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Background: Metabolic abnormalities, such as impaired fasting glucose (IFG), are dynamic phenomena; however, it is unclear 
whether the timing of IFG exposure and cumulative exposure to IFG are related to cardiovascular disease (CVD) and mortality risk.
Methods: Data were extracted from a nationwide population-based cohort in South Korea for adults (n=2,206,679) who were free 
of diabetes and had 4 years of consecutive health examination data. Fasting blood glucose levels of 100 to 125 mg/dL were defined 
as IFG, and the number of IFG diagnoses for each adult in the 4-year period was tabulated as the IFG exposure score (range, 0 to 4). 
Adults with persistent IFG for the 4-year period received a score of 4.
Results: The median follow-up was 8.2 years. There were 24,820 deaths, 13,502 cases of stroke, and 13,057 cases of myocardial in-
farction (MI). IFG exposure scores of 1, 2, 3, and 4 were associated with all-cause mortality (multivariable-adjusted hazard ratio 
[aHR], 1.11; 95% confidence interval [CI], 1.08 to 1.15; aHR, 1.16; 95% CI, 1.12 to 1.20; aHR, 1.20; 95% CI, 1.15 to 1.25; aHR, 
1.18; 95% CI, 1.11 to 1.25, respectively) compared with an IFG exposure score of 0. Adjusting for hypertension and dyslipidemia at-
tenuated the slightly increased risk of MI or stroke associated with high IFG exposure scores, but significant associations for all-
cause mortality remained. 
Conclusion: The intensity of IFG exposure was associated with an elevated risk of all-cause mortality, independent of cardiovascu-
lar risk factors. The association between IFG exposure and CVD risk was largely mediated by the coexistence of dyslipidemia and 
hypertension.
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INTRODUCTION

Prediabetes, which is characterized by impaired glucose toler-
ance and impaired fasting glucose (IFG), is defined as an inter-
mediate stage of hyperglycemia preceding diabetes mellitus 
(DM). IFG is considered to show a close association with meta-

bolic syndrome and insulin resistance [1]. Numerous recent 
studies have explored the associations of prediabetes with car-
diovascular disease (CVD) risk and mortality [2-7]. However, 
heterogeneity across studies in cutoff points and reference 
groups has led to substantial inconsistencies in the research. For 
example, some studies have reported that fasting blood glucose 
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(FBG) levels of 110–125 mg/dL, but not 100–109 mg/dL, 
showed significant associations with CVD-related morbidity or 
mortality [3-5]. Other investigators reported that FBG levels ex-
ceeding 100 mg/dL had a positive relationship with mortality 
[6]. Another study found that the risks of cardiovascular and all-
cause mortality among older adults with prediabetes were simi-
lar to those among adults with normoglycemia after accounting 
for cardiovascular risk factors [7].

Prediabetes is a dynamic condition; it may revert to normal 
glucose tolerance or progress to DM. A limitation of most earli-
er studies on this topic is that they did not consider the dynamic 
nature of prediabetes [8,9]. Diabetes occurs in approximately 
5% to 10% of people with prediabetes annually, while the rate 
of reversion to normoglycemia depends upon population char-
acteristics and the definition of prediabetes [10]. Data published 
by the Centers for Disease Control and Prevention showed that 
prediabetes progressed to diabetes in fewer than 2% of individu-
als per year, and in fewer than 10% within 5 years [8]. Metabol-
ic abnormalities are dynamic phenomena that are capable of 
changing over time, leading to the hypothesis that the risk of all-
cause mortality and CVD could be predicted by the intensity of 
exposure to IFG, defined in terms of extent and duration of ex-
posure. Thus, the present study investigated whether cumulative 
IFG exposure over 4 years was associated with the risk of all-
cause mortality and CVD through an analysis of large-scale data 
from the Korean National Health Insurance Service (NHIS) da-
tabase.

METHODS

Study population
We analyzed the Korean NHIS datasets of claims and health 
checkups from January 2006 to December 2017. Almost all Ko-
reans (97.2% of the Korean population of about 50 million) are 
covered by the NHIS, which constitutes a non-profit, single-
payer health care organization administered by the government 
of South Korea. All enrolled participants are required to under-
go a standard health examination at least every 2 years [11-13]. 
Researchers have access to the NHIS database for population-
based cohort studies. This database contains information on de-
mographic characteristics, national health examinations, prima-
ry and secondary diagnoses, hospitalizations, medical treatment, 
and drug prescriptions; the data are routinely collected and qual-
ity control is conducted before the database is made available 
for research purposes [11-13]. The cohort database is linked to 
the Statistics Korea death registration database. In the present 

study, individuals aged ≥20 years who underwent national 
health examinations in 2009 or 2010 (index years) were select-
ed. Among them, data were extracted for 2,513,127 adults who 
received four consecutive annual health examinations starting 
in 2006 or 2007. Adults who had DM prior to the index year 
were excluded (n=241,674), as were those who had a history of 
myocardial infarction (MI) or stroke prior to the index year 
(n=9,704). The purpose of this step was to prevent confounding 
by pre-existing disease and to attenuate the potential impact of 
reverse causality. Additionally, we excluded 55,070 participants 
who were missing data for any variable. The study population 
ultimately consisted of 2,206,679 individuals (Supplemental 
Fig. S1). Approval for this study was granted by the Institutional 
Review Board of Yeouido St. Mary’s Hospital, The Catholic 
University of Korea (No. SC20ZISE0150). Deidentified infor-
mation was used for analysis; therefore, informed consent was 
not required.

Definition of IFG exposure score
IFG was defined as an FBG level of 100 to 125 mg/dL, in ac-
cordance with the guidelines of the Korean Diabetes Associa-
tion [14]. The number of IFG diagnoses over 4 years was tabu-
lated as the IFG exposure score, which ranged from 0 to 4. Indi-
viduals who did not have IFG at any of the health examinations 
were given an IFG exposure score of 0, whereas a score of 4 
was given to those who received an IFG diagnosis at all four 
health examinations [9].

To account for the degree of FBG elevation in calculation of 
the IFG exposure score. IFG was categorized as grade 1 (FBG 
100 to 109 mg/dL) or grade 2 (110 to 125 mg/dL). The IFG 
score was calculated by assigning 0, 1, and 2 points to FBG lev-
els of 100, 100–109, and 110–125 mg/dL, respectively [9]. 
These severity-weighted scores were then totaled to yield an 
IFG exposure score that ranged from 0 to 8 points, such that a 
person with a total of 8 points had an FBG ≥110 mg/dL at all 
four annual health checkups.

Study outcomes and follow-up
The study endpoints were incident MI, stroke, or death. Incident 
MI was defined as newly recorded International Classification 
of Disease, 10th Revision (ICD-10) codes I21 or I22 during 
hospitalization. Stroke was defined according to ICD-10 codes 
I63 or I64 recorded during hospitalization episodes with simul-
taneous claims for brain computed tomography or brain mag-
netic resonance imaging. For participants who did not develop 
MI or stroke during the course of follow-up, study completion 
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was defined as the date of their death or the end of follow-up 
(December 31, 2017), whichever occurred earlier.

Statistical analysis
Baseline characteristics are shown as the mean±standard devia-
tion, median (interquartile range), or number (%). Five groups 
of participants were generated based on their IFG exposure 
score (0–4). The incidence rate (person-years) of the outcomes 
of interest (MI, stroke, and all-cause mortality) was calculated 
as the number of incident cases divided by the total follow-up 
duration. Hazard ratios (HRs) and 95% confidence intervals 
(CIs) for the outcomes were estimated using a Cox proportional 
hazards model according to baseline FBG or the IFG exposure 
score. In a multivariable-adjusted proportional hazards analysis, 
model 1 adjusted for age, sex, alcohol consumption, smoking, 
physical activity, and body mass index (BMI). Model 2 adjusted 
further for hypertension and dyslipidemia. The potential effect 
modification by age, sex, BMI categories (obesity), and smok-
ing was evaluated through a stratified analysis, with interactions 
tested using the likelihood-ratio test. All statistical analyses were 
performed using SAS version 9.4 (SAS Institute, Cary, NC, 
USA). A P value <0.05 was considered statistically significant.

RESULTS

Baseline characteristics by the IFG exposure score
More than half (52.8%) of the population participants main-
tained normoglycemia for 4 years, with an IFG exposure score 
of 0. Persistent IFG was found in 2.7% of participants and inter-
mittent IFG (i.e., IFG at one or more time points and normogly-
cemia at other points) was found in 44.5% of participants. A 
higher IFG exposure score was associated with older age, male 
sex, a higher baseline FBG, higher total cholesterol levels, and 
higher blood pressure (both systolic and diastolic) (Table 1).

Risk of all-cause mortality, MI, and stroke according to 
FBG levels
The median follow-up was 8.2 years. During this period, there 
were 24,820 deaths (1.12%), 13,502 cases of stroke (0.61%), 
and 13,057 cases of MIs (0.59%). A J-shaped relationship was 
found between baseline FBG and the risk of all-cause mortality. 
Using an FBG level of <80 mg/dL as the reference category, 
FBG levels of 110–119 and 120–125 mg/dL were associated 
with a significantly higher risk for all-cause mortality (HR, 1.14; 
95% CI, 1.08 to 1.21; P<0.001 and HR, 1.26; 95% CI, 1.16 to 

Table 1. Baseline Characteristics of Participants by the Impaired Fasting Glucose Exposure Score

Characteristic Total 0 1 2 3 4

Number 2,206,679 (100) 1,166,109 (52.8) 569,556 (25.8) 276,269 (12.5) 135,269 (6.1) 59,476 (2.7)

Age, yr 41.4±10.4 39.6±10.1 41.9±10.3 44.1±10.1 46.0±9.7 47.6±9.1

Male sex 1,608,694 (72.9) 777,328 (66.7) 436,180 (76.6) 226,945 (82.2) 115,635 (85.5) 52,606 (88.5)

Body mass index, kg/m2 23.6±3.1 23.2±3.07 23.8±3.1 24.2±3.1 24.5±3.0 24.7±2.9

Waist circumference, cm 80.1±8.7 78.4±8.8 80.9±8.5 82.4±8.2 83.4±7.9 84.1±7.6

Systolic BP, mm Hg 121.3±13.3 119.2±12.9 122.2±13.2 124.4±13.4 126.1±13.6 127.5±13.7

Diastolic BP, mm Hg 76.4±9.4 75.2±9.1 77.0±9.3 78.3±9.4 79.4±9.5 80.2±9.5

Fasting glucose, mg/dL 91.7±11.3 86.2±7.8 94.0±10.7 99.8±10.5 104.8±9.3 110.2±6.8

Total cholesterol, mg/dL 193.7±34.5 190.6±33.8 195.0±34.6 198.3±35.2 200.8±35.4 202.7±35.1

Triglyceride, mg/dL 113.8 (113.8–113.9) 104.8 (104.7–104.9) 118.9 (118.8–119.1) 129.2 (128.9–129.5) 135.9 (135.5–136.3) 140.5 (139.8–141.1)

HDL-C, mg/dL 54.6±14.5 55.3±14.5 54.2±14.6 53.4±14.0 52.9±14.4 52.4±13.9

LDL-C, mg/dL 112.4±31.7 110.8±30.8 113.0±32.0 114.8±33.1 116.4±33.5 118.2±33.4

eGFR, mL/min/1.73 m2 87.9±39.4 88.7±40.3 88.0±39.7 86.7±36.6 85.3±35.8 83.5±36.1

Current smoker 757,306 (34.3) 375,200 (32.2) 209,303 (36.8) 104,278 (37.8) 48,655 (36.0) 19,870 (33.4)

Heavy alcohol consumption 198,769 (9.0) 85,945 (7.4) 56,042 (9.8) 31,848 (11.5) 17,030 (12.6) 7,904 (13.29)

Regular exercise 424,052 (19.2) 210,445 (18.1) 111,498 (19.6) 57,247 (20.7) 30,268 (22.4) 14,594 (24.5)

Household income (lower 25%) 422,789 (19.2) 222,214 (19.1) 112,494 (19.8) 53,359 (19.3) 24,952 (18.5) 9,770 (16.4)

Hypertension 363,477 (16.5) 138,045 (11.8) 100,528 (17.7) 64,965 (23.5) 39,665 (29.3) 20,274 (34.1)

Dyslipidemia 278,567 (12.6) 119,485 (10.3) 75,873 (13.3) 45,230 (16.4) 25,537 (18.9) 12,442 (20.9)

Values are expressed as number (%), mean±standard deviation, or median (interquartile range). P values for the trend were <0.0001 for all variables.
BP, blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate.
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1.37; P<0.001, respectively) (Fig. 1A, model 1). The FBG cat-
egory between 90 and 99 mg/dL was associated with the lowest 
risk of all-cause mortality. These associations were still signifi-
cant after adjusting for hypertension and dyslipidemia (Fig. 1A, 
model 2).

Fig. 1. Hazard ratios (HRs) and 95% confidence intervals (CIs) for 
(A) all-cause mortality, (B) myocardial infarction (MI), and (C) 
stroke according to baseline fasting blood glucose (FBG) levels. The 
reference group was defined as those with baseline FBG levels <80 
mg/dL. The left-hand panel shows data adjusted for age, sex, alcohol 
consumption, smoking, physical activity, and body mass index 
(model 1). The right-hand panel presents data upon full adjustment 
for covariates including hypertension and dyslipidemia (model 2).
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The association of MI or stroke with FBG levels was J-
shaped, but without statistical significance (Fig. 1B, C). None-
theless, the FBG category between 80 and 89 mg/dL presented 
the lowest risk of MI or stroke.

Risk of all-cause mortality, MI, and stroke according to 
the IFG exposure score
The multivariable-adjusted HRs of all-cause mortality associat-
ed with IFG exposure scores of 1, 2, 3, and 4 were 1.11 (95% CI, 
1.08 to 1.15), 1.16 (95% CI, 1.12 to 1.20), 1.20 (95% CI, 1.15 to 
1.25), and 1.18 (95% CI, 1.11 to 1.25), respectively, compared 
with an IFG exposure score of 0 (Fig. 2A, model 1). After fur-
ther adjustment for dyslipidemia and hypertension, the HRs of 
all-cause mortality associated with IFG exposure scores of 1, 2, 
3, and 4 were 1.10 (95% CI, 1.07 to 1.14), 1.14 (95% CI, 1.10 
to 1.18), 1.17 (95% CI, 1.12 to 1.22), and 1.14 (95% CI, 1.08 to 
1.22), respectively, compared with an IFG exposure score of 0 
(Fig. 2A, model 2). In an analysis of the severity-weighted IFG 
exposure scores, which ranged from 0 to 8, the multivariable-
adjusted HRs for all-cause mortality showed a continuous, lin-
ear positive relationship with the IFG exposure score (Fig. 3A).

The multivariable-adjusted HRs of MI associated with IFG 
exposure scores of 1, 2, 3, and 4 were 1.09 (95% CI, 1.05 to 
1.14), 1.14 (95% CI, 1.08 to 1.20), 1.10 (95% CI, 1.03 to 1.18), 
and 1.14 (95% CI, 1.05 to 1.25), respectively, compared with an 
IFG exposure score of 0 (Fig. 2B, model 1). After further adjust-
ment for dyslipidemia and hypertension, the HRs of MI associ-
ated with IFG exposure scores of 1, 2, 3, and 4 were 1.08 (95% 
CI, 1.04 to 1.13), 1.11 (95% CI, 1.05 to 1.18), 1.07 (95% CI, 
0.99 to 1.15), and 1.09 (95% CI, 0.99 to 1.20), respectively, 
compared with an IFG exposure score of 0 (Fig. 2B, model 2). 
Using the severity-adjusted IFG exposure score (ranging from 0 
to 8 points), the association of the IFG exposure score with MI 
was also attenuated after adjustment for hypertension and dys-
lipidemia (Fig. 3B, model 2). Similar trends were observed for 
the risk of stroke (Figs. 2C, 3C).

Subgroup and sensitivity analyses
We conducted stratified analyses according age, sex, BMI cate-
gory, and smoking (Table 2). The association of the IFG expo-
sure score with all-cause mortality was similar across all sub-
groups except for the BMI category and smoking. The associa-
tion of the IFG exposure score with all-cause mortality was sig-
nificant in non-obese individuals (BMI <25 kg/m2, P for inter-
action =0.016) and current smokers (P for interaction =0.022).

A sensitivity analysis was performed, with the exclusion of 
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Fig. 3. Hazard ratios (HRs) and 95% confidence intervals (CIs) for 
(A) all-cause mortality, (B) myocardial infarction, and (C) stroke ac-
cording to the severity-weighted impaired fasting glucose (IFG) ex-
posure score ranging from 0 to 8. This IFG score was defined by as-
signing 0, 1, and 2 points to FBG levels of <100, 100–109, and 
110–125 mg/dL, respectively. These scores were then summed to 
generate an IFG exposure score ranging from 0 to 8 points. A person 
with a score of 8 points corresponds to a person with a FBG ≥110 
mg/dL at all annual health checkups over 4 years. The left-hand pan-
el shows data adjusted for age, sex, alcohol consumption, smoking, 
physical activity, and body mass index (model 1). The right-hand 
panel presents data upon full adjustment for covariates including hy-
pertension and dyslipidemia (model 2).
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Fig. 2. Hazard ratios (HRs) and 95% confidence intervals (CIs) for 
(A) all-cause mortality, (B) myocardial infarction (MI), and (C) 
stroke according to impaired fasting glucose (IFG) exposure score. 
The group with an IFG exposure score of 0 was considered the refer-
ence group. The left-hand panel shows data adjusted for age, sex, al-
cohol consumption, smoking, physical activity, and body mass index 
(model 1). The right-hand panel presents data upon full adjustment 
for covariates including hypertension and dyslipidemia (model 2).
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subjects in whom the endpoints occurred within 1 year of the 
follow-up to account for the possibility of reverse causation. 
Similar results were obtained (Supplemental Table S1). To fur-
ther reduce the potential impact of reverse causation, we also 
excluded those with a history of cancer at baseline (Supplemen-
tal Table S1). The results were nearly identical, indicating that 
the positive association of a high IFG exposure score with high 
mortality is unlikely to be due to the presence of serious illness.

DISCUSSION

The intensity of exposure to IFG, defined in terms of extent and 
duration, was associated with an elevated risk of all-cause mor-
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Table 2. Risk of All-Cause Mortality, Myocardial Infarction, and Stroke by Impaired Fasting Glucose Exposure Score in Subgroups 
According to Age, Sex, Obesity, and Smoking

IFG exposure score
P for interaction

0 1 2 3 4

Mortality

   Age, yr

      <65 1 (reference) 1.11 (1.08–1.15) 1.19 (1.14–1.24) 1.20 (1.14–1.27) 1.18 (1.10–1.28) 0.053

      ≥65 1 (reference) 1.13 (1.04–1.24) 1.04 (0.93–1.16) 1.25 (1.10–1.42) 1.23 (1.03–1.46)

   Sex

      Men 1 (reference) 1.12 (1.08–1.16) 1.18 (1.13–1.23) 1.20 (1.13–1.26) 1.18 (1.10–1.27) 0.052

      Women 1 (reference) 1.10 (1.01–1.20) 1.01 (0.89–1.16) 1.30 (1.10–1.53) 1.24 (0.95–1.60)

   Obesity, kg/m2

      <25 1 (reference) 1.12 (1.08–1.16) 1.20 (1.14–1.26) 1.19 (1.12–1.27) 1.19 (1.09–1.29) 0.016

      ≥25 1 (reference) 1.08 (1.02–1.14) 1.05 (0.98–1.13) 1.17 (1.07–1.28) 1.12 (1.00–1.26)

   Smoking

      No 1 (reference) 1.09 (1.04–1.14) 1.09 (1.04–1.15) 1.17 (1.10–1.24) 1.20 (1.10–1.30) 0.022

      Current 1 (reference) 1.14 (1.09–1.19) 1.23 (1.17–1.30) 1.26 (1.18–1.35) 1.18 (1.07–1.30)

MI

   Age, yr

      <65 1 (reference) 1.08 (1.03–1.13) 1.14 (1.07–1.21) 1.10 (1.02–1.19) 1.15 (1.04–1.27) 0.071

      ≥65 1 (reference) 1.36 (1.14–1.62) 1.19 (0.96–1.48) 1.16 (0.89–1.52) 1.12 (0.78–1.62)

   Sex

      Men 1 (reference) 1.08 (1.03–1.14) 1.12 (1.06–1.19) 1.11 (1.03–1.20) 1.15 (1.04–1.27) 0.306

      Women 1 (reference) 1.19 (1.06–1.33) 1.30 (1.11–1.51) 1.08 (0.86–1.36) 1.06 (0.75–1.51)

   Obesity, kg/m2

      <25 1 (reference) 1.10 (1.04–1.16) 1.16 (1.08–1.25) 1.07 (1.00–1.18) 1.15 (1.01–1.31) 0.448

      ≥25 1 (reference) 1.10 (1.03–1.19) 1.14 (1.04–1.25) 1.18 (1.06–1.32) 1.18 (1.02–1.37)

   Smoking

      No 1 (reference) 1.11 (1.05–1.18) 1.14 (1.06–1.22) 1.10 (1.01–1.21) 1.13 (1.01–1.27) 0.922

      Current 1 (reference) 1.08 (1.01–1.15) 1.12 (1.04–1.21) 1.13 (1.03–1.25) 1.15 (1.01–1.32)

Stroke

   Age, yr

      <65 1 (reference) 1.08 (1.03–1.13) 1.10 (1.03–1.16) 1.10 (1.02–1.18) 1.03 (0.93–1.14) 0.209

      ≥65 1 (reference) 1.09 (0.96–1.25) 1.08 (0.92–1.26) 0.97 (0.79–1.19) 1.27 (0.99–1.64)

   Sex

      Men 1 (reference) 1.09 (1.04–1.14) 1.09 (1.03–1.16) 1.08 (1.01–1.16) 1.06 (0.96–1.18) 0.975

      Women 1 (reference) 1.08 (0.98–1.20) 1.13 (0.98–1.31) 1.09 (0.90–1.34) 1.04 (0.77–1.41)

   Obesity, kg/m2

      <25 1 (reference) 1.08 (1.02–1.13) 1.10 (1.04–1.17) 1.07 (0.99–1.16) 1.06 (0.95–1.19) 0.958

      ≥25 1 (reference) 1.11 (1.04–1.19) 1.11 (1.02–1.20) 1.13 (1.02–1.24) 1.10 (0.97–1.25)

   Smoking

      No 1 (reference) 1.08 (1.02–1.14) 1.05 (0.98–1.12) 1.07 (0.99–1.16) 1.00 (0.89–1.12) 0.050

      Current 1 (reference) 1.12 (1.05–1.20) 1.17 (1.09–1.27) 1.12 (1.01–1.23) 1.13 (0.99–1.30)

Hazard ratios (95% confidence intervals) were calculated using a multivariable Cox hazard regression analysis after adjusting for age, sex, smoking sta-
tus, alcohol drinking, regular exercise, and body mass index.
IFG, impaired fasting glucose; MI, myocardial infarction.
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tality. This association was independent of cardiovascular risk 
factors (e.g., smoking, obesity, lipid profile, or blood pressure 
levels). The risk of MI or stroke was marginally elevated in 
those diagnosed with IFG one or more times in 4 years, but this 
risk was attenuated after further adjustment for hypertension 
and dyslipidemia.

In our study, cumulative IFG exposure showed an association 
with an elevated risk of mortality. Upon further adjustment for 
hypertension and dyslipidemia, the association of IFG exposure 
score with mortality remained consistent. Even a single expo-
sure to IFG over 4 years demonstrated a positive association 
with mortality risk. It has been reported that prediabetes is asso-
ciated with a higher risk of all-cause mortality in Asians than in 
non-Asians [2]. Asians with prediabetes have a significantly 
higher risk of microvascular events and worsening nephropathy 
than Western populations [2,15]. A recent study identified pre-
diabetes as an independent risk factor for glomerular hyperfil-
tration and increased albuminuria in a 5.6-year follow-up period 
[16]. Microvascular events may account at least partially for the 
association between prediabetes and all-cause mortality. Diabe-
tes has also been found to be associated with a considerable risk 
of premature mortality from a diverse range of conditions—en-
compassing degenerative disorders, external causes, infectious 
diseases, and several types of cancer—independent of other 
major risk factors [6,17]. The authors of this study identified 
continuous associations between FBG levels exceeding 100 mg/
dL and mortality risk, providing support for the direct relevance 
of hyperglycemia in these observed relationships [6].

Subjects who were diagnosed with IFG once or twice in 4 
years had an approximately 10% increased risk of MI, but those 
diagnosed with IFG three or four times in 4 years had an non-
significant increased risk of MI (Fig. 2B, model 2). We previ-
ously reported that the IFG exposure score showed a strong, 
dose-dependent association with type 2 DM [9]. The cumulative 
incidence of type 2 DM in subjects with an IFG exposure score 
of 4 (persistent IFG) was 25.5 per 1,000 person-years, which 
substantially exceeded the rate of 4.6 per 1,000 person-years in 
the entire study population [9]. Some individuals with a higher 
IFG exposure score might have developed type 2 DM during 
follow-up and subsequently received treatment (e.g., statins or 
antihypertensive medications) to reduce their risk of CVD 
events. This could potentially have weakened the association 
between a higher IFG exposure score and risk of MI and subse-
quent mortality. Over the range of IFG exposure scores from 0 
to 8 points, subjects with a higher IFG exposure score (scores of 
6 to 8) had a non-significantly increased risk of MI, and their 

risk was further attenuated upon adjustment for hypertension 
and dyslipidemia. The association of IFG with MI risk was 
largely driven by the concomitant presence of dyslipidemia and 
hypertension.

Previous studies have shown that prediabetes defined by the 
World Health Organization IFG criterion (FBG 110 to 125 mg/
dL), but not by the American Diabetes Association IFG criterion 
(FBG 100 to 125 mg/dL), is associated with an elevated risk of 
cardiovascular and all-cause mortality [3-5]. The results of the 
present study align with those findings. We also found that a 
baseline FBG level of 110 to 125 mg/dL was associated with an 
elevated risk of all-cause mortality. The FBG category between 
90 and 99 mg/dL was associated with the lowest risk of all-
cause mortality. While the association between MI or stroke 
with FBG levels was J-shaped, it did not show statistical signifi-
cance, especially after adjustment for hypertension and dyslip-
idemia. An increased risk of cardiovascular events has been re-
ported in older patients with diabetes and particularly high co-
morbidities among those with low FBG levels (<95 mg/dL) 
[18]. In the general Korean population, the HR of all-cause 
mortality was significantly higher in the low (<70 mg/dL) and 
high FBG ranges (≥126 mg/dL) than in the reference range (80 
to 99 mg/dL) [19]. In our study, we also a J-shaped association 
between FBG levels and all-cause mortality, as the range of 90 
to 99 mg/dL was associated with the lowest risk of all-cause 
mortality. The exact mechanism underlying the relationship be-
tween low FBG levels and a high risk of mortality remains un-
clear, although one possibility is that low FBG levels could in-
dicate poor nutritional status, liver dysfunction, or other unde-
tectable illnesses [19,20].

Prediabetes defined by an elevated hemoglobin A1c (HbA1c) 
has been reported to show a poorer prognosis than prediabetes 
defined by FBG or 2-hour postprandial glucose levels [7]. Con-
versely, the Whitehall II study reported that adjustment for car-
diovascular risk factors (e.g., systolic blood pressure, cholester-
ol levels, and smoking) completely eliminated the risk of CVD 
associated with prediabetes defined by HbA1c [7], suggesting 
that the clustering of other hyperglycemia-related cardiovascu-
lar risk factors may principally explain the elevation of CVD 
risk in individuals with prediabetes [7,21,22]. Patients with pre-
diabetes who had five or more ideal cardiovascular health met-
rics showed lower CVD risk than those with normal glucose 
regulation [22].

This study has some limitations. First, due to a lack of the 
corresponding data, it was not possible to analyze postprandial 
glucose or HbA1c levels, despite the strong reported association 
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of these factors with CVD. Second, bias may have occurred due 
to the selection of study subjects according to whether they re-
ceived health examinations in 4 consecutive years because men 
and employee subscribers have a higher likelihood of participat-
ing in these regular health checkups. Third, the potential effects 
of unmeasured confounding variables, such as the presence of 
subclinical illness or changes in weight, physical activity, or 
lifestyle, remain. Subjects with a high IFG score may have had 
a sedentary lifestyle that remained unchanged despite the diag-
nosis of IFG or may have had other subclinical diseases. Finally, 
the NHIS database does not include data on specific causes of 
death. Therefore, it was not possible to conclude that the elevat-
ed risk of mortality in subjects with high IFG exposure scores 
was associated with CVD death.

In conclusion, cumulative IFG exposure was associated with 
a higher risk of mortality. Even a single exposure to IFG over 4 
years demonstrated an association with a higher risk of mortali-
ty. The risk of MI or stroke was marginally increased in those 
diagnosed with IFG one or more times in 4 years.
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