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INTRODUCTION

Type 2 diabetes mellitus (hereafter referred to as diabetes) and 
cancer are chronic diseases that place a significant burden on the 

healthcare system. Both have been linked epidemiologically and 
biologically. There is considerable evidence suggesting that indi-
viduals with diabetes are at an increased risk of developing cancer 
[1,2]. One potential explanation for this correlation between these 
conditions is the commonality of certain risk factors, such as ag-
ing, obesity, smoking, an unhealthy diet, and physical inactivity 
[3]. Furthermore, potential biological mechanisms that may link 
diabetes and cancer include hyperinsulinemia, hyperglycemia, 
and inflammation [3]. A recent study using Mendelian randomi-
zation found a causal effect of diabetes on certain cancer types [4]. 
In addition to the increased risk of cancer, studies have shown 
that diabetes and prediabetes also increase the risk of death from 
all causes and cancer [5,6].

Although the literature consistently points to an increased risk 
of cancer and mortality in individuals with diabetes and predia-
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betes, several unresolved issues remain. Firstly, there is a possibility 
that some of the existing evidence may be biased due to reverse 
causality, where cancer itself triggers the onset of diabetes [7]. Sec-
ondly, there is a growing recognition that even non-diabetic levels 
of hyperglycemia, as seen in impaired fasting glucose, could be 
linked to an increased risk of cancer and cancer-related mortality 
[6,8]. However, few studies have investigated both the risk of can-
cer and cancer-related mortality in relation to diabetes and predi-
abetes. Thirdly, the risk of gynecologic cancers, such as cervical 
and ovarian cancer, has been less explored, and the findings for 
breast cancer, intrahepatic cholangiocarcinoma, colorectal cancer, 
and endometrial cancer have been inconsistent and inconclusive 
[2]. Therefore, there is a need for well-executed and well-designed 
prospective observational studies to evaluate the risk of cancer in 
individuals with diabetes and prediabetes [3]. Additionally, while 
the prevalence of diabetes and prediabetes is higher in Asians than 
in Westerners with the same body mass index (BMI) [9], most of 
the findings regarding the risk of death in diabetes and prediabe-
tes are primarily derived from Western populations [5], and evi-
dence in Asian populations is limited. 

To address the above-mentioned limitations, we conducted a 
large-scale cohort study involving over 8 million women who had 
undergone cancer screening. We evaluated both the general risk 
of developing cancer and the specific risk associated with predia-
betes and diabetes in women. Regarding mortality outcomes, we 
examined the risk of death from any cause as well as from cancer-
related causes.

MATERIALS AND METHODS

Study settings and study population
We utilized data from the National Health Insurance Service’s 

(NHIS) National Health Information Database (NHID). In Korea, 
the NHIS, a government-managed single insurer, covers approxi-
mately 97% of the population, while the Medical Aid program 
covers the remaining 3%. The NHIS offers health screening ex-
aminations to eligible individuals to evaluate risk factors and de-
tect chronic diseases such as cardiovascular diseases, diabetes, and 
cancer [10]. This study used data from the National Breast Cancer 
Screening Program, which is embedded in the NHIS database. 

Our initial database included women aged ≥ 40 years who par-
ticipated in both a biennial breast cancer screening program and 
a general health screening between 2009 and 2014. The general 
health screening included a fasting plasma glucose (FPG) meas-
urement. Participants were tracked until either a cancer diagnosis, 
death, or December 31, 2020, whichever occurred first. For wom-
en who underwent more than one screening during the study pe-
riod, we used the information gathered during their first screen-
ing. We excluded participants who did not have an FPG measure-
ment, as well as those aged under 40 or over 75 at the time of screen-
ing. We also excluded participants with a history of any type of 
cancer. To avoid the potential inclusion of prevalent cancer cases 
at screening, we further excluded those who were diagnosed with 

any type of cancer or who died within 90 days following their 
screening. The final dataset included 8,309,393 women (Supple-
mentary Material 1).

Assessment of the exposure
To define the study exposure, we used FPG measurements tak-

en during health screenings, as well as information about antidia-
betic medication use gathered from self-administered question-
naires. Glucose levels were measured after a minimum fasting pe-
riod of 8 hours. During the health examination, participants were 
asked to disclose whether they had ever received a diabetes diag-
nosis and if they were currently using antidiabetic medication.

Following the American Diabetes Association criteria [11], we 
defined prediabetes as an FPG level of 100-125 mg/dL without a 
previous diabetes diagnosis and without taking antidiabetic medi-
cation, and diabetes as an FPG level ≥ 126 mg/dL, or a history 
of diabetes diagnosis and current use of antidiabetic medication. 
The normoglycemia group was defined as patients with FPG 
< 100 mg/dL with no diabetes diagnosis and not taking antidia-
betic medication.

Assessment of cancer development outcomes
The primary outcome of interest in this study was the incidence 

of invasive cancer. The NHIS-NHID database includes data from 
all inpatient and outpatient clinic visits that have been assigned a 
disease code according to the International Classification of Dis-
eases, 10th revision (ICD-10). The ICD-10 codes C00-C97 are 
specifically assigned to malignant neoplasms. To enhance the ac-
curacy of cancer case identification, we utilized both ICD-10 codes 
(C00-C97) and the catastrophic illness code designated for cancer 
patients in Korea [12]. The analysis incorporated the following 
outcomes: all cancer sites and selected specific cancer sites. The 
selected cancer sites included the following malignancies: malig-
nant neoplasms of the lip, oral cavity, and pharynx (C10-C14),  
esophagus (C15), stomach (C16), colon (C18 and C19), rectum 
(C20), liver (C22), gallbladder (C23 and C24), pancreas (C25), 
larynx (C32), lung (C33 and C34), breast (C50), cervix (C53), 
uterus (C54), ovary (C56), kidney (C64), bladder (C67), brain 
(C70 and C72), and thyroid (C73).

Assessment of mortality outcomes
Mortality data, including the date and cause of death, were ob-

tained from nationwide death certificate data provided by the Ko-
rea National Statistical Office. Our analysis included the follow-
ing mortality outcomes: death from any cause and cancer-related 
causes. Deaths from specific common cancer sites were also as-
sessed, including the stomach (C16), colorectal (C18-C20), liver 
(C22), gallbladder (C23 and C24), pancreatic (C25), lung (C33 
and C34), breast (C50), cervix (C53), and ovary (C56). 

Assessment of covariates 
Height and weight were measured by trained medical staff dur-

ing the health examination, and BMI was calculated as weight in 
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kilograms divided by the square of height in meters. Information 
on current health behaviors and other health-related factors was 
collected using self-administered standardized questionnaires dur-
ing the health screening. Regarding comorbidities, information 
on the history of hypertension, dyslipidemia, ischemic heart dis-
ease, and stroke was collected using a self-reported questionnaire, 
and by asking the participants whether they had been diagnosed 
with the abovementioned diseases by a physician. We included 
age at screening, BMI, age at menarche, menopausal status, age at 
menopause, family history of cancer, parity, breastfeeding, oral 
contraceptive use, smoking status, drinking status, physical activity, 
comorbidity status (hypertension, dyslipidemia, ischemic heart 
disease, and stroke), and hormone replacement therapy use as co-
variates. 

Statistical analysis 
Descriptive statistics were used to characterize the study partic-

ipants in each group (normoglycemia, prediabetes, and diabetes). 
Categorical variables are reported as frequencies (percentages), 
and continuous variables are expressed as means and standard 
deviations. The incidence rate of cancer and the mortality rate were 
calculated by dividing the number of events within the follow-up 
period by the total person-years and presented as the incidence 
per 100,000 person-years. 

To quantify the association between diabetes, prediabetes sta-
tus, and the risk of cancer, we performed Cox proportional haz-
ards regression analysis to estimate hazard ratios (HRs) and 95% 
confidence intervals (CIs). In the regression models, the normo-
glycemia group was used as the reference group and 2 regression 
models were used for diabetes and prediabetes. For the association 
between diabetes, prediabetes status, and cancer mortality risk, 
competing risk analysis was used, considering deaths from other 
causes as competing events. The proportional hazard assumption 
was tested using Kaplan–Meier curves and parallel lines of the 
survival distribution function. The first model was adjusted for 
age at screening. The second regression model was adjusted for 
age at screening, BMI, age at menarche, menopausal status, age at 
menopause, family history of cancer, breastfeeding, oral contra-
ceptive use, smoking status, drinking status, physical activity, hor-
mone replacement therapy uses, and comorbidity status (hyper-
tension, dyslipidemia, ischemic heart disease, and stroke). Miss-
ing covariate values were treated as dummy variables (separate 
categories). 

For cancer incidence outcomes, we conducted a stratified anal-
ysis of the association between diabetes, prediabetes, and cancer 
risk by age group (40-49, 50-59, and ≥ 60 years), menopausal sta-
tus (premenopausal and postmenopausal), and BMI status (< 23, 
23 to < 25, and ≥ 25 kg/m2). The results of the subgroup analysis 
for cancer risk are presented in the Supplementary Materials 2-6. 
Statistical analyses were performed using SAS version 9.4 (SAS 
Institute Inc., Cary, NC, USA), and a 2-sided p-value < 0.05 was 
considered statistically significant. 

Ethics statement 
The Institutional Review Board of Hanyang University College 

of Medicine (approval No. HYUIRB-202106-003-1) approved 
this study, and the National Health Insurance Sharing Service sys-
tem approved the use of the NHIS database.

RESULTS

Of the 8,309,393 women included in the analysis, 5,796,928 
(69.8%) were included in the normoglycemia group, 1,825,545 
(22.0%) in the prediabetes group, and 686,920 (8.3%) in the dia-
betes group (Table 1, Supplementary Material 1). The mean age of 
the total cohort was 52.7± 9.7 years. The mean age of the diabetes 
group (54.2± 9.7 years) and diabetes group (59.3± 9.3 years) was 
higher than that of the normoglycemia group (51.4± 9.4 years). 

During a median follow-up of 10 years (interquartile range, 
8.1-11.0), 522,894 incident cancer cases were identified (Table 2). 
The incidence rate per 100,000 person-years was 636.0 (95% CI, 
633.9 to 638.1) in the normoglycemia group, 705.3 (95% CI, 701.3 
to 709.3) in the prediabetes group, and 878.4 (95% CI, 871.1 to 
885.6) in the diabetes group. In all 3 groups, thyroid cancer was 
the most common incident cancer, followed by breast cancer. De-
spite the higher risk of almost all types of cancer in the prediabe-
tes and diabetes groups than in the normoglycemia group, the in-
cidence of the 2 most common types of cancers (breast and thy-
roid cancers) was highest in normoglycemic women, followed by 
those in the prediabetes and diabetes groups. 

Prediabetes and diabetes status were significantly associated with 
elevated cancer risk before and after adjustment for other covari-
ates (Figure 1, Supplementary Material 2). The adjusted HRs for 
cancer risk compared with normoglycemia were 1.03 (95% CI, 
1.02 to 1.04) in the prediabetes group and 1.13 (95% CI, 1.12 to 
1.14) in the diabetes group. The association varied by cancer site, 
and a significant association between diabetes and cancer risk was 
observed in the following cancer sites: stomach, colon, rectum, 
liver, gallbladder, pancreatic, larynx, cervix, uterus, kidney, and 
bladder. Among the analyzed cancer sites, the highest risk of dia-
betes was observed in liver cancer, with an adjusted HR of 1.72 
(95% CI, 1.66 to 1.79), followed by pancreatic and bladder cancer 
(HR of pancreatic cancer: 1.68; 95% CI, 1.36 to 1.51; HR of blad-
der cancer: 1.43; 95% CI, 1.36 to 1.51), relative to the normogly-
cemia group. The prediabetes group had significant risk of devel-
oping the following cancer sites: stomach (HR, 1.03; 95% CI, 1.01 
to 1.05), colon (HR, 1.10; 95% CI, 1.08 to 1.13), rectum (HR, 1.07; 
95% CI, 1.03 to 1.11), liver (HR, 1.05; 95% CI, 1.01 to 1.09), gall-
bladder (HR, 1.13; 95% CI, 1.08 to 1.18), pancreas (HR, 1.18; 95% 
CI, 1.13 to 1.23), cervix (HR, 1.05; 95% CI, 1.01 to 1.10), uterus 
(HR, 1.10; 95% CI, 1.05 to 1.14), kidney (HR, 1.08; 95% CI, 1.02 
to 1.14), and bladder (HR, 1.10; 95% CI, 1.02 to 1.18). In the strati-
fied analysis of cancer development outcomes, a similar pattern of 
association was observed compared to that in the main analysis 
(Supplementary Materials 3-5). 

In total, 193,283 deaths were recorded in our cohort during the 
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Table 1. Characteristics of participants in the cohort according to diabetes status

Characteristics
Diabetes status

Normoglycemia (n=5,796,928) Prediabetes (n=1,825,545) Diabetes (n=686,920)

Age at study entry (yr) 51.4±9.4 54.2±9.7 59.3±9.3
BMI (kg/m2) 23.3±3.3 24.5±3.4 25.4±3.6
Fasting glucose (mg/dL) 88.4±7.1 107.6±6.6 145.4±47.8
Age (yr)
   40-49 2,706,404 (46.7) 625,853 (34.3) 109,544 (16.0)
   50-59 1,817,968 (31.4) 629,364 (34.5) 210,307 (30.6)
   ≥60 1,272,556 (22.0) 570,328 (31.2) 367,069 (53.4)
Obesity status
   No (BMI <25 kg/m2) 2,849,777 (49.2) 639,508 (35.0) 172,723 (25.1)
   Yes (BMI ≥25 kg/m2) 2,946,155 (50.8) 1,185,791 (65.0) 514,055 (74.8)
   Missing 996 (0.0) 246 (0.0) 142 (0.0)
Menopausal status
   Premenopausal 3,159,981 (54.5) 796,803 (43.7) 183,814 (26.8)
   Postmenopausal 2,561,870 (44.2) 1,006,171 (55.1) 494,837 (72.0)
   Missing 75,077 (1.3) 22,571 (1.2) 8,269 (1.2)
Age at menopause (yr)
   <52 1,513,380 (26.1) 585,593 (32.1) 289,252 (42.1)
   ≥52 879,402 (15.2) 363,409 (19.9) 184,627 (26.9)
   Premenopausal/missing 3,404,146 (58.7) 876,543 (48.0) 213,041 (31.0)
Family history of cancer
   No 4,342,457 (74.9) 1,390,001 (76.1) 539,025 (78.5)
   Yes 1,454,471 (25.1) 435,544 (23.9) 147,895 (21.5)
Age at menarche (yr)
   <15 1,733,490 (29.9) 450,326 (24.7) 128,563 (18.7)
   ≥15 3,913,947 (67.5) 1,329,402 (72.8) 540,782 (78.7)
   Missing 149,491 (2.6) 45,817 (2.5) 17,575 (2.6)
Parity
   Nulliparous 382,062 (6.6) 105,482 (5.8) 34,002 (5.0)
   1 child or more 5,414,866 (93.4) 1,720,063 (94.2) 652,918 (95.1)
Breastfeeding
   Never 1,227,334 (21.2) 312,512 (17.1) 73,499 (10.7)
   Ever 4,569,594 (78.8) 1,513,033 (82.9) 613,421 (89.3)
Oral contraceptive use
   Never 4,741,219 (81.8) 1,474,225 (80.8) 540,789 (78.7)
   Ever 1,055,709 (18.2) 351,320 (19.2) 146,131 (21.3)
Physical activity
   No 1,614,924 (27.9) 539,915 (29.6) 208,851 (30.4)
   Yes 4,182,004 (72.1) 1,285,630 (70.4) 478,069 (69.6)
   Missing
Smoking status
   Never smoked 5,470,431 (94.4) 1,716,693 (94.0) 645,058 (93.9)
   Ever smoked 326,497 (5.6) 108,852 (6.0) 41,862 (6.1)
Drinking frequency during the last year
   No 4,473,848 (77.2) 1,394,086 (76.4) 594,115 (86.5)
   More than 1 day/wk 1,323,080 (22.8) 431,459 (23.6) 92,805 (13.5)
Hormone replacement therapy after menopause
   Never use 2,116,860 (36.5) 856,042 (46.9) 434,026 (63.2)
   Ever use 520,087 (9.0) 172,700 (9.5) 69,080 (10.1)
   Premenopausal 3,159,981 (54.5) 796,803 (43.7) 183,814 (26.8)
Comorbidity status
   Stroke (yes) 37,517 (0.7) 16,393 (0.9) 15,857 (2.3)
   Ischemic heart disease (yes) 92,513 (1.6) 42,806 (2.3) 39,888 (5.8)
   Hypertension (yes) 784,476 (13.5) 427,281 (23.4) 328,051 (47.8)
   Dyslipidemia (yes) 168,516 (2.9) 82,820 (4.5) 72,470 (10.6)

Values are presented as mean±standard deviation or number (%). 
BMI, body mass index.
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follow-up period (Supplementary Material 6). The all-cause mor-
tality rate was 188.8 (95% CI, 187.6 to 190.0) per 100,000 person-
years in the normoglycemia group, 262.0 (95% CI, 259.6 to 264.4) 
in the prediabetes group, and 718.3 (95% CI, 711.7 to 724.9) in 
the diabetes group. The mortality rate due to cancer (per 100,000 
person-years) was 76.5 (95% CI, 75.8 to 77.3) in the normoglyce-
mia group, 103.0 (95% CI, 101.5 to 104.5) in the prediabetes 
group, and 197.5 (95% CI, 194.0 to 200.9) in the diabetes group. 
In all 3 groups, lung cancer was the most common cause of can-
cer, followed by pancreatic and liver cancer. 

The all-cause mortality rate in the prediabetes and diabetes groups 
was 1.08-fold (95% CI, 1.07 to 1.09) and 1.88-fold (95% CI, 1.85 
to 1.90) higher than that in women with normoglycemia, respec-
tively (Table 3). Compared to women with normoglycemia, women 
with prediabetes and diabetes had 1.06-fold (95% CI, 1.05 to 1.08) 
and 1.36-fold (95% CI, 1.34 to 1.39) increased risks of death due 
to cancer, respectively. Prediabetes was significantly associated 
with an elevated risk of death from stomach (HR, 1.10; 95% CI, 
1.03 to 1.18), colorectal (HR, 1.07; 95% CI, 1.02 to 1.14), gallblad-
der (HR, 1.11; 95% CI, 1.05 to 1.18), pancreatic (HR, 1.16; 95% 
CI, 1.10 to 1.21), and breast (HR, 1.12; 95% CI, 1.04 to 1.22) can-
cers. In the diabetes group, the risk of death from all assessed can-
cer sites was significantly increased, with the highest risk observed 
for liver cancer (HR, 1.75; 95% CI, 1.65 to 1.85) and pancreatic 
cancer (HR, 1.62; 95% CI, 1.53 to 1.71).

DISCUSSION

Our analysis, conducted on a cohort of over 8 million women, 
revealed that both diabetes and prediabetes were significantly as-
sociated with an increased risk of subsequent cancer, all-cause mor-
tality, and cancer-related death. A systematic review demonstrated 
that individuals with diabetes had a 1.25-fold (95% CI, 1.19 to 
1.31) increased risk of death from cancer compared to those with-
out diabetes [13], which is relatively similar to the HR of 1.38 found 
in our analysis. The risks varied depending on the site of the can-
cer. Compared to the normoglycemic group, the HRs for diabetes 
were notably high for liver and pancreatic cancer, in terms of both 
incidence and mortality. Coughlin et al. [14] discovered a signifi-
cant association between diabetes and fatal colon, pancreatic, blad-
der, liver, and breast cancers in a cohort of United States women. 
These significant cancer sites align with our results, albeit with a 
slightly higher risk. 

We found a positive association between diabetes and an ele-
vated risk of cancer incidence and mortality in digestive organs, 
including the stomach, colon, rectum, liver, gallbladder, and pan-
creas. A positive association between diabetes/prediabetes and 
the risk of pancreatic cancer and pancreatic cancer-specific mor-
tality was found in the current study, previous studies [4,15,16], 
and previous meta-analyses [2]. The findings from another cohort 
study conducted on the Korean population suggested that hyper-

Table 2. Incidence rate1 of cancer in women with normoglycemia, prediabetes, and diabetes according to cancer site

Outcomes (ICD-10) Total no. of 
cases

Normal Glucose impairment Diabetes

No. of 
cases

Incidence rate
 (95% CI)

No. of 
cases

Incidence rate 
(95% CI)

No. of 
cases

Incidence rate 
(95% CI)

Cancer (all types) 522,894 346,383 636.0 (633.9, 638.1) 120,761 705.3 (701.3, 709.3) 55,750 878.4 (871.1, 885.6)
Specific cancer site

Pharynx (C10-14) 635 427 0.8 (0.7, 0.9) 149 0.9 (0.7, 1.0) 59 0.9 (0.7, 1.2)
Esophagus (C15) 904 570 1.0 (1.0, 1.1) 234 1.4 (1.2, 1.5) 100 1.6 (1.3, 1.9)
Stomach (C16) 46,995 29,663 54.5 (53.8, 55.1) 11,181 65.3 (64.1, 66.5) 6,151 96.9 (94.5, 99.3)
Colon (C18, C19) 38,098 23,041 42.3 (41.8, 42.9) 9,596 56.0 (54.9, 57.2) 5,461 86 (83.8, 88.3)
Rectum (C20) 15,000 9,391 17.2 (16.9, 17.6) 3,664 21.4 (20.7, 22.1) 1,945 30.6 (29.3, 32.0)
Liver (C22) 18,782 10,720 19.7 (19.3, 20.1) 4,386 25.6 (24.9, 26.4) 3,676 57.9 (56.0, 59.8)
Gallbladder (C23, C24) 12,172 6,855 12.6 (12.3, 12.9) 3,144 18.4 (17.7, 19.0) 2,173 34.2 (32.8, 35.7)
Pancreatic (C25) 14,186 7,782 14.3 (14.0, 14.6) 3,633 21.2 (20.5, 21.9) 2,771 43.7 (42.0, 45.3)
Larynx (C32) 310 193 0.4 (0.3, 0.4) 79 0.5 (0.4, 0.6) 38 0.6 (0.4, 0.8)
Lung (C33, C34) 34,757 22,032 40.5 (39.9, 41.0) 8,454 49.4 (48.3, 50.4) 4,271 67.3 (65.3, 69.3)
Breast (C50) 98,490 69,952 128.4 (127.5, 129.4) 21,473 125.4 (123.7, 127.1) 7,065 111.3 (108.7, 113.9)
Cervix (C53) 13,932 9,465 17.4 (17.0, 17.7) 3,176 18.5 (17.9, 19.2) 1,291 20.3 (19.2, 21.4)
Uterus (C54) 13,410 8,994 16.5 (16.2, 16.9) 3,147 18.4 (17.7, 19.0) 1,269 20 (18.9, 21.1)
Ovary (C56) 11,679 8,167 15.0 (14.7, 15.3) 2,538 14.8 (14.2, 15.4) 974 15.3 (14.4, 16.3)
Kidney (C64) 7,442 4,549 8.4 (8.1, 8.6) 1,820 10.6 (10.1, 11.1) 1,073 16.9 (15.9, 17.9)
Bladder (C67) 4,663 2,734 5.0 (4.8, 5.2) 1,180 6.9 (6.5, 7.3) 749 11.8 (11.0, 12.6)
Brain (C70, C71, C72) 6,258 4,142 7.6 (7.4, 7.8) 1,407 8.2 (7.8, 8.6) 709 11.2 (10.3, 12.0)
Thyroid (C73) 123,557 88,171 161.9 (160.8, 163.0) 27,071 158.1 (156.2, 160.0) 8,315 131.0 (128.2, 133.8)

ICD-10, International Classification of Diseases, 10th revision; No., number of deaths; CI, confidence interval.
1Incidence rate per 100,000 person-years. 
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Figure 1. Associations between prediabetes, diabetes, and subsequent risk of cancer. aHR, adjusted hazard ratio; CI, confidence interval. 

glycemia, insulin resistance, and hyperinsulinemia were independ-
ent predictors of pancreatic cancer mortality, not only in individ-
uals with diabetes but also in those without diabetes [16]. Addi-

tionally, a Mendelian randomization study utilizing genome-wide 
data revealed a correlation between genetically elevated fasting 
insulin levels and an increased risk of pancreatic cancer [15]. How-
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ever, no evidence was found regarding an elevated risk of pancre-
atic cancer associated with type 2 diabetes or dyslipidemia [15]. 

Glucose metabolism disorders, such as diabetes and prediabe-
tes, have been linked to an increased risk of colon and rectal can-
cers [17,18], as found in the current study. Several meta-analyses 
also found a significant relationship between diabetes and colo-
rectal cancer risk and colorectal cancer-specific mortality [19]. In 
this study, we found that compared to women with normal glu-
cose levels, those with prediabetes showed a slight but significant 
increase in gastric cancer risk, while those with diabetes exhibited 
an even higher risk. This contradicts the results of a Swedish co-
hort study, which found no significant link between prediabetes 
or diabetes and gastric adenocarcinoma [20]. However, meta-
analyses suggest that the association between prediabetes, diabe-
tes, and gastric cancer may be more pronounced in women, par-
ticularly those of Asian descent [21]. The proposed mechanisms 
connecting diabetes and gastric cancer include shared risk factors 
such as obesity and insulin resistance, as well as Helicobacter py-
lori infection, salt intake, hyperglycemia, and certain medications 
like insulin and metformin [21]. Compared to other types of can-
cer, the risk of liver and gallbladder cancers associated with diabe-
tes and prediabetes has been more extensively documented in 
previous epidemiological studies [22], which is consistent with 
our results. The significant increase in hepatic cancer risk among 
individuals with diabetes and prediabetes may be attributed to the 
disruption of liver homeostasis caused by hyperglycemia, insulin 
resistance, and hyperinsulinemia [23]. 

In this study, diabetes was not significantly associated with the 
overall risk of breast cancer. However, a subgroup analysis re-
vealed an increased risk of breast cancer in women aged 60 years 
and older, as well as in postmenopausal women with impaired 

glucose levels and diabetes. The relationship between the risk of 
breast cancer and diabetes, however, remains unclear. A pooled 
analysis of 20 studies indicated a significantly increased risk of 
breast cancer in women with diabetes, yet the pooled relative risk 
from 5 cohort studies showed no association [24]. Recent evidence 
further suggests no link between diabetes and breast cancer, po-
tentially due to the protective effect of metformin, a medication 
used to treat diabetes, which may help reduce the incidence of es-
trogen-positive breast cancer [25]. However, our analysis did not 
take into account the type of antidiabetic medication used or the 
subtypes of breast cancer, due to the lack of available relevant 
data.

Our findings support an increased risk of uterine and cervical 
cancer in groups with prediabetes and diabetes. However, no cor-
relation was discovered with the risk of ovarian cancer. This is 
consistent with previous studies that have identified an increased 
risk of cervical cancer in patients with diabetes [4,26]. Diabetes 
has been associated with poor survival in cervical and ovarian 
cancer patients [27,28], and researchers have suggested diabetes 
as a prognostic marker of these cancers. While we cannot directly 
compare the survival rates of cancer patients with the mortality 
rates of the general population, our results do reveal higher mor-
tality rates from cervical and ovarian cancer in women with dia-
betes compared to those with normal blood sugar levels. This could 
potentially corroborate the findings in cancer patients.

Diabetes was found to be associated with an increased risk of 
cancers related to the urinary tract, including bladder and kidney 
cancers. This finding is consistent with a previous meta-analysis 
that reported a positive association between diabetes and kidney 
cancer risk [29]. However, a recent large-scale cohort study found 
a significant association between diabetes and renal cell carcino-

Table 3. Risk of mortality in participants with prediabetes and diabetes mellitus1

Outcomes

Hazard ratios relative to the normoglycemia group

Prediabetes Diabetes

Model 1 Model 2 Model 1 Model 2

Death from any cause 1.08 (1.06, 1.09) 1.08 (1.07, 1.09) 1.93 (1.91, 1.95) 1.88 (1.85, 1.90)
Death from cancer 1.07 (1.05, 1.09) 1.06 (1.05, 1.08) 1.38 (1.35, 1.41) 1.36 (1.34, 1.39)
Specific cancer site

Stomach 1.07 (1.01, 1.15) 1.10 (1.03, 1.18) 1.27 (1.17, 1.37) 1.34 (1.24, 1.45)
Colorectal 1.08 (1.02, 1.14) 1.07 (1.02, 1.14) 1.39 (1.30, 1.48) 1.40 (1.31, 1.49)
Liver 1.05 (0.99, 1.11) 1.03 (0.98, 1.09) 1.75 (1.66, 1.86) 1.75 (1.65, 1.85)
Gallbladder 1.13 (1.06, 1.20) 1.11 (1.05, 1.18) 1.49 (1.40, 1.60) 1.47 (1.38, 1.58)
Pancreatic 1.18 (1.12, 1.24) 1.16 (1.10, 1.21) 1.68 (1.59, 1.78) 1.62 (1.53, 1.71)
Lung 1.04 (1.00, 1.09) 1.04 (1.00, 1.09) 1.14 (1.09, 1.20) 1.13 (1.07, 1.19)
Breast 1.14 (1.05, 1.23) 1.12 (1.04, 1.22) 1.42 (1.28, 1.58) 1.38 (1.24, 1.54)
Cervix 1.08 (0.95, 1.22) 1.07 (0.95, 1.22) 1.29 (1.10, 1.52) 1.33 (1.13, 1.57)
Ovary 1.05 (0.96 ,1.14) 1.05 (0.97, 1.15) 1.12 (1.00, 1.25) 1.13 (1.01, 1.27)

Values are presented as hazard ratio (95% confidence interval).
1Model 1 was adjusted for age at screening; Model 2 was adjusted for age at screening, body mass index, age at menarche, menopausal status, age 
at menopause, family history of cancer, parity, breastfeeding, oral contraceptive use, smoking status, drinking status, physical activity, comorbidity 
status, and hormone replacement therapy use. 
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ma risk exclusively in women (aHR, 1.53; 95% CI, 1.14 to 2.04), 
but not in men [30]. The observation of an increased risk of kid-
ney cancer only in women with diabetes might be due to the in-
teraction between diabetes with other hormone-related exposures, 
such as oral contraceptives or postmenopausal hormone replace-
ment [31]. This hypothesis necessitates further investigation.

Limited and inconsistent evidence has been reported regarding 
the association between diabetes and the risk of lung cancer, par-
ticularly in women. These inconsistencies may be due to factors 
such as small sample sizes, variations in exposure ascertainment, 
or the exclusion or adjustment of significant covariates like BMI 
or smoking habits [32]. In this large study adjusted for important 
covariates, we found no association between diabetes or predia-
betes and the risk of lung cancer, as reported in recent studies 
[32,33]. However, diabetes was associated with an increased risk 
of death from lung cancer in women, which is consistent with 
previous findings [34]. Several mechanisms have been proposed 
to explain this poor outcome, including increased tumor metasta-
sis and progression via fibroblast growth factor 2, changes in en-
dothelial cell function, and alterations to the baseline membrane 
caused by hyperglycemia [35]. 

Our findings suggest a reduced risk of thyroid cancer in women 
with diabetes and prediabetes compared to women with normal 
blood sugar levels. Previous studies exploring the link between dia-
betes and thyroid cancer have yielded inconsistent results, with 
some suggesting an increased risk [36] or no relationship [37]. How-
ever, a case-control study conducted within a Korean population 
demonstrated a lower risk of thyroid cancer in individuals with 
diabetes, particularly in women [38]. Most prior research on the 
relationship between diabetes and thyroid cancer has also taken 
into account diabetes treatment. Therefore, future studies should 
incorporate factors such as glucose levels, diabetes treatment, and 
the duration of diabetes when assessing the risk of thyroid cancer.

The prevalence of prediabetes increased dramatically to 27% in 
Korea in 2018 [39], presenting new challenges for public health 
interventions related to diabetes management [40]. Previous stud-
ies have also reported an association between prediabetes and an 
increased risk of death from cancer [6]. Our research further iden-
tified an elevated risk of cancer incidence and mortality in women 
with prediabetes, particularly in relation to nearly all digestive 
tract cancers. Therefore, individuals with prediabetes should be 
closely monitored as they constitute a high-risk group for both 
cancer incidence and mortality.

The strengths of this study lie in its large female population and 
the accurate, population-based assessment of all new cancer cases 
and deaths. Additionally, by excluding cases that developed before 
and within 90 days of the baseline cancer screening, we were able 
to evaluate the natural progression from diabetes to cancer devel-
opment and cancer-related deaths, aspects not considered in pre-
vious studies on cancer mortality. 

However, our study has several limitations. First, our database 
did not include postprandial glucose levels, preventing us from 
defining prediabetes using this measure. We also lacked informa-

tion on the duration of diabetes and the type of antidiabetic medi-
cation used. While studies have suggested a protective effect of 
metformin, an antidiabetic medication, against cancer, our scant 
information prevented us from assessing the impact of metformin 
or other antidiabetic medications on cancer risk. Second, although 
we adjusted our analysis for hypertension and dyslipidemia, we 
did not have specific information on the types of medication used 
to treat these conditions. As a result, we were unable to assess the 
impact of these medications on the main association. Third, our 
findings were derived from a cohort of individuals undergoing 
cancer screening, which could introduce selection bias. Therefore, 
caution should be exercised when generalizing our findings. Fur-
thermore, our analysis did not take into account other important 
risk factors for individual cancer sites, such as H. pylori infection 
in gastric cancer or hepatitis B virus infection in liver cancer.

In conclusion, we found that prediabetes and diabetes were in-
dependently associated with an overall increased risk of cancer, 
with stronger associations for malignancies in the liver and pan-
creas in women. Additionally, both prediabetes and diabetes were 
associated with an elevated risk of death from cancer. These results 
underscore the importance of prevention and management strat-
egies to mitigate the burden of cancer and premature cancer-re-
lated deaths, not only in individuals diagnosed with diabetes but 
also in those with prediabetes. 

DATA AVAILABILITY

This study used NHIS-NHID data (research number: NHIS-
2019-1-064). Data are available through the Korean National Health 
Insurance Sharing Service (NHISS). 

SUPPLEMENTARY MATERIALS

Supplementary materials are available at http://www.e-epih.org/.

CONFLICT OF INTEREST

The authors have no conflicts of interest to declare for this study.

FUNDING

This work was supported by a National Research Foundation 
of Korea grant funded by the Korean government (MSIT) (grant 
No. 2021R1A2C1011958). This work was partly supported by Ba-
sic Science Research Program through the National Research 
Foundation of Korea (NRF) funded by the Ministry of Education 
(grant No. RS-2023-00241942). 

ACKNOWLEDGEMENTS

The authors alone are responsible for the content and writing of 
this manuscript.



Tran TXM et al. : Diabetes, prediabetes, and cancer risk in women

www.e-epih.org    |  9

AUTHOR CONTRIBUTIONS

Conceptualization: Tran TXM, Park B. Data curation: Tran 
TXM, Kim S, Song H. Formal analysis: Tran TXM. Funding ac-
quisition: Tran TXM, Park B. Methodology: Tran TXM, Park B. 
Project administration: Kim S, Song H. Writing – original draft: 
Tran TXM. Writing – review & editing: Tran TXM, Kim S, Song 
H, Park B. 

ORCID

Thi Xuan Mai Tran: https://orcid.org/0000-0001-7720-4552; 
Soyeoun Kim: https://orcid.org/0000-0001-9158-5590; Huiyeon 
Song: https://orcid.org/0000-0002-4294-0880; Boyoung Park: htt-
ps://orcid.org/0000-0003-1902-3184

REFERENCES

1.	 Shi Y, Hu FB. The global implications of diabetes and cancer. Lan-
cet 2014;383:1947-1948. 

2.	 Tsilidis KK, Kasimis JC, Lopez DS, Ntzani EE, Ioannidis JP. Type 
2 diabetes and cancer: umbrella review of meta-analyses of ob-
servational studies. BMJ 2015;350:g7607. 

3.	 Giovannucci E, Harlan DM, Archer MC, Bergenstal RM, Gapstur 
SM, Habel LA, et al. Diabetes and cancer: a consensus report. Di-
abetes Care 2010;33:1674-1685. 

4.	 Yuan S, Kar S, Carter P, Vithayathil M, Mason AM, Burgess S, et 
al. Is type 2 diabetes causally associated with cancer risk? Evidence 
from a two-sample Mendelian randomization study. Diabetes 
2020;69:1588-1596. 

5.	 Harding JL, Andes LJ, Gregg EW, Cheng YJ, Weir HK, Bullard KM, 
et al. Trends in cancer mortality among people with vs without 
diabetes in the USA, 1988-2015. Diabetologia 2020;63:75-84. 

6.	 Islam Z, Akter S, Inoue Y, Hu H, Kuwahara K, Nakagawa T, et al. 
Prediabetes, diabetes, and the risk of all-cause and cause-specific 
mortality in a Japanese working population: Japan Epidemiology 
Collaboration on Occupational Health Study. Diabetes Care 2021; 
44:757-764. 

7.	 Hwangbo Y, Kang D, Kang M, Kim S, Lee EK, Kim YA, et al. In-
cidence of diabetes after cancer development: a Korean national 
cohort study. JAMA Oncol 2018;4:1099-1105. 

8.	 Huang Y, Cai X, Qiu M, Chen P, Tang H, Hu Y, et al. Prediabetes 
and the risk of cancer: a meta-analysis. Diabetologia 2014;57: 
2261-2269. 

9.	 Yip WC, Sequeira IR, Plank LD, Poppitt SD. Prevalence of pre-
diabetes across ethnicities: a review of impaired fasting glucose 
(IFG) and impaired glucose tolerance (IGT) for classification of 
dysglycaemia. Nutrients 2017;9:1273. 

10.	 Lee J, Lee JS, Park SH, Shin SA, Kim K. Cohort profile: the Na-
tional Health Insurance Service-National Sample Cohort (NHIS-
NSC), South Korea. Int J Epidemiol 2017;46:e15. 

11.	 American Diabetes Association Professional Practice Committee. 
2. Classification and diagnosis of diabetes: standards of medical 

care in diabetes-2022. Diabetes Care 2022;45(Suppl 1):S17-S38. 
12.	 Yang MS, Park M, Back JH, Lee GH, Shin JH, Kim K, et al. Vali-

dation of cancer diagnosis based on the National Health Insur-
ance Service database versus the National Cancer Registry data-
base in Korea. Cancer Res Treat 2022;54:352-361. 

13.	 Rao Kondapally Seshasai S, Kaptoge S, Thompson A, Di Ange-
lantonio E, Gao P, Sarwar N, et al. Diabetes mellitus, fasting glu-
cose, and risk of cause-specific death. N Engl J Med 2011;364: 
829-841. 

14.	 Coughlin SS, Calle EE, Teras LR, Petrelli J, Thun MJ. Diabetes 
mellitus as a predictor of cancer mortality in a large cohort of US 
adults. Am J Epidemiol 2004;159:1160-1167. 

15.	 Carreras-Torres R, Johansson M, Gaborieau V, Haycock PC, Wade 
KH, Relton CL, et al. The role of obesity, type 2 diabetes, and met-
abolic factors in pancreatic cancer: a Mendelian randomization 
study. J Natl Cancer Inst 2017;109:djx012. 

16.	 Kim NH, Chang Y, Lee SR, Ryu S, Kim HJ. Glycemic status, in-
sulin resistance, and risk of pancreatic cancer mortality in indi-
viduals with and without diabetes. Am J Gastroenterol 2020;115: 
1840-1848. 

17.	 He J, Stram DO, Kolonel LN, Henderson BE, Le Marchand L, 
Haiman CA. The association of diabetes with colorectal cancer 
risk: the Multiethnic Cohort. Br J Cancer 2010;103:120-126. 

18.	 Moon SG, Park B. The association between metabolic syndrome 
and colorectal cancer risk by obesity status in Korean women: a 
nationwide cohort study. J Prev Med Public Health 2022;55:475-
484.

19.	 Xu J, Ye Y, Wu H, Duerksen-Hughes P, Zhang H, Li P, et al. Asso-
ciation between markers of glucose metabolism and risk of colo-
rectal cancer. BMJ Open 2016;6:e011430. 

20.	 Zheng J, Rutegård M, Santoni G, Wallner B, Johansson I, Sund M, 
et al. Prediabetes and diabetes in relation to risk of gastric adeno-
carcinoma. Br J Cancer 2019;120:1147-1152. 

21.	 Tseng CH, Tseng FH. Diabetes and gastric cancer: the potential 
links. World J Gastroenterol 2014;20:1701-1711. 

22.	 Gu J, Yan S, Wang B, Shen F, Cao H, Fan J, et al. Type 2 diabetes 
mellitus and risk of gallbladder cancer: a systematic review and 
meta-analysis of observational studies. Diabetes Metab Res Rev 
2016;32:63-72. 

23.	 Das BK, Gadad PC. Impact of diabetes on the increased risk of 
hepatic cancer: an updated review of biological aspects. Diabetes 
Epidemiol Manag 2021;4:100025.

24.	 Larsson SC, Mantzoros CS, Wolk A. Diabetes mellitus and risk of 
breast cancer: a meta-analysis. Int J Cancer 2007;121:856-862. 

25.	 Park YM, Bookwalter DB, O’Brien KM, Jackson CL, Weinberg 
CR, Sandler DP. A prospective study of type 2 diabetes, metform-
in use, and risk of breast cancer. Ann Oncol 2021;32:351-359. 

26.	 Harding JL, Shaw JE, Peeters A, Cartensen B, Magliano DJ. Can-
cer risk among people with type 1 and type 2 diabetes: disentan-
gling true associations, detection bias, and reverse causation. Dia-
betes Care 2015;38:264-270. 

27.	 Chen S, Tao M, Zhao L, Zhang X. The association between dia-
betes/hyperglycemia and the prognosis of cervical cancer patients: 

https://orcid.org/0000-0001-7720-4552
https://orcid.org/0000-0001-9158-5590
https://orcid.org/0000-0002-4294-0880
https://orcid.org/0000-0003-1902-3184
https://orcid.org/0000-0003-1902-3184


Epidemiol Health 2023;45:e2023080

  |    www.e-epih.org  10

a systematic review and meta-analysis. Medicine (Baltimore) 2017; 
96:e7981. 

28.	 Akhavan S, Ghahghaei-Nezamabadi A, Modaresgilani M, Mousa-
vi AS, Sepidarkish M, Tehranian A, et al. Impact of diabetes mel-
litus on epithelial ovarian cancer survival. BMC Cancer 2018;18: 
1246. 

29.	 Bao C, Yang X, Xu W, Luo H, Xu Z, Su C, et al. Diabetes mellitus 
and incidence and mortality of kidney cancer: a meta-analysis. J 
Diabetes Complications 2013;27:357-364. 

30.	 Graff RE, Sanchez A, Tobias DK, Rodríguez D, Barrisford GW, 
Blute ML, et al. Type 2 diabetes in relation to the risk of renal cell 
carcinoma among men and women in two large prospective co-
hort studies. Diabetes Care 2018;41:1432-1437. 

31.	 Lee JE, Hankinson SE, Cho E. Reproductive factors and risk of 
renal cell cancer: the Nurses’ Health Study. Am J Epidemiol 2009; 
169:1243-1250. 

32.	 Yang WS, Yang Y, Yang G, Chow WH, Li HL, Gao YT, et al. Pre-
existing type 2 diabetes and risk of lung cancer: a report from two 
prospective cohort studies of 133 024 Chinese adults in urban 
Shanghai. BMJ Open 2014;4:e004875. 

33.	 Leiter A, Charokopos A, Bailey S, Gallagher EJ, Hirsch FR, LeRoith 

D, et al. Assessing the association of diabetes with lung cancer risk. 
Transl Lung Cancer Res 2021;10:4200-4208. 

34.	 Luo J, Hendryx M, Qi L, Ho GY, Margolis KL. Pre-existing dia-
betes and lung cancer prognosis. Br J Cancer 2016;115:76-79. 

35.	 Khateeb J, Fuchs E, Khamaisi M. Diabetes and lung disease: a ne-
glected relationship. Rev Diabet Stud 2019;15:1-15. 

36.	 Yeo Y, Ma SH, Hwang Y, Horn-Ross PL, Hsing A, Lee KE, et al. 
Diabetes mellitus and risk of thyroid cancer: a meta-analysis. PLoS 
One 2014;9:e98135. 

37.	 Luo J, Phillips L, Liu S, Wactawski-Wende J, Margolis KL. Diabe-
tes, diabetes treatment, and risk of thyroid cancer. J Clin Endo-
crinol Metab 2016;101:1243-1248. 

38.	 Seo YG, Choi HC, An AR, Park DJ, Park YJ, Lee KE, et al. The 
association between type 2 diabetes mellitus and thyroid cancer. J 
Diabetes Res 2017;2017:5850879. 

39.	 Jung CH, Son JW, Kang S, Kim WJ, Kim HS, Kim HS, et al. Dia-
betes fact sheets in Korea, 2020: an appraisal of current status. 
Diabetes Metab J 2021;45:1-10. 

40.	 Jung YS, Kim YE, Park H, Oh IH, Jo MW, Ock M, et al. Measur-
ing the burden of disease in Korea, 2008-2018. J Prev Med Public 
Health 2021;54:293-300.


