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" Department of Epidemiology, Second Military Medical University, Shanghai, China, 2 Pudong New Area Center for Disease
Control and Prevention, Pudong Institute of Preventive Medicine, Fudan University, Shanghai, China

Background: Cancer becomes the leading cause of premature death in China. Primary
objective of this study was to determine the major risk factors especially glucose
intolerance for cancer prophylaxis.

Methods: A cluster sampling method was applied to enroll 10,657 community-based
adults aged 15-92 years in Shanghai, China in 2013. A structured questionnaire and
physical examination were applied in baseline survey. Prediabetes was diagnosed using
75-g oral glucose tolerance test. After excluding 1433 subjects including 224 diagnosed
with cancer before and 1 year after baseline survey, the remaining 9,224 subjects were
followed-up to December 31, 2020.

Results: A total of 502 new cancer cases were diagnosed. The cancer incidence was
10.29, 9.20, and 5.95/1,000 person-years in diabetes patients, those with prediabetes,
and healthy participants, respectively (p<0.001). The multivariate Cox regression analysis
indicated that age, prediabetes and diabetes, were associated with an increased risk of
cancer in those <65 years, the hazard ratios (95% confidence interval) for prediabetes and
diabetes were, 1.49(1.09-2.02) and 1.51(1.12-2.02), respectively. Glucose intolerance
(prediabetes and diabetes) were associated with increased risks of stomach cancer,
colorectal cancer, and kidney cancer in those <65 years. Anti-diabetic medications
reduced the risk of cancer caused by diabetes. The multivariate Cox analysis showed
that age, male, <9 years of education, and current smoking were associated with
increased risks of cancer in those >65 years independently.

Conclusions: Glucose intolerance is the prominent cancer risk factor in adults <65 years.
Lifestyle intervention and medications to treat glucose intolerance help prevent cancer in
this population.
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INTRODUCTION

With the socioeconomic development, cancer has become the
first leading cause of premature death (death before the mean life
of a given population) in the most regions of China including
Shanghai (1). The occurrence profiles of all cancer and site-
specific cancers are changing, especially in younger adults.
Incidence among this population is increasing for some site-
specific cancers related to metabolic syndrome but decreasing for
some cancers associated with infections or smoking (2-4).
Update of controllable risk factor exposure is extremely
important for the specific prophylaxis of cancer in population
with an altered socioeconomic situation.

Type 2 diabetes mellitus and cancer are the major health
problems worldwide. The age-standardized incidence of diabetes
keeps increasing (5). Given that a substantial number of cancer
cases are attributable to diabetes in different populations (6, 7), the
increase in diabetes-related health burden and its impact on cancer
risk represents an ongoing challenge. However, studies that
examined cancer risk before diabetes diagnosis are relatively
rare. Prediabetes is an often undiagnosed condition lasts for an
average duration of 9.5 years before clinical onset of diabetes (8).
Some reported indicated that prediabetes may increase the overall
cancer risk (9, 10). However, many studies have failed to
determine the role of prediabetes and diabetes on the risk of
cancer (11-13). Thus, more reliable prospective cohort studies are
needed to consolidate the etiological relationship between cancer
and glucose intolerance, especially at a pre-diabetic level.
Furthermore, C-reactive protein (CRP), a general marker of
chronic low-grade inflammation, is associated with multiple
chronic diseases including diabetes (14). CRP might have a joint
effect with metabolic syndrome in carcinogenesis (15). It remains
to determine if CRP contributes to carcinogenesis independently.
Long-term use of metformin, an anti-diabetic, has been associated
with a decreased risk of cancer, possibly because metformin works
directly to cancer cells and/or the microenvironment (16-18).
More recently, sulfonylureas, another groups of anti-diabetics, has
been demonstrated to increase the risk of colorectal cancer in
diabetes patients (19). Thus, the association of anti-diabetic
medications with cancer risk remains controversial.

In this community-based prospective cohort study, we aimed
to identify holistic risk factors especially glucose intolerance that
can be applied for active prophylaxis of cancer in young adults
and elderly adults, respectively. The study subjects aged between
15 years and 64 year were defined as young adults, while those
aged 65 years or older were defined as elderly adults, according to
the previous reports (20, 21). This study is of significance for
cancer prophylaxis in the modern society, especially for the
prevention of cancer-related premature death.

MATERIALS AND METHODS

Participants
This community-based prospective cohort study was performed
in Pudong New Area, Shanghai, China. Participants are

permanent residents who possess Shanghai household
registration. Multistage stratified random cluster sampling was
employed to sample study participants. A total of 38 urban
streets and rural townships in Pudong were stratified into 3 strata
according to the socioeconomic disparities from the Yearbook of
Pudong government. Four streets in each stratum (6 urban
streets and 6 rural townships) were randomly selected. Second,
16 urban communities and 18 rural villages were randomly
selected from the 6 urban streets and 6 rural towns,
respectively. Third, 11.0% families in each community/village
were randomly selected. Individuals with diagnosed type I
diabetes and pregnant women were excluded from this survey.
A total of 12,382 eligible adults aged between 15 years and 92
years were initially recruited, among whom 10657 agreed to
participate the study.

Baseline Survey

Baseline survey was carried out between January 13™ and July
30%, 2013. Demographic characteristics including age, sex,
marital status, years of education, lifestyle factors including
smoking, alcohol consumption, tea consumption, physical
activity, and preexisting medical conditions including family
history of cancer, history of viral hepatitis, chronic atrophic
gastritis, and use of anti-inflammatory agents were collected
using a structured questionnaire (Supplementary Table 1). This
face-to-face interview was conducted by trained investigators
working in the community health centers. Current smoking was
defined as smoking at least one cigarette a day in the past 6
months. Alcohol consumption and tea consumption were
defined as regular drinker with at least three times per week in
the past 6 months. Physical activity was defined as participating
in sports activity for at least once per week in the past 5 years.
Cancer family history was defined as at least one first-degree
relative diagnosed with cancer.

All participants were invited to take physical examinations.
Glucose, lipids, and CRP in the fasting plasma were measured
using a HITACHI 7170A automatic biochemical analyzer.
Glucose metabolism was determined using a 75g-oral glucose
tolerance test (OGTT). Diabetes was defined as fasting plasma
glucose >7.0 mmol/L, a 2-h plasma glucose >11.1 mmol/L by
OGTT test, or on a glucose control medication. Participants with
fasting plasma glucose between 6.1 mmol/L and 7.0 mmol/L and
2h plasma glucose <7.8 mmol/L were diagnosed as impaired
fasting glucose (IFG). Participants with fasting plasma glucose
<6.1lmmol/L and 2h plasma glucose between 7.8 mmol/L and
11.1 mmol/L were diagnosed as impaired glucose tolerance
(IGT). Both IFG and IGT are categorized as prediabetes (22).
Participants with fasting plasma glucose <6.1 mmol/L and 2h
plasma glucose <7.8 mmol/L were categorized as normal glucose
tolerance (NGT). Body mass index (BMI) was calculated as
weight (kg)/height (m®). Hypertension was defined as blood
pressure >140/90mm Hg or on a blood pressure-lowering
medication. Dyslipidemia was defined as participants with
plasma triglyceride >2.26mmol/L, total cholesterol >6.20mmol/L,
low-density lipoprotein (LDL) >4.13mmol/L, high-density
lipoprotein (HDL) <1.03mmol/L or on a cholesterol-
lowering medication.
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Follow-Up
The participants were excluded if confirmed not to possess
Shanghai household registration (n=233), not to complete
questionnaire and physical examination (n=976), and to have
diagnosed cancer previously (n=170). The participants were also
excluded if being diagnosed with cancer within the first year of
follow-up (n=54). The remaining 9,224 eligible subjects (3,395
men and 5,829 women) were followed-up every three years. The
flow diagram is shown in Supplementary Figure 1. Information
on time-varying, physician-diagnosed incident diabetes, use of
anti-diabetic medications, and covariates was obtained using a
questionnaire during follow-up. The study protocol conformed
to the 1975 Declaration of Helsinki and was approved by the
ethics committee of the Center for Disease Control and
Prevention of the Pudong New Area, Shanghai, China. A
signed informed consent was obtained from each participant.
The outcomes of this cohort study are the incidences of all-
cause primary cancers. Incident cancer cases were annually
verified by data linkage with the cancer registration and
management system in Shanghai, China. This system has
covered 100% of registered population since 2002. The data in
this system are reliable and their quality has been approved by
the World Health Organization (23). Site-specific cancer types
were identified according to the International Classification of
Diseases, 10th edition (ICD-10), as previously described (1).

Statistical Analysis

For each participant, the expected number of person-years of
follow-up for cancer incidence was calculated as the total years
between their exact age at baseline survey and their exact age at
cancer diagnosis, death, or 31st December 2020, whichever came
first. Patients died of conditions unrelated to cancer were
censored. One-way ANOVA test and Kruskal-Wallis test were
applied to compare continuous variables. Difference in
categorical variables was determined using chi-square test.
Hazard ratio (HR) and 95% confidence intervals (CI) were
calculated using the Cox proportional hazard model. Study
participants were stratified into young adults and elderly
adults. Baseline glycemic status, together with other variables
including age, sex, marriage status, years of education, BMI,
current smoking, alcohol consumption, tea consumption,
physical activity, family history of cancer, history of
hypertension, dyslipidemia, viral hepatitis, chronic atrophic
gastritis, use anti-inflammatory agents, and serum CRP were
introduced into the Cox proportional hazard model. The
significant factors in the univariate Cox regression analysis
were introduced into the multivariate Cox model to determine
the factors independently associated with cancer. The Kaplan-
Meier method was applied to estimate the effect of the factor
proven to be significant in the Cox regression analysis on the
cumulative incidence of cancer. Interaction terms were added in
models to test the potential interactions of these covariates
with baseline glycemic status. SPSS version 22.0 (SPSS Inc.,
Chicago, IL) was applied for statistical analysis. All statistical
tests were two-sided. A p value of <0.05 was considered to be
statistically significant.

RESULTS

Baseline Characteristics

Age and sex distribution of study subjects are shown in
Supplementary Figure 2. In this cohort, 1454 participants
(15.76%) were diagnosed with prediabetes, 1790 participants
(19.41%) were diagnosed with diabetes at baseline. Baseline
characteristics of the participants stratified by glycemic status
are presented in Table 1. Compared to the NGT participants,
those with prediabetes or diabetes were older and had higher
frequencies of hypertension and dyslipidemia and higher levels
of triglycerides, total cholesterol, LDL, CRP, and BMI and a
lower level of HDL. Physical activity, history of viral hepatitis,
and family history of cancer did not differ between the NGT
participants and those with glucose intolerance (prediabetes +
diabetes) statistically.

Association Between Glycemic Status

and Cancer Incidence

Over a median of 7.48 years follow-up, cancer was found in 502
participants. The cumulative incidence of total cancer per 1,000
person-years in the participants with diabetes, those with
prediabetes, and those with NGT was 10.29, 9.20, and 5.95
(log-rank test p value <0.001). In the multivariate Cox
regression analysis, the interaction of age and glycemic status
was significantly associated with an increased risk of cancer
(Pinteraction = 0.040). The associations of all the variables with
cancer risk were initially evaluated in the univariate Cox
regression analysis. It was found that age, prediabetes, diabetes,
BMI, hypertension, and CRP were significantly associated with
an increased risk of total cancer in young adults. The multivariate
Cox regression analysis demonstrated that age, prediabetes and
diabetes independently associated with an increased risk of total
cancer after the adjustment for the above significant variables in
this population. In elderly adults, age, male, <9 years of
education, and current smoking were independently associated
with an increased risk of total cancer in the multivariate Cox
regression analysis. Age, diabetes and current smoking were
independently associated with an increased risk of all cancer in
all the study population (Table 2).

Effect of Abnormal Glycemic Status

and Anti-Diabetic Treatment on

Cancer Incidence

We stratified participants with abnormal glycemic status into
subgroups. Participants with prediabetes were categorized into
IFG only, IGT only, and both IFG and IGT. Participants with
diabetes were categorized into previously diagnosed diabetes or
detected during baseline screening, use of anti-diabetic
medications or not, or duration since the first diagnosis of
diabetes. The multivariate Cox regression analysis
demonstrated that, compared to participants with NGT at
baseline, cancer incidence was significantly higher in
prediabetes patients with IFG only, in diabetes patients
detected during baseline screening rather than in those
diagnosed previously, in diabetes patients without anti-diabetic
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TABLE 1 | Baseline participant characteristics stratified by glycemic status.

Age group
(Years old)

15-64

Total

Characteristics

Age (years)

Male (%)

Urban (%)

Married (%)

>= 9 years of education (%)
Current smoking (%)
Alcohol consumption (%)
Tea consumption (%)
Physical activity (%)

Family history of cancer (%)
Hypertension (%)
Dyslipidemia (%)
Triglycerides (mmol/L)

Total cholesterol (mmol/L)
LDL (mmol/L)

HDL (mmol/L)

BMI (kg/m?)

HbA1c (%)

History of viral hepatitis (%)
Chronic atrophic gastritis (%)
Use anti-inflammatory agents (%)
CRP (mg/L)

Age (years)

Male (%)

Urban (%)

Married (%)

>9 years of education (%)
Current smoking (%)
Alcohol consumption (%)
Tea consumption (%)
Physical activity (%)

Family history of cancer (%)
Hypertension (%)
Dyslipidemia (%)
Triglycerides (mmol/L)

Total cholesterol (mmol/L)
LDL (mmol/L)

HDL (mmol/L)

BMI (kg/m?)

HbA1c (%)

History of viral hepatitis infection (%)
Chronic atrophic gastritis (%)
Use anti-inflammatory agents (%)
CRP (mg/L)

Age (years)

Male (%)

Urban (%)

Married (%)

>9 years of education (%)
Current smoking (%)
Alcohol consumption (%)
Tea consumption (%)
Physical activity (%)

Family history of cancer (%)
Hypertension (%)
Dyslipidemia (%)

NGT

50.81 + 11.18
1538 (32.72%)
2818 (59.94%)
4215 (89.66%)
4186 (89.04%)
817 (17.38%)
524 (11.15%)
1320 (28.08%)
1194 (25.40%)
286 (6.08%)
(
(

1245 (26.48%)
1901 (40.44%)
153+ 1.29
5.42 = 1.10
3.00 + 0.98
1.41+0.34
24.39 + 3.84
5.18 + 0.64
227 (4.83%)
165 (3.51%)
113 (2.40%)
0.95 + 3.56
7158 + 5.92
569 (44.49%)
829 (64.82%)
1034 (80.84%)
780 (60.99%)
159 (12.43%)
165 (12.90%)
313 (24.47%)
397 (31.04%)

76 (5.94%)
652 (50.98%)
603 (47.15%)
1.47 +0.81
559 + 1.11
3.15 + 1.02
1.39 = 0.34
24.87 + 3.29
5.33 + 0.66
45 (3.52%)
68 (5.32%)
87 (6.80%)
1.31+395
55.25 + 13.35
2107 (35.23%)
3647 (60.99%)
5249 (87.78%)
4966 (83.04%)
976 (16.32%)
689 (11.52%)
1633 (27.31%)
1591 (26.61%)
362 (6.05%)
(
(

1897 (31.72%)
2504 (41.87%)

Glycemic status
Prediabetes

55.29 + 7.63
309 (33.70%
496 (54.09%
867 (94.55%
762 (83.10%
146 (15.92%
126 (13.74%
265 (28.90%
210 (22.90%
7 (8.40%)
443 (48.31%)
529 (57.69%)
1.08 +1.42
5.69 + 1.08
3.33 +0.99
1.33 + 0.34
25.94 + 3.57
5.59 + 0.81
46 (5.02%)
38 (4.14%)
40 (4.36%)
1.59 + 5.14
72.68 = 6.20
235 (43.76%)
341 (63.50%)
410 (76.35%)
202 (54.38%)
77 (14.34%)
74 (13.78%)
133 (24.77%)
135 (25.14%)
23 (4.28%)
332 (61.82%)
297 (55.31%)
1.75 +1.17
5.64 +1.12
3.20 + 1.03
1.33 = 0.32
25.41 + 3.72
5.65 + 0.80
15 (2.79%)
23 (4.28%)
38 (7.08%)
1.82 + 5.79
61.71 £ 11.02
544 (37.41%)
837 (57.57%)
1277 (87.83%)
1054 (72.49%)
223 (15.34%
200 (13.76%
398 (27.37%
345 (23.73%
100 (6.88%)
775 (53.30%)
826 (56.81%)

Diabetes

56.05 + 6.77
440 (42.19%
583 (55.90%
976 (93.58%
858 (82.26%
255 (24.45%
155 (14.86%
361 (34.61%
258 (24.74%
58 (5.56%)
565 (54.17%)
650 (62.32%)
225+ 216
5.71+1.22
3.32 +1.03
1.29 +0.32
26.23 + 3.77
6.89 + 1.75
54 (5.18%)
22 (2.11%)
62 (5.94%)
1.84 = 4.55
72.50 + 5.98
304 (40.70%)
478 (63.99%)
575 (76.97%)
393 (52.61%)
90 (12.05%)
76 (10.17%)
190 (25.44%)
183 (24.50%)
37 (4.95%)
540 (72.29%)
446 (59.71%)
1.91+135
5.70 +1.12
3.26 + 1.04
1.31 = 0.31
26.00 + 3.49
6.75 + 1.53
25 (3.35%)
22 (2.95%)
67 (8.97%)
2.15 + 5.71
62.92 + 10.37
744 (41.56%)
1061 (69.27%)
1551 (86.65%)
1251 (69.89%)
345 (19.27%
231 (12.91%
551 (30.78%
(
95 (

)
)
)
)
)
)
)
)

441 24.64%

5.31%)
1105 (61.73%)
1096 (61.23%)

Total

52.25 + 10.41
2287 (34.33%)
3897 (58.50%)
6058 (90.95%)
5806 (87.16%)
1218 (18.29%)
805 (12.09%)
1946 (29.21%)
1662 (24.95%)
421 (6.32%)
2253 (33.82%)
3080 (46.24%)
1.70 + 1.51
550 = 1.12
3.10 + 1.00
1.38 + 0.34
24.89 + 3.87
551 = 1.11
327 (4.91%)
225 (3.38%)
215 (3.23%)
1.17 + 3.99
72.08 + 6.01
1108 (43.23%)
1648 (64.30%)
2019 (78.77%)
1465 (57.16%)
326 (12.72%
315 (12.29%
636 (24.81%
715 (27.90%
136 (5.31%)
1524 (59.46%)
1346 (52.52%)
1.66 + 1.09
5.63 + 1.11
3.19 + 1.03
1.35 + 0.33
2531 + 3.47
5.81+1.19
85 (3.32%)
113 (4.41%)
192 (7.49%)
1.66 = 4.94
57.76 + 12.93
3395 (36.81%
5545 (60.11%
8077 (87.57%
7271 (78.83%
1544 (16.74%
1120 (12.14%
(
(
(
(
(

)
)
)
)

2582 (27.99%
2377 (25.77%
557 (6.04%)
3777 (40.95%)
4426 (47.98%)

<0.001 S Tarx Bwrn
<0.0018 1+ 2+
0.0018 1+ 3
<0.0018 1 3+
<0.0018 ™ 8
<0.0018 1 2
0.0018 &
<0.0018 1* 2
0.2748
0.01 7§ 1% 2%
<0.001§ 1% 2% 3%
<0.0018 1 8
<0.001$ Takk dnk Bokkk
<0.001 $ Takr Sk
<0.001 $ Tawx Swnk
<0.001$ Tk 2k Bdedek
<0.001 [ PG b
<0.001$ Takk dnk Bokkk
0.883%
0.0308 2*
<0.0018 1 3+
<0.001# Taokk axn Bokk
<0.001$ Tax Bon
0.2428
0.848%
0.037%
<0.0018 1* 3
0.4348
0.098%
0.889%
0.0025 1+ 3
0.311%
<0.001§ 1% 2% 3%
<0.0018 1x 3
<0.001 $ Taowk 24 Soown
0.112%
0.058%
<0.001$ Tax Bwwx
<0.001 $ Tk 24k Boonk
<0.001$ Tk Dkkk Bk
0.732%
0.0428 3
0.186%
0.001# Toakek Baxr
<0.001 $ Tark 2% Bwnk
<0.0018 2x 3
0.041%
0.4248
<0.0018 1 3+
0.00485 2+ 3
0.035%
0.0148 8
0.038%
0.1748
<0.001§ 1% 2% 3%
<0.001§ 1% 2% 3%

Triglycerides (mmol/L) 1.52 + 1.21 1.90 + 1.34 2.11+£1.87 1.69 + 1.40 <0.0018 Trrx 2wx Suer
Total cholesterol (mmol/L) 545+ 1.10 5.67 + 1.09 570+ 1.18 554 +1.12 <0.0018 Trex Bxxx
LDL (mmol/L) 3.03 +0.99 3.28 + 1.01 3.30 + 1.04 3.12 +1.01 <0.0018 Trr Brxr
HDL (mmol/L) 1.40 + 0.34 1.33 £ 0.33 1.29 + 0.31 1.37 = 0.34 <0.00718 Trx 2ux Swex
BMI (kg/m?) 24.49 + 3.73 25.75 + 3.63 26.14 + 3.66 25.01 + 3.77 <0.0071® Trer 2ux Srx
(Continued)
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TABLE 1 | Continued

Age group Characteristics Glycemic status Total P
(Years old)
NGT Prediabetes Diabetes

HbA1c (%) 5.22 +0.65 5.61 +0.80 6.83 + 1.66 559 +1.14 <0.001F Trrx 2 Bixe
History of viral hepatitis infection (%) 272 (4.55%) 61 (4.20%) 79 (4.41%) 412 (4.47%) 0.837%
Chronic atrophic gastritis (%) 233 (3.90%) 61 (4.20%) 44 (2.46%) 338 (3.66%) 0.0098 2+ 3
Use anti-inflammatory agents (%) 200 (3.34%) 78 (5.36%) 129 (7.21%) 407 (4.41%) <0.0018 ™ 3
CRP (mg/L) 1.02 + 3.65 1.67 + 5.39 1.97 + 5.07 1.31+4.28 <0.00717 Toxx Zwes S

# Comparison performed using Kruskal-Wallis test. § Comparison performed using Chi-square test. $ Comparison performed using one-way ANOVA test.

Data are n (%) or mean + SD.

P value indiicates the statistical result for the Kruskal-Wallis, chi-square or one-way ANOVA test. The results of Post hoc multiple comparisons (Bonferroni) were indicated as follows: 1, NGT
versus prediabetes; 2, prediabetes versus diabetes; 3, NGT versus diabetes. *P < 0.05; **P < 0.01; **P < 0.001.
NGT, normal glucose tolerance; LDL, low-density lipoprotein; HDL, high-density lipoprotein; HbATc, glycated hemoglobin A;.; BMI, body mass index; CRP, C-reactive protein.

medications rather than in those receiving regular anti-diabetic
medications including insulin, euglycemic agents, sulfonylureas,
biguanides, thiazolidinediones, o-glycosidase inhibitors, and
Chinese traditional anti-diabetic medicine, or in diabetes
patients diagnosed within 5 years rather than in those
diagnosed longer than 5 years in whole participants. This effect
was only evident in young adults rather than in elderly
adults (Table 3).

Association of the Incidences of
Site-Specific Cancers With Baseline
Glycemic Status

The association of site-specific cancers with baseline glycemic
status in the whole population was first evaluated by the Cox
regression analysis, adjusted for age and sex. Female breast
cancer, and kidney cancer were significantly associated with
glucose intolerance (prediabetes+diabetes) (Supplementary
Table 2 and Figure 1A). Women with glucose intolerance had
higher incidences of female breast cancer and pancreatic cancer
(Figure 1B). Men with glucose intolerance had a higher
incidence of kidney cancer (Figure 1C). Stratification analysis
indicated that in the whole population, participants with
prediabetes had increased risks of stomach cancer and kidney
cancer, while participants with diabetes had increased risks of
female breast cancer and kidney cancer (Supplementary
Table 3). In young adults, glucose intolerance was significantly
associated with increased risks of stomach cancer, colorectal
cancer, and kidney cancer in the Cox regression analysis,
adjusted for age and sex (Table 4). Participants with
prediabetes had increased risks of stomach cancer, kidney
cancer and pancreatic cancer. Participants with diabetes had
increased risks of stomach cancer, colorectal cancer and kidney
cancer in this population (Supplementary Table 4).

DISCUSSION

In this community-based prospective cohort study, diabetes and
prediabetes were identified to be independently associated with
increased risks of total cancer and site-specific cancers such as
stomach cancer, colorectal cancer, and kidney cancer in young

adults (<65 years). Anti-diabetic medications reduced the risk of
cancer caused by diabetes. The outcomes of this study may reflect
the current risk factors of cancer in young adults. The study
population was randomly recruited from urban and rural
communities in Pudong New Area, the only district with
urban and rural residents in Shanghai (21). Pudong New Area
has about 5 million permanent residents with diverse
socioeconomic status, which is highly representative for other
populations. The permanent residents possessing Shanghai
household registration were recruited in this study, just
because this population could be eligible to be followed-up and
information of cancer occurrence could be verified by data
linkage with the cancer registration and management system.
This does not affect the representativeness. Thus, the findings of
this study can be generalized to other populations both within
and outside China.

In this study, we demonstrated that glucose intolerance was
significantly associated with an increased risk of total cancer
especially for stomach cancer, colorectal cancer and kidney
cancer in young adults. These effects were independent of other
risk factors. In elderly adults, glucose intolerance was not
independently associated with increased risk of total cancer.
Cancer occurs more often in aged adults than in younger ones.
The effect of glucose intolerance on cancer might be covered by
the overwhelming effects of age and current smoking in aged
adults. Our data support that the risk factors of all cancer have
shifted from the pollution and chronic infections in the past
decades to metabolic syndrome at the present (23). Metabolic
syndrome, which is often caused by overconsumption of
calories and fat and lack of physical activity, is prevalent
worldwide. An important study has demonstrated that HRs
for all-site and site-specific cancers are particularly elevated
during the first year following diabetes diagnosis (6). Diabetes
is associated with higher risk of colorectal adenomas, a
precancerous lesion of colorectal cancer, in adults aged 40-49
years (24). A cross-sectional study using data from the 2001-
2014 National Health and Nutrition Examination Survey has
shown that individuals <65 years have higher odds of
colorectal cancer when also diagnosed with diabetes (25). It
has been demonstrated that diabetes patients aged <50 or 55
years have a greater risk of all cancers, digestive cancers, and
urinary cancers (26, 27). These findings suggest that glucose
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TABLE 2 | Cox regression analysis of factors significantly affected cancer incidence in cohort participants, stratified by age group.

Age at the baseline Variable Persons at risk Incident casess Person-years Incidence (1/1000) Univariate analysis Multivariate Analysis*
HR (95% CI) P HR (95% CI) P
15-64 years Glycemic status
NGT 4701 169 35880 4.71 ref. ref.
Prediabetes 917 57 6892 8.27 1.76 (1.30-2.37) <0.001 1.49 (1.09-2.02) 0.012
Diabetes 1043 67 7808 8.58 1.82 (1.37-2.42) <0.001 1.51 (1.12-2.02) 0.006
Age
15-24 155 2 1203 1.66 ref. ref.
25-34 416 4 3223 1.24 0.74 (0.14-4.06) 0.733 0.73 (0.13-3.99) 0.717
35-44 741 11 5731 1.92 1.15 (0.26-5.20) 0.853 1.09 (0.24-4.94) 0.908
45-54 1746 66 13303 4.96 2.98 (0.73-12.15) 0.129 2.69 (0.66-11.04) 0.168
55-64 3603 210 27120 7.74 4.65 (1.16-18.73) 0.030 4.13 (1.02-16.75) 0.047
Sex
Male 2287 97 17351 5.59 ref. - -
Female 4374 196 33230 5.90 1.05 (0.83-1.34) 0.672 - -
Area
Urban 3897 170 29686 5.73 ref. - -
Rural 2764 123 20895 5.89 0.98 (0.78-1.23) 0.850 - -
Marriage status
Married 6058 270 45987 5.87 ref. - -
Other 603 23 4594 5.01 0.85 (0.56-1.30) 0.462 - -
Years of education
>9 5806 251 44094 5.69 ref. - -
<9 855 42 6486 6.48 1.14 (0.82-1.58) 0.434 - -
BMI 6661 293 50581 5.79 1.08 (1.00-1.06) 0.033 1.02 (0.98-1.05) 0.310
Current smoking
No 5443 232 41383 5.61 ref. - -
Yes 1218 61 9198 6.63 1.18 (0.89-1.57) 0.241 - -
Alcohol consumption
No 5856 252 44482 5.67 ref. - -
Yes 805 41 6098 6.72 1.19 (0.85-1.65) 0.308 - -
Tea consumption
No 4715 198 35846 5.562 ref. - -
Yes 1946 95 14734 6.45 1.17 (0.91-1.49) 0.214 - -
Physical activity
No 4999 224 37936 5.90 ref. - -
Yes 1662 69 12644 5.46 0.92 (0.71-1.21) 0.569 - -
Family history of cancer
No 6264 270 47574 5.68 ref. - -
Yes 397 23 3006 7.65 1.34 (0.88-2.06) 0.172 - -
Hypertension
No 4408 177 33575 5.27 ref. ref.
Yes 2253 116 17006 6.82 1.29 (1.02-1.63) 0.031 0.90 (0.70-1.15) 0.393
Dyslipidemia
No 3581 143 27257 5.25 ref. - -
Yes 3080 150 23324 6.43 1.23 (0.98-1.54) 0.081 - -
Viral hepatitis
No 6334 275 48119 5.72 ref. - -
(Continued)
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TABLE 2 | Continued

Age at the baseline Variable Persons at risk Incident casess Person-years Incidence (1/1000) Univariate analysis Multivariate Analysis*
HR (95% CI) P HR (95% CI) P
Yes 327 18 2462 7.31 1.28 (0.79-2.06) 0.313 - -
Chronic atrophic gastritis
No 6436 282 48884 5.77 ref. - -
Yes 225 1 1697 6.48 1.12 (0.62-2.05) 0.704 - -
HbA1c 6661 293 50581 5.79 1.09 (0.99-1.19) 0.068 - -
Use anti-inflammatory agents
No 6446 282 48966 5.76 ref. - -
Yes 215 ih 1615 6.81 1.18 (0.65-2.16) 0.584 - -
CRP 6661 293 50581 5.79 1.02 (1.00-1.04) 0.014 1.02 (1.00-1.03) 0.072
>65 years Glycemic status
NGT 1279 100 9303 10.75 ref. - -
Prediabetes 537 42 3864 10.87 1.01 (0.70-1.45) 0.954 - -
Diabetes 747 67 5218 12.84 1.20 (0.88-1.63) 0.257 - -
Age
65-74 1704 114 12565 9.07 ref. ref.
75-84 775 85 5332 15.94 1.76 (1.33-2.33) <0.001 1.60 (1.18-2.16) 0.002
>85 84 10 488 20.48 2.28 (1.20-4.36) 0.012 1.94 (0.99-3.79) 0.054
Sex
Male 1108 106 7796 13.60 ref. ref.
Female 1455 103 10589 9.73 0.71 (0.54-0.94) 0.015 0.71 (0.51-1.00) 0.048
Area
Urban 1648 125 11855 10.54 ref. - -
Rural 915 84 6531 12.86 0.82 (0.62-1.08) 0.158 - -
Marriage status
Married 2019 155 14684 10.56 ref. ref.
Other 544 44 3702 11.89 1.39 (1.02-1.89) 0.039 1.26 (0.89-1.78) 0.184
Years of education
>9 1465 101 10676 9.46 ref. ref.
<9 1098 108 7709 14.01 1.48 (1.13-1.95) 0.004 1.44 (1.06-1.95) 0.020
BMI 2563 209 18386 11.37 1.03 (0.99-1.07) 0.197 - -
Current smoking
No 2237 164 16103 10.18 ref. ref.
Yes 326 45 2282 19.72 1.94 (1.39-2.69) <0.001 1.88 (1.29-2.73) 0.001
Alcohol consumption
No 2248 175 16171 10.82 ref. - -
Yes 315 34 2214 15.36 1.42 (0.98-2.05) 0.062 - -
Tea consumption
No 1927 164 13794 11.89 ref. - -
Yes 636 45 4591 9.80 0.82 (0.59-1.14) 0.247 - -
Physical activity
No 1848 151 13179 11.46 ref. - -
Yes 715 58 5206 11.14 0.97 (0.72-1.32) 0.856 - -
Family history of cancer
No 2433 200 17430 11.47 ref. - -
Yes 130 9 956 9.42 0.82 (0.42-1.59) 0.552 - -
Hypertension
(Continued)
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TABLE 2 | Continued

Age at the baseline Variable Persons at risk Incident casess Person-years Incidence (1/1000) Univariate analysis Multivariate Analysis*
HR (95% CI) P HR (95% CI) P
No 1039 83 7490 11.08 ref. - -
Yes 1524 126 10896 11.56 1.04 (0.79-1.38) 0.763 - -
Dyslipidemia
No 1217 109 8659 12.59 ref. - -
Yes 1346 100 9727 10.28 0.82 (0.62-1.07) 0.140 - -
Viral hepatitis
No 2478 199 17790 11.19 ref. - -
Yes 85 10 596 16.79 1.50 (0.80-2.83) 0.209 - -
Chronic atrophic gastritis
No 2450 198 17572 11.27 ref. - -
Yes 113 1 814 13.52 1.20 (0.65-2.20) 0.559 - -
HbA1c 2563 209 18386 11.37 1.01 (0.90-1.13) 0.882 - -
Use anti-inflammatory agents
No 2371 194 17033 11.39 ref. - -
Yes 192 15 1353 11.09 0.97 (0.58-1.65) 0.920 - -
CRP 2563 209 18386 11.37 1.00 (0.98-1.03) 0.807 - -
Total Glycemic status
NGT 5980 269 45184 5.95 ref. ref.
Prediabetes 1454 99 10756 9.20 1.55 (1.23-1.95) <0.001 1.24 (0.98-1.58) 0.072
Diabetes 1790 134 13027 10.29 1.73 (1.41-2.13) <0.001 1.42 (1.10-1.82) 0.006
Age
15-24 155 2 1203 1.66 ref. ref.
25-34 416 4 3223 1.24 0.75 (0.14-4.07) 0.734 0.77 (0.14-4.26) 0.766
35-44 741 11 5731 1.92 1.15 (0.26-5.20) 0.853 1.18 (0.26-5.42) 0.832
45-54 1746 66 13303 4.96 2.98 (0.73-12.15) 0.129 2.95(0.71-12.3) 0.137
55-64 3603 210 27120 7.74 4.65 (1.16-18.72) 0.030 4.60 (1.12-18.92) 0.035
65-74 1704 114 12565 9.07 5.46 (1.35-22.09) 0.017 5.18 (1.25-21.48) 0.023
75-84 775 85 5332 15.94 9.64 (2.37-39.17) 0.002 8.78 (2.11-36.46) 0.003
>85 84 10 488 20.48 12.60 (2.76-57.51) 0.001 11.75 (2.53-54.57) 0.002
Sex
Male 3395 203 25147 8.07 ref. - -
Female 5829 299 43819 6.82 0.84 (0.71-1.01) 0.062 - -
Area
Urban 5545 295 41541 7.10 ref, - -
Rural 3679 207 27426 7.55 0.94 (0.79-1.13) 0.523 - -
Marriage status
Married 8077 425 60671 7.01 ref, ref.
Other 1147 77 8296 9.28 1.33 (1.04-1.69) 0.022 1.16 (0.89-1.51) 0.283
Years of education
>9 7271 352 54771 6.43 ref. ref.
<9 1953 150 14196 10.57 1.65 (1.36-2.00) <0.001 1.11 (0.90-1.38) 0.339
BMI 9224 502 68966 7.28 1.03 (1.01-1.06) 0.004 1.03 (1.00-1.05) 0.056
Current smoking
No 7680 396 57486 6.89 ref. ref.
Yes 1544 106 11480 9.23 1.34 (1.08-1.66) 0.007 1.44 (1.14-1.83) 0.002
Alcohol consumption
(Continued)
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TABLE 2 | Continued

Age at the baseline Variable Persons at risk Incident casess Person-years Incidence (1/1000) Univariate analysis Multivariate Analysis*
HR (95% CI) P HR (95% CI) P
No 8104 427 60654 7.04 ref. ref.
Yes 1120 75 8313 9.02 1.28 (1.00-1.64) 0.047 1.10 (0.84-1.43) 0.493
Tea consumption
No 6642 362 49641 7.29 ref. - -
Yes 2582 140 19326 7.24 0.99 (0.82-1.21) 0.944 - -
Physical activity
No 6847 375 51116 7.34 ref. - -
Yes 2377 127 17850 7.1 0.97 (0.79-1.19) 0.765 - -
Family history of cancer
No 8697 470 65004 7.23 ref. - -
Yes 527 32 3962 8.08 1.11 (0.78-1.59) 0.558 - -
Hypertension
No 5447 260 41065 6.33 ref. ref.
Yes 3777 242 27901 8.67 1.37 (1.15-1.63) <0.001 0.92 (0.76-1.11) 0.363
Dyslipidemia
No 4798 252 35916 7.02 ref. - -
Yes 4426 250 33050 7.56 1.08 (0.90-1.28) 0.404 - -
Viral hepatitis
No 8812 474 65908 7.19 ref. - -
Yes 412 28 3058 9.16 1.27 (0.87-1.86) 0.216 - -
Chronic atrophic gastritis
No 8886 480 66455 7.22 ref. - -
Yes 338 22 2511 8.76 1.21 (0.79-1.86) 0.377 - -
HbA1c 9224 502 68966 7.28 1.09 (1.01-1.16) 0.020 0.94 (0.86-1.03) 0.201
Use anti-inflammatory agents
No 8817 476 65999 7.21 ref. - -
Yes 407 26 2967 8.76 1.22 (0.82-1.80) 0.332 - -
CRP 9224 502 68966 7.28 1.02 (1.00-1.03) 0.021 1.01 (0.99-1.02) 0.243

*Only included significant covariates in univariate analysis.
NGT, normal glucose tolerance; BMI, body mass index; HbATc, glycated hemoglobin A;., CRP, C-reactive protein.
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TABLE 3 | Effects of glucose intolerance on cancer incidence in the study participants.

Age at the baseline Variable Persons at risk Incident casess Person-years Incidence (1/1000) Univariate analysis Multivariate Analysis*
HR (95% CI) P HR (95% CI) P
15-64 years NGT 4701 169 35880 4.71 ref. ref.
Category of prediabetes
IFG 323 22 2433 9.04 1.92 (1.23-3.000 0.004 1.67 (1.07-2.61) 0.023
IGT 436 27 3265 8.27 1.76 (1.17-2.64) 0.007 1.51(1.00-2.27) 0.048
IFG+IGT 168 8 1194 6.70 1.42 (0.70-2.89) 0.331 1.22 (0.60-2.48) 0.581
Category of diabetes
Diagnosed previously 573 31 4308 7.20 153 (1.04-2.24) 0.030 1.26(0.85-1.86) 0.248
Screen detected at the baseline 470 36 3501 10.28 2.18(1.52-3.13) <0.001 1.86(1.29-2.70)  0.001
Diabetes patients with anti-diabetic medications
Yes 473 29 3538 8.20 1.74(1.18-2.58) 0.006 1.43(0.95-2.13) 0.083
No 570 38 4271 8.90 1.89 (1.33-2.69) <0.001 1.61(1.12-2.30) 0.010
Duration since first diagnose of diabetes
<5 years 749 52 5603 9.28 1.97 (1.45-2.69) <0.001 1.68(1.22-2.31)  0.002
>5 years 294 15 2206 6.80 1.45(0.85-2.45) 0.171 1.16(0.68-1.98) 0.590
>65 years NGT 1279 100 9303 10.75 ref, ref,
Category of prediabetes
IFG 141 14 1027 13.64 1.27 (0.72-2.22)  0.406 - -
IGT 308 18 2223 8.10 0.75 (0.46-1.24)  0.268 - -
IFG+IGT 88 10 614 16.28 1.51(0.79-2.90) 0.211 - -
Category of diabetes
Diagnosed previously 459 32 3231 9.90 0.92 (0.62-1.37) 0.689 0.89 (0.60-1.33) 0.577
Screen detected at the baseline 288 35 1987 17.62 1.64 (1.12-2.41) 0.012 1.52(1.03-2.24) 0.033
Diabetes patients with anti-diabetic medications
Yes 378 28 2635 10.63 0.99 (0.65-1.50)  0.960 - -
No 369 39 2583 15.10 1.41(0.97-2.04) 0.071 - -
Duration since first diagnose of diabetes
<5 years 435 41 3079 13.32 1.24 (0.86-1.78)  0.246 - -
>5 years 312 26 2139 12.15 1.13(0.74-1.74)  0.573 - -
Total NGT 5980 269 45184 5.95 ref. ref.
Category of prediabetes
IFG 464 36 3460 10.41 1.75(1.23-2.48) 0.002 1.50 (1.06-2.13) 0.023
IGT 744 45 5488 8.20 1.38(1.00-1.89) 0.047 1.04 (0.75-1.43) 0.810
IFG+IGT 246 18 1809 9.95 1.67 (1.04-2.69) 0.035 1.32(0.82-2.14) 0.252
Category of diabetes
Diagnosed previously 1032 63 7539 8.36 1.41(1.07-1.85) 0.015 1.04 (0.79-1.38) 0.779
Screen detected at the baseline 758 71 5488 12.94 2.18(1.68-2.83) <0.001 1.69 (1.29-2.21) <0.001
(Continued)
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intolerance may facilitate cancer development in young adults,
= I8 8 Q making this population with glucose intolerance a target
g b 3 3 33 population for cancer screening and interventions. Since the
g _ 5 5 incidence of diabetes is increasing dramatically in the younger
2 <§ T generation (28, 29), our finding is of public health importance
E § § % = § in monitoring all cancer in young a<.iu1ts Who have glucF)se
=0 iy os == intolerance. Public health actions including encouraging
I MERL T physical activity and restricting energy intake to reduce the
&5 5 o prevalent and incident glucose intolerance should be
2 a 32 25 important in reducing cancer risk in young adults.
< oV Ve In this study, we demonstrated that anti-diabetic medications
§ 5 5 g3 were significantly associated with a decreased risk of all cancer in
g e RN Qg young adults with diabetes. Interestingly, diabetes patients who
28 M % = were diagnosed previously and diagnosed 5 years or longer did
5 « 83 o 2 not have an increased risk of all cancer, whereas diabetes patients
T T diagnosed at the baseline survey and within 5 years had an
g increased risk of cancer (Table 3). This is possibly because long-
S term anti-diabetic medications have been widely applied in the
Py SR K3 study subjects who were diagnosed as diabetes 5 years ago. Anti-
% o - 2o diabetic medications had been covered by basic medical
3 insurance for decades in Shanghai, China. Our result is quite
= consistent with another cohort study carried out in Italy (30).
£ Lifelong use of anti-diabetics is protective for all cancer in
S © % 5 9 patients with diabetes. We postulate that increase in physical
5 o 3 ® € activity and dietary continence should be protective for all cancer
S in young adults with prediabetes.
° The mechanism by which glucose intolerance is associated
g with an increased risk of all cancer remains largely unknown.
§ ~ © - Here, we demonstrated that glucose intolerance was associated
§ o o with increased risks of stomach cancer, colorectal cancer,
S kidney cancer, and pancreatic cancer in young adults, and
- female breast cancer, stomach cancer, and kidney cancer in the
é 5 whole population. Data from the China Kadoorie Biobank
E g 3g g é Study have shown that glucose intolerance was associated
5 ® - % 123 with increased risks of certain site-specific cancers including
§ § 3 female breast cancer, liver cancer, pancreatic cancer, and
2 ;3; colorectal cancer (6, 31). The findings in Chinese population
é %}g are mostly consistent with that in Western population (6, 25,
§ o §§ 30). The associatﬁ)n of glucos; intolel(‘iance w}ith ston}llach
2 b5t © cancer is not evident in a cohort study in the Northern
é § g % Swedish population (12), possibly because of the differences
3 L 58 in the susceptibility of gastric cancer between study
2 g g I~ §: populations. Although each site-specific cancer has its own
% 2 5 35 risk factors, they share a common risk factor: chronic
> % - g § inflammation. Metformin that was proven to inhibit cancer
5 = $3 cell growth and modulate cancer microenvironment has been
g % o o |5E demonstrated to have potent inflammation-inhibitory effects
é " é 3 8 % E (32). In this study, CRP, a well-established marker of systemic
S L 2E9 R 8 § inflammation in metabolic syndrome (33), tend to be identified
5 . e §§ as an independent risk factor of cancer in young adults.
3 g g Elevated CRP has been associated with an increased risk of
8 §;§ diabetes in middle-aged and elderly Chinese (34). Chronic
e @%’ inflammation related to glucose intolerance might play an
o g § g essential role in carcinogenesis. Insulin is a potent growth
E’ g, gg factor that promotes cell proliferation and carcinogenesis
F ¢

directly and/or through insulin-like growth factor 1 (IGF-1).
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Hyperinsulinemia leads to an increase in the bioactivity of
IGEF-1 by inhibiting IGF binding protein-1 (35). Apart from
directly promotes cancer progression, hyperglycemia increases
the levels of insulin/IGF-1 and inflammatory cytokines in
circulation (36). Metabolic disorder was associated with
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FIGURE 1 | Cumulative incidence rates of the top 10 site-specific cancers during the follow-up among the study participants with different baseline glycemic status.
(A) Total participants, (B) Women, (C) Men. Differences in the cumulative incidence rates were tested using a Cox proportional hazards model, adjusted for age
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Cancer site

increased risk of liver cancer (37). In this study, the
association of glucose intolerance with liver cancer was not
evident possibly due to few cases of liver cancer diagnosed in
this cohort. Even though, glycemic control is important for
cancer prevention in young adults.
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TABLE 4 | The Cox regression analysis of the association of site-specific cancer with the baseline glycemic status in the adults < 65 years, adjusted for age and sex.

Glycemic status Persons at risk Incident cases

Lung cancer

NGT 4701 45

Glucose intolerance 1960 23
Female breast cancer

NGT 3163 23

Glucose intolerance 1211 16
Stomach cancer

NGT 4701 10

Glucose intolerance 1960 16
Colorectal cancer

NGT 4701 9

Glucose intolerance 1960 13
Kidney cancer

NGT 4701 2

Glucose intolerance 1960 8
Liver cancer

NGT 4701 5

Glucose intolerance 1960 3
Pancreatic cancer

NGT 4701 3

Glucose intolerance 1960 4
Esophageal cancer

NGT 4701 3

Glucose intolerance 1960 0

Person-years

Incidence (1/1000) HR (95% CI) P
35880 1.25 ref.
14700 1.56 1.04 (0.63-1.793) 0.872
24123 0.95 ref.
9107 1.76 1.44 (0.75-2.75) 0.268
35880 0.28 ref.
14700 1.09 3.72 (1.68-8.20) 0.001
35880 0.25 ref.
14700 0.88 3.51 (1.50-8.22) 0.004
35880 0.06 ref.
14700 0.54 8.69 (1.84-40.95) 0.006
35880 0.14 ref.
14700 0.20 1.47 (0.35-6.14) 0.599
35880 0.08 ref.
14700 0.27 3.27 (0.73-14.6) 0.121
35880 0.08 - -
14700 0.00 - -

HR, Hazard ratio; NGT, normal glucose tolerance; Glucose intolerance, prediabetes + diabetes.

The strengths of this study include a perspective design, the high
representativeness of community-based study population, holistic
risk factors screening, use of standard OGTT at the baseline survey,
adjustment for multiple potential confounding factors, and reliable
follow-up. This study has three main implications. First, young
adults with glucose intolerance are recommended to undergo
appropriate cancer screenings for early diagnosis. Second, steps to
prevent cancer should be taken even at pre-diabetic stage. Some
forms of diabetes treatment and a reversal of obesity and prediabetes
can reduce cancer risk (38). Glycemic management and lifestyle
intervention are of public health significance. Third, this study
provides clue to elucidate the mechanism by which glucose
intolerance induces carcinogenesis.

Limitations

This study has several limitations. First, risk factors for cancer
were not all included in the baseline survey, such as dietary habit,
stress, and social factors, resulting loss of data. Second, the
follow-up period was relatively short, resulting in small
number of end-point events that weakened the statistical
power. Third, information of the income was incomplete
because of personal privacy. The education levels might serve
as an alternative in this analysis. Fourth, small number of end-
point events makes it difficult to investigate the associations of
each type of anti-diabetic medicines with the risk of cancer.

CONCLUSIONS

In this community-based prospective cohort study, diabetes and
prediabetes were independently associated with increased risks of

total cancer and site-specific cancers such as stomach cancer,
colorectal cancer, and kidney cancer in young adults. Regular
monitoring of plasma glucose level could assist to identify
individuals with an increased risk of cancer. Lifestyle interventions
and anti-diabetic medications to prevent and treat prediabetes and
diabetes are important in cancer prophylaxis in young adults.
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