
 OPEN ACCESS   J PREV MED HYG 2024; 65: E515-E523

https://doi.org/10.15167/2421-4248/jpmh2024.65.4.3230 E515 E515

Introduction

Colorectal cancer is a lethal disease and the second 
leading cause of cancer deaths worldwide [1]. Colorectal 
cancer morbidity and mortality rates differ around the 
world. Globally, colorectal cancer is the second most 
commonly diagnosed cancer in females and the third 
in males. Rates of both incidence and mortality are 
substantially higher in males compared to females [2].
Recognized risk factors for colorectal cancer include 
a positive family history, consumption of processed 
meats  [3], smoking  [4], excess body fat  [5], a diet 
containing low fiber and insufficient consumption of 
dairy products as well as a low level of regular physical 
activity  [6]. Colorectal cancer is the fourth most 
common malignancy in Iran  [7]. The Iranian lifestyle 
has slowly changed to a Western lifestyle during the last 
three decades [8]. In recent years, the Iranian population 
has been facing demographic changes and economic and 
social developments, which can have significant effects 
on cancer patterns and trends [9].
The increasing trend of colorectal cancer could be partly 
due to demographic and lifestyle changes in the Iranian 
population, lower consumption of vegetables and fruits 
higher intake of red meat, and the community transition 
to a sedentary lifestyle [10]. The prominence of cancer 
registry systems in developing countries is not doubted. 

Accurate epidemiologic data on cancer is essential, 
both for research and for the planning and evaluation of 
programs in cancer prevention and control [11]. Efforts 
to register cancer in Iran began in the 1950s. In the late 
2000s, regional population-based cancer registries were 
established in some provinces of Iran [12], and several 
reports were published [13-15]. Because this population-
based cancer registration system had some limitations 
including disagreement in method and data collection 
as well as lack of appropriate structures and adequate 
financial support, in the early 2010s the Iranian Ministry 
of Health planned to launch the Iranian National 
Population-Based Cancer Registry (INPCR). The main 
aim of INPCR was to aggregate population-based cancer 
data at the national level  [12]. Up to the year 2014, 
almost 98% of the Iranian population has been covered 
by INPCR  [12]. Cancer registration is an important 
part of cancer control programs, and registration data 
can be used widely in etiologic research, evaluation 
of the effects of preventive measures, and program 
development in healthcare services [16]. The use of the 
cancer registration system in developed countries has led 
to a reduction in cancer deaths [17]. Cancer registration 
has shown the effects of early diagnosis and prevention 
campaigns at a population level  [18]. Since knowing 
the trend of this cancer in the country is necessary for 
planning, the current study aimed to compare the trend 
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Summary

Introduction. Colorectal cancer is the third most common malig-
nancy and the second leading cause of cancer deaths worldwide. 
This disease is the fourth most common malignancy in Iran. Since 
knowing the trend of this cancer is necessary for planning; this study 
aimed to compare the trend of colorectal cancer before and after 
implementing the Population-Based National Cancer Registry.
Methods. In this time series analysis using secondary data, the 
autoregressive integrated moving average (ARIMA) was used to 
predict the future trend. An Interrupted Time Series (ITS) regres-
sion model was also used to compare the incidence and mortality 
of colorectal cancer before and after the setting up of the Iranian 
National Population-Based Cancer Registry (INPCR).
Results: Among Iranian men, an increasing trend in the incidence 

(from 16.8 in 2019 to 19.5 per 100,000 in 2027) and deaths of 
colorectal cancer for the coming years was predicted (from 10.2 
in 2019 to 11.2 per 100,000 in 2027). A similar pattern was also 
observed for the incidence of this cancer among females (from 11 
in 2019 to 12.3 per 100,000 in 2027), but a reverse pattern was 
predicted for the trend of deaths among women (from 2.06 in 2019 
to 1.93 per 100,000 in 2027). During the years after the imple-
mentation of the INPCR, the trend of cases (β: 0.33, p < 0.001) as 
well as deaths due to colorectal cancer was significantly increas-
ing (β: 0.08, p < 0.001) among the Iranian population.
Conclusions. Probably, part of the increase in the incidence and 
mortality of colorectal cancer could be due to the improvement of 
the registration and reporting system of new cancer cases.
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of colorectal cancer before and after implementing the 
Population-Based National Cancer Registry in Iran.

Materials and methods

Study design and data source
In this time series analysis using secondary data, we 
obtained the figures of new cases and deaths due to 
colorectal cancer from the Gapminder website, which 
is available at https://www.gapminder.org/data/. These 
data included all registered new cases and deaths due 
to colorectal cancer in Iran, per 100,000 populations for 
both Males and Females which have been diagnosed and 
registered from 1990 to 2019. Data from this website has 
been used in previous studies [19, 20].

Data analysis
To compare the average incidence and mortality before 
and after 2008 the paired t-test was used.

ARIMA model
To predict the future trend, the Autoregressive Integrated 
Moving Average (ARIMA (p, d, q)) was used. The 
ARIMA model as a time series analysis prediction 
method is a combination of an autoregressive and a 
moving average model [21] which is based on the fitting 
value of the past data sequence to extrapolate into the 
future (2020-2027). ARIMA model has been widely 
used in disease trend prediction  [22]. This model is 
denoted ARIMA (p, d, q) where p is the number of time 
lags (the order of the model), q is the order of the moving 
average model, and d is the degree of differencing [22]. 
The process of the ARIMA model generating involves 
three steps. First, the Augmented Dickey-Fuller (ADF) 
test was used to assess the stationarity. Second, p and 
q were determined from autocorrelation function (ACF) 
and partial autocorrelation function (PACF) plots. The 
ACF plot indicates that the time series data follows 
the AR or autoregressive model. The AR time series 
model is obtained if the ACF plot decays towards zero 
or follows a sine wave pattern  [23]. PACF gives the 
partial correlation of a stationary time series with its own 
lagged values, regressed the values of the time series 
at all shorter lags [24]. Third, to select the appropriate 
prediction model, p and q were replaced into the model 
from smallest to largest values. To select the best model, 
Akaike’s information criterion (AIC) was used [25].
After selecting the best model according to minimum 
AIC and assessing the fitness of the selected models 
using different tests the ARIMA (p, d, q) model was 
used to predict the future trend based on current data. By 
considering annual time intervals, 30 years from 1990 to 
2019 were accounted for in the time series model and the 
prediction was made up to 2027.

Interrupted time series regression 
An Interrupted time series (ITS) was also used to compare 
the incidence and mortality of colorectal cancer before 

and after the setting up of the INPCR. In the ITS model, 
the dependent variable is measured before and after the 
intervention [26]. In the late 2000s, regional population-
based cancer registries were established in some 
provinces of Iran [12], therefore, 2008 was chosen as the 
cut-off point for comparing the incidence and mortality 
of colorectal cancer. Data analyses were conducted 
using the ITSM (Interactive Time Series Modeling) for 
prediction, Stata 2017 software for Interrupted Time 
Series, and Excel 2010 for data management and graphs. 
The significance level was set at 0.05.

Results 

Trend Analysis
According to our results, the average and standard 
deviation of registered new colorectal cancer cases from 
1990 to 2019 among Iranian men and women were 
11.9±2.4 and 8.7±1.1 cases per 100,000 populations, 
respectively. The highest incidence rate of colorectal 
cancer in men was 16.8 per 100,000 people in 2019, 
and the lowest rate was 9.29 in 1990. Among women, 
the highest recorded incidence was 11 in 2019, and the 
lowest incidence was 7.3, in 1990. Also, the average 
and standard deviation of registered new deaths due 
to colorectal cancer from 1990 to 2019 among men 
and women were 8.4 ± 1.01 and 2.4 ± 0.39 deaths per 
100,000 populations, respectively (Tab. I).
Figure 1 shows the annual changes in incidence and 
mortality by gender. There were more fluctuations 
among men compared to women, both in incidence and 
mortality (Fig. 1). The average incidence before and after 
2008 among men was 10.24± 0.87 and 14.35  ±  1.65, 
respectively (p = 0.0001). The average incidence before 
and after 2008 among women was 7.89  ±  0.49 and 
9.91 ± 0.74, respectively (p = 0.0001) (Tab. II).

Prediction
An increasing trend in the incidence as well as deaths 
due to colorectal cancer for the coming years has been 
predicted (Fig. 2). Among Iranian men, an increasing 
trend in the incidence (from 16.8 in 2019 to 19.5 per 
100,000 in 2027, ARIMA model with p = 1, q = 1, 
and AIC = 102 was used [ARIMA (1, 1, 1)] as well as 
deaths of colorectal cancer for the coming years was 
predicted (from 10.2 in 2019 to 11.2 per 100,000 in 
2027, ARIMA model with p = 1, q = 1, and AIC = 180 
was used [ARIMA (1, 2, 1)] (Fig. 2).
A similar pattern also was observed for the incidence 
of this cancer among females (from 11 in 2019 to 12.3 
per 100,000 in 2027, ARIMA model with p = 2, q = 1, 
and AIC = 144 was used  [ARIMA (2, 1, 1)] (Fig.  2), 
but a reverse pattern was predicted for the trend of 
deaths among the women (from 2.06 in 2019 to 1.93 per 
100,000 in 2027, ARIMA model with p = 1, q = 1, and 
AIC = 158 was used (ARIMA (1, 2, 1)) (Fig. 2).

Interrupted Time series
The incidence and mortality trends were compared 

https://www.gapminder.org/data/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6797883/figure/fig002/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6797883/figure/fig002/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6797883/figure/fig002/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6797883/figure/fig002/
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before and after 2008 through an ITS analysis, the 
post-intervention (after the implementation of the 
INPCR) slope changes are significant for the incidence 
(β: 0.33, p < 0.001) and deaths due to colorectal cancer 
(β: 0.08, p < 0.001) (Data not shown). In other words, 
after the implementation of the INPCR, the number 
of registered cases as well as deaths had a statistically 
significant increasing trend among the Iranian 
population. Although, before and after 2008, the slope of 
the regression line related to the incidence of the disease 
is positive, but the incidence has increased more steeply 
after this year (Fig. 3a). Regarding deaths, the slope of 
the regression line was negative before 2008, while after 

the implementation of the INPCR, the registration of 
deaths due to colorectal cancer increased (Fig. 3b).

Discussion

This study investigated the incidence of colorectal cancer 
and its mortality in Iran for 29 years, to assess the impact 
of the national cancer registry on the trend of this cancer in 
Iran. The results showed that the incidence and mortality 
rate in Iran increased between 1990 and 2019. Consistent 
with the results of the present study, Yazdizadeh et al., 
concluded that the incidence of colorectal cancer in 

Tab. I. The incidence and deaths of cancers among the Iranian population, 1990-2019 (proportion per 100,000 population).

Year
Registered 

cases in 
Men

Change
Registered 

Cases in 
Women

Change
Registered 
Deaths in 

Men
Change

Registered 
Deaths in 
Women

Change

1990 9.29 - 7.3 - 7.65 - 3.22 -

1991 9.36 0.07 7.33 0.03 7.62 -0.03 3.16 -0.06

1992 9.37 0.01 7.34 0.01 7.57 -0.05 3.12 -0.04

1993 9.6 0.23 7.47 0.13 7.59 0.02 3.05 -0.07

1994 9.54 -0.06 7.45 -0.02 7.5 -0.09 3 -0.05

1995 9.66 0.12 7.51 0.06 7.48 -0.02 2.93 -0.07

1996 9.95 0.29 7.71 0.2 7.51 0.03 2.84 -0.09

1997 9.89 -0.06 7.76 0.05 7.45 -0.06 2.76 -0.08

1998 9.83 -0.06 7.73 -0.03 7.38 -0.07 2.69 -0.07

1999 9.58 -0.25 7.58 -0.15 7.23 -0.15 2.62 -0.07

2000 10 0.42 7.83 0.25 7.33 0.1 2.55 -0.07

2001 10.6 0.6 8.15 0.32 7.5 0.17 2.5 -0.05

2002 10.7 0.1 8.18 0.03 7.57 0.07 2.43 -0.07

2003 10.8 0.1 8.19 0.01 7.68 0.11 2.36 -0.07

2004 11 0.2 8.3 0.11 7.79 0.11 2.31 -0.05

2005 11.5 0.5 8.59 0.29 8.02 0.23 2.26 -0.05

2006 11.9 0.4 8.78 0.19 8.22 0.2 2.22 -0.04

2007 11.9 0 8.82 0.04 8.33 0.11 2.17 -0.05

2008 12.1 0.2 8.91 0.09 8.48 0.15 2.14 -0.03

2009 12.4 0.3 9.02 0.11 8.69 0.21 2.12 -0.02

2010 12.7 0.3 9.16 0.14 8.87 0.18 2.1 -0.02

2011 13.1 0.4 9.36 0.2 8.99 0.12 2.09 -0.01

2012 13.4 0.3 9.5 0.14 9.11 0.12 2.08 -0.01

2013 13.8 0.4 9.7 0.2 9.33 0.22 2.09 0.01

2014 14.5 0.7 9.97 0.27 9.6 0.27 2.11 0.02

2015 15.3 0.8 10.3 0.33 9.93 0.33 2.13 0.02

2016 15.8 0.5 10.6 0.3 10.1 0.17 2.13 0

2017 16 0.2 10.7 0.1 10.1 0 2.11 -0.02

2018 16.4 0.4 10.8 0.1 10.1 0 2.08 -0.03

2019 16.8 0.4 11 0.2 10.2 0.1 2.06 -0.02

P trend 0.001 0.001 0.001 0.008 0.001 0.001 0.001 0.0001

Change: The difference in each year’s cases from the previous year. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6797883/figure/fig002/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6797883/figure/fig002/
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Tehran has increased by 82% over the past 30 years [27]. 
The results of Mousavi et al.’s study also confirm 
the increasing trend of colon cancer in Iran  [28]. An 
increasing trend in the incidence of colorectal cancer 
has also been reported in some European  [29, 30] and 
African [31] countries. An increasing mortality trend has 

also been reported in several countries in Latin America, 
the Caribbean, and Asia  [32, 33] and this may reflect 
limited access to early diagnosis and treatment  [34]. A 
study in Iran showed that the five-year survival rate of 
colorectal cancer is 41 percent and the median survival 
time is estimated to be 3.5 years [35]. 

Fig. 1. The trend of changes in incidence (a) and deaths (b) of colorectal cancer according to gender, 1990-2019 (proportion per 100,000 
population).

(a)

(b)

Tab. II. Comparing the average incidence and deaths of colorectal cancer (proportion per 100,000 population), before and after 2008.

Variable Year Average SD p*

Cases in Men
Before 2008 10.24 0.87

0.0001
After 2008 14.35 1.65

Cases in Women
Before 2008 7.89 0.49

0.0001
After 2008 9.91 0.74

Deaths in Men
Before 2008 7.63 0.29

0.0001
After 2008 9.45 0.62

Deaths in Women
Before 2008 2.67 0.34

0.0001
After 2008 2.10 0.02

* Based on paired t-test.
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Fig. 2. The prediction of the total incidence and deaths (a), incidence by gender (b), and deaths of colorectal cancer by gender (c), 1990-
2027 (proportion per 100,000 population).

(a)

(b)

(c)
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A systematic review reported that the average 5-year 
overall survival rate in the Iranian population is estimated 
to be 52.5%  [36]. A more favorable trend for females 
regarding mortality was also observed in the present 
study, which may be attributable, in part, to differential 
sex exposure to major environmental risk factors. Other 
studies worldwide confirmed that overall survival is 
better for women than for men  [35]. When the trends 
of incidence and mortality before and after 2008 were 
compared, a statistically significant difference was 
observed before and after this date in terms of incidence 
and mortality. Since the late 2000s, a population-based 
registration program in the country as a complement to 
pathology-based registration has been established and the 
coverage of the cancer registration system in Iran has been 
improved [12]. A similar trend of incidence during this 
period has been observed in the skin [37] and stomach [38, 
39] cancers. The current study showed that, during the 
years after the implementation of the INPCR, the number 

of registered cases as well as deaths had a significant 
increasing trend among the Iranian population. Although, 
before and after 2008, the slope of the regression line 
related to the incidence of the disease is positive, but 
the incidence has increased more steeply after this year. 
Regarding deaths, the slope of the regression line was 
negative before 2008, while during the years after the 
implementation of the INPCR, the trend of deaths due to 
colorectal cancer increased. This implies that probably 
some colorectal cancer deaths have been missed during 
the years before the implementation of the INPCR. A 
study in Canada using ITS analysis to determine the 
impact of the  colorectal cancer screening  guideline on 
the incidence rates of colon and rectal cancer among 
Canadians showed that the post-guideline slope changes 
are significant for both cancers  [40]. Another study in 
Taiwan evaluated the influence of a nationwide screening 
program through the ITS analysis. They concluded that 
the implementation of this screening program effectively 

Fig. 3. Interrupted time series analysis of the total number of colorectal cancer cases (a) and deaths (b) from 1990 to 2019 (proportion per 
100,000 population), before and after 2008.

(a)

(b)

https://www.sciencedirect.com/topics/medicine-and-dentistry/colorectal-cancer-screening
https://www.sciencedirect.com/topics/medicine-and-dentistry/cohort-effect
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reduced colorectal cancer mortality  [41]. Based on the 
above explanations, it can be concluded that at least part 
of the observed increase in the incidence of colorectal 
cancer in Iran could be due to the improvement of the 
approach to collecting information related to the cancer 
registration system. Another explanation for the increase 
in the incidence of colorectal cancer in Iran could be the 
increase in the prevalence of risk factors [42]. Diet plays 
an important role in the development of colon cancer [43, 
44]. Iran, as a developing country in the Persian Gulf 
region, has been faced with the increasing prevalence of 
cancer risk factors, an aging population, and population 
growth in recent decades  [12]. One of the reasons for 
the increase in the trend of cancers especially colorectal 
cancer in Iran is the change in eating habits. In the past 
decades, fast foods have gradually replaced traditional 
Iranian foods, which are mainly high in fiber. Studies 
show that fat consumption in Iran has increased and this 
has led to an increase in obesity [8, 45]. Obesity and lack 
of regular physical activity are positively correlated with 
the risk of developing colorectal cancer [46, 47]. This is 
while estimates show that only one-third of the Iranian 
adult population engages in regular physical activity 
and the prevalence of smoking in Iran is approximately 
14% [48].
Our results showed that the incidence and mortality of 
colorectal cancer are increasing in the whole Iranian 
population. Colorectal cancer survival is strongly related 
to the stage of disease diagnosis  [49]. For colorectal 
cancer, accurate and standardized surgery can increase 
patient survival and significantly reduce the risk of 
recurrence  [50]. In addition, estimates show that in 
developing countries, a small percentage of patients with 
colorectal cancers receive radiotherapy [51].
Despite the valuable results, the present study had 
limitations. First, lack of access to individual data such as 
family history, age, dietary pattern, and physical activity. 
Secondly, the observed difference in the incidence and 
mortality rate of colorectal cancer before and after the 
implementation of the cancer registration system could 
be partially due to confounding effects, which could not 
be adjusted in the present study.

Conclusions

Implementation of population-based cancer registration 
programs, improved the cancer registration system and 
the probably part of the increase in the incidence and 
mortality of colorectal cancer could be attributable to the 
improvement of the registration and reporting system of 
new cancer cases. This study provides evidence for the 
need for further analysis of the cancer registry system. 
Considering the preventability of colorectal cancer and 
the increase in the incidence and mortality of this disease, 
educational interventions are necessary, especially 
regarding screening programs and early diagnosis 
methods. Finally, the impact of the cancer registration 
system should be considered in the interpretation of the 
results of all cancer research in Iran.

Ethical consideration

This study was reviewed and approved by the ethics 
committee of Baqiyatallah University of Medical 
Science (IR.BMSU.REC.1402.033). Patient consent is 
not applicable.

Data availability statement

The data presented in this study are available on request 
from the corresponding author.

Informed consent statement

Not applicable.

Conflicts of interest statement

The authors declare that the research was conducted in 
the absence of any commercial or financial relationships 
that could be construed as a potential conflict of interest.

Fundings

This study does not have a funding source.

Authors’ contributions

Conceptualization, Methodology, Project administration, 
Supervision, writing – original draft, Writing – review & 
editing: all authors. All authors read and approved the 
final manuscript.

References

[1]	 Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal 
A. Global cancer statistics 2018: GLOBOCAN estimates of in-
cidence and mortality worldwide for 36 cancers in 185 countries. 
CA Cancer J Clin 2018;68:394-424. https://doi.org/10.3322/
caac.21492. Erratum in: CA Cancer J Clin 2020;70:313. https://
doi.org/10.3322/caac.21609.

[2]	 International Agency for Research on Cancer - World Health 
Organization. Global Cancer Observatory. In. 2023. Available 
at: https://gco.iarc.fr/en (Accessed on: 11/01/2024).

[3]	 Bouvard V, Loomis D, Guyton KZ, Grosse Y, Ghissassi FE, 
Benbrahim-Tallaa L, Guha N, Mattock H, Straif K; Interna-
tional Agency for Research on Cancer Monograph Working 
Group. Carcinogenicity of consumption of red and processed 
meat. Lancet Oncol 2015;16:1599-600. https://doi.org/10.1016/
S1470-2045(15)00444-1.

[4]	 Review of Human Carcinogens. IARC Monographs on the 
Evaluation of Carcinogenic Risks to Humans. International 
Agency for Research on Cancer 2012. 

[5]	 Lauby-Secretan B, Scoccianti C, Loomis D, Grosse Y, Bianchini 
F, Straif K; International Agency for Research on Cancer Hand-
book Working Group. Body Fatness and Cancer-Viewpoint 

https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21609
https://doi.org/10.3322/caac.21609
https://gco.iarc.fr/en
https://doi.org/10.1016/S1470-2045(15)00444-1
https://doi.org/10.1016/S1470-2045(15)00444-1


M. SEPANDI, Y. ALIMOHAMADI

E522

of the IARC Working Group. N Engl J Med 2016;375:794-8. 
https://doi.org/10.1056/NEJMsr1606602.

[6]	 Clinton SK, Giovannucci EL, Hursting SD. The World Cancer 
Research Fund/American Institute for Cancer Research Third 
Expert Report on Diet, Nutrition, Physical Activity, and Cancer: 
Impact and Future Directions. J Nutr 2020;150:663-71. https://
doi.org/10.1093/jn/nxz268.

[7]	 Kolahdoozan S, Sadjadi A, Radmard AR, Khademi H. Five 
common cancers in Iran. Arch Iran Med 2010;13:143-6.

[8]	 Ghassemi H, Harrison G, Mohammad K. An accelerated nu-
trition transition in Iran. Public Health Nutr 2002;5:149-55. 
https://doi.org/10.1079/PHN2001287.

[9]	 Darabi M, Asadi Lari M, Motevalian SA, Motlagh A, Ar-
sang-Jang S, Karimi Jaberi M. Trends in gastrointestinal can-
cer incidence in Iran, 2001-2010: a joinpoint analysis. Epide-
miol Health 2016;38:e2016056. https://doi.org/10.4178/epih.
e2016056.

[10]	 Khanali J, Kolahi AA. National and Subnational Cancer In-
cidence for 22 Cancer Groups, 2000 to 2016: A Study Based 
on Cancer Registration Data of Iran. J Cancer Epidemiol 
2021;2021:6676666. https://doi.org/10.1155/2021/6676666.

[11]	 Toporcov TN, Wünsch Filho V. Epidemiological science and 
cancer control. Clinics (Sao Paulo) 2018;73(Suppl 1):e627s. 
https://doi.org/10.6061/clinics/2018/e627s. 

[12]	 Roshandel G, Ghanbari-Motlagh A, Partovipour E, Salavati F, 
Hasanpour-Heidari S, Mohammadi G, Khoshaabi M, Sadjadi 
A, Davanlou M, Tavangar SM, Abadi H, Asgari A, Behrooz M, 
Cheraghi M, Danechin L, Dolatkhah R, Enferadi F, Esshaghi 
S, Farahani M, Farrokhzad S, Fateh M, Vahedi S, Golpazir A, 
Hasanzadeh M, Hazar N, Hoseini-Hoshyar H, Izadi M, Jafarnia 
A, Jahantigh M, Jalilvand A, Jazayeri M, Joola P, Kazemzadeh 
Y, Khalednejad M, Kooshki M, Madani A, Malekpour-Afshar 
R, Bayat AH, Moinfar Z, Mohamadifar H, Mohamadzadeh G, 
Motidost-Komleh R, Narooei M, Niksiar S, Pirnejad H, Poorna-
jaf A, Pourshahi G, Rahnama A, Rashidpour B, Ravankhah Z, 
Rezaei K, Rezaeianzadeh A, Sadeghi G, Shahdadi A, Shahi M, 
Sharafi Z, Sharifi-Moghadam F, Soleimani A, Soltany-Hojata-
bad M, Tahmasebi Z, Yadolahi S, Yaghoubi-Ashrafi M, Zandian 
H, Zareiyan A, Poustchi H, Zendehdel K, Ostovar A, Janbabaei 
G, Reisi A, Malekzadeh R. Cancer incidence in Iran in 2014: 
Results of the Iranian National Population-based Cancer Regis-
try. Cancer Epidemiol 2019;61:50-8. https://doi.org/10.1016/j.
canep.2019.05.009. 

[13]	 Somi MH, Farhang S, Mirinezhad SK, Naghashi S, Seif-Far-
shad M, Golzari M. Cancer in East Azerbaijan, Iran: results of 
a population-based cancer registry. Asian Pac J Cancer Prev 
2008;9:327-30. 

[14]	 Keyghobadi N, Rafiemanesh H, Mohammadian-Hafshejani A, 
Enayatrad M, Salehiniya H. Epidemiology and trend of can-
cers in the province of Kerman: southeast of Iran. Asian Pac 
J Cancer Prev 2015;16:1409-13. https://doi.org/10.7314/ap-
jcp.2015.16.4.1409.

[15]	 Masoompour SM, Yarmohammadi H, Rezaianzadeh A, Lan-
karani KB. Cancer incidence in southern Iran, 1998-2002: re-
sults of population-based cancer registry. Cancer Epidemiol 
2011;35:e42-7. https://doi.org/10.1016/j.canep.2011.05.018.

[16]	 Muir CS, Percy C. Cancer registration: principles and meth-
ods. Classification and coding of neoplasms. IARC Sci Publ  
1991;(95):64-81. 

[17]	 Bray F, Colombet M, Mery L, Piñeros M, Znaor A, Zanetti R, 
Ferlay J, eds. Cancer Incidence in Five Continents. Vol. XI. 
IARC Scientific Publication No. 166, 2021.

[18]	 Malvezzi M, Carioli G, Bertuccio P, Negri E, La Vecchia C. Re-
lation between mortality trends of cardiovascular diseases and 
selected cancers in the European Union, in 1970-2017. Focus 
on cohort and period effects. Eur J Cancer 2018;103:341-55. 
https://doi.org/10.1016/j.ejca.2018.06.018.

[19]	 Azadikhah F, Mehrabani K, Shahraki HR. Clustering 46 Asian 
countries according to the trend of breast cancer incidence rate 
from 1990-2016: an application of growth mixture model. Jour-
nal of Health Sciences & Surveillance System 2020;11:284-90. 
https://doi.org/10.30476/jhsss.2021.93289.1437.

[20]	 CROCODILE study group. Feasibility of the International Wealth 
Index and the Gapminder tool as instruments to assess household 
income and estimate catastrophic expenditure: a prospective pa-
tient-level cohort study in India. PLoS One 2023;18:e0276339. 
https://doi.org/10.1371/journal.pone.0276339. 

[21]	 Lin Y, Chen M, Chen G, Wu X, Lin T. Application of an au-
toregressive integrated moving average model for predicting 
injury mortality in Xiamen, China. BMJ Open 2015;5:e008491. 
https://doi.org/10.1136/bmjopen-2015-008491.

[22]	 Chen S, Wang X, Zhao J, Zhang Y, Kan X. Application of the 
ARIMA Model in Forecasting the Incidence of Tuberculosis in 
Anhui During COVID-19 Pandemic from 2021 to 2022. Infect 
Drug Resist 2022;15:3503-12. https://doi.org/10.2147/IDR.
S367528.

[23]	 Yakubu UA, Saputra MPA. Time series model analysis using 
autocorrelation function (ACF) and partial autocorrelation func-
tion (PACF) for E-wallet transactions during a pandemic. In-
ternational Journal of Global Operations Research 2022;3:80-5. 
https://doi.org/10.47194/ijgor.v3i3.168.

[24]	 Singh VP, Singh R, Paul PK, Bisht DS, Gaur S. Time series anal-
ysis. In: Hydrological Processes Modelling and Data Analysis: a 
Primer. Springer 2024, pp. 35-71. https://doi.org/10.1007/978-
981-97-1316-5_3.

[25]	 Zhai M, Li W, Tie P, Wang X, Xie T, Ren H, Zhang Z, Song W, 
Quan D, Li M, Chen L, Qiu L. Research on the predictive effect 
of a combined model of ARIMA and neural networks on human 
brucellosis in Shanxi Province, China: a time series predictive 
analysis. BMC Infect Dis 2021;21:280. https://doi.org/10.1186/
s12879-021-05973-4. 

[26]	 Alimohamadi Y, Holakouie-Naieni K, Sepandi M, Taghdir 
M. Effect of Social Distancing on COVID-19 Incidence and 
Mortality in Iran Since February 20 to May 13, 2020: An In-
terrupted Time Series Analysis. Risk Manag Healthc Policy 
2020;13:1695-700. https://doi.org/10.2147/RMHP.S265079.

[27]	 Yazdizadeh B, Jarrahi AM, Mortazavi H, Mohagheghi MA, 
Tahmasebi S, Nahvijo A. Time trends in the occurrence of ma-
jor GI cancers in Iran. Asian Pac J Cancer Prev 2005;6:130-4.

[28]	 Mousavi SM, Gouya MM, Ramazani R, Davanlou M, Hajsa-
deghi N, Seddighi Z. Cancer incidence and mortality in Iran. 
Ann Oncol 2009;20:556-63. https://doi.org/10.1093/annonc/
mdn642. 

[29]	 Mistry M, Parkin DM, Ahmad AS, Sasieni P. Cancer incidence 
in the United Kingdom: projections to the year 2030. Br J Can-
cer 2011;105:1795-803. https://doi.org/10.1038/bjc.2011.430.

[30]	 Zavoral M, Suchanek S, Majek O, Fric P, Minarikova P, Mi-
narik M, Seifert B, Dusek L. Colorectal cancer screening: 20 
years of development and recent progress. World J Gastroenter-
ol 2014;20:3825-34. https://doi.org/10.3748/wjg.v20.i14.3825.

[31]	 Motsuku L, Chen WC, Muchengeti MM, Naidoo M, Quene 
TM, Kellett P, Mohlala MI, Chu KM, Singh E. Colorectal can-
cer incidence and mortality trends by sex and population group 
in South Africa: 2002-2014. BMC Cancer 2021;21:129. https://
doi.org/10.1186/s12885-021-07853-1.

[32]	 Chatenoud L, Bertuccio P, Bosetti C, Levi F, Curado MP, Mal-
vezzi M, Negri E, La Vecchia C. Trends in cancer mortality in 
Brazil, 1980-2004. Eur J Cancer Prev 2010;19:79-86. https://
doi.org/10.1097/CEJ.0b013e32833233be.

[33]	 Bosetti C, Malvezzi M, Chatenoud L, Negri E, Levi F, La Vec-
chia C. Trends in cancer mortality in the Americas, 1970-2000. 
Ann Oncol 2005;16:489-511. https://doi.org/10.1093/humrep/
mdi086. 

https://doi.org/10.1056/NEJMsr1606602
https://doi.org/10.1093/jn/nxz268
https://doi.org/10.1093/jn/nxz268
https://doi.org/10.1079/PHN2001287
https://doi.org/10.4178/epih.e2016056
https://doi.org/10.4178/epih.e2016056
https://doi.org/10.1155/2021/6676666
https://doi.org/10.6061/clinics/2018/e627s
https://doi.org/10.1016/j.canep.2019.05.009
https://doi.org/10.1016/j.canep.2019.05.009
https://doi.org/10.7314/apjcp.2015.16.4.1409
https://doi.org/10.7314/apjcp.2015.16.4.1409
https://doi.org/10.1016/j.canep.2011.05.018
https://doi.org/10.1016/j.ejca.2018.06.018
https://doi.org/10.30476/jhsss.2021.93289.1437
https://doi.org/10.1371/journal.pone.0276339
https://doi.org/10.1136/bmjopen-2015-008491
https://doi.org/10.2147/IDR.S367528
https://doi.org/10.2147/IDR.S367528
https://doi.org/10.47194/ijgor.v3i3.168
https://doi.org/10.1007/978-981-97-1316-5_3
https://doi.org/10.1007/978-981-97-1316-5_3
https://doi.org/10.1186/s12879-021-05973-4
https://doi.org/10.1186/s12879-021-05973-4
https://doi.org/10.2147/RMHP.S265079
https://doi.org/10.1093/annonc/mdn642
https://doi.org/10.1093/annonc/mdn642
https://doi.org/10.1038/bjc.2011.430
https://doi.org/10.3748/wjg.v20.i14.3825
https://doi.org/10.1186/s12885-021-07853-1
https://doi.org/10.1186/s12885-021-07853-1
https://doi.org/10.1097/CEJ.0b013e32833233be
https://doi.org/10.1097/CEJ.0b013e32833233be
https://doi.org/10.1093/humrep/mdi086
https://doi.org/10.1093/humrep/mdi086


TREND OF COLORECTAL CANCER IN IRAN

E523

Received on March 16, 2024. Accepted on October 9, 2024.

Correspondence: Yousef Alimohamadi, Health Research Center, Life style Institute, Baqiyatallah University of Medical Sciences, Tehran, 
Iran. E-mail: y.alimohamadi67@gmail.com

How to cite this article: Sepandi M, Alimohamadi Y. Comparing the trend of colorectal cancer before and after the implementation of 
the Population-Based National Cancer Registry in Iran. J Prev Med Hyg 2024;65:E515‑E523. https://doi.org/10.15167/2421-4248/jp-
mh2024.65.4.3230

© Copyright by Pacini Editore Srl, Pisa, Italy

This is an open access article distributed in accordance with the CC‑BY‑NC‑ND (Creative Commons Attribution‑NonCommercial‑NoDerivatives 4.0 International) license. 
The article can be used by giving appropriate credit and mentioning the license, but only for non‑commercial purposes and only in the original version. For further infor-
mation: https://creativecommons.org/licenses/by‑nc‑nd/4.0/deed.en

[34]	 CanTreat International. Scaling up cancer diagnosis and treat-
ment in developing countries: what can we learn from the 
HIV/AIDS epidemic? Ann Oncol 2010;21:680-2. https://doi.
org/10.1093/annonc/mdq055. 

[35]	 Moradi A, Khayamzadeh M, Guya M, Mirzaei HR, Salmanian 
R, Rakhsha A, Akbari ME. Survival of colorectal cancer in Iran. 
Asian Pac J Cancer Prev 2009;10:583-6. 

[36]	 Hoseini S, Moaddabshoar L, Hemati S, Mohammadianpanah 
M. An overview of clinical and pathological characteristics 
and survival rate of colorectal cancer in Iran. Iran J Colorectal 
2014;2:1-8. https://doi.org/10.17795/acr-17264.

[37]	 Heidari M, Najafi F. Trends of skin cancer incidence in 6 geo-
graphical regions of the Islamic Republic of Iran, 2000-2005. 
East Mediterr Health J 2013;19:59-65. https://iris.who.int/han-
dle/10665/118359.

[38]	 Haidari M, Nikbakht MR, Pasdar Y, Najaf F. Trend analysis of 
gastric cancer incidence in Iran and its six geographical areas 
during 2000-2005. Asian Pac J Cancer Prev 2012;13:3335-41. 
https://doi.org/10.7314/apjcp.2012.13.7.3335.

[39]	 Rahimi F, Heidari M. Time trend analysis of stomach cancer 
incidence in the west of Iran. Health Dev J 2012;1:100-11. 

[40]	 Brenner DR, Ruan Y, Shaw E, De P, Heitman SJ, Hilsden RJ. 
Increasing colorectal cancer incidence trends among young-
er adults in Canada. Prev Med 2017;105:345-49. https://doi.
org/10.1016/j.ypmed.2017.10.007. 

[41]	 Su SY, Huang JY. Effect of nationwide screening program on 
colorectal cancer mortality in Taiwan: a controlled interrupt-
ed time series analysis. Int J Colorectal Dis 2020;35:239-47. 
https://doi.org/10.1007/s00384-019-03468-y.

[42]	 de Kok IM, Wong CS, Chia KS, Sim X, Tan CS, Kiemeney LA, 
Verkooijen HM. Gender differences in the trend of colorectal 
cancer incidence in Singapore, 1968-2002. Int J Colorectal Dis 
2008;23:461-7. https://doi.org/10.1007/s00384-007-0421-9. 

[43]	 Key TJ. Fruit and vegetables and cancer risk. Br J Cancer 
2011;104:6-11. https://doi.org/10.1038/sj.bjc.6606032. 

[44]	 Aune D, Lau R, Chan DS, Vieira R, Greenwood DC, Kampman 
E, Norat T. Nonlinear reduction in risk for colorectal cancer by 
fruit and vegetable intake based on meta-analysis of prospec-
tive studies. Gastroenterology 2011;141:106-18. https://doi.
org/10.1053/j.gastro.2011.04.013. 

[45]	 Azizi F, Allahverdian S, Mirmiran P, Rahmani M, Mohammadi 
F. Dietary factors and body mass index in a group of Iranian ado-
lescents: Tehran lipid and glucose study-2. Int J Vitam Nutr Res 
2001;71:123-7. https://doi.org/10.1024/0300-9831.71.2.123. 

[46]	 Donohoe CL, Pidgeon GP, Lysaght J, Reynolds JV. Obesity and 
gastrointestinal cancer. Br J Surg 2010;97:628-42. https://doi.
org/10.1002/bjs.7079.

[47]	 Chan AT, Giovannucci EL. Primary prevention of colorectal 
cancer. Gastroenterology 2010;138:2029-043.e10. https://doi.
org/10.1053/j.gastro.2010.01.057. 

[48]	 Alikhani S, Delavari A, Alaedini F, Kelishadi R, Rohbani S, Sa-
faei A. A province-based surveillance system for the risk factors 
of non-communicable diseases: A prototype for integration of 
risk factor surveillance into primary healthcare systems of de-
veloping countries. Public Health 2009;123:358-64. https://doi.
org/10.1016/j.puhe.2009.02.011.

[49]	 Richards MA. The size of the prize for earlier diagnosis of can-
cer in England. Br J Cancer 2009;101(Suppl 2):S125-9. https://
doi.org/10.1038/sj.bjc.6605402.

[50]	 Guren MG, Kørner H, Pfeffer F, Myklebust TÅ, Eriksen MT, 
Edna TH, Larsen SG, Knudsen KO, Nesbakken A, Wasmuth 
HH, Vonen B, Hofsli E, Færden AE, Brændengen M, Dahl O, 
Steigen SE, Johansen MJ, Lindsetmo RO, Drolsum A, Tollåli 
G, Dørum LM, Møller B, Wibe A. Nationwide improvement 
of rectal cancer treatment outcomes in Norway, 1993-2010. 
Acta Oncol 2015;54:1714-22. https://doi.org/10.3109/028418
6X.2015.1034876. 

[51]	 Barton MB, Frommer M, Shafiq J. Role of radiotherapy in 
cancer control in low-income and middle-income countries. 
Lancet Oncol 2006;7:584-95. https://doi.org/10.1016/S1470-
2045(06)70759-8. Erratum in: Lancet Oncol 2006;7:797.

mailto:y.alimohamadi67@gmail.com
https://doi.org/10.15167/2421-4248/jpmh2024.65.4.3230
https://doi.org/10.15167/2421-4248/jpmh2024.65.4.3230
https://doi.org/10.1093/annonc/mdq055
https://doi.org/10.1093/annonc/mdq055
https://doi.org/10.17795/acr-17264
https://iris.who.int/handle/10665/118359
https://iris.who.int/handle/10665/118359
https://doi.org/10.7314/apjcp.2012.13.7.3335
https://doi.org/10.1016/j.ypmed.2017.10.007
https://doi.org/10.1016/j.ypmed.2017.10.007
https://doi.org/10.1007/s00384-019-03468-y
https://doi.org/10.1007/s00384-007-0421-9
https://doi.org/10.1038/sj.bjc.6606032
https://doi.org/10.1053/j.gastro.2011.04.013
https://doi.org/10.1053/j.gastro.2011.04.013
https://doi.org/10.1024/0300-9831.71.2.123
https://doi.org/10.1002/bjs.7079
https://doi.org/10.1002/bjs.7079
https://doi.org/10.1053/j.gastro.2010.01.057
https://doi.org/10.1053/j.gastro.2010.01.057
https://doi.org/10.1016/j.puhe.2009.02.011
https://doi.org/10.1016/j.puhe.2009.02.011
https://doi.org/10.1038/sj.bjc.6605402
https://doi.org/10.1038/sj.bjc.6605402
https://doi.org/10.3109/0284186X.2015.1034876
https://doi.org/10.3109/0284186X.2015.1034876
https://doi.org/10.1016/S1470-2045(06)70759-8
https://doi.org/10.1016/S1470-2045(06)70759-8

