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Abstract
Aims/hypothesis The increasing incidence of diabetes among young adults is a disease burden; however, the effects of early-
onset diabetes, prediabetes and glycaemic recovery on CVD or mortality remain unclear. We aimed to investigate the association
of these factors with 10 year all-cause mortality, CVD mortality and CVD incidence in Korean young adults.
Methods This large and longitudinal cohort study included data from the Korean National Health Insurance Service-National
Health Information Database; 2,502,375 young adults aged 20–39 years without diabetes mellitus and CVD at baseline were
included. Glycaemic status was measured twice, first in 2002–2003 and second in 2004–2005. Changes in fasting glucose levels
were evaluated according to fasting glucose status: normal fasting glucose (NFG; <5.5 mmol/l), impaired fasting glucose (IFG;
5.5–6.9 mmol/l), and diabetic fasting glucose (DFG; ≥7.0 mmol/l). Primary outcomes were all-cause and CVD mortality risk.
The secondary outcome was incidence of CVD, including acute myocardial infarction and stroke. All outcomes arose from the
10 year follow-up period 1 Jan 2006 to 31 December 2015.
Results Individuals with NFG at baseline, who were subsequently newly diagnosed with diabetes and prediabetes (IFG), had
increased all-cause mortality (HR [95%CI] 1.60 [1.44, 1.78] and 1.13 [1.09, 1.18], respectively) and CVD incidence (1.13 [1.05,
1.23] and 1.04 [1.01, 1.07], respectively). In those with DFG at baseline, early recovery to NFG and IFG was associated with
decreased all-cause mortality (0.57 [0.46, 0.70] and 0.65 [0.53, 0.81], respectively) and CVD incidence (0.70 [0.60, 0.81] and
0.78 [0.66, 0.91], respectively). Among patients with IFG at baseline, early recovery to NFGwas associated with decreased CVD
mortality (0.74 [0.59, 0.93]).
Conclusions/interpretation Early-onset diabetes or prediabetes increased CVD risks and all-cause mortality after the 10 year
follow-up. Furthermore, recovery of hyperglycaemia could reduce the subsequent 10 year risk for CVD incidence and all-cause
mortality.
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Abbreviations
AMI Acute myocardial infarction
CCI Charlson comorbidity index
DFG Diabetic fasting glucose

IFG Impaired fasting glucose
NFG Normal fasting glucose
NHID National Health Information Database
NHIS National Health Insurance Service
UKPDS UK Prospective Diabetes Study

Introduction

Diabetes and its complications are significant causes of death
in all countries [1]. The incidence of diabetes continues to
increase worldwide despite long-term global efforts to reduce
the pandemic of diabetes. The number of adults aged
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>20 years with diabetes increased from 108 million in 1980 to
422 million in 2014 [2], and is projected to increase to 439
million by 2030 [3]. In addition to diabetes, a prediabetic
status is considered to increase the risk of CVD and mortality
[4]. Several meta-analyses report that hyperglycaemia is relat-
ed to CVD risk in individuals without diabetes [5–7].

The increasing incidence of diabetes in young adults in
recent years has become an additional disease burden [8].
According to the IDF, the diabetic population aged 20–
39 years was 23 million in 2000 and steadily increased to 63
million in 2013 [9]. The disease progression of early-onset
diabetes diagnosed at age 20–39 years is faster and riskier than
that of late-onset diabetes diagnosed at age 40 years, likely
due to longer exposure [9, 10]. Additionally, individuals with
early-onset diabetes have similar or worse metabolic risk
factors than those with late-onset diabetes [11].

Given these trends, early-onset prediabetes is also notewor-
thy; however, few studies have reported the effects of early-onset
prediabetes on CVD and mortality risks. Furthermore, studies
investigating whether early recovery of hyperglycaemia among
young adults is effective in preventing CVD or mortality are
scarce. According to the ADA and EASD, intensive behavioural
lifestyle modification, including healthy eating, physical activity
and smoking cessation, is the first step in preventing or delaying
diabetes [12, 13]. Intensive lifestyle modification is possible in
young adults. If the effects of change in early-onset diabetes or
diabetes status are related to CVD and mortality risks, their early
detection and intervention are pivotal.

Therefore, this study aimed to investigate the association of
early-onset diabetes, prediabetes and early glycaemic recov-
ery with CVD risk and all-cause mortality among young

adults using data obtained from the Korean National Health
Insurance Service (NHIS)–National Health Information
Database (NHID).

Methods

Study overview The NHIS, as the sole Korean insurer,
provides mandatory health insurance for the Korean popula-
tion. Among young adults aged 20–39 years, employee-
insured or self-employed workers and householders can
undergo the national health screening biannually. In contrast
to an earlier study, which used a 10% randomly sampled
cohort [14], the data analysed in this study was obtained from
a customised retrospective nationwide cohort of the NHIS
database for policy research purposes and included all 20- to
39-year-old individuals who underwent health screening in
2002 and 2003 (covering insurance claims, visiting clinical
facilities, diagnosis information based on International
Classification of Disease [ICD] codes by the WHO, drug
prescriptions) [15]. Health-screening information included
sociodemographic data, physical examination results and
health behaviour of enrolees.

Study population The study population was derived from
NHIS database records entered between 1 January 2002 and
31 December 2015, and included all individuals aged 20–
39 years. Among the 2,692,643 individuals who underwent
health screenings between the first (2002–2003) and second
(2004–2005) periods, 1784 individuals were excluded
because of missing fasting serum glucose data. Then,
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109,004 individuals who were diagnosed with type 2 diabetes
before the index date (1 January 2006) based on the ICD-10
codes (tenth revision; http://apps.who.int/classifications/
icd10/browse/2016/en) for type 2 diabetes (E11, E12 and
E14) and 3089 people who had taken glucose-lowering medi-
cations at least once before the index date were excluded. A
further 68 people who died before the index date and 6750
who were diagnosed with CVD were excluded. A total of
69,573 individuals with missing covariate data were also
excluded. Finally, 2,502,375 individuals were included in
the study population (Fig. 1).

Exposures and outcomes To identify patients newly diagnosed
with diabetes, prediabetes (impaired fasting glucose, IFG) and
glycaemic recovery, the fasting serum glucose levels were
compared between two health-screening examinations (first in
2002–2003 and second in 2004–2005) of the enrolled partici-
pants. The participants were categorised into the following
three groups according to their baseline fasting serum glucose
levels: normal fasting glucose (NFG) group (baseline fasting
glucose level <5.5 mmol/l [<100.0 mg/dl]), IFG group (5.5–
6.9 mmol/l [100.0–125.9 mg/dl]) and diabetic fasting glucose
(DFG) group (≥7.0 mmol/l [≥126.0 mg/dl]). Among the partic-
ipants placed into the NFG group at the first health examina-
tion, individuals with DFG and IFG at the second health exam-
ination were referred to as having newly diagnosed diabetes
and prediabetes, respectively. Among the individuals in the
DFG or IFG groups at the first health examination, those with
NFG at the second health examination were regarded as
exhibiting early glycaemic recovery.

The primary outcomes of the study were all-cause and
CVD mortality. All-cause mortality was identified as any
death between 1 January 2006 and 31 December 2015.
CVD mortality was determined based on the number of
CVD-related deaths between 1 January 2006 and 31
December 2015. The secondary outcomes were incident
CVD, including acute myocardial infarction (AMI) and
stroke. The outcomes of CVD incidence were defined as
hospitalisations of at least 2 days for each disease between 1
January 2006 and 31 December 2015, based on the ICD-10
codes for these diseases (I20-I25 and I60-I69). The ICD-10
code for AMI was I21 and the codes for stroke were I60–I64
[16]. If a person was diagnosed with both AMI and stoke
during the follow-up period, only the diagnosis of the first
event was used [17] and the person-time was calculated based
on the date of the earlier diagnosis.

Statistical analysis Cox proportional hazards regression model
was used to obtain the HRs with 95%CIs for all-cause mortal-
ity, CVD mortality and CVD in the group with changed
fasting serum glucose levels adjusted for age, sex, socioeco-
nomic status, smoking status, alcohol consumption, physical
activity, Charlson comorbidity index (CCI), BMI, BP and
total serum cholesterol. The following covariates were obtain-
ed at the second health screening, which provided the most
recent data before the index date: age; sex; socioeconomic
status (quartiles, lowest to highest); BMI (<18.5, 18.5–22.9,
23–24.9 and ≥25 kg/m2 based on the Asian obese criteria);
smoking status (none, past and current); alcohol consumption
as weekly drinking frequency, regardless of number of units

Young adults aged 20–39 years with health examination data 
in NHID-NHIS (N=2,692,643)

Excluded (n=190,268)
• Missing FSG values (n=1784)
• Type 2 diabetes diagnosis  before index date (n=109,004)
• Taking glucose-lowering medication before index date (n=3089)
• Death before index date (n=68)
• CVD before index date (n=6750)
• Missing covariate data (n=69,573)

Current study population (n=2,502,375)

NFG at baseline
(n=2,101,599)

IFG at baseline
(n=365,663)

DFG at baseline
(n=35,113)

Fig. 1 Study population flow. FSG, fasting serum glucose
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consumed at a time (<3 times and ≥3 times per week); phys-
ical activity as weekly frequency of exercise that makes partic-
ipants sweat for more than 30 min (<3 times and ≥3 per times
per week); CCI (0, 1 and ≥2), BP (systolic and diastolic); and
total serum cholesterol level. Quartiles of insurance premium,
which is based on income status, were used as a surrogate
marker for socioeconomic status [15].

The groups with unchanged fasting serum glucose levels
were set as the reference groups at both health examinations
(i.e. NFG to NFG, IFG to IFG, and DFG to DFG). Stratified
analyses were performed to identify which subgroups were
significantly associated with changes in fasting serum glucose
and all-cause mortality and CVD. Additionally, sensitivity
analyses using multivariate-adjusted HRs were conducted,
excluding those with all-cause death or CVD death or CVD
in 2006 and 2007, to enhance the temporal relationship
between exposure and outcome, and to exclude reversal
causality. All statistical analyses were performed using SAS
9.4 (SAS Institute, Cary, NC, USA) and Stata 13.0 (StataCorp
LP, College Station, TX, USA).

Ethical considerations This study was conducted according to
the guidelines laid down in the Declaration of Helsinki, and all
permissions regarding procedures involving human partici-
pants were waived by the Institutional Review Board of
Seoul National University (IRB number: 1703-039-836).
Informed consent was obtained from all participants. The
NHIS database is anonymised according to strict confidenti-
ality guidelines.

Results

The study population of 2,502,375 individuals was observed
from 1 January 2006 to 31 December 2015, with a mean±SD
follow-up of 9.9 ± 0.4 years resulting in 24,933,615 person-
years of follow-up. The prevalence of NFG, IFG and DFG at
baseline was 2,101,599 (84.0%), 365,663 (14.6%) and 35,113
(1.4%), respectively. The incidence of all-cause and CVD
mortality during follow-up was 21,076 (0.84%) and 1627
(0.07%), respectively. CVD, AMI and stroke developed in
43,877 (1.75%), 5862 (0.23%) and 12,485 (0.50%) partici-
pants, respectively. Table 1 shows the general characteristics
of the young adult participants classified according to their
baseline fasting serum glucose levels. Participants who had a
higher fasting serum glucose level were older, had lower
income, had higher BMI, consumed alcohol more frequently,
had higher BP and had higher cholesterol levels; a higher
percentage was male and were current smokers.

The associations between early-onset diabetes, prediabetes
and early glycaemic recovery and the risk of mortality are
presented in Table 2. Among the participants in the NFG group
at baseline, those with subsequent newly diagnosed diabetes and

prediabetes had increased all-cause mortality risk compared with
those in whom NFG persisted, showing a dose–response asso-
ciation. Among the participants in the DFG group at baseline,
those who displayed early recovery from diabetes had decreased
all-cause mortality risk when compared with participants in
whom DFG persisted. Among participants in the IFG group at
baseline, early glycaemic recovery was associated with
decreased CVD mortality risk compared with persistent IFG.
The associations between early-onset diabetes, prediabetes and
early glycaemic recovery and CVD incidence and its subgroups
(AMI and stroke) are presented in Table 3. Among participants
in the NFG group at baseline, those with subsequent newly
diagnosed diabetes and prediabetes had increased CVD risk
compared with those in whom NFG persisted. Among partici-
pants in the IFG group at baseline, those whose fasting serum
glucose levels subsequently increased to the DFG range had
increased CVD risk compared with the participants in whom
IFG persisted. Among participants in the DFG group at baseline,
those showing early glycaemic recovery had decreased CVD
risk compared with participants with persistent DFG. When
comparing the changes in fasting serum glucose, the risk for
CVD subgroups (AMI and stroke) showed a similar pattern to
those of the main outcomes.

Subgroup analysis of the association between early-onset
diabetes, prediabetes and early glycaemic recovery and the
risk of all-cause mortality is shown in electronic supplemen-
tary material (ESM) Table 1. Participants who were male,
aged ≥30 years, with BMI ≥23 kg/m2, and who were ever
smokers had an increased risk of all-cause mortality when
their fasting serum glucose level increased from the NFG
range to the IFG or DFG range. Moreover, they had a
decreased risk of all-cause mortality when their fasting serum
glucose decreased from the DFG range to the NFG or IFG
range. These participants also had an increased risk of CVD
when their fasting serum glucose increased from the NFG
range to the IFG or DFG range and their CVD risk decreased
when their fasting serum glucose decreased from the DFG
range to the NFG or IFG range (ESM Table 2). Results of
the sensitivity analysis on the effect of early-onset diabetes,
prediabetes and early glycaemic recovery on all-cause mortal-
ity, CVD mortality and CVD among young adults after
excluding participants with all-cause mortality, CVD mortal-
ity and CVD within the first 1–2 years of follow-up are
presented in ESM Tables 3, 4. These results were in line with
the main findings.

Discussion

In this large and longitudinal cohort study involving more
than 2.5 million young adults, we found that early-onset
diabetes and prediabetes increased the CVD incidence and
all-cause mortality risk after the 10 year follow-up period.
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Furthermore, early recovery of hyperglycaemia could reduce
the subsequent 10 year CVD risk and all-cause mortality. To
our knowledge, this is the first study to investigate the

association between changes in fasting serum glucose levels
and CVD risk or all-cause mortality among young adults.

Previous studies have mainly reported the effect of early-
onset vs late-onset diabetes on CVD. A 7 year prospective

Table 1 Baseline characteristics
of study participants Characteristic NFG IFG DFG

No. of people (%) 2,101,599 (84.0) 365,663 (14.6) 35,113 (1.4)

Age, years 33.9 ± 5.5 35.3 ± 5.2 36.0 ± 4.9

Age group, %

20–24 years 4.4 2.5 1.8

25–29 years 19.1 12.5 9.7

30–34 group 29.6 26.9 24.9

≥35 years 46.9 58.1 63.6

Sex, %

Men 66.7 79.2 85.7

Women 33.3 20.8 14.3

Socioeconomic status, %

First level (lowest) 11.9 12.1 13

Second level 22.1 21.7 22.9

Third level 36.4 34.9 35.9

Fourth level (highest) 29.6 31.3 28.2

BMI, kg/m2 23.0 ± 3.2 23.9 ± 3.2 24.2 ± 3.4

BMI category, %

<18.5 kg/m2 5.8 3.5 3

18.5–22.9 kg/m2 46.1 36.9 33.5

23–24.9 kg/m2 22.2 24.5 24.2

≥25 kg/m2 25.9 35.1 39.3

Smoking status, %

None 56 47.3 39.6

Past 10.4 12.3 11.9

Current 33.6 40.4 48.5

Alcohol consumption, %

None 38.3 32.7 30.3

<3 times per week 28.4 26.7 25.4

≥3 times per week 33.3 40.6 44.3

Physical activity, %

None 51 47.2 46.2

<3 times per week 33.2 35.5 36.9

≥3 times per week 15.8 17.3 16.9

CCI score, %

0 52.4 52.3 54.1

1 34.6 34.3 32.9

≥2 13 13.4 13

sBP, mmHg 118.9 ± 13.5 122.6 ± 14.0 124.8 ± 14.9

dBP, mmHg 75.2 ± 9.8 77.4 ± 10.2 79.1 ± 10.6

Total serum cholesterol, mmol/l 10.3 ± 2.1 10.6 ± 2.3 10.9 ± 2.3

Data are expressed as mean ± SD, n (%) or %

Groups were defined by baseline fasting serum glucose levels as follows: NFG, <5.5 mmol/l; IFG, 5.5–6.9 mmol/
l; DFG, ≥7.0 mmol/l

dBP, diastolic BP; sBP, systolic BP

2309Diabetologia (2020) 63:2305–2314



study reported that early-onset diabetes led to a 30–50%
increased risk of CVD, when compared with late-onset diabe-
tes [11]. In a large cross-sectional study, individuals with
early-onset type 2 diabetes had a higher CVD risk than those
with late-onset type 2 diabetes [18]. One study, comparing
CVD risk in young adults with early-onset diabetes compared
with those without diabetes, reported that the risk of myocar-
dial infarction or stroke was higher in the individuals with
early-onset diabetes [19].

Early-onset diabetes was also found to be associatedwith the
risk of subsequent 10 year CVD incidence, including AMI and
stroke. With regard to the association between diabetes and
mortality, a modelling study found that the overall life expec-
tancy of individuals with early-onset diabetes is reduced by
14 years in men and 16 years in women, when compared with
the life expectancy of individuals without diabetes [20]. We
found that early-onset diabetes was associated with CVD inci-
dence and all-cause mortality. The association between early-
onset diabetes and CVDmortality was not significant, possibly
because the population in the current studymight have been too
young to have experienced enough events during the 10 year
follow-up. Given the legacy effect of the early modification
[21], further and longer follow-up studies are needed to confirm
the association between early recovery and CVD mortality.

In this study, the effects of improvement in diabetic status
to NFG levels among young adults could be comparable with
intensive diabetes recovery. The UK Prospective Diabetes
Study (UKPDS) was the first trial showing that the recovery
of hyperglycaemia is beneficial [22, 23]. By contrast, relative-
ly recent studies investigating the effects of intensive
glycaemic recovery on macrovascular complications, includ-
ing Action in Diabetes and Vascular Disease: Preterax and
Diamicron MR Recoveryled Evaluation (ADVANCE) [24],
Action to Recovery Cardiovascular Risk in Diabetes
(ACCORD) [25] and the Veterans Affairs Diabetes Trial
(VADT) [26], failed to show the benefit of intensive
glycaemic recovery on all-cause mortality, when compared
with conventional glycaemic recovery.

Differences between theUKPDS and other trials were consid-
ered to originate from the differences in the characteristics of
study participants. Participants in the UKPDS had an average
age of 50 years and included those who were newly diagnosed
with diabetes at the time of enrolment, whereas participants in the
other three trials had an average age of 62–64 years and diabetes
of approximately 10 years’ duration, and 30–40% of the partic-
ipants had a history of CVD. Older individuals with longer
disease duration and having other comorbidities are likely to be
vulnerable to hypoglycaemic events, including adverse events of

Table 2 Associations between
change in fasting serum glucose
and all-cause mortality and CVD
mortality

Outcome Change in FSG No. of events No of person-years aHR (95% CI)

All-cause mortality NFG→NFG 13,368 17,854,518 1.00 (reference)

NFG→IFG 2895 2,880,281 1.13 (1.09, 1.18)

NFG→DFG 349 209,016 1.60 (1.44, 1.78)

IFG→NFG 2393 2,432,880 0.96 (0.90, 1.03)

IFG→IFG 1255 1,083,678 1.00 (reference)

IFG→DFG 225 124,268 1.35 (1.17, 1.56)

DFG→NFG 255 194,359 0.57 (0.46, 0.70)

DFG→IFG 170 96,638 0.65 (0.53, 0.81)

DFG→DFG 166 57,977 1.00 (reference)

CVD mortality NFG→NFG 982 17,854,518 1.00 (reference)

NFG→IFG 233 2,880,281 1.05 (0.91, 1.21)

NFG→DFG 27 209,016 1.26 (0.86, 1.85)

IFG→NFG 180 2,432,880 0.74 (0.59, 0.93)

IFG→IFG 135 1,083,678 1.00 (reference)

IFG→DFG 20 124,268 0.97 (0.61, 1.56)

DFG→NFG 19 194,359 0.53 (0.27, 1.05)

DFG→IFG 14 96,638 0.60 (0.30, 1.24)

DFG→DFG 17 57,977 1.00 (reference)

Groups were defined by baseline fasting serum glucose levels as follows: NFG, <5.5 mmol/l; IFG, 5.5–6.9 mmol/
l; DFG, ≥7.0 mmol/l

Change in FSG was a comparison between two health-screening examinations (first in 2002–2003 and second in
2004–2005)

aHR, HR analysed by Cox proportional hazards regression analysis adjusted for age, sex, socioeconomic status,
smoking status, alcohol consumption, physical activity, CCI, BMI, BP and total serum cholesterol

FSG, fasting serum glucose
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intensive glycaemic recovery, and this could increase their
mortality risk. Furthermore, the DCCT showed that intensive
diabetes control has a long-term benefit in reducing CVD risk
in individuals with diabetes aged approximately 27 years at base-
line [27]. In the current study, glycaemic recovery decreased the
CVD risk and all-causemortality, indicating that intensive recov-
ery is beneficial in reducing CVD and mortality risk not only in
young and healthy individuals but also in individuals with early-
onset hyperglycaemia. Additionally, Lee et al investigat-
ed the effect of change in fasting serum glucose on the
CVD risk among individuals aged 40 years, older than
those in the current study, and found that there was no
protective effect when fasting serum glucose level
improved from late-onset IFG or DFG to NFG [14].

Few studies have reported the association between early-
onset prediabetes and CVD risk or mortality; however, many
studies have investigated the association between late-onset
prediabetes and the risks of CVD or mortality. Late-onset predi-
abetes is regarded as an independent risk factor for CVD and is
associated with mortality [5–7]. The Emerging Risk Factors
Collaboration reported fasting glucose levels exceeding
5.5 mmol/l, but not 3.9–5.5 mmol/l, to be associated with
increased mortality risk among 820,900 individuals from 97
prospective studies [28]. We found that newly diagnosed
early-onset prediabetes was also associated with CVD incidence
and all-cause mortality. However, we found that recovery from
prediabetes was associated with lower risks of AMI and stroke,
although the clinical differences observed were small. In Korea,

Table 3 Associations between
change in fasting serum glucose
and CVD, AMI and stroke

Outcome Change in FSG No. of events No. of person-years aHR (95% CI)

CVD NFG→NFG 30,200 17,848,558 1.00 (reference)

NFG→IFG 6352 2,879,048 1.04 (1.01, 1.07)

NFG→DFG 586 208,929 1.13 (1.05, 1.23)

IFG→NFG 5076 2,431,990 0.97 (0.92, 1.01)

IFG→IFG 2828 1,083,088 1.00 (reference)

IFG→DFG 431 124,179 1.12 (1.01, 1.24)

DFG→NFG 480 194,289 0.70 (0.60, 0.81)

DFG→IFG 327 96,538 0.78 (0.66, 0.91)

DFG→DFG 297 57,887 1.00 (reference)

AMI NFG→NFG 3587 17,838,477 1.00 (reference)

NFG→IFG 820 2,876,657 1.00 (0.93, 1.08)

NFG→DFG 104 208,560 1.32 (1.08, 1.60)

IFG→NFG 646 2,430,167 0.88 (0.78, 0.99)

IFG→IFG 428 1,081,779 1.00 (reference)

IFG→DFG 82 123,883 1.24 (0.98, 1.57)

DFG→NFG 70 194,031 0.60 (0.42, 0.86)

DFG→IFG 66 96,354 0.87 (0.61–1.24)

DFG→DFG 59 57,702 1.00 (reference)

Stroke NFG→NFG 8009 17,821,125 1.00 (reference)

NFG→IFG 1750 2,873,326 1.07 (1.02, 1.13)

NFG→DFG 159 208,386 1.11 (0.95, 1.30)

IFG→NFG 1309 2,427,664 0.91 (0.83, 0.99)

IFG→IFG 783 1,080,610 1.00 (reference)

IFG→DFG 132 123,786 1.21 (1.01, 1.45)

DFG→NFG 128 193,824 0.58 (0.45, 0.77)

DFG→IFG 113 96,189 0.81 (0.62, 1.06)

DFG→DFG 102 57,608 1.00 (reference)

Groups were defined by baseline fasting serum glucose levels as follows: NFG, <5.5 mmol/l; IFG, 5.5–6.9 mmol/
l; DFG, ≥7.0 mmol/l

Change in FSG was a comparison between two health-screening examinations (first in 2002–2003 and second in
2004–2005)

aHR, HR analysed by Cox proportional hazards regression analysis adjusted for age, sex, socioeconomic status,
smoking status, alcohol consumption, physical activity, CCI, BMI, BP and total serum cholesterol

FSG, fasting serum glucose
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when young participants were noted as having an IFG or DFG
status in the national health-screening programme, they received
advice via a letter from a doctor, including suggestions for life-
style modifications such as stopping smoking, healthy diet,
moderation in drinking and elevating physical activity.
Individuals with NFG at the second health examination, even
though they had IFG or DFG status at the first health examina-
tion, could perform these lifestyle modifications, but not indi-
viduals with maintained or increasing hyperglycaemia.

The possible mechanism of CVD in hyperglycaemia has
been reported [4, 9]. Hyperglycaemia can induce oxidative
stress in the vasculature, leading to disruption of the normal
endothelial function and impaired relaxation of the arterial
vascular smooth muscle cells [29, 30]. Hyperglycaemia also
causes overproduction of advanced glycosylation end-
products and cytokines, which leads to the activation of adhe-
sion molecules and intima–media thickening [31]. The endo-
thelial dysfunction and activation of adhesion in the vessels
are also related to hypertension, dyslipidaemia and obesity.
Individuals with early-onset diabetes have accompanying
metabolic risk factors similar to, or even worse than, those
of individuals with late-onset diabetes [11]. In this study, the
majority of individuals with early-onset prediabetes or diabe-
tes had greater vascular risk factors, including obesity and
smoking, than young adults with NFG.

This study has several limitations. First, identifying the devel-
opment of CVD by hospitalisation for 2 days or more for the
relevant disease based on the ICD-10 codes may have possibly
underestimated the actual number of CVD events. However, a
previous study showed that identifying CVD events using the
ICD-10 codes has an accuracy rate of higher than 80% [32].
On the contrary, overestimation of all-cause mortality was possi-
ble because pre-existing comorbidities may have caused relevant
events in the first to the second year after the index year.
However, the association between changes in fasting serum
glucose level and all-cause mortality remained significant after
excluding deaths from the first 2 years of follow-up. Second, a
previous study has reported that impaired glucose tolerance (2 h
post glucose load of 7.7–10.9 mmol/l) is superior to IFG (fasting
glucose level of 5.5–6.9 mmol/l) in evaluating the risk of CVD
because prediabetes diagnosed by IFG is underestimated more
than prediabetes diagnosed by impaired glucose tolerance [13].
However,most large cohorts have reported that prediabetes based
on IFG is associated with CVD risk and all-cause mortality [28,
33, 34]. Third, the interval between baseline and glycaemic
progression or regression was 2 years, which was a relatively
short period. We think a longer interval between baseline and
glycaemic progression or regression might alter the results; thus,
further study with a longer interval is needed. Last, fasting
glucose level was evaluated via serum, not plasma, as was previ-
ously recommended [35]. For fasting plasma glucose, a sodium
fluoride tubemust be used to inhibit glycolysis during transport to
analytical centres, and another blood collection is performed,

which increases the cost of the test. On the contrary, an error of
1.15% exists in the serum analyses, compared with the plasma
analyses, when the sample is stored at room temperature after
drawing the blood [36]. However, the error is only minimal,
and the NHIS recommends refrigeration of samples at health-
screening centres. Collectively, the method used to determine
the fasting serum glucose level used in the Korean NHIS has a
low error rate compared with the method used for fasting plasma
glucose level and applies to most people. Additionally, these
findings show representative results based on data from a nation-
wide NHIS database [15].

In conclusion, development of early-onset prediabetes or
diabetes in Korean young adults was associated with increased
CVD risk and all-cause mortality after a 10 year follow-up,
when compared with individuals in whom NFG or IFG
persisted. Additionally, improvement of hyperglycaemia,
compared with persistent hyperglycaemia, was associated with
reduced CVD risk and all-cause mortality.
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