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Abstract

Background Epidemiological data concerning the asso-

ciation between diabetes and the subsequent development

of gastric cancer are controversial. This population-based

retrospective cohort study investigated the subsequent risk

of gastric cancer for diabetic patients.

Methods From claims data of the universal health

insurance of Taiwan, we identified 19,625 persons aged

C20 years newly diagnosed with diabetes during 2000–2005.

A comparison group (n = 78,500), frequency matched by

age, sex, and calendar year, was randomly selected from

people without diabetes. Incidence and hazard ratios (HR) of

gastric cancer were ascertained during the follow-up period

until 2008. We also explored associations of antidiabetic

medicines with the incidence of gastric cancer.

Results During the follow-up period, 47 subjects in the

diabetic group and 216 subjects in the comparison group

suffered gastric cancer, with the incidence rates of 4.34 and

4.86 per 10,000 person-years, respectively. During the first

4 years after diabetes diagnosis, the incidence of gastric

cancer was relatively low in diabetic patients [adjusted

HR = 0.63; 95 % confidence interval (CI) = 0.42–0.97].

However, after that time, the diabetic group had a 76 %

(95 % CI = 1.06–2.91) higher risk of developing gastric

cancer than the comparison group. In diabetic patients,

alpha-glucosidase inhibitors were associated with a signifi-

cantly decreased risk of gastric cancer (adjusted HR = 0.38;

95 % CI = 0.15–0.96).

Conclusions Our findings suggested that the association

between diabetes and subsequent risk of gastric cancer may

vary over time. Increased risk of gastric cancer was

observed in patients with longer duration of diabetes.

Keywords Diabetes mellitus � Stomach neoplasms �
Cohort studies � Hypoglycemic agents

Introduction

Stomach cancer is the fourth most prevalent cancer in the

world [1]. Although mortality from stomach cancer has

decreased in many countries during the past decade, it is

still the second leading cause of death from cancer

worldwide [1–3]. In Taiwan, the mortality rate from gastric

cancer in the general population decreased from 1995 to
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2006, although gastric cancer morbidity remains high

among the population [3].

Diabetes and cancer are common diseases. The co-

occurrence of the two diseases has frequently drawn

attention in clinical practice and has been discussed for

decades [4, 5]. Epidemiological studies have revealed that

preexisting diabetes may increase mortality in patients with

cancer [6]. Diabetes has been associated with increased risk

of incidence of cancer at several sites [4], including cancer

of the liver [7–14], kidney [7, 10–12], endometrium [10,

11, 15], pancreas [7–10, 12–15], and colon and rectum [8,

10, 12–14]. However, the association between diabetes and

risk of gastric cancer is inconclusive [7, 8, 11, 12, 16], and

the association may vary among ethnic groups [12]. Lim-

ited studies have also expressed concern whether antidia-

betic pharmacological therapy affects gastric cancer risk

for patients with diabetes [10, 11].

Using the National Health Insurance Research Database

(NHIRD), a national representative claims database in

Taiwan, this study was undertaken to examine whether

diabetes is associated with increased risk of gastric cancer.

We also explored the association of antidiabetic medica-

tions with the incidence of gastric cancer.

Materials and methods

Source of data

The NHIRD, a computerized claims database of Taiwan

National Health Insurance (NHI), was obtained from the

National Health Research Institute for this cohort study.

Covering 99 % of the residents of Taiwan, the NHI is a

universal health insurance program that has provided

health care to people of all ages since 1995 [17]. All

beneficiaries are free to choose their healthcare providers

among the contracted institutions, which represent more

than 90 % of healthcare institutions in Taiwan. In this

study, we used a subset of NHIRD containing 1 million

people randomly selected from the total 23 million bene-

ficiaries enrolled in NHI. The datasets contain a registry of

catastrophic illness patients, inpatient claims, ambulatory

care claims, and prescriptions, as well as the registration

files, which include demographic variables such as age and

sex, date of registration, and termination of coverage. The

datasets contain medical claims and information on regis-

tration from 1996 to 2008 for each of the 1 million people,

and thus formed a longitudinal database allowing us to

observe the association between diabetes and subsequent

gastric cancer. Personal identifications were encrypted

before the release of the database to safeguard patient

confidentiality and privacy.

Study subjects

We identified patients with an initial diagnosis of diabetes

mellitus (The International Classification of Diseases,

Ninth Revision, Clinical Modification, ICD-9 code 250)

being treated with antidiabetic drugs during 2000–2005

(N = 20,382), excluding those younger than 20 years of

age (n = 156), those with a history of cancer (ICD-9 codes

140–208) (n = 596), and those who withdrew from NHI in

the year identified (n = 5). A patient was defined as

receiving treatment with antidiabetic drugs if he or she had

received at least one prescription among the following

drugs: metformin, sulfonylureas, thiazolidinediones, alpha-

glucosidase inhibitors, nateglinide, repaglinide, and insulin.

The study index date was defined as the first date of pre-

scription with antidiabetic therapy. A total of 19,625

patients formed the diabetic group. A comparison group

frequency matched on age (every 5 years), sex, and index

year of diabetic group was randomly selected from people

who had never been diagnosed with diabetes and cancer by

using a control-to-case ratio of 4 (N = 78,500). Comor-

bidities related to the risk of gastric cancer were identified,

including Helicobacter infection (ICD-9 code 041.86),

non-acute gastritis (which consisted of all gastritis diag-

noses except acute gastritis) (ICD-9 codes 535.1–535.4,

535.7), pernicious anemia (ICD-9 code 281.0), gastric

polyp (ICD-9 code 211.1), vagotomy (ICD-9 codes 44.00,

44.01, 44.02, 44.03), partial gastrectomy (ICD-9 codes

43.89, 43.6, 43.5, 43.7, 43.81), gastroesophageal reflux

disease (GERD) (ICD-9 codes 530.81, 530.11), gastric

ulcer (ICD-9 code 531), obesity (ICD-9 codes 278.00,

278.01, 278.1), asbestosis (ICD-9 code 501), and pneu-

moconiosis (ICD-9 codes 500, 502, 503, 504, 505). All

subjects were followed up from the index date until the date

of occurrence of gastric cancer (ICD-9 code 151), of with-

drawal from the NHI, or December 31, 2008, whichever

occurred first. A patient was identified as having gastric

cancer if he or she has registered gastric cancer as a cata-

strophic illness. In the NHI program, the diagnosis of major

critical diseases, including gastric cancer, entitles the bene-

ficiaries to an exemption from copayments for healthcare

related to the disease. Thus, patients may register as having

catastrophic illness after their physicians have confirmed the

diagnosis.

Statistical analysis

We compared demographic status between the diabetic

patients and the comparison cohort using the chi-square

test. We plotted Kaplan–Meier curves to compare the

cumulative incidence of gastric cancer between patients

with diabetic and the nondiabetic comparison group during

the follow-up period. Cox proportional regression analysis
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measuring hazard ratio (HR) and 95 % confidence interval

(CI) was used to assess the association between diabetes

and the risk of developing gastric cancer. Comorbidity was

included in covariates to account for potential confounding

effects. We used SAS software (version 9.1 for Windows;

SAS Institute, Cary, NC, USA) for all statistical analyses.

A two-sided P value less than 0.05 was considered statis-

tically significant. Kaplan–Meier survival curves were

plotted using R (version 2.11.1; R Development Core

Team, Boston, MA, USA, 2010).

Results

Among the study subjects, men and insured persons

40–64 years of age were dominant (Table 1). Patients with

diabetes tended to be likely to have non-acute gastritis,

gastric ulcer, obesity, and GERD (all P \ 0.0001, except

for P = 0.002 for GERD), relative to the comparison

group, but were less likely to have vagotomy (P = 0.02).

During a median follow-up period of 5.5 years for both

groups, the incidence of gastric cancer was slightly lower

in the diabetic group than in the comparison group [4.34

and 4.86 per 10,000 person-years; adjusted HR (95 % CI),

0.90 (0.65–1.23)], representing 47 and 216 cases of gastric

cancer, respectively (Table 2). Kaplan–Meier curves of

event-free survival for gastric cancer showed that the

event-free rate was higher in the diabetes group during

earlier years but was higher in the comparison group after

7–8 years (Fig. 1), suggesting that the proportional hazard

assumption may not hold. We further assessed the

assumption by including an interaction term of diabetes

and the log of survival time in the Cox regression model,

and the results suggested violation of the assumption

(P value of the product term, 0.034). Thus, we partitioned

the follow-up time year by year into nine periods and

repeated the Cox model to observe the changes in risk over

time. The risk for incidence of gastric cancer decreased

with the diabetes group compared with the nondiabetic

group during the first 4 years and increased beyond 5 years

after the diagnosis of diabetes (Fig. 2). HR increased to a

greater degree after 6 years. In analysis stratified by fol-

low-up duration at 5 years (Table 2), the HR (95 % CI) for

the diabetes group compared with the nondiabetic group

was 0.63 (95 % CI = 0.42–0.97) in the first 4 years after

diabetes diagnosis and 1.76 (95 % CI = 1.06–2.91)

thereafter.

Table 3 shows the characteristics and comorbidities of

patients in association with risk of developing gastric

cancer. The risk of gastric cancer was higher in men than in

Table 1 Baseline characteristics between diabetic and nondiabetic cohorts identified in 2000–2005

Comparison group Diabetes group P valuea

N = 78,500 N = 19,625

n % n %

Women 34,760 44.28 8,690 44.28 1

Age, years

20–39 8,316 10.59 2,079 10.59 1

40–64 48,276 61.50 12,069 61.50

C65 21,908 27.91 5,477 27.91

Mean ± SD 56 ± 13.7 56 ± 13.4

Comorbidityb

Helicobacter infection 26 0.03 12 0.06 0.07

Non-acute gastritis 3,764 4.79 1,124 5.73 \0.0001

Pernicious anemia 62 0.08 19 0.10 0.44

Gastric polyp 142 0.18 29 0.15 0.32

Vagotomy 124 0.16 17 0.09 0.02

Partial gastrectomy 137 0.17 41 0.21 0.31

GERD 282 0.36 101 0.51 0.002

Gastric ulcer 6,346 8.08 1,892 9.64 \0.0001

Obesity 28 0.04 66 0.34 \0.0001

Asbestosis 54 0.07 13 0.07 0.90

Pneumoconiosis 581 0.74 155 0.79 0.47

a Chi-square test comparing patients with and without diabetes
b Comorbidity before follow-up date
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women and increased with age. Among various types of

comorbidity, significantly elevated risks appeared in those

with gastric polyp (adjusted HR = 7.44, 95 % CI =

2.73–20.30), partial gastrectomy (adjusted HR = 6.25,

95 % CI = 2.56–15.25), and pneumoconiosis (adjusted

HR = 2.30, 95 % CI = 1.08–4.89).

Table 4 shows the adjusted HR of gastric cancer for

diabetic patients prescribed with the antidiabetic drug

compared with those not prescribed. The mean duration of

prescription for each drug was in a range of 1–2 years,

shortest for nateglinide [mean (median), 0.7 (0.3) years] and

longest for metformin and sulfonylurea [mean (median)

(both), 2.2 (1.8) years]. Patients prescribed for alpha-glu-

cosidase inhibitor medication was associated with a 62 %

reduced risk of gastric cancer (95 % CI = 0.15–0.96).

The adjusted HRs for patients treated with insulin, metfor-

min, sulfonylureas, thiazolidinediones, and repaglinide were

approximately 0.80. Patients treated with nateglinide had an

adjusted HR of 1.93, but the HRs for all antidiabetic agents

except alpha-glucosidase inhibitors were not statistically

significant.

Discussion

In this study, we did not find a significant difference in gastric

cancer incidence between diabetic and nondiabetic groups.

However, our observations showed that the association

Table 2 Hazard ratio for incidence of gastric cancer estimated by age, sex, and follow-up duration in the diabetic group versus the nondiabetic

group

Non-diabetes Diabetes Hazard ratio (95 % CI)

No. of events Person-

years

Incidence

ratea
No. of events Person-

years

Incidence

rateb
Crude Adjustedb

All 216 444,545 4.86 47 10,8260 4.34 0.89 (0.65–1.22) 0.90 (0.65–1.23)

Sex

Women 81 199,192 4.07 21 48,626 4.32 1.03 (0.63–1.67) 1.04 (0.64–1.7)

Men 135 245,353 5.50 26 59,634 4.36 0.80 (0.53–1.22) 0.81 (0.53–1.23)

Age, years

20–39 1 47,857 0.21 1 11,928 0.84 4.12 (0.26–65.8) 4.23 (0.26–67.6)

40–64 70 280,281 2.50 22 68,588 3.21 1.22 (0.75–1.99) 1.20 (0.74–1.96)

C65 145 116,406 12.5 24 27,744 8.65 0.71 (0.46–1.10) 0.71 (0.46–1.10)

Follow-up years

\5 162 352,608 4.59 25 86,519 2.89 0.63 (0.41–0.96) 0.63 (0.42–0.97)

C5 54 91,937 5.87 22 21,742 10.1 1.71 (1.03–2.83) 1.76 (1.06–2.91)

a Incidence rate per 10,000 person-years
b Hazard ratio (HR) adjusted for age, sex, gastric polyp, partial gastrectomy, gastric ulcer, pneumoconiosis

Fig. 1 Kaplan–Meier event-free survival for incidence of gastric

cancer in patients with diabetes (DM) and without diabetes (non-DM)
Fig. 2 Hazard ratios (95 % CIs) for incidence of gastric cancer in

patients with diabetes versus subjects in the nondiabetic group, by

duration of diabetic diagnosis. The models were adjusted for age, sex,

gastric polyp, gastrectomy, gastric ulcer, and pneumoconiosis
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between diabetes and incidence of gastric cancer may vary

over time. Relative to nondiabetic subjects, diabetic patients

had a lower incidence of gastric cancer during earlier years

but had greater risk past 5 years after diabetes diagnosis.

However, this result was a hypothesis-generating observation,

as the 5-year duration was not pre-specified. Further studies

are needed to clarify the possible interaction between diabetes

and survival time at 5 years.

Previous epidemiological studies showed conflicting

findings in the relationship between gastric cancer risk and

diabetes. The variation in results among studies may result

from differences in study designs, including definition of

diabetes and enrolled ethnic populations or regions. A Japa-

nese prospective cohort study in a general population

showed that a modest increased fasting plasma glucose is

associated with increased risk of gastric cancer [16].

Another Japanese study identified diabetes using self-

reported data and found a positive association between

diabetes and subsequent risk of developing gastric cancer in

women but not in men [7]. A large Korean study suggested

that diabetes, identified by self-reported diabetes medication

or a fasting blood glucose level of at least 126 mg/dl, was

associated with increased mortality from gastric cancer in

men but not in women [8]. In contrast, a recent investigation

in U.S. male veterans revealed a decreased risk of gastric

cancer in black men with diabetes [12], but not in white

men, indicating ethnical variations in the diabetes–gastric

cancer association. Other studies conducted in Austria [18]

and Denmark [11] revealed no association between diabetes

and risk of gastric cancer.

To the best of our knowledge, limited data on the rela-

tionship between duration of diabetes and the occurrence of

gastric cancer have been reported. Some explanations could

be considered to interpret our observations on the changes in

the diabetes–gastric cancer association over time. First,

increasing diabetic duration elevates the risk of developing

gastric cancer in diabetic subjects. A positive association

between diabetes duration and cancer incidence has been

observed in studies investigating hepatocellular carcinoma

[19] and pancreas cancer [20]. Inoue et al. [7] found that the

increased risk of gastric cancer associated with dibates was

more pronounced after excluding cases diagnosed as having

gastric cancer within 5 years since the baseline survey. A

recent study in Taiwan revealed that diabetes duration was

an independent predictor of mortality from gastric cancer

only when subjects who died of gastric cancer within

5 years after diabetes diagnosis were excluded from the

analysis [3]. It is reasonable to observe a positive relation-

ship between diabetes duration and cancer development if

diabetes exposure promotes tumorigenesis. Longer diabetes

duration is usually linked to increasing risk of insulin

resistance and hyperinsulinemia. Insulin has an effect on

promoting cell growth and proliferation. Previous investi-

gations suggested that insulin resistance and hyperinsuline-

mia may increase risk in some types of cancer [21]. Second,

selection of antidiabetic agents may influence the risk of

gastric cancer. In the early diabetic treatment period, Met-

formin monotherapy or combination therapy with sulfonyl-

ureas is usually the initial prescription in Taiwan. However,

insulin therapy is usually required for subjects who have

diabetes diagnosis for 5 years and longer because blood

glucose control is inadequate with only oral medication.

Several studies have supported that Metformin has anti-

cancer effects [22], and 83 % of our diabetic subjects were

prescribed Metformin. However, evidence suggests that

insulin therapy might increase cancer risk [4]. An increased

proportion of insulin therapy might be the cause of

increasing risk of gastric cancer at the later treatment period.

Third, long-term treatment of anti-diabetes agents might be

responsible for the observed rise in risk of gastric cancer at

the later observation period, in the sense of a cumulating risk

factor such as many exposures in epidemiology. Fourth, the

symptoms of gastric cancer would be hidden and diagnosis

might be late in diabetic patients with gastric cancer.

Therefore, the numbers of gastric cancer patients increase

after more than 5 years. Fifth, our analysis stratified by

follow-up duration has to be interpreted cautiously, as the

number of gastric cancer cases was small in the stratifica-

tions (fewer than ten events in each of the 1-year intervals).

Table 3 Characteristics of patients and comorbidity associated with

gastric cancer

Variable Hazard ratio (95 % CI)

Crude Adjusteda

Sex

Women 1 (reference) 1 (reference)

Men 1.29 (1.00–1.65) 1.47 (1.151.89)

Age, years

20–39 1 (reference) 1 (reference)

40–64 7.89 (1.94–32.0) 7.93 (1.95–32.2)

C65 35.4 (8.77–142.6) 35.02 (8.68–141.4)

Comorbidity (yes vs. no)b

Non-acute gastritis 1.42 (0.86–2.36) 1.07 (0.64–1.80)

Pernicious anemia 6.06 (0.86–43.0) 4.11 (0.58–29.4)

Gastric polyp 10.7 (3.99–28.8) 7.44 (2.73–20.3)

Partial gastrectomy 11.6 (4.80–28.2) 6.25 (2.56–15.3)

GERD 1.55 (0.22–11.0) 1.16 (0.16–8.32)

Gastric ulcer 1.69 (1.16–2.46) 1.13 (0.77–1.66)

Asbestosis 5.20 (0.73–37.0) 3.46 (0.46–26.4)

Pneumoconiosis 3.72 (1.76–7.88) 2.30 (1.08–4.89)

The entries ‘‘reference’’ indicate the reference group
a Adjusted for age, sex, gastric polyp, partial gastrectomy, gastric

ulcer, pneumoconiosis
b No patient experienced gastric cancer during the follow-up period

among those with Helicobacter infection, vagotomy, or obesity
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The mechanism of developing gastric cancer in diabetic

patients is unclear. In addition to the effect on carcino-

genesis caused by insulin resistance, the role of insulin-like

growth factors (IGF) receptors on cancer cells has also

drawn attention in recent decades. The IGF-1 signaling

pathway may exert effects on cellular proliferation and

apoptosis [23]. High circulating IGF-I levels were associ-

ated with an increased risk of prostate, breast, and colon

cancer [24]. Uncontrolled hyperglycemia might encourage

tumor growth, but there is not adequate evidence to support

this hypothesis, which needs further exploration [5].

Our observation indicated that among diabetic patients,

users of alpha-glucosidase inhibitor had 62 % of decreased

risk of gastric cancer relative to nonusers. Decrease in risk

was also noted in users of insulin, metformin, sulfonylu-

reas, thiazolidinediones, and repaglinide, but the associa-

tion was not statistically significant, possibly because

statistical power was insufficient to detect the moderate

association. To our best knowledge there has been no study

concerning the protective effect of alpha-glucosidase

inhibitors in reducing the risk of gastric cancer. A matched

case–control study has reported no significant association

between pharmacological treatment with acarbose and

cancer incidence, but no data on gastric cancer were pro-

vided [25]. Alpha-glucosidase inhibitors are known to

interrupt starch digestion, and starchy foods are a suggested

risk factor for gastric cancer in some studies [26]. Whether

lower gastric cancer risk in alpha-glucosidase inhibitor

users could be explained by inhibited starchy food diges-

tion remains in doubt; it was not thought that carcinogen-

esis could be caused in such a short period of time. Some

studies have suggested that patients receiving sulfonylureas

and insulin are at an increased risk of developing cancers

[4]. On the other hand, a protective effect of metformin

against cancer growth has been reported in both experi-

mental and population-based studies [27–29]. Evidence

concerning the role of thiazolidinediones on cancer risk

was sparse and controversial; some reports suggested a

preventive effect but some did not [4].

This study has the strength of using a large cohort

selected from a nationwide representative database,

which may reduce the potential of selection bias. The

Table 4 Cox model measured hazard ratios and 95 % confidence intervals of gastric cancer associated with anti-diabetic drugs among diabetic

patients identified in 2000–2005

n Strength of drug exposure,

mean (median)

Cases of gastric

cancer, number

Person-years Incidencea Hazard ratio (95 % CI)

Years of use Crude Adjusted

Insulin

Non-use 7,879 – 19 40,237 4.72 1 (reference) 1 (reference)

Use 11,746 1.4 (0.8) 28 68,024 4.12 0.77 (0.43–1.38) 0.8 (0.45–1.44)

Metformin

Non-use 3,201 – 9 15,071 5.97 1 (reference) 1 (reference)

Use 16,424 2.2 (1.8) 38 93,190 4.08 0.62 (0.30–1.29) 0.82 (0.39–1.71)

Sulfonylurea

Non-use 3,400 – 8 16,072 4.98 1 (reference) 1 (reference)

Use 16,225 2.2 (1.8) 39 92,188 4.23 0.74 (0.35–1.59) 0.83 (0.38–1.79)

Thiazolidinedione

Non-use 15,780 – 39 84,527 4.61 1 (reference) 1 (reference)

Use 3,845 1.2 (0.8) 8 23,734 3.37 0.66 (0.31–1.42) 0.82 (0.38–1.77)

Alpha-glucosidase inhibitor

Non-use 15,153 – 42 81,377 5.16 1 (reference) 1 (reference)

Use 4,472 1.1 (0.6) 5 26,883 1.86 0.34 (0.13–0.85) 0.38 (0.15–0.96)

Nateglinide

Non-use 18,805 – 43 103,540 4.15 1 (reference) 1 (reference)

Use 820 0.7 (0.3) 4 4,720 8.47 2.02 (0.72, 5.62) 1.93 (0.69–5.39)

Repaglinide

Non-use 16,832 – 41 91,584 4.48 1 (reference) 1 (reference)

Use 2,793 1.0 (0.5) 6 16,676 3.60 0.76 (0.32, 1.79) 0.72 (0.31–1.70)

HR adjusted for age and sex

The entries ‘‘reference’’ indicate the reference group
a Incidence per 10,000 person-years
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comprehensive pharmacological data in NHIRD allow us

to investigate the association between anti-diabetics and

gastric cancer. However, several limitations of this study

should also be considered. First, claims databases do not

contain information on an individual’s biochemical and

anthropometric data. Thus, we were unable to assess levels

of blood glucose, HbA1C, and body mass index. Second,

underdiagnosis of diseases may occur when screening tests

are not performed, particularly for asymptomatic medical

conditions. Some conventional risk factors of gastric can-

cer, such as Helicobacter infection and obesity, were less

prevalent in this study than in other studies undertaken in

Taiwan [30, 31]. We speculated that the low prevalence of

Helicobacter pylori is attributable to a low screening rate.

In addition, we believed that most subjects with obesity

have not been registered during clinical practice in Taiwan.

Physicians might register an obesity diagnosis only when

severe obesity is noted and aggressive intervention is

necessary. The underestimation of these risk factors could

lead to a certain degree of overestimating the diabetes–

gastric cancer association. Third, a median follow-up of

5.5 years may not account for the much longer induction

period of gastric cancer. However, the increased risk of

gastric cancer in subjects with with diabetes duration of

5 years or longer suggests more prominent gastric cancer

risks may be expected in diabetic cases with increasing

years of follow up. Fourth, in the analyses on the effect of

anti-diabetic drugs, we were unable to assess the interac-

tion between multiple drugs because of the small number

of cancer cases. Future studies with a large number of

subjects are needed to clarify the issue.

This population-based study in Taiwan suggested that

the association between diabetes and subsequent risk of

gastric cancer may vary over time. The increased risk of

gastric cancer was observed in patients with longer

duration of diabetes but not in earlier years of diabetes

diagnosis. Further studies with larger number of study

subjects and events are required to validate our findings

and to investigate the timing of increased risk. Additional

investigations designed to assess the protective effect

of anti-diabetic medications on gastric cancer are also

warranted.
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