determination of the Minimum Inhibitory 
Concentration (MIC)
MIC testing procedures were adapted based on those out-
lined in the FDA Tentative Final Monograph for Topical 
Antimicrobial Drug Products for Over-The-Counter Hu-
man Use (59 FR, 31444, June 17, 1994). Briefly, a 96-well 
microtiter plate (Sarstedt, Nümbrecht, Germany) contain-
ing doubling dilutions of the proprietary CHG in RPMI 
medium (Gibco, Darmstadt, Germany) was set up. CHG 
concentrations started at 2% and were then diluted by 
half. Concentrations for MIC testing were diluted down 
to 1  :  65,536. Wells containing only RPMI were used 
as growth controls. An overnight broth culture of each 
isolate was standardized to 1 x 108 CFU/mL and 50 μL 
volumes of this were added to the microtiter plate. Serial 
dilutions were done and CFUs counted on the plates to 
achieve a concentration of 1 x 105. Plates were incubated 
for 24 hours at 37 °C. The MIC was defined as the low-
est concentration of CHG at which no bacterial growth 
was observed visually on the microtiter plate. Conversion 
of resazurin to resarafin (Sigma-Aldrich, Hamburg, Ger-
many) was used as a visual indicator.

Results

Isolates
Ten isolates each of VRE, MRSA, XDR P. aeruginosa, 
XDR K. pneumoniae, and E. coli were collected and 
tested. Nine isolates of MDR A. baumannii and one of 
XDR A. baumannii were collected and tested.

In Vitro Time Kill Studies
All isolates were highly susceptible to the proprietary 
CHG formulation (Fig. 1). Suppression rates were 99% 

Fig. 1. Time kill at 1 minute with a 2% CHG proprietary solution of clinical isolates of MRSA, vancomycin-resistant E. faecium, and the XDR 
gram-negative pathogens P. aeruginosa, K. pneumoniae, E. coli, and A. baumannii.
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to 100% for all isolates, at all concentrations including 
the lower concentrations of 1% (10 mg/mL) and 0.5% 
(5  mg/mL). The 0.5% CHG formulation provided a 
99.9% reduction of XDR P. aeruginosa, XDR K. pneu-
moniae, XDR E. coli, and XDR and MDR A. baumannii 
from the earliest 15-second time point, and for MRSA 
and VRE at the earliest 1 minute time point. 

MIC Determinations
MICs for the proprietary CHG solution against MRSA 
ranged from 1  : 4096 for a single isolate to 1  : 65536 
(Tab.  I). Nine out of ten XDR E. coli isolates had an 
MIC of 1  : 4096 with the CHG formulations. XDR A. 
baumannii showed relatively low MICs, with an MIC of 
1  :  1024. Vancomycin-resistant E. faecium most com-
monly demonstrated MICs of 1 : 2048. XDR K. pneumo-
nia and XDR P. aeruginosa had slightly higher MICs. 
The MICs for P. aeruginosa MICs ranged from 1 : 512 
to 1 : 1024. MICs for XDR K. pneumoniae ranged from 
1 : 512 to 1 : 4096. 

Discussion

Hospital-acquired infections are leading causes of pre-
ventable morbidity and mortality [2, 20]. Skin decoloni-
zation with CHG-impregnated cloths has been shown to 
reduce the risk of some types of these infections [11, 9, 
12, 13, 16, 21]. This method was shown to be an effec-
tive and cost saving way to reduce the risk of transmis-
sion of MDROs such as MRSA and VRE in the hospital, 
a setting where rapid emergence and spread of MDROs 
is well known [9, 12, 15, 10, 1]. The in vitro time kill 
studies confirmed that all of the German clinical isolates 
tested, including MDR and XDR gram-negative bacte-
ria, MRSA, and vancomycin-resistant E. faecium, were 

highly susceptible to all concentrations of the proprie-
tary CHG formulation used. This was true at the earliest 
time point tested (15 seconds). These results corroborate 
and quantify the effectiveness of the proprietary CHG 
formulation against clinical isolates of MDR and XDR 
gram-negative bacteria in vitro. 
MIC data were more variable than time kill data. We 
observed relatively low MICs for MRSA, E. coli, A. 
baumannii and vancomycin-resistant E. faecium, but 
higher MICs for P. aeruginosa and K. pneumoniae. 
Lack of a consistent relationship between the CHG MIC 
and increased CHG killing has been described previ-
ously with MRSA [22]. The authors noted that the MIC 
did not appear to affect in vitro rate of kill or in vivo 
skin test results, and did not represent CHG resistance. 
The discordance between MIC and kill rate did not af-
fect the utility of CHG decolonization in that study, and 
the same may well be true for the pathogens we stud-
ied. For example, even the MICs we observed against 
P. aeruginosa (e.g., 19.53 µg/mL or 1 : 512) would be 
at least 10-fold lower than the lowest concentrations of 
CHG deposited on skin when the 2% proprietary CHG 
formulation was used  [11]. We conducted our in vitro 
evaluations using the proprietary CHG formulation spe-
cifically because the CHG impregnated cloths have been 
shown to provide consistently high concentrations of an-
tiseptic coverage when applied to skin [11]. 

Conclusions

The present study provides in vitro evidence that the 
proprietary CHG formulation is effective against MDR 
gram-negative organisms, MRSA, and VRE. The solu-
tion we studied is available only in CHG-impregnated 
cloths which are known to provide effective protection 
against colonization and infection by drug resistant path-
ogens. Of course, the 60 clinical isolates tested would not 
be representative of all strains a patient might encounter 
in a German hospital. In addition, higher concentrations 
of the CHG product than were tested in vitro may also be 
more representative of the amount deposited by cloths in 
real-life use. Future research should evaluate the poten-
tial of the cloths to prevent MDROs from colonizing the 
skin and leading to hospital-acquired infections. 
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Introduction. Failure to thrive (FTT) in children is one of the 
most important health issues around the world, especially in 
developing countries. Lack of success in identifying and control-
ling this health problem may lead to dangerous health conse-
quences for children. The aim of this research was to explore the 
risk factors for this health problem in infants under two years of 
age in Urmia, Northwest of Iran.
Methods. This case-control study was carried out on 445 infants 
of 6 to 24 months (180 as cases, and 265 as controls) in Urmia, 
Northwest of Iran, during 2013. The study samples were selected 
from six health centers, using the purposeful sampling method. 
To collect data, a questionnaire including items regarding socio-
demographics of the children’s families, and demographic and 
nutrition-related variables of infants was utilized. To analysis 
data and determine the real effect of the aforementioned factors 

on growth status of infants, a chi-square test and logistic regres-
sion analysis were applied. 
Results. The regression analysis revealed that education level of 
infants’ mothers [AOR = 1.421, 95% CI (1.172, 1.724)], duration 
of breastfeeding [AOR  =  1.859, 95% CI (1.212, 2.852)], birth 
weight of infants [AOR = 2.777, 95% CI (1.276, 7.166)], fam-
ily’s monthly income [AOR = 1.492, 95% CI (1.117, 2.230)] were 
correlated with FTT as significant risk factors (P < 0.05). Birth 
order of infants [AOR =  .741, 95% CI ( .573- .958)], however, 
appeared to be a protective factor for child growth (P < 0.05). 
Discussion. The findings of the study may help health care providers 
in designing and implementing appropriate interventions for improv-
ing children’s health. In addition, taking into account the importance 
of healthy growth of children, educating mothers/caretakers would 
seem beneficial in preventing dangerous diseases in children. 
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Introduction

Children, as a large group in any community, are the 
most vulnerable population to diverse risk factors [1]. In 
the world, especially in developing countries, one of the 
most common problems threatening younger children is 
failure to thrive (FTT) [2]. Its rapid diagnosis and con-
trol can have positive health outcomes on infants and 
help the state of health and progress in societies [3]. FTT 
is seen in all socioeconomic strata, but the incidence is 
especially high among urban and rural families living 
in poverty. Infants and children who develop FTT are 
at a higher risk of long term growth, development, and 
behavior problems [4]. It is estimated that FTT affects 
5-10% of young children and approximately 3-5% of 
children admitted to teaching hospitals  [5]. The peak 
incidence of FTT occurs in children aged 9-24 months, 
with no significant gender difference  [6]. Iranian Na-
tional Committee for Child Nutrition (INCCN) revealed 
that FTT is still very common in urban and rural children 
under five years (9-15% suffer from stunting, 10.4% 
suffer from moderate and severe underweight, and 4.9% 
suffer from thinness) [7]. 

Infants 6 to 24 months, due to the rapid transition from 
breastfeeding to complementary feeding, are more likely 
to be at risk of FTT. Considering that the brain growth 
and development occur during the first six months of 
life, an incidence of growth failure will lead to harmful 
consequences such as childhood mental retardation [8].
FTT is variously defined, but it is a term used to describe 
inadequate growth or the inability to maintain growth, 
usually in early childhood. FTT is not a diagnosis, but 
a syndrome that results from many different medical, 
social, or environmental processes  [9]. Kholdi et al. 
defines FTT as a decrease in a child’s weight (a mini-
mum of 50 grams) at each attendance, compared to the 
previous evaluation  [10]. Various health indices such 
as weight for age, height for age, and weight for height 
have been utilized for diagnosing FTT. Recent research, 
however, has validated the weight-for-age approach is 
the simplest and most reasonable marker for FTT [11].
By measuring the weight and monitoring the growth 
of every child, health care providers can identify and 
prevent growth failure of infants and subsequent com-
plications using suitable interventions  [12]. Compared 
to height and arm circumference, weight is a more sen-
sitive indicator of health status, dietary adequacy, and 
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growth delay or recent nutritional problems in younger 
children [13].
Diverse medical and non-medical causes in this age 
group lead to increased growth failure, which in turn re-
sults in brain impairments, learning difficulties, and an 
elevated risk of other life-threating problems [14].
As previously mentioned, considering deleterious con-
sequences of infants’ growth failure on their health, it is 
vital to identify causes of this health issue in every so-
ciety. Therefore, the aim of the current study is to deter-
mine factors influencing growth failure among infants 
aged 6-24 months living in Urmia, northwest of Iran. It 
seems that the current research results would be helpful 
to health care providers in designing and implementing 
appropriate interventions for improving growth of chil-
dren.

Materials and methods

This case-control study was carried out on infants aged 
6-24 months in Urmia, Northwest of Iran, during 2013. 
Inclusion criteria were as follows: 1) a history of weight 
decrease (a minimum of 50 grams) in at least two con-
secutive months, based on growth monitoring charts, 
2) willingness of the child’s family to participate in the 
study, 3) not consuming drugs or boosters with an effect 
on physical growth of the infant, 4) lack of congenital 
disorders in the infant, 5) lack of gestational diabetes in 
the child’s mother. The mothers not interested in taking 
part in the study were excluded from the investigation. 
To diagnose and select infants with growth failure, in-
vestigators applied weight-for-age approach. The reason 
for choosing this approach was that recent research has 
validated weight-for-age as the simplest and most rea-
sonable marker for FTT  [15]. First Six health centers 
were randomly selected from all health centers located 
in Urmia, Iran. Then, from among those health centers, 
based on the definition of FTT by kholdi et al. [10] and 
using health care files of children, infants with a weight 
decrease (a minimum of 50 grams) at each attendance 
compared to the previous evaluation were selected and 
entered into the study as subjects with FTT (180 subjects 
as the case group). Against the case group, 360 infants 
without growth disorder were selected and entered into 
the study as the control group (two controls against one 
case). The study groups were matched in terms of sex 
and age adopting the group matching approach during 
the sampling process. However, due to different fac-
tors (absence of some subjects, defects in filling the 
questionnaire, lack of response to the instrument etc.), 
95 controls were excluded from the study and 265 re-
mained. 
To collect data on risk factors related to growth failure of 
infants, a self-report questionnaire was developed by the 
authors based on the available scientific literature  [10, 
16-18]. The questionnaire included two subscales: 1) 
socio-demographic information related to the children’s 
families (13 items), 2) demographic and nutrition-related 
variables of the infants (11 items). To determine valid-

ity of the questionnaire, quantitative methods of content 
validity such as content validity ratio (CVR) and content 
validity index (CVI) were utilized. The CVR is an item 
statistic useful in the rejection or retention of specific 
items. In CVR, experts are requested to specify whether 
an item is necessary or not. Moreover, they are asked to 
score each item from 1 to 3 with a three-degree range 
of “not necessary, useful but not essential, essential”. 
Greater levels of content validity exist as larger numbers 
of panelists agree that a particular item is essential. The 
numeric value of content validity ratio is determined by 
the Lawshe table [19].
The CVI was another approach taken for measuring 
content validity of the research questionnaire applied by 
researchers. In this approach, the panel of experts are 
asked to rate each item of the instrument in terms of rel-
evancy and clarity and score each item from 1 to 4 with 
a four-point scale of 1 = not relevant, 2 = somewhat rel-
evant, 3 = quite relevant, 4 = highly relevant or 1 = not 
clear, 2 = needs some revision, 3 = clear but needs mi-
nor revision, 4 = very clear. The study tool was sent via 
email to 10 academics to act as a panel of experts and 
examine the items in terms of necessity, relevance, and 
clarity. Then, feedback received from the specialists was 
analyzed and suggested changes were made to the study 
tool. Overall, five items did not receive the minimum 
scores of CVR (0.62) and CVI (> 0.79) and were dis-
carded from the questionnaire. Content validity of the 
finalized questionnaire was confirmed based on results 
of CVR and CVI. 
To determine the reliability of the questionnaire, the 
study instrument was completed by interviewing the 
mothers of all participants from the two groups. Next, 
Cronbach’s alpha coefficient was computed and its value 
was found to be 0.89. Therefore, reliability of the ques-
tionnaire was also confirmed. After collecting, organ-
izing, and classifying the data, statistical analyses were 
performed using descriptive and inferential statistical 
methods (chi-square test for independence, also called 
Pearson’s chi-square test, is used to discover if there is a 
relationship between two categorical variables. In addi-
tion, logistic regression test predicts the probability that 
an observation falls into one of the two categories of a 
dichotomous dependent variable based on one or more 
independent variables that can be either continuous or 
categorical). In this study, a P value of less than 0.05 was 
considered significant.

Results

The results of this research study were evaluated at two 
levels. In the first step, along with crosstabing character-
istics of the subjects, the univariate analysis of factors 
related to infants’ growth was examined. In the second 
step, logistic regression analysis was performed to deter-
mine the net effect of risk factors on infants FTT, after 
adjusting for potential confounding variables.
Of the 445 eligible infants who were investigated, 180 
(40.5%) had FTT and the remainder (59.5%) were 
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healthy. The findings showed that the mean age of moth-
ers was 27 ± 5.75 years ranging from 16 to 48. The major-
ity of them (95.5%) were housewives and the rest (4.5%) 
were working mothers. About 40% of the mothers had 
high school level education and the rest were from other 
educational levels. The majority of households (62.2%) 
had a monthly income of lower than USD300.
The findings highlighted that there were significant as-
sociations between undesirable growth of the subjects 
and their mothers’ age (p-value = 0.041), mothers’ edu-
cation level (p-value = 0.007), number of gestation (p-
value  =  0.006), and family income (p-value  =  0.001). 
These relationships were confirmed by the results of the 
Pearson’s Chi- square test (p < 0.05) (Tab. I).
The present investigation indicated that 93 percent 
of subjects’ birth weight was more than 2,500 gr, and 
96.6% of infants Apgar score were more than seven at 
the time of birth. The majority of participants (96.4%) 
had been breastfed, and 73.7% of them had started the 
complementary feeding at the age of six months or more. 
Univariate analyses showed that there exist significant 
linkages between participants growth failure and birth 

weight (p-value = 0.002), duration of breastfeeding (p-
value = 0.001), and birth order (p-value = 0.04). These 
relationships were confirmed by the results of the Pear-
son’s Chi- square test (p < 0.05) (Tab. II).
To determine the real effect of the studied factors on 
growth failure, we applied a multivariate logistic regres-
sion model. Its results indicated that all the significant 
variables in univariate analyses, except for the moth-
ers’ age and number of gestations, have retained in 
the regression model and were statistically significant 
(p < 0.05) (Tab. III).
Education level of infants’ mothers indicated a statisti-
cally significant linkage with undesirable growth. Those 
infants who had low literate mothers were 1.4 times 
more likely to have undesirable growth as compared to 
those children whose mothers were high literate [Adjust-
ed Odds Ratio (AOR) = 1.421, 95% CI (1.172, 1.724)] 
(p-value  =  .000). The family’s monthly income and 
child growth were found to have a statistically signifi-
cant relationship, that is, children who had low family 
income were 1.5 times more likely to have undesirable 
growth in comparison with those who had high fam-

Tab. I. Sociodemographic characteristics of the study participants in two groups (n = 445).

Variable
Groups #Chi-square value p-value

Cases  Controls
N (%) N (%)

Gender of infant
 male
 female

85 (47.2)
95 (52.8)

139 (52.5)
126 (47.5)

1.17 0.28

Birth weight/BW
 < 2500 gr
 ≥ 2500 gr

19 (10.6)
161 (89.40)

9 (3.4)
256 (96.6)

9.31 0.002**

Apgar score
 ≥ 7
 < 7

174 (96.7)
6 (3.3)

256 (96.6)
9 (3.4)

0.001 0.97

Birth age
 pre-term
 term
 post-term

6 (3.3)
172 (95.6)

2 (1.1)

6 (2.3)
257 (97.0)

2 (0.8)

0.62 0.73

Breast feeding
 yes
 no

175 (97.2)

5 (2.80)

254 (95.8)

11 (4.2)

0.58 0.44

Duration of breast feeding
 < 12 months
 ≥ 12months

105 (58.33)

75 (41.67)

112 (42.26)

153 (57.7)

11.62 0.001**

Hospitalization
 yes
 no

35 (19.4)

145 (80.6)

50 (18.9)

214 (80.8)

0.69 0.70

Starting complementary feeding
 < 6 months
 ≥ 6 months

50 (27.8)
130 (72.2)

67 (25.3)
189 (74.7)

0.34 0.55

Birth order
 first
 second
 third
 above

76 (42.2)
73 (40.6)
24 (13.3)
7 (3.9)

145 (54.7)
88 (33.2)
23 (8.7)
9 (3.4)

8.2 0.03*

* p < 0.05, ** p < 0.01 is significant, # the pearson’s Chi- square test
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ily income [AOR = 1.492, 95% CI (1.117, 2.230)] (p-
value = 041). Furthermore, birth weight of the infants 
had a statistically significant association with their un-
desirable growth. Those infants with a low birth weight 
were 2.7 times more likely to have undesirable growth 
in comparison with those who had a high birth weight 
[AOR = 2.777, 95% CI (1.276, 7.166)] (p-value = .035). 
Moreover, duration of breastfeeding was associated 
with growth of infants. That is, children breastfed for a 
short-term period were1.8 times more likely to have un-
desirable growth and vice versa [AOR = 1.859, 95% CI 
(1.212, 2.852)] (p-value = .001). Birth order also had a 
statistically significant association with the undesirable 
growth of the infants [AOR = .741, 95% CI (.573-.958)] 
(p-value = .022) (Tab. III). 

Discussion

Growth failure in children, especially among infants un-
der two years of age, is in a state of emergency. Health 
care providers should focus on this issue and find the rel-
evant factors. With this work, we hoped to aid health ex-
perts in managing and controlling FTT problem before 
it develops into dangerous and threatening conditions in 
children. The study aimed to explore factors influenc-
ing growth failure among infants aged 6-24 months in 
Urmia, northwest of Iran in 2013. 
The results revealed that the prevalence of growth fail-
ure in female infants was somewhat more than that in 
the males. This finding was consistent with the study of 
Mohammad poor Asl et al. [3] and was also supported 

Tab. II. Sociodemographic characteristics of family of the study participants in two groups (n = 445).

Variable
Groups #Chi-square value p-value

Cases Controls
N (%) N (%)

Marriage age of mother (in years)
 < 15 
 15-25 
 > 25 

21 (11.7)
144 (80.0)
15 (8.3)

23 (8.7)
221 (83.4)
21 (7.9)

1.14 0.56

Mother occupation
 employment
 housewife

5 (2.8)
175 (97.2)

15 (5.7)
250 (94.3)

2.32 0.31

Family monthly income
 < 300 USd
 300-600 USd
 > 600 USd

124 (68.9)
50 (27.8)

6 (3.3)

136 (51.3)
117 (44.2)
12 (4.5)

13.69 0.001**

Maternal age (in years)
 > 20
 20-24
 25-29
 30-34
 > 34

21 (11.7)
43 (23.9)
65 (36.1)
30 (16.7)
21 (11.7)

14 (5.3)
86 (32.50
86 (32.5)
54 (20.4)
25 (9.4)

9.98 0.04*

Type of delivery
 vaginal
 cesarean

116 (64.4)
64 (35.6)

157 (59.2)
108 (40.8)

1.8 0.40

Maternal education
 illiterate
 elementary
 guidance
 high school
 university

11 (6.1)
36 (20.0)
28 (15.6)
68 (37.8)
37 (20.6)

8 (3.0)
26 (9.8)
37 (14.0)
110 (41.5)
84 (31.7)

15.85 0.007**

Number of gestation/NG
 1-2
 3-4
 4 and above

115 (63.9)
54 (30.0)
11 (6.1)

192 (72.5)
70 (26.4)
3 (1.1)

10.08 0.03*

Gestation interval (in years)
 1-2
 3-4
 5-6
 > 6

110 (61.1)
28 (15.6)
20 (11.1)
22 (12.2)

141 (53.2)
48 (18.1)
38 (14.3)
38 (14.3)

2.80 0.42

Number of family children
 1
 2
 3
 ≥ 4

90 (50.0)
61 (33.9)
20 (11.1)
9 (5.0)

130 (49.1)
98 (37.0)
30 (11.3)
7 (2.6)

1.96 0.58

* p < 0.05, ** p < 0.01 is significant, # the pearson’s Chi- square test
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and confirmed by the results of Hajian’s study  [20]. 
However, our findings were in contrast with that of Va-
ghari’s study [21]. One interpretation would be that such 
a difference may arise from the social and cultural dis-
crimination between genders. That is, some families pay 
more attention to nutrition of male children compared to 
that of the females, which in turn may potentiate growth 
failure and other health problems in female infants [3]. 
The present investigation indicated that factors such as 
education level of the mother, duration of breastfeeding, 
birth order, birth weight, and family income were as-
sociated with the failure growth of the studied infants. 
Among these variables, education level of mothers was 
the first and most important predictor of growth failure 
of children. Infants with illiterate or low literate moth-
ers experienced greater growth failure compared to other 
children.
Previous studies have also highlighted that in compari-
son with illiterate or low literate mothers, the high literate 
mothers had infants with a more desirable growth [22]. 
Maternal education, even without considering other fac-
tors affecting the growth, has a significant impact on 
improving child growth. In developing countries, insuf-
ficient knowledge of parents, and not child malnutrition, 
is the determining factor [23]. The study conducted by 
Hameida et al. on Lybian children showed that illiter-
ate mothers had a major role in malnutrition and growth 
failure of their children [24]. 
In two independent studies, underweight was more 
prevalent in children under the age of two whose moth-
ers were illiterate  [25]. Likewise, underweight was 
negatively associated with the parent’s education level 
among children aged 6-30 months [26]. Results of these 
studies were consistent with our research findings.
The logistic regression results showed that duration of 
breastfeeding was another risk factor influencing growth 

failure. Infants who were breastfed for a short-term pe-
riod experienced more growth failure compared to those 
breastfed for a long-term period. With the cessation 
of breastfeeding, babies were fed with supplementary 
food. Therefore, if healthy food choices are not made 
for children or if supplementary feeding of children does 
not start at the right time, it will have a major effect on 
weight loss of children. Another study has also indi-
cated and confirmed the relationship between cessation 
of breastfeeding and growth retardation [16]. There is a 
concordance between findings of these studies and this 
part of our results.
Breast milk is uniquely suited to the human infant’s 
nutritional needs and is a live substance with immu-
nological and anti-inflammatory properties that protect 
both the mother and her child against a host of illnesses 
and diseases  [27]. Increasing the rate of breastfeeding 
can help reduce the prevalence of various illnesses and 
health problems, which in turn results in lowering health 
care costs [28]. 
Children with low birth weight are more susceptible to 
diseases, experience breastfeeding failures more fre-
quently, and are at a higher risk of growth disorders, 
as compared to children with appropriate weight at 
birth [29]. In the present investigation, the infants with a 
low birth weight (lower than 2,500 gr) experienced more 
growth failure in comparison with those who had a birth 
weight higher than 2,500  gr. A low birth weight was 
found to be a risk factor for growth of children, accord-
ing to regression results. This finding was confirmed and 
supported by the study of Marilia de Carvalho Lima et 
al. They found that there exists a significant correlation 
between malnutrition and children’s birth weight. The 
largest risk for malnutrition was found in children with a 
low birth weight; a risk that was around six times higher 
than that for children with a birth weight of 3,500 gr or 

Tab. III. results of logistic regression analysis on growth status of infants (n = 445).

Variable B SE Wald df AOR# (95.0% C.I)£ p-value
gender of infant -0.083 0.210 0.154 1 0.921 (0.610- 1.391) 0.695
Birth weight/BW 1.021 0.484 4.461 1 2.777 (1.076-7.166) 0.035*

Apgar score 0.243 0.660 0.136 1 1.276 (0.350-4.648) 0.712
Birth age 0.144 0.608 0.056 1 1.155 (0.351-3.803) 0.813
Breast feeding 0.198 0.619 0.102 1 1.219 (0.362-4.102) 0.749
duration of breast feeding 0.620 0.218 8.060 1 1.859 (1.212-2.852) 0.001**

hospitalization 0.144 0.285 0.256 1 1.155 (0.660-2.021) 0.613
Starting complementary feeding 0.184 0.239 0.596 1 1.202 (0.753-1.920) 0.440
Birth order -0.300 0.131 5.229 1 0.741 (0.573-0.958) 0.022*

marriage age of mother (in years) 0.072 0.289 0.062 1 1.074 (0.610-1.894) 0.804
mother occupation 0.146 0.409 0.128 1 1.157 (0.520-2.579) 0.721
Family monthly income 0.400 0.196 4.191 1 1.492 (1.017-2.190) 0.041*

maternal age (in years) 0.025 0.143 0.030 1 1.025 (0.775-1.355) 0.863
Type of delivery 0.084 0.218 0.148 1 1.088 (0.709-1.668) 0.700
maternal education 0.351 0.098 12.740 1 1.421 (1.172-1.724) 0.000**

Number of gestation/Ng -0.233 0.159 2.235 1 0.587 (0.353-0.975) 0.060
gestation interval (in years) 0.189 0.132 2.043 1 1.208 (0.932-1.565) 0.153
Number of family children 0.196 0.216 0.822 1 1.216 (0.797-1.857) 0.365

* p < 0.05, ** p < 0.01 is significant, # Adjusted Odds ratio, £ Confidence interval 
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more [17]. Similarly, the study conducted in a rural area 
of Western Ethiopia showed that children with a low 
birth weight (LBW) were about 2.4 times more likely 
to be underweight as compared to high birth weight 
children  [1]. The findings of these studies were in ac-
cordance with our research findings. The findings of the 
current study also showed that household income had a 
significant relationship with growth failure in children. 
This was consistent with results obtained in other stud-
ies [18]. For this reason, it seems that most children with 
growth failure or retardation of growth live in families 
with low economic status.
Ultimately, the results of the present study showed a 
statistically significant association between birth order 
of children and their growth status. Indeed, birth order 
appeared to be a protective factor for growth of children. 
Infants who were in the first and second order of birth 
experienced more growth failure compared to children 
of the third order and so on. This result was consist-
ent with findings of the study by Mohamad Por Asl et 
al. [30]. 
The present study, like other research studies, has some 
limitations. Firstly, a case-control design is not a strong 
method for understanding cause and effect relationships 
between variables. It is necessary to assess and identify 
these associations by applying stronger epidemiological 
methods. Secondly, the data of this study were collected 
using a self-report questionnaire. Participants may have 
underestimated or overestimated risk factors related to 
FTT, which may have affected the study findings. Third-
ly, although weight for age index is the simplest way to 
identify FTT of children, it is not a comprehensive index. 
It is recommended that a combination of growth monitor-
ing indices for identifying infants with FTT be used.

Conclusions

The present study highlighted that education level 
of the mother, duration of breastfeeding, birth order, 
birth weight, and family income were independently 
associated with growth status of the studied infants. 
Thus, national public health intervention programmers 
and health care providers working on improving child 
growth should focus on these determinants to reduce 
growth failure of children. In addition, taking into ac-
count the importance of healthy growth of children, it 
seems that educating mothers/caretakers would be ben-
eficial in preventing dangerous diseases in children. 
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Introduction. An excess of nitrates causes environmental pollu-
tion in receiving water bodies and health risk for human, if con-
taminated water is source of drinking water. The directive 91/676/
CEE  [1] aims to reduce the nitrogen pressure in Europe from 
agriculture sources and identifies the livestock population as one 
of the predominant sources of surplus of nutrients that could be 
released in water and air. Directive is concerned about cattle, 
sheep, pigs and poultry and their territorial loads, but it does not 
deal with fish farms. Fish farms effluents may contain pollutants 
affecting ecosystem water quality. 
Methods. On the basis of multivariate statistical analysis, this 
paper aims to establish what types of farming affect the presence of 
nitrates in drinking water in the province of Cuneo, Piedmont, Italy. 

In this regard, we have used data from official sources on nitrates 
in drinking water and data Arvet database, concerning the pres-
ence of intensive farming in the considered area. For model selec-
tion we have employed automatic variable selection algorithm.
Results and discussion. We have identified fish farms as a major 
source of nitrogen released into the environment, while pollu-
tion from sheep and poultry has appeared negligible. We would 
like to emphasize the need to include in the “Nitrate Vulnerable 
Zones” (as defined in Directive 91/676/CEE [1]), all areas where 
there are intensive farming of fish with open-system type of water 
use. Besides, aquaculture open-system should be equipped with 
adequate downstream system of filtering for removing nitrates in 
the wastewater.
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Summary

Introduction

Organic wastes are utilized in agriculture for improving 
the soil properties and as nutrient for growing crops [2]. 
Nitrogen surpluses increase levels of nitrogen com-
pounds in surface and groundwater and become a health 
risk for animals [3] and humans, when polluted water is 
used to produce of drinking water [4]. In humans nitrate 
is reduced to nitrite that convert hemoglobin to meth-
emoglobin, unable to transport oxygen [5]. The most ap-
propriate means of controlling nitrate concentrations is 
the prevention of contamination [6]. Nitrate concentra-
tions have increased in Europe in the last years and have 
doubled over the past 20 years. In the United Kingdom 
an average annual increase of 0.7 mg/l has been observed 
in some rivers [7]. In Denmark and the Netherlands ni-
trate concentrations are increasing by 0.2-1.3 mg/l per 
year  [8]. In order to reduce excess of nitrogen, due to 
assessed agricultural sources and livestock farming, the 
Directive 91/676/CEE [1] was adopted by the European 
Commission. Such “Nitrates Directive” defines the “Ni-
trate Vulnerable Zones” as “areas draining into waters 
which are or could be affected by pollution and which 
contribute to pollution by intensive use of fertilizers 
or intensive livestock production”. Nitrates Vulnerable 
Zones are areas where nitrate concentration in ground 
and in drinking water amount to 50 mg/l or more. In these 

zones the intensive use of fertilizers and the high animal 
densities contribute to environmental nitrate pollution, 
as acknowledged by European Water Framework Direc-
tive [9]. For reducing nitrate concentrations, specific and 
programmatic agricultural practices are adopted. To this 
purpose the Directive cares to report densities of some 
animal species farmed in Europe: cattle and dairy cattle, 
swine, poultry and sheep. However, the Directive does 
not seem to consider the potential environmental impact 
of fish farms, despite the fact Ling et al. [10] have shown 
that aquaculture is the major contributor to increasing 
the level of ecosystem pollution. According to Troell et 
al. [11], fish farms represents continuous or intermittent 
source of pollution. As a matter of fact, effluents may 
contain pollutants which have significant effects on wa-
ter quality of ecosystem, especially when “flowthrough” 
o “open-system type” is adopted, discharging residues 
into water bodies surrounding  [12]. Nitrogen com-
pounds are the most widespread contaminants released 
by these types of breeding. Ryther and Dunstan  [13] 
have shown that this type of pollution is a limiting factor 
in the growth of phytoplankton in costal and estuarine 
habitats and then it may lead to eutrophication. There-
fore, it is reasonable to assume that the groundwater may 
be contaminated, thus having important effects on water 
for human consumption.
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Methods

The analysis has focused on the drinking water supplied 
by water companies of 86 local municipalities in the 
province of Cuneo (44° 23’ 00’’ N, 7° 33’ 00’’ E). Data 
refer to 2012 and are obtained from Alpi Waters Spa 
website [14] and from the site www.cheacquabeviamo.
it [15].
The studied area is characterized by relatively high de-
gree of agricultural and breeding activity. Natural wa-
ter is extracted from underground by about a thousand 
springs or wells, drilled in the mountains in the plains 
and starts in the ducts through tanks and reservoir. A 
small percentage comes from surface water. We have 
investigated the relationship between the content of ni-
trates in drinking water and the number of farms and 
the animal densities. These data refer to 2012 and are 
obtained from the Arvet dataset of the local Veterinary 
Service (ASL CN1). 
Statistical analysis were performed using SAS program.

Results

The quantity of nitrate in the considered municipalities 
ranges from a minimum of 0.6 mg/l of drinking water and 
a maximum of 43.9 mg/l of drinking water. The mean, 
median and mode are respectively 11,01 mg/l, 6,95 mg/l, 
1,5 mg/l (standard deviation 10,35; Skewness 1,45; Kur-
tosis 1,329). Using PROC UNIVARIATE we have re-
jected the null hypothesis of normal distribution (Shap-
iro-Wilk: W = 0,815 p < 0,0001; Kolmogorov-Smirnov: 
D = 0,198, p < 0,0100). For this reason, we have applied 
the logarithmic transformation to the data and then we 
have accepted the hypothesis of normality for the trans-

formed dataset (Shapiro-Wilk: W = 0,984 p = 0,3865; 
Kolmogorov-Smirnov: D = 0,060, p > 0,1500). 
According to the literature, we have investigated the re-
lationship between the transformed Nitrate variable and 
the pollution from fertilizers and livestock or industrial 
wastewater. For this purpose, we have performed a sim-
ple regression analysis using the elevation of the munici-
palities, as the use of fertilizers and the presence of the 
waste decrease with the increase of altitude.
We have obtained the following equation:

Nitralog = 1.39340 - 0.00091659*(altimetry)

from which we can conclude that the logarithm of Ni-
trate concentration (Nitralog) negatively depends on the 
altimetry (Fig. 1). The t-test are significant (p < 0.0001) 
for both parameters.
Then we have considered several parametric models 
for predicting the dependence of the Nitralog variable 
on different types of farm. In particular, we have con-
sidered the following independent variables: altimetry, 
densities of cattle, sheep, horse, pig, poultry, rabbit and 
the density of fish farms. For the model selection we 
have employed the stepwise procedure of PROC REG. 
Using the adjusted R-squared (=  0.6016) and the Cp 
method (Cp = 3.8949), we have obtained the following 
model:

Nitralog = + (cattle density) + (fish farms density) + 
(altimetry)

For the three independent variables the F-test are 
significant (F  =  35.68, p  <  0.0001; cattle density: 
p < 0.0001; fish farms density p = 0.0183; altimetry: 
p = 0.0002).

Fig. 1. Regression analysis: Altimetry vs Nitralog.
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In the Table I we have reported estimates, their standard 
errors and p-values of the parameters.
The resulting model is given by:

Nitralog = 0.95882 + 0.00171*(cattle 
density) + 2.34190* (fish farms density) – 

0.00049899*(altimetry)

and explains 59% of the variability of Nitralog (= 0.5878; 
adjusted = 0.5727).

By means of PROC CORR we have shown in Figure 2 
a positive correlation between the presence of nitrates 
in drinking water and density of fish farms, despite 
the fact that the correlation indices are not high (Pear-
son = 0.35854; Spearman = 0.24225).

Discussion and conclusions

Nitrate pollution is widespread in the lowlands where 
livestock farms are more common than in mountain and 
foothill areas. About 59% of the nitrate variability is ex-
plained by the proposed model. On the basis of avail-
able data, it may be that there are other sources of nitrate 
pollution not included in the model (e.g. industrial and 
domestic effluents). However, we think that fish farms 
could play a role in increasing this type of pollution. As 
a matter of fact, large quantities of water that has not 
been properly filtered and has hosted a high concentra-
tion of farmed fish with protein feed, can release into 
to the environment a significant amount of nitrates and 
pollute the groundwater.
So, we believe that authorities responsible for control-
ling nitrates in surface and deep waters and for identify-
ing the “Nitrate Vulnerable Zones”, should also consider 
all areas where aquaculture is widespread. Moreover, 
such areas should be protected, making sure that the 
fisheries that adopt “open” farming method are equipped 
with appropriate filters for the uptake of nitrate and with 
systems for removing excess nutrients and fecal material 
before releasing the exploited water into the environ-
ment. This measure could be included as a part of good 
agricultural practices aimed at reducing the concentra-
tion of nitrates in water bodies of ecosystems.
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Introduction. Acrylamide, produced during thermal processing of 
carbohydrate-rich foods, is classified as “probably carcinogenic 
to humans” by the International Agency for Research on Cancer. 
Objective. The aim of this study was to determine acrylamide lev-
els in biscuits and breakfast cereals considering the widespread 
use of these products for all ages. 
Method. Acrylamide determination was carried out in 56 sam-
ples by HPLC-UV technique.
Results and discussion. The results showed a considerable vari-
ability in the contents of acrylamide in the samples analysed, most 

likely due to differences in industrial processing and ingredients. 
The percentages of contaminated samples tested were very high 
(95.5% of the biscuits and 75% of the breakfast cereals) with a 
wide range of contamination: from 30 µg/kg to 940 µg/kg. Our 
results showed that 22.7% of biscuits and 33% of breakfast cere-
als exceeded the indicative values recommended by EC 2013/647 
set at 500 µg/kg and 200-400 µg/kg (according to the composi-
tion) respectively. 
Conclusions. Our findings suggest concern about the risk for 
human health.
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Summary

Introduction

Acrylamide (AA) was first detected in heat-treated 
foods, especially potato chips, at high concentrations 
(mg/kg) by a group of Swedish researches  [1-3]. This 
finding aroused great interest in all the world because of 
the well-known toxicity of AA, classified as “probably 
carcinogenic to humans” (Group 2A) by the Internation-
al Agency for Research on Cancer [4] and as an A3 car-
cinogen (confirmed animal carcinogen with unknown 
relevance to humans) by The American Conference of 
Governmental Industrial Hygienists (as cited in Agency 
for Toxic Substances and Disease Registry [5]). Experi-
mental studies in animals have shown that acrylamide 
causes chronic nephrotoxicity, adverse reproductive ef-
fects, and is characterized by genotoxic and carcinogen-
ic activity mainly in glands: thyroid, mammary, adrenal, 
pituitary etc. [6-9]. The genotoxic activity of acrylamide 
seems to be partly mediated by its main metabolite, gly-
cidamide [10-12], which is mutagenic [13-15]. 
The risk of cancer due to AA intake is unclear; the epide-
miological studies on humans up to present have report-
ed conflicting data and do not provide any substantial 
evidence that dietary exposure to AA is associated with 
cancer in humans, therefore more data are necessary to 
better assess the risk from dietary intake [7, 16], whereas 
the neurotoxicity activity of AA in humans is rather well 
known in accidental or occupational exposure through 
inhalation or dermal absorption [17]. 
AA is produced during thermal processing, at tempera-
tures of 120°C or higher and low moisture, mainly via 

the Maillard reaction, responsible for the flavour and 
colour of cooked foods, between amino acids (mainly 
free asparagine) and reducing sugars, such as glucose 
and fructose [1, 7, 18, 19]. However, several other path-
ways and precursors have been proposed to contribute to 
AA formation as reviewed by Keramat et al. [20]. Most 
of AA is formed rapidly during final phases of baking, 
grilling or frying processes  [21] of carbohydrate-rich 
foods such as fried potato and bakery products, biscuits, 
breakfast cereals, cocoa and coffee. 
After ingestion, AA is rapidly absorbed and distributed 
to different body tissues and organs such as muscle, liver, 
heart, thymus, brain, kidneys, placenta and breast milk, 
thus also representing a significant risk to the health of 
foetus and infants [22, 23].
AA is metabolized by the liver to the reactive genotoxic 
epoxide, glycidamide. AA and glycidamide are then 
conjugated with glutathione, following the classical de-
toxification scheme, and eliminated in urine as mercap-
turic acid derivatives [24]. Since the urinary excretion is 
about 50% in the first 24 hours and 90% within 7 days, 
the AA metabolites could be used as an intake biomarker 
as recent exposure to AA [16, 23, 25, 26].
As stated above, with concern for the potential risk on 
human public health, and in particular in babies and 
adolescents, since 2003, at the request of the European 
Commission  [27], many studies have been carried out 
worldwide both on the development of analytical meth-
ods and on the determination of AA in food. According 
to this Recommendation, furthermore, Member States 
should carry out AA monitoring annually and provide 
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the relative data to the European Food Safety Agency 
(EFSA) by June 1st of the following year. 
The recent EFSA Scientific Report [28] showed the re-
sults of the monitoring of AA in specific food categories 
from 2007 to 2010 and the estimation of the trend in AA 
levels by comparing results from 2007, 2008, 2009 and 
2010 in main food categories and sub-categories. Data 
collected showed only a few changes in the trend of AA 
values: a decrease in ‘processed cereal based foods for 
infants and young children’ and an increase in ‘coffee 
and coffee substitutes’. The highest AA levels have been 
found in fried potato products, bread, bakery products 
and coffee. In 2010 the AA mean values ranged from 
31 μg/kg in ‘other processed cereal based foods for in-
fants and young children’ to 1350 μg/kg in ‘coffee sub-
stitutes’, while breakfast cereals and biscuits had mean 
values of 138  μg/kg and 289  μg/kg respectively. The 
last Scientific Opinion on AA in Food by EFSA  [29] 
published in 2015, confirms that the major contributing 
foods to AA exposure are potato products, coffee and 
bakery products (biscuits and bread) and relates that di-
etary AA intake is estimated in the range of 0.3-1.9  g/
kg b.w. per day for the general population, and for the 
95th percentile exposure from 0.6 to 3.4  g/kg b.w. per 
day. EFSA concludes that “AA in food potentially in-
creases the risk of developing cancer for consumers in 
all age groups”. 
Within the European Prospective Investigation into 
Cancer and Nutrition (EPIC) study, Freisling et al. [30] 
estimated the AA intake in 10 European countries: the 
study, involved a total of 39 994 participants, aged 35-
74, showed that the mean intake ranged from 12 to 39 μg 
per day for women and from 13 to 47 μg for men. 
Moreover, a substantial probability that the intake by 
children and adolescents is remarkably higher than that 
of adults must be considered, due to their more frequent 
consumption of certain foods such as fried potato prod-
ucts and biscuits. 
A large group of products contributing to AA intake is 
cereal-based food. In Italy, to our knowledge, the data 
regarding dietary AA exposure principally concerned po-
tato chips, which are estimated to contribute about 30% 
of the total diet [31-33] and coffee [34], whereas cereal-
based foods have been investigated less in recent years.
A maximum limit for AA in drinking water (0.5 g/L) 
has been established by WHO [35], but no limit is estab-
lished in food. 
In 2011, the European Commission [36] established in-
dicative values, as amended by Recommendation EC of 
2013 [37], for the food categories cited in Recommen-
dation EC of 2010 [38] including ‘french fries’, ‘potato 
crisps’, ‘soft bread’, ‘breakfast cereals’, ‘biscuits, crack-
ers, wafers, crisp bread and similar’, ‘roast coffee’, ‘in-
stant coffee’, ‘biscuits and rusks for infants and young 
children’, ‘processed cereal based foods for infants and 
young children’ and ‘baby foods, other than processed 
cereal based foods’, with the exception of the products 
for home cooking and ‘other products’. This Recom-
mendation stresses that ‘these values   are to be under-

stood as indicative of the need for an investigation and 
not as safety thresholds’. 
In Italy, the second largest item of expenditure in the ce-
reals derivatives segment is products for breakfast (30% 
of total). 95% of Italians buys biscuits at least once a 
year. In 2013 an increase in the volume of purchases 
of bakery products was observed (+  3.2%) compared 
to 2012 [39]. Furthermore, although in Italy the break-
fast cereals market is not yet as developed as in other 
countries, over the last few years we have witnessed a 
process of strong sales growth in volume. In particular, 
from 2004 to 2007, the share of household spending on 
breakfast cereals has increased. In 2007, fortified cere-
als and grains held the vast majority of sales quotas by 
volume, with 46% and about 44% respectively [40].
The occurrence of AA in commercially available food 
is a matter of interest for public health due to continu-
ous and prolonged exposure to a probable carcinogenic 
substance. As the ingestion of contaminated food is the 
primary route of potential human exposure to AA, the 
aim of this research was to determine AA levels in cere-
al-based food, in particular biscuits and breakfast cere-
als, considering the widespread use of these products for 
all ages. 

Materials and methods

Samples
A total of 56 samples of biscuits and breakfast cereals of 
the most consumed brands in Italy (17 and 5 respective-
ly) were randomly collected in the two major supermar-
kets in Florence, as indicated by the European Commis-
sion Recommendation n° 307 [38], and tested for AA. 
The samples collected included 12 breakfast cereals and 
44 biscuits whose composition consisted of maize, rice, 
malt, oatmeal, wheat, spelt, barley, rye and cocoa in dif-
ferent combinations. 

AA determination
AA determination was carried out following the meth-
od of Wang et al.  [41] except for some modifications 
both in the extraction procedure and in the instrumental 
working conditions [42]. The HPLC method adopted is 
fast and cost-effective and it can be applied to screen 
the occurrence of AA in food samples ensuring a good 
degree of reliability. 

Instruments and reagents
All organic solvents, methanol and acetonitrile, were 
from J.T. Baker (Deventer, Holland) HPLC-grade. Wa-
ter was purified by a Milli-Q-RO4 water purification 
system (Millipore, Bedford, MA, USA) with a resistiv-
ity of 10 MΩ·cm. The standard AA was purchased from 
Fluka (Deisenhofen, Germany). Potassium hexacyano-
ferrate (II) trihydrate and zinc sulfate heptahydrate were 
obtained from Merck (Darmstad, Germany). Oasis HLB 
200 mg/6 mL SPE cartridges were obtained from Wa-
ters (Milford, MA, USA). Bond Elut-Accucat (200 mg/3 
mL) SPE cartridges were purchased from Varian (Chi-
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cago, IL, USA) and used with a SPE vacuum manifold 
(Visiprep, Supelco, Bellefonte, PA, USA). Amber glass 
auto-sampler vials with septum screw caps were obtained 
from Agilent Technologies (Wilmington, DE, USA). 
The analytical column (Atlantis dC18, 250 × 4.6 mm/5) 
with pre-column and syringe filters (0.45  μm PVDF) 
were from Waters (Milford, MA, USA).
A standard AA stock solution (1.0 mg/mL) was prepared 
by dissolving 1.0 mg of AA in 1.0 mL of Milli-Q water. 
To weigh AA, an electronic analytical balance (Radwag, 
PCE group, 0.01 mg Radom, Poland) was used. The AA 
stock solution was diluted in amber glass volumetric 
flasks to prepare calibration standards at 50, 100, 200, 
500, 800 and 1000 ng/mL respectively and stored at 4°C 
until use.

Sample preparation
100 g of each sample was finely pulverized, homoge-
nized and dehydrated at 103°C for 4 hours, prior to sam-
pling. Two 1.0 g solid samples were accurately weighed 
into centrifuge tubes.
A volume of 10 µl of the internal standard solution, AA 
at 100 µg/mL, was added to one centrifuge tube for re-
covery study. AA was extracted by adding 8 mL of wa-
ter. The samples were shaken for 3 min on a Vortex and 
centrifuged (15 min at 3100 x g). The aqueous phase was 
collected and the extraction process was repeated twice, 
each time adding 2 mL of water, shaking for 2 min, and 
centrifuging for 15 min at 3100 x g. Aliquots of 1 ml of 
a 0.355 mol/l potassium hexacyanoferrate (II) trihydrate 
solution (Carrez I) and 1  ml of a 1.04  mol/l zinc sul-
fate heptahydrate solution (Carrez II) were added to the 
supernatant for protein precipitation. The samples were 
shaken for 2 min, kept cool at 4°C for 30 min, then cen-
trifuged (15 min at 3100 x g). The samples were filtered 
through a 0.45 μm Millex syringe filter. Oasis HLB SPE 
cartridges and Bond Elut-Accucat SPE cartridges, con-
ditioned with methanol and washed by water, were used 
in sequence to remove the first eluted fraction containing 
interfering substances. The final eluted fractions were 
concentrated to 1 mL by evaporation under vacuum at 
45°C kept in amber glass vials at 4°C before injection.

HPLC-UV analysis of AA
HPLC-UV analysis was performed with a HPLC instru-
ment equipped with a vacuum degasser, a binary pump, 
an autosampler, and a DAD detector (Waters 1525 bina-
ry pump /Waters 996 PDA detector), at room tempera-
ture. The injection volume of calibration standards and 
sample extracts was 20 μl; AA was detected at two UV 

wavelengths of 200.5 and 210 nm. An isocratic elution 
was performed at a flow rate of 0.5 ml/min; the mobile 
phase consisted of water/acetonitrile 96:4 (v/v). 
The retention time of AA was approximately 10.1 min, 
and the total run time was 35 min.
Under these chromatographic conditions, AA and the 
food components in the samples were all separated and 
eluted. AA content is resulting from an average of three 
measurements and the relative standard deviation of 
each sample was below 10%. 
The AA recovery was on average 87%. 
Table  I reports the analytical parameters calculated in 
the range of 0.05-2 µg/g. The Limit of Detection (LOD) 
(calculated using the criterion signal to noise, s/n, of 3:1) 
and Limit of Quantification (LOQ) (calculated using the 
criterion s/n of 7:1). The intra-day and inter-day meas-
urements show a good repeatability and reproducibility 
of the analytical methodology.

Results and discussion

The results of the survey are shown in Tables II and III. 
According to Commission Recommendation n°  307 
(2010) the main ingredients are reported for each sample.
Our results are comparable to those of other studies [43-45]. 
Of 56 samples tested, only five had AA concentrations 
below the detection limit (10 µg/kg). The percentage of 
positive samples (≥ LOD) we detected in both kinds of 
food analysed was higher in biscuits (95.5%) than in 
breakfast cereals (75%) with a wide range of contamina-
tion and a considerable variability, as indicated from the 
high levels of standard deviation (294.1 and 287.75 re-
spectively), also within each brand especially in biscuits 
(Tab. II). In detail, the standard deviation of the samples 
of brand 6 was 297.85 (AA levels ranging from < LOD 
to 820 µg/kg) while that of brand 17 was 298.57 (AA 
levels ranging from 30 µg/kg to 700 µg/kg). The biscuits 
of three brands (number 1, 9 and 16) showed the lower 
values, ranging from 30 to 50  g/kg, from  <  LOD to 
30  g/kg and from 30 to 40  g/kg respectively. 
In the biscuit category, compared to that of breakfast ce-
reals, we noted also the highest value, in spite of the fact 
that the average value and the median are slightly lower. 
The range of contamination of biscuits was from 30 µg/
kg to 940 µg/kg. Only ten samples (22.7%) of biscuits 
showed a concentration above 500 µg/kg, set as the in-
dicative value recommended [37]. The maximum level 
of 940 µg/kg was found in the sample of brand 14 (Tab. 
II), probably due to the industrial process conditions and 
to the presence of many different ingredients, such as 

Tab. I. Analytical data of the acrylamide standard solution analysed by HPLC-UV: linear regression equation (peak area/conc.) and correlation 
coefficient (R2) calculated in the linearity range 0.05-2 µg/g at wavelengths 210 and 200.5 nm; limit of detection (LOD, s/n = 3/1) expressed as 
µg/kg; limit of quantification (LOQ, s/n = 7/1) expressed as µg/kg; intra-day RSD and inter-day RSD (n = 3). 

Linear regression equation R2 LOD (µg/kg) LOQ (µg/kg) Intra -day a RSD Inter-day b RSD Wavelength
y = 116616 x -4415. 8 0.998 10 28 3-6.6 6.8 210 nm
y = 250771 x -2640. 9 0.999 10 28 4.2-7.2 1.9 200.5 nm

a Values are referred to six independent samples analyzed in one day
b Values are referred to six independent samples analyzed three times in three different days
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wheat, oat, barley, rice, maize, rye. Ingredients indeed 
play an important role in AA formation, as different ce-
reals have different amounts of free asparagine and re-
ducing sugars available for the Maillard reaction [23]. 
EC Recommendation n° 647 [37] amended the previous 
indicative values for breakfast cereals according to the 
composition: for bran products and whole grain cereals 
the indicative value is 400 µg/kg, for wheat and rye based 
products it is 300 µg/kg, while for maize, oat, spelt, barley 
and rice based products the value is 200 µg/kg.
In the category of breakfast cereals tested, the AA oc-
currence, ranging from 60 to 810 µg/kg, is less frequent 
(75%) than in biscuits, although the percentage of samples 
with AA concentration above the indicative values rec-
ommended (33%) was higher than that stated in the EFSA 
report [28]. The mean value obtained was 263.75 µg/kg 
and the median value was 165 µg/kg; both these values 
were lower than those of the biscuits (297.18 and 200 µg/
kg respectively) and in agreement with data recorded in 
Europe and other countries [7, 21, 28].
The highest values were found in two samples of brand 
4, one consisting of spelt (780 µg/kg) and the other con-
sisting of wheat, rice and cocoa (810 µg/kg): this also 
supports the hypothesis that the industrial process of 
preparation is the determinant key factor. 
Of 56 samples tested, 18 (32.1%) contained cocoa: 12 
(27.3%) biscuits and six (50%) breakfast cereals. None 
of these had AA concentrations below the detection 
limit, and they showed a wide range of contamination, 
from 60 µg/kg in a breakfast cereal to 840 µg/kg in a bis-
cuit sample. The average value of all samples contain-
ing cocoa was 375 µg/kg and the median 275 µg/kg. In 
comparison to the rates related to the AA contamination 
in the samples without cocoa (mean = 242.6 µg/kg, me-
dian = 95 µg/kg), we suppose that the presence of cocoa 

Tab. II. Acrylamide (AA) content (µg/kg) in biscuits. 

Biscuits
(N. samples)

Main ingredients a AA µg/kg

Brand 1
(2)

Grain 50
Wheat /barley 30

Brand 2
(4)

Wheat/rice/barley 66
Wheat/oat 200

Wheat/cocoa 200
Wheat/maize 30

Brand 3
(1)

Wheat /cocoa 310

Brand 4
(3)

Wheat/maize/rice/oat 560
Grain/maize/oat 840

Grain 50
Brand 5
(1)

Wheat /cocoa 400

Brand 6
(7)

Wheat < LOD
Wheat/oat 300

Whole grain 90
Wheat 80

Hazelnuts/ cocoa 590
Wheat /cocoa 200
Wheat /cocoa 820

Brand 7
(1)

Wheat 260

Brand 8
(1)

Whole grain 450

Brand 9
(2)

Wheat/maize < LOD
Wheat 30

Brand 10
(2)

Whole grain/oat 430
Wheat 280

Brand 11
(2)

Grain 840
Whole grain 720

Brand 12
(2)

Grain /cocoa 840
Wheat 50

Brand 13
(3)

Maize/barley 280
Wheat 190

Wheat /cocoa 90
Brand 14
 (1)

Wheat/oat/barley/
Rice/maize/rye

940

Brand 15
 (2)

Wheat 100
Wheat 180

Brand 16
(3)

Wheat /cocoa 140
Wheat/rice 30

Wheat 40

Brand 17
(7)

Wheat 40
Grain 60

Wheat /rice 30
Grain/barley/rice/

Oats/rye
530

Wheat /cocoa 240
Wheat/cocoa 490
Wheat /cocoa 700

mean b  297.18 
median b  200
LB - UB  < LOD - 940

a The first is the ingredient present in the largest quantity
b Results lower than LOD were assigned ½ LOD
LB: lower bound
UB: upper bound

Tab. III. Acrylamide (AA) content (µg/kg) in breakfast cereals. 

Breakfast cereals
(N. samples)

Main ingredients a AA µg/kg

Brand 1
(1)

Maize/rice 360

Brand 2
(3)

Oat/wheat/maize/rice < LOD
Rice/wheat < LOD

Wheat/maize/rice/cocoa 220

Brand 3
(5)

Wheat/rice/oat 280
Wheat/cocoa 60
Maize/barley < LOD

Maize/oat/rice/cocoa 110
Grain/oat/rice/cocoa 450 

Brand 4
(2)

Wheat/rice/cocoa 810
Spelt 780

Brand 5
(1)

Wheat/cocoa 80

mean b  263.75 
median b  165
LB-UB  < LOD - 810

a The first is the ingredient present in the largest quantity
b Results lower than LOD were assigned ½ LOD
LB: lower bound
UB: upper bound
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probably contributes to the increase of AA concentra-
tion. Some studies [46, 47] reported that AA concentra-
tion in cocoa is variable and can reach concentrations of 
about 600 µg/kg. 
In the scientific report of EFSA  [28] on AA levels in 
food from monitoring years 2007 to 2010, the average 
concentration of AA in breakfast cereals and biscuits 
ranged from 138 and 289 µg/kg to a maximum of 1290 
and 5849 µg/kg respectively, and the median values are 
99 and 91 µg/kg (data referring to 2010). We noted that 
our results show mean and median values higher than 
those reported by EFSA [28], while the maximum val-
ues   are clearly lower.
Our results, compared to the AA indicative values rec-
ommended [37], showed that 22.7% of biscuits and 33% 
of breakfast cereals exceeded the indicative values set 
at 500 µg/kg for biscuits and from 200 to 400 µg/kg for 
breakfast cereals, depending on the composition. Our 
findings are interesting to evaluate the impact of AA on 
dietary intake as the overall consumption of breakfast 
cereals by Italian consumers is 14.8 g/d, while the over-
all consumption of biscuits is more relevant because it 
is rated at 27.3 g/d. For food consumption data Authors 
referred to a survey carried out by the Italian Institute for 
Nutrition (INRAN) [48] that is highly representative of 
Italian population for age, gender, geographical area and 
the wide number of subjects involved.

Conclusions

In conclusion our data, not unlike that from the most 
recent research carried out in Italy and other countries, 
showed widespread contamination by AA with high 
frequency of positive samples (91% of all samples test-
ed ≥ LOD) and considerable variability in concentration 
values, most likely due to industrial processing and the 
presence of various ingredients. 
The good news is that 41.1% of samples tested, 40.9% 
biscuits and 41.7% breakfast cereals, showed an AA 
concentration below 100  µg/kg, which can be consid-
ered a low value, even if low concentrations may not 
imply zero risk, especially in view of neoplastic effects 
based on animal evidence.
Since cereal based products are contributing substan-
tially to human exposure, reducing AA levels in foods 
should be a high priority to decrease the risk for human 
health.
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Introduction. Alcohol is an important factor weighting towards 
global disease burden, premature death and Disability-Adjusted 
Life Years. This study examines the burden imposed on the Borgo 
Trento Verona Hospital Emergency Department (ED) Italy by 
patients with Acute Alcohol Intoxication (AAI).
Methods. A 6-year retrospective study was performed by review-
ing medical records in all patients (≥  16 years old) diagnosed 
with AAI. Clinical criteria for inclusion in the sample followed 
those defined in the “Alcohol Intoxication Symptoms” section of 
DSM-IV-TR. Ambiguous cases presenting traumas potentially 
related to AAI were confirmed positive using a Blood Alcohol 
Level (BAL) test before inclusion in the sample. Socio-demo-
graphic data, case history, timing of admission/discharge and 
outcome were collected for each patient. 
Results. One thousand five hundred forty-seven patients 
(males:females = 6.6:1) were included in the study. With regard 
to marital status, the crude rate within the sample shows that sin-
gle and married subjects have a significantly higher prevalence 
(p < 0.01). When demographic data of residents was taken into 
consideration, divorced/separated and single categories were 
significantly more represented (p < 0.05).
The admissions appeared fairly constant throughout the week 

with a higher prevalence of patients aged between 25-55 years, 
and a significant peak of the youngest age class on weekends. 
Higher rates of admission were recorded during the late after-
noon and night.
The triage code of admission appeared uniformly distrib-
uted along the week, with the highest prevalence of green code 
(67.7%), followed by yellow one (25.8%). The analysis of clini-
cal symptoms and BAL highlights that moderate clinical severity 
concerns almost 50%, and clinically critical severity the 6.6% of 
cases of access. 
Admissions rates of foreign patients resulted to be 3 times higher 
compared to those of natives when adjusted to demographic data.
Discussion. Social disadvantages such as foreign provenance and 
social difficulties as unemployment, low money intake, perception 
of loneliness, and dysfunction in family life were frequently iden-
tified in the sample. An exception was found within the youngest 
age group, where the AAI are mostly related to alcohol abuse 
during social outings over the weekend. 
EDs play a crucial role in helping patients with AAI, but pre-
vention of alcohol abuse though implementation of social and 
sanitary health policies on all ages (but especially among the 
youngest) is essential.
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Summary

Introduction

Alcohol is the third risk factor for premature death and 
disability in the world: the WHO estimates that inap-
propriate use of alcohol causes approximatively 3.3 mil-
lion deaths per year (about 6% of total world deaths) 
and over 5% of global disease burden (mainly cancer, 
vascular, and liver disease; traffic accidents, suicide, and 
violence), and represents an important cause of Disabil-
ity-Adjusted Life Years (DALYs) [1, 2].
Europe appears to be a region in the world with recurrent 
heavy drinking, and stands out as the area with the most 
significant increase in patterns of alcohol consumption 
with a corresponding increase of cases of Acute Alcohol 
Intoxication (AAI) [3].
As a result, in this region alcohol consumption is an 
important and a growing public health problem: every 

year 195,000 people die for harmful use of alcohol (12% 
of all male and 2% of all female premature mortality 
cases), which represent about the 3.8% of all causes of 
death and the 4.6% of DALYs [4-6].
In Italy in 2010 were recorded 16,829 deaths (age > 15 
years; rate M:F = 2.27) [7, 8] and the prevalence of at-
risk alcohol consumers older than 11 years is estimated 
to be around 8,000,000 subjects (rate M:F = 1:3.27) [9]. 
The incidence of Acute Intoxications (AI) represents the 
10.0/1000 of the total admittance to Emergency Depart-
ments (EDs) and among them about 57% were alcohol 
related, representing between the 0.6 and 40% of all the 
ED accesses as referred in various reports. [10-15] 
As the ED play a crucial role for patients affected by 
acute Alcohol Use Disorders (AUDs), a study was per-
formed to evaluate the burden imposed by patients with 
AAI to the Emergency Department of Borgo Trento 
Hospital in Verona (Italy). 
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Methods

This retrospective study involved a medical record re-
view spanning a 6-year period (1 January 2009 - 31 De-
cember 2014) of all consecutive patients admitted to the 
ED due to alcohol intoxication. Admissions averaged 
approximately 98,800 patients per year.
The Italian “privacy” law and the Helsinki Declaration 
on human subjects testing were fully respected and the 
protocols were approved by the local ethical committee.
All the patients included in the study were over 15 years 
old (patients under 16 years of age are served by a sepa-
rate pediatric ED), and had a clinical criteria for inclu-
sion following diagnosis of AAI as defined by the DSM-
IV-TR “Diagnostic Criteria for Alcohol Abuse and De-
pendence” [16, 17] which include “a) recent ingestion of 
alcohol; b) clinically significant maladaptive behavioral 
or psychological changes (e.g., inappropriate sexual or 
aggressive behavior, mood liability, impaired judgment, 
impaired social or occupational functioning) that devel-
oped during, or shortly after, alcohol ingestion; c) one 
(or more) of the following signs, developing during, or 
shortly after, alcohol use: slurred speech, incoordina-
tion, unsteady gait, nystagmus, impairment in attention 
or memory, stupor or coma.”
All the samples were taken and coded with anonymous 
matching bar codes, non-specific to the patient, and all 
the information necessary for the study was associated.
To determine the presence and the level of alcohol intox-
ication of each patient a blood sample was obtained and 
analyzed at the central laboratory of the same hospital 
of the Emergency Department (ED) using a commercial 
enzymatic “alcohol dehydrogenate” method with the 
UV spectrophotometer as a blood alcohol level (BAL) 
test. The minimum measurable amount was of 0.1 g/L. 
The severity of AAI in patients was classified by the 
ED into four categories considering both the severity of 
the clinical symptoms and the BAL: clinical symptoms 
(c.s.) less than slight and BAL < 17 mmol/L; c.s. slight 
and BAL between 17 and 53  mmol/L; c.s. moderate 
and BAL between 54 and 87 mmol/L; c.s. critical and 
BAL > 87 mmol/L. 
Patients admitted for other clinical reasons such as vari-
ous kind of traumas, burns, and mental disorders, and 
which could initially have led to a suspicion of excessive 
alcohol consumption, were only included if BAL tests 
resulted positive.
Day span was defined as beginning at 00:01 and ending 
at 24:00 h. The weekend started at 00:01 h on Saturday 
and finished at 24:00 h on Sunday. 
For each admitted patient the following data were ex-
tracted from the database of the ED: identification code, 
sociodemographic data (sex, date of birth, age, nation-
ality, place of residence, marital status), timing of ad-
mission/discharge (day and hour of admittance, day and 
time of discharge, period of stay), and case history (tri-
age category, anamnestic data, physical examination, 
BAL and severity of clinical symptoms, and diagnosis). 
The outcome was divided into “admission to a hospital 
ward”, “sent to a general practitioner” (i.e. going to a 

family doctor for further treatment), “discharge” (i.e. re-
turning back home), and “refusal of treatment” (i.e. deci-
sion of the patient not be treated).
Collected data were registered within a Microsoft Office 
Excel database. 

Statistical Analysis
In order to report the results of the analysis, categorical 
variables were presented as numbers and percentages; 
the comparison between subgroups was carried out us-
ing Chi-square test for qualitative data. Linear trend 
was evaluated with the Cochran-Armitage test for linear 
trend.
P values were considered significant when < 0.05.

Results

The study included 1,547 patients, representing 0.26% 
of all ED visits occurred during the duration of the study. 
Males represented 85.2% of subjects, with a male-to-fe-
male ratio of 6.6:1. The age range was 16-92 years for 
males, 16-90 years for females, with a mean age of 42.6 
and of 40.8 years respectively.
The crude distribution rate of marital status (Tab. I) 
highlights that single and married subjects show a sig-
nificantly higher prevalence (p < 0.001). When demo-
graphic data of residents was taken into consideration, 
divorced/separated and single categories were signifi-
cantly more represented (p < 0.05).
Admissions appear fairly constant along the week 
(Fig. 1), with a predominance of patients aged between 
25-55 years. On Saturday and Sunday admissions were 
respectively of 16.9% and 18.4% of the sample total, 
with exception of the youngest age class (< 25 years), 
which showed the largest and most significant increase 
(more than the 52%) during weekend compared to the 
other age classes (p < 0.001). 
Admissions to the ED resulted mostly clustered (Fig. 2) 
around the late afternoon with a significantly (p < 0.001) 
increasing trend during the night (between hours 20 and 
2). A remarkable reduction of patients was registered in 
the morning.
The triage code distribution evaluated along the week 
(Fig. 3) shows a uniform and not significantly trend. Av-
erage Green Code pertained to 67.7% of the patients; 
Yellow to 25.8%; White to 4.6% and Red to 1.9%.
The length of stay in the ED under medical observa-
tion was different according to the urgency level: <  1 
hour for patients for White Codes, 1-2 hours with Green 
Code, 3-4 hours for Yellow Codes, and 5-7 hours for 
Red Codes. 
The distribution of severity of clinical symptoms and 
BAL is reported in Tab. II. Notably, moderate severity 
was found in almost 50% of patients (prevalent age: 21-
50 years), and 6.6% resulted clinically critical (prevalent 
age: 31-50 years). Moderate clinical symptoms resulted 
significantly prevalent (p  <  0.001) compared to other 
classifications of clinical classes.
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Tab. I. Marital status: distribution in admitted patients to ED according to crude rate and to the respective distribution in resident population 
(Italian plus foreigner).

Admitted patients

Marital status
Crude rate 

(%)
Rate according to marital status 

of resident population (%)
Single 38.1* 0.5 &
Married 22.2*, ** 0.3 &, &&
Divorced/separated 5.7** 0.6 &&
Widow 0.4 0.1
Not declared 33.6 0

* and **: p < 0.01; & and &&: p < 0.05

Fig. 1. Weekly trend of admissions because of alcohol intoxication to ED according to age class and day of the week.

Fig. 2. Distribution rate (%) of admissions to Emergency Department according to daytime.

Age < 25 vs other age classes during WE = p < 0.01
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The majority of admissions are represented by subjects 
aged between 21-50 (p: n.s.) with a significantly predom-
inance among ages 41-50 (27.9% of cases) (p < 0.05). 
Analysis based on clinical symptoms and BAL shows 
that distribution of admissions by age is different ac-
cording to clinical condition: younger subjects generally 
had a non-relevant or a moderate AAI, while patients 
aged 31-50 resulted experiencing prevalently and sig-
nificantly moderate (p < 0.05) or critical (p < 0.05) BAL 
levels. 
The majority of patients (crude rate: 68.6%) admitted to 
the ED were native Italian subjects.
However, when the analysis of these data was evalu-
ated proportionally to demographic information (local 
municipal data), the admission rate of foreign patients 

results in 123.2/105 inhabitants, which is almost three 
times greater than rate for the Italian patients (46.4/105 
inhabitants). 
Among foreign patients African and Asian subjects 
show the greatest admission rate, being collectively re-
sponsible for 32.7% of admissions, followed by East-
ern European (26.1%) and Western European (3.9%) 
subjects. 
The main distributions of foreign country provenance of 
the most prevalent patients (first ten countries) admitted 
to the ED and the proportion, according to nationality, 
relative to the respective resident foreign population are 
reported in Table III. The data highlight that the majority 
of admitted patients came from Morocco and Sri Lanka, 

Fig. 3. Distribution rate (%) of admissions according to day of attendance and triage.

Tab. II. Distribution rate (%) of patients with AAI according to clinical symptoms, (BAL) and age class.

Severity of clinical symptoms and level of BAL in Acute Alcohol Intoxication (AAI) 
Clinical Symptomps
BAL

Non Relevant
(< 17 mmol/L)

Slight
(17-53 mmol/L)

Moderate 
(54-87 mmol/L)

Critical
(> 87 mmol/L)

Total
results

AGE CLASS  &  &
< 20 1.5% 4.7% 2.1%  *, ** 0.3% 8.6 %
21-30 5.3% 5.1% 8.8%  *,  ** 0.6% 19.8%
31-40 4.7% 1.9% 10.1%  *, ** 1.7%   +, ++ 18.4% 
41-50 9.2% 2.6% 13.3%  *,  ** 2.8%   +, ++ 27.9%  £
51-60 2.6% 2.3% 4.9%  *, ** 0.8% 10.6 % 
>60 3.2 % 1.9% 9.2%  *, ** 0.4% 14.7%
TOTAL 26.5 % 18.5% 48.4 %  °° 6.6% 100%

&: Chi-square test among age classes (from < 20 to > 60) among  non relevant and among slight clinical symptoms: p = n.s.
£:  Total results: Age 41-50 vs all other age classes: p < 0.05 (Chi-square test);  
* and **:  Moderate clinical symptoms: evaluation of age classes 31-40 and of  41-50 and other age classes: p < 0.05 (Chi-square test) 
+ and ++:  Critical clinical symptoms: p < 0.05 (Chi-square test)  
°° :   Moderate clinical symptoms vs other clinical classes:  p < 0.001 (Chi-square test)



S. MAJORI ET AL.

E200

but that the demographically highest proportion came 
from India.
Slightly more than half of the patients (59.3%) left the 
ED before concluding of all checks and the final vis-
its. Among the remaining patients, one in three was dis-
charged and sent to his GP and 0.4% was sent directly to 
Community Psychiatric Services.
Only 4.4% of patients were transferred to a hospital 
ward: 39.7% was admitted to the ED ward, 35.3% to the 
Medical Ward, 17.6% to the Surgical Ward, and 7.34% 
to the Psychiatric ward.

Discussion

By examining the population served by the Borgo Tren-
to ED, this study sheds a different light onto the preva-
lence of AAI, which has otherwise only been appreci-
ated within the contexts of mortality rate or hospitaliza-
tion statistics.
During the six years studied 0.26% of all ED admittances 
were due to AAI. Among them the crude rate shows that 
almost 70% of admitted patients were native Italians. 
However, when the data were compared to the propor-
tion of nationalities of Verona residents, it became ap-
parent that this phenomenon concerns foreigners almost 
tree times more severely than native Italians (123.2/105 
vs 46.4/105, respectively).
Recent Italian data report harmful uses of alcohol in 
6.3% of Italians [18] and a higher rate (13.2%) in for-
eigners [19], which may explain the greater prevalence 
of AAI among foreign people found in this report.
Foreigners show diversified behaviors of alcohol con-
sumption depending on their country of provenance, all 
of which are styles that differ from the Italian traditional 
one [20, 21]. This fact could be related to a general and 
widespread greater social disadvantage in comparison 
with the indigenous population, to difficulties with inte-
gration (language, racism), to socio-economic difficul-
ties (finding a job, food, housing, and obtaining docu-
ments), to a need to decrease anxiety, to increased avail-
ability of alcohol compared to countries of origin (due 
to legal, religious, or economic reasons). All of these 

reasons can facilitate alcohol use and abuse, leading to 
episodes of acute intoxication and/or to chronic alcohol-
ism [22].
In comparison to the Epicentro Italian study  [23], in 
which a greater prevalence of AAI was found among 
Romanian, Albanian, and Polish people, our data reports 
a higher prevalence, as crude rate, in patients coming 
from Morocco, Sri Lanka, India, and Romania.
From the analysis of age groups, a constant higher prev-
alence along the week emerged in patients aged 21 to 
55. A significant peak was observed over the weekend 
only among younger patients (aged < 21 years), who in-
stead show the lowest prevalence between Monday and 
Friday. According to National data (Istat, 2013) [7, 18], 
this weekend peak, as well as the higher prevalence dur-
ing evenings and nights, could reflect the predominant 
lifestyle adopted by young people during recent years, 
which includes an increase in socially shared and emu-
lated transgressions and risky behaviors [24]. 
Furthermore, it is necessary to consider that both occa-
sional and chronic alcohol abuse may be a sign of social 
and personal difficulties, such as those related to work, 
social, or personal problems, all of which appear to have 
increased in the past few years [25].
Data are in accordance with what has emerged from the 
BALs calculated for accesses during the week relative to 
age: the majority of younger patients (< 20 years) were 
classified into the lower level category, and had prob-
ably resorted to ED care either because they were less 
experienced and more disconcerted by their symptoms, 
or perhaps due to a rising tendency among younger gen-
erations to seek professional care no matter the extent 
of symptomatic distress.In accordance with national 
data regarding the higher prevalence of alcohol con-
sumption [24], alcohol intoxication with clinical symp-
toms (moderate and critical and BALs) is mostly found 
among 31- to 40-year-olds, and even more among 41- to 
50-year-olds, probably, as above discussed, mainly due 
to social, economic, and personal causes. It was within 
these age groups, as a matter of fact, that we found the 
majority of divorced/separated and single patients with 
AAI, which might consequentially have a greater per-
ception of loneliness, and of economic and social dif-

Tab. III. Foreign patients: countries of provenance (first ten countries), crude rate of admission to ED and rate of foreign patients according 
to the respective resident foreign population in Verona.

Country of origin 
Crude rate of admission to ED for 

foreign patients according to nationality 
out of total admitted foreigners (%)

Rate of foreign patients according to 
nationality in relation to the respective 

resident foreign population in Verona (%)
Morocco 20.9 4.8
Sri Lanka 17.0 1.1
India 14.5 11.0
Romania 13.6 0.7
Poland 4.1 4.9
Moldavia 3.6 0.5
Ghana 3.6 1.2
Senegal 2.3 2.8
Algeria 1.6 2.5
Albania 1.1 0.3
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ficulties. On the other hand we must also consider the 
reverse hypothesis, i.e. that alcohol abuse may lead to 
break-ups and dysfunction within family life, resulting 
in a deterioration of the psychological and living situa-
tion of the patient. Thirdly, a two way process with both 
factors influencing each other may be at play, making 
it hard to discern a clear cause-and-effect relationship. 
An exception is found in the youngest age group over 
the weekend, which represents the moment of the week 
when social gatherings, and hence the tendency to abuse 
alcohol, are more frequent [26]. Although a small num-
ber of patients were classified and treated with Code 
Red (1.9%), which is certainly the most challenging 
and expensive in sanitary terms, the higher prevalence 
of Green (67.7%) and Yellow (25.8%) Codes are still 
responsible for the largest portion of healthcare costs for 
the ED in terms of space, personnel involved, and spe-
cific therapeutic interventions [27].

Conclusions

Access to the ED is only the tip of the iceberg of the acute 
and chronic alcohol abuse that represents a major health 
and social problem among the population [28-30].
The significantly high costs encountered are related to a 
number of factors: medical interventions (use of emer-
gency services and medical specialists, and diagnostic and 
therapeutic care); social burden (due to road, occupational, 
and domestic accidents, risky sexual behaviors, fetal alco-
hol spectrum disorders, criminal acts, social problems and 
psychiatric distress, and increase in alcohol-related diseas-
es); and years of life lost due to premature mortality and 
disability attributable to alcohol (DALYs) [25, 31, 32].
The findings highlighted by this study concern only ED 
accesses, but in fact the phenomenon is much more seri-
ous when one considers that in Italy official statistics 
report a minimum of 30,000 hospitalizations and 800 
deaths per year due to AAI [15].
EDs undoubtedly play a very important role when it 
comes to providing relief to the phenomenon of AAI. 
The worrisome entity of the impact of alcohol abuse, 
however, calls for an improved implementation of pub-
lic health activities on a national scale, in order to pre-
vent excessive alcohol use throughout the country and 
across all the ages. Policies should include a substantial 
involvement of the school system, of pediatricians and 
family doctors, of Local Health Departments, and of 
mass communication platforms (including e-channels).
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