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Abstract

Introduction To evaluate the differences in the associations of combinations of co-existent osteopenia, obesity, and/or sar-
copenia with insulin resistance (IR) according to different criteria of obesity.

Materials and methods Among 4500 Korean men and postmenopausal women who were aged > 50 years and did not have
diabetes mellitus, osteopenia, sarcopenia, and obesity were defined using bone mineral density, skeletal mass index, and
body fat % (or BMI). Body composition groups were generated based on the combinations of these components. IR was
defined using the HOMA-IR >2.5.

Results When obesity was defined by body fat % and the relationships were adjusted for age, sex, education, and health
behaviors, the odds ratios (ORs) for IR was highest in the groups with obesity and osteopenic obesity, followed by sarcopenic
obesity and osteosarcopenic obesity, followed by osteopenia and sarcopenia, and followed by osteosarcopenia. When BMI
was additionally adjusted, the ORs for IR were not significantly different between body composition groups except for osteo-
penia: those groups had higher ORs for IR compared to osteopenia. When obesity was defined by BMI, obesity co-existent
groups had higher ORs for IR than the obesity non-coexistent groups. The ORs for IR were not significantly different within
obesity co-existent groups or obesity non-coexistent groups.

Conclusions Combinations of co-existent osteopenia, obesity, and/or sarcopenia had different associations with IR according
to obesity classification methods and consideration of BMI adjustment. Osteosarcopenic obesity may not have a stronger
association with IR compared to obesity only and obesity co-existent other conditions.

Keywords Insulin resistance - Osteopenic obesity - Osteosarcopenia - Osteosarcopenic obesity - Sarcopenic obesity

Introduction factors [3]. OSO was associated with poor functionality in

postmenopausal women [4], with poor physical performance

Aging is associated with a decrease in bone and muscle mass
and an increase in body fat mass. These changes in body
composition are due to osteosarcopenic obesity (OSO), a
simultaneous deterioration of bone and muscle and excess
fat [1-3]. The development of OSO may be linked to low-
grade chronic inflammation initiated by overweight/obesity
and lifestyle factors, such as inadequate dietary intake and
low physical activity levels [1]. Studies have suggested that
a combined body composition derangement may be asso-
ciated with reduced functionality and cardiometabolic risk
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and frailty in Mexican women aged > 50 years [5], and with
hypertension and dyslipidemia in Chinese women [6, 7].
Insulin resistance (IR), which is frequently assessed using
the homeostasis model assessment of insulin resistance
(HOMA-IR) in population-based studies, is an underlying
pathophysiological factor of the metabolic syndrome and
represents an intermediate state between obesity and type
2 diabetes mellitus [8]. It has been suggested that higher
upper-body fat distribution [9], both excess and lack of adi-
pose tissue [10], a relatively low muscle mass [11], sarco-
penia [12], and a high-fat mass irrespective of muscle mass
[13] and bone mineral density (BMD) [14] are associated
with insulin sensitivity or IR. Based on the evidence of
associations of excess/low body fat, sarcopenia/low muscle
mass, and low BMD with IR, the strengths of associations of
co-existent osteopenia, obesity, and sarcopenia with IR may
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differ according to the combinations of these components.
However, the differences in the associations of these combi-
nations with clinical outcomes, such as IR, remain unclear
[15]. Meanwhile, it is unclear clinical advantage of exami-
nation of body components over simple body mass index
(BMI) measurement, as well as the scientific significance of
component-specific effect on IR, excluding BMI variability.

Therefore, this study aimed to evaluate the associations
of the combinations of osteopenia, obesity, and/or sarco-
penia, such as osteopenic obesity, osteosarcopenia, sarco-
penic obesity, and OSO with IR with considering for BMI
variability and those association with respect to BMI-based
obesity classification using the Korean National Health and
Nutrition Examination Survey (KNHANES).

Materials and methods
Study participants

The participants were a representative sample of the civil-
ian, noninstitutionalized Korean population included in the
KNHANES that was conducted during 2008-2011. The
survey used a multistage, stratified, systematic sampling
method and a rolling survey sampling of household units
[16, 17]. The current study included 2067 men and 2.433
women aged between 50 and 80 years who participated in
the KNHANES and provided complete data related to body
composition measures, metabolic risk factors, health behav-
iors, and demographic characteristics; those who had a diag-
nosis of diabetes mellitus and premenopausal women were
excluded. Informed consent was obtained from all individual
participants included in the study. The study protocol was
approved by the institutional review board of Korea Centers
for Disease Control and Prevention (IRB approval number:
2008-04EXP-01-C, 2009-01CON-03-2C, 2010-02CON-
21-C, and 2011-02CON-06-C) [16].

Body composition measurements
and categorization

Dual-energy X-ray absorptiometry (Discovery QDR4500W,
Hologic Inc., Bedford, MA, USA) was used to measure
BMD at the lumbar spine, femoral neck, and proximal
femur, the fat percentage for the whole body (fat mass/total
mass X 100), and lean masses at the four extremities. Appen-
dicular skeletal muscle mass was calculated as the sum of
the muscle masses of the four extremities that were com-
puted as lean mass minus bone mineral content.

The skeletal mass index was calculated as the sum of the
muscle mass of the four limbs divided by the height square
(kg/m?). The sarcopenia was defined as a skeletal mass
index < 7.0kg/m? for males and < 5.7 kg/m? for females
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based on the Asian Working Group for Sarcopenia (AWGS)
criteria [18].

Osteopenia was defined as a T score of <— 1.0 standard
deviation for BMD at the lumbar spine, femoral neck, or
proximal femur [19]. Obesity was defined using total body
fat % or BMI: total body fat >25% for men and >35% for
women, based on the findings from a Mongolian study [20]
or BMI > 25 kg/m? [21]. BMI was calculated using the meas-
ured bodyweight (kg) divided by the square of the height
(m).

Four groups based on a number of unfavorable body com-
position components defined by body fat % or BMI for obe-
sity classification were generated [22]. Accordingly, partici-
pants were divided into normal (without osteopenia, obesity,
or sarcopenia), single component (having any one of these
components), two components (having any two combina-
tions of these components), and OSO groups.

Measurements of IR, demographic,
and lifestyle-related factors

Antecubital venous blood samples taken after a 12-h
overnight fast were used to measure glucose (calorim-
etry method) and insulin (immunoradiometric assay) with
an automated analyzer (Automatic Chemistry Analyzer
7600, Hitachi, Tokyo, Japan). IR was defined based on
HOMA-IR, which was calculated as fasting plasma glucose
(mmol/L) X fasting insulin (mU/mL)/22.5) [23]. The cutoff
value of HOMA-IR for IR was>2.5 [24]. Self-reported
questionnaires were also used to assess educational attain-
ment, current smoking status (smoker vs. non-smoker),
physical activity (yes vs. no for engaging in high-intensity
activity for > 75 min/week or moderate-intensity activity
for > 150 min/week), and alcohol use (yes vs. no for the fre-
quency of alcohol consumption > 1 month during the past
year).

Statistical analyses

The comparison of unfavorable body composition compo-
nents, body composition groups, demographic factors, and
health behaviors by HOMA-IR levels was performed using
a Chi square test or ¢ test. The association of each body com-
position component with IR were analyzed using logistic
regression analysis after adjusting for sex, age, education
level, smoking status, physical activity, alcohol use, and
other body composition components. Similarly, multivari-
able logistic regression analyses were performed for asso-
ciations between body composition groups and IR, using
different reference groups. These analyses were conducted
for body composition groups based on different criteria of
obesity. In the analysis for body composition groups based
on body fat %, all analyses were adjusted additionally for
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BMI to consider the potential effect of BMI variability.
Sex-specific analysis was not performed due to an insuffi-
cient number of subjects in some body composition groups
according to classification methods. Data were analyzed
using IBM SPSS Statistics for Windows, version 25.0 (IBM
Corp., Armonk, NY, USA).

Results

In this representative sample of the Korean men and post-
menopausal women who were aged 50 years or older and did
not have diabetes mellitus, the prevalence of OSO based on
body fat% or BMI was respectively 5.8% and 0.4% in men
and 7.2% and 0.7% in women. The prevalence of IR was
33.4%. Individuals with IR were more likely to have obesity
and a higher number of unfavorable body composition com-
ponents, while they are less likely to have osteopenia and
sarcopenia compared to those without IR (Table 1).

Table 2 presents the associations of an individual or
combined body composition components with IR. Indi-
viduals with high body fat % had a higher odds ratio (OR)
of IR regardless of adjusting for other body composition

components and BMI. Osteopenia had an inverse association
with IR after adjusting for other body composition compo-
nents, while the association was not more significant after
additionally adjusting for BMI. By contrast, sarcopenia was
negatively associated with IR after adjusting for other body
composition components, while the association was changed
to be positive with adjustment for BMI. Individuals with
OSO based on body fat % had higher OR of IR than those
without any unfavorable body composition components or
only one such component, after adjusting for confounding
factors and BMI (Table 2).

In Table 3, the associations with IR are compared among
groups with one or more adverse body composition compo-
nents. Obesity and osteopenic obesity based on body fat %
were associated with higher ORs of IR compared to other
groups including OSO, while the OR of IR in osteopenic
obesity was not significantly different than that in obesity.
Sarcopenic obesity based on body fat % was associated with
higher OR of IR compared to osteosarcopenia. There was
no significant difference in OR of IR between osteopenia
and sarcopenia when those groups did not have co-existent
obesity. However, osteopenia with obesity was associated
with higher OR of IR compared to sarcopenia with obesity.

Table 1 The comparison of

o HOMA-IR <2.5 HOMA-IR >2.5 P value*

body compgsmop groups, (n=2999) (n=1501)

demographic variables, and

health behaviors by HOMA-IR Body composition components

levels Osteopenia 2224 (74.2) 1045 (69.6) 0.001
Obesity by body fat % 961 (32.0) 861 (57.4) < 0.001
Obesity by BMI 696 (23.2) 814 (54.3) < 0.001
Sarcopenia 670 (22.3) 203 (13.5) < 0.001
Combined body composition components (I) < 0.001
Normal 492 (16.4) 202 (13.5)
One component 1360 (45.3) 583 (38.8)
Two components 946 (31.5) 622 (41.4)
Osteosarcopenic obesity 201 (6.7) 94 (6.3)
Combined body composition components (11) < 0.001
Normal 425 (14.2) 127 (8.5)
One component 1566 (52.2) 701 (46.7)
Two components 998 (33.3) 655 (43.7)
Osteosarcopenic obesity 9(0.3) 17 (1.1)
Women 1597 (53.3) 836 (55.7) 0.121
Age (y) 62.9+8.6 63.3+8.4 0.152
> Graduated high school 954 (31.8) 473 (31.5) 0.839
Current smoker 534 (17.8) 247 (16.5) 0.259
Monthly alcohol user 1358 (45.3) 655 (43.6) 0.296
Physical activity 752 (25.1) 343 (22.9) 0.101

Combined body composition components (I) were based on body fat % for obesity classification; II were
based on body mass index for obesity classification

HOMA-IR homeostasis model assessment of insulin resistance

*Using Chi-square test or 7 test

@ Springer



698

Journal of Bone and Mineral Metabolism (2020) 38:695-701

Table2 The associations of individual or combined body composition components with high HOMA-IR according to obesity classification

methods

Obesity categorized using body fat %

Before adjusting for BMI*

After adjusting for BMI®

Obesity catego-
rized using BMI*

Osteopenia vs. non-osteopenia®
Sarcopenia vs. non-sarcopenia®

Obesity vs. non-obesity®

Combined body composition components
One component vs. normal

Two components vs. normal

OSO vs. normal

Two components vs. one component
OSO vs. one component

OSO vs. two components

0.81 (0.69-0.94)*
0.51 (0.43-0.62)*
2.96 (2.59-3.37)*

1.03 (0.84-1.25)
1.56 (1.27-1.92)*
1.11 (0.82-1.50)
3.73 (2.93-4.73)*
1.01 (0.55-1.84)
0.27 (0.15-0.50)*

1.03 (0.87-1.22)
1.36 (1.09-1.68)*
1.37 (1.17-1.60)*

1.17 (0.95-1.44)
1.56 (1.25-1.94)*
1.81 (1.31-2.49)*
1.29 (0.97-1.72)
2.50 (1.34-4.66)*
1.93 (0.98-3.81)

0.94 (0.79-1.10)
0.91 (0.76-1.10)
3.93 (3.40-4.53)*

1.51 (1.21-1.88)*
2.23 (1.77-2.81)*
6.39 (2.77-14.75)*
3.93 (3.14-4.93)*
1.20 (0.77-1.86)
0.30 (0.20-0.48)*

HOMA-IR homeostasis model assessment of insulin resistance, BMI body mass index, OSO osteosarcopenic obesity

*P<0.05

Values represent odds ratio (95% confidence interval) using logistic regression analysis after *adjusting for sex, age, education, smoking stats,
alcohol use, and physical activity (Model 1); Padditionally adjusting for BMI in Model 1; “additionally adjusting for other two body composition

components in Model 1

Therefore, IR was most related to obesity or osteopenic obe-
sity, followed by sarcopenic obesity or OSO, followed by
osteopenia or sarcopenia, and followed by osteosarcopenia,
before adjusting for BMI.

After additionally adjusting for BMI, the ORs of IR in
obesity co-existent groups were attenuated, while those
ORs in sarcopenia co-existent groups increased. Then, the
strengths of association with IR were similar between the
groups with unfavorable body composition components
except for osteopenia. However, those groups (except for
sarcopenic obesity) were associated with higher ORs of IR
compared to osteopenia.

When obesity was defined based on BMI, the groups with
co-existent obesity were associated with higher ORs of IR
compared to the groups without co-existent obesity. How-
ever, there were no significant differences in ORs with IR
within obesity co-existent groups or obesity non-coexistent
groups (Table 3).

Discussion

In this representative sampling of Korean men and post-
menopausal women who were aged 50 years or older
and did not have diabetes mellitus, IR was most related
to obesity or osteopenic obesity, followed by sarcopenic
obesity or OSO, followed by osteopenia or sarcopenia,
and followed by osteosarcopenia, when obesity was
defined by body fat % and the relationships were not
adjusted for BMI. When BMI was additionally adjusted,
the strengths of association with IR were similar between

@ Springer

body composition groups except for osteopenia and those
groups had stronger associations with IR than osteopenia.
When obesity was defined by BMI, obesity co-existent
groups had stronger associations with IR compared to the
groups without co-existed obesity. However, the strengths
of association were not different within groups with co-
existent obesity or groups without co-existent obesity.

The current findings considering BMI variability sug-
gested that adjustment of BMI may attenuate the associa-
tions between obesity co-existent groups and IR, while
it may increase the associations between sarcopenia co-
existent groups and IR. The findings from BMI-based
obesity criteria suggested that osteopenia and sarcopenia
may increase the strength of association with IR when co-
existent with obesity. However, regardless of both obesity
classification methods, the current study did not demon-
strate OSO may have a stronger association with IR than
other obesity co-existent groups or obesity only group.

Although numerous studies have reported the associa-
tions of fat mass, muscle mass, or BMD with IR [9-14],
the current study is unique in terms of presenting a com-
parison of the associations of the combinations of co-
existent osteopenia, obesity, or sarcopenia with IR. Con-
sidering the paucity of previous studies on associations
between OSO and clinical outcomes, the current observa-
tion appears to provide evidence that an individual with
OSO would not be at a higher risk of IR than those with
obesity, osteopenic obesity, or sarcopenic obesity. These
findings are of value as there is limited evidence on the
health impact of osteoporosis co-morbid with obesity and
sarcopenia [15].
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Consensus for the criteria of OSO may be critical for
comparing studies regarding the prevalence of OSO and the
relationship between OSO and clinical/functional outcomes
[15, 19].Although the definition of osteopenia is widely
accepted, substantial debate still exists regarding the defini-
tion of sarcopenia and even obesity [25, 26]. Therefore, the
low prevalence of OSO in the current study (0.4-5.8% in
men and 0.7-7.2% in women) compared to that in a previous
Korean study (13.5% in men and 25.0% in women) [27] may
be explained by the inconsistent criteria for defining sarco-
penia and obesity between the studies. At least, the current
study revealed that the prevalence of OSO based on body fat
% for obesity definition may be higher than that prevalence
based on BMI. The criteria used to define these conditions
may influence the association strengths between the various
body composition groups and IR due to the effects on sta-
tistical power by changing the number of participants in the
body composition groups. Although specific cut-off points
for each component have yet to be determined, the cur-
rent findings demonstrated the concurrent obesity is likely
associated with a worse risk of IR than the risk induced by
osteopenia, sarcopenia, or osteosarcopenia in the absence
of obesity.

Despite growing evidence of shared mechanisms among
excess adiposity and decreased bone mass and skeletal mus-
cle mass [3, 15], the current study revealed discrepancies
in the associations between each of these components and
IR: a positive association for obesity, a positive or a neu-
tral association for sarcopenia, and a neutral association for
osteopenia according to obesity classification methods when
other body composition groups or BMI were adjusted. These
differences in the associations with IR among those com-
ponents may explain the findings that individuals with any
one component did not have with a greater risk of IR than
those without any of these components in body composition
groups based on body fat %. However, the current study
also demonstrated that individuals with any combination of
two or three components had a greater risk of IR than those
with any one of these components. These findings suggested
the possibility of additive or synergic effects of co-existing
components on the strength of the associations with IR.

This study had some limitations. The causal relationships
between co-existent adverse body composition components
and IR remain to be determined. Potential confounding fac-
tors, such as medications for osteoporosis and dietary hab-
its related to body composition and/or IR, were not fully
adjusted in current statistical analyses. In addition, sex-
specific associations were not examined due to insufficient
sample size in the OSO group. Nevertheless, this study had
strengths in terms of demonstrating differences in associa-
tions with IR through a comparison of the combinations of
concurrent osteopenia, obesity, and sarcopenia in a repre-
sentative population. Another strength of this study may be

@ Springer

presenting changes in the associations of body composition
groups with IR after adjustment with BMI variability.

In conclusion, in Korean men and postmenopausal
women who were aged 50 years or older and did not have
diabetes mellitus, obesity and osteopenic obesity may have
stronger associations with IR compared to OSO, sarcopenic
obesity, or osteosarcopenia when obesity was defined by
body fat %. Those differences in strengths of association
with IR between body composition groups were not more
significant with adjustment for BMI. When obesity was
defined by BMI, the strengths of association with IR were
not significantly different within groups with co-existent
obesity or groups without co-existent obesity, although IR
had stronger associations with obesity co-existent groups
than the groups without co-existent obesity. Therefore, com-
binations of co-existent osteopenia, obesity, and/or sarcope-
nia had different associations with IR according to obesity
classification methods and consideration of BMI adjustment.
Further prospective studies are warranted to elucidate long-
term clinical outcomes associated with unfavorable body
composition groups.
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