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Abstract

The excess risk of cancer observed in patients with type 2 diabetes (T2DM) may have been 

influenced by detection bias. The aim of this study was to examine the real association by 

evaluating time-varying site-specific cancer risks in newly diagnosed T2DM patients. A total 

of 51,324 registered cancer-free individuals newly diagnosed with T2DM between 2004 

and 2014 were linked with the Shanghai Cancer Registry and the Vital Statistics through 

September 2015. A total of 2920 primary, invasive cancer cases were identified during 

325,354 person-years period. Within 1 year following diabetes onset, participants with 

T2DM had higher risks of total, lung and rectal cancer in men and total, liver, pancreas, 

thyroid, breast and uteri cancer in women. Thereafter the incidence for overall cancer 

decreased and then increased along with follow-up time, with the upward trend varying 

by cancer, suggesting potential detection bias. After the initial 1-year period, standardized 

incidence ratios (SIR) and 95% CIs for overall cancer were 0.80 (95% CI 0.76–0.85) in men 

and 0.93 (95% CI 0.88–0.99) in women, but a higher risk of breast and thyroid cancers 

were observed in women, with SIR and 95% CI being 1.13 (1.01, 1.28) and 1.37 (1.11, 1.63), 

respectively. Our results suggest that T2DM patients are at higher risk of certain cancers; 

this risk particularly increases shortly after diabetes diagnosis, which is likely to be due to 

detection bias caused by increased ascertainment. Prevention of female breast and thyroid 

cancers should be paid attention in Chinese individuals with T2DM.

Introduction

Type 2 diabetes (T2DM) has been associated with an 
elevated risk of liver, pancreas, endometrium, colorectal, 
breast and bladder cancers and a decreased risk of prostate 
cancer (1, 2). Several possible mechanisms have been 
proposed for these associations (3). For example, T2DM 
may play a positive role in carcinogenesis through 
hyperglycemia or hyperinsulinemia that stimulates 
the insulin and insulin-like growth factor (IGF) axis 

(4). In addition, the anti-diabetic agent metformin 
may decrease the risk of cancer possibly by attenuating 
insulin/IGF-1 signaling, inhibiting target of rapamycin 
and mitochondrial complex I in the electron transport 
chain in mammals, activating adenosine monophosphate 
(AMP)-activated kinase and reducing endogenous reactive 
oxygen species production and associated DNA damage 
and mutations (5).
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Recently, the excess risk of cancer observed in 
individuals with T2DM has been considered to be inflated 
by reporting bias (6), detection bias (7) or confounding 
effects (1). Johnson et  al. (8) and Geier (9) observed 
increased incidence rates of cancers among those 
diagnosed with cancers within 3  months or 1  year of 
T2DM diagnosis, followed by lower rates with increasing 
time since diagnosis, suggesting the possibility of 
detection bias.

China ranks first in the number of individuals with 
prevalent T2DM worldwide (10). Multiple studies have 
reported an increased risk of cancer in T2DM patients in 
China (11, 12, 13), implicating an important public health 
significance in cancer prevention in the population. These 
previous studies, however, did not take potential detection 
bias into consideration, which may have resulted in an 
overestimated risk of cancer in the population. In this 
retrospective cohort study based on a standardized T2DM 
management system in Shanghai, China, we estimated 
the risk of cancer, overall and by site, by the time since 
diagnoses in Chinese patients newly diagnosed with 
T2DM, to evaluate the influence of T2DM on cancer risk 
over time, and thus, exclude the potential detection bias.

Materials and methods

Study population and data sources

This retrospective cohort study was designed based on 
the database of the Standardized Management System 
of Diabetes in Minhang District, an administrative area 
with over one million residents of Shanghai, China. 
Details of the management system have been described 
elsewhere (13). In brief, this system was established in 
2004 and included 65,500 residents living in the Minhang 
District newly diagnosed with T2DM according to the 
1999 criteria of the World Health Organization (WHO) 
(14). After excluding those less than 20  years old and 
those previously diagnosed with cancer, 51,324 patients 
newly diagnosed with T2DM between January 2004 and 
December 2014 were included in this study. Demographic 
characteristics, diagnosis date of T2DM and other cancer 
risk factors such as BMI and drug use information were 
registered as an electronic health record in the system.

Identification of cancer cases

The outcome of this study was incidence of any primary 
cancer. Incident cancers and all deaths in the patients up 
to September 30, 2015, were identified through record 

linkage with the Shanghai Cancer Registry and the 
Shanghai Vital Statistics using a unique identification card 
number (15). We evaluated the top ten common specific 
cancers defined based on the International Classification 
Diseases codes (ICD-10), namely, Stomach (C16), Colon 
(C18), Rectal (C19–C20), Liver (C22), Pancreas (C25), 
Trachea/bronchus and lung (C33–C34), Prostate (C61), 
Breast (C50), Corpus uteri (C53) and Thyroid (C73). The 
record linkage was conducted in April 2017.

This study was approved by the Institutional 
Review Board (IRB) of the Center of Disease Prevention  
and Control of Minhang district, Shanghai, China  
(NO: EC-P-2012-002). Verbal informed consent was 
obtained from all enrolled patients.

Statistical analysis

Person-years (PYs) of observation were calculated from the 
date that T2DM was first diagnosed to the date of diagnosis 
of any primary cancer, or date of death, or end date of 
observation (September 30, 2015), whichever occurred 
first. The period of observation was further split into five 
intervals (within 1, 1–2, 2–4, 4–6 and >6 years) to evaluate 
cancer risk over time. Crude incidence rates (CIR) of 
cancer, with 95% CIs based on Poisson distribution, were 
calculated by dividing the number of patients with cancer 
by the person-time at risk. Age-standardized rates (ASR) 
were computed using the World Standard Population as 
the reference population. Standardized incidence ratios 
(SIRs) for all and site-specific cancers were calculated as the 
ratio between the observed and the expected number of 
cancer cases. The expected number of cases was calculated 
according to the age-, sex- and calendar-year-specific 
incidence rates reported by the Shanghai Cancer Registry. 
SIRs were standardized by sex and 5-year age group in the 
general population in the Minhang district. Restricted 
cubic splines functions (RCS) was used to describe the 
incidence trend of all cancers along with age and period 
of observation (16).

All data analyses were performed using SAS, version 
9.2 for windows (SAS Institute). All tests were two-sided 
and P values less than 0.05 were considered as significant.

Results

Among the 51,324 cohort members, all of whom were 
newly diagnosed with T2DM by physicians between 2004 
and 2014, 24,124 were men (47%) and 27,200 were women 
(53%) (Table 1). The average age at diagnosis was 60 years 

This work is licensed under a Creative Commons 
Attribution-NonCommercial 4.0 International 
License.

https://doi.org/10.1530/EC-18-0381
https://ec.bioscientifica.com	 © 2018 The authors

Published by Bioscientifica Ltd

https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1530/EC-18-0381
https://ec.bioscientifica.com


Y Fang et al. T2DM and cancer risk 14177:12

(interquartile range: 53–68 years). With an average BMI of 
24.4 ± 3.1 in the population, the prevalence of overweight 
and obesity were 35.3 and 4.1%, respectively in men and 
33.7 and 5.8%, respectively, in women. Patients were 
observed for an average of 6.65 years (interquartile range: 
3.75–8.75  years), with 2.2% having less than 1  year of 
observation.

After 324,116 person-years of observation (151,288 
person-years in men and 174,066 in women), 2920 
cancer cases were identified, resulting in an incidence of 
900.9/100,000 person-years for all cancers. The incidence 
of overall cancer was higher in men (970.3/100,000  
(95% CI: 921.9–1021.3/100,000)) than in women (834.2 
per 100,000 person-years (95% CI: 792.3–878.2/100,000)) 
(Table 2). After adjusting for age according to the standard 
world population, the ASRs were 345.0 per 100,000 
person-years in men and 285.80 per 100,000 in women. 
Lung cancer was the most common cancer in men, 

followed by cancers of stomach, colon, prostate, liver, 
rectum, pancreas and thyroid. In women, breast cancer 
was the most common cancer, followed by cancer of lung, 
colon, thyroid, stomach, pancreas, rectum, cervix uteri 
and liver. Compared with the general population, the 
T2DM patients had higher risk of colon cancer in both 
men and women, with SIRs being 1.21 (1.02–1.40) and 
1.20 (1.01–1.38), respectively. The women patients had an 
increased risk of breast (SIR: 1.34, 95% CI: 1.18–1.50) and 
thyroid cancer (SIR: 1.55, 95% CI: 1.27–1.82).

The incidence of overall, lung and rectal cancers 
was higher within the first year after diagnosis of T2DM 
in men, and then decreased in the next year and then 
increased afterward (Fig.  1, Table  3 and Supplementary 
Fig. 1, see section on supplementary data given at the end 
of this article). A similar pattern was observed in women 
for overall, liver, pancreas, thyroid, breast and corpus 
uteri cancers (Table 3). As shown in Supplementary Fig. 1, 

Table 1  Demographic and clinical characteristics of individuals with type 2 diabetes, Shanghai, China.

Demographic and clinical characteristics Men (N = 24,124) Women (N = 27,200) Total (N = 51,324)

Age at diabetes diagnosis (years)
  Median, IQRa 60 (53, 68) 60 (54, 69) 60 (53, 68)
  Age groups, N (%)
    <40 805 (3.3) 487 (1.8) 1292 (2.5)
    40–49 3238 (13.4) 2860 (10.5) 6098 (11.9)
    50–59 7612 (31.6) 9333 (34.3) 16,945 (33.0)
    60–69 7399 (30.7) 7946 (29.2) 15,345 (29.9)
    70–79 4135 (17.1) 5018 (18.5) 9153 (17.8)
    ≥80 935 (3.9) 1556 (5.7) 2491 (4.9)
BMI at diabetes diagnosis (kg/m2)
  Median, IQRa 24.2 (22.5, 26.2) 24.1 (22.1, 26.6) 24.2 (22.3, 26.4)
  BMI categories, N (%)
    <18.5 451 (1.9) 664 (2.5) 1115 (2.2)
    18.5–24.9 14,131 (58.7) 15,723 (58.0) 29,854 (58.4)
    25.0–29.9 8488 (35.3) 9129 (33.7) 17,617 (34.4)
    ≥30.0 986 (4.1) 1575 (5.8) 2561 (5.1)
Year of diabetes diagnosis, N (%)
  2004 1676 (7.0) 1960 (7.2) 3636 (7.1)
  2005 2044 (8.5) 2311 (8.5) 4355 (8.5)
  2006 2483 (10.3) 2925 (10.8) 5408 (10.5)
  2007 2477 (10.3) 2877 (10.6) 5354 (10.4)
  2008 2969 (12.3) 3475 (12.8) 6444 (12.6)
  2009 2055 (8.5) 2337 (8.6) 4392 (8.6)
  2010 2220 (9.2) 2392 (8.8) 4612 (9.0)
  2011 1981 (8.2) 2155 (7.9) 4136 (8.1)
  2012 3022 (12.5) 3326 (12.2) 6348 (12.4)
  2013 1768 (7.3) 1936 (7.1) 3704 (7.2)
  2014 1429 (5.9) 1506 (5.5) 2935 (5.7)
Follow-up time (years)
  Median, IQR 6.3 (3.7,8.8) 6.7 (3.8, 8.8) 6.7 (3.8, 8.8)
  Time groups, N (%)
    <5 9455 (39.1) 10,263 (37.7) 19,718 (38.4)
    5–9 11,633 (48.2) 13,368 (49.1) 25,001 (48.7)
    ≥10 3036 (12.5) 3569 (13.1) 5505 (12.9)

aIQR, interquartile range.
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an evident peak in cancer incidence was observed within 
1  year of T2DM diagnosis in almost all cancer types, 
except for colon, stomach, liver and prostate cancer.

To reduce the potential influence of detection bias 
in the ascertainment of cancer outcomes, we excluded 
the events and person-years during the first year of 
observation, and calculated SIRs of cancer, overall and by 
site, standardized to the general population of Minhang 
district (Table  4). In men, the risks of rectal (SIR: 0.79, 
95% CI: 0.61–0.97), lung (SIR: 0.60, 95% CI: 0.52–0.67) 
and stomach cancer (SIR: 0.82, 95% CI: 0.69–0.94) were 
significantly lower in those with T2DM than in the general 
population. Among women, the risks of thyroid (SIR: 
1.37, 95% CI: 1.11, 1.63) and breast (SIR: 1.13, 95% CI: 
1.01, 1.28) cancer were significantly higher in those with 
T2DM, whereas the risk of lung cancer (SIR: 0.76, 95% CI: 
0.64, 0.88) and liver cancer (SIR: 0.65, 95% CI: 0.46, 0.84) 
was lower. Non-significant associations were observed for 
other cancers, although there was a suggestion of a lower 
incidence of stomach cancer among women with T2DM.

We further curved the cancer incidence along 
follow-up time in T2DM patients by age group after 
excluding the first year of follow-up. As shown in Fig. 2, 
the cancer incidence rates were much higher in older 
groups than in the younger groups along follow-up time 
in men, but the incidence seemed to be much closer in 
women at different age over time, particularly for the 
younger age groups.

Figure  3A shows the increasing pattern of cancer 
incidence over time by BMI in men. The cancer incidence 
in overweight men appeared slightly lower than that in 
normal weight men. The incidence, on the other hand, Ta
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Figure 1
Incidence of overall cancer in Chinese diabetes patients along observation 
time.
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was observed to increase at a similar rate in overweight 
and normal weight women during the initial 2-year 
observation, and then showed a flattening along further 
observations in normal weight women and a continuous 
upward trend in overweight women.

Discussion

In this population-based retrospective study based on 
a standardized T2DM management data, we examined 
the cancer incidence by time since T2DM diagnosis in 
patients from the Minhang District of Shanghai, China. 
We observed a lower risk of overall cancer and several 
specific cancers, but an increased risk of female breast 

and thyroid cancers over a 10-year period. The cancer 
risk, either increased or decreased, was not influenced by 
detection bias because cancers that occurred within 1 year 
of T2DM diagnosis were excluded from the analysis. Our 
findings have implications for understanding the T2DM–
cancer association and highlight the need to emphasize 
cancer prevention in Chinese T2DM patients.

Numerous studies have reported a positive association 
between T2DM and cancer risk in western populations 
(2, 17, 18, 19), with the strongest associations being 
observed for liver, pancreatic and endometrial cancers 
and more moderate associations observed for breast, 
colorectal and bladder cancer. An inverse association 
has been consistently observed for prostate cancer, 
while the evidence has been inconsistent for other 

Table 3  Incidence and 95% CI of overall and site-specific cancers along with follow-up time in diabetes patients of Shanghai, 

China.

Specific cancers

Incidence (95% CI) (/100,000)

Within 1 year 1–2 years 2–4 years 4–6 years >6 years

All cancers
  All subjects 746.0 (674.7, 824.8) 691.7 (621.6, 769.8) 799.3 (741.1, 862.1) 1060.6 (983.8, 1143.4) 1097.4 (1026.1, 1173.7)
  Men 841.6 (733.2, 966.1) 786.0 (678.9, 910.0) 837.9 (752.1, 933.6) 1143.2 (1028.0, 1271.5) 1176.9 (1069.3, 1295.3)
  Women 661.2 (571.1, 765.5) 608.5 (529.4, 711.6) 765.4 (688.6, 850.8) 989.1 (889.3, 1100.0) 1030.4 (937.7, 1132.1)
Lung
  All subjects 97.8 (65.6, 117.7) 91.9 (68.6, 123.1) 101.9 (82.7, 125.8) 163.9 (134.8, 196.9) 181.2 (154.1, 213.1)
  Men 132.9 (94.0, 187.9) 113.2 (77.0, 166.2) 135.6 (103.8, 176.9) 233.3 (184.9, 294.3) 220.1 (177.0, 273.6)
  Women 47.9 (27.8, 82.5) 73.1 (45.6, 114.6) 72.6 (51.6, 102.1) 102.1 (73.7, 141.6) 148.5 (116.5, 189.4)
Colon
  All subjects 62.5 (44.2, 88.3) 81.7 (59.9, 111.3) 69.2 (53.6, 89.3) 106.6 (84.4, 134.8) 131.8 (108.9, 159.4)
  Men 78.9 (50.3, 123.7) 91.4 (59.6, 140.2) 77.8 (59.6, 140.2) 118.3 (54.7, 110.7) 122.4 (91.4, 163.9)
  Women 47.9 (27.8, 82.5) 73.19 (46.6, 114.6) 61.6 (42.5, 89.3) 96.5 (68.9, 135.1) 139.7 (108.7, 179.5)
Rectum
  All subjects 48.8 (32.9, 72.2) 32.7 (20.0, 53.3) 50.4 (37.4, 67.9) 51.7 (36.9, 72.4) 59.6 (44.9, 79.0)
  Men 74.7 (47.1, 118.6) 34.8 (17.4, 69.5) 70.3 (48.5, 101.8) 36.1 (20.0, 65.2) 73.3 (50.3, 106.9)
  Women 25.8 (12.3, 54.1) 30.8 (15.4, 61.5) 32.9 (19.9, 54.7) 65.3 (43.3, 98.2) 48.0 (31.3, 73.6)
Stomach
  All subjects 60.5 (42.6, 86.0) 73.5 (53.0, 101.9) 90.3 (72.2, 112.9) 123.4 (99.2, 153.3) 99.4 (79.8, 123.7)
  Men 95.5 (63.5, 143.8) 113.1 (77.0, 166.1) 107.9 (80.1, 145.6) 174.2 (133.1, 228.0) 144.2 (110.1, 188.7)
  Women 29.5 (14.7, 58.9) 38.5 (20.7, 71.5) 74.8 (53.4, 104.7) 79.5 (54.9, 115.1) 61.7 (42.3, 90.0)
Liver
  All subjects 35.1 (22.1, 55.8) 26.5 (15.4, 45.7) 48.0 (35.4, 65.2) 82.1 (62.9, 107.2) 65.7 (50.1, 85.9)
  Men 41.5 (22.3, 77.1) 52.2 (29.6, 91.9) 67.7 (46.4, 98.7) 124.7 (90.7, 171.3) 105.8 (77.3, 144.7)
  Women 29.5 (14.7, 58.9) 3.8 (0.5, 27.2) 30.8 (18.2, 51.9) 45.3 (27.8, 74.0) 31.9 (18.9, 53.9)
Pancreas
  All subjects 52.7 (36.1, 76.8) 53.1 (36.1, 77.9) 39.8 (28.4, 55.7) 51.7 (36.9, 72.3) 34.7 (23.9, 50.2)
  Men 53.9 (31.3, 92.9) 69.6 (42.6, 113.6) 37.6 (22.7, 62.4) 55.7 (34.6, 89.6) 35.2 (20.4, 60.6)
  Women 51.6 (30.5, 87.1) 38.4 (20.7, 71.5) 41.8 (26.6, 65.5) 48.2 (29.9, 77.5) 34.2 (20.6, 56.8)
Thyroid
  All subjects 29.3 (17.6, 48.6) 22.4 (12.4, 40.5) 36.3 (25.5, 51.6) 56.3 (40.8, 77.7) 58.3 (43.8, 77.6)
  Men 4.2 (0.6, 299.5) 4.3 (0.6, 30.8) 10.0 (3.8, 26.7) 22.9 (10.9, 48.1) 24.4 (12.7, 46.8)
  Women 51.6 (30.5, 87.1) 38.5 (20.7, 71.5) 59.4 (40.7, 86.6) 85.2 (59.6, 121.9) 87.0 (63.3, 119.6)
Prostatea 58.1 (34.4, 98.1) 87.0 (56.1, 134.9) 77.8 (54.7, 110.7) 124.9 (90.9, 171.7) 84.3 (59.3, 119.9)
Breastb 154.8 (114.4, 209.5) 134.8 (96.8, 187.8) 161.1(128.1, 202.7) 165.6 (128.0, 214.2) 147.6 (115.5, 188.6)
Corpus uterib 51.6 (30.5, 87.1) 26.9 (12.8, 56.5) 26.4 (15.1, 46.7) 22.8 (11.4, 45.6) 27.5 (15.6, 48.5)

aAmong men only; bamong women only.
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cancers including lung and stomach cancers (2, 17, 18, 
19). Hyperglycemia or hyperinsulinemia may partially 
explain some of the observed positive associations. It has 
been suggested that hyperglycemia in T2DM patients 
may increase cell oxidation, cause DNA damage and 
increase hyperinsulinemia (1). Increased concentrations 
of insulin and insulin-like growth factors (IGF) have been 
demonstrated to stimulate cell proliferation in many 
organs (20).

The lower incidence of overall cancer in our subjects 
was somewhat inconsistent with these previous results. 
One explanation for the inconsistency may be the different 
levels of exposure to common risk factors such as obesity, 
unhealthy diet, physical inactivity, hyperinsulinemia and 
hyperglycemia in Chinese populations (3, 4). Moreover, 
use of hypoglycemic drugs may also play a role (21). Of 
the most commonly used hypoglycemic drugs, metformin 
has been associated with a decreased risk of cancer (5), 
while use of insulin and sulfonylureas has been related 
to increased risk of cancer. Insulin injection is not used 
to treat T2DM patients as commonly in China as in other 
countries, with only 11% in China (22) vs 27% in the US 
(23), 33% in Colombia (24) and 18% in Korea (25). On the 
contrary, metformin was recommended as the first-line 
treatment of T2DM in the Chinese Guidelines in 2007 
(26, 27). Since then, metformin has been the most widely 
used oral hypoglycemic agent in China. It is reported that 
in outpatients with T2DM who had received oral anti-
diabetic drugs, 53.7% used metformin and 42.7% used 
sulfonylureas (28). The more common use of metformin 
may have contributed to lower risk of overall cancer in 
the population. Detection bias may also contribute to the 

differences observed between our study and prior studies 
(7, 29). Newly diagnosed T2DM patients may visit medical 
institutions more frequently and thus may be more likely 
to be detected for cancer. Johnson et  al. (8) observed 
an increased risk for colorectal, lung, liver, cervical, 
endometrial, ovarian, pancreatic and prostate cancers 
evaluated during the first 3  months after T2DM onset 
in Canadian citizens with T2DM. In our previous report 
on Chinese individuals with T2DM, we also observed an 
elevated incidence for almost every cancer examined, but 
we did not account for any potential detection bias in that 
study (13). Finally, carcinogenesis is a multistage process 
lasting for years to decades, depending on the specific 
cancer (30). Longer follow-up and detailed information 
on use of medications are needed to confirm our results.

It is interesting that women with T2DM had a higher 
risk of thyroid and breast cancer than their counterparts 
in the general population. The dis-regulation of sex 
hormones caused by insulin resistance in T2DM patients 
may help to explain the results. Insulin resistance has been 
suggested to lead to decreased production of circulating 
sex hormone-binding globulin and thus enhanced 
bioactivity of estradiol (31) which would increase the 
risk of breast cancer. Moreover, T2DM may affect the 
mitogenic pathway of the follicular cells through the role 
of elevated insulin levels, long-term elevation of thyroid-
stimulating hormone (TSH), vitamin D deficiency and 
exposure to high levels of glucose and triglycerides, all 
of which may increase the risk of thyroid cancer (32), 
particularly in women whose high level of estrogen is 
a potent growth factor both for benign and malignant 
thyroid cells (33).

Table 4  Standard incidence ratios of cancers in diabetes patients of Shanghai, China.

Sites

Men (N = 24,124) Women (N = 27,200)

No. of cases
SIRa (95% CI)

No. of cases
SIRa (95% CI)Observed Expected Observed Expected

All cancers 1266 1580 0.80 (0.76, 0.85) 1273 1360 0.93 (0.88, 0.99)
Sub-site cancers
  Colon 133 125 1.07 (0.88, 1.25) 142 129 1.10 (0.92, 1.28)
  Rectum 74 94 0.79 (0.61, 0.97) 67 76 0.88 (0.67, 1.10)
  Lung 232 389 0.60 (0.52, 0.67) 153 200 0.76 (0.64, 0.88)
  Stomach 175 215 0.82 (0.69, 0.94) 99 119 0.93 (0.67, 1.00)
  Liver 116 127 0.92 (0.75, 1.08) 45 69 0.65 (0.46, 0.84)
  Pancreas 61 68 0.90 (0.68, 1.13) 61 63 0.96 (0.72, 1.21)
  Thyroid 21 20 1.03 (0.60, 1.47) 105 76 1.37 (1.11, 1.63)
  Prostate 120 119 1.01 (0.82, 1.18)
  Breast 230 202 1.13 (1.01, 1.28)
  Corpus uteri 39 40 0.98 (0.67, 1.20)

Cancer cases diagnosed within one year of diabetes diagnosis excluded from the analysis.
aSIR, standard incidence ratios.
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Strengths and limitations

The strengths of this study include the use of validated 
data sources for both identification of the study population 
and of cancer outcomes. We used a population-based 
administrative system that covers 90% of the whole 
population in the Minhang District of Shanghai to 
identify individuals newly diagnosed with T2DM. The 
information recorded in the system enabled us to design 
a large-scale population-based retrospective cohort study 
and minimize selection bias. Moreover, the Shanghai 
Cancer Registry and the Shanghai Vital Statistics, as a 
part of the National Program of Cancer Registries with 
high quality of data (34) that has been used in previous 
epidemiologic studies (13, 15, 35), provide us reliable 
sources to identify incident cancer cases and all-cause 
deaths in the population.

There were several limitations in this study. First, 
as we used the data from an administrative system, we 
did not have access to data on lifestyle factors such as 
cigarette smoking, alcohol drinking, diet, physical activity 

and medication use. It is possible that excess risk of some 
cancers may be due to more prevalent of these risk factors 
in T2DM patients than in general population. However, 
stratified analysis by BMI at diabetes diagnosis did not 
observe a large difference in overall cancer incidence 
between overweight and normal weight patients. On the 
contrary, the patients may have adopted healthy lifestyles 
after diagnosis with diabetes, which may have biased our 
results toward null. Second, we calculated SIR using data 
from the general population in the Minhang District, 
not from a population without T2DM. Thus, given the 
high prevalence of T2DM in Chinese adults (12%) (36), 
we anticipate that the general population would include a 
large number of T2DM patients, diagnosed or undiagnosed, 
which, in turn, may have led to underestimated SIRs. 
Moreover, the T2DM patients who were enrolled in the 
management system may have higher motivation to 
visit clinics than those did not, which may also help to 
explain the increased cancer detection rates shortly after 
the enrollment in this population. Finally, the average 
6-year observation for 51,324 patients provided only 

Figure 2
Incidence of overall cancer in Chinese diabetes patients along observation 
time by age groups (A. Men; B. Women).

Figure 3
Incidence of overall cancer in Chinese diabetes patients along observation 
time by BMI, adjusted for age (A. Men; B. Women).
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325,354 person-years, which was not enough to produce 
sufficient number of cases for less common cancers such 
as pancreatic cancer in both men and women, thyroid 
cancer in men, and corpus uteri, liver, and rectal cancer 
in women.

In summary, this large-scale population-based study 
of Chinese individuals with T2DM observed a lower risk 
of overall cancer and several common cancers but an 
elevated risk of breast and thyroid cancers in women after 
excluding potential detection bias. However, the huge 
number of T2DM patients and the increasing prevalence 
of T2DM in China suggest that even a small excess risk 
of cancer can be significant in public health. Prevention 
of cancers, especially female breast and thyroid cancers, 
should be emphasized in Chinese T2DM patients.

Supplementary data
This is linked to the online version of the paper at https://doi.org/10.1530/
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