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Background: Although diabetes is a well-known risk factor for death, its impact on cancer death is not clearly understood. Fur-
thermore, it remains controversial whether impaired fasting glucose (IFG) and/or impaired glucose tolerance (IGT) are associat-
ed with increased risk of mortality. We investigated the impact of diabetes or glucose tolerance categories on all cause and cause-
specific mortality. 
Methods: Mortality analysis was conducted in three population-based cohort studies of 3,801 participants, divided according to 
fasting plasma glucose (FPG) (normal; stage 1 IFG [5.6≤FPG<6.1 mmol/L]; stage 2 IFG [6.1≤FPG<7.0 mmol/L]; diabetes mel-
litus [DM]-FPG); or 2-hour glucose after 75 g glucose loading (2hPG) (normal; IGT; DM-2hPG), or a combination of FPG and 
2hPG criteria.
Results: During a median follow-up of 11.0 years, 474 subjects died from all causes. Hazard ratios (HRs) for all cause death were 
higher in those with diabetes as defined by either FPG or 2hPG criteria than their normal counterparts (HR, 2.2, 95% confidence 
interval [CI], 1.6 to 2.9 for DM-FPG; HR, 2.0, 95% CI, 1.5 to 2.7 for DM-2hPG). Similarly, diabetes defined by either FPG or 2hPG 
was associated with cancer death (HR, 2.9, 95% CI, 1.7 to 5.0; and HR, 2.1, 95% CI, 1.2 to 3.9, respectively). Although neither IFG 
nor IGT conferred higher risk for death, when combining stage 2 IFG and/or IGT, the risk of all cause death was higher than in 
subjects with normal glucose regulation (HR, 1.3; 95% CI, 1.0 to 1.6). 
Conclusion: Diabetes is associated with higher risk of death from all causes and cancer. In subjects without diabetes, stage 2 IFG 
and/or IGT confers increased risk for mortality.
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INTRODUCTION

There has been rapid growth in the prevalence of diabetes in 

recent years, especially in Asia. Indeed, the prevalence of dia-
betes in Korea increased from 1.5% to 9.9% over the past 40 
years [1]. Diabetes-related mortality data was not included 
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among major leading causes of death in 1983 in South Korea, 
but in 2011, they ranked as the fourth leading cause of natural 
death, following malignancy, cerebrovascular disease, and car-
diovascular disease (CVD) [2]. There is increasing concern 
about the role of diabetes as a risk factor for certain types of 
cancers, such as pancreas, liver, and colon/rectum [3], and for 
cancer mortality in some population studies [4,5]. However, 
diabetes was not associated with increased risk of death from 
cancer in a male population in the United Kingdom [6] or in 
the Second National Health and Nutrition Examination Sur-
vey (NHANES II) in the United States [7].
 Impaired glucose regulation can be indicated by either im-
paired fasting glucose (IFG) by the American Diabetes Asso-
ciation (ADA) criteria [8] or impaired glucose tolerance (IGT) 
by World Health Organization criteria [9]. Some epidemio-
logic studies support the importance of one or the other in 
predicting mortality [10], and a few indicate that neither IFG 
nor IGT confer increased risk for mortality [11,12]. Studies 
evaluating whether cancer mortality is associated with IFG or 
IGT are limited and highly controversial [6,7,13-15]. In addi-
tion, although ADA lowered the cutoff point for normal fast-
ing glucose (NFG) from 6.1 to 5.6 mmol/L [16], the prognos-
tic implications of this lower cutoff point are still controversial 
[17,18]. 
 Although the epidemic of diabetes in Korea is steadily in-
creasing, no longitudinal data exist on the association between 
glucose tolerance categories and mortality in South Korean 
population. As an extension of a pooled analysis of four com-
munity-based cohort studies in Korea, which had examined 
fasting and 2-hour glucose after glucose loading [19], this study 
determined the association between glucose tolerance status 
and all cause and cause specific mortality.

METHODS

Participants
Among several population-based cohort studies in Korea, the 
Yonchon [20], Chongup [21], and Ansan [22] studies were se-
lected because each of these studies: 1) was conducted after 
1990, 2) included both men and women 30 years or older, 3) 
used the standard 2-hour 75 g oral glucose tolerance test 
(OGTT), and 4) included participants with a residence identi-
fication number. The Yonchon study was held in 1993 in Yon-
chon county, a rural area in northern South Korea. The Chon-
gup study was conducted in 1997 in rural southern South Ko-

rea, and the Ansan study was conducted in 2000 in an urban 
area near Seoul, South Korea. All subjects participated in the 
study voluntarily, and informed consent was obtained from all 
participants. The appropriate ethics committees approved the 
protocols of each study. Of 5,139 subjects (Yonchon, n=2,304; 
Chongup, n=1,105; Ansan, n=1,730), we selected 3,801 sub-
jects whose status of diabetes could be identified by fasting 
plasma glucose (FPG) and 2-hour glucose after 75 g glucose 
loading (2hPG) concentrations and previous history of medi-
cation for diabetes.

Study procedure
Standard anthropometric data and lifestyle factors were col-
lected in all participants. Height and weight measurements 
were taken while the subjects were barefoot and dressed in 
light clothing. Blood pressure was measured after subjects had 
rested for at least 10 minutes. Every subject who had not been 
diagnosed previously with diabetes was asked to complete a 75 
g OGTT. Blood samples were centrifuged on site. Plasma glu-
cose concentration was measured using the glucose oxidase 
method. Total cholesterol, triglycerides, and high density lipo-
protein cholesterol concentrations were measured by enzymat-
ic methods. Each subject’s vital status and causes of death as of 
31 December 2007 were determined after linking these cohort 
data with death certificate data from Korean National Statisti-
cal Office. ICD-10 codes were used to classify the underlying 
cause of death as due to cancer (ICD-10 codes C00-C97), CVD 
(ICD-10 codes I00-I79), and others.

Glucose tolerance categories
Mortality for various glucose tolerance categories was com-
puted separately based on FPG or 2hPG. FPG ≥7.0 mmol/L 
or taking diabetes medication was classified as diabetes by 
FPG criteria (diabetes mellitus [DM]-FPG). Similarly, 2hPG 
≥11.1 mmol/L or taking diabetes medication was defined as 
diabetes by 2hPG criteria (DM-2hPG). A Korean study re-
cently reported that subjects with stage 2 IFG (6.1≤FPG<7.0 
mmol/L) showed different clinical characteristics compared to 
stage 1 IFG (5.6≤FPG<6.1 mmol/L) [19]. Therefore, as of 
2011 the clinical practice guidelines for type 2 diabetes in Ko-
rea recommended different screening methods according to 
stage of IFG [23]. We divided our IFG participants into two 
groups according to aforementioned criteria with or without 
IGT. Similarly, by only 2hPG criteria, normal glucose tolerance 
(NGT: 2hPG <7.8 mmol/L) or IGT (7.8≤2hPG<11.1 mmol/
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L) with or without IFG was defined by the 2003 ADA criteria 
[16]. We also analyzed the mortality according to the combi-
nation of FPG and 2hPG criteria (normal glucose regulation I 
[NGR I]: FPG <5.6 mmol/L [normal fasting glucose, NFG] 
and 2hPG <7.8 mmol/L; prediabetes: IFG and/or IGT; and di-
abetes: FPG or 2hPG criteria). In order to compare the prog-
nostic implications of different FPG cutoff points, subjects were 
also categorized by the higher cutoff point for FPG (6.1 mmol/
L) as NGR II (FPG <6.1 mmol/L and 2hPG <7.8 mmol/L), 
prediabetes (stage 2 IFG and/or IGT), and diabetes.

Statistical analysis
Baseline characteristics were compared among the three study 
population studies using analysis of variance for numeric vari-
ables and a chi-square test for categorical variables. Nonnor-
mally distributed variables such as triglycerides were present-
ed as the median and interquartile range for each group, and 
differences were tested after logarithmic transformation. For 
mortality analysis, the period at risk extended from the date of 
research examination to death or the end of 2007, whichever 
came first. Cause specific hazard ratios (HRs) for death are 
presented for cancer and CVD, as these were the leading causes 
of death. Other causes are not presented because of the few 
numbers of deaths due to these causes.
 The effects of the variables of interest on all cause and cause 
specific mortality were assessed according to the various glu-

cose categories in the proportional hazards models. Baseline 
age, sex, study center, smoking status, systolic blood pressure, 
dyslipidemia, and body mass index were included in the pro-
portional hazards analysis because of their potential confound-
ing effects on the outcome. Product terms of predictor variables 
did not significantly improve the regression models and were 
not included. The assumptions of proportionality were tested 
using log follow-up time interaction terms for each baseline 
variable. Analyses were performed with SAS software version 
9.1 (SAS Institute, Cary, NC, USA).

RESULTS

Baseline characteristics of the study participants are presented 
in Table 1. Subjects in Chongup were the oldest, and those in 
Ansan were the youngest. Those in Chongup had the least fa-
vorable metabolic profile among the three cohorts. During a 
median follow-up of 11.0 years (range, 0.2 to 15.0 years), 474 
deaths from all causes occurred among the 3,801 subjects (1,583 
men, 2,218 women), of which 111 were attributed to cancer and 
106 to CVD. When comparing the subjects with NGR, IFG 
and/or IGT, and diabetes, the anthropometric and metabolic 
variables were the worst in those with diabetes, intermediate 
in IFG and/or IGT compared to NGR (Table 2). 
 The multivariate-adjusted HR for death from all causes was 
about 2-fold higher in subjects with diabetes defined by either 

Table 1. Baseline characteristics of the study population 

Characteristic Yonchon (n=1,340) Chongup (n=1,105) Ansan (n=1,356) P value

Male sex 608 (45.37) 422 (38.19) 553 (40.78) 0.0012

Age, yr 50.29±12.68 59.02±9.95 45.01±13.77 <0.0001

BMI, kg/m2 24.06±3.31 23.77±3.08 23.44±3.19 <0.0001

WHR 0.87±0.09 0.88±0.06 0.87±0.08 0.0013

FPG, mmol/L 5.83±1.27 5.34±1.72 5.79±1.33 <0.0001

PPG, mmol/L 6.54±3.01 7.14±3.2 6.95±3.13 <0.0001

SBP, mm Hg 125.51±21.29 142.82±23.07 119.41±18.13 <0.0001

DBP, mm Hg 81.51±13.81 85.36±11.93 75.76±13.61 <0.0001

TC, mmol/L 4.08±0.83 5.24±0.94 5.03±0.99 <0.0001

Triglyceride, mmol/L 1.41 (0.97–3.07) 1.62 (1.16–2.35) 1.27 (0.88–1.82) <0.0001

HDL-C, mmol/L 0.96±0.31 1.18±0.29 1.19±0.35 <0.0001

Current smoker 181 (13.51) 322 (29.14) 303 (22.35) <0.0001

Values are presented as number (%), mean±standard deviation, or median (1st quartile–3rd quartile).
BMI, body mass index; WHR, waist-hip ratio; FPG, fasting plasma glucose; PPG, 2-hour glucose after 75 g glucose loading; SBP, 
systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; HDL-C, high density lipoprotein cholesterol.
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FPG or 2hPG criteria than in their normal counterparts, where-
as it did not increase in the IFG or IGT groups compared to 
those with NGR I (Table 3). When prediabetes was defined as 
IFG and/or IGT, the HR for all-cause death was not higher 
than those with NGR I (HR, 1.23; 95% CI, 1.00 to 1.52) (Fig. 
1). However, when stage 2 IFG and/or IGT was used to define 
prediabetes, all-cause death was higher in subjects with predi-
abetes than NGR II (HR, 1.27; 95% CI, 1.02 to 1.59) (Fig. 1). 

 The HR for cancer death was 2.89 (95% CI, 1.66 to 5.02) and 
2.14 (95% CI, 1.18 to 3.90) for subjects with diabetes defined by 
FPG or 2hPG criteria, respectively, after adjusting for several 
confounding variables (Table 3). Subjects with stage 2 IFG or 
IGT had an elevated HR for cancer death, but this finding was 
not statistically significant (Table 3). Even in subjects with stage 
2 IFG and/or IGT, the HR for cancer death was not statistically 
significant (HR, 1.47; 95% CI, 0.93 to 2.33) (Fig. 1). Neither di-

Table 2. Characteristics of the subjects according to the glucose tolerance categories

Characteristic NGR (n=1,821) IFG and/or IGT (n=1,555) DM (n=425) P value

Male sex 700 (38.44) 658 (42.32) 225 (52.94) <0.0001

Age, yr 49.50±13.69 51.18±13.64 56.27±11.42 <0.0001

BMI, kg/m2 23.26±2.98 24.08±3.31 24.70±3.45 <0.0001

WHR 0.86±0.07 0.88±0.08 0.90±0.11 <0.0001

FPG, mmol/L 4.93±0.47 5.85±0.44 8.21±2.88 <0.0001

PPG, mmol/L 5.60±0.99 6.86±1.70 13.23±5.92 <0.0001

SBP, mm Hg 126.94±23.10 128.27±22.06 136.43±23.79 <0.0001

DBP, mm Hg 79.35±13.55 81.17±13.59 84.45±14.57 <0.0001

TC, mmol/L 4.70±1.01 4.74±1.04 5.08±1.19 <0.0001

Triglyceride, mmol/L 1.30 (0.93–1.92) 1.46 (1.02–2.14) 1.92 (1.28–2.71) <0.0001

HDL-C, mmol/L 1.14±0.33 1.09±0.33 1.06±0.35 <0.0001

Current smoker 424 (23.28) 298 (19.16) 84 (19.76) 0.0105

Values are presented as number (%), mean±standard deviation, or median (1st quartile–3rd quartile).
NGR, normal glucose regulation; IFG, impaired fasting glucose; IGT, impaired glucose tolerance; DM, diabetes mellitus; BMI, 
body mass index; WHR, waist-hip ratio; FPG, fasting plasma glucose; PPG, 2-hour glucose after 75 g glucose loading; SBP, sys-
tolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; HDL-C, high density lipoprotein cholesterol. 

Table 3. Hazard ratios and 95% confidence interval of death from all causes, cancer, and cardiovascular disease according to fast-
ing plasma glucose or 2-hour glucose after 75 g glucose loading concentrations and presence/absence of diabetes

All cause Cancer CVD

Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

FPG

5.6≤FPG<6.1 0.94 (0.74–1.20) 1.02 (0.80–1.29) 0.60 (0.34–1.06) 0.67 (0.38–1.20) 0.83 (0.51–1.35) 0.82 (0.50–1.34)

6.1≤FPG<7.0 1.18 (0.89–1.56) 1.21 (0.91–1.60) 1.33 (0.77–2.29) 1.54 (0.88–2.68) 0.98 (0.54–1.79) 0.87 (0.47–1.59)

FPG ≥7.0 or known DM 2.05 (1.57–2.68) 2.16 (1.62–2.87) 2.29 (1.35–3.86) 2.89 (1.66–5.02) 1.10 (0.57–2.11) 0.85 (0.42–1.69)

2hPG

7.8≤2hPG<11.1 1.28 (1.01–1.62) 1.26 (0.99–1.61) 1.41 (0.87–2.29) 1.43 (0.88–2.35) 1.16 (0.72–1.89) 1.11 (0.68–1.82)

2hPG ≥11.1 or known DM 1.92 (1.46–2.51) 2.00 (1.51–2.65) 1.84 (1.03–3.29) 2.14 (1.18–3.90) 1.03 (0.53–1.98) 0.83 (0.41–1.66)

Values are presented as hazard ratios (95% confidence interval). Reference group: FPG <5.6 mmol/L, 2hPG <7.8 mmol/L. Model 1, 
adjusted for age, sex, and study center. Model 2, adjusted for age, sex, study center, body mass index, systolic blood pressure, total 
cholesterol, high density lipoprotein cholesterol, and smoking status.
CVD, cardiovascular disease; FPG, fasting plasma glucose; 2hPG, 2-hour glucose after 75 g glucose loading; DM, diabetes mellitus.
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abetes nor prediabetes was associated with CVD death. 

DISCUSSION

Compared to Western countries, the proportion of people with 
diabetes has dramatically increased throughout Asia. People 
in Asia tend to develop diabetes with a lesser degree of obesity 
at a younger age, suffer more from complications of diabetes, 
and die sooner than people in other regions [24]. This is the 
first Korean population-based study to show that diabetes, as 
determined using an OGTT, is associated with increased all 
cause and cancer mortality. 
 Diabetes is a well-known risk factor for all-cause mortality. 
An increasing number of epidemiologic studies have found 
that diabetes may alter the risk of developing a variety of can-
cers [3] and that diabetes is associated with death from cancer 
[5,6]. In agreement with previous publications, this study found 
that the HR for cancer death was more than 2-fold higher in 
subjects with diabetes defined by FPG or 2hPG after adjusting 
for other risk factors such as obesity, which is a confounding 
factor of cancer mortality. This risk is even higher than the risk 
reported by the Korean Cancer Prevention Study (KCPS) [4]. 
The KCPS reported HRs for cancer death of 1.29 (95% CI, 1.22 
to 1.37) in men and 1.23 (95% CI, 1.09 to 1.39) in women with 
an FPG ≥7.8 mmol/L, compared to subjects with an FPG <5 
mmol/L. However, the KCPS did not show the impact of post-
load hyperglycemia on cancer death. The exact mechanism of 
increased risk for cancer death in individuals with diabetes is 
not clear. Insulin resistance and compensatory hyperinsulinemia 
has been known to promote carcinogenesis, since insulin is an 
important growth factor for cancer cells [25]. In recent epide-
miologic studies, insulin-like growth factor 1 (IGF-1) has been 
associated with increased risk of colorectal cancer [26], and 

higher blood IGF-1 levels were observed in prostate and breast 
cancer [27]. Direct effects of hyperglycemia via increased oxi-
dative stress and accumulating advanced glycation end-prod-
ucts may play a role in the development of cancer [28]. Diabe-
tes may also affect the treatment of cancer, as some types of 
cancer are treated less aggressively in patients with diabetes 
than in patients without diabetes [29]. Furthermore, certain 
glucose-lowering medications may modify the risk and prog-
nosis of cancer [30]. 
 There have been inconsistencies in the prognostic implica-
tion of fasting and postload hyperglycemia. Subjects with IFG 
had a greater impairment in early phase insulin secretion and 
increased endogenous glucose output, whereas IGT was asso-
ciated with peripheral insulin resistance. In the Diabetes Epi-
demiology: Collaborative Analysis of Diagnostic Criteria in 
Europe (DECODE) study, 2hPG was a stronger risk factor for 
death than FPG [10]; however, two other studies showed that 
neither IFG nor IGT increased the risk for all-cause mortality 
[11,12]. The present study also suggested that hyperglycemia 
according to FPG or 2hPG criteria had a similar risk of death 
not only in subjects with diabetic glucose ranges, but also in 
those with nondiabetic glucose ranges. However, the prognos-
tic implication of lowering the IFG cutoff point from 6.1 to 5.6 
mmol/L, as proposed in 2003 by the ADA, remains controver-
sial [17,18]. Recently, Kim et al. [18] showed that stage 2 IFG 
was associated with future risk of CVD after adjusting for car-
diovascular risk factors, whereas stage 1 IFG was not. In accor-
dance with their study, the present finding that subjects with 
prediabetes, defined as stage 2 IFG and/or IGT, had a higher 
risk for all cause death suggests that stage 1 and 2 IFG have dif-
ferent prognoses. This difference may be attributed to the high-
er metabolic risk in subjects with stage 2 IFG than in subjects 
with NFG, as shown in a baseline study of this population [19].

Fig. 1. Hazard ratios and 95% confidence interval (CI) of death from all causes, cancer, and cardiovascular disease (CVD) accord-
ing to glucose categories by fasting plasma glucose and 2-hour glucose after 75 g glucose loading criteria. Prediabetes was defined 
as (A) impaired fasting glucose (IFG) and/or impaired glucose tolerance (IGT), or (B) stage 2 IFG and/or IGT. NRG, normal glu-
cose regulation; DM, diabetes mellitus.
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 The present study also demonstrated that cancer death did 
not significantly increase in subjects with stage 2 IFG (HR, 1.54; 
95% CI, 0.88 to 2.68) or IGT (HR, 1.43; 95% CI, 0.88 to 2.35) 
when compared to subjects with NGR II. The association of 
cancer mortality and IFG and/or IGT is not yet clear. In the 
NHANES II, IGT was a strong risk factor for cancer mortality 
(HR, 1.87; 95% CI, 1.06 to 3.31), and in a pooled analysis of 
three longitudinal studies in Mauritius, Fiji, and Nauru, the 
HR for cancer death was 8.0 in men with isolated postload hy-
perglycemia compared to those with NGR (95% CI, 3.6 to 17.9) 
[13]. However, two other studies showed that IGT was not as-
sociated with increased cancer death, whereas diabetes was 
[6,14]. In the DECODE study [15], which included 44,655 
subjects from a number of European population-based stud-
ies, the HR for cancer mortality was 1.13 (95% CI, 1.00 to 1.28) 
in men and 1.11 (95% CI, 0.94 to 1.3) in women with IFG and/
or IGT, compared to those with NGR. Although there are some 
inconsistencies, these studies demonstrate the importance of 
both FPG and 2hPG in predicting fatal cancer even in subjects 
without diabetes. 
 Diabetes is a well-known risk factor for CVD; however, we 
could not find any relation between death from CVD and dia-
betes by either FPG or 2hPG criteria. Only subjects with a long 
duration of diabetes had a high risk of CVD death in a study 
involving Pima Indians [12]. Thus, the fact that there was no 
association between diabetes and CVD death in the present 
study could be attributed to the short duration of diabetes in 
the study participants. Other explanations include a limited 
number of CVD deaths and potential inaccuracies in the causes 
of death as reported on the death certificate. Compared to deaths 
from CVD, cancer mortality can be proven more accurately 
due to the National Cancer Registration Program. Another 
limitation of this study is the heterogeneity of the three cohort 
studies used in this pooled analysis. Different ages and lifestyles, 
which are often found in different residential areas, may be 
important confounding factors. However, this study adjusted 
for age, study center, and other risk factors associated with 
mortality in the regression model to minimize the heterogene-
ity issue. Nevertheless, this is the first population-based Kore-
an study to evaluate mortality risk according to discrete glu-
cose tolerance categories as defined by a glucose tolerance test.
 In conclusion, diabetes is a significant risk factor for both all 
cause and cancer mortality, independent of obesity. In those 
with stage 2 IFG and/or IGT, the rates of all-cause mortality 
increase relative to NGR II.
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