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Purpose: Pediatric diabetes is a common health burden worldwide. This study 
aimed to investigate the prevalence of fasting hyperglycemia in Korean youth aged 
10–18 years and to evaluate its association with metabolic indicators.
Methods: To assess the risk of diabetes in domestic children and adolescents, the 
prevalence of fasting hyperglycemia was calculated, a trend was evaluated using 
multi-year Korea National Health and Nutrition Examination Survey (KNHANES) 
data, and multivariate analysis was performed to evaluate the relationships 
between hyperglycemia and metabolic factors.
Results: The prevalence of fasting hyperglycemia, defined as impaired fasting 
glucose (fasting glucose level > 100 mg/dL and < 125 mg/dL), or diabetes mellitus 
(fasting glucose ≥ 126 mg/dL) was estimated in Korean teenagers. The prevalence 
increased from the fourth (2007–2009) to the fifth (2010–2012), sixth (2013–2015), 
and seventh (2016–2018) KNHANES surveys, from 5.39 to 4.79, 10.03, and 11.66 
per 100 persons, respectively. In multivariate analysis, systolic blood pressure and 
serum triglycerides were higher in the fasting hyperglycemia group; systolic blood 
pressures were 109.83 mmHg and 112.64 mmHg and serum triglycerides were 81.59 
mg/dL and 89.60 mg/dL in the normal blood glucose and fasting hyperglycemia 
groups, respectively.
Conclusion:  The prevalence of fasting hyperglycemia among children 
and adolescents has increased over the past decade, and this increase is 
potentially associated with metabolic abnormalities such as hypertension and 
hypertriglyceridemia. Effort is urgently required to reduce this chronic medical 
burden in adolescence.
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Highlights

·This study investigated the prevalence of fasting hyperglycemia in Korean teenagers aged 
10–18 years and its association with metabolic indicators.

Introduction

In children, adolescents, and adults, obesity causes not only excessive fat accumulation in 
the human body, but also dyslipidemia and hypertension. In addition, obesity increases insulin 
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resistance over time, causing glucose intolerance and metabolic 
disorders such as type 2 diabetes mellitus (T2DM).1)

In many cases of  T2DM, glucose intolerance appears 
early in the course of the disease and gradually progresses 
thereafter. Thus, glucose intolerance is a prognostic factor 
for diabetes2) and cardiovascular disease.3) Insulin resistance 
is the main cause of cardiovascular diseases. Insulin has a 
complex effect on blood vessels. When insulin is present in 
the blood in normal concentration, the vasoprotective action 
is dominant; however, in the insulin-resistant state, the nitrate 
oxide (NO) pathway activated by insulin is damaged, and the 
mitogen-activated protein kinase (MAPK) pathway becomes 
predominant, resulting in blood vessel constriction and 
inflammatory reactions, which increase blood pressure and 
cause inflammation.4) Lifestyle corrections can prevent or delay 
the progression of glucose intolerance to diabetes.

The rates of obesity in children and adolescents have nearly 
doubled worldwide in recent decades,5) and several studies have 
reported that the prevalence of T2DM has recently increased 
in children and adolescents, especially those with obesity. An 
increasing trend of metabolic abnormalities, such as T2DM, 
obesity, dyslipidemia, and hypertension, in children and 
adolescents has been reported in the United States, Europe, and 
Japan.6)

In England, Sinha et al.7) conducted oral glucose tolerance 
tests on adolescents and children, and the results showed that 
impaired glucose tolerance is highly prevalent among children 
and adolescents with severe obesity.

In the United States, Li et al.8) analyzed the relationship 
between glucose intolerance and metabolic risk factors in 
adolescents aged 12–19 years using data from the National 
Health and Nutrition Examination Survey. Prediabetes 
was highly prevalent among adolescents with obesity and 
demonstrated increased metabolic risk in this population.

In Korea, there have been some studies on the association 
between obesity and T2DM in children and adolescents; 
however, no studies have evaluated the prevalence of fasting 
hyperglycemia and the relationships between fasting 
hyperglycemia and metabolic indicators.9,10)

In this study, to assess the risk of diabetes in domestic children 
and adolescents, the prevalence of fasting hyperglycemia was 
calculated, and the trend was evaluated using multi-year data. To 
verify this, we planned to evaluate diabetes risk based on fasting 
blood sugar level in Korean teenagers using Korea National 
Health and Nutrition Examination Survey (KNHANES) data 
from the past decade. Body mass index (BMI), blood pressure, 
and cholesterol and triglyceride levels were measured to assess 
the relationships between fasting hyperglycemia and metabolic 
indicators based on the KNHANES data.

Materials and methods

1. Data sources and study subjects

To assess trends in the prevalence of  impaired fasting 

glucose (IFG) and diabetes mellitus defined as fasting blood 
glucose (DMFBG) in Korean teenagers, we used national 
survey data from the fourth (2007–2009), fifth (2010–2012), 
sixth (2013–2015), and seventh (2016–2018) surveys of the 
KNHANES. The KNHANES commenced in 1998, and has 
been conducted annually since 2007, to collect data on the 
health status and nutritional intake of the Korean population. 
Thus, the KNHANES targets noninstitutionalized Korean 
citizens residing in Korea, and sampling follows a multistage 
clustered probability design involving health interviews, health 
examinations, and nutrition surveys. A detailed description of 
the KNHANES has been published elsewhere.11) Serological 
tests were conducted on subjects aged 10 years or older. Thus, in 
this study, children aged 10–18 years with fasting blood glucose 
data, where fasting lasted at least 8 hours, were included in the 
study. However, subjects diagnosed with DM by a clinician were 
excluded from this study. Thus, the numbers of eligible study 
subjects were 2,521, 2,322, 1,787, and 1,816 in the fourth, fifth, 
sixth, and seventh surveys, respectively. Written consent was 
obtained from the participants, and all data were anonymized. 
Ethical approval for use of open KNHANES data was waived 
by the Institutional Review Board Committee of Ewha Womans 
University Hospital (IRB no. 2021-01-015).

2. Measurements

Fasting blood glucose was measured by the hexokinase 
ultraviolet method using a Hitachi Automatic Analyzer 7600-
210 (Hitachi, Tokyo, Japan). A fasting blood glucose level 
between 100 and 125 mg/dL in teenagers was considered IFG, 
and a fasting blood glucose level ≥ 126 mg/dL was considered 
DMFBG. Using the measured weight and height data, BMI was 
calculated as weight in kilograms divided by height in meters 
squared (kg/m2). BMI was classified into the 3 grades of 
normal (<85th percentile), overweight (85th–94th percentile), 
and obesity (≥95th percentile). Overweight and obesity were 
defined based on the 2017 Korean Children and Adolescent 
National Growth Charts.12) Blood pressure was measured 3 
times, and the average of the second and third measurements 
was used. Total cholesterol, triglycerides, and high-density 
lipoprotein cholesterol (HDL-c) were used as lipid-related 
metabolic components. Total cholesterol and triglyceride levels 
were measured by the enzymatic method and HDL-c by the 
homogeneous enzymatic colorimetric method using the Hitachi 
Automatic Analyzer 7600-210 (Hitachi, Tokyo, Japan).

3. Covariates

Regarding demographic data, sex, age, and quartile of 
household income were considered. In the questionnaire, if 
either of the parents answered "yes" to DM history, the subject 
was considered as having a parental history of DM. Data on 
parental history of DM have been collected since the fifth 
survey. Regarding the nutritional intake of macronutrients, 
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including total energy intake, we used data from 24-hour 
recall surveys. The 2015 Dietary Reference Intakes for Koreans 
recommend that teenagers consume 55%–65% of their total 
energy intake from carbohydrates and 15%–30% from fat. Thus, 
subjects who exceeded the recommended intake were grouped 
and evaluated. Excess caloric intake was defined based on the 
2015 Dietary Reference Intakes for Koreans.13)

4. Statistical analysis

In summary statistics, considering the sampling method, 
unweighted frequencies with weighted percentages were 

presented for categorical variables and weighted means with 
95% confidence intervals for numerical variables.

Considering the 2010 census population as the standard 
population,14) the age-adjusted prevalence with standard error 
(SE) was calculated according to the direct standardization 
method from 10 to 18 years of age in 1-year units. The age-
adjusted prevalence of IFG and DMFBG was expressed per 100 
persons and estimated according to sex and obesity status 
(normal/overweight and obesity). The trend test for age-
adjusted prevalence was performed using a survey-weighted 
linear regression model with survey cycle as a continuous 
independent variable.

Table 1. Characteristics of study subjects according to survey cycle

Characteristic
KNHANES (survey year)

P-value
IV (2007–2009) V (2010–2012) IV (2013–2015) V (2016–2018)

Sex
Boy 1,333 (53.51) 1,244 (53.98) 957 (52.73) 953 (52.70) 0.849
Girl 1,188 (46.49) 1,078 (46.02) 830 (47.27) 863 (47.30)

Age (yr) 14.08 (13.97–14.20) 14.24 (14.10–14.37) 14.34 (14.21–14.48) 14.43 (14.29–14.57) <0.001
Household income

Q1 (low) 279 (11.63) 253 (14.25) 187 (11.00) 184 (10.59) 0.002
Q2 567 (23.17) 584 (29.05) 467 (27.52) 409 (23.58)
Q3 799 (32.10) 724 (29.40) 608 (33.53) 586 (31.83)
Q4 (high) 827 (33.09) 733 (27.30) 515 (27.94) 636 (34.00)

Parental history of DM NA 105 (5.41) 105 (6.23) 134 (7.53) 0.189
Nutritional factors

Total energy intake (kcal) 1,943.32 
(1,905.33–1,981.32)

2,149.15
(2,104.77–2,193.53)

2,152.48
(2,104.00–2,200.96)

2,101.90
(2,053.71–2,150.09)

<0.001

% of energy from protein 14.15 (13.94–14.36) 14.36 (14.13–14.59) 14.16 (13.90–14.42) 14.64 (14.40–14.88) <0.001
% of energy from fat 21.56 (21.09–22.02) 22.87 (22.32–23.42) 24.02 (23.55–24.50) 24.04 (23.51–24.57) <0.001
% of energy from carbohydrate 64.30 (63.74–64.86) 62.82 (62.16–63.49) 60.43 (59.82–61.04) 60.16 (59.52–60.81) <0.001
Excess calorie intake 432 (22.50) 575 (29.72) 418 (28.32) 411 (28.82) <0.001
Fat intake >30% of total energy 276 (13.92) 370 (17.82) 351 (21.86) 336 (22.08) <0.001
Carbohydrate intake >65% of total 

energy
1,104 (48.98) 914 (44.02) 541 (32.44) 523 (33.89) <0.001

Metabolism-related factors
BMI (kg/m2) 20.56 (20.39–20.74) 20.63 (20.45–20.82) 21.19 (20.97–21.41) 20.91 (20.70–21.11) <0.001
Obesity status

Normal 2,047 (80.88) 1,893 (81.49) 1,412 (79.24) 1,435 (79.56) 0.228
Overweight 198 (7.04) 159 (6.07) 129 (6.20) 122 (6.01)
Obesity 272 (12.08) 269 (12.44) 246 (14.56) 257 (14.43)

SBP (mmHg) 105.49 (104.89–106.09) 107.03 (106.45–107.61) 108.33 (107.74–108.93) 108.36 (107.78–108.93) <0.001
DBP (mmHg) 66.82 (66.24–67.41) 66.32 (65.77–66.87) 66.19 (65.71–66.68) 66.64 (66.14–67.14) <0.001
Hypertension 38 (1.55) 23 (1.41) 19 (0.79) 28 (1.52) 0.287
Total cholesterol (mg/dL) 158.00 (156.55–159.44) 158.00 (156.43–159.56) 158.57 (157.19–159.96) 164.72 (163.23–166.20) <0.001
TG (mg/dL) 78.00 (75.96–80.10) 73.13 (70.93–75.39) 74.66 (72.56–76.81) 76.10 (74.05–78.22) <0.001
HDL-c (mg/dL) 49.50 (49.01–50.00) 50.82 (50.19–51.45) 51.78 (51.25–52.32) 51.59 (51.05–52.14) <0.001
Fasting blood glucose (mg/dL) 88.93 (88.53–89.34) 88.72 (88.34–89.10) 91.52 (90.90–92.15) 91.46 (91.06–91.86) <0.001

Values are presented as number (%) or mean (95% confidence interval).
KNHANES, Korea National Health and Nutrition Examination Study; DM, diabetes mellitus; BMI, body mass index; SBP, systolic blood 
pressure; DBP, diastolic blood pressure; TG, triglycerides; HDL-c, high-density lipoprotein cholesterol; NA, not applicable
Excess calorie intake was defined based on the 2015 Dietary Reference Intakes for Koreans.
Overweight (85th–94th percentile) and obesity (≥95th percentile or BMI ≥ 25.0 kg/m2) were defined based on the 2017 Korean Children 
and Adolescent National Growth Charts. Hypertension (SBP or DBP ≥ 95th percentile or ≥140/90 mmHg) was defined based on the 2007 
Korean Children and Adolescent National Growth Charts.
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To assess the relationships between high blood glucose level 
and metabolic components, we analyzed data from 2013 to 
2018. Candidate covariates were selected through univariate 
analysis, and covariates with P<0.05 in univariate analysis were 
considered in multivariate analysis. Thus, statistical significance 
was obtained using the PROC SURVEYREG procedure for 
numerical variables and the PROC SURVEYFREQ procedure 
for categorical variables. The mean difference in metabolic 
components by blood glucose level was assessed after adjusting 
for the selected covariates. All statistical analyses were 
conducted using SAS ver. 9.4 (SAS Institute, Cary, NC, USA). 
Statistical significance was set at P<0.05 according to a 2-tailed 
test.

Results

1. Demographics of study subjects

Table 1 displays the characteristics of the study subjects from 
2007 to 2018. Among Korean youths aged 10–18 years, the 
parental history of DM from 2010 to 2018 increased from 5.41% 
to 7.53% (P=0.189 for trend). From the perspective of nutritional 
factors, the percentage of energy derived from fat from 2007 
to 2018 increased from 21.56% to 24.04% (P<0.001 for trend). 
In addition, fat intake accounting for more than 30% of total 
energy from 2007 to 2018 increased from 13.92% to 22.08% 
(P<0.001 for trend); however, carbohydrate intake accounting 
for over 65% of total energy from 2007 to 2018 declined from 
48.98% to 33.89% (P<0.001 for trend). In terms of metabolism-
related factors, the obesity statuses in 2013–2015 (14.56%) and 
2016–2018 (14.43%) were higher than those in 2007–2009 
(12.08%) and 2010–2012 (12.44%). Systolic blood pressure from 
2007 to 2018 increased from 105.49 mmHg to 108.36 mmHg. 
Total cholesterol from 2007 to 2018 increased from 158.00 mg/
dL to 164.72 mg/dL (P<0.001 for trend). Fasting blood glucose 
values for 2013–2015 (91.52 mg/dL) and 2016–2018 (91.46 
mg/dL) were both higher than those for 2007–2009 (88.93 mg/
dL) and 2010–2012 (88.72 mg/dL) (P<0.001 for trend). Fig. 1 
shows the distribution of fasting blood glucose values, which, 
from 2013–2018, shifted to the right compared to those in 
2007–2012.

2. Trends in age-adjusted prevalence of IFG and DMFBG

From 2007 to 2018, the prevalence of  IFG and DMFBG 
significantly increased from 5.39 per 100 persons (SE, 0.56) 
to 11.66 per 100 persons (SE, 0.91) (P<0.001 for trend). The 
prevalence of DMFBG alone was very low, less than 0.5 per 
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Fig. 1. Trends in age-adjusted prevalence of IFG and DMFBG by obesity status 
in Korean teenagers. Values are presented as age-adjusted prevalence with 
95% confidence interval based on the 2010 population and housing census. 
Overweight and obesity (≥85th percentile or BMI≥25.0 kg/m2) were defined 
based on the 2017 Korean Children and Adolescent National Growth Charts.

Table 2. Trends in age-adjusted prevalence (per 100 persons) of IFG and DMFBG in Korean teenagers

Fasting blood glucose level
KNHANES (survey year)

P for trend
IV (2007–2009) V (2010–2012) VI (2013–2015) VII (2016–2018)

Total
IFG+DMFBG 5.39 (0.56) 4.79 (0.57) 10.03 (0.84) 11.66 (0.91) <0.001
IFG 5.34 (0.55) 4.76 (0.57) 9.72 (0.82) 11.36 (0.90) <0.001
DMFBG 0.05 (0.04) 0.03 (0.03) 0.32 (0.17) 0.30 (0.16) 0.053

Boy
IFG+DMFBG 5.92 (0.74) 5.08 (0.75) 12.32 (1.21) 15.00 (1.35) <0.001
IFG 5.92 (0.74) 5.08 (0.75) 12.24 (1.21) 14.77 (1.34) <0.001
DMFBG NA NA 0.09 (0.09) 0.24 (0.19) NA

Girl
IFG+DMFBG 4.75 (0.71) 4.38 (0.69) 7.53 (1.03) 7.94 (1.05) 0.002
IFG 4.65 (0.70) 4.32 (0.69) 6.97 (0.99) 7.58 (1.04) 0.006
DMFBG 0.10 (0.08) 0.06 (0.07) 0.55 (0.33) 0.36 (0.27) 0.156

Values are presented as age-adjusted prevalences with standard errors based on the 2010 population and housing census.
KNHANES, Korea National Health and Nutrition Examination Study; IFG, impaired fasting glucose; DMFBG, diabetes mellitus defined as 
fasting blood glucose; DM, diabetes mellitus; NA, not applicable
A fasting blood glucose level between 100 and 125 mg/dL in teenagers was considered IFG, and a fasting blood glucose level ≥ 26 mg/
dL was considered DMFBG.
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100 persons. This trend for the prevalence of IFG or DMFBG 
was similar in the overweight and obesity groups (BMI≥85th 
percentile) and the normal weight group (BMI<85th percentile). 
However, the increase in boys (from 5.92 per 100 persons to 
15.00 per 100 persons, P<0.001 for trend) tended to be higher 
than that in girls (from 4.75 per 100 persons to 7.94 per 100 
persons, P=0.002 for trend) (Table 2).

3. Differences in candidate risk factors according to fasting 
blood glucose level

Using data from 2013 to 2018, comparing the basic risk 
factors between the normal group and the IFG+DMFBG group 
according to fasting blood glucose level, significant differences 
were observed with respect to sex, age, parental history of DM, 
and obesity status (Table 3). In terms of sex, the percentages 
of boys and girls were 66.58% and 33.42% in the IFG+DMFBG 
group (P<0.001), respectively. The mean age of the IFG+ 
DMFBG group was 13.75 years and that of the normal group 
was 14.46 years (P<0.001). Parental history of DM was higher 
in the IFG+DMFBG group (12.74%) than that in the normal 
group (6.20%) (P<0.001). However, there were no significant 
differences in household income, total energy intake, or 

nutritional intake of macronutrients. Overweight and obesity 
were more prevalent in the IFG+DMFBG group than in the 
normal group (Table 3).

4. Differences in metabolic components according to 
fasting blood glucose level

In the multivariate model, metabolic components, except 
BMI, were adjusted for sex, age, obesity status, and parental 
history of DM, whereas BMI was adjusted for sex, age, and 
parental history of DM (Table 4). Within the multivariate model, 
there were significant differences in BMI between the normal 
group (21.22 kg/m2; 95% confidence interval [CI], 20.93–21.51) 
and the IFG+DMFBG group (22.06 kg/m2; 95% CI, 21.60–22.52) 
(P<0.001). In addition, there was a significant difference 
observed in systolic blood pressure between the normal group 
(109.83 mmHg; 95% CI, 108.80–110.86) and the IFG+DMFBG 
group (112.64 mmHg; 95% CI, 111.03–114.25) (P<0.001). There 
was also a significant difference in triglycerides between the 
normal group (81.59 mg/dL; 95% CI, 78.05–85.28) and the IFG 
+DMFBG group (89.60 mg/dL; 95% CI, 83.26–96.42) (P=0.007). 
The mean HDL-c according to fasting blood glucose level was 
significantly different in the univariate model but not in the 

Table 3. Differences in candidate risk factors according to fasting blood glucose level in Korean teenagers (data from the KNHANES 2013–
2018)

Variable
Fasting blood glucose level

P-value
Normal IFG+DMFBG

Sex
Boy 1,655 (51.08) 255 (66.58) <0.001
Girl 1,560 (48.92) 133 (33.42)

Age (yrs) 14.46 (14.36–14.56) 13.75 (13.46–14.05) <0.001
Household income

Q1 (low) 331 (10.63) 40 (12.19) 0.409
Q2 792 (25.74) 84 (23.87)
Q3 1,051 (32.28) 143 (36.09)
Q4 (high) 1,031 (31.35) 120 (27.85)

Parental history of DM (yes) 192 (6.20) 47 (12.74) <0.001
Total energy intake (kcal) 2,121.09 (2,085.46–2,156.72) 2,180.65 (2,080.75–2,280.55) 0.261
% of energy from protein 14.41 (14.22–14.61) 14.29 (13.87–14.71) 0.604
% of energy from fat 24.13 (23.75–24.51) 23.19 (22.27–24.12) 0.067
% of energy from carbohydrate 60.22 (59.74–60.69) 60.98 (59.78–62.17) 0.246
Excess calorie intake (yes) 743 (28.47) 86 (29.42) 0.748
Fat intake >30% of total energy (yes) 619 (22.25) 68 (19.49) 0.279
Carbohydrate intake >65% of total energy (yes) 949 (32.90) 115 (35.58) 0.366
Obesity status

Normal 2,565 (80.13) 282 (73.18) 0.003
Overweight and obesity 649 (19.87) 105 (26.82)

Values are presented as number (%) or mean (95% confidence interval).
KNHANES, Korea National Health and Nutrition Examination Study; IFG, impaired fasting glucose; DMFBG, diabetes mellitus defined as fasting blood 
glucose; DM, diabetes mellitus; BMI, body mass index
Excess calorie intake was defined based on the 2015 Dietary Reference Intakes for Koreans.
Overweight (85th–94th percentile) and obesity (≥95th percentile or BMI≥25.0 kg/m2) were defined based on the 2017 Korean Children and 
Adolescent National Growth Charts.
A fasting blood glucose level between 100 and 125 mg/dL in teenagers was considered IFG, and a fasting blood glucose level ≥126 mg/dL was 
considered DMFBG. 
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multivariate model.

Discussion

This study revealed an increasing trend in the prevalence of 
fasting hyperglycemia, including IFG and DMFBG, in Korean 
teenagers from 2007 to 2018. The prevalence of IFG and 
DMFBG in Korean teenagers increased significantly from 4.76% 
in the fourth KNHANES (2007–2009) to 11.36% in the seventh 
KNHANES (2016–2018).

The prevalence of IFG and DMFBG increased from 4.79% 
in the fifth KNHANES (2010–2012) to 10.03% in the sixth 
KNHANES (2013–2015). We confirmed that there were no 
changes in the blood glucose measurement equipment or 
reagents at that time. In addition, it was confirmed that the scale 
calculated by prevalence in this study was similar to that of the 
internal KNHANES data. Therefore, it was difficult to clearly 
determine whether a change in the period was actually a change 
or whether a systematic error was involved.

The increasing prevalence of  fasting hyperglycemia is 
consistent with that of recent decades, showing an increasing 
prevalence of fasting hyperglycemia among children and 
adolescents in industrialized countries, such as the United States 
and the United Kingdom.7,8) Several studies conducted in the 
United States reported that the prevalence of pediatric diabetes 
patients was less than 4% before the 1990s but had increased up 
to 45% in recent studies. This trend is not limited to the United 
States. In a study on the prevalence of type 2 diabetes in middle 
and high school students in Tokyo, a urine glucose screening test 
was performed, and a glucose tolerance test was performed as a 
confirmatory test. Our results show that the diabetes prevalence 
rate from 1976 to 1980 was 7.3/10,000 people, increasing to 
13.9/10,000 from 1991 to 1995.15)

According to a survey by Li et al.,8) the prevalence of IFG, 
impaired glucose intolerance, and prediabetes was 13.1%, 
3.4%, and 16.1%, respectively, in adolescents aged 12–19 years 

in the United States. Prediabetes was defined as IFG (fasting 
glucose > 100 mg/dL and <125 mg/dL) and/or impaired 
glucose intolerance (2 hours after oral glucose tolerance test, 
glucose > 140 mg/dL and < 200 mg/dL). Metabolic risk factors 
were classified into 4 factors: central obesity, blood pressure, 
triglycerides, and HDL cholesterol. The results showed that 
metabolic risk factors were significantly associated with 
prediabetes but not with body weight.

The causes of  impaired glucose tolerance impacted by 
obesity include hyperinsulinemia and insulin resistance.16) As 
adipocytes proliferate in individuals with obesity, serum levels 
of hormones, nonesterified fatty acids, glycerol, and leptin 
secreted by adipose tissue, as well as C-reactive protein, tumor 
necrosis factor-α, angiotensinogen, fibrinogen, interleukin, 
cortisol, and plasminogen activator inhibitor-1 increase. 
Adiponectin concentration decreases, resulting in a decreased 
sensitivity of cells to insulin. As the insulin responsiveness of 
the cells decreases, the serum concentration of insulin becomes 
consistently high; that is, hyperinsulinemia is induced and, as 
hyperinsulinemia continues, dysfunction of pancreatic islet 
β-cells that secrete insulin is accompanied by progression to 
T2DM.17-19)

The fasting hyperglycemia group showed an increase in 
metabolic indicators of blood pressure, triglycerides, and 
cholesterol levels compared to the normal fasting blood glucose 
group. The causes of hypertension and metabolic abnormalities 
involving glucose intolerance are the result of insulin resistance. 
Insulin is an anabolic hormone that plays an important role in 
the storage of sugar, fat, and energy and contributes to sodium 
homeostasis by promoting sodium reabsorption in the kidneys, 
as well as having metabolic effects. In obesity, hyperinsulinemia 
occurs as a result of insulin resistance, activating sympathetic 
nerves, increasing sodium reabsorption in the kidneys, and 
increasing blood pressure.20)

Insulin has a complex effect on the blood vessels. It stimu
lates the production of  NO in endothelial cells, induces 

Table 4. Differences in metabolic components according to fasting blood glucose level in Korean teenagers (data from the KNHANES 
2013–2018)

Variable
Univariate Multivariate

Normal IFG+DMFBG P-value Normal IFG+DMFBG P-value
BMI (kg/m2) 20.96 (20.81–21.12) 21.76 (21.33–22.18) <0.001 21.22 (20.93–21.51) 22.06 (21.60–22.52) <0.001
SBP (mmHg) 107.94 (107.53–108.36) 111.74 (110.48–113.00) <0.001 109.83 (108.80–110.86) 112.64 (111.03–114.25) <0.001
DBP (mmHg) 66.41 (66.06–66.77) 66.45 (65.44–67.47) 0.936 66.95 (66.20–67.70) 67.32 (66.11–68.52) 0.502
Total cholesterol (mg/dL) 161.52 (160.45–162.59) 162.77 (159.36–166.19) 0.487 164.39 (162.10–166.67) 165.50 (161.80–169.20) 0.528
TG (mg/dL) 74.50 (73.00–76.04) 83.21 (78.06–88.71) 0.001 81.59 (78.05–85.28) 89.60 (83.26–96.42) 0.007
HDL-c (mg/dL) 51.81 (51.41–52.21) 50.65 (49.63–51.68) 0.037 49.96 (49.21–50.71) 49.61 (48.39–50.84) 0.541
Values are presented as mean (95% confidence interval).
KNHANES, Korea National Health and Nutrition Examination Study; IFG, impaired fasting glucose; DM, diabetes mellitus; DMFBG, 
diabetes mellitus defined as fasting blood glucose; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TG, 
triglycerides; HDL-c, high-density lipoprotein cholesterol.
In the multivariate model, other metabolic components, except BMI, were adjusted for sex, age, obesity status (normal/overweight and 
obesity), and parental history of DM, whereas BMI was adjusted for sex, age, and parental history of DM.
A fasting blood glucose level between 100 and 125 mg/dL in teenagers was considered IFG, and a fasting blood glucose level ≥ 126 mg/
dL was considered DMFBG. 



Yoo SE, et al. • Association of fasting hyperglycemia with metabolic indicators

66 www.e-apem.org

vasodilation and anti-inflammatory reactions to protect 
blood vessels, and concurrently promotes the MAPK pathway, 
leading to vasoconstriction and inflammation. The blood-
vessel-destructive action that triggers the reaction occurs 
simultaneously. When insulin blood concentration is normal, 
the vasoprotective action is dominant; however, in the insulin-
resistant state, the NO pathway activated by insulin is disrupted, 
and the MAPK pathway becomes predominant, resulting in 
blood vessel constriction and inflammatory reactions, which 
increase blood pressure and cause inflammation.21-24)

We demonstrated that the increasing rate of  fasting 
hyperglycemia was higher in boys than in girls. The posited 
reason for this was the difference in insulin resistance due to 
gender differences between growth and sex hormones. During 
puberty, growth hormone and insulin-like growth factor (IGF)-
1 increase rapidly and subsequently decrease after puberty is 
complete. Growth hormone and IGF-1 affect insulin resistance 
during normal pubertal development. On average, girls start 
puberty at 10–11 years of age and end at 15–17 years. Boys start 
puberty at 11–12 years of age and end at 16–17 years. This study 
targeted children and adolescents between the ages of 10 and 18 
and suggests that boys have higher fasting blood glucose level 
than girls because the proportion of boys undergoing puberty 
with increased insulin resistance is relatively higher than that of 
girls.25)

According to our results, during the 2013–2018 period, 
the average age of the normal blood glucose group was 14.46 
years, whereas that of the diabetes high-risk group was 13.75 
years. Fasting blood glucose level was significantly higher in 
the younger patients. The incidence of T2DM is more higher 
during puberty, when explosive increases in growth and sex 
hormones occur. This increase in growth hormone secretion 
causes a temporary period of insulin resistance.26) In our study, 
in participants aged 16–18 years, it was estimated that the effects 
of growth and sex hormones had decreased, and blood glucose 
had declined.

As shown in Fig. 1, fasting blood glucose level was higher in 
the overweight and obesity groups (≥85th percentile or BMI 
≥ 25.0 kg/m2) than in the normal weight group. However, as in 
the overweight and obesity groups, fasting blood glucose had 
increased in the last decade in a similar pattern in the normal 
weight group.

Parent diabetes history was significantly higher in the 
diabetes high-risk group (12.74%) than in the normal blood 
glucose group (6.20%), and there was no significant difference 
in total household income, total energy intake, or intake of 
macronutrients. It is well known that a family history of T2DM 
is a risk factor for diabetes. However, it is controversial whether 
environmental or genetic factors are the main risk factors. 
Many studies have shown that environmental factors, such as 
physical activity and BMI, together with familial characteristics 
and genetic factors, exert a combined, simultaneous effect on 
diabetes risk.27)

In terms of nutritional composition, the total energy intake, 
excess calorie intake, and fat and carbohydrate intake were not 

significantly different between the normal blood glucose and 
hyperglycemia groups. The results of one diabetes study in 
domestic adults showed that the diabetes group had a higher 
percentage of energy intake from carbohydrates than the 
normal blood glucose group.25) Given that carbohydrates are 
broken down into monosaccharides in the blood, it is easy to 
deduce that the higher is the intake of carbohydrates, especially 
carbohydrates with a high glycemic index, the higher will be the 
blood sugar level after a meal.26) However, in this study, there was 
no difference between carbohydrates or other macronutrients in 
the nutritional compositions of the normal and hyperglycemic 
groups.

Since this study was based on KNHANES data, nutritional 
details such as glycemic index were not considered, and 
environmental factors such as exercise habits were not 
investigated. Therefore, it is difficult to determine the cause of 
the recent increase in blood sugar level. This is a limitation of 
this study, and further research is required. Another weakness is 
that serum insulin was not directly measured or directly inferred 
from serum glucose status, although the main pathogenesis of 
diabetes is hyperinsulinemia. The strength of this study is that it 
evaluated trends using multi-year data at the national level, and 
the reliability of the data is high because it was collected from 
more than 5,000 people over a long period of time, about 10 
years.

In conclusion, the proportion of fasting hyperglycemia among 
adolescents has increased over the past decade and is believed 
to be associated with an increase in metabolic abnormalities 
such as hypertension and hypertriglyceridemia. A more detailed 
study is necessary to evaluate the effects of environmental 
factors and eating habits; nevertheless, obesity, as per consensus, 
increases the risk of metabolic syndromes such as diabetes, 
hypertension, and dyslipidemia. Prevention of the progression 
of prediabetes in adolescents to diabetes in adulthood has 
recently become an urgent issue in Korea.

Ethical statement

This retrospective study was approved by the Institutional 
Review Board of Ewha Womans University Seoul Hospital 
(approval number: EUMC 2021-01-015).

Notes

Conflicts of interest: No potential conflict of interest relevant 
to this article was reported.

Funding: This study received no specific grant from any 
funding agency in the public, commercial, or not-for-profit 
sectors.

Author contribution: Conceptualization: SEY, HSP, HSK; Data 
curation: HSP, HAL; Formal analysis: SEY, JH Lee, HSP, HAL; 
Methodology: HSP, HAL; Project administration: HAL, HSK; 
Visualization: JH Lee, HSP, HAL; Writing - original draft: SEY; 
Writing - review & editing: SEY, JH Lee, JW Lee



67

Yoo SE, et al. • Association of fasting hyperglycemia with metabolic indicators

www.e-apem.org

ORCID
Seung Eun Yoo: 0000-0002-5177-8432
Ji Hyen Lee: 0000-0002-2234-1055
Jung Won Lee: 0000-0003-1846-3153
Hye Sook Park:0000-0002-9359-6522
Hye Ah Lee: 0000-0002-4051-0350
Hae Soon Kim: 0000-0002-6976-6878

References

1.	 Codoner-Franch P, Valls-Belles V, Arilla-Codoner A, 
Alonso-Iglesias E. Oxidant mechanisms in childhood 
obesity: the link between inflammation and oxidative stress. 
Transl Res 2011;158:369-84.

2.	 Edelstein SL, Knowler WC, Bain RP, Andres R, Barrett-
Connor EL, Dowse GK, et al. Predictors of progression 
from impaired glucose tolerance to NIDDM: an analysis of 
six prospective studies. Diabetes 1997;46:701-10.

3.	 Polonsky KS, Sturis J, Bell GI. Non-insulin-dependent 
diabetes mellitus - a genetically programmed failure of the 
beta cell to compensate for insulin resistance. N Engl J Med 
1996;334:777-83.

4.	 Wang CC, Goalstone ML, Draznin B. Molecular mecha
nisms of insulin resistance that impact cardiovascular 
biology. Diabetes. 2004;53:2735-40.

5.	 Seidell JC, Halberstadt J. The global burden of obesity and 
the challenges of prevention. Ann Nutr Metab 2015;66:7-
12.

6.	 Chinn S, Rona RJ. Prevalence and trends in overweight and 
obesity in three cross sectional studies of British children, 
1974–94. BMJ 2001;322:24-6.

7.	 Sinha R, Fisch G, Teague B, Tamborlane WV, Banyas B, 
Allen K, et al. Prevalence of impaired glucose tolerance 
among children and adolescents with marked obesity. N 
Engl J Med 2002;346:802-10.

8.	 Li C, Zhao G, Ford ES, Mokdad AH. Prevalence of pre-dia
betes and its association with clustering of cardiometabolic 
risk factors and hyperinsulinemia among U.S. adolescents. 
Diabetes Care 2009;32:342-7.

9.	 Yi KH, Hwang JS, Kim EY, Lee SH, Kim DH, Lim JS. 
Prevalence of insulin resistance and cardiometabolic risk in 
Korean children and adolescents: a population-based study. 
Diabetes Res Clin Pract 2014;103:106-13.

10.	 Lee J, Lee YA, Kim JH, Lee SY, Shin CH, Yang SW. Discre
pancies between glycosylated hemoglobin and fasting 
plasma glucose for diagnosing impaired fasting glucose 
and diabetes mellitus in Korean youth and young adults. 
Diabetes Metab J 2019;43:174-82.

11.	 Kweon S, Kim Y, Jang MJ, Kim Y, Kim K, Choi S, et al. Data 
resource profile: the Korea National Health and Nutrition 
Examination Sur vey (KNHANES). Int J Epidemiol 
2014;43:69-77.

12.	 Kim JH, Yun S, Hwang SS, Shim JO, Chae HW, Lee YJ, et al. 
The 2017 Korean National Growth Charts for children and 
adolescents: development, improvement, and prospects. 

Korean J Pediatr 2018;61:135-49.
13.	 The Korean Nutrition Society. Dietary reference intakes for 

Koreans 2015. Seoul (Korea): The Korean nutrition Society, 
2016:25-183.

14.	 Statistics Korea. The 2010 population and housing census 
[Internet]. Daejeon (Korea): Statistics Korea; 2010 [cited 
2017 Jan 16]. Available from: https://kosis.kr/statHtml/
statHtml.do?orgId=101&tblId=DT_1IN1003&conn_
path=I3.

15.	 Dorit K, Lynne LL. Type 2 diabetes mellitus in childhood 
and adolescents. Pediatr Rev 2021;42;167-79.

16.	 Arslanian SA, Lewy VD, Danadian K. Glucose intolerance 
in obese adolescents with polycystic ovary syndrome. 
Roles of insulin resistance and beta cell dysfunction and 
risk of cardiovascular disease. J Clin Endocrinol Metab 
2001;86:66-71.

17.	 Kahn SE, Hull RL, Utzschneider KM. Mechanisms linking 
obesity to insulin resistance and type 2 diabetes. Nature 
2006;444:840-6.

18.	 Perley M, Kipnis DM. Plasma insulin responses to glucose 
and tolbutamide of normal weight and obese diabetic and 
nondiabetic subjects. Diabetes 1966;15:867-74.

19.	 Kahn SE, Prigeon RL, McCulloch DK, Boyko EJ, Bergman 
RN, Schwartz MW, et al. Quantification of the relationship 
between insulin sensitivity and B-cell function in human 
subjects. Evidence for a hyperbolic function. Diabetes 
1993;42:1663-72.

20.	 Zhou MS, Wang A, Yu H. Link between insulin resistance 
and hypertension: what is the evidence from evolutionary 
biology? Diabetol Metab Syndr 2014;6:12.

21.	 Sheehan MT, Jensen MD. Metabolic complications of 
obesity. Pathophysiologic considerations. Med Clin North 
Am 2000;84:363-85.

22.	 Matsuzawa Y, Shimomura I, Nakamura T, Keno Y, Tokunaga 
K. Pathophysiology and pathogenesis of visceral fat obesity. 
Ann N Y Acad Sci 1995;748:399-406.

23.	 Steinberger J, Daniels SR, American Heart Association 
Atherosclerosis, Hypertension, and Obesity in the Young 
Committee (Council on Cardiovascular Disease in the 
Young), American Heart Association Diabetes Committee 
(Council on Nutrition, Physical Activity, and Metabolism). 
Obesity, insulin resistance, diabetes, and cardiovascular 
risk in children: an American Heart Association scientific 
statement from the Atherosclerosis, Hypertension, 
and Obesity in the Young Committee (Council on 
Cardiovascular Disease in the Young) and the Diabetes 
Committee (Council on Nutrition, Physical Activity, and 
Metabolism). Circulation 2003;107:1448-53.

24.	 Pedersen SD. Metabolic complications of obesity. Best Pract 
Res Clin Endocrinol Metab 2013;27:179-93.

25.	 Moran A, Jacobs DR Jr, Steinberger J, Hong CP, Prineas R, 
Luepker R, et al. Insulin resistance during puberty: results 
from clamp studies in 357 children. Diabetes 1999:48:2039-
44.

26.	 Travers SH, Jeffers BW, Bloch CA, Hill JO, Eckel RH. 

https://orcid.org/0000-0002-5177-8432
https://orcid.org/0000-0002-2234-1055
https://orcid.org/0000-0003-1846-3153
https://orcid.org/0000-0002-9359-6522
https://orcid.org/0000-0002-4051-0350
https://orcid.org/0000-0002-6976-6878
https://kosis.kr/statHtml/statHtml.do?orgId=101&tblId=DT_1IN1003&conn_path=I3
https://kosis.kr/statHtml/statHtml.do?orgId=101&tblId=DT_1IN1003&conn_path=I3
https://kosis.kr/statHtml/statHtml.do?orgId=101&tblId=DT_1IN1003&conn_path=I3


Yoo SE, et al. • Association of fasting hyperglycemia with metabolic indicators

68 www.e-apem.org

Gender and Tanner stage differences in body composition 
and insulin sensitivity in early pubertal children. J Clin 
Endocrinol Metab 1995;80:172-80.

27.	 Scott RA, Langenberg C, Sharp SJ, Franks PW, Rolandsson 

O, Drogan D, et al. The link between family history and 
risk of type 2 diabetes is not explained by anthropometric, 
lifestyle or genetic risk factors: the EPIC-InterAct Study. 
Diabetologia 2013;56:60-9


