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Abstract: Investigations on the trends of prediabetes and non-alcoholic fatty liver disease (NAFLD)
among children are scarce. We aimed to analyze the trends of prediabetes and NAFLD, as well as
their association, among Korean children and adolescents from 2009 to 2018. This study investigated
the prevalence of prediabetes, NAFLD, and abdominal obesity among 6327 children and adolescents
aged 10-18 years according to age, sex, and body mass index (BMI) using a nationally representative
survey. The prevalence of prediabetes, NAFLD, and abdominal obesity increased from 5.14%, 8.17%,
and 5.97% respectively, in 2009 to 10.46%, 12.05%, and 10.51% respectively, in 2018. In age-specific
analyses, an adverse trend in NAFLD was significant only in participants aged 16-18 years while
the prevalence of prediabetes worsened significantly in all age groups. In BMI-specific analyses, the
prevalence of prediabetes and NAFLD increased significantly only in participants with normal BMI. In
logistic regression analysis, the odds ratio of prediabetes for NAFLD was 1.85 and those of abdominal
obesity for prediabetes and NAFLD was 1.85 and 9.34, respectively. Our results demonstrated that
the prevalence of prediabetes and NAFLD was increasing in association with abdominal obesity in
Korean children and adolescents.

Keywords: prediabetic state; non-alcoholic fatty liver disease; trend; prevalence; child; adolescent

1. Introduction

Prediabetes is characterized by an abnormally elevated blood glucose level that is yet
to be classified as diabetes mellitus but can progress to diabetes mellitus without proper
management [1]. Since prediabetes is strongly associated with cardiovascular diseases and
metabolic syndrome, proper screening of prediabetes is essential to manage cardiovascular
diseases, especially in children and adolescents [1]. The prevalence of prediabetes among
adults is high, with 33.4% in the US and 38.3% in Korea [2,3]. However, investigations on
the recent trends of prediabetes among Korean children and adolescents are scarce.

Non-alcoholic fatty liver disease (NAFLD), a chronic liver disease induced by excessive
fat accumulation in the liver, is a spectrum of progressive liver disease that encompasses

Biomedicines 2022, 10, 584. https:/ /doi.org/10.3390 /biomedicines10030584

https:/ /www.mdpi.com/journal /biomedicines


https://doi.org/10.3390/biomedicines10030584
https://doi.org/10.3390/biomedicines10030584
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/biomedicines
https://www.mdpi.com
https://orcid.org/0000-0002-8497-5934
https://orcid.org/0000-0001-6328-6948
https://orcid.org/0000-0002-7644-1617
https://orcid.org/0000-0002-2092-2585
https://orcid.org/0000-0002-9692-2135
https://orcid.org/0000-0003-1135-099X
https://orcid.org/0000-0001-5016-8539
https://doi.org/10.3390/biomedicines10030584
https://www.mdpi.com/journal/biomedicines
https://www.mdpi.com/article/10.3390/biomedicines10030584?type=check_update&version=1

Biomedicines 2022, 10, 584

20f13

simple steatosis, non-alcoholic steatohepatitis, advanced fibrosis, and cirrhosis [4,5]. The
incidence of NAFLD is increasing globally and has become the leading cause of chronic
liver disease [6], and the prevalence peaks at 70-90% among the obese and those who
are diabetic [7]. The prevalence of NAFLD in the US was estimated to be 24.13% in a
meta-analysis study [8]. In Korea, NAFLD prevalence was 30.7% among men and 21.6%
among women in 2015-2017 [9]. However, there are limited publications in the current
literature regarding the recent trends of NAFLD among Korean children and adolescents.

In addition, NAFLD is associated with risk factors of cardiovascular diseases, such as
obesity, insulin resistance, and dyslipidemia [4]. NAFLD and metabolic disorders, such as
prediabetes share insulin resistance as a common pathophysiological mechanism, which
has led to the consideration of a more appropriate term, metabolic associated fatty liver
disease, to replace NAFLD [10]. Ebe et al. [11] reported that obese adolescents with fatty
liver had impaired insulin action in the liver and muscle. Insulin resistance promotes the
uptake of hepatic fatty acids and triglycerides by increasing insulin, glucose, and fatty
acids [12]. However, clinical studies investigating the association between prediabetes and
NAFLD in children and adolescents are limited.

Therefore, this study aimed to investigate the secular trends of prediabetes and NAFLD
from 2009 to 2018 among Korean children and adolescents, using the Korea National Health
and Nutrition Examination Survey (KNHANES) data. Our objectives were to investigate:
(1) the serial trends and recent prevalence of prediabetes and NAFLD during the 10-year
study period according to age, sex, and body mass index (BMI) among Korean children
and adolescents; (2) the association between prediabetes and NAFLD in children and
adolescents.

2. Materials and Methods
2.1. Study Population

This cross-sectional study analyzed the data obtained between 2009 and 2018. The
study design and patient inclusion flowchart are shown in Figure 1.

| KNHANES 2009-2018 (n = 83284) |

| Subjects aged 10-18 (n = 8904) I

Excluded (n=2577)
o Missing values for sampling weight (n= 1558)
o Missing values for anthropometric data (n = 20)
o Missing values for fasting glucose, AST, and/or ALT (n = 958)
Diabetes mellitus (n = 18)
« HBV infection (n=14)
o HCYV infection (n=9)

A 4
.

[ 6327 subjects included (3347 boys and 2980 girls) J

Figure 1. Design and flowchart of study population. KNHANES: Korea National Health and
Nutrition Examination Survey; AST: aspartate aminotransferase; ALT: alanine aminotransferase.

KNHANES is a national survey with a stratified and multistage sampling design
conducted by the Korea Centers for Disease Control and Prevention, based on the National
Health Promotion Act. This cross-sectional and nationally representative survey has been
performed since 1998 to identify the health behaviors of the Korean population and the sta-
tus of chronic diseases and to obtain data concerning food and nutrition consumption. The
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survey involves a two-stage stratified sampling method using sampling units and house-
holds as the first and second sampling units, respectively. Health surveys, examinations,
and nutrition surveys are conducted for household members [13].

2.2. Study Variables

Patients” data, such as age, sex, and anthropometric measurements, were collected. Height
was measured to the nearest 0.1 cm using a portable stadiometer (range, 850-2060 mm; Seriter,
Holtain Ltd., Crymych, UK), and weight was measured in the upright position to the nearest
0.1 kg using a calibrated balance beam scale (Giant 150N; HANA, Seoul, Korea). BMI was
calculated as the weight divided by the height squared. Waist circumference (WC) was
measured at the narrowest point between the lower borders of the rib cage and the iliac
crest at the end of normal expiration. Height, weight, and BMI were presented as standard
deviation score (SDS) values according to sex and age based on the 2017 Korean National
Growth Charts [14]. Children were classified as normal (<85th percentile), overweight (85th to
95th percentile), or obese (>95th percentile) according to their BMI. Abdominal obesity was
defined as a WC more than the 90th percentile using the Korean waist reference data [15].

2.3. Laboratory Analysis

Blood samples were collected from an antecubital vein following an 8 h fast and
were subsequently processed and immediately refrigerated. The serum levels of fasting
glucose, total cholesterol, high-density lipoprotein cholesterol (HDL-C), and triglycerides
were measured using a Hitachi Automatic Analyzer 7600/7600-210 (Hitachi, Tokyo, Japan).
Low-density lipoprotein cholesterol (LDL-C) was calculated using the Friedewald formula
(LDL-C = total cholesterol — [HDL-C + (triglycerides/5)]). Triglycerides/5 was used for
serum samples with triglyceride values of <400 mg/dL, whereas it was set as missing for
samples with triglyceride levels >400 mg/dL [16]. Non-HDL-C was calculated as total
cholesterol minus HDL-C [17]. Serum aspartate aminotransferase (AST) and alanine amino-
transferase (ALT) were measured by ultraviolet without pyridoxal-5'-phosphate method
using commercially available kits (Pureauto S ALT, Daiichi Pure Chemicals, Tokyo, Japan).

The cut-off points for prediabetes were defined as fasting glucose levels between 100
and 125 mg/dL according to the American Diabetes Association guideline [18]. NAFLD
was defined as elevated ALT (>26 U/L for boys and >22 U/L for girls) without hepatitis B
virus or hepatitis C virus infection [19-22].

2.4. Statistical Analysis

The sampling weights were considered in all analyses to report representative esti-
mates of the Korean population. All continuous variables were expressed as weighted
means with standard errors, while categorical variables were expressed as weighted per-
centages with standard errors. We divided the participants into subgroups according to sex,
age, BMI, and WC and analyzed the changes in the mean levels of WC, glucose, AST, and
ALT and the proportion of participants with prediabetes, NAFLD, and abdominal obesity
from 2009 to 2018 through the following years. The independent two-sample t-test and
analysis of variance were used to compare the mean values of the continuous variables,
and the Rao—Scott chi-squared test was used to compare categorical variables. To confirm
the trend of characteristics of participants from 2009 to 2019, linear trend analysis was
performed using coefficients of orthogonal polynomials in linear regression and logistic
regression. Logistic regression analyses were performed with prediabetes and NAFLD as
dependent variables and independent variables. In addition, BMI percentile and abdomi-
nal obesity were included in the logistic regression model as independent variables. All
statistical analyses were performed using SAS version 9.4 (SAS Inc., Cary, NC, USA) for
the complex survey design with clustering, stratification, and unequal weighting of the
KNHANES sample. Statistical significance was set at p < 0.05.



Biomedicines 2022, 10, 584

40f13

3. Results
3.1. Participants’ Characteristics and Trends of Prediabetes and NAFLD

Among the total participants, the proportion of participants with prediabetes, NAFLD,
and abdominal obesity was 7.71%, 9.56%, and 9.86%, respectively, and the proportion of
participants who had all three of these conditions was 0.43% (Table 1). From 2009 to 2018,
the proportion of prediabetes and NAFLD increased (Figure 2A,B), as well as those of
generalized and abdominal obesity increased. Moreover, the proportion of participants
who had prediabetes, NAFLD, and abdominal obesity increased (p for trend = 0.026). Simi-
larly, the proportion of participants who had both prediabetes and NAFLD increased (p
for trend < 0.01). The proportion of participants with prediabetes increased even in those
without abdominal obesity, while the proportion of participants with NAFLD increased
in those with abdominal obesity (Table S1). Intake of protein and fat increased, while that
of carbohydrate decreased (p for trend = 0.042, p for trend < 0.01, and p for trend = 0.028,
respectively). Among the participants without abdominal obesity, intake of fat increased,
while that of carbohydrate decreased (p for trend < 0.01 and p for trend = 0.026, respec-
tively). These trends were similar in both sexes, but the adverse trend in the prevalence of
abdominal obesity was more apparent in males (Table S2).

3.2. Trends of Prediabetes and NAFLD according to Age

In age-specific analyses, adverse trends in generalized and abdominal obesity were
more apparent in participants aged 16-18 years than in those aged 10-15 years (Table 2).
The prevalence of prediabetes increased in all groups (All p for trend < 0.01), while that of
NAFLD increased significantly only in participants aged 16-18 years (p for trend = 0.026).
These trends were similar in both sexes (Table S3).

3.3. Trends of Prediabetes and NAFLD according to BMI

In BMI-specific analyses, the prevalence of abdominal obesity increased significantly
only in the obese group (p for trend = 0.024), while that of prediabetes and NAFLD increased
only in participants with normal BMI (p for trend < 0.01 and p for trend = 0.019, respectively)
(Table 3). In BMI- and sex-specific analyses, the adverse trend of abdominal obesity was
only significant in males with obesity (p for trend < 0.01) (Table S4). The prevalence of
prediabetes increased in both sexes with normal BMI (p for trend < 0.01 for males and p for
trend = 0.026 for females), while that of NAFLD increased in males with normal BMI (p for
trend < 0.01).

3.4. Association between Prediabetes and NAFLD

In logistic regression analyses, the overweight population had 0.42 and 3.67 more odds
of being prediabetic and NAFLD, respectively, compared to the normal BMI population.
Odds ratios (ORs) of generalized and abdominal obesity for prediabetes were 1.88 (95% CI,
1.41-2.52; p < 0.01) and 1.85 (95% CI, 1.39-2.47; p < 0.01), and the corresponding values for
NAFLD were 13.89 (95% CI, 10.91-17.66; p < 0.01) and 9.34 (95% CI, 7.39-11.81; p < 0.01),
respectively (Table 4). The participants with prediabetes had 0.85 more odds of being
NAFLD compared to those with normal glucose levels (95% CI, 1.37-2.52; p < 0.01).

Among the participants with NAFLD, the prevalence of prediabetes was 12.6%, while
the corresponding value was 7.2% among those without NAFLD (Figure 3A). The preva-
lence of NAFLD was 15.6% among the participants with prediabetes, while the correspond-
ing value was 9.1% among those without prediabetes (Figure 3B).
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Table 1. Trend of characteristics of participants.
Variable 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Total p L :ﬁz
Total n=965 n=771 n=69 n=643 n=672 n=466 n=535 n=569 n=517 n=490 n=6437
number
. 0.29 0.25 0.16 0.28 025 0.17 0.17 024 0.28 0.30 024
Height SDS 4 o5 (0.05) (0.05) (0.06) (0.04) 0.07) (0.05) (0.06) (0.06) (0.06) ©o02 0509 0845
. 0.03 0.04 0.02 0.07 0.13 0.11 0.25 0.04 0.13 0.17 0.09
Weight SDS 05 (0.06) (0.05) (0.06) (0.05) (0.08) (0.07) (0.07) (0.06) (0.06) ©oz 0198 0022
2014 —010  —009  —0.09 0.01 0.03 0.20 2009 —001 0.02 Z0.03
BMISDS (0.05) (0.06) (0.06) (0.06) (0.06) (0.08) 0.07) (0.07) 0.07) 0.07) ©02 0015 <001
BMI 0146  <0.01
percentile
Normal 83.53 8137 79.92 81.15 81.26 8032 76.74 78.77 80.56 80.49 80.50
- % (1.32) (1.70) (1.62) (1.90) (1.66) .07) (2.05) (1.84) (1.95) (1.98) (0.57)
Overweight, 9.92 10.07 8.39 9.45 10.02 894 9.02 9.2 833 7.87 9.15
% (1.02) (1.33) (1.29) (1.30) (1.19) (1.37) (1.35) (1.36) (1.36) (1.29) (0.41)
Obesity, % 6.5 8.56 11.69 9.40 873 10.73 14.24 12.00 11.12 11.64 10.35
Y% (0.97) (1.25) (1.42) (1.50) (1.15) (1.70) 1.71) (1.58) (1.55) 1.73) (0.46)
WE. am 83.53 8137 79.92 81.15 81.26 8032 76.74 78.77 8056 80.49 998 o0 oo
: (1.32) (1.70) (1.62) (1.90) (1.66) 2.07) (2.05) (1.84) (1.95) (1.98) (0.16) : :

Abdominal 5.97 813 10.96 8.18 813 10.23 14.47 13.07 10.26 10.51 986 ool <00l
obesity, % (0.84) 1.27) (1.31) (1.30) (1.19) (1.66) (1.61) (1.63) (1.48) (1.53) (0.44) : :
Glucose, 88.87 88.78 88.61 88.86 90.44 91.40 91.40 9145 91.10 91.56 013 0 oo

mg/dL (0.28) (0.29) (0.36) (0.40) (0.36) (0.39) 0.37) (0.30) 0.37) (0.36) 0.12) : :

Prediabetes, 5.14 473 6.56 3.05 8.15 10.62 9.18 10.65 10.68 10.46 77 o <ont

% (0.99) (0.86) (1.32) (0.70) 1.37) (1.55) (1.42) (1.46) 1.73) (1.38) (0.42) : :

AST,TU/L  18.68(0.19) 18.82(0.28) 18.99(0.29) 19.53(0.48) 18.41(0.26) 18.71(0.36) 19.99(0.65) 18.82(0.35) 19.87(0.53) 20.34(0.45) (109'1128) <001 <0.01

ALT,IU/L  1445(0.39) 1451(0.53) 15.57(0.81) 15.24(0.79) 15.06(0.51) 14.64(0.65) 1647(1.22) 15.06(0.76) 16.68(1.36) 17.31(1.18) (105'2474) 0309 0015
. 8.17 6.62 9.06 9.14 9.09 8.67 11.11 11.97 10.77 12,05 9.56

NAFLD, % 3 (1.16) (1.24) (1.58) (1.14) (1.80) (1.51) (1.89) (1.51) (1.74) 046 0163 <001
Prediabetes

kD, 053 0.73 0.53 0.20 129 1.62 120 2.00 2.18 230 120 oo <on1

D/ (0.23) (0.29) (0.33) (0.15) (0.47) (0.67) (0.62) (0.74) ©.77) 0.72) (0.16)
Prediabetes

and 0.75 1.02 0.92 0.40 0.79 110 257 211 147 1.64 124 (se oo
abdominal (0.33) (0.45) (0.43) 0.23) (0.36) (0.49) ©081) (0.64) (0.58) (0.59) (0.16) : :
obesity, %

NAL fyg;;d 1.90 167 468 274 3.62 331 5.28 457 5.30 6.08 38 o 001
i (0.46) (0.46) (0.96) (0.90) (0.84) (1.21) (1.02) (1.01) (1.16) (1.26) (0.29) : :
Prediabetes,

NAFLD,and 025 036 0.15 0.13 0.35 048 0.55 0.42 0.61 118 L
abdominal (0.18) 0.22) (0.15) 0.13) (0.26) (0.33) (0.50) (0.30) (0.38) (0.54) (0.10) : -
obesity, %

Total 15773 15671 15785 15924 15747 15806 16044 16380 16689 16535  160.14
cholesterol, <0.01 <0.01
bt (1.40) (1.15) (1.52) (1.55) 1.12) 1.31) (1.28) (1.39) (1.44) (1.29) (0.44)
HDL-C, 4932 49.40 5141 51.60 5216 5197 51.34 51.99 51.83 51.23 517 o0 oo
mg/dL (0.40) (0.42) (0.53) (0.66) (0.43) (0.52) (0.49) (0.58) (0.50) (0.55) (0.16) : :
LDL-C, 90.70 91.14 92.06 91.18 89.43 89.66 94.19 95.06 98 44 97.03 274 0 oo
mg/dL (1.16) 1.01) (1.37) (1.19) 0.92) (1.19) (1.25) (1.11) (1.17) (1.24) 0.38) : :
Triglycerides,  88.46 85.06 81.24 86.49 82.56 85.52 87.26 86.25 86.07 90.20 8581 o0 ooas
mg/dL (2.25) @.77) 2.18) (3.12) 2.12) (3.00) 2.98) (2.41) @3.01) 2.63) (0.84) : :
Energy, 197151 219686 217626 216901 217192 223574 222505 214075 210238 213572 21992 oo oo
keal/day  (3094)  (4563)  (3837)  (4505)  (4598)  (56.66)  (47.68)  (39.92)  (4673)  (53.82)  (14.16) : :

Carbohydrate, 31274 33553 33561 33622 32566 32965 32794 31881 31180 31399 3512 o oo

g/day (5.08) (6.63) (.82) 6.31) (6.05) (8.10) (6.36) (6.04) (6.78) (7.97) (2.05) : -
Protein, 68.73 77.65 79.87 80.36 77.94 80.62 80.43 80.03 76.72 77.51 78 oo oo
g/day (1.10) 2.16) (2.25) (2.40) (2.58) 2.60) (2.44) (1.89) @.15) .41) (0.70) : -

Fat. /da 4956 50.77 56.76 56.67 5838 62.10 62.05 57.71 58.12 59.96 5785 001 <oon

cg/day g3y @.01) (1.58) (1.99) (1.88) (2.25) 2.09) (1.74) (1.91) 2.08) (0.59) : :

Continuous variables are presented as the mean (standard error) and categorical data as the percentage (standard
error) with Italic. Statistically significant p value is presented in bold type. SDS: standard deviation score; BMI:
body mass index; WC: waist circumference; AST: aspartate aminotransferase; ALT: alanine aminotransferase;
NAFLD: non-alcoholic fatty liver disease; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density
lipoprotein cholesterol; TyG index: triglyceride-glucose index.
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14

10

(3%

—
W

Prevalence (%)

0.5

2009

2009

. P for trend < 0.01
L4

. Pfortrend <0.01

2010 2011 2012 2013 2014 2015 2016 2017 2018
Year
(A)
P for trend < 0.01
2010 2011 2012 2013 2014 2015 2016 2017 2018
Year
(B)

Figure 2. Trends of the prevalence of prediabetes and NAFLD among Korean children and adolescents
between 2009 and 2018. Linear trend analysis was performed using coefficients of orthogonal
polynomials to calculate p for trend. (A) The black solid line is the prevalence of prediabetes and the
dashed line is the prevalence of NAFLD (B) The black narrow line is the prevalence of subjects with
prediabetes and NAFLD. NAFLD: non-alcoholic fatty liver disease.
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Table 2. Trend of prediabetes of participants according to age classification.

Variable 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Total 4 ,ﬂ:ga
1012y n=340 n=293 n=270 n=246 n=239 n=142 n=183 n=183 n=190 n=189 n=2275
“012 000 020 013 0.01 ~0.10 0.17 004 016 012 007
BMISDS (0.06) (0.09) (0.09) (0.08) (0.09) 0.12) 011) 0.12) (0.10) (0.08) ©03 0303 0694
perlile}ﬂile 0.137 0.352
Normal, . 8431 78.05 84.61 86.36 81.98 85.80 77.84 78.42 85.20 81.99 82.56
. % (2.09) (2.88) 2.75) (2.45) (2.70) (3.09) (3.59) (3.73) (2.99) (2.63) 0.91)
Overweight, ~ 10.71 13.91 8.68 5.00 12.03 7.61 9.08 1017 872 10.66 9.69
% (1.94) (2.45) 213) (1.28) (2.20) (2.25) 2.27) 251) 257) 2.18) (0.70)
Obesity. % 198 8.04 6.72 8.64 5.99 6.59 13.08 1142 6.07 7.35 7.75
% (1.16) (1.94) (1.73) 2.22) (1:64) (2.38) 2.75) 2.75) (2.20) 2.07) (0.66)
WC. om 64.95 65.71 64.34 64.94 65.33 65.14 68.70 66.75 64.56 65.23 6549 0026 0108
: (0.49) (0.63) (0.67) (0.66) (0.67) (0.90) (0.99) (0.90) (0.70) (0.69) 0.23) : :
Abdominal 6.60 9.32 7.98 7.58 5.84 7.56 15.72 13.19 476 8.06 852 oo o5
obesity, % (1.46) 213) (1'86) 2110) (1.58) 2.43) (3.24) 2.87) 1.79) (2.05) (0.69) : :
Glucose, 90.53 90.54 89.78 90.55 9.67 93.27 93.00 93.24 93.40 93.91 9191 ot o0t
mg/dL 0.32) (0.50) (0.42) 0.43) (0.50) (0.59) (0.49) (0.49) (0.59) (0.50) (0.16) : :
Prediabetes, 6.89 7.34 7.56 511 1141 12.75 13.20 12.92 15.04 17.55 1057 001 <001
% (1.81) A.75) 213) (1.67) (2.68) (2.68) (2.69) (2.69) (3.22) (2.68) ©.77) - :
2132 2169 21.68 2170 20.88 21.48 24.36 20.99 2150 2328 2185
AST, IU/L (0.43) (0.39) (0.50) 1.11) (0.49) (0.56) (2.06) 037) (0.48) 0.63) 026 0123 0059
15.81 16.16 16.46 15.16 15.56 14.51 19.68 13.92 14.45 17.13 15.89
ALTIU/L (1.02) 0.87) (1.33) (152) 097) (0.98) (3.90) (0.59) 091) (1.03) (048 ~ 0152 099
, 8.85 7.67 714 6.92 7.03 4564 12.61 9.10 6.71 13.83 8.37
NAFLD, % (1.68) (176) (1:66) (3.42) (1:69) (1.99) (2.45) (2.44) (1.99) 2.64) ©7oy 0197 0132
1315y n=35  n=295 n=242 1n=232 n=234 n=180 n=185 n=218 n=169 n=160 n=2274
“012 013 0.05 2005 007 002 0.24 2005 001 0.04 ~0.02
BMI SDS 0.07) (0.08) (0.10) (0.10) (0.10) (0.10) (0.10) (0.10) (0.10) (0.10) ©03 0204 0092
) o <001 0226
Normal. 8143 83.26 7447 77.75 85.83 80.54 77.10 77.76 79.95 82.54 80.05
% .07) (2.40) (3.21) 3.87) .47) (3.07) (3.55) (3.39) (3.06) (3.25) 0.97)
Overweight, — 10.70 10.78 9.31 12.72 724 10.57 9.70 10.26 8.96 139 9.39
% (1.64) (1.97) (2.25) 2.91) A.70) 2.33) (2.49) 2.93) 2.23) (0.76) 0.72)
Obesity. % 7.87 5.95 16.22 9.52 6.93 8.89 13.20 11.98 11.09 16.07 10.55
Y% (1.75) (1.51) 2.70) 2.79) (1.88) 2.15) (2.93) (2.45) (2.39) (.21 (0.76)
WC. om 69.85 69.34 70.91 70.31 69.74 70.79 7597 70.72 70.41 70.80 705 0053 0042
: (0.44) 0.73) 0.71) (0.79) (0.83) 0.77) (0.76) 0.73) 0.79) (0.76) (0.23) : -
Abdominal 496 6.29 12.07 7.59 9.21 7.56 1187 9.99 10.61 11.25 894 1000 o016
obesity, % (124) A.77) (2.46) 2.33) 2.29) 212) (2.69) (2.24) (2.36) (2.55) (0.70) : -
Glucose, 89.24 88.66 89.40 89.56 90.61 91.66 91.44 9152 9137 9122 9033 01 <001
mg/dL (0.36) (0.44) (0.52) (0.61) (0.58) (0.59) (0.46) (0.50) (0.55) (0.64) 0.17) : :
Prediabetes, 528 452 8.34 3.92 8.68 1172 8.33 10.13 10.65 10.08 790 o7 <00l
% (1.36) (1.46) (254) (1.18) 232) (2.50) 2.08) (2.49) (2.83) (2.40) (0.68) : :
17.95 17.71 17.66 1837 17.33 17.96 18.46 18.23 20.96 19.18 18.29
AST,IU/L (0.25) 0.31) (0.36) (0.63) (0.34) (0.48) (0.40) (0.41) 157) (053) 019 ~ 0063  <0.01
13.58 12.73 13.69 14.35 12.95 13.27 13.96 14.60 19.57 1456 14.19
ALT, IU/L (0.46) (059) (0.76) (1.57) (0:60) (0.81) 0.62) (1.15) (4.16) (0.97) 044y 0549 0061
6.98 440 8.40 9.02 6.59 478 8.89 10.45 10.71 8.39 774
NAFLD, % 1.71) 137) (2.28) (2.44) (1.82) (1.84) 237) (2.85) (2.55) (2.45) (0.69) 0438 0092
16-18y n=266 n=1838 n=187 n=165 n=199 n=144 n=167 n=168 n=158 n=141 n=1778
Z017  —014 012 —008 0.08 0.16 0.19 ~0.16 0.08 0.10 —0.01
BMISDS (0.08) 0.12) ©.11) (0.10) (0.11) (0.13) (0.13) ©0.13) 0.12) 0.12) 004 013 0023
e BML 0753  0.034
Normal. 85.06 82.09 81.04 80.25 76.34 76.48 75.65 79.84 77.76 77.87 79.35
% 2.51) (.07) (3.16) (3.58) (3.43) (4.02) (3.49) 3.21) (3.55) (3.58) (1.06)
Overweight, 8.4 6.17 7.27 9.87 11.09 8.41 8.39 777 7.57 10.75 8.54
% (1.83) (2.03) 237 (2.49) (2.46) @251 (2.25) 212) (213) 2.67) (0.73)
Obesity. 6.50 11.74 11.69 9.88 12.57 15.11 15.97 12.40 14.67 1138 1211
v % (1.61) 2.78) (2.19) (2.45) (2.51) (3.27) 2.93) 2.87) (2.93) (2.68) (0.84)
WC. em 7157 713 7231 7178 7191 73.33 74.70 73.15 73.47 73.42 7274 owe <001
: (0.57) (0.89) (0.76) (0.70) (0.76) (0.89) (0.80) (0.87) 0.82) (0.91) (0.25) : :
Abdominal 6.49 9.11 12.47 9.18 8.87 14.34 15.80 1554 13.84 1171 1069 (1% <001
obesity, % (1.62) @251 (2.58) 2.47) (2.17) (2.98) (2.93) 2.97) (2.93) (2.66) (0.83) : :
Glucose, 87.08 87.46 86.85 86.92 88.54 89.93 90.21 90.25 89.29 90.14 8861 001 <001
mg/dL (0.16) (0.54) (0.59) (0.55) (051) (0.69) 0.71) (0.55) 0.67) (0.51) (0.19) : :
Prediabetes, 3.50 2.83 402 0.68 512 8.24 7.01 9.64 7.65 5.68 538 o8 <001
% (1.51) (1'52) 1.71) (0.39) (1.90) (2.40) 231) 2.57) (2:86) (2.00) (0.65) : :
17.20 17.64 17.93 18.93 17.52 17.51 18.17 17.96 17.90 19.10 17.98
AST, IU/L 0.32) (0.52) (0.55) (0.96) (0.49) (0.64) (0.48) (0.62) (0.47) (0.79) @019 0449 0138
14.20 15.05 1657 1611 16.67 1592 1632 16.15 16.06 19.51 16.23
ALT IU/L (0.51) 1.07) (1.82) (1.28) (1.05) 121) (1.16) (1.29) (1.16) (2.48) (044) 0212 0072
8.82 811 1133 10.94 13.07 1477 11.93 15.04 13.66 1354 12.08
NAFLD, % (1.85) (2.24) (2.54) (2.84) (2.62) (3.69) (2.76) (3.23) (2.98) (3.07) (089 ~ 0691 0.026

Continuous variables are presented as the mean (standard error) and categorical data as the percentage (standard
error) with Italic. Statistically significant p value is presented in bold type. For calculating p value, analysis
of variance was used to compare the mean values of the continuous variables and the Rao-Scott chi-squared
test was used to compare categorical variables. Linear trend analysis was performed using coefficients of
orthogonal polynomials to calculate p for trend. BMI: body mass index; SDS: standard deviation score; WC: waist
circumference; AST: aspartate aminotransferase; ALT: alanine aminotransferase; NAFLD: non-alcoholic fatty
liver disease.
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Table 3. Trends of prediabetes of the participants according to BMI classification.
Variable 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Total p {fr :ﬁil
Normal n="799 n =619 n =563 n =537 n =550 n=2373 n =403 n =450 n =415 n =390 n =5099
WC. em 66.65 66.38 65.93 66.10 66.28 67.11 68.50 66.75 66.72 66.69 66.66 <001 0020
’ (0.34) (0.45) (0.36) (0.33) (0.35) (0.45) (0.42) (0.40) (0.43) (0.41) (0.12) : -
Abdominal 0.70 0.59 0.81 0.05 1.29 1.13 0.58 0.85 0.59 047 0.70 0.696 0.993
obesity, % (0.37) (0.29) (0.43) (0.05) (0.65) (0.63) (0.33) (0.41) (0.58) (0.36) (0.14) - :
Glucose, 88.71 88.26 88.32 88.86 90.22 91.11 90.80 91.07 91.04 91.35 89.85 <0.01 <0.01
mg/dL (0.26) (0.32) (0.39) (0.38) (0.38) (0.43) (0.32) (0.34) (0.42) (0.37) (0.12) : :
Prediabetes, 420 3.45 6.25 2.65 7.61 10.13 7.49 9.05 10.80 9.87 6.91 <001 <0.01
% (0.87) (0.89) (1.39) (0.69) (1.31) (1.60) (1.41) (1.56) (1.96) (1.46) (0.43) - :
18.37 18.32 18.14 18.51 17.67 18.67 19.00 18.44 19.58 19.41 18.58
ASTIU/L g 20) (0.28) (0.24) (0.35) (0.20) (0.38) (0.30) (0.35) (0.63) (0.38) ©i1 <001 <001
12.86 12,51 12.10 12.48 12.46 13.33 13.06 12.88 14.69 13.46 12.94
ALLIUZL 026y (041)  (032) (035 (027  (058)  (043) (065 (158 (062 (020 037 0038
o 458 294 3.03 424 3.35 6.12 5.23 7.70 5.24 457 461
NAFLD, % 0g3) (085 (089 (L1 (075 (145 (115 (1700 (125  (113) (03 068 0019
Overweight n=99 n=281 n=62 n=>53 n =68 n=45 n=>56 n =50 n=>50 n=44 n =608
WC. em 78.06 78.64 76.82 80.11 76.68 78.23 79.63 82.16 76.58 79.12 78.58 <001 0158
’ (0.63) (0.70) (0.98) (0.83) (0.97) (0.74) (0.86) (0.99) (0.84) (1.26) (0.29) - :
Abdominal 16.67 19.89 18.82 1391 9.07 12.18 25.21 30.68 9.90 18.38 17.45 0.181 0.669
obesity, % (4.25) (5.36) (6.17) (5.65) (3.47) (5.27) (5.88) (6.72) (4.67) (7.68) (1.78) : :
Glucose, 89.02 91.16 89.27 89.06 91.98 91.53 92,51 92.07 90.82 91.47 90.79 0060 0.019
mg/dL (0.82) (1.07) (1.17) (1.11) (1.06) (1.24) (0.90) (0.96) (1.24) (1.05) (0.34) : :
Prediabetes, 8.12 8.78 11.22 3.29 11.64 11.68 9.34 13.99 11.38 6.80 9.55 0800 050
% (3.23) (3.03) (5.14) (2.01) (4.09) (5.19) (4.03) (5.35) @.72) (3.33) (1.30) - :
19.42 2091 20.39 2297 20.50 17.49 19.74 19.00 18.21 24.63 20.31
ASTIU/L o1y (1.18) (1.37) 2.23) (1.03) 0.87) (1.30) (0.79) 1.31) 2.28) 046y 0048 0919
20.17 21.66 21.58 27.28 22.06 14.87 20.36 18.81 16.33 32.88 21.53
ALLIU/L 5 49) 2.76) (3.30) (5.88) 2.43) (1.54) 3.07) (1.79) 2.69) (9.55) (128) 0072 0813
o 18.99 16.81 17.38 26.12 21.92 5.37 19.26 22,01 6.89 27.78 18.42
NAFLD, % 4 61) (4.57) 4.97) 7.11) (5.82) (3.00) (.81) (6.93) (3.83) (7.89) 1.4y 013 0907
Obesity n=67 n=71 n="74 n=>53 n=>54 n=48 n="76 n=69 n=>52 n=>56 n =620
85.35 85.86 87.79 86.30 88.71 87.61 89.17 87.76 88.76 88.86 87.73
WC, em (1.05) (1.03) (1.14) (1.16) (1.64) (1.54) (1.22) (1.08) 1.61) (1.45) 041 0236 o0
Abdominal 56.99 66.03 74.69 72.65 70.66 76.65 82.48 79.78 80.58 74.60 74.40 0.264 0.024
obesity, % (7.05) (7.13) (5.93) (6.11) (6.53) (7.01) (4.14) (5.20) (6.70) (7.62) (2.01) - .
Glucose, 90.64 90.94 90.11 88.64 90.70 93.51 93.90 93.45 91.78 93.05 91.75 0019 <0.01
mg/dL (1.10) (1.38) (0.88) (1.32) (0.91) (1.06) (1.42) (1.11) (0.96) (1.20) (0.38) - :
Prediabetes, 12.56 12.19 5.30 6.24 9.22 13.44 18.19 18.55 9.28 17.01 12.26 0302 0.078
% (4.48) (4.73) (3.01) (3.09) (4.51) (5.38) (5.05) (5.39) (4.30) (5.29) (1.50) - -
21.44 21.07 23.75 24.91 22.86 19.99 25.49 21.18 23.19 23.87 2291
ASTLIU/L () i (1.70) (3.69) (1.80) (1.55) (4.04) (1.29) 1.51) (1.65) (75 ~ 0982 0543
26.09 25.09 34.98 26.92 31.20 24.18 32.41 26.47 31.39 33.37 29.56
ALTIU/L (354 258) G.72) (4.59) (3.65) (3.06) (7.52) (3.42) 3.7 (4.10) (154 0478 0338
o 37.55 29.59 44.33 34.37 47.83 30.53 37.64 32.29 53.75 53.14 40.18
NAFLD, % (7 5 6.51) (6.55) (8.36) (7.56) (8.85) (6.19) (6.67) 7.78) 7.57) 233 0160 009
Continuous variables are presented as the mean (standard error) and categorical data as the percentage (standard
error) with Italic. Statistically significant p value is presented in bold type. For calculatin value, analysis
Yy sig p p yp g p y
of variance was used to compare the mean values of the continuous variables and the Rao—Scott chi-squared
test was used to compare categorical variables. Linear trend analysis was performed using coefficients of
orthogonal polynomials to calculate p for trend. BMI: body mass index; WC: waist circumference; AST: aspartate
aminotransferase; ALT: alanine aminotransferase; NAFLD: non-alcoholic fatty liver disease.
Table 4. Odds ratio of prediabetes and NAFLD according to each parameter.
Prediabetes NAFLD
OR (95% CI) p OR (95% CI) p
BMI percentile
Normal Reference Reference Normal Reference
Overweight 1.42 (1.04-1.95) 0.828 4.67 (3.49-6.24) 0.103
Obesity 1.88 (1.41-2.52) <0.01 13.89 (10.91-17.66) <0.01
Abdominal obesity 1.85 (1.39-2.47) <0.01 9.34 (7.39-11.81) <0.01
Prediabetes - - 1.85 (1.37-2.52) <0.01
NAFLD 1.85 (1.37-2.52) <0.01 - -

Logistic regression analyses were performed with prediabetes and NAFLD as dependent variables. Statistically
significant p value is presented in bold type. NAFLD: non-alcoholic fatty liver disease; OR: odds ratio; CI:
confidence interval; WC: waist circumference.
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Figure 3. Prevalence of prediabetes according to NAFLD and those of NAFLD according to predia-
betes. (A) Prevalence of participants with prediabetes among those with NAFLD and non-NAFLD.
The “black” bar represents the NAFLD group, whereas the “gray” bar represents the non-NAFLD
group. (B) Prevalence of participants with NAFLD among those with prediabetes and normal glucose
levels. The “black” bar represents the prediabetes group, whereas the “gray” bar represents the
normal glucose group. The asterisk indicates the p-value of the independent two-sample -test < 0.01.
NAFLD: non-alcoholic fatty liver disease.
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4. Discussion

This study demonstrated an adverse trend in generalized and abdominal obesity,
prediabetes, and NAFLD among Korean children and adolescents. The prevalence of
prediabetes worsened significantly in all age groups, while the adverse trends in NAFLD
and abdominal obesity were more apparent in the older age group than those in the young
age group. In addition, adverse trends in prediabetes and NAFLD were more prominent in
participants with normal BMI than in those with obesity. In logistic regression analysis and
t-test, prediabetes was positively associated with NAFLD. Furthermore, generalized and
abdominal obesity was positively associated with prediabetes and NAFLD.

The prevalence of prediabetes, as defined by glucose abnormalities, demonstrated
no significant trend from 1999 to 2014, and the total prevalence was 15.5% among the US
adolescents [1]. In Iran, the corresponding value increased from 7% in 1999-2005 to 16.6%
in 2011-2014 among adolescents [23]. In India, the prevalence of prediabetes was 12.3% and
8.4% among boys and girls, respectively [24]. In our study, the prevalence of prediabetes
increased from 5.1% in 2009 to 10.5% in 2018, which was lower than that in the US and Iran
but similar to that in India.

The prevalence of NAFLD among children and adolescents increased from 19.34 million
in 1990 to 29.49 million in 2017 as per the Global Burden of Disease database-based
study [25]. In a global meta-analysis, the prevalence of NAFLD was 7.6% among chil-
dren and adolescents and 34.2% among obese children and adolescents [26]. In the US, the
prevalence of NAFLD among adolescents increased from 3.9% in 1988-1994 to 10.7% in
2007-2010 [27]. In China, the prevalence of NAFLD was 9.03% among children [20]. In our
study, the prevalence of NAFLD increased from 8.17% in 2009 to 12.05% in 2018.

The global prevalence of obesity increased from 0.9% to 7.8% in boys and from 0.7% to
5.6% in girls, from 1975 to 2016, in a pooled analysis of population-based studies [28]. A
systematic review reported that the prevalence of abdominal obesity increased from 16.3%
in 1985-1999 to 33.9% in 2010-2014, among the population aged 15-40 years [29]. In the US,
the prevalence of obesity was 21.8% in adolescents, while that of abdominal obesity was
31.5% in boys and 38.2% in girls [30]. In China, the prevalence of obesity was 15.7%, while
that of abdominal obesity was 31.4% among children and adolescents [31]. In our study, the
prevalence of obesity in 2018 was 11.64%, which was higher than that in the global study
but lower than that in the US and China studies. Furthermore, the prevalence of abdominal
obesity was lower in our study than that in the US and China studies.

The guideline of the American Diabetes Association recommends prediabetes screen-
ing of children who are overweight or obese and have one or more risk factors for dia-
betes [32]. The guideline of the North American Society of Pediatric Gastroenterology,
Hepatology and Nutrition suggests that screening of NAFLD should be considered in
children who are obese or overweight and have additional risk factors [4]. As these guide-
lines do not suggest screening of children with normal BMI or consider WC, prediabetes
and NAFLD in children and adolescents with normal BMI but with abdominal obesity
could be under-recognized. As adverse trends in prediabetes and NAFLD were more
prominent among children and adolescents with normal BMI and abdominal obesity, and
abdominal obesity was positively associated with prediabetes and NAFLD in our study,
more attentive evaluation and management of prediabetes and NAFLD are required in
children and adolescents with normal BMI, especially in those with abdominal obesity.

NAFLD is related to a higher prevalence of diabetes and cardiovascular diseases. More-
over, diabetes is a risk factor for the development of liver fibrosis and cirrhosis [5,33]. In a
cross-sectional study, children with NAFLD had nearly twice the prevalence of prediabetes
or diabetes as those without [5]. Hudson et al. [34] reported that 48% of the children with
type 2 diabetes had high ALT levels. In our study, children and adolescents with prediabetes
had nearly twice the prevalence of NAFLD as those without, and children and adolescents
with NAFLD had nearly twice the prevalence of prediabetes as those without. Therefore,
close monitoring of glucose levels in children and adolescents with NAFLD as well as an
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attentive screening of NAFLD in those with prediabetes are required to reduce future risks of
cardiovascular disease.

The adverse trend of prediabetes and NAFLD in this study might be due to the in-
creasing prevalence of generalized and abdominal obesity associated with lifestyle changes
among Korean children and adolescents. Abdominal obesity is related to cardiometabolic
risk factors and NAFLD [20,35]. Our previous studies suggested that abdominal obesity
might contribute to an adverse trend in metabolic syndrome and dyslipidemia [36,37].

The increased prevalence of participants with prediabetes and NAFLD in children and
adolescents without abdominal obesity may be related to an unhealthy diet [38,39]. High
calories, carbohydrates, and fat increase the prevalence of chronic diseases associated with
insulin resistance, such as NAFLD [25,38,40]. The increased consumption of sweetened
beverages, particularly among children and adolescents, leads to increased fructose adsorp-
tion with increased lipogenesis, triglycerides accumulation, and liver damage due to its
metabolism [41]. Moreover, macronutrient composition in the diet can impact the incidence
of these chronic diseases without affecting body weight [38]. Rhee et al. [42] reported that
rapid change in dietary patterns, including an increase in energy intake with a high-fat diet,
might contribute to the increasing prevalence of diabetes in Asia. Ha et al. [43] reported that
carbohydrate intake was higher than the recommended range, which was 87% in men and
91% in women in Korea, and was associated with an increased incidence of type 2 diabetes.
Our previous study reported that daily calorie and fat intake increased with an increase in
impaired fasting glucose among Korean children and adolescents [36].

This study has some limitations. First, this was a cross-sectional study limited to
the South Korean population. Second, confounding factors, such as physical activity
and pubertal status, were not considered. Third, defining prediabetes according to the
HbA1lc was not considered in this study. Fourth, ultrasonography and liver biopsy were
not performed to diagnose NAFLD because KNHANES does not include information on
ultrasonography or liver biopsy. However, the study assessed the trends in the prevalence
of prediabetes and NAFLD among Korean children and adolescents according to age, sex,
and BMI using nationally representative data.

5. Conclusions

Our study demonstrated the adverse trends of prediabetes and NAFLD, as well as
their relationship, among Korean children and adolescents. Moreover, the adverse trend
was more apparent in children and adolescents with normal BMI and abdominal obesity,
even in the young age group. These findings suggest that future risks for cardiovascular
and chronic liver diseases may increase. Therefore, close monitoring of levels of fasting
glucose, ALT, and WC is required not only for children and adolescents who are overweight
or obese but also for those with normal BML
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