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Abstract

Body mass index (BMI) has the disadvantage of being unable to differentiate between
the distribution and quantity of fat mass and lean mass. Normal weight obesity (NWO)
is a distinct phenotype characterized by excessive body fat despite a normal BMI. The
purpose of this study was to look at the relationship between NWO and metabolic
syndrome in a cross-sectional design of older Korean adults aged >65 years. The current
study used data from the 2008—2011 Korea National Health and Nutrition Examination
Survey (1609 males and 2238 females). NWO was defined as a BMI of 18.5 to 24.9
kg/m? with a body fat of >26.0% in men and body fat of >36.0% in women. Metabolic
syndrome was defined according to the revised National Cholesterol Education Program
definition, with a modified waist circumference threshold of >90 c¢cm for men or >85
cm for women. People with NWO had an increased risk of metabolic syndrome (odds
ratio, OR = 2.357, 95% confidence interval, 95% CI = 1.747-3.179, p < 0.001 in men,;
OR = 1.885, 95% CI = 1.434-2.399, p < 0.001 in women) compared to people with
normal weight non-obesity (OR = 1). However, after controlling the age, education,
income, smoking, heavy alcohol consumption, serum vitamin D, physical activity, fat-
to-lean mass ratio, and intake of carbohydrates, fats, and proteins, the increased risk of
NWO for metabolic syndrome was no longer significant in both genders. The current
findings suggest that NWO is significantly and positively related to the risk of metabolic

syndrome in older Korean adults.
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1. Introduction

Obesity is an abnormal accumulation of fat, and a multi-
factorial health condition leading to increased morbidity and
mortality [1]. Body mass index (BMI) cutoff points tailored
to age, gender and ethnicity are used to determine obesity
[2, 3]. However, regardless of the cutoff point(s) used, BMI
has a significant flaw being unable to differentiate between the
distribution and quantity of fat mass and lean mass, both of
which are strongly associated with the metabolic complications
of obesity [4, 5]. Obese but metabolically healthy individuals
are less likely to develop metabolic disorders than obese and
metabolically unhealthy individuals, implying that body fat
distribution is more important than fat mass itself [6].

The term “normal weight obesity (NWO)” is a distinct phe-
notype characterized by excessive body fat despite a normal
BMI [7]. Due to BMI disadvantages, recent research has
focused on NWO as a novel biomarker of cardiometabolic
problems [8]. NWO is strongly linked to cardiometabolic
risk profiles including high levels of inflammatory cytokines,
insulin resistance, oxidative stress, unfavorable lipid profiles,

more visceral fat, and low lean mass [7, 8]. A recent meta-
analysis [9] reviewed and summarized the clinical importance
of NWO.

Obesity can manifest itself in different phenotypes, rang-
ing from seemingly lean individuals to those suffering from
morbid obesity. Despite having a lower proportion of BMI-
based obesity, Asians show a higher prevalence of metabolic
disorders than Caucasians [10, 11]. This disparity could be
explained due to the excessive body fat in otherwise thin Asian
phenotypes with a normal BMI [7, 12]. Aging is associated
with an increase in fat mass, a decrease in muscle mass [9], and
an increase in physical functional impairment [ 10], all of which
may contribute to the development of NWO. However, NWO
is an unknown health condition in geriatric populations. We
hypothesized that NWO is significantly and positively related
to the risk and prevalence of metabolic syndrome in older
adults. The current study aimed to investigate the link between
NWO and metabolic syndrome in older Korean adults.

2. Materials and methods

This is an open access article under the CC BY 4.0 license (https://creativecommons.org/licenses/by/4.0/).
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2.1 Data source and ethics

The data used in the current study was obtained from the
Fourth and Fifth Korea National Health and Nutrition
Examination Surveys (KNHNES) conducted in South Korea
from 2008 to 2011. The KNHANES was administered by
the Korea Centers for Disease Control and Prevention. The
KNHANES sampling protocol was designed to include a
complex, stratified, multistage probability cluster survey
of a sample of the noninstitutionalized civilian population
in South Korea. The national public database contains
detailed information on the KNHNES from 2008 to
2011  (https://www.cdc.gov/nchs/nhanes/about nhanes.htm;
accessed on 10 December 2022).

2.2 The inclusion and exclusion criteria for
the data source

The inclusion criteria were: (1) an age of 65 years or older
and (2) the availability of the data used in the study. Exclusion
criteria included: (1) underweight (a BMI of <18.5 kg/m?), (2)
no body composition data or no metabolic risk factors, and (3)
physician-diagnosed arthritis, liver cirrhosis, thyroid disease
or cancers.

As shown in Fig. 1, we included 6370 participants aged 65
and above (2647 males and 3723 females) from the 2008—
2011 KNHNES dataset. We then excluded those who were
underweight (n = 199), those who did not have dual x-ray
absorptiometry (n = 1334) or no vitamin D (n = 176), and
finally those having arthritis (n = 627), liver cirrhosis (n = 8),
thyroid disease (n = 28), or any type of cancer (n = 151). The
remaining 3847 participants (1609 males and 2238 females)
were included in the final analyses. The sample size was
calculated using G*Power software (version 3.1.9.7; Heinrich-
Heine-Universitdt Diisseldorf, Diisseldorf, Germany) to detect
a significant difference in the number of metabolic syndrome
risk factors between NWNO (n = 225) and NWO (n = 225),
with an effect size of 0.40, a statistical power of 95%, and a
probability of alpha error of 0.01.
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2.3 Variables

2.3.1 Measurement of body composition

Body composition was measured with whole-body DXA (Ho-
logic, Bedford, MA, USA). Trained technologists standardized
daily quality control of the DXA instrument by a spine phan-
tom provided by the manufacturer. Total and trunk lean mass
(LM) as well as total and trunk fat mass (FM) were measured.
Total body fat (%) was calculated by dividing total FM by body
weight and multiplying by 100. The fat-to-lean mass ratio
(FMR) was calculated by dividing the total FM by the total
LM.

2.3.2 Definition of normal-weight obesity

NWO was detected by the previously proposed cutoffs of BMI
and body fat for Korean populations [8]: a BMI between
18.5 and 24.9 kg/m? and high body fat (>26.0% in men and
>36.0% in women). Normal-weight non-obesity (NWNO)
was defined as having a BMI between 18.5 and 24.9 kg/m?
and normal body fat (<26.0% in men and <36.0% in women).
Obesity (OB) was defined as having a BMI of >25 kg/m?.

2.3.3 Definition of metabolic syndrome

The National Cholesterol Education Program definition [13]
was used to determine the presence of metabolic syndrome,
along with the adoption of a Korean-specific waist circum-
ference (WC) threshold [14]. They are as follows: (1) WC
of >90 cm in men or >85 cm in women; (2) fasting blood
glucose (FBG) of >100 mg/dL or use of anti-diabetic drugs or
diagnosis of diabetes; (3) triglycerides (TG) of >150 mg/dL or
diagnosis of dyslipidemia or use of lipid-lowering drugs; (4)
low high-density lipoprotein cholesterol (HDLC) (<40 mg/dL
in men and <50 mg/dL in women); and/or (5) high resting
systolic blood pressure (SBP) of >130 mmHg and diastolic
blood pressure (DBP) of >85 mmHg or use of antihypertensive
agents or diagnosed hypertension.

2.3.4 Covariates

The covariates of the study were age (years); sex (male vs.
female); education (elementary/less, middle/high school or

Participants aged >65 years in the 2008-2011 KNHNES (n=6370)

Exclusion criteria:

+ Underweight (n=199)

+ People with no percent body fat (#=1334) or no vitamin D (n=176)

- Peoples with arthritis (n=627), liver cirrhosis (n=8), thyroid disease (n=28) or any
type of cancers (n=151)

A 4

Participants included in the final analyses (n=3487)

FIGURE 1. Selection of study participants. KNHNES: Korea National Health and Nutrition Examination Survey.
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college/better); monthly income (in Korean won); smoking
(past/current smoker vs. non-smoker); heavy alcohol
consumption (>7 drinks per week for males or >5 drinks
per week for females); and nutrient intake of carbohydrates
(g/day), fats (g/day), and proteins (g/day). Serum vitamin D
levels (25-hydroxyvitamin D, 25(OH)D, ng/mL) were also
determined by a gamma counter (1470 Wizard, Perkin-Elmer,
Turku, Finland) with a radioimmunoassay kit (Lot # 113300B,
DiaSorin, Stillwater, MN, USA). The Korean version of
the International Physical Activity Questionnaire-Short
Form (https://sites.google.com/view/ipaq) was used to track
physical activity (moderate to vigorous) in terms of duration
(min per session) and frequency (days per week), with
activity measured in minutes per week. Detailed information
regarding the covariates is available elsewhere [15].

2.4 Statistical analyses

Before conducting statistical analyses, quantile-quantile plots
were used to confirm the normality of the data distribution.
Analysis of variance (ANOVA), followed by Tukey’s post hoc
test, was used to test the mean group differences (in mean and
standard deviation) of continuous variables. The chi-square
test was used to test the group differences (in number and per-
centage) in discontinuous variables. One-way ANOVA with
post hoc contrast was used to test incremental linear trends in
the prevalence of each metabolic syndrome component accord-
ing to body composition phenotype (from NWNO to NWO and
OB). The odds ratio (OR) and 95% confidence interval (CI) of
NWO and OB for metabolic syndrome were calculated using
Binary logistic regression, with NWNO serving as a control.
SPSS-PC software (version 27, SPSS, Chicago, IL, USA) was
used for statistical significance (p = 0.05).

3. Results

ANOVA and chi-squared test revealed that men were younger,
more educated, and more likely to smoke and drink heavily
than women (Table 1). Men had higher LM and WC, and nutri-
tional intake of carbohydrates, fats and proteins, but had lower
BMI, percent body fat, FM and FMR than women. In terms
of metabolic risk factors, men had higher SBP, liver enzymes
of alanine aminotransferase (ALT) and aspartate aminotrans-
ferase (AST), and vitamin D levels, but lower total cholesterol
(TC), TG and HDLC levels than women.

As shown in Tables 2A,2B,2C, ANOVA and chi-squared test
helped compare body fatness, health behaviors, nutrient intake,
and metabolic risk factors according to body composition phe-
notypes. People with NWO were more physically active, had
higher BMI, percent body fat, WC and FMR, and higher DBP,
FBG, HDLC, TC and AST, but had lower carbohydrate intake
and serum vitamin D than people with NWNO. People with
NWO smoked more and had lower BMI, WC, FMR, DBP, TC,
AST and serum vitamin D than people with OB (Table 2A).
Limited to men, people with NWO had higher BMI, WC,
percent body fat, FMR, SBP, FBG, TC, TG and AST, but were
less likely to drink heavily and had lower carbohydrate intake,
HDLC and serum vitamin D than people with NWNO. People
with NWO had lower BMI, WC, fat intake and protein intake

than people with OB, but higher percent body fat, FMR and
HDLC (Table 2B). Limited to women, NWO patients were
more active and had higher BMI, WC, percent body fat, FMR
and TC than NWNO patients. NWO female patients were more
physically active and had lower BMI, WC, SBP, DBP, FBG,
ALT and AST than OB female patients (Table 2C).

The chi-squared test was used to compare the prevalence
of individual metabolic risk factors according to body com-
position phenotypes (Table 3). In the total group, individuals
with NWO had a higher prevalence of all the components of
metabolic syndrome than individuals with NWNO. Moreover,
individuals with NWO were less likely to have abdominal obe-
sity, hyperglycemia, decreased HDLC, and hypertension than
OB patients. Men with NWO showed a higher prevalence of all
the components of metabolic syndrome than men with NWNO,
and a lower prevalence of all the components of metabolic
syndrome than men with OB. Similarly, NWO women had
a higher prevalence of abdominal obesity, hyperglycemia,
hypertriglyceridemia and hypertension than NWNO women,
but a lower prevalence of all metabolic syndrome components
than OB women.

The number of metabolic syndrome risk factors according
to body composition-based phenotypes are shown in Fig. 2A—
C. For the total group, univariate analysis of variance showed
that there was a significant incremental trend (F = 12.308,
df =9, p < 0.001) in the number of individual metabolic
risk factors according to body composition phenotypes (from
NWNO to NWO and OB, Fig. 2A). For both genders, there
were significant incremental trends (F = 6.368, df = 8, p <
0.001 in men, Fig. 2B; F =5.130, df =8, p < 0.001 in women,
Fig. 2C) in the number of individual metabolic risk factors
across the body composition phenotypes.

Age, sex (in total only), education, physical activity, smok-
ing, and dietary intake of carbohydrates, fats and proteins were
included as covariates in the analyses.

Logistic regression analyses (Table 4) were used to estimate
the ORs and 95% ClIs of body composition phenotypes for
metabolic syndrome. Individuals with NWO had a higher risk
of metabolic syndrome (OR = 2071, 95% CI = 1.704-2.516
in total; OR = 2.357, 95% CI = 1.747-3.179 in men; OR =
1.885, 95% CI = 1.434-2.399 in women) compared to their
counterparts with NWNO (OR = 1). The OR of NWO for
metabolic syndrome was statistically significant in the total
group (OR =2.335,95% CI=1.783-2.911), men (OR =2.774,
95% CI = 1.974-3.898), and women (OR = 2.075, 95% CI =
1.550-2.777) after adjusting for demographics, health behav-
iors, and nutrient intake parameters. A statistically significant
OR of NWO for metabolic syndrome was observed in the
total group (OR = 1.368, 95% CI = 1.040—1.800) even after
additionally adjusted for FMR. Similarly, individuals with OB
had a higher risk of metabolic syndrome (OR = 5.900, 95% CI
= 5.060-6.881 in total; OR = 5.972, 95% CI = 4.647-7.765
in men; OR = 5.450, 95% CI = 4.478-6.633 in women) than
people with NWNO (OR = 1). The OR of OB for metabolic
syndrome was statistically significant in the total group (OR
= 6.181, 95% CI = 5.172—7.386), men (OR = 5.842, 95% CI
= 4.370-7.808), and women (OR = 6.333, 95% CI = 5.044—
7.952) after adjusting for demographics, health behaviors, and
nutrient intake parameters. Even after adjusting for FMR,
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Variables

Age (y1)
Education, n (%)
Elementary or lower
Middle/high school
College or higher
Current/past smoker
Heavy drinking, n (%)
Physical activity, min/week
Body composition
Body mass index (kg/m?)
Body fat (%)
Waist circumference (cm)
Fat mass (g)
Lean mass (g)
Fat-to-lean mass ratio
Nutrient intake
Carbohydrates (g/day)
Fats (g/day)
Proteins (g/day)
Metabolic risk factors
Systolic BP (mmHg)
Diastolic BP (mmHg)
FBG (mg/dL)
TC (mg/dL)
TG (mg/dL)
HDLC (mg/dL)
ALT (IU/L)
AST (IU/L)

Serum vitamin D (ng/mL)

TABLE 1. Descriptive statistics of study participants.

Men
(n=1609)
71.6+4.6

797 (50.4)
595 (37.6)
189 (12.0)
920 (57.8)
326 (22.4)
146 + 176

23.4+26
23.0+5.2
85.6 +8.1
13,821 £ 4577
44,334 £ 5426
0.31+0.10

330.9+ 115.0
28.0+26.0
63.9+32.2

130.6 +17.4
76.6 £9.9
105.8 +£29.2
181.4+£34.5
143.3 £100.8
446+11.3
252+ 144
21.6+13.6
21.7+£7.5

Women
(n=2238)
72.1+4.7

1911 (86.9)
260 (11.8)
28 (1.3)
125 (5.6)
60 (2.7)
170 + 168

243+£5.6
344+5.6
83.8+09.1
18,283 £ 5355
32,042 + 4109
0.57+0.14

274.0 £102.7
17.6 £ 153
45.0+24.1

132.4+£17.6
76.6£9.9
103.7+£25.1
200.2 +36.9
147.8 £ 84.0
46.1 £10.2
23.1+£8.8
19.1 £10.2
18.9+7.6

Total
(n=3847)
71.9+4.8

2708 (71.6)
855 (22.6)
217 (5.7)
1045 (27.5)
386 (10.5)
159 £ 172

23.9+3.0
29.6+7.8
84.6 + 8.8
16,417 £ 5503
37,185+ 7677
0.46+0.18

297.7+ 111.6
21.9+21.1
52.9+29.3

131.7+17.6
76.6 +9.9

104.6 £26.9
192.3 £37.1
1459+91.6
45.5+£10.7
24.0+11.6
20.1+£11.9
20.1£7.6

F/x?
13.064

624.637

1263.584
358.847
1.828

81.171
41.546
4186.836
732.372
6392.871
3890.773

2423
226.853
403.029

9.714
0.002
5.182
235.48
2.146
17.386
30.726
39.832
115.168

0.003

0.399

0.576
0.313
0.005

0.021
0.011
0.521
0.160
0.624
0.503

0.063
0.059
0.101

0.003
0.001
0.001
0.063
0.001
0.005
0.009
0.008
0.032

af

— e e e

1
1
1
1
1
1
1
1
1
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p-value

<0.001

<0.001

<0.001
<0.001
0.177

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001

<0.001
0.908
0.087
<0.001
0.048
<0.001
<0.001
<0.001
<0.001

BP: blood pressure; FBG: fasting blood glucose;, TC: total cholesterol; TG: triglycerides; HDLC: high-density lipoprotein
cholesterol; ALT: alanine aminotransferase; AST: aspartate transaminase. Heavy drinking was defined as seven drinks per
day for men and five drinks per day for women.
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FIGURE 2. The number of individual metabolic risk factors according to body composition phenotypes in total (A),
men (B), and women (C). NWNO: normal weight non-obesity; NWO: normal weight obesity; OB: obesity.
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TABLE 2 A. Physical and lifestyle characteristics of study participants according to body composition phenotype in

total group.
Variables (F:“;I(\)I%) (nN:“;%) @ 201277) Pairwise  F/x? n?>  df p-value
Health behaviors
Past/current smokers, n (%) 583 (29.2) 163 (30.0) 299 (23.6) b, c 14.355  0.055 2 0.001
Physical activity (min/week) 148 +£ 167 237+ 197 160 + 169 a,c 2 0.026
Heavy drinking, n (%) 204 (10.7) 46 (8.7) 136 (11.0) 2.343 0.025 2 0.310
Body fatness
Body mass index (kg/m?) 22.0+1.7 23.4+12 273+2.1 a,b,c  3466.087 0.643 2 <0.001
Waist circumference (cm) 79.6 £ 6.7 84.6 5.7 92.4+6.7 a,b,c 1482.318 0436 2 <0.001
Body fat (%) 254+64 34.0+5.8 344+6.7 a 905.059 0320 2 <0.001
FMR 0.36+0.13 0.56+£0.15 0.57+0.17 a,b 904.321 0297 2 <0.001
Nutrient Intake
Carbohydrates (g/day) 303.3+116.1 2863+943 293.8+110.8 a 5.053 0.003 2 0.004
Fats (g/day) 21.7+224 21.6+194 22.4+19.6 0.530 0.001 0.589
Proteins (g/day) 53.2+299 51.6£25.5 52.9+29.7 0.584 0.001 2 0.558
Metabolic risk factors
Systolic BP (mmHg) 130.8 £17.8 131.5+17.9 133.2+16.9 b 7.318 0.004 2 0.001
Diastolic BP (mmHg) 75.8+10.2 76.3+9.7 77.8+9.6 a,b 15.673  0.008 2 <0.001
FBG (mg/dL) 102.1 £25.7 105.6 + 30.6 107.9 +26.8 a,b 17.042  0.010 2 <0.001
TC (mg/dL) 189.4 £36.2 196.3 +37.3 194.8 +37.9 a,b 11.254  0.006 2 <0.001
TG (mg/dL) 138.3+91.8 147.4£83.5 157.2+93.4 b 15427 0.009 2 <0.001
HDLC (mg/dL) 46.6 +11.0 449+ 10.6 43.9+10.0 a,b 23271  0.013 2 <0.001
ALT (U/L) 24.0+13.0 229+£74 24.5+10.4 c 3.554 0.002 2 0.029
AST (U/L) 18.5+£10.0 20.2+11.8 22.7+14.0 a,b,c 46.025 0.026 2 <0.001
Serum vitamin D (ng/mL) 21.1+7.8 18.6£7.2 19.1+7.3 a,b 35.868  0.020 2 <0.001

NWNO: normal weight non-obesity; NWO: normal weight obesity; OB: obesity;, FMR: fat-to-lean mass ratio; BP: blood pressure;
FBG: fasting blood glucose; TC: total cholesterol; TG: triglycerides;, HDLC: high-density lipoprotein cholesterol; ALT: alanine
aminotransferase; AST: aspartate transaminase. Heavy drinking was defined as seven drinks per day for men and five drinks per
day for women. Significant differences were tested by Tukey's post hoc according to body composition-based phenotypes, (a):

NWNO vs. NWO, (b) NWNO vs. OB, and (c) NWO vs. OB.

the OR of OB for metabolic syndrome remained significant
in the total group (OR = 3.882, 95% CI = 3.104-4.854) and
men (OR =3.068, 95% CI =2.152-4.373). Finally, a median
age-based sensitivity analysis showed that the strength of the
relationship between body composition-based phenotypes and
metabolic syndrome was comparable between the two age
groups (Supplementary Table 1).

4. Discussion

This population-based cross-sectional study aimed to investi-
gate the relationship between NWO and metabolic syndrome
in a representative sample of Korean older adults revealed
that NWO is associated with a higher prevalence of various
metabolic risk factors. The study indicates that a high FMR
may play a role in the pathology of the metabolic syndrome as-
sociated with NWO. Taken together, the current study suggests
that NWO is a novel risk factor for obesity-related metabolic
complications among geriatric populations.

Evidence suggests that NWO is an independent risk factor
for metabolic syndrome in different populations, supporting
our findings. Romero-Corral et al. [16] showed that NWO
was associated with a higher prevalence of dyslipidemia, hy-
pertension and cardiovascular disease, as well as an increased
risk of metabolic syndrome in American adults by analyz-
ing data from the National Health and Nutrition Examination
Survey (NHANES) III (n = 6171). Batsis ef al. [10] by a
secondary analysis of the NHANES III data found that NWO
was linked to a higher risk of physical limitations in older
American women. This implies that physical disability has a
significant role in the development of obesity and metabolic
complications.

Similarly, NWO was significantly associated with an in-
creased risk of cardiometabolic disorders and hyperglycemia
in Iranian sedentary women aged 20-35 years [17] and an
increased risk of hypertension, dyslipidemia and diabetes in
Japanese middle-aged adults who underwent health examina-
tions [18]. Coelho et al. [19] found that individuals with
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TABLE 2B. Physical and lifestyle characteristics of study participants according to body composition phenotype in

men only.
Variables (I:\:V;\g) (nN=“;20) @ :O4Bl 6 Pairwise  F/x? n?  df p-values
Health behaviors
Past/current smokers, 524 (55.4) 146 (61.6) 670 (56.7) 5.240 0.057 2 0.073
n (%)
Physical activity 114 + 177 149 + 176 151 £ 177 0.027 0.001 2 0.973
(min/week)
Heavy drinking, n (%) 183 (21.4) 36 (15.6) 218 (20.2) a, c 14.852  0.101 2 0.001
Body fatness
Body mass index 220+ 1.7 233+ 1.3¢ 26.8 + 1.59 a,b,c 1305490 0.619 2  <0.001
(kg/m?)
Waist  circumference 81.6 £ 6.4 86.7 £5.4¢ 94.2 + 5.9 a,b,c 613.631 0448 2  <0.001
(cm)
Body fat (%) 20.1 + 3.7 28.2 +2.9¢ 26.7 + 4.0% a,b,c 726.831  0.475 <0.001
FMR 0.26 + 0.06 0.41 + 0.06* 0.38 £ 0.09%° a,b,c 751.386  0.483 <0.001
Nutrient Intake
Carbohydrates (g/day)  335.5+122.2  312.6 £91.3*  331.0 £ 109.6 a 3.592 0.005 0.028
Fats (g/day) 272 +27.4 25.9 + 24.1 309 £234 c 3.595 0.005 0.028
Proteins (g/day) 63.3 +33.0 60.3 £27.9 67.2 +32.2° c 3.611 0.005 2 0.027
Metabolic risk factors
Systolic BP (mmHg) 129.5 £17.5 132.9 + 18.4° 132.1 + 16.4¢ a,b 5.257 0.007 2 0.005
Diastolic BP (mmHg) 759499 77.0 £ 10.4 77.9 +9.5¢ b 6.025 0.007 2 0.002
FBG (mg/dL) 103.7 £ 27.8 110.3 + 37.8¢ 107.9 4 26.2° a,b 5.983 0.008 2 0.003
TC (mg/dL) 179.8 £ 33.7 185.7 £ 37.7¢ 182.7 4 34.2° a,b 2.990 0.004 2 0.051
TG (mg/dL) 132.5+93.5 149.7 £94.9 164.1 £ 115.7¢ b 14.116  0.018 2  <0.001
HDLC (mg/dL) 46.5+ 11.5 43.2 +10.9¢ 41.0 +9.9% a,b,c 35.086 0.045 2  <0.001
Serum vitamin D 225+ 7.7 19.9 + 6.8¢ 20.7 + 7.0¢ a,b 15363  0.020 2 <0.001
(ng/mL)
ALT (U/L) 25.6 + 16.6 24.0 + 8.0 252 + 11.1 1.000 0.001 2 0.368
AST (U/L) 19.8 +11.2 22.7+ 13.9¢ 25.0 +17.3¢ a,b 21374  0.028 2  <0.001

NWNO: normal weight non-obesity; NWO: normal weight obesity; OB: obesity; FMR: fat-to-lean mass ratio; BP: blood pressure;
FBG: fasting blood glucose; TC: total cholesterol; TG: triglycerides;, HDLC: high-density lipoprotein cholesterol; ALT: alanine
aminotransferase; AST: aspartate transaminase. Heavy drinking was defined as seven drinks per day for men and five drinks per
day for women. Significant differences were tested by Tukey's post hoc according to body composition-based phenotypes, (a):

NWNO vs. NWO, (b) NWNO vs. OB, and (c) NWO vs. OB.

NWO had a higher incidence rate of metabolic syndrome
at the ages of 37-39 years in a birth cohort study of 787
subjects born in 1978-1979. Mohammadian Khonsari et al.
[7] in a meta-analysis of 177,792 participants aged 13-75
years drawn from 25 previously published articles showed that
NWO was significantly associated with an increased risk of
dyslipidemia, hyperglycemia, diabetes and hypertension, as
well as metabolic syndrome. Further, NWO is associated with
poorer outcomes in non-diabetic patients with chronic kidney
disease [20], poor cardiometabolic profiles in clinically stable
older patients with chronic obstructive pulmonary disease [21],
and an increased risk of cancer [22] and death from coronary
artery disease [23]. Hence the current and previous studies
indicate that NWO is a preclinical stage of metabolic disorders

that should be monitored for early intervention.

The link between NWO and metabolic syndrome can be
explained in several ways. First, the NWO phenotype is char-
acterized by high-fat accumulation and low skeletal muscle
mass, contributing to a clustering of metabolic risk factors,
such as dyslipidemia, impaired glucose metabolism, insulin re-
sistance, decreased serum vitamin D, increased inflammatory
cytokines, and oxidative stress, and increased susceptibility of
metabolic syndrome [24, 25]. Second, unhealthy lifestyles,
such as physical inactivity, physical disability, poor physical
fitness, poor diet, smoking and heavy alcohol consumption
may contribute to the NWO phenotype and metabolic problems
[26-28]. Unlike previous studies, our findings showed that
people with NWO smoked less while maintaining similar phys-
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TABLE 2C. Physical and lifestyle characteristics of study participants according to body composition phenotype in
women only.

Variables NWNO NWO
(n=1064) (n=313)
Health behaviors
Past/current smokers, 59 (5.6) 17 (5.5)
n (%)
Physical activity 152 + 156 273 £+ 198¢
(min/week)
Heavy drinking, n (%) 21 (2.0) 11 (3.6)
Body fatness
Body mass index 220+ 1.7 235+ 1.2¢
(kg/m?)
Waist  circumference 77.7+£6.5 83.0 £5.4¢
(cm)
Body fat (%) 302 +4.1 38.5 +2.5¢
FMR 0.46 + 0.09 0.67 + 0.08¢
Nutrient Intake
Carbohydrates (g/day)  274.5 £ 102.1 266.5 +91.7
Fats (g/day) 16.7 + 15.0 18.3 +13.8
Proteins (g/day) 44.1+234 449 +£213
Metabolic risk factors
Systolic BP (mmHg) 131.9 £ 18.0 130.6 + 17.4
Diastolic BP (mmHg) 75.8 +£10.4 75.7+9.0
FBG (mg/dL) 100.7 + 23.6 101.9 £22.8
TC (mg/dL) 198.4 + 36.2 204.5 + 34.9¢
TG (mg/dL) 143.7 +90.0 145.6 £ 73.6
HDLC (mg/dL) 46.7 + 10.6 46.2 +10.2
Serum  vitamin D 19.8 £ 7.7 17.6 £7.3¢
(ng/mL)
ALT (U/L) 224+ 8.1 22.0+6.8
AST (U/L) 173+ 8.6 183+9.5

OB

(n - 861 Pairwise  F/y? n?  df p-values
76 (5.6) 0.016 0.001 2 0.954
164 + 165 ac 4898  0.049 0.008
32 (2.4) 3.878 0.042 2 0.107
27.54+2.3% a,b,c 2069.879  0.649 <0.001
91.6+69%  abc 1064754 0489 <0.001
38.1 +4.0¢ a,b 1161.649 0.510 <0.001
0.66 4+ 0.12¢ a,b 1118.521  0.500 <0.001
276.2 +107.0 0.968 0.001 0.380
18.4 + 16.0% b 3.260 0.003 0.039
46.2 £25.9 1.781 0.002 0.169
133.7 £ 17.2° C 4.219 0.004 0.015
77.8 4+ 9.6 b,c 10.807 0.010 <0.001
107.9 + 27.0% b,c 18.958 0.019 <0.001
200.0 £+ 38.2 a 3.156 0.003 0.043
153.7 £ 79.7¢ b 3.149 0.003 0.043
454 +£9.8¢ b 3.610 0.004 0.027
18.3 & 7.4 a,b 13.197 0.013 <0.001
24.2 +10.0% b,c 11.236 0.011 <0.001
21.5+11.8%° b,c 39.365 0.038 <0.001

NWNO: normal weight non-obesity; NWO: normal weight obesity; OB: obesity; FMR: fat-to-lean mass ratio; BP: blood pressure;
FBG: fasting blood glucose; TC: total cholesterol; TG: triglycerides;, HDLC: high-density lipoprotein cholesterol; ALT: alanine
aminotransferase; AST: aspartate transaminase. Heavy drinking was defined as seven drinks per day for men and five drinks per
day for women. Significant differences were tested by Tukey's post hoc according to body composition-based phenotypes, (a):
NWNO vs. NWO, (b) NWNO vs. OB, and (c) NWO vs. OB.

ical activity and nutrient intakes of proteins, fats and carbo-
hydrates as those with NWNO. A well-designed cohort study
is needed to confirm the impact of unhealthy lifestyle factors
on the NWO phenotype in older adults. Third, circulating
myokines and hormone abnormalities are linked to the NWO
phenotype, and these factors interact to promote the onset of
the metabolic syndrome [29-32]. Finally, the increased blood
ALT levels in this study across different body composition
types suggest that NWO people have non-alcoholic fatty liver
disease (NAFLD) [33]. Stefan et al. [34] proposed that besides
dysregulated adipokines and myokines, dysregulated hepa-
tokines such as increased Fetuin-A are important for linking the
NAFLD liver to metabolic syndrome by modulating glucose
and lipid metabolism as well as subclinical inflammation.

There are some limitations to this study. First, the cross-
sectional nature of the study involving older adults only limits
our ability to provide any cause-and-effect explanation for
the current findings. A cohort study with a large sample
size, including both young and middle-aged adults, will be
required to investigate any causal relationship between NWO
and metabolic syndrome. Second, the relationship between
lifestyle choices and NWO was unexpectedly skewed in the
opposite direction of previous research. Hence, the possi-
bility that previously unknown covariates may influence the
relationship between NWO and metabolic syndrome cannot
be ruled out. Lastly, since this study was cross-sectional, a
bi-directional relationship between phenotype and metabolic
syndrome cannot be ignored.
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TABLE 3. Prevalence of individual metabolic syndrome risk factors according to body composition phenotype.

Variables (rfi“g;loﬂ (nN:V\;%) @ 201}377) Pairwise X2 n?> df  p-value
Total (n = 3847)
Abdominal obesity 233 (11.6) 185 (33.5) 1044 (81.8) a,b,c 1641.302 0.653 2 <0.001
Hyperglycemia 729 (36.1) 246 (44.5) 679(53.2)  ab,c  93.099 0156 2  <0.001
Hypertriglyceridemia 668 (33.1) 225 (40.7) 595 (46.6) a, b 60.959  0.126 2  <0.001
Decreased HDLC 918 (45.5) 283 (51.2) 768 (60.1) abc 66963 0132 2  <0.001
Hypertension 1001 (49.6) 330 (59.7) 889 (69.6) abc 129027 0.83 2  <0.001
Men (n = 1609)
Abdominal obesity 91 (9.5) 74 (30.8) 319(767)  ab,c 620632 0621 2  <0.001
Hyperglycemia 385 (40.4) 121 (50.4) 235(56.5)  ab,c 32344 0142 2 <0.001
Hypertriglyceridemia 290 (30.4) 89 (37.1) 184 (442)  abc 24789  0.124 2 <0.001
Decreased HDLC 284 (29.8) 98 (40.8) 210 (50.5) a,b,c 55.235 0.185 2 <0.001
Hypertension 440 (46.2) 149 (62.1) 271 (65.1) a,b,c 50.354 0177 2 <0.001
Women (n = 2238)
Abdominal obesity 142 (13.3) 111 (35.5) 725(84.2)  ab,c 981235 0.662 2  <0.001
Hyperglycemia 344 (32.3) 125 (39.9) 444(51.6)  ab,c  73.028 0181 2  <0.001
Hypertriglyceridemia 378 (35.5) 136 (43.5) 411 (47.7) a,b,c 29.927 0.116 2 <0.001
Decreased HDLC 634 (59.6) 185 (59.1) 558 (64.8) b, c 6385 0053 2  <0.001
Hypertension 561 (52.7) 618 (71.8) 181 (57.8) a,b,c 73.773 0.182 2 0.041

NWNO: normal-weight non-obesity;, NOW: normal-weight obesity; OB: obesity. Hyperglycemia: fasting blood glucose >100
mg/dL or drug treatment for impaired fasting glucose. Hypertriglyceridemia: triglycerides >150 mg/dL or drug treatment for
high serum triglycerides. Hypertension: systolic blood pressure >130 mmHg and/or diastolic blood pressure >85 mmHg or
drug treatment for hypertension. Decreased high-density lipoprotein cholesterol (HDLC) of <40 mg/dL for men or <50 mg/dL
forwomen. The comparison of categorical variables among groups was performed using a Chi-square test. Significant differences
were tested by Tukey s post hoc according to body composition-based phenotypes; (a): NWNO vs. NWO, (b) NWNO vs. OB, and
(c) NWO vs. OB.

TABLE 4. Odds ratios and 95% confidence intervals of metabolic syndrome according to body composition phenotype.

NWNO NWO p-value OB p-value

Total

Model 1 1 2.071 (1.704-2.516) <0.001 5.900 (5.060-6.881) <0.001

Model 2 1 2.335(1.783-2.911) <0.001 6.181 (5.172-7.386) <0.001

Model 3 1 1.368 (1.040—1.800) 0.025 3.882 (3.104-4.854) <0.001
Men

Model 1 1 2.357 (1.747-3.179) <0.001 5.972 (4.647-7.675) <0.001

Model 2 1 2.774 (1.974-3.898) <0.001 5.842 (4.370-7.808) <0.001

Model 3 1 1.214 (0.783-1.881) 0.386 3.068 (2.152-4.373) 0.019
Women

Model 1 1 1.885 (1.434-2.399) <0.001 5.450 (4.478-6.633) <0.001

Model 2 1 2.075 (1.550-2.777) <0.001 6.333 (5.044-7.952) <0.001

Model 3 1 1.268 (0.885-1.819) 0.196 4.046 (3.017-5.426) 0.082

NWNO: normal weight non-obesity; NWO. normal weight obesity; OB: obesity.

Model 1: unadjusted.

Model 2: adjusted for age, sex, education, income, smoking, heavy drinking, physical activity, serum
vitamin D, and dietary intake of proteins, fats and carbohydrates.

Model 3: adjusted for model 2 plus total body fat-to-muscle ratio.
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Despite these limitations, this is the first study exploring the
impact of NWO on metabolic syndrome in older Korean adults
through DXA-based body composition data. The participants
consisted of older healthy individuals without any chronic
diseases. Hence, these findings are clinically relevant to design
strategies for reducing the global increase in morbidity and
mortality due to obesity.

5. Conclusions

In conclusion, this cross-sectional study examined the as-
sociation between NWO and metabolic syndrome in older
Korean adults and showed that NWO is associated with the
clustering of individual metabolic risk factors and an increased
risk of metabolic syndrome. Given the limitations of BMI
as a diagnostic tool for overweight and obese patients, these
findings suggest that people with NWO should be monitored
in clinical settings for early intervention.

ABBREVIATIONS

BMI, body mass index; NOW, normal weight obesity; NWNO,
normal weight non-obesity; OB, obesity; KNHNES, Korea
National Health and Nutrition Examination Survey; DXA, dual
x-ray absorptiometry; FM, fat mass; LM, lean mass; FMR, fat-
to-lean mass; WC, waist circumference; FBG, fasting blood
glucose; TG, triglycerides; TC, total cholesterol; HDLC, high-
density lipoprotein cholesterol; SBP, systolic blood pressure;
DBP, diastolic blood pressure; OR, odds ratio; CI, confidence
interval.
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