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Abstract

AIM: To determine the extent of colorectal cancer
(CRC) mortality and the association between demo-
graphic characteristics and CRC mortality in Inner Mon-
golia.

METHODS: Data were collected from the Death Reg-
istry System, maintained by the Inner Mongolia Cen-
ters for Disease Control and Prevention, from 2008 to
2012. Deaths were classified according to the Interna-
tional Classification of Disease, 10" Revision. Years of
life lost, average years of life lost (AYLL), and mortality
were calculated over the five years between 2008 and
2012. A conditional logistic regression model was used
to analyze the association between marital status, oc-
cupational status, education level, area of residence,
and the risk of CRC.
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RESULTS: The AYLL of CRC was 17.39 years. The
average mortality of CRC was 5.6/100000. People liv-
ing in urban areas and having a higher education level
had a significantly higher risk of CRC (OR = 1.74 and
95%CI: 1.29-2.35, P < 0.001 and OR = 2.39, 95%CI:
1.76-3.25, P < 0.001, respectively). People who were
employed had a lower risk of CRC (OR = 0.64, 95%CI:
0.48-0.86, £ = 0.003). The mortality of CRC was posi-
tively correlated with the education level (P < 0.001).
No statistically significant association was observed
between marital status and CRC risk (P = 0.259).

CONCLUSION: Living in urban areas, higher educa-
tion level and unemployment are associated with CRC
mortality in Inner Mongolia.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: In this article, we used the years of life lost
(YLL), average years of life lost (AYLL) and mortality to
measure the severity of colorectal cancer (CRC) death.
The YLL and AYLL can directly reflect the severity of
CRC to life lost. Some demographic characteristics
such as marital status, occupation, education level and
area of residence, which may be risk factors for CRC,
are explored. As a result of this study, living in urban
areas, having a higher education level and unemploy-
ment are risk factors for CRC mortality.
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INTRODUCTION

Colorectal cancer (CRC) is one of the most common
cancers wotldwide and ranks third in men and second in
women in terms of mortality, with 608700 deaths esti-
mated to have occurred in 2008, accounting for 8% of
all cancer deaths!". The highest mortality rates in both
sexes are estimated in Central and Eastern Europe (20.3
per 100000 for men, 12.1 per 100000 for women), and
the lowest in Middle Africa (3.5 and 2.7, respectively)”.
The mortality rates of CRC in Africa and Asia are
lower as compated to those reported in Europe, North
America, New Zealand and Australia'!. In Asia, higher
rates of CRC are observed in Japan and China”. Among
the Chinese, CRC mortality rates rank fifth among men
and fourth among women”. In the last few decades,
the mortality rates of CRC have increased markedly in
China.

Early in the last century, the relationship between
CRC and rural/urban differences and education level
have been extensively studied™”, but the results obtained
are inconclusive. For example, in the United States,
Asians and Pacific Islanders who reside in rural areas
are at a greater death risk of CRC than those who reside
in urban areas. However, black men who live in urban
areas of the United States have a higher risk of CRC
than those in rural areas'”. Similarly, the relation between
education level and CRC mortality is controversial®.,
A cohort study showed that a lower education level is
significantly associated with the risk of CRC mortality'”,
but another study found no evidence of this associa-
tion.

Although the associations between these characteris-
tics and CRC have been investigated by many studies'"”,
to date, no similar study has been conducted in Inner
Mongolia. Therefore, the aim of this study was to ex-
amine the extent of CRC mortality, and the associations
between demogtaphic characteristics and CRC mortality
in Inner Mongolia.

MATERIALS AND METHODS

Data source

This study was conducted from January 2008 to Decem-
ber 2012 in Inner Mongolia. Data were collected through
the Death Registry System (DRS). DRS uses a multistage
cluster probability sampling strategy with stratification
according to east, central and west China, the local gross
domestic product and proportion of rural dwellers, the
total population of local areas. For the present study,
data from eight monitoring points were used. Five of
these were from the DRS established by the Chinese
Ministry of Health, and another three were from Inner
Mongolia established by the Inner Mongolia CDC. The
eight monitoring points are divided into two regions for
our study: the Eastern region (including Yakeshi City,
Kailu County and Bairin Youqi) and the Other region
(including Sonid Yougqi, Muslims District, Tumd Youdi,
Ejin Horo Qi, and Linhe District). The annual average
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population of eight monitoring points was 2.4 million,
accounting for about 10% of the total population of In-
ner Mongolia.

Population data between 2008 and 2012 were ob-
tained from the Inner Mongolia CDC to calculate CRC
mortality rates. Death data were categorized based on
the Tenth Revision of the International Classification of
Diseases. Death data with CRC as the underlying cause
of death were classified as “CRC deaths”, and deaths
due to diseases of the circulatory system (DCS) served
as controls in multiple analyses. Categories of CRC
death included malignant neoplasms of the colon (C18),
malignant neoplasms of the rectosigmoid junction (C19),
and malignant neoplasms of the rectum (C20). Catego-
ries classified as DCS death included ischemic heart dis-
eases (120-125) and cerebrovascular diseases (160-169).

Diagnostic methods included pathological diagnosis,
clinical diagnosis, laboratory examination, surgical diag-
nosis, and postmortem examination. Clinical diagnosis
included imaging diagnosis, the diagnosis based on path-
ological anatomy, and pathophysiological diagnosis. Lab-
oratory examination included physical, immunological,
blood, biochemical, and genetic tests. Surgical diagnosis
and postmortem examination were among the pathology
methods. Pathological diagnosis can be provided for the
CRC deaths. Clinical diagnosis and laboratory examina-
tion can be provided for the DCS deaths. Hospitals in
Inner Mongolia at which diagnoses were made were di-
vided into four levels: provincial, municipal, county, and
township.

Statistical analysis

We calculated the percentages of CRC and DCS deaths
diagnosed by the various categories of methods and at
different levels of hospitals in each of the monitoring
points during the five-year period under analysis. We
computed the years of life lost (YLL) and average years
of life lost (AYLL) due to CRC in each year and region.
The AYLL is the average of the difference between the
expected age and the actual age at death due to cancer.
CRC mortality (per 100000) and corresponding 95%CI
were calculated for the two regions. The ;{2 test was used
to examine differences between regions and years in
CRC mortality. Conditional logistic regression models
were applied to analyze the effect of socio-demographic
characteristics. Odds ratio (OR) and corresponding
95%CI were calculated. CRC and DCS deaths were
matched for age, sex, and region for logistic regression
analysis. The variables selected from the DRS included
marital status, occupation status, education level, and
area of residence. Marital status was divided into mar-
ried and unmarried, with unmarried as the reference
group. Occupation status was divided into employment
and unemployment, with unemployment as the reference
group. Education level was divided into illiterate and
primary school education, and middle school or higher,
with illiterate and primary school as the reference group.
Area of residence was divided into urban and rural, with
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Table 1 Percentages of colorectal cancer deaths in Inner
Mongolia between 2008 and 2012 n (%)

CRC DCS
Diagnostic method
Clinical and laboratory examinations 256 (39.8) 436 (67.8)
Pathology 176 (27.4) 0(0.0)
Clinical 131 (20.4) 194 (30.2)
Surgery 70 (10.9) 0(0.0)
Postmortem examination 9(14) 13 (2.0)
Unknown 1(0.2) 0(0.0)
Highest diagnostic institution
Provincial hospital 209 (32.5) 94 (14.6)
Municipal hospital 295 (45.9) 317 (49.3)
County level hospital 135 (21.0) 230 (35.8)
Township level hospital 4 (0.6) 2(0.3)

CRC: Colorectal cancer; DCS: Diseases of the circulatory system.
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Figure 1 Colorectal cancer rate and average death age among different
education levels in Inner Mongolia (2008-2012).

rural as the reference group. In the models, OR > 1.0
designated an increased risk and OR < 1.0 indicated a
protective factor. Education was further divided into
four levels, namely, no school education, primaty school,
middle school, and university or higher. Average death
age was calculated for each level. The ;(2 test for trend
was used to examine the differences between education
levels in terms of CRC death. Finally, we used the ;(2 test
to examine differences according to occupational and
marital status. Statistical significance level was set at P <
0.05 (two-sided). All statistical analyses were performed
using SPSS 13.0.

RESULTS

The percentages of CRC and DCS deaths diagnosed by
different diagnostic methods and at different levels of
hospitals are shown in Table 1. There were 643 CRC
deaths recorded by the eight monitoring points of In-
ner Mongolia between 2008 and 2012. CRC diagnosis
was established by pathological diagnosis in 100% of
the cases. Laboratory examination and clinical diagnosis
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were used to diagnose DCS in 98% of the cases. Diag-
nosis was established in provincial, municipal, county
and township level hospitals for 100% of CRC deaths
and 100% of DCS deaths.

The number of CRC deaths was 391 for men and
252 for women. Age at death ranged between 15 and 91
years with an average age of 65.7 years. DCS deaths were
matched to CRC deaths on age and sex (391 men and
252 women; aged 14-91 years, average age 65.7 years).

Table 2 shows AYLL and mortality for CRC in the
Eastern region and Other region by year. We observed
a total of 3059.5 YLL in the Eastern region and 4691.1
years in the Other region, corresponding to an overall
AYLL difference of 2.5 years between the two regions.
In the Eastern region, average CRC mortality was
5.2/100000 (95%CI: 4.6-5.9), and there were no signifi-
cant differences in CRC mortality across the five yeats
included in the study (° = 6.9, P = 0.14). In the Other
region, mortality was 5.8/100000 (95%CI: 5.2-6.4) (ZZ
= 5.9, P = 0.22). Thus, the data from the five years for
each region were merged for further analysis. As no
significant differences were found in average mortality
between the two regions (;(2 = 1.7, P = 0.19), data from
the two regions were merged further.

Table 3 shows the results of multivariate analyses of
socio-demographic characteristics and the risk of CRC
in the two regions separately. Employment was associ-
ated with a decreased likelihood of CRC death, while
a higher education level and urban area of residence
increased the likelihood of CRC mortality. There was no
statistically significant relationship between marital status
and CRC death.

To further explore the effects of education, this vari-
able was divided into four levels. The Zz test for trend
showed a significantly increasing trend of CRC mortal-
ity according to education level in the two regions Q/z =
65.6, P < 0.001). Figure 1 shows average CRC mortality
and average death age for each of the four education
levels in the selected regions. In contrast with CRC mor-
tality, average death age decreased with education level.

The proportion of married individuals was 76.1%
and 85.1% in the unemployment and employment
groups, respectively. There was a significant difference (y°
= 8.2, P < 0.01) between the two groups.

DISCUSSION

Average CRC mortality was 5.6/100000 in Inner Mon-
golia between 2008 and 2012. This figure is lower than
the recently reported CRC mortality in economically

developed Asian countries such as Korea'"! and Japan“z],

but higher compared to some less developed countries”.
Corresponding to the mortality, the AYLL of CRC was
17.39 years, higher than that in ]apan“zj. We have previ-
ously reported the negative contribution of cancer to
life expectancy by using potential YLL to estimate the
impact of cancers, such as stomach cancer” and breast

cancer'' on life expectancy in Japan. In this study,
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Table 2 Years of life lost, average years of life lost and mortality for colorectal cancer in two regions of Inner Mongolia between

2008 and 2012
Total Eastern Other
YLL AYLL  Mortality (1/10°) YLL AYLL  Mortality (1/10°) YLL AYLL  Mortality (1/10°)

Annual average 7737.1 17.39 5.57 (5.14-6.00) 3059.5 16.63 5.23 (4.59-5.88) 4691.1 14.13 5.82 (5.24-6.39)
2008 1269.3 16.27 6.15 (5.03-7.26) 577.7 16.05 5.24 (3.82-6.67) 689.0 16.41 7.13 (5.40-8.86)
2009 1393.4 16.79 5.11 (4.21-6.02) 519.2 16.75 4.32 (3.03-5.61) 896.2 13.38 5.68 (4.43-6.93)
2010 1316.3 17.32 4.59 (3.74-5.45) 578.0 18.65 4.31 (3.02-5.60) 734.4 16.32 4.80 (3.65-5.95)
2011 1629.0 15.51 5.98 (5.00-6.95) 664.3 13.84 6.49 (4.85-8.14) 953.2 16.72 5.66 (4.45-6.87)
2012 1813.5 17.61 6.14 (5.16-7.12) 703.0 18.50 5.95 (4.38-7.52) 1119.1 12.86 6.25 (4.99-7.51)

YLL: Years of life lost; AYLL: Average years of life lost.

Table 3 Conditional logistic regression analysis of socio-

demographic characteristics for colorectal cancer mortality

Characteristic P OR 95%ClI
Marital status 0.259

Unmarried

Married
Occupation 0.003

Unemployment 1

Employment 0.64  0.48-0.86
Education level <0.001

Illiterate and primary school 1

Middle school and higher 239  1.76-3.25
Area of residence <0.001

Rural 1

Urban 174  1.29-2.35

AYLL was used to estimate the effect of CRC on life ex-
pectancy. Both YLL and AYLL reflect premature death.
Unlike mortality rate, which is usually higher in the el-
derly, YLL and AYLL give greater weight to diseases that
result in younger deaths and less weight to those affect-
ing the elderly"™. In Inner Mongolia, CRC led to lower
mortality than in Japan, but showed higher AYLL. The
burden of premature death due to CRC may be more
serious in Inner Mongolia.

The results of our study suggest that CRC mortality
was higher in urban areas. This finding is consistent with
a study of black men'®. In Western countries, however,
most studies revealed a different pattern, and attributed
lower CRC mortality in urban areas to higher rates of
CRC screening. Some studies showed that CRC screen-
ing significantly reduces CRC mortality”, and the rate
of CRC screening is higher in urban than rural areas in
Western countries'”. In Inner Mongolia, both urban and
rural areas have few CRC screening programs; therefore,
the lack of CRC screening programs may be one of rea-
sons for higher mortality in utban areas. Furthermore,
rural areas have lower CRC mortality because people
living in rural areas tend to have a better environment,
engage in farm work, and eat more fresh fruits and veg-
etables. Industrial pollution”, physical inactivity"” and
low consumption of fruits and Vegetablesm] were associ-
ated with a higher risk of CRC in urban areas.

CRC mortality was found to be the highest among
the best educated segment of the population. This find-
ing is related to higher mortality in urban areas, as the
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urban population was more likely to have received good
education. To date, we have found only one study show-
ing an association between a higher education level and
an increased risk of CRC for men®. Most other exist-
ing studies are at odds with our result?™™ reporting an
inverse association between education level and total
mortah'tylZlJ. In those studies, people with a lower educa-
tion level suffered a higher burden of cancer™. Because
the age was matched in multivariate analysis, considering
that the age as a confounding factor may affect educa-
tion level, the average death age is marked out in Figure
1. Clearly, education level shows a different trend com-
pared to mortality of CRC, indicating that the associa-
tion between education level and CRC mortality is not
affected by age factors.

Our results suggest that CRC mortality was higher in
the unemployed population. This finding is consistent
with some previous studies. Unemployed people have
more mental strain and higher standardized mortality
rates™. In addition, occupational physical activity may
reduce the risk of CRC*. Furthermore, our results sug-
gest that the proportion of married people was lower
in the unemployed group than in the employed group.
Married populations are more likely to be diagnosed at
earlier stageslzs] and receive recommended treatment™.
Marriage was associated with better outcomes of CRC
for both men and women”

Several studies have suggested the relationships be-
tween urban areas'” educational levels"” used as social-
economic status indicators, and cancer mortality. Some
studies showed that a higher education level can increase
opportunities for income securitym]. Living in urban
areas and having a higher education level tend to be as-
sociated with meat consumption. Meat consumption,
especially beef and mutton, was significantly higher in
Inner Mongolia (percentages of meat consumption in
terms of money value were 15% for beef and 25% for
mutton) than other provinces such as Shandong prov-
ince (beef: 12%, mutton: 7%) and Sichuan province (beef:
11%, mutton: 2%)*". The consumption of fish was
higher in Western countries. A study from France has
shown that the consumption of fish was more frequent
among highly educated peoplem]. Many studies have
found that total fish consumption is not associated with
CRCPY or constitutes a protective factor for CRCP,
The different types of meat consumption might be one
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of reasons that CRC mortality was different between In-
ner Mongolia and Western countries in urban areas and
related to a higher education level.

In conclusion, the findings of this study suggest that
living in urban areas and having a higher education level
are risk factors for CRC mortality in Inner Mongolia,
contradicting most previous reports. The effect of occu-
pation status on CRC mortality is consistent with other
studies. These results suggest that prevention efforts in
Inner Mongolia should focus on populations living in
urban areas, having a higher education level and affected
by unemployment.
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