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Quantifying the effects of aging and
urbanization on major gastrointestinal
diseases to guide preventative strategies

Liu Hui
Abstract

Background: This study aimed to quantify the effects of aging and urbanization on major gastrointestinal disease
(liver cirrhosis, hepatitis B, diarrhea, liver cancer, stomach cancer, pancreas cancer, hepatitis C, esophagus cancer,
colon/rectum cancer, gastrointestinal ulcers, diabetes, and appendicitis).

Methods: We accessed 2004 and 2011 mortality statistics from the most developed cities and least developed rural
areas in China using a retrospective design. The relative risk of death associated with urbanization and age was
quantified using Generalized linear model (the exp.(B) from model is interpreted as the risk ratio; the greater
the B, the greater the impact of urbanized factors or aging factor or effect of aging factor with urbanization).
The interaction between region (cities and rural areas) and age was considered as indicator to assess role of
age in mortality with urbanization.

Results: Greater risk of disease with urbanization were, in ascending order, for diabetes, colon/rectum cancer,
hepatitis C and pancreas cancer. Stronger the effect of aging with urbanization were, in ascending order, for
stomach cancer, ulcer, liver cancer, colon/rectum cancer, pancreas cancer, diabetes, hepatitis C, appendicitis
and diarrhea. When the effects of aging and urbanization on diseases were taken together as the dividing value, we
were able to further divide the 12 gastrointestinal diseases into three groups to guide the development of medical
strategies.

Conclusions: It was suggested that mortality rate for most gastrointestinal diseases was sensitive to urbanization and
control of external risk factors could lead to the conversion of most gastrointestinal disease.
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Background
Gastrointestinal disease refers to disease involving the
gastrointestinal tract, including disease of the esophagus,
stomach, small intestine, large intestine and rectum, and
the accessory organs of digestion, liver, gallbladder and
pancreas. Gastrointestinal disease may have many patho-
mechanisms can be infectious or chronic, and involve
acute or chronic inflammation, or cancer.
Global urbanization, which has continued to increase

since the arrival of the industrial revolution, results in al-
teration to and loss of natural habitats. A sedentary life-
style, higher-kilojoule food intake, a decrease in exposure
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to sunlight, and increasingly stressful conditions have all
been associated with increasing urbanization, which, in
turn, may be impacting on prevalence of gastrointestinal
disease. Urbanization leads to many challenges, not only
for global health, but also specifically to the field of gastro-
intestinal disease [1–3]. To identify and implement med-
ical strategies, it is necessary to explore how rapid
urbanization may be affecting the burden of gastrointes-
tinal disease in growing economies. To date, there have
been no comprehensive studies into the quantitative
effects of urbanization on gastrointestinal disease.
China has a relatively simple ethnic composition and a

large land area, and is presently undergoing rapid
urbanization [4–6]. Economic growth has had a pro-
found impact on the health of its citizens and levels of
le is distributed under the terms of the Creative Commons Attribution 4.0
.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
ive appropriate credit to the original author(s) and the source, provide a link to
changes were made. The Creative Commons Public Domain Dedication waiver
ro/1.0/) applies to the data made available in this article, unless otherwise stated.

http://crossmark.crossref.org/dialog/?doi=10.1186/s12876-018-0872-1&domain=pdf
mailto:liuhui60@sina.com
mailto:liuhui60@dmu.edu.cn
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


Hui BMC Gastroenterology  (2018) 18:145 Page 2 of 7
medical care; however, because of an unbalanced econ-
omy, there is considerable disparity between regions.
China, therefore, is an ideal model for assessing patterns
of disease occurrence, development and changes with
this modernization process [7–9].
Life expectancy will increase with urbanization [10–12].

Greater human longevity and an increasingly elderly
population might also be important reasons for changes in
the spectrum of gastrointestinal disease. Therefore, this
study focused on the impact of urbanization and the aging
process on gastrointestinal disease. We found that these
two properties varied significantly in different gastrointes-
tinal diseases (diarrhea, viral hepatitis B, viral hepatitis C,
esophagus cancer, stomach cancer, colon/rectum cancer,
liver cancer, pancreas cancer, diabetes, gastrointestinal ul-
cers, liver cirrhosis and appendicitis). To inform medical
strategies, we also categorized the 12 major gastro-
intestinal diseases listed above, based on the quantita-
tive effects of age and urbanization.

Methods
Original data
We obtained raw data from the 2004 and 2011 data sets
of the National Disease Mortality Surveillance System
[13, 14]. These data were obtained from people living in
the most undeveloped rural areas (rural) in 2004 and the
most developed cities (urban) in 2011 for keeping con-
siderable disparity between regions. The definition of
urbanization and rural areas was according to adminis-
trative regions of China; name with city or district in city
(a large majority of the population is not engaged in
agriculture and/or fishing) was defined as urban and
others were rural areas (Table 1) [13, 14]. The causes of
death must be recorded in patient’s place of household
registration. The mortality due to nutritional deficiencies
was 1.32/0.1 million individuals (standard rate) in the
rural population and 0.80/0.1 million individuals (stand-
ard rate) in the urban population and; the life expect-
ancy at birth was 73.90 years in the rural areas and
79.53 years in the urban areas, respectively [13, 14]. The
underlying causes of death (the disease which initiated
the train of morbid events leading directly to death)
were classified according to International Classification
of Diseases (ICD)-10 codes [15] to determine the mor-
tality statistics. Rate of objective diagnosis (as evidenced
by laboratory, pathologic, imaging and/or surgical inter-
vention findings) was 90.76% in rural areas and that was
92.00% in urban areas [13, 14]. The raw data are pre-
sented in Table 2 and Table 3.

Assessment of the role of urbanization and age in death
caused by gastrointestinal disease
From the 2004 and 2011 data, we collected the age-
stratified number of deaths from different gastrointestinal
diseases (death group) and the age-stratified number of
survivors (survival group) in the monitored urban and
rural populations (Table 2 & Table 3). A generalized linear
model (Poisson loglinear method) was used to assess the
mortality risk from aging and urbanization with covariates
of categorical age (age < 60 and age ≧ 60 for death group
and survival group) and region (urban and rural); the cut-
off of age was 65 years for appendicitis, because of the
zeros for people aged under 60 in urbanised areas. The B
coefficients for both age and region and interaction be-
tween region and age were obtained from the model: here
the exp.(B) is interpreted as the risk ratio (RR). B = 0 indi-
cated that given cause had no effect on the death; the
greater (positive) the B, the greater the impact of urban-
ized factors or aging factor or effect of aging factor with
urbanization on the gastrointestinal diseases.
Data were considered statistically significant when the

probability of a type I error was 0.05 or less. Calculations
were performed using the Windows version of SPSS
17.0 (SPSS Inc., Chicago, IL, US).

Characteristics of the effects of aging and urbanized
factors on gastrointestinal disease
The B value of interaction between region (cities and
rural areas) and age was considered as indicator to as-
sess role of age in mortality from gastrointestinal disease
with urbanization, where a larger B value of interaction
between region and age indicated a stronger effect of
aging or a weaker effect of other risk factors in death
with urbanization.
The quantitative values (B) of the impact of age on

disease with urbanization were plotted against those for
urbanized factors to form a scatter diagram. We used
the locations of the various gastrointestinal diseases in
this coordinate system to sort them according to the ef-
fects of aging and urbanization.
The group in the upper right quadrant represents old

disease associated with the old population and developed
urbanized disease; the group in the upper left quadrant
shows disease associated with the other factor and devel-
oped urbanized disease; the group in the lower left quad-
rant, was termed other factor and undeveloped rural
disease; the group in the lower right quadrant represents
disease associated with the old population and undeve-
loped rural disease.

Results
Generalized linear model was used to assess mortality risk
from major gastrointestinal diseases with urbanization
and aging as shown in Table 4. The contribution of
urbanization to different gastrointestinal diseases varied;
the B for the 12 gastrointestinal diseases ranged from −
5.760 to 1.216. A higher B indicated greater risk of disease
with urbanization (negative value implied a protective



Table 2 Age-stratified number of deaths from major gastrointestinal diseases in 2004 in underdeveloped rural areas of China [13]

Age Gastrointestinal diseases All cause Survival

A B C D E F G H I J K L

0- 180 0 0 0 0 0 1 0 0 0 2 0 3038 173,744

1- 88 6 0 0 0 0 2 0 2 0 1 1 1186 792,643

5- 11 4 0 0 0 1 3 0 2 0 3 1 597 1,145,068

10- 3 5 0 0 0 1 6 0 2 1 2 0 557 1,437,804

15- 6 2 0 0 1 4 8 1 1 1 3 2 948 1,247,497

20- 3 5 0 4 5 8 15 0 1 5 8 3 1213 1,161,369

25- 2 13 0 2 17 17 46 2 8 15 19 3 1438 1,355,108

30- 10 35 1 8 34 18 111 3 14 15 38 4 2038 1,339,658

35- 6 39 0 19 66 22 180 9 26 20 81 5 2590 1,153,155

40- 3 51 0 41 94 19 239 4 15 28 84 3 2580 846,773

45- 4 75 0 78 170 49 314 11 39 35 98 2 3352 855,146

50- 3 85 0 147 265 65 383 17 66 45 136 1 4671 688,043

55- 7 73 1 199 394 75 399 17 65 55 154 1 5681 563,297

60- 16 91 0 285 459 102 411 16 116 88 175 7 7464 484,754

65- 21 95 2 259 470 100 410 23 111 119 156 7 9432 382,483

70- 32 79 0 280 512 92 338 17 121 141 144 15 11,439 281,429

75- 39 39 0 180 352 82 213 17 110 128 101 6 10,555 179,351

80- 39 29 0 109 222 57 137 5 79 103 63 4 8864 109,024

> 85 33 15 0 65 127 54 70 0 62 57 33 7 7700 66,137

Diseases classified by ICD-10 code: A: diarrhea (A00, A01, A03, A04, A06-A09); B: viral hepatitis B (B16–B19 excluding B17.1, B18.2); C: viral hepatitis C (B17.1, B18.2);
D: esophageal cancer (C15); E: stomach cancer (C16); F: colon/rectum cancer (C18–C21); G: liver cancer (C22); H: pancreatic cancer (C25); I: diabetes (E10–E14); J:
ulcer (K25–K27); K: liver cirrhosis (K70, K74); L: appendicitis (K35–K37)

Table 1 The name of urban and rural area/regions where data collected in China

Cities Cities Rural areas Rural areas

Dongcheng in Beijing Tongxiang Balimyouqi Xiangyunxian

Tongzou in Beijing Wucheng Jinhua Kailuxian Lanpingxian

Hongqiao in Tianjin Meijie in Sanming Suniteyouqi Milinxian

Kaiping in Tangshan Jianou Binyangxiang Naidongxian

Haigang in Qinhuangdao Jiaocheng in Ningde Hepuxian Jiangzixian

Wuan Shibei in Qingdao Lingyunxian Meixian

Qiaodong in Zhangjiakou Xuecheng in Zaozhang Luochengxian Luochuanxia

Xinceng in Shenyang Zifu in Yantai Dazuxian Hanyinxiangn

Shahekou in Dalian Penglai Zizhongxian Jingtaixian

Qianshan in Anshan Gaomi Xichongxian Lintanxian

Fengcheng Laicheng in Laiwu Shuangyuanxian Pinganxian

Luwan in Shanghai Lichang inQingdao Kangdingxian Menyuanxian

Songjiang in Shanghai Xiuyue in Guangzhou Yuexixian Xinhexian

Pukou in Nanjing Nanxiong Meitanxian Shachexian

Yunlong in Xuzou Sihui Yupingxian Hetianxian

Wuzhong in Suzhou Shanwei Dushanxian Xinyuanxian

Zhangjiagang Yunfu Tonghaixian _

Xiacheng in Hangzou Meilian in haikou Guangnanxian _

Fenghua _ Menglaxian _
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Table 3 Age-stratified number of deaths from major gastrointestinal diseases in 2011 in developed cities in China [14]

Age Gastrointestinal diseases All cause Survival

A B C D E F G H I J K L

0- 0 0 0 0 0 0 1 0 0 1 0 0 453 104,883

1- 1 0 0 0 0 0 0 0 0 0 0 0 123 404,828

5- 0 0 0 0 0 0 0 0 0 0 0 0 88 493,202

10- 0 0 0 0 0 0 0 0 1 0 0 0 85 516,918

15- 0 0 0 0 0 1 0 0 0 0 1 0 184 925,854

20- 0 0 0 0 4 0 2 1 2 1 1 0 363 1,024,382

25- 0 2 0 0 4 4 7 1 3 0 2 0 358 1,245,437

30- 0 3 0 0 12 9 26 3 13 0 5 0 463 1,049,958

35- 0 5 0 2 15 8 58 7 15 2 15 0 793 1,298,489

40- 0 14 0 10 44 31 119 12 15 3 35 0 1374 1,350,515

45- 0 20 1 46 107 63 212 35 43 5 72 0 2500 1,357,587

50- 0 31 1 67 154 92 288 54 65 7 81 0 3251 1,422,892

55- 0 32 2 125 242 157 359 97 101 14 82 0 4656 1,235,044

60- 1 27 2 114 252 170 353 92 147 12 64 1 4811 747,831

65- 0 12 2 138 270 145 270 107 167 11 57 0 5309 424,295

70- 1 21 5 137 339 239 285 133 284 25 50 1 8120 378,526

75- 1 31 3 162 469 335 354 151 433 24 63 2 11,978 279,355

80- 0 11 1 115 314 263 273 102 353 40 50 3 12,527 151,104

> 85 3 13 0 91 198 191 167 76 283 43 32 2 14,624 50,773

Diseases classified by ICD-10 code: A: diarrhea (A00, A01, A03, A04, A06-A09); B: viral hepatitis B (B16-B19 excluding B17.1, B18.2); C: viral hepatitis C (B17.1, B18.2);
D: esophageal cancer (C15); E: stomach cancer (C16); F: colon/rectum cancer (C18–C21); G: liver cancer (C22); H: pancreatic cancer (C25); I: diabetes (E10-E14); J:
ulcer (K25–K27); K: liver cirrhosis (K70, K74); L: appendicitis (K35–K37)
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effect). The Bs were, in ascending order, for gastrointes-
tinal diseases of the diarrhea, appendicitis, ulcer, hepatitis
B, liver cirrhosis, esophagus cancer, stomach cancer, liver
cancer, diabetes, colon/rectum cancer, hepatitis C and
pancreas cancer.
Table 4 Mortality risk from major gastrointestinal diseases with urba

Diseases Effect of region Effect of age

B Confidence interval(95%) p B Confid

Diarrhea −5.760 −7.723~ − 3.797 < 0.001 1.511 1.329~

Hepatitis B −1.274 −1.487~ − 1.060 < 0.001 1.983 1.839~

Hepatitis C 0.720 −0.977~ 2.418 0.405 2.105 0.145~

Esophagus Ca. −0.662 − 0.841~ − 0.510 < 0.001 2.966 2.861~

Stomach Ca. −0.559 −0.660~ − 0.458 < 0.001 2.822 2.748~

Colon/rectum Ca. 0.296 0.140~ 0.452 < 0.001 2.662 2.515~

Liver Ca. −0.438 − 0.514~ − 0.362 < 0.001 2.027 1.958~

Pancreas Ca. 1.216 0.936~ 1.495 < 0.001 2.303 1.972~

Diabetes 0.095 −0.080~ 0.271 0.287 3.015 2.866~

Ulcer −1.870 −2.236~ − 1.504 < 0.001 3.166 3.013~

Liver cirrhosis −0.733 −0.872~ − 0.595 < 0.001 2.171 2.062~

Appendicitis −3.490 −5.480~ − 1.501 0.001 2.689 2.226~

Age*Region represents interaction between age and region; Ca. represents cancer
The quantitative values of the impact of age with
urbanization on diseases also varied. The value of B
(interaction between region and age) for the 12 gastro-
intestinal diseases ranged from − 0.314 to 2.065 as
shown in Table 4. The larger the B value, the stronger
nization and aging

Age*Region

ence interval(95%) p B Confidence interval(95%) p

1.693 < 0.001 2.065 − 0.059~ 4.190 0.057

2.129 < 0.001 − 0.127 − 0.427~ 0.174 0.409

4.065 0.035 0.858 −1.399~ 3.116 0.456

3.071 < 0.001 − 0.073 − 0.251~ 0.104 0.417

2.895 < 0.001 0.115 −0.004~ 0.234 0.058

2.809 < 0.001 0.425 0.238~ 0.613 < 0.001

2.095 < 0.001 0.220 0.117~ 0.323 < 0.001

2.633 < 0.001 0.629 0.263~ 0.994 0.001

3.165 < 0.001 0.635 0.436~ 0.834 < 0.001

3.320 < 0.001 0.165 −0.241~ 0.571 0.425

2.280 < 0.001 − 0.314 −0.507~ − 0.122 0.001

3.153 < 0.001 1.680 −0.450~ 3.810 0.122
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the effect of aging with urbanization (negative value im-
plied a protective effect from aging). The B values were,
in ascending order, for liver cirrhosis, hepatitis B,
esophagus cancer, stomach cancer, ulcer, liver cancer,
colon/rectum cancer, pancreas cancer, diabetes, hepatitis
C, appendicitis and diarrhea.
The effects of age and urbanization on gastrointestinal

disease are summarized and quantified in Fig. 1. Accord-
ing to their location on the scatter diagram, the 12
gastrointestinal diseases could be divided into three
groups. In the upper right quadrant is what we termed
old and developed urbanized disease, which had 4 dis-
eases. The second group, closer to the lower left quad-
rant, was termed other factor and undeveloped rural
disease, and had 3 diseases. The third group close to the
lower right quadrant, was termed old and undeveloped
rural disease and had 5 diseases.

Discussion
In our study, the life expectancy at birth was 79.43 years
in urban areas and 73.90 years in rural areas, implying
that data from urban areas and rural areas can be used
for determining sensitivity to urbanization. Urbanization
is associated with elongated life expectancy and thus
higher rate of diseases that occur in elderly group; that
aging and urbanization were included in one model as
covariates could be eliminated the influence of elongated
life expectancy for analyzing effects of urbanization on
diseases.
Nutritional deficiencies could be referred to as an un-

developed rural disease. In present study, the mortality
Fig. 1 Gastrointestinal disease groups according to sensitivity to urbanizati
due to nutritional deficiencies was higher in rural areas
than that in urban areas, implying that data sets were
reliable. Although the diagnostic technique could be im-
proved with urbanization, the rates of objective diagnosis
(as evidenced by laboratory, pathologic, imaging and/or
surgical intervention findings) were almost same in two
regions, suggesting that bias from the improved diagnos-
tic technique could be limited.
The B value was used to quantify the contribution of

changes in urbanization to mortality from gastrointes-
tinal disease revealed that these contributions varied. A
higher B indicated greater risk of disease with
urbanization (negative value implied a protective effect).
We defined gastrointestinal diseases with a value of B
(region) greater than zero as the “developed urbanized
disease”, and from our analysis, four gastrointestinal dis-
eases (diabetes, colon/rectum cancer, hepatitis C and
pancreas cancer) were developed urbanized disease.
Urbanization may be a protective factor for other gastro-
intestinal diseases.
It is well known that the incidence of diabetes mellitus in-

creases greatly with the development of a society [16–18].
Therefore, diabetes mellitus could be referred to as a
developed urbanized disease. In the present study,
diabetes mellitus was included in a group of devel-
oped urbanized disease, implying that statistical method
was appropriate in our study.
As aging is a key observed variable for non-

communicable diseases [19] and an uncontrollable factor
in mortality, it is important to evaluate the effects of
aging on gastrointestinal disease with urbanization. The
on and aging
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B value of interaction between age and region (cities and
rural areas) could be considered as indicator to assess
role of age in mortality from gastrointestinal disease
with urbanization, where a larger B value implied a
stronger effect of aging with urbanization; the negative B
value implied a stronger effect of other urbanized factors
except aging in death with urbanization. We found that
the value of B (interaction between region and age) for
the 12 gastrointestinal diseases also varied.
We defined gastrointestinal diseases with a value of B

(interaction between region and age) greater than zero
as the “old diseases”, and from our analysis, nine gastro-
intestinal diseases (stomach cancer, ulcer, liver cancer,
colon/rectum cancer, pancreas cancer, diabetes, hepatitis
C, appendicitis and diarrhea) were old diseases; for these
diseases, aging could become a major cause of death
with urbanization. This indicates that common protect-
ive interventions for health or aging process have an im-
portant role.
The scatter diagram represented the effects of aging

and urbanization on gastrointestinal disease together as
the dividing value. We divided the 12 gastrointestinal
diseases into three groups according to their location on
the diagram; each group represented gastrointestinal dis-
eases with different attributes.
The group in the lower left quadrant, was termed

other factor and undeveloped rural disease and includes
esophageal cancer, liver cirrhosis and hepatitis B.
Urbanization may be a protective factor for this group of
diseases. We also clearly saw a tendency toward other
factor (non-aging factors) with the development of soci-
ety and the increase in the life expectancy, suggesting a
independent of aging and a characteristic of pro-
grammed onset (occurrence of disease in a certain life
stage) [20]. Accordingly, an emphasis on increasing basal
health status may contribute to disease preventative
strategies in this group.
The group in the lower right quadrant represents dis-

ease associated with the old population and undeveloped
rural areas and includes stomach cancer, liver cancer,
gastrointestinal ulcers, diarrhea and appendicitis.
Urbanization may also be a protective factor for this
group of diseases. Undeveloped rural risk factors for this
disease group appear to be eliminated with urbanization.
Therefore, aging will be a major causes of death with
urbanization for this group of diseases. Accordingly, an
emphasis on public health may contribute to disease
preventative strategies in this group.
The group in the upper right quadrant shows disease

associated with the relative-old onset and developed ur-
banized disease and included pancreas cancer, colon/rec-
tum cancer, hepatitis C, and diabetes. That disease
occurs relative-old implies the increase of age at disease
onset is so many as the increase of life expectancy. The
aging and increase of life expectancy may be major
causes for mortality, suggesting this group of diseases
should be prevented by delaying aging, although it may
be difficult.
The group in the upper left quadrant shows disease as-

sociated with the other factor and developed urbanized
disease; unexpectedly, there is not major gastrointestinal
diseases in this group. This group disease implies the in-
crease of age at death is not so many as the increase of
life expectancy. The other risk factors (non-aging fac-
tors) from urbanization, such as sedentary lifestyle and
higher-kilojoule food intake [21–23], may be major
causes for mortality, suggesting this group of diseases
could be prevented by avoiding these urbanization asso-
ciated risk factors. Further study is needed to explore
whether these risk factors from urbanization have im-
portant role in occurrence of some gastrointestinal dis-
eases or not.

Conclusion
Most gastrointestinal diseases were sensitive or pro-
tective to change of socioenvironmental factors; death
from gastrointestinal disease would increase with the
urbanization for some of the types and would de-
crease with the urbanization for the other types. Since
the aging factors leading to disease are relatively un-
controllable, the study and control of external risk
factors could lead to the conversion of most gastro-
intestinal disease. Common protective interventions
for public health and quality of life, which include
quality of social life and nutritional status, have the
potential to eliminate the undeveloped rural diseases.
Understanding the categorization of gastrointestinal
disease according to urbanization and age will aid in
its primary prevention.
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