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Abstract

Background: Colorectal cancer (CRC) is one of the main causes of mortality and morbidity worldwide. Socio-economic status is
one of the most important related factors with CRC.
Objectives: In this study, we used the human development index (HDI) as one of the common measures of socio-economic status
to predict the incidence rate of CRC in the counties of Fars Province in Iran.
Methods: In this ecological study, we used the medical records of 108 patients with CRC from Fars province, who referred to Shahid
Faghihi Hospital in Shiraz from January 2011 to March 2013. Since sample sizes were not efficient in all the counties, we used the
log-normal model within small area estimation framework to have a reliable prediction for the incidence rate in each county. As
using related auxiliary variables is necessary in small area models, we considered the HDI of counties as an auxiliary variable.
Results: The findings showed that there was a significant direct relationship between HDI and CRC incidence rate. Furthermore,
the highest predicted rates were observed in the northern and eastern parts of the province.
Conclusions: In order to compensate the deficiency of sample size in some of the counties, we used a small area model to predict
the CRC incidence rate. The highest incidence rates mostly occurred in the counties with the highest HDI. It is observed that the
counties with higher incidence rates are closer to more industrial provinces and the counties with lower incidence rates are closer
to less industrial provinces. So, it seems that development disparities strongly affected the incidence rates.
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1. Background

Colorectal cancer (CRC) is a major public health prob-
lem worldwide. CRC is the third most commonly diag-
nosed cancer in males, following prostate and lung can-
cer, which includes 10.9% of new cancer cases, and it is the
second most commonly diagnosed cancer in females after
breast cancer, including 9.5% of new cancer cases. Totally,
it is the second cause of cancer-related deaths (about 9.2%
in 2018) (1, 2). The incidence rate of CRC was over 9% of all
cancer incidence rates in 2012 with an estimated 1.4 million
cases and 700,000 deaths worldwide (3, 4). A substantial
global burden is imposed by CRC due to its complications,
mortality, side effects of treatment, utilization of health-
care services, and medical costs (5). There are wide geo-
graphical variations in CRC incidence and mortality rates
and socioeconomic status has a considerable proportion
of these variations (4). A common index to measure social

and economic achievement of a country is the human de-
velopment index (HDI) which combines three important
indicators: life expectancy, education, and per capita in-
come (6). Various studies have revealed that the incidence
and mortality of CRC have a significant increase in loca-
tions (e.g., countries) with medium and high HDI so that
in 2012, 55% of CRC cases were related to the highly devel-
oped countries. Comparing age-standardized incidence
rates, the highest rates have occurred in Australia and New
Zealand, and the lowest have occurred in the countries of
West Africa (1, 3, 7). Although CRC is more prevalent in
developed countries, its incidence rate has an increasing
trend in developing regions such as Western Asia (Kuwait)
and Eastern Europe (Czech Republic, Slovakia, and Slove-
nia) (4). According to the literature, the increase in cancer
incidence rate has been paralleled by the increase in the
HDI in Iran as a developing country (8-11).
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2. Objectives

Since CRC is one of the most prevalent cancers and de-
termining the hot spots due to the high incidence rate of
cancer helps to reduce the burden of the disease, the aim
of this study was to predict the rate of CRC in counties of
Fars Province, Iran. Regarding this goal, we used the infor-
mation of patients from different counties of Fars Province
who referred to the Shahid Faghihi Hospital in Shiraz from
January 2011 to March 2013. Since there were counties with
few or no CRC cases, we used small area estimation tech-
niques to predict the CRC rates. Small area estimation has
played a prominent role in survey sampling as it deals with
the problem of obtaining reliable estimates for parame-
ters of interest for subpopulations with small or even zero
sample sizes (12). Furthermore, as using good auxiliary in-
formation is pivotal to improve prediction in small area
estimation framework, we considered HDI as a predictor
variable in our small area model.

3. Methods

3.1. Data Source

In this ecological study, the incidence of diagnosed pa-
tients with CRC in each county of Fars province who were
admitted to Shahid Faghihi Hospital in Shiraz, the capital
of Fars Province, from January 2011 to March 2013 was re-
garded as the main outcome. The data was based on the
follow-up study which was conducted in the Colorectal Re-
search Center of Shiraz from January 2006. Fars Province
had 29 counties in 2011, and out of 108 patients with CRC
who referred to Shahid Faghihi Hospital during the study
period, the minimum observed sample size was 0 (11 coun-
ties) and the maximum sample size was 44 patients who
belonged to Shiraz, the capital of Fars Province.

In addition, since using a good auxiliary variable is cru-
cial to improve the model to have a better prediction in
small area estimation framework, we used HDI as one of
the most important and relevant explanatory variables to
predict cancer incidence rate. In this study, we used the
HDI which was calculated by Rezaee et al. in 2012 for 27
counties of Fars province. To obtain this index, 22 variables
and indexes were used. The value of HDI is between zero
and one which expresses the rate of deprivation so that
zero shows the most deprivation and 1 indicates the least
deprivation (13). The distribution of HDI in counties of Fars
province is presented in Figure 1. We also used the popu-
lation size of counties of Fars provinces based on the 2011
Census population conducted in Iran to adjust its effect in
the model.

3.2. Statistical Analysis

In order to estimate the incidence rate of CRC, we
used a hierarchical Bayes (HB) approach for our log-normal
model which can be expressed in the following steps:

i: yi|θi
ind

˜

poisson(θi) = 1, . . . ,m,

ii: log(θi) = β0 + β1HDIi + log(N i) + υi
where υi ~ N(0, σ2

υ),
iii: β and σ2

υ are mutually independent with f (β)∝ 1
and σ−2

υ ~ G (0.001,0.001),
where m is the number of sampled areas (counties), β

= (β0,β1) is the vector of regression coefficients, HDIi is the
predictor variable, and Ni is the population size of i-th area,
andυ = (υ1, …,υm) is the area-level random effects. We also
considered non-informative prior distributions for regres-
sion coefficients and variance components in step iii (14).
Furthermore, for domains that the predictor variable was
not available, we predicted the rate with the direct estima-
tor of the CRC at the provincial level and the counties with
zero sample sizes were merged with similar counties. We
also reported the credible interval as prediction interval of
θi (I = 1, …, m) as a criterion to explain the precision of pre-
diction in each area. We applied the RStudio version 1.0.136
for data analysis.

The Ethic Committee of Shahid Beheshti University of
Medical Sciences approved this study (with code number:
IR.SBMU.RETECH.REC.1398.395)

4. Results

We studied the incidence rate of CRC in counties of Fars
province from January 2011 to March 2013. In sum, 108 pa-
tients with CRC were distributed in 29 counties. Among
them, 70 patients (64.8%) were men. 54 (50%) were diag-
nosed with colon cancer, 51 (47.2%) with rectal cancer, and
3 (2.8%) with both colon and rectal cancer. The mean age at
the time of admission was 57.39± 16.06 with the range of
26 to 87 years. Out of 29 counties, 11 counties (Kharameh,
Neyriz, ZarrinDasht, Estahban, Mohr, Gerash, Khorrambid,
Farashband, Rostam, Sarvestan, and Pasargad) had no CRC
cases. So, in order to get more accurate predictions, we
decided to combine these counties (except Kharameh and
Gerash) with their neighbors based on their development
status. Furthermore, since the HDI was not available for
two counties (Gerash and Kharameh), the CRC incidence
rates in these two counties were estimated with the CRC
rate direct estimator of the province.

Considering HDI as an auxiliary variable, we fitted the
log-linear model to predict the rate of CRC in each county.
To fit the model, we used the Markov chain Monte Carlo
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Figure 1. Human development index (HDI) in Fars Province

(MCMC) method. We kept every 5th sample in 80,000 iter-
ations after discarding the first 5,000 iterations as burn-in.
Also, in order to check the goodness of fit of the model, we
computed the Gelman-Rubin convergence statistic which
had acceptable value. Table 1 presents the estimators of the
model parameters.

Table 1. Estimates, Standard Deviation, and 95% Credible Interval of the Model
Parametersa

Values 95% CI

Intercept -12.36 ± 0.90 (-14.15, -10.54)

HDI 3.71 ± 1.80 (0.09, 7.24)

σ2
υ 0.04 ± 0.07 (6.15 × 10 - 4, 0.26)

zAbbreviation: HDI, human development index.
aValues are expressed as mean ± SD.

Regarding the findings in Table 1, the significant vari-
ance of random term shows heterogeneity in CRC inci-
dence rate among counties. Also, we observed that HDI

has positive and significant effect at 0.05 level so that by
0.1 unit increase in HDI, the rate of CRC incidence will in-
crease by 44% (e0.371 = 1.44). Based on the results in Table 1,
the predicted incidence rates and the related 95% predic-
tion intervals for all the counties are presented in Figure 2
and Table 2, respectively. Based on Figure 2, small-area es-
timates on the county level ranged from 1.68 to 4.63 per
100,000 population. Khorrambid, Abadeh, Bavanat, and
Jahrom are the four counties with the highest CRC inci-
dence rates, respectively and Zarrin Dasht, Darab, Sepidan,
and Ghirokarzin are the four counties with the lowest CRC
incidence rates, respectively. It is worth mentioning that
the counties with the highest rates are the ones with the
highest HDI and those with the lowest incidence rates are
attributed to the counties with the least HDI.

5. Discussion

In this study, we predicted the CRC incidence rate of
counties of Fars province in Iran. As the sample size was
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Table 2. Predicted CRC Incidence Rate (Per 100,000 Population) and Related %95 Prediction Interval of Counties of Fars Province

County Incidence Rate 95% Prediction Intervals

Shiraz 2.68 (2.07, 3.33)

Marvdasht 2.23 (1.43, 3.35)

Kazerun 2.32 (1.49, 3.50)

Fasa 2.67 (1.48, 3.70)

Darab 1.68 (0.81, 2.74)

Jahrom 4.27 (2.72, 6.82)

Larestan 2.78 (1.69, 3.88)

Firuzabad 2.95 (1.95, 4.64)

Mamasani 2.20 (1.27, 3.37)

Abadeh 4.63 (2.13, 7.91)

Lamerd 2.82 (1.79, 5.38)

Eqlid 3.36 (2.01, 5.05)

Kavar 2.19 (1.22, 3.37)

Neyriz 3.60 (1.98, 5.60)

Zarrin Dasht 1.68 (0.81, 2.74)

Ghirokarzin 2.07 (1.14, 3.31)

Estahban 3.60 (1.98, 5.60)

Mohr 2.82 (1.79, 5.38)

Kharameh 2.21 (1.78, 2.64)

Gerash 2.21 (1.78, 2.64)

Sepidan 1.91 (1.03, 3.24)

Khorrambid 4.63 (2.13, 7.91)

Farashband 2.32 (1.49, 3.50)

Rostam 2.20 (1.27, 3.37)

Arsanjan 3.60 (1.98, 5.60)

Khonj 2.34 (1.36, 3.72)

Sarvestan 2.19 (1.22, 3.37)

Pasargad 3.36 (2.01, 5.05)

Bavanat 4.59 (2.45, 7.72)

insufficient in most of the counties, we used a small area
model to accurately predict the CRC rate for each county.
Furthermore, since using auxiliary variables that have a
high correlation with the dependent variable is so neces-
sary in small area models, we used HDI as a predictor vari-
able which has indicated a significant relationship with
different types of cancers incidence rates, including CRC,
in the literature (8, 9, 11, 15). Our findings showed a sig-
nificant relationship between CRC incidence rate and HDI,
so that, the higher CRC incidence rates occurred in coun-
ties with higher HDI. This positive relationship has also
been confirmed in various studies. For instance, Arnold
et al.’s study (cited in Wong et al. (5)) showed that the

age-standardized rate of incidence in countries with a very
high HDI is six times higher than that in countries with low
HDI. This positive trend between increasing HDI of coun-
ties and rates of CRC incidence and mortality is revealed in
other studies too (8, 9, 11, 15). It appears that counties with
higher incidence rates of cancer also have higher HDI (8).
In several studies, it is observed that the pattern of lifestyle
in developed regions is affected by “westernization”. Since
there is a direct relationship between HDI and smoking, al-
cohol consumption, using red meat, and obesity, as the risk
factors of CRC, it is obvious that increasing the CRC inci-
dence rate is consequence of increasing HDI. In our study,
mostly, the counties which were located in northern and
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Figure 2. Predicted colorectal cancer (CRC) incidence rate of Fars Province

western parts of the province have a higher risk of CRC. Per-
haps, we can relate the development of these counties to
their proximity to industrial provinces such as Yazd, Esfa-
han, and Kerman and since HDI has a positive significant
effect on cancer incidence rate, we observed high rates in
these counties. In contrast, lower level of HDI was observed
in eastern and southern parts of Fars Province due to their
proximity to less industrial provinces like Hormozgan, Ko-
hgiluyeh, Boyer-Ahmad, and Bushehr provinces, and as a
result, lower incidence rates occurred in these regions (13).

5.1. Conclusions

In summary, the incidence rate of CRC is higher in
more developed regions since there is a positive relation
between HDI and CRC incidence rate, which reflects the ef-
fect of HDI on people’s lifestyles. Generally, primary pre-
vention in less developed regions and early detection in de-
veloped regions are needed to reduce the incidence rate of
CRC.
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