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Abstract

Sarcopenic obesity is defined as the presence of high fat mass and low muscle mass combined with low physical function, and it is closely related
with the onset of cardiovasular diseases (CVD). The existing anthropometric indices, which are being utilised in clinical practice as predictors of
CVD, may also be used to screen sarcopenic obesity, but their feasibility remained unknown. Using cross-sectional data of 2031 participants aged
70-84 years (mean age, 75-9 = 3-9 years; 49-2 % women) from the Korean Frailty and Aging Cohort Study, we analysed the association of
anthropometric indices, including body mass index (BMI), waist circumference (WC), waist-to-height ratio (WHtR) and weight-adjusted waist
index (WWI) with sarcopenic obesity. Body composition was measured using dual-energy X-ray absorptiometry. Higher WWI, WHtR and WC
quartiles were associated with higher risk of sarcopenic obesity; the odds ratio (OR) of sarcopenic obesity were highest in the fourth quartile of
the WWI (OR: 10-99, 95 % CI: 4-92-24-85, Pio; trena < 0-001). WWI provided the best diagnostic power for sarcopenic obesity in men (area under
the receiver operating characteristic curve: 0-781, 95 % CI: 0-751-0-837). No anthropometric indices were significantly associated with sarco-
penic obesity in women. WW1I was the only index that was negatively correlated with physical function in both men and women. WWI showed
the strongest association with sarcopenic obesity, defined by high fat mass and low muscle mass combined with low physical function only in
older men. No anthropometric indices were associated with sarcopenic obesity in older women.
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Sarcopenic obesity is the coexistence of sarcopenia and obesity,
which is characterised by age-related changes in body compo-
sition, decreased muscle mass, increased fat mass and decreased
muscle strength and physical performance™. It is a common
problem in older adults that results in physical disability as well
as increased cardiovascular diseases (CVD) morbidity and mor-
tality®®. While earlier diagnosis and treatment is imperative,
sarcopenic obesity lacks a standardised diagnostic criterion
and has traditionally been defined as low muscle mass and
high-fat mass®®. Dual-energy X-ray absorptiometry (DXA),
MRI and CT are the most precise and accurate methods for meas-
uring body composition; however, these methods have several
limitations in clinical practice. They are expensive and time con-
suming; furthermore, CT is potentially hazardous because of

radiation exposure”®, More importantly, such equipment lacks
portability, which makes it difficult to utilise them in extramural
care settings. Therefore, it is crucial to develop a method to diag-
nose sarcopenic obesity in diverse settings while keeping in
mind factors such as cost-effectiveness, time taken and safety.
Anthropometry is a simple and practical method to estimate
body composition®, and there are several anthropometric indi-
ces that have been used widely in epidemiologic studies. The
global standard to define obesity is based on body mass index
(BMD); waist circumference (WC) and waist-to-height ratio
(WHItR) were developed for indicators of abdominal obesity.
Those anthropometric indices are strongly associated with the
onset of CVDU-13 and CVD is significantly associated with sar-
copenic obesity. This may imply the possibility of

Abbreviations: ASM, appendicular skeletal muscle mass; DXA, dual-energy X-ray absorptiometry; KFACS, Korean Frailty and Aging Cohort Study; SPPB, Short
Physical Performance Battery; WC, waist circumference; WHIR, waist-to-height ratio; WWI, weight-adjusted waist index.
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anthropometric indices for screening sarcopenic obesity.
However, BMI has shown a J-shaped relationship with CVD mor-
tality, which resulted in the obesity paradox™%19 possibly
because of its inability to discriminate muscle mass from fat
mass'!7'®. In other words, BMI cannot reflect low muscle mass
and high fat mass simultaneously. After the studies revealed that
abdominal fat, especially visceral fat, is strong predictor of all-
cause and CVD mortality!*??, WC and WHtR were proposed
in order to overcome the limitation BMI. WC and WHtR had
shown a significantly higher association with CVD mortality
compared with BMI; however, similar obesity paradox phe-
nomenon was observed®. In addition, a recent study suggested
a high correlation among WC, WHtR and BMI®?, which repre-
sents that high WC and WHtR may also be due to high muscle
mass, not solely by high-fat mass. Therefore, the adequacy of
anthropometric indices as independent indicators of sarcopenic
obesity is still not clear and has to be tested before clinical appli-
cation. At the same time, a development of new anthropometric
indices that can reciprocally reflect muscle mass and fat mass is
needed.

In 2018, a new anthropometric index called the weight-
adjusted waist index (WWI), which standardised WC for weight,
was developed to overcome the shortcomings of existing
anthropometric indices®. The study showed that WWI had a
relatively consistent and linear relationship with both CVD mor-
bidity and mortality. More recently, WWI was shown to discrimi-
nate muscle mass from fat mass as it showed a negative
association with muscle mass and a positive association with
29 suggesting WWI as a possible indica-
tor of sarcopenic obesity. Along with the change in muscle mass,
other components that are proposed to diagnose sarcopenia are
muscle strength and physical performance®-?®; however, not
only the association of WWI with muscle strength and physical
performance has not yet been determined but also the studies
regarding existing anthropometric indices and physical function
are limited®3?,

In this study, we aimed to analyse the association of different
anthropometric indices, including BMI, WC, WHtR and WWI,
with sarcopenic obesity to compare their feasibility for screening
sarcopenic obesity in community-dwelling older adults.

fat mass in older adults

Methods
Study population

The Korean Frailty and Aging Cohort Study (KFACS) is a nation-
wide multicentre cohort study that was primarily designed to
assess the frailty status of community-dwelling older adults in
South Korea. The participants were sex- and age-stratified com-
munity residents recruited from urban and rural areas around ten
centres who were ambulatory with or without walking aids. The
age ratio was 0:5:4 for age 70-74, 75-79 and 80-84 years, respec-
tively, and the sex ratio was 1:1. Followed by the suggestion from
the frailty consensus®V, the starting age of the KFACS was set
from 70. The participants over 85 years were excluded due to
their difficulty of centre visits and follow-up surveys; the
advanced age over 85 years also had a higher probability of inter-
rupting the identification of physical frailty-associated risk

factors. Overall, the inclusion criteria of the participant were
age 70-84 years, currently living in the community, having no
problem with communication and no prior diagnosis of demen-
tia. The baseline study comprised face-to-face interviews, health
examinations and laboratory tests with a total of 3013 partici-
pants. Among the total participants, 2403 underwent body com-
position measurement with DXA in eight university hospitals and
610 with bioelectrical impedance analysis in two community
centres. For this study, those who underwent bioelectrical
impedance analysis were excluded because of possible system-
atic bias between DXA and bioelectrical impedance analysis©?.
The final analysis included 2031 participants after excluding 321
participants who had artificial joints, pins, plates or other types of
metal objects in any part of their bodies, as metal implants could
have affected the measurement accuracy of appendicular skel-
etal muscle mass (ASM) or percentage of body fat®® and
fifty-one participants who had missing data for the diagnostic cri-
teria of sarcopenic obesity. The details of the KFACS protocol
have been described previously®®.

Ethics

The KFACS protocol was conducted according to the guidelines
laid down in the Declaration of Helsinki, and all procedures
involving human subjects/patients were approved by the
Institutional Review Board of the Clinical Research Ethics
Committee of the Kyung Hee University Medical Center.
Written informed consent was obtained from all participants
(IRB number: 2015-12-103). This study was approved as an
exempt from the Institutional Review Board review (IRB num-
ber: 2021-02-021).

Anthropometric measurements

The height, weight and WC of all the participants were recorded.
The height and WC were measured to the nearest 0-1 cm, and
weight was measured to the nearest 0-1 kg. BMI was calculated
as weight (kg) divided by the square of the height (m?). WC (cm)
was measured at the midpoint between the lower end of the last
rib and the upper ridge of the iliac crest. WHtR was calculated as
WC (cm) divided by height (cm)®®, and WWI was calculated as
WC (cm) divided by the square root of the weight (1/kg). Details
regarding the derivation of WWI have been described in a pre-

vious study®.

Body composition measurements

ASM and percentage of body fat were measured using DXA
(Lunar, GE Healthcare, Madison, WI; Hologic DXA, Hologic
Inc.). The participants were asked to remove all metal accesso-
ries before the scan and lie in a supine position on the scanner
table with their limbs placed parallel to their bodies, according to
the manufacturer’s protocol. ASM was calculated as the sum of
the lean masses of the right and left arms and legs. ASM index
was defined as ASM/height? (kg/m?)®. Our laboratory assess-
ment of forty volunteers with repositioning between scans dem-
onstrated that the coefficients of variation for whole-body
composition were < 25 %.
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Physical function measurements

Muscle strength. Muscle strength was evaluated by grip
strength and measured using a digital handgrip dynamometer
(T.K.K.5401; Takei Scientific Instruments Co. Ltd). The partici-
pants were asked to stand upright, place their shoulder in a neu-
tral position with both arms fully extended and hold the
dynamometer for 3 s with maximum strength. The strength
was measured twice for each hand at 3-min intervals. The best
records for each hand were rounded to the nearest 0-1 kg®®.

Physical performance. Physical performance was evaluated by
4-m usual gait speed, the five-times sit-to-stand test and the Short
Physical Performance Battery (SPPB). The 4-m usual gait speed
was measured using an automatic gait speed meter
(Dynamicphysiology), with acceleration and deceleration
phases of 1-5 m each®”. The participants performed two trials
with their usual walking paces, and the average rounded to
the nearest 0-01 m/s was taken for the analysis. The five-times
sit-to-stand test was conducted by measuring the time it took
for the participants to stand five times from a sitting position
as quickly as possible from a straight-backed armchair without
using their arms®®. The SPPB consists of the 4-m usual gait
speed test measures, five-times sit-to-stand test measures and
three standing balance measures®®. In the standing balance test,
the participants were first asked to stand with their feet placed
together as close as possible, then in a semi-tandem position,
and finally in a tandem position for 10 s. Each item of the
SPPB was scored on a scale of 0-4 based on the normative scores
obtained from the Established Population for Epidemiologic
Studies of the Elderly, which makes the total possible score
between 0 and 126,

Definitions of sarcopenic obesity. While there is no global
consensus to define obesity by the percentage of body fat“?,
the commonly used definition of obesity for older population
was suggested in the previous research of New Mexico Aging
Process Study. It defined obesity as the percentage of body fat
greater than 60th percentile in the study population resulting
in cut-off values of > 28 % for men and >40 % for women®V,
Followed by the standard of the New Mexico Aging Process
Study, we defined obesity as a high total fat mass greater than
60th percentile of our study population according to the percent-
age of body fat. The resulting cut-off values were > 28-2% for
men and > 38-8% for women, which correspond to those of
the New Mexico Aging Process Study.

Three different definitions of sarcopenia were established
based on the Asian Working Group for Sarcopenia 2019 consen-
sus®, which were as follows: (1) low muscle mass, (2) low
muscle mass with low muscle strength and/or slow gait speed
and (3) low muscle mass with low muscle strength and/or physi-
cal performance (slow gait speed, poor performance in the five-
times sit-to-stand test and/or low SPPB score). By combining the
definitions of obesity and sarcopenia, we established the follow-
ing three sets of diagnostic criteria for sarcopenic obesity:

Criterion 1: High fat mass 4+ low muscle mass

Criterion 2: High fat mass + low muscle mass + low muscle
strength and/or slow gait speed

Criterion 3: High fat mass + low muscle mass + low muscle
strength and/or physical performance

Low muscle mass was defined as an ASM/height? value of
< 7-00 kg/m? for men and < 5-40 kg/m? for women; low muscle
strength was defined as a grip strength of < 28 kg for men and
<18 kg for women; the cut-off scores for the 4-m usual gait
speed, five-times sit-to-stand test and SPPB for low physical per-
formance were < 1-0 m/s, > 12 s and <9, respectively, for both
sexes®,

Statistical analyses

Data are presented as mean * standard deviation (sp) for con-
tinuous variables and as numbers (percentages) for categorical
variables. Continuous variables with skewed distributions are
reported as median (interquartile range). To assess the
differences in characteristics between the sexes, the means or
medians of the two groups were compared using the
Student’s ¢ test or Mann-Whitney U-test, respectively. The per-
centages of categorical variables were compared using the y*
or Fisher’s exact test, as appropriate. As there was a significant
sex-specific difference in the association between the anthropo-
metric indices and sarcopenic obesity in the exploratory data
analysis, all the analyses were stratified by sex. The association
between the anthropometric indices and sarcopenic obesity was
evaluated in the unadjusted and age-adjusted model using
binary logistic regression. The results were reported as odds ratio
(OR) according to the quartiles of each anthropometric index
and corresponding 95 % CI to compare the strengths of the asso-
ciations of the indices measured on different scales. The OR per
sp were calculated using a multiple logistic regression model,
and the predicted probability calculated from this model was
used to evaluate the discriminative ability of the indices for sar-
copenic obesity by analysing the receiver operating characteris-
tic curve and the area under the receiver operating characteristic
curve (AUC) (95 % CD. The AUC of the anthropometric indices
were compared using DeLong’s method“?. The correlation
between the anthropometric indices and continuous compo-
nents of sarcopenic obesity was evaluated using Pearson’s or
Spearman’s correlation analysis, according to the distribution
of variables. Statistical significance was set at a P < 0-05. All stat-
istical analyses were performed using SAS software (version 9.4;
SAS Institute Inc.) and R (version 4.0.3; R Foundation for
Statistical Computing, Vienna, Austria). This study is a secondary
analysis; the sample size was determined by recruitment in the
KFACS®? and satisfied the rule of ten events per variable in logis-
tic regression analysis“?,

Results

The characteristics of the study participants are listed in Table 1.
This study included 1032 men and 999 women. Men were signifi-
cantly older (764 + 3-9 years v. 75-4 + 3-9 years), had a higher
WC (88-4 83 cm v. 86-0 +£8-2 cm), a lower BMI (23-9 + 2-8 v.
24-4 +2-8), WHIR (0-54 + 0-05 cm 0. 0-57 +0-05 cm) and WWI
(11-0£0-6 em/y/kg v. 11-5+0-7 cm/\/kg) compared with
women. Men were also more likely to have higher incidence
rates of myocardial infarction, cerebrovascular disease, diabetes
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Table 1. Characteristics of the study participants
(Mean values and standard deviations)
Total Men Women
Mean Mean Mean
Variables (n2031) SD (n 1032) SD (n 999) sD P
Age, years 759 39 76-4 39 754 39 < 0-001
Height, cm 158-5 84 164-9 57 151.9 52 < 0-001
Weight, kg 60-8 93 65-0 89 56-5 77 < 0-001
BMI, kg/m? 241 2.8 239 2.8 24.4 28 < 0-001
WC, cm 872 83 884 83 860 82 < 0-001
WHtR, cm 0-55 0-05 0-54 0-05 0-57 0-05 < 0-001
WWI, cm//kg 112 07 11-0 0-6 115 07 < 0-001
Percentage of body fat 315 79 26-3 6-0 36-8 59 < 0-001
SBP, mmHg 1311 15-6 1311 15-3 1311 159 0-962
DBP, mmHg 77-4 91 78-0 91 76-9 92 0-009
n % n % n %
Comorbidity
Hypertension 1122 55-3 546 53-0 576 577 0-033
Dyslipidaemia 654 32:6 249 24.4 405 41.2 < 0-001
Myocardial infarction 51 25 39 3-8 12 1.2 < 0-001
Heart failure 11 0-6 6 0-6 5 05 0-822
Angina 113 56 62 6-0 51 5.2 0-399
Peripheral artery disease 17 08 11 11 6 0-6 0-258
CVD 89 4.4 60 58 29 29 0-001
Diabetes mellitus 432 21.3 244 237 188 189 0-008
Osteoarthritis 384 190 106 10-3 278 280 < 0-001
Rheumatoid arthritis 38 19 8 0-8 30 30 < 0-001
Osteoporosis 259 129 26 25 233 238 < 0-001
Asthma 65 32 25 24 40 4.0 0-043
COPD 23 11 20 1.9 3 0-3 0-001
Mean sD Mean SD Mean sD
Laboratory results
Creatinine, mg/dl 0-85 0-28 0-98 0-30 0-72 016 < 0-001
eGFR, ml/min/1.73 m? 812 190 79:0 193 834 186 < 0-001
FBS
Median 97 99 96 < 0-001
IQR 90-110 91-112 89-108
Total cholesterol, mg/dl 175-2 35.7 168-6 34.7 1821 355 < 0-001
Triglyceride
Median 105 100 110 < 0-001
IQR 79-142 75-137 83-146
HDL-cholesterol, mg/dl 53-0 14.2 50-8 14.3 55.2 13.8 < 0-001
LDL-cholesterol, mg/dl 108-9 33.0 104.5 31.7 1134 339 < 0-001
HbA1c, % 6:0 0-8 60 0-8 60 08 0-158
Skeletal muscle mass
ASM by DXA, kg 16-4 37 19:2 27 135 18 < 0-001
ASM/height?, kg/m? 64 1.0 70 0-8 5.8 0.7 < 0-001
Low muscle mass
n 769 498 271 < 0-001
% 379 483 271
Maximum grip strength, kg 270 74 32:5 57 21.3 39 < 0-001
Low muscle strength
n 414 224 190 0-133
% 204 217 19.0
Physical performance
4-m usual gait speed, m/s 11 03 1.2 03 11 0-2 < 0-001
n % n % n %
4-m usual gait speed < 1-0 m/s 571 281 240 233 331 331 < 0-001
Five-times sit-to-stand test
Median 10-5 10-0 112 < 0-001
IQR 8:7-12:9 84-12.3 9-2-13.7
Five-times sit-to-stand test > 12 s 688 33-9 287 27-8 401 40-1 < 0-001
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Table 1. (Continued)
n % n % n %
SPPB score, median (IQR)
Median 11 12 11 < 0-001
IQR 10-12 11-12 10-12
SPPB score <9 points 294 145 102 99 192 192 < 0-001
Low physical performance 946 46-6 408 395 538 539 < 0-001
Sarcopenic obesity
Criterion 1 368 18-1 225 218 143 14.3 < 0-001
Criterion 2 178 88 108 10-5 70 70 0-006
Criterion 3 234 115 131 12.7 103 10-3 0-093

WG, waist circumference; WHtR, waist-to-height ratio; WWI, weight-adjusted waist index; SBP, systolic blood pressure; DBP, diastolic blood pressure; CVD, cardiovascular diseases;
COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; FBS, fetal bovine serum; ASM, appendicular skeletal muscle mass; DXA, dual-energy X-ray

absorptiometry; SPPB, short physical performance battery; IQR, interquartile range.

Criterion 1: high-fat mass -+ low muscle mass; Criterion 2: high-fat mass + low muscle mass -+ low muscle strength and/or slow gait speed and Criterion 3: high-fat mass -+ low muscle

mass -+ low muscle strength and/or low physical performance.

High-fat mass: body fat percentage of > 28-2 % for men and > 38-8 % for women; low muscle mass: ASM/height? of < 7-00 kg/m? for men and < 5-40 kg/m? for women; low muscle
strength: grip strength of < 28 kg for men and < 18 kg for women; slow gait speed: 4-m usual gait speed of < 1-0 m/s and low physical performance: five-times sit-to-stand test score

of > 12 s, 4-m usual gait speed of < 1-0 m/s and/or SPPB score of <9.

Variables are expressed as means + standard deviation for continuous variables and as n (%) for categorical variables. Continuous variables with skewed distributions were reported
as median (IQR). P values were obtained using the 42 test, Fisher's exact test or Student’s ¢ test, as appropriate.

mellitus and chronic obstructive pulmonary disease than
women. On the other hand, women were more likely to have
higher incidence rates of hypertension, dyslipidaemia, osteoar-
thritis, rheumatoid arthritis, osteoporosis and asthma than men.
The prevalence of sarcopenic obesity was higher in men than in
women according to criteria 1 (21-8% v. 14:3 %), 2 (10-5% v.
7-:0%) and 3 (127 % v. 10-3%); the difference between men
and women was not significant in criteria 3 (P = 0-093). The per-
centage of body fat was lower in men than in women
(26:3+£6:0% v. 36-8+59%). Although men had higher ASM
(192 + 2.7 kg v. 135+ 1-8 kg) and ASM/height? (7-0 +0-8 kg/
m?v. 5-8 + 0-7 kg/m?) than women, the proportion of low muscle
mass was also higher in men than in women (48:3 % v. 27-1 %).
The difference between the sexes in the proportion of low
muscle strength was not significant (21-7 % in men and 19-0 %
in women, P=0-133). The proportion of slow gait speed
(23-3% v. 33-1%) and low physical performance (39-5% v.
53-9 %) was lower in men than in women.

Association between anthropometric indices and
sarcopenic obesity

The age-adjusted prevalence of sarcopenic obesity was high in
men with higher WWI and WHItR for all the three diagnostic cri-
teria, but not in women with higher WWI and WHtR (Fig. 1).
Followed by the result, we analysed the age-adjusted OR of sar-
copenic obesity according to the quartiles of the anthropometric
indices as illustrated in Table 2. In men, higher WWI and WHtR
quartiles were associated with higher risk of sarcopenic obesity
for all the three diagnostic criteria, with the OR being the highest
in the fourth quartiles of the WWI (OR: 5-84, 95 % CI: 3-51, 9-70,
Pror rena < 0-001 in criterion 1; OR: 1464, 95 % CI: 5-20, 41-25 in
criterion 2, Pror rend < 0-001; and OR: 10-99, 95 % CI: 4-92, 24-85,
Pror rend < 0-001 in criterion 3) and WHtR (OR: 3-94, 95 % CI: 2-41,
6+45, Py wend <0-001 in criterion 1; OR: 5-73, 95% CI: 2-72—
12-05, Pror wena < 0-001 in criterion 2; and OR: 5-99, 95% CI:
3-05, 1179, Pror trend < 0-001 in criterion 3). The OR of sarcopenic
obesity were higher in the fourth quartiles of the WWI than in

those of the WHIR, especially based on criteria 2 and 3, which
included muscle strength and/or physical performance as diag-
nostic components of sarcopenic obesity. WC also showed the
highest OR in the fourth quartiles on criteria 2 (OR: 3-61, 95 %
CL: 1-86, 7-01, Pror trena < 0-001) and 3 (OR: 4-32, 95% CI: 2:31,
8:10, Pror trend < 0-001), but their values were lower compared
with WWI and WHR. Meanwhile, no anthropometric indices
were significantly associated with sarcopenic obesity in women.
Similar results were observed in the unadjusted model in both
men and women (online Supplementary Table S1).

We also analysed the association of the anthropometric indi-
ces with sarcopenic obesity by OR per sp increase (online
Supplementary Table S2). The highest OR were identified in
WWI in men, whereas no anthropometric indices were signifi-
cantly associated with sarcopenic obesity in women. We
observed an independent association between the anthropo-
metric indices and sarcopenia and obesity (online
Supplementary Table S3) and found that WWI was the only
index that was positively correlated with sarcopenia in men;
thus, the coexistence of sarcopenia and obesity led to an
increased association with WWI. However, this association
was not observed in women due to the lack of a correlation
between WWI and sarcopenia.

The discriminative ability of the anthropometric indices
for predicting sarcopenic obesity

The discriminative ability of the anthropometric indices for pre-
dicting sarcopenic obesity was determined using the age-
adjusted receiver operating characteristic curves for men and
women (Fig. 2), and the AUC of the anthropometric indices
for the diagnosis of sarcopenic obesity were obtained (online
Supplementary Table S4). Although the values were relatively
modest, the highest AUC were observed for the WWI (AUC:
0-692, 95 % CI: 0-653, 0-731 in criterion 1; AUC: 0-799, 95 % CI:
0-755, 0-842 in criterion 2 and AUC: 0-781, 95% CI: 0-738,
0-824 in criterion 3) in men; the WWI had the best diagnostic
power for sarcopenic obesity followed by WHtR, WC and BMI
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Fig. 1. Age-adjusted prevalence of sarcopenic obesity according to the quartiles of the anthropometric indices. WWI, weight-adjusted waist index; WC, waist circum-
ference; WHtR, waist-to-height ratio. Criterion 1: high fat mass + low muscle mass; Criterion 2: high fat mass -+ low muscle mass + low muscle strength and/or slow gait
speed; Criterion 3: high fat mass + low muscle mass + low muscle strength and/or low physical performance. High fat mass: body fat percentage of > 28-2 % for men
and > 38-8 % for women; low muscle mass: appendicular skeletal muscle mass/height? of < 7-00 kg/m? for men and < 5-40 kg/m? for women; low muscle strength: grip
strength of < 28 kg for men and < 18 kg for women; slow gait speed: 4-m usual gait speed of < 1-0 m/s and low physical performance: five-times sit-to-stand test score
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Table 2. Age-adjusted odds ratios of sarcopenic obesity according to the quartiles of the anthropometric indices
(Odd ratio and 95 % confidence intervals)

Criterion 1 Criterion 2 Criterion 3
Quartile group Range n %  Age-adjusted OR 95% ClI P n %  Age-adjusted OR 95 % ClI P n %  Age-adjusted OR 95% ClI P
WWI
Men
1st 9-1-10-6 22 85 1 (Reference) 4 1.6 1 (Reference) 7 2.7 1 (Reference)
2nd 10-6-11-0 45 174 2:25 1-31, 3-88 0-003 15 5.8 3-83 1.25,11.76 0-019 19 7-4 280 1-16, 6-81 0-023
3rd 11.0-11.4 63 244 334 1.98,563 <0001 32 124 810 2:81,2335 <0-.001 37 143 553 2.41,12.70 < 0-001
4th 11.4-12.9 95 368 584 351,970 <0001 57 221 14-64 5.20,4125 <0-001 68 264 10-99 4.92,24.85 < 0-001
Pror trend < 0-001 < 0-001 < 0-001
Women
1st 95-1009 35 141 1 (Reference) 19 76 1 (Reference) 26 104 1 (Reference)
2nd 10-6-115 34 136 0-95 0-57, 1.57) 0-830 11 4.4 0-53 024, 1-14 0103 18 72 0-64 0-34, 1.20 0-163
3rd 11.5-11.9 37 148 1.03 0-62, 1-69 0922 17 68 0-78 0-39, 1-55 0482 28 112 0-99 0-56, 1.76 0-980
4th 11.9-14.0 37 148 0-95 0-57, 1-58 0-849 23 9.2 0-86 0-45, 1-65 0656 31 124 0-94 0-53, 1-65 0-820
Por trend 0-938 0-955 0811 &
Pror interaction < 0-001 < 0-001 <0001 =
BMI S
Men 5
1st 145-22.0 28 109 1 (Reference) 17 66 1 (Reference) 18 70 1 (Reference) a
2nd 22.0-239 74 287 3-49 216,563 <0001 31 12.0 217 1.16, 4.07 0-016 39 151 2-61 1.44, 4.73 0-002 E
3rd 23.9-25:7 76 295 361 224,583 <0001 32 124 2.26 1.21, 4.22 0011 41 159 277 1-54, 5-01 <0001 g
4th 25.7-331 47 182 1.94 117, 3-21 0-011 28 109 1-99 1.05, 3-77 0035 33 128 219 1-19, 4.03 0-012 %
Pror trend 0-029 0-050 0-021 ¢
Women =
1st 16.0-22-6 24 9-6 1 (Reference) 13 52 1 (Reference) 19 7-6 1 (Reference) -
2nd 22.6-24-4 52 208 2-56 1.52,4.32 <0001 21 8-4 1.87 0-90, 3-87 0091 33 132 2.01 1-10, 3-67 0023 &
3rd 24.4-26-2 48 192 2-33 1.37, 3-94 0-002 24 9-6 2:24 110, 4.57 0026 36 144 2:27 1.25, 411 0007 8
4th 26-2-33-2 19 76 079 042, 1-48 0456 12 4.8 0-96 043, 2.18 0931 15 6.0 0-80 0-40, 1-63 0539 ¥
Plor rena 0477 0-877 0769 E
Pfor interaction 0-166 0417 0-141 o
Men G
1st 60-0-83-0 23 89 1 (Reference) 13 5.0 1 (Reference) 14 54 1 (Reference)
2nd 83-1-88:5 57 221 299 177,503 <0001 21 81 1.82 0-88, 3-75 0-105 25 9.7 1.99 1.01, 3.:95 0-048
3rd 88:6-939 75 291 4.33 261,719 <0001 35 136 323 165,632 <0001 43 167 373 1.97,7.05 < 0-001
4th 94.0-1150 70 271 391 2.34,6:51 <0001 39 151 3-61 1.86, 7.01 <0001 49 190 4.32 2.31,810 < 0-001
Pror trend < 0-001 < 0-001 < 0-001
Women
1st 59-5-80-0 32 129 1 (Reference) 18 72 1 (Reference) 23 92 1 (Reference)
2nd 80-1-86:0 42 168 1-41 0-85, 2.32 0180 17 68 0-99 0-49, 1-99 0975 25 10.0 114 0-63, 2.09 0-665
3rd 86-1-915 40 16.0 1-30 0-78, 2-14 0313 20 80 114 0-58, 223 0702 31 124 1-41 0-79, 2.52 0-239
4th 91.6-1116 29 116 0-88 0-51, 1-51 0-642 15 6-0 0.77 0-38, 1-58 0478 24 9-6 1.00 0-55, 1-84 0-995
Pror trend 0-605 0-598 0-811
Pfor interaction 0-001 0-015 0-007
WHtR
Men
1st 0-35-0-51 25 97 1 (Reference) 9 35 1 (Reference) 11 4.3 1 (Reference)
2nd 0-51-0-54 54 209 2.52 1.51, 4.21 <0001 21 81 2:59 1.16, 5-82 0-.021 25 9.7 2.52 1.21, 526 0-014
3rd 0-54-0-57 68 264 332 2.02,547 <0001 32 124 391 1.81,843 <0001 39 151 3:99 1.98, 8.01 < 0-001
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Fig. 2. Age-adjusted ROC curves for sarcopenic obesity according to the anthropometric indices. ROC, receiver operating characteristic; WWI, weight-adjusted waist
index; WC, waist circumference; WHtR, waist-to-height ratio. Criterion 1: high-fat mass + low muscle mass; Criterion 2: high-fat mass + low muscle mass + low muscle
strength and/or slow gait speed; Criterion 3: high-fat mass + low muscle mass + low muscle strength and/or low physical performance. High-fat mass: body fat per-
centage of > 28-2 % for men and > 38-8 % for women; low muscle mass: appendicular skeletal muscle mass/height? of < 7-00 kg/m? for men and < 5-40 kg/m? for women;
low muscle strength: grip strength of < 28 kg for men and < 18 kg for women; slow gait speed: 4-m usual gait speed of < 1.0 m/s and low physical performance: five-times
sit-to-stand test score of > 12 s, 4-m usual gait speed of < 1-0 m/s and/or short physical performance battery score of <9.
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components simultaneously while maintaining statistical signifi-
cance, which led to a better association between WWI and sar-
copenic obesity in men compared with the other indices.
Meanwhile, WWI did not reflect muscle mass and fat mass in
the opposite direction in women as it did in men; it showed
the lowest correlation with fat mass compared with the other
indices. As a result, WWI was not significantly associated with
sarcopenic obesity in women even it showed a significant
inverse association with physical function.

The significant sex-specific difference was observed in WWT1,
WC and WHtR in the association with sarcopenic obesity.
Previous studies have shown that men have significantly higher
visceral fat and lower extremity fat than women®*Y, while
women have higher subcutaneous fat and greater fat infiltration
into lower extremity muscles than men®%>¥. The sex-specific
difference of WWI, WC and WHIR may be attributed to the insuf-
ficient reflection of subcutaneous or intermuscular fat. In the pre-
vious Health, Aging, and Body Composition Study, a higher
amount of subcutaneous fat in women’s lower extremity area
was independently associated with slow gait speed®®. We
found similar sex-specific difference in mean gait speed in our
study population as the proportion of slow gait speed was higher
in women. This finding may reflect a higher amount of subcuta-
neous fat deposited in lower extremity in our women popula-
tion. In the most recent Multi-Ethnic Study of Atherosclerosis
that examined the association between WWI and abdominal
fat and muscle mass by CT scans, WWI was not only positively
correlated with visceral fat area but also with subcutaneous fat of
abdominal area, while negatively correlated with abdominal
muscle area®. Overall, previous findings suggest WC-driven
anthropometric indices may not well reflect lower extremity
fat that could have interrupted reciprocal assessment of percent-
age of body fat and ASM/height? in older women in our study.
We were not able to confirm this assumption due to the lack of
relevant data; further research into the sex-specific differences is
needed, especially regarding relationship between the
anthropometric indices and distribution of body fat. In addition,
a previous study of Korean community-dwelling older adults
found that ASM/height? was the most reliable index for sarcope-
nia in men in terms of predicting functional limitation, while
ASM/weight was better in women®®. In light of this, we may
need a different approach; applying different muscle indices
in our study population could have yielded different results.
Although we applied ASM/height* in our study according to
the Asian Working Group for Sarcopenia 2019 consensus, stud-
ies regarding the application of ASM/weight would be intriguing,
and further studies on an anthropometric index for women are
warranted.

Our study had some limitations. First, this study included only
Korean participants; thus, our findings cannot be generalised to
other populations. A multi-ethnic study is required to confirm
our findings, especially focusing on physical function. Second,
although we calculated the optimal cut-off values of anthropo-
metric indices for the diagnosis of sarcopenic obesity, we could
not validate these findings with other scientific evidence as the
attempt to apply anthropometric indices to diagnose sarcopenic
obesity has not been utilised broadly in the clinical field. It is nec-
essary to establish an appropriate cut-off value for the diagnosis

of sarcopenic obesity in clinical practice. Third, the age range of
our study was set from 70 to 84 years. We were not able to pro-
vide a result for older adults aged 85 years or older; the recruit-
ment of participants with higher ages can be more valuable for
this study as the prevalence of sarcopenic obesity increases with
age. Finally, this study had a cross-sectional design and causal
relationships could not be established; longitudinal studies are
required to identify the causal relationship between the
anthropometric indices and sarcopenic obesity.

In conclusion, WWI showed the strongest association with
three different definitions of sarcopenic obesity and was the best
screening tool compared with WHtR, WC and BMI in older men.
No anthropometric indices were associated with any definition
of sarcopenic obesity in older women. WWI was the only index
that was negatively correlated with physical function in both
sexes. It has the potential to be utilised as a simple screening
tool in clinical practice; however, further research into the
sex-specific differences is warranted.
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