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Abstract

Background Unhealthy body composition, including high fat mass, low muscle mass and low bone mass, is a critical
health issue in adults. The weight-adjusted waist index (WWI) estimates fat and muscle mass and may have implica-
tions for bone health. We examined its association with body composition outcomes in a large Korean adult cohort.
Methods This study used data from the Korean National Health and Nutrition Examination Survey (2008-2011).
WWI was calculated as waist circumference (cm) divided by the square root of body weight (kg). Dual-energy X-ray
absorptiometry was used to measure bone mineral density (BMD), appendicular lean mass (ALM) and total body fat
percentage. Unhealthy body composition was defined as combined presence of high fat mass, low bone mass and
low muscle mass.

Results A total of 5983 individuals (3034 men [50.7%] and 2949 women [49.3%]; mean age: 63.5 + 8.7 years) were
included. WWI was positively correlated with total body fat percentage (r = 0.478, P < 0.001) and inversely with
ALM/weight (r = —0.485, P < 0.001) and BMD at the lumbar spine (r = —0.187, P < 0.001), femoral neck
(r = —0.269, P < 0.001) and total hip (r = —0.255, P < 0.001). Higher WWI quartiles correlated with lower BMD,
T-scores and ALM/weight, along with increased total body fat, evident in both genders and more pronounced in
women, even after adjusting for confounders. This trend remained statistically significant across WWI quartiles for
all analyses (P < 0.001). Higher WWI quartiles were also significantly associated with higher odds of unhealthy body
composition, with adjusted odds ratio in the highest WWI group of 18.08 (95% CI, 4.32-75.61) in men and 6.36 (95%
CL 3.65-11.07) in women. The optimal cutoff values of WWI for unhealthy body composition were 10.4 cm/kg in men
and 10.5 cm/Jkg in women.

Conclusions In community-dwelling adults, high WWI values are associated with unfavourable body composition out-
comes, indicating high fat mass, low muscle mass and low bone mass. WWI can potentially serve as an integrated index
of body composition, underscoring the need for further research to validate its use in clinical settings.
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Introduction musculoskeletal health is affected by multiple factors, includ-

ing genetic, mechanical and endocrine factors.” As society
Decreased bone and muscle mass and increased fat mass are  ages, an increasing number of people develop multiple
frequently observed in older adults and are associated with  age-related disorders such as osteoporosis, sarcopenia and
pathophysiological processes of aging.! The deterioration of  obesity.> The triad of bone, muscle and adipose tissue dys-
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function has been associated with a worsening outcome and
has led researchers to propose a new syndrome called
‘osteosarcopenic obesity’.* This body composition phenotype
is associated with poor functional and clinical outcomes,
resulting in a high risk of morbidity and mortality.

The weight-adjusted waist index (WWI) is a recently intro-
duced anthropometric index that is calculated by standardiz-
ing waist circumference (WC) to body weight.® Kim et al. re-
ported that WWI is positively associated with fat mass and
negatively associated with muscle mass in older adults.” A
large-scale cohort study showed that WWI, but not body
mass index (BMI), had a positive linear association with car-
diometabolic morbidity and mortality.® In older men, WWI
has also been shown to be more strongly associated with
sarcopenic obesity than other anthropometric indices, includ-
ing BMI and WC.2 Considering that WWI is closely associated
with age-related changes in body composition, it may also be
associated with changes in bone mass. However, the associa-
tion between WWI and comprehensive body composition
measures, including bone mass, is largely unknown.

This study aimed to evaluate the associations between
WWI and three components of osteosarcopenic obesity
(fat, muscle and bone mass) in community-dwelling adults.
We hypothesized that individuals with a higher WWI have
a higher risk of osteosarcopenic obesity and lower bone
mass than those with a lower WWI.

Methods
Data sources

Since 1998, the Korea Disease Control and Prevention Agency
has periodically conducted the Korean National Health
and Nutrition Examination Survey (KNHANES) to evaluate
the health and nutritional status of the civilian non-
institutionalized population of Korea.® This nationwide survey
uses a stratified, multistage, clustered probability sampling
method, as previously described.’ The KNHANES database
contains anonymized personal information, including overall
lifestyle habits, anthropometric measurements, laboratory
tests, responses to health-related questionnaires and
nutritional survey results. Our study was based on data from
the fourth and fifth editions of the KNHANES, conducted
between 2008 and 2011. The database is publicly available
in Korean and English at the KNHANES website (http://
knhanes.cdc.go.kr).*%**

Study population

The total number of participants in the KNHANES dataset
for the 2008-2011 period was 37 753. From this population,
we excluded participants aged <50 years, premenopausal

women and participants with no or inadequate whole-body
dual-energy X-ray absorptiometry (DXA) data (Figure S1).
We further excluded participants who were taking
anti-osteoporotic agents, had a history of fractures, had con-
ditions affecting bone metabolism (e.g. chronic renal failure,
chronic hepatitis, liver cirrhosis, thyroid disease, rheumatoid
arthritis or any type of malignancy), or had missing measure-
ments for WWI calculation. Finally, a total of 5983 partici-
pants were included in the analysis.

Measurements of clinical and laboratory
parameters

The study participants, comprising 3034 men and 2949
women, underwent a thorough physical examination. Height,
weight and WC were measured while the participants were
wearing disposable non-woven clothing without shoes or
socks. BMI was calculated as weight (kg) divided by height
squared (m?). WWI was calculated as WC (cm) divided by
the square root of weight (Vkg). The details of the develop-
ment of WWI have been described in a previous study.®

Smoking status (none or current), alcohol consumption
(never, mild or moderate) and physical activity were also re-
corded. Moderate alcohol consumption was defined as con-
suming >2 drinks/week. Regular exercise was defined as
moderate-intensity exercise for >30 min more than five
times per week or high-intensity exercise for >20 min more
than three times per week. Systolic blood pressure (mmHg)
was recorded twice after a 15-min rest using a mercury ma-
nometer with an appropriate cuff size, and the mean value
was calculated. In the morning after 8 h of fasting, blood sam-
ples were drawn from the antecubital vein, immediately re-
frigerated, transported to the Central Testing Institute
(Neodin Medical Inc., Seoul, Korea) and analysed within
24 h. Fasting plasma glucose, total cholesterol, high-density
lipoprotein cholesterol, low-density lipoprotein cholesterol,
triglyceride, aspartate aminotransferase, alanine aminotrans-
ferase, creatinine, parathyroid hormone and serum 25(OH)D
(25-hydroxy vitamin D) levels were measured. Co-morbid-
ities, including hypertension, diabetes, dyslipidaemia and os-
teoporosis, were defined as a history of relevant diagnoses or
use of relevant medications.

Definition of high fat mass, low bone mass and low
muscle mass

Body composition was measured using a DXA system (QDR
4800A; Hologic, Bedford, MA, USA), operated by trained
and licensed technicians. Bone mineral density (BMD) mea-
surements at the lumbar spine (L1-4), femoral neck and total
hip were analysed using standard techniques. Appendicular
lean mass (ALM [kg]) was defined as the sum of the lean soft
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tissue mass of the four limbs. ALM adjusted for weight (ALM/
weight) was analysed as the appendicular muscle mass index.

High fat mass was defined as a total body fat percentage of
>25% in men and >35% in women.>*? Low bone mass, rang-
ing from osteopenic to osteoporotic levels, was defined as a
T-score of <—1.0 standard deviation (SD) for BMD at the lum-
bar spine, femoral neck, or proximal femur.?> Low muscle
mass was defined as ALM/weight <2 SDs below the mean
for a young reference group (age 20-39 years), with a cutoff
value of 28.8% in men and 22.8% in women.****

Statistical analysis

Data are presented as numbers with percentages for categor-
ical variables and means with SDs for continuous variables.
Independent t-tests and chi-square analyses were used to
compare the clinical characteristics of male and female par-
ticipants. We used Spearman’s partial correlation analysis to
investigate the correlation between WWI (as an independent
variable) and the body composition parameters (as depen-
dent variables). Subsequent analyses were separately per-
formed for men and women according to WW!I quartiles.
One-way analysis of variance was conducted to evaluate the
association between WW!I and metabolic variables. To further
analyse the composite fat, muscle and bone outcomes ac-
cording to WWI quartiles, multivariate logistic regression
analysis was used to calculate odds ratios (ORs) and 95% con-
fidence intervals (95% Cls) after adjustment for age, smoking,
alcohol consumption, regular exercise, co-morbidities (hyper-
tension, diabetes and dyslipidaemia) and serum 25(OH)D
levels. Receiver operating characteristic curves were plotted,
and the area under the curve was calculated to compare the
relative diagnostic strengths of the analysed parameters in
identifying composite body composition outcomes. Statistical
significance was defined as a two-sided P-value of <0.05. All
analyses were performed using the SAS software (version 9.4;
SAS Institute Inc., Cary, NC, USA).

Results
Baseline characteristics of study participants

The characteristics of participants are shown in Table S1. The
mean age of male and female participants was 63.2 + 8.6 and
63.9 + 8.8 years, respectively. The mean BMI and WC were
23.8 + 3.0 kg/m? and 85.4 + 853 cm in men and
24.2 + 3.2 kg/m? and 82.4 + 9.2 cm in women, respectively.
The WWI values were normally distributed in a bell-shaped
curve between 8.17 and 13.93 cm/vkg (Figure S2). The mean
WW]I value was higher in women than in men (11.0 £ 0.8 vs.
10.5 + 0.6 cm/Vkg). Table 1 shows the baseline characteristics
of male and female participants according to the quartiles of

WWI. Participants in the higher quartile groups were older,
had higher obesity levels, and had an unhealthier lifestyle,
characterized by a higher prevalence of current smoking
and moderate alcohol consumption, and lower prevalence
of regular exercise, than those in the lower quartile groups.
Participants in the higher quartile groups also had unhealthy
metabolic characteristics, including high fasting plasma glu-
cose and triglyceride levels and low high-density lipoprotein
cholesterol levels. The prevalence of osteoporosis was higher
in the higher WWI quartiles only in women.

Association between weight-adjusted waist index
and fat, muscle and bone parameters

Table 2 shows the association between WWI and each body
composition measurement (total body fat for fat mass,
ALM/weight for muscle mass and BMD at all sites for bone
mass). BMD at all sites and ALM/weight were negatively as-
sociated, whereas total body fat was positively associated,
with WWI in all participants. When data were separately
analysed for men and women, similar results were obtained;
however, the negative association between WWI and BMD
was clearer in women than in men.

Table 3 compares the mean values of body composition
measurements according to WWI quartiles. Both male and
female participants in the higher quartiles of WWI tended
to have lower BMD values and T-scores than those in the
lower quartiles. This linear association was clearer in women
than in men. For example, when female participants were
compared across all WWI quartiles, those in the highest quar-
tile (Q4) showed the lowest BMD values and T-scores at all
sites. Figure S3 shows that women in the higher WWI quar-
tiles (Q3 and Q4) showed lower BMD values at all sites than
those in the lowest quartile (Q1), even after adjustment for
confounders such as age, smoking, alcohol consumption, reg-
ular exercise, co-morbidities and serum 25(OH)D levels (all
P < 0.01). In addition, ALM/weight tended to decrease,
whereas total body fat tended to increase, from the lowest
to the highest quartile in both men and women (P < 0.01
for all analyses).

Odds of an unhealthy body composition according
to weight-adjusted waist index quartiles

The prevalence of an unhealthy body composition (combina-
tion of high fat mass, low muscle mass and low bone mass)
was the lowest in Q1 and the highest in Q4 of WWI (Table 4).
The ORs for unhealthy body composition outcomes were sig-
nificantly higher in Q3 and Q4 of WWI than in Q1 in both men
and women (OR, 5.52 [95% ClI, 1.24-24.62] in Q3 and 18.08
[95% Cl, 4.32-75.61] in Q4 in men; OR, 2.80 [95% Cl, 1.58—
4.95] in Q3 and 6.36 [95% Cl, 3.65-11.07] in Q4 in women).
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Table 2 Spearman partial correlation analysis of WWI and each body composition parameter

Total Men Women
r P-value r P-value r P-value
Total body fat percentage 0.478 <0.001 0.475 <0.001 0.338 <0.001
ALM/weight —0.485 <0.001 —0.498 <0.001 —0.361 <0.001
Lumbar spine BMD —0.187 <0.001 0.030 0.097 —0.142 <0.001
Femoral neck BMD —0.269 <0.001 —0.065 0.003 -0.219 <0.001
Total hip BMD —0.255 <0.001 —0.036 0.005 —0.186 <0.001

The Spearman partial correlation analysis was done for WWI (independent variable) and body composition parameters (dependent
variables).
ALM, appendicular lean mass; BMD, bone mineral density; WWI, weight-adjusted waist index.

Table 3 Mean values of musculoskeletal parameters according to WWI quartiles

Variables Q1 Q2 Q3 Q4 P-value
WWI quartile (men)
Lumbar spine BMD (g/cm ) 0.927 + 0.152 0.954 + 0.158 0.949 + 0.152 0.941 + 0.156 0.005
Femoral neck BMD (%/cm 0.748 + 0.123 0.761 = 0.121 0.750 + 0.119 0.729 + 0.116 <0.001
Total hip BMD (g/cm®) 0.921 = 0.133 0.940 = 0.129 0.932 + 0.125 0.909 = 0.124 <0.001
Lumbar spine T-score -08x13 -0.6x13 -0.6 13 -0.7x13 0.005
Femoral neck T-score -08+1.0 -0.7 1.0 -0.8+1.0 -09+0.9 <0.001
Total hip T-score -0.1+1.0 0.0 +0.9 -0.1 £0.9 -0.2+£0.9 <0.001
Lowest T-score -1.2+1.0 -1.0x1.0 -1.1+1.0 -1.2+1.0 0.002
ALM/weight (%) 35.1+2.6 33.6 2.4 329+24 31.6 2.5 <0.001
Total fat percentage (%) 19.0 £ 4.9 21.9 £45 234 45 253 +45 <0.001
WWI quartile (women)
Lumbar spine BMD (g/cm ) 0.817 = 0.152 0.816 = 0.149 0.796 = 0.134 0.765 = 0.127 <0.001
Femoral neck BMD (g/cm 0.643 = 0.112 0.634 = 0.110 0.621 = 0.108 0.581 = 0.104 <0.001
Total hip BMD (g/cm®) 0.792 = 0.125 0.787 £ 0.119 0.775 £ 0.118 0.733 £ 0.116 <0.001
Lumbar spine T-score -1.6+1.3 71 7+13 -1.8+1.2 -2.1+11 <0.001
Femoral neck T-score 1.5+1.1 1.6 =1.0 -1.7+1.0 -21+x1.0 <0.001
Total hip T-score 0.5+ 1.1 0 6+1.0 -0.7 £ 1.0 1.0+1.0 <0.001
Lowest T-score -19=+x11 20 =11 -2.1+1.0 25+*09 <0.001
ALM/weight (%) 275+ 2.8 26.6 +25 25.8 + 2.4 25.0 +25 <0.001
Total fat percentage (%) 31.7 £ 5.7 33.6 £5.0 351 5.0 36.4 =438 <0.001

Data are presented as mean = standard deviation. The means of musculoskeletal parameters were compared by one-way analysis of
covariance.
ALM, appendicular lean mass; BMD, bone mineral density; Q, quartile; WWI, weight-adjusted waist index.

Table 4 Prevalence and odds ratios of unhealthy body composition outcomes of high fat mass, low muscle mass and low bone mass according to WWI
quartiles

Prevalence (%) OR (95% CI) Adjusted OR* (95% Cl)
Unhealthy body composition outcomes (high fat mass,® low bone mass® and low muscle mass©)
Men
WWI Q1 2 (2.4%) Ref. Ref.
WWwI Q2 8 (9.8%) 4.03 (0.85-19.02) 3.63 (0.76-17.26)
WWI Q3 14 (17.1%) 7.10 (1.61-31.36) 5.52 (1.24-24.62)
WWwI Q4 58 (70.7%) 31.32 (7.62-128.69) 18.08 (4.32-75.61)
P for trend <0.001 <0.001
Women
WWI Q1 17 (7.4%) Ref. Ref.
WWI Q2 30 (13%) 1.79 (0.98-3.28) 1.48 (0.79-2.77)
WWwWI Q3 56 (24.2%) 3.47 (2.00-6.04) 2.80 (1.58-4.95)
WwI Q4 128 (55.4%) 8.89 (5.30-14.91) 6.36 (3.65-11.07)
P for trend <0.001 <0.001

Cl, confidence interval; OR, odds ratio; Q, quartile; WWI, weight-adjusted waist index.
°Fat mass > 25% in men and >35% in women.

Weight-adjusted appendicular lean mass (appendicular lean mass/weight x 100) < 2 standard deviations below the sex-specific average
for a young reference group.
“Lowest T-score <—1.0 at the lumbar spine, femoral neck and total hip.
*Adjusted for age, smoking, alcohol consumption, exercise, co-morbidities (hypertension, diabetes and dyslipidaemia) and 25-hydroxy
vitamin D levels.
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According to receiver operating characteristic curve analy-
sis, the optimal cutoff value of WWI for an unhealthy body
composition was 10.4 cm/vkg (0.851 [95% CI, 0.811-0.890];
sensitivity, 0.803; specificity, 0.841) and 10.5 cm/vkg (0.749
[95% Cl, 0.714-0.783]; sensitivity, 0.704; specificity, 0.701)
in men and women, respectively (Figure 1).

Discussion

In this population-based cohort study of middle-aged and
older adults, we found that WWI was differently associated
with body composition measures: As WWI increased, fat
mass increased and muscle and bone mass decreased. Partic-
ipants with a higher WWI had higher odds of an unhealthy
body composition (combination of high fat mass, low bone
mass and low muscle mass) after adjustment for possible
confounders. The optimal cutoff value for detecting an un-
healthy body composition was 10.4 cm/vkg in men and
10.5 cm/Vvkg in women.

Aging leads to changes in body composition measure-
ments, including fat, muscle and bone mass.® Increasing age
is also associated with the redistribution of fat tissue into
the visceral area as well as increased adipogenesis in bone
and muscle tissues.®™ Muscle mass or strength peaks
between ages 30 and 40 years and decreases thereafter,
resulting in sarcopenia.’® In addition, bone mass also de-

(A) Men

1.00

Sensitivity

AUC 0.851
0.25
Cut off value 10.4
Sensitivity 80.3
Specificity 84.1
0.00
0.00 0.25 0.50 0.75 1.00
1- Specificity

creases after peaking at approximately age 30 years.'” The
rate of bone loss accelerates after menopause in women.’
Growing evidence suggests that crosstalk between fat, mus-
cle and bone tissues during aging results in common body
composition changes such as increased fat mass and de-
creased muscle and bone mass.*®72° This triad of body com-
position changes contributes to unhealthy body composition
outcomes such as metabolic disorders, falls, fractures, im-
paired functional performance and mortality.* Therefore, a
comprehensive evaluation of body composition is required.
DXA is the gold standard method for analysing body com-
position; however, it is costly and time consuming.?! In addi-
tion, it does not provide a single body composition indicator
that is associated with unhealthy outcomes. Multiple anthro-
pometric indices have been evaluated for their role as poten-
tial indicators of body composition. In a prior study, tradi-
tional anthropometric indices, BMI and WC, were found to
have a stronger association with high fat mass compared to
the WWI, as evidenced by their age-adjusted ORs of 3.9
and 4.6 versus 2.3 respectively, per one standard deviation.®
BMI and WC are valuable in predicting obesity-related health
risks owing to their significant associations with body fat
mass.>?> However, these indices are limited by their inability
to distinguish fat and muscle mass, which often resulted in
‘obesity paradox’ phenomenon.®**7%® Previous researches
suggested that sarcopenic obesity, rather than simple obesity,
posed a significantly elevated risk of morbidity and
mortality.”*® The coexistence of sarcopenia and obesity con-
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Figure 1 Area under the receiver operating characteristic curve of weight-adjusted waist index (WWI) for predicting the composite outcome (high fat
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stituted a substantial risk factor for all-cause mortality, inde-
pendently of established risk elements such as cardiovascular
disease, systemic inflammation and weight loss.>® Of note,
this elevated mortality risk was not associated with obesity
in isolation, underscoring the consideration of body composi-
tion would be required for health risk calculation. In this
regard, WWI, as an anthropometric metric to represent a
complex condition of sarcopenic obesity, could potentially
outperform traditional measures like BMI and WC regarding
various health outcomes.

Unlike conventional anthropometric indices, WWI simulta-
neously reflects different age-related changes in body com-
position. A contradictory association between WWI and fat
and muscle mass has been reported in several previous
studies.”® Although the negative correlation of WWI with
muscle mass is rather weak compared with its positive corre-
lation with fat mass, WWI has been shown to be a potential
single indicator that can reflect different body composition
changes.” This relationship was first demonstrated in older
Asian adults and later confirmed in a multiethnic cohort
study. WWI is an index that standardizes WC for body
weight.3° Therefore, a high WWI indicates that a person with
a larger WC has a higher amount of fat mass and a propor-
tionally lower amount of muscle mass than a person of the
same weight with a smaller WC. Our study further revealed
a negative correlation between WWI and bone mass based
on the observation that WWI was negatively correlated with
fat-free mass. However, because WWI is associated with
sarcopenic obesity, decreased bone mass in individuals with
a high WWI may reflect secondary changes related to
sarcopenic obesity.>! Further studies investigating this issue
in more detail are needed.

In our study, several sex-specific differences were observed
in the association between WWI and body composition mea-
sures. Women had a higher mean WWI than men (11.0 vs.
10.5 cm/vkg), suggesting that women have an unhealthier
body composition than men. Similar results have been ob-
served in previous studies.® The inverse association between
WWI and bone mass was more significant in women than in
men. The exact reason for this result is unclear; however,
the rapid decrease in bone mass that occurs after menopause
in women, which leads to a wide range of bone mass distribu-
tions, may have resulted in statistical significance.

This study has several strengths and limitations. As this
study has a cross-sectional design, it has the limitation of pre-
senting only simple correlations. Nevertheless, this study has
the strengths of being based on a large population-based co-
hort and using a precise tool to measure body composition.
As this study targeted a specific population group (Korean
men and women aged >50 years), additional studies includ-
ing other races or younger populations are required for
the generalizability of our findings. In addition, cultural
differences, which can impact body composition and the as-

sociation between WW!I and body composition outcomes,
were not accounted for in our study.?? Lastly, despite
adjusting for several potential confounders, there may be
other unmeasured or unknown factors that could influence
our findings. Future studies should consider these limitations
and extend the investigation to more diverse populations,
taking into account additional potential confounders and cul-
tural variables, to improve the understanding and applicabil-
ity of WWI as a measure for assessing body composition
and health outcomes.

In conclusion, this study indicated that among middle-aged
and older adults, WWI was inversely associated with bone
and muscle mass, but positively correlated with fat mass. This
implies that individuals with higher WWI values may exhibit
an unhealthy body composition, marked by low muscle and
bone mass. Accordingly, measurement of WWI would help
to identify individuals at risk of sarcopenia or frailty. We pro-
posed a cutoff value of 10.4 cm/vkg in men and 10.5 cm/vkg
in women for unhealthy body composition. Currently, there
are limited strategies to increase muscle mass and prevent
aging-related body compositional changes. The identification
of people at risk of unhealthy body composition would be the
starting point to improve health outcomes in affected people.
Clinical research related to anti-obesity, anti-aging and anti-
sarcopenia in the future will be able to present changes in
BMI as well as changes in WWI as an outcome.
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