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Abstract

Background Obesity is protective of bone health; however, abdominal obesity is associated with a higher fracture risk.
Little is known about whether body composition protects or adversely affects osteoporotic fractures because of practical
issues regarding assessment tools. This study aimed to evaluate the association of predicted body composition with
fracture risk to determine the distinctive and differing effects of muscle or fat mass on bone health outcomes in the
general population.

Methods This population-based, longitudinal cohort study used 2009-2010 Korean National Health Insurance
Service data and follow-up data from 1 January 2011 to 31 December 2013, to determine the incidence of osteoporotic
fracture (total, spine, and non-spine) defined using the International Classification of Diseases, Tenth Revision codes.
The study participants were aged >50 years (men, 158 426; women, 131 587). The predicted lean body mass index
(pLBMI), appendicular skeletal muscle index (pASMI), and body fat mass index (pBFMI) were used to assess body
composition, using anthropometric prediction equations.

Results Over a 3 year follow-up, we identified 2350 and 6175 fractures in men and women, respectively. The mean
age of the participants was 60.2 = 8.3 and 60.7 * 8.4 years in men and women, respectively. In a
multivariable-adjusted Cox proportional hazards regression model, increasing pLBMI or pASMI was significantly
associated with a decreased risk of total fractures in men and women. When comparing individuals in the lowest pLBMI
and pASMI (reference groups), men with the highest pLBMI and pASMI had adjusted hazard ratios of 0.63 [95%
confidence interval (CI) 0.47-0.83] and 0.62 (95% CI 0.47-0.82), and women with the highest pLBMI and pASMI
had adjusted hazard ratios of 0.72 (95% CI 0.60-0.85) and 0.71 (95% CI 0.60-0.85), respectively, for total fractures.
The pBFMI had no significant association with total fractures in men or women. Regarding sex-specific or site-specific
differences, the protective effects of the pLBMI and pASMI on fractures were greater in men and reduced the risk of
spinal fractures. An increased pBFMI was associated with an increased risk of spinal fractures in women.

Conclusions An increased pLBMI or pASMI was significantly associated with decreased total osteoporotic fracture risk;
however, the pBFMI showed no statistically significant association. Muscle mass was more important than fat mass in
preventing future osteoporotic fractures based on anthropometric prediction equations.
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Introduction

Osteoporotic fractures are a common public health issue. The
incidence of osteoporosis-associated fractures is expected to
rise continuously in line with predicted increases in average
life expectancy and ageing populations.® It is estimated that
~3 million cases of osteoporotic fractures will occur annually
worldwide by 2025.% Fractures are a cause of disability and a
major contributor to the economic burden on healthcare sys-
tems. Moreover, vertebral and hip fractures are associated
with high morbidity and mortality rates.

Body mass index (BMI) is a reliable clinical parameter for
predicting obesity, which is a well-established beneficial
factor in relation to bone mass due to the positive influence
of mechanical loading of weight on bone structure. Although
BMI is commonly and easily used in clinical settings, it has
significant limitations. BMI does not compartmentalize body
weight, which means that it cannot differentiate between
lean and fat mass* hence, it is difficult to determine the
distinctive and differing effects of muscle mass and fat mass
on bone health outcomes. Recent publications have focused
on emerging evidence regarding body composition related
to bone health. Several studies have demonstrated the inde-
pendent effect of muscle or fat component on bone mineral
density (BMD).>® However, the association between fat mass
and fractures is controversial, with studies reporting either
protective or negative findings.””® Previous studies have re-
ported that muscle mass has a greater effect on bone than
fat mass. %! However, the interaction between muscle mass
or fat mass and fractures remains unclear, and little is known
about the relationship between body composition and osteo-
porotic fractures.

Existing assessment tools for body composition, such as
dual-energy X-ray absorptiometry (DXA), bioelectrical imped-
ance analysis, and medical imaging, including computed to-
mography and magnetic resonance imaging, are not useful
in the practical setting as these tools require expensive and
sophisticated technologies'?; thus, prediction equations for
body composition have been developed using anthropomet-
ric measures.™

The purpose of this study was to investigate the indepen-
dent roles of muscle and fat mass separately on osteoporotic
fracture risks using anthropometric prediction equations to
estimate body composition in a 3 year follow-up cohort study
involving Korean adults aged >50 years.

Methods
Study participants and data source

This study was performed by utilizing the database of
the National Health Insurance Service-Health Screening

(NHIS-HEALS), which includes a cohort of individuals who
are registered in a health screening programme conducted
by the National Health Insurance Service (NHIS) in South
Korea, and the individuals participating in this programme
were followed up from 2002 to 2013. The NHIS-HEALS in-
cludes a national representative random sample of 514 866
individuals (aged between 40 and 79 years), which covers
~97% of the entire Korean population and all types of insur-
ance claims data. This database contains insurance eligibility
data, sociodemographic information, laboratory measure-
ments, medical treatments, medical care institutions, clinic
visits, hospitalizations, diagnostic codes, medication prescrip-
tions, and mortality information, such as the cause and date
of death. The NHIS-HEALS database has been broadly used
for epidemiological and public health research and
policymaking. The details of this database are described
elsewhere.** Our study population comprised 361 713 partic-
ipants aged >50 years who had registered for national health
examinations from 2009 to 2010 and were followed up from
2011 to 2013 (Figure 1). Our study excluded subjects with
fractures diagnosed prior to the index date (n = 20 391) and
those who had died prior to the index date (n = 1113). Partic-
ipants with missing values for BMI (n = 157), age <50 years
(n =39 682), and covariates (n = 10 357) were also excluded.
In total, 290 013 Korean adults (men, n = 158 426; women,
n = 131 587) were included in the final study. This study
was approved by the Institutional Review Board of the
Seoul National University Hospital (institutional review board
approval number: 1703-039-836). The requirement for in-
formed consent was waived as the NHIS-HEALS was con-
structed after anonymization according to  strict
confidentiality guidelines before distribution.

Exposure measurements: predicted body
composition

In our study, the predicted lean BMI (pLBMI), the predicted
appendicular skeletal muscle mass index (pASMI), and the
predicted body fat mass index (pBFMI) were assessed and
calculated using anthropometric prediction equations that
were developed and validated in a study on a representative
cohort of 17 608 Korean population from the Korean
National Health and Nutrition Examination Survey
2008-2011.2 This previous study performed multivariable
linear regressions to develop prediction equations for the
following components that were assessed by DXA as
dependent variables: lean body mass (LBM), appendicular
skeletal muscle mass (ASM), and body fat mass (BFM);
furthermore, the predictor variables used were age,
anthropometric values (i.e. height, body weight, and waist
circumference), serum creatinine level, and health behaviour
factors (i.e. physical activity, smoking, and alcohol intake). A
Bland—Altman plot was also generated during the previous
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Figure 1 Flow diagram of selection of study population. BMI, body mass index; NHIS-HEALS, National Health Insurance Service-Health Screening.

study, and the intraclass correlation coefficient for validation
was calculated. All these prediction equations have been
found to have high predictive power, low bias, and moderate
agreement when practised in large-scale studies. Moreover,
each part of masses was also adjusted for height; the LBM,
ASM, and BFM were represented by an index and calculated
by dividing the weight (kg) by height squared (m?). By
applying the previously mentioned prediction equations,
we calculated the body composition including the pLBMI,
pASMI, and pBFMI.

Sarcopenia, a geriatric condition accompanied by a decline
in muscle mass, is generally defined by an ASMI <2 SDs
below the mean values of ASMI in young reference groups.
Sarcopenia is also defined by authorized working groups such
as the European Working Group on Sarcopenia in Older
Persons and the Asian Working Group for Sarcopenia as the
lowest quintile of the study population.*>*® Several working
groups have suggested various cut-off values for muscle
mass reduction, but each has uncertain levels and different
clinical implications. In addition, muscle strength or physical
performance as well as muscle mass for sarcopenia varies de-
pending on race. Despite the clinical significance of body
composition, universally standardized criteria of muscle and

fat masses are not available to date. For this reason, we have
reported our results according to body composition quintile
categories, using the first (lowest) quintile group as the refer-
ence group.

Determining outcomes: risk of osteoporotic
fracture

The primary outcome was the incidence of osteoporotic
fractures, defined as >1 day of hospitalization or >2 days of
outpatient visits within 1 vyear that were assigned
fracture-related diagnostic codes on claim records. The Inter-
national Classification of Diseases, Tenth Revision codes
identifying osteoporosis-related fractures are identified from
the publication in the form of the fact sheet reported by
the Korean Society of Bone and Mineral Research®: $22.0
(fracture of the thoracic spine), $22.1 (multiple fractures of
the thoracic spine), $32.0 (fracture of the lumbar spine),
M48.4 (fatigue fracture of a vertebra), and M48.5 (collapsed
vertebra) for spine fracture; S72.0 (fracture of the femur
neck), S72.1 (trochanteric fracture), S52.5 (fracture of the dis-
tal radius), S52.6 (combined fracture of the distal ulnar and
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radius), S42.2 (fracture of the proximal humerus), and S42.3
(fractured shaft of the humerus) for non-spine fracture
comprising the hip, radius, ulna, and humerus. Based on this
classification, previous studies have reported fracture out-
comes using the National Health Insurance Database.l’*®
All participants who had registered between 2009 and 2010
were followed up from the index date (1 January 2011) until
the date of osteoporotic fracture or death (31 December
2013), whichever occurred first.

Statistical analysis

Participants’ baseline characteristics according to sex were
determined using one-way analysis of variance for continu-
ous variables and XZ test for categorical variables. We per-
formed multivariate Cox proportional hazards regression
analysis to estimate the adjusted hazard ratios (aHRs) and
95% confidence intervals (Cls) for osteoporotic fracture risk
in relation to the effects of the pLBMI, pASMI, and pBFMI,
after adjustment for sociodemographic data, health behav-
iour, and health-related laboratory results in this analysis.
We included possible covariates in our analysis as follows:
age, sex, household income, smoking status (never, past,

Table 1 Baseline characteristics of the study population

and current smoker), alcohol intake (none, moderate, and
heavy), physical activity (low, moderate, and vigorous),
systolic blood pressure, serum total cholesterol, fasting blood
glucose levels, BMI, and the Charlson Comorbidity Index.
Additionally, the association between body composition and
categorical osteoporotic fracture sites (total, spine, and non-
spine) was evaluated in subgroup analyses. All statistical
analyses were conducted using SAS software (Version 9.4,
SAS Institute Inc., Cary, NC, USA) and STATA software
(Version 16.0, StataCorp LP, College Station, TX, USA). A P
value of <0.05 was considered statistically significant.

Results

Table 1 demonstrates the baseline characteristics of 291 473
enrolled subjects according to sex (men, n = 159 358; women,
n =132 115). The mean age (standard deviation) in men was
60.2 (8.3) years and in women was 60.7 (8.4) years. The num-
ber of total osteoporotic fracture events was 2350 (1.5%) in
men and 6175 (4.7%) in women. There were distinct differ-
ences in values in relation to the general characteristics
between the sexes. Women were more likely to have lower

Men Women P value
Number of people, N (%) 158 426 (54.6) 131 587 (45.4)
Fracture events, N (%) 2350 (1.5) 6175 (4.7) <0.001
Age (years), mean (SD) 60.2 (8.3) 60.7 (8.4) <0.001
Household income (quartile), N (%) <0.001
1st (highest) 61 087 (38.6) 39 881 (30.3)
2nd 47 272 (29.6) 38 924 (29.6)
3rd 30 688 (19.4) 29 765 (22.6)
4th (lowest) 19379 (12.2) 23017 (17.5)
Smoking, N (%) <0.001
Never smoker 58 838 (37.1) 128 553 (97.7)
Past smoker 53 126 (33.5) 926 (0.7)
Current smoker 46 462 (29.3) 2108 (1.6)
Physical activity (MET-min/week), N (%) <0.001
Low (<600 METs) 84 359 (53.3) 82 455 (62.7)
Moderate (600-2999 METs) 74 067 (46.8) 49 132 (37.3)
Alcohol consumption (times per week), N (%) <0.001
None 63 156 (39.9) 115221 (87.6)
Moderate 60 987 (38.5) 12 344 (11.5)
Heavy 34 283 (21.6) 4022 (3.06)
Systolic blood pressure (mmHg), mean (SD) 126.7 (14.8) 124.4 (15.7) <0.001
Fasting serum glucose (mg/dL), mean (SD) 103.8 (27.4) 98.5 (22.4) <0.001
Total cholesterol (mg/dL), mean (SD) 195.0 (36.7) 206.6 (38.2) <0.001
Body mass index (kg/mz), mean (SD) 24.1 (2.8) 24.0 (3.1) 0.020
Predicted body composition index (kg/m?), mean (SD)
pLBMI 18.2 (1.5) 15.7 (1.3) <0.001
pASMI 7.9 (0.7) 6.3 (0.6) <0.001
pBFMI 5.6 (1.3) 8.2 (1.8) <0.001
Charlson Comorbidity Index, N (%) <0.001
0 34 768 (22.0) 19 395 (14.7)
1 44 338 (28.0) 33 579 (25.5)
>2 79 320 (50.0) 78 613 (59.8)

METs, metabolic equivalents; N, number of people; pASMI, predicted appendicular skeletal muscle mass index; pBFMI, predicted body fat
mass index; pLBMI, predicted lean body mass index; SD, standard deviation.
P value calculated by »* test for categorical variables and one-way analysis of variance for continuous variables.
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levels of physical activity, less alcohol consumption, and women. A multivariable-adjusted Cox model showed
lower smoking rates than men. Women also tended to have that an increased pLBMI or pASMI was significantly
a lower pLBMI, lower pASMI, and higher pBFMI than men. associated with a decreased risk of total fractures in

Figure 2 shows the association between predicted men and women. However, in terms of the pBFMI, no
body composition and total fracture risk in men and significant association was found concerning total fracture

A pLBMI (kgim?) . Events Person-year  aHR (95% CI)
1
1st quintile (lowest) 4 788 101,794 1.00 (reference)
1
2nd quintile e ' 493 95,992 0.76 (0.66-0.87)
3rd quintile e 411 95,983 0.62 (0.51~0.76)
4th quintile e 359 92,951 0.60 (0.46~0.77)
- Ptrend<0.001 — o i
5th quintile rond< | 309 78,994 0.63 (0.47~0.83)
PASMI (kg/m?) '
1st quintile (lowest) ’ 868 100,622 1.00 (reference)
1
2nd quintile ' 461 95,174 0.68 (0.59~0.78)
— !
3rd quintile ' 405 94,659 0.63 (0.51~0.76)
4th quintil : 320 93,398 0.55 (0.43~0.71
quintle Prrena=0.001 . | : 55 (0.43~0.71)
5th quintile ' 296 81,859 0.62 (0.47~0.82)
PBFMI (kg/m2) ‘
1st quintile (lowest) i 524 68,980 1.00 (reference)
—e—i!
2nd quintile i 436 83,756 0.85 (0.74~0.97)
i !
3rd quintile i 431 98,211 0.78 (0.65~0.93)
_— '
4th quintile Prrond=0.764 : 484 107,609 0.93 (0.75~1.15)
5th quintile ' 475 107,156 1.02 (0.79~1.31)
0 0.5 1 15 2
Risk of total fracture
(hazard ratio)

B  pLBMI (kg/m?) , Events Person-year  aHR (95% Cl)
1st quintile (lowest) :0 1,375 79,092 1.00 (reference)
2nd quintile H0:H 1,265 78,526 0.99 (0.91~1.07)
3rd quintile _0—5* 1,148 73,478 0.91 (0.78~1.06)
4th quintile e E 1,103 71,481 0.76 (0.63~0.91)

- 1
5th quintile Prena=0.005  —e—— 1,284 80,998 0.72 (0.59~0.88)
1
pASMI (kg/m?) H
1st quintile (lowest) .' 1,531 81,080 1.00 (reference)
1
2nd quintile I 1,315 80,692 0.95 (0.88~1.04)
——i |
3rd quintile ' 1,127 74,920 0.84 (0.73~0.96)
4th quintil : 1,058 70,846 0.72 (0.60~0.85
quintile Pirend=0.001 . | ‘ ’ 72(0.60-085)
5th quintile i 1,144 76,038 0.71 (0.60~0.85)
PBFMI (kg/m2) '
'
1st quintile (lowest) i 1,407 83,273 1.00 (reference)
1
2nd quintile i 1,280 80,796 1.01 (0.93~1.10)
1
3rd quintile i 1,131 73,111 1.08 (0.92~1.28)
1
4th quintil ' 4 1. .89~1.
th quintile Pronts 0567 . 1,099 69,148 08 (0.89~1.32)
5th quintile ! 1,258 77,247 1.08 (0.87~1.35)
0 0.5 1 15 2

Risk of total fracture
(hazard ratio)

Figure 2 Association of the predicted lean body mass index (pLBMI), predicted appendicular skeletal muscle index (pASMI), and predicted body fat
mass index (pBFMI) with total facture in (A) men and (B) women. Hazard ratios are represented by black circles, where black lines correspond to
95% confidence interval (Cl) bounds from forest plots. Hazard ratios (95% Cl) were calculated by Cox proportional hazards regression analysis after
adjusting for age, income, physical activity, smoking, alcohol consumption, systolic blood pressure, fasting serum glucose, total cholesterol, Charlson
Comorbidity Index, and body mass index. aHR, adjusted hazard ratio.
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risk between men and women (Supporting Information, decreased risk of a spine fracture. In particular, the aHR
Table S1). (95% ClI) for spine fracture in the fourth pASMI quintile in

Figure 3 demonstrates the association between predicted men was 0.39 (0.27-0.56) compared with the first pASMI
body composition and spine fracture risk in men and women.  quintile, which indicated that the aHR magnitude identified
In men, a high pLBMI or pASMI was associated with a was more precise than that of the pLBMI. Moreover, the as-

A  pLBMI (kg/m?) , Events Person-year  aHR (95% Cl)
1st quintile (lowest) :o 405 101,794 1.00 (reference)
2nd quintile '—’—5 265 95,992 0.86 (0.73~1.00)
3rd quintile —e— E 203 95,983 0.72 (0.61~0.86)
4th quintile e E 157 92,951 0.63 (0.52~0.76)

1
5th quintile Pirena<0.001  —e— 131 78,994 0.67 (0.54~0.82)
1
pPASMI (kg/m?) |
1
1st quintile (lowest) .’ 481 100,622 1.00 (reference)
1
2nd quintile | 233 95,174 0.61 (0.50~0.75)
2 1
3rd quintile 1 197 94,659 0.54 (0.41~0.71)
PY 1
4th quintile : 129 93,398 0.39 (0.27~0.56)
1
5th quintile Ptrend <0.001 i 121 81,859 0.44 (0.29~0.66)
pBFMI (kg/m2) i
.
1st quintile (lowest) i 283 68,980 1.00 (reference)
e :
2nd quintile i 206 83,756 0.76 (0.63~0.92)
1
3rd quintile i 225 98,211 0.81 (0.63~1.04)
- -
4th quintile Prrona=0.611 : 232 107,609 0.92 (0.68~1.24)
5th quintile ' 215 107,156 0.99 (0.68~1.42)
0 05 1 15 2
Risk of spine fracture
(hazard ratio)

B pLBMI (kg/m?2) . Events Person-year  aHR (95% ClI)
1st quintile (lowest) :o 537 79,092 1.00 (reference)
2nd quintile % 465 78,526 0.97 (0.85~1.12)
3rd quintile '—O—Q—' 443 73,478 0.87 (0.69~1.12)
4th quintile —'—i-' 480 71,481 0.77 (0.58~1.03)
5th quintile Pirena=0.130 .—.—:r. 605 80,998 0.75 (0.55~1.03)

pASMI (kg/m?)
1st quintile (lowest) ? 630 81,080 1.00 (reference)
2nd quintile E 477 80,692 0.90 (0.78~1.04)
3rd quintile 1 445 74,920 0.82 (0.66~1.01)
—e—— !
- ) ~
4th quintile Prrond=0.022 ! 467 70,846 0.72 (0.55~0.94)
5th quintile | 511 76,038 0.70 (0.53~0.93)
1
pBFMI (kg/m?) \
L
1st quintile (lowest) \ 531 83,273 1.00 (reference)
—t———i
2nd quintile | 466 80,796 1.06 (0.92~1.21)
i .
3rd quintile | _ _ 448 73,111 1.44 (1.08~1.92)
1
- I
4th quintile Prronda=0.028 ' 489 69,148 1.60 (1.15~2.23)
5th quintile i 596 77,247 1.66 (1.16~2.36)
0 05 1 15 2

Risk of spine fracture
(hazard ratio)

Figure 3 Association of the predicted lean body mass index (pLBMI), predicted appendicular skeletal muscle index (pASMI), and predicted body fat
mass index (pBFMI) with spine fracture in (A) men and (B) women. Hazard ratios are represented by black circles, where black lines correspond to
95% confidence interval (Cl) bounds from forest plots. Hazard ratios (95% Cl) were calculated by Cox proportional hazards regression analysis after
adjusting for age, income, physical activity, smoking, alcohol consumption, systolic blood pressure, fasting serum glucose, total cholesterol, Charlson
Comorbidity Index, and body mass index. aHR, adjusted hazard ratio.
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sociation between the pBFMI and spine fracture risk differed Figure 4 shows the association between predicted body
according to sex. The pBFMI was not associated with a risk of composition and non-spine fracture risk involving the hip,
spine fracture among men, whereas there was a significant the humerus, and the radius in men and women. A high
positive relationship between the pBFMI and spine fracture pLBMI was associated with a decreased non-spine fracture

risk in women (Table S2). risk among men and women, whereas a high pASMI was as-
A  pLBMI (kg/m?) , Events Person-year  aHR (95% ClI)
1st quintile (lowest) :o 373 101,794 1.00 (reference)
2nd quintile ———i E 228 95,992 0.70 (0.58~0.86)
3rd quintile —— E 208 95,983 0.62 (0.47~0.82)
4th quintile i | 202 92,951 0.64 (0.45~0.92)
5th quintile Prrena=0.040 +———e——— 178 78,994 0.70 (0.47~1.03)
PASMI (kg/m?2) !

1st quintile (lowest) f 387 100,622 1.00 (reference)
1

2nd quintile H 228 95,174 0.76 (0.62~0.93)
° 1

3rd quintile | 208 94,659 0.74 (0.56~0.98)
Py :

4th quintile Prrona=0.407 | 191 93,398 0.75 (0.53~1.07)

5th quintile 1 175 81,859 0.84 (0.57~1.24)
1
pBFMI (kg/m2) i
L]

1st quintile (lowest) ] 241 68,980 1.00 (reference)
e+

2nd quintile 1 230 83,756 0.94 (0.77~1.15)
e

3rd quintile i 206 98,211 0.75 (0.58~0.98)
o o 1

4th quintile Preans=0.908 252 107,609 0.94 (0.69~1.28)

5th quintile | 260 107,156 1.05 (0.73~1.51)

0 0.5 1 1.5 2
Risk of non-spine fracture
(hazard ratio)
B pLBMI (kg/m?) , Events Person-year  aHR (95% CI)
1st quintile (lowest) :o 838 79,092 1.00 (reference)
2nd quintile + 800 78,526 1.00 (0.90~1.11)
3rd quintile Coe 705 73,478 0.93 (0.77~1.13)
4th quintile I E 623 71,481 0.75 (0.59~0.95)
= 1

5th quintile Prena=0.016  —e—v 679 80,998 0.69 (0.53~0.90)
1
pASMI (kg/m2) '

1st quintile (lowest) ’ 901 81,080 1.00 (reference)

2nd quintile 1 838 80,692 0.98 (0.88~1.10)
——i |

3rd quintile i 682 74,920 0.83 (0.70~0.99)
1

4th quintile | 591 70,846 0.70 (0.57~0.87)
Ptrena=0.011 ———i I

5th quintile E 633 76,038 0.70 (0.56~0.89)
PBFMI (kg/m?) :
.

1st quintile (lowest) ] 876 83,273 1.00 (reference)
1

2nd quintile i 814 80,796 0.99 (0.90~1.10)
1

3rd quintile i 683 73,111 0.94 (0.77~1.15)
1

4th quintile Prond=0.347 610 69,148 0.88 (0.68~1.13)

5th quintile ! 662 77,247 0.85 (0.64~1.12)

0 0.5 1 15 2

Risk of non-spine fracture
(hazard ratio)

Figure 4 Association of the predicted lean body mass index (pLBMI), predicted appendicular skeletal muscle index (pASMI), and predicted body fat
mass index (pBFMI) with non-spine fracture in (A) men and (B) women. Hazard ratios are represented by black circles, where black lines correspond
to 95% confidence interval (Cl) bounds from forest plots. Hazard ratios (95% Cl) were calculated by Cox proportional hazards regression analysis after
adjusting for age, income, physical activity, smoking, alcohol consumption, systolic blood pressure, fasting serum glucose, total cholesterol, Charlson
Comorbidity Index, and body mass index. aHR, adjusted hazard ratio.
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sociated with a reduced risk of non-spine fracture in women
but not in men. In addition, there was no statistically signifi-
cant association between the pBFMI and non-spine fracture

in both sexes (Table S3).

A

Total fracture
pLBMI (kg/m?)
pASMI (kg/m?2)
pBFMI (kg/m?)

Spine fracture
pLBMI (kg/m?)
pASMI (kg/m2)
pBFMI (kg/m?2)

Non-spine fracture

pLBMI (kg/m?)
pASMI (kg/m?)
pBFMI (kg/m?)

Total fracture
pLBMI (kg/m?)
pASMI (kg/m?2)
pBFMI (kg/m2)

Spine fracture
pLBMI (kg/m?)
PASMI (kg/m?)
pBFMI (kg/m?2)

Non-spine fracture

pLBMI (kg/m?2)
pASMI (kg/m?)
pBFMI (kg/m?)

Figure 5 presents forest plots of aHRs and 95% Cls per
changes in the inter-quintile range (IQR) for predicted body
composition and fracture risks in men and women. For each

IQR, pLBMI and pASMI were associated with a reduced risk

w

Risk of fractures
(hazard ratio)

o

Risk of fractures
(hazard ratio)

aHR (95% CI)

0.68 (0.58~0.81)
0.67 (0.56~0.80)
1.04 (0.89~1.23)

0.61 (0.48~0.79)
0.55 (0.43~0.72)
1.02 (0.81~1.28)

0.75 (0.59~0.96)
0.80 (0.62~1.02)
1.08 (0.86~1.35)

aHR (95% Cl)

0.86 (0.77~0.96)
0.85 (0.76~0.95)
1.02 (0.91~1.14)

0.96 (0.80~1.14)
0.95 (0.81~1.13)
1.21 (1.02~1.45)

0.80 (0.69~0.93)
0.78 (0.68~0.91)
0.91 (0.78~1.05)

p-value

<0.001

<0.001
0.570

< 0.001
< 0.001
0.882

0.021
0.072
0.507

p-value
0.009
0.004
0.761

0.618
0.580
0.031

0.003
0.001
0.199

Figure 5 Association of the predicted lean body mass index (pLBMI), predicted appendicular skeletal muscle index (pASMI), and predicted body fat
mass index (pBFMI) presented by changes per inter-quintile range with the total, spine, and non-spine fractures in (A) men and (B) women. Hazard
ratios are represented by black circles, where black lines correspond to 95% confidence interval (Cl) bounds from forest plots. Hazard ratios (95%
Cl) were calculated by Cox proportional hazards regression analysis after adjusting for age, income, physical activity, smoking, alcohol consumption,
systolic blood pressure, fasting serum glucose, total cholesterol, Charlson Comorbidity Index, and body mass index. aHR, adjusted hazard ratio.
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of total fracture and non-spine fracture, but pBFMI was not
associated with a decreased risk of total fracture and
non-spine fracture in men and women. Furthermore, for each
IQR, the pLBMI and pASMI reduced the risk of spinal fracture
in men, and pBFMI increased risk of spinal fracture in
women. Generally, the aHR of pASMI to fracture risk tends
to be lower than that of the pLBMI to fracture risk (Table S4).

Discussion

In this general population-based, longitudinal cohort study,
we investigated the association between body composition
and osteoporotic fracture risks in a Korean adult population
using anthropometric prediction equations. We found that
an increased pLBMI or pASMI was associated with a de-
creased risk of total osteoporotic fractures. However, the
pBFMI showed no significant statistical association after
adjusting for various covariates, including BMI, to compen-
sate for weight-bearing effects in men and women. Our find-
ings indicated that muscle mass, rather than fat mass, was
more important in terms of bone protection and bone frac-
ture prevention. To our knowledge, this study is the first co-
hort study to examine the association of body composition
and osteoporotic fracture risks using a large sample size and
validated anthropometric prediction equations in an Asian
population.

Body composition is composed of three compartments,
namely, lean mass, fat mass, and bone mass. LBM refers to
the total body mass minus the fat mass and thus comprises
the combined weight of the muscles, bones, organs, skin,
and blood. ASM accounts for ~75% of the total skeletal mus-
cle mass and has received increased attention because it de-
termines the ability to perform daily physical activities related
to sarcopenia, which is defined as a loss of skeletal muscle
(estimated using ASM).*® To evaluate body composition inde-
pendently, it is necessary to differentiate between BFM and
LBM.2%2 Moreover, as LBM includes both the lean mass of
the entire trunk and the skeletal mass of the limbs, we calcu-
lated the pLBMI and the pASMI separately to distinguish ASM
from LBM to emphasize the effect of skeletal muscle mass on
fractures.

Muscle mass and osteoporotic fracture

Previous reports have demonstrated the beneficial role of
muscle mass in maintaining bone mass.” Muscle mass in-
creases bone density through both mechanical loading and
molecular signalling.?* Furthermore, muscle affects the skele-
tal metabolism by regulating levels of hormones and bone
anabolic factors.”? A low LBM may have negative effects on
BMD and contribute to declining muscle strength, leading
to an increased risk of falls.>®> A meta-analysis of the associa-

tion between lean mass, fat mass, and BMD reported that
lean mass is a more important factor than fat mass in BMD
in both sexes of all ages and ethnicity.* In a recent system-
atic review and meta-analysis, sarcopenia was found to be
positively associated with fractures.?®> Similar to those of
previous studies, our findings also showed that a high pLBMI
or pASMI was significantly associated with a decreased total
fracture risk after adjusting for confounders, specifically
including BMI, in both sexes.

Our study showed further evidence that this relationship
varied depending on sex and skeletal anatomical site. Based
on sex-specific or site-specific differences, the protective
effect of muscle mass was more prominent in men than in
women. In addition, the protective effect of the pASMI,
rather than the pLBMI, tended to be stronger for fractures
in both sexes. With regard to sex differences, previous stud-
ies have suggested that, as men have a smaller proportion
of fat mass and a more rapid loss of muscle depending on
their age as well as a relatively larger degree of decline in
the testosterone and IGF-1 levels compared with those in
women, the effect of muscle on bone appears stronger and
more favourable in men than in women.?%%’

Our results showed that the pLBMI reduced the risk of
spine fracture in men but not in women. Kim et al. also re-
ported a sex-dependent relationship between body composi-
tion and fracture incidence among Korean adults in a
prospective cohort study, suggesting low lean mass as a risk
factor of fragility fracture in men but not in women.?
Site-specific differences found between ASM and femur
BMD may be further explained through mechanical loading
on bone where the femur, rather than the spine, is the main
region where mechanical loading is exerted and where
weight-bearing occurs.?® However, the biological mechanisms
that underlie these sex-specific or site-specific differences
remain unclear and need to be elucidated through future
studies. In addition, fractures are affected by both skeletal
components such as bone turnover, strength, and BMD and
non-skeletal components such as functional impairment,
physical performance, disability, and falls.*® Further
large-scale studies are necessary to clarify the relationship
between muscle mass and the various risk factors of fractures
such as BMD and falls.

Fat mass and osteoporotic fracture

Obesity is commonly considered to have a protective effect
on bone metabolism; however, a recent study reported that
obesity had no benefits in relation to fractures in contrast
to its positive effect on weight-bearing.>® The relationship
between obesity and bone health may differ according to
the definition of obesity. If the definition is based on BMI,
obesity appears to protect bony structures, whereas if it is
based on the proportion of fat mass or adipose tissue, it
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may be a risk factor for bone health.3* Our study showed that
the pBFMI was not significantly associated with total fracture
risks in both sexes. Adjustment for mechanical loading of
body weight as a potential confounding factor is required to
determine the relationship between body composition and
fracture risk. Therefore, the aHRs of fracture risks in our data
were all corrected with BMI as the main covariate to compen-
sate for this weight-bearing effect; as a result, no association
between fat mass and fractures was found. Complex patho-
physiological interactions are observed between fat and bone
metabolism. Fat accumulation promotes adipocyte differenti-
ation by promoting hormone secretion (adiponectin, leptin,
and sex hormones) and producing pro-inflammatory cyto-
kines (interleukin-6, tumour necrosis factor-a, and C-reactive
protein), which modulate osteoblast—osteoclast interaction.
In addition, fat distribution (visceral or subcutaneous fat) in-
fluences bone formation. At present, the net beneficial or
harmful effect of fat mass on bone remains controversial.3*
Furthermore, our analysis indicated that the pBFMI influ-
enced the increase in spine fracture risk only in women. A
possible mechanism explaining the adverse effect in this as-
sociation between pBFMI and spine fracture in women may
be metabolically active abdominal fat tissue. Furthermore,
the inflammatory signalling pathways appear to be higher
with excessive abdominal fat, which stimulates osteoclasto-
genesis and bone loss.>® Based on sex or site differences,
women have been reported to have higher rates of metabolic
syndrome (MS) and more abdominal fat than men, as they
undergo physiological changes during the postmenopausal
stage.3*3> The results of a longitudinal study involving 417
men and 671 women indicated that, after adjusting for BMI,
MS was related to lower BMD and may be a risk factor for
fractures.®® Regarding the distribution of fat mass, a prospec-
tive cohort study that involved 54 934 participants reported
that central obesity increased spine fracture risks, suggesting
that fat distribution can predict spine fracture risks; thus,
spine fracture risk may be reduced by decreasing abdominal
obesity and maintaining muscle mass in older women.3’ Sim-
ilar to our findings, one study suggested that high fat mass,
abdominal obesity, and MS were associated with vertebral
fractures in Korean women aged 60-79 years.>?

Our findings did not support the obesity paradox. This con-
troversial hypothesis does not differentiate between the lean
and adipose tissue compartments in terms of prognosis for
morbidity and mortality due to the methodological limita-
tions attributed to using BMI. Although an alternative ap-
proach that includes DXA, bioelectrical impedance analysis,
computed tomography scanning, and magnetic resonance
imaging has been considered, limitations exist because of
high price, time constraints, and the need for specialization;
moreover, these procedures are performed only in limited re-
search and medical facilities and are not feasible for
large-scale screening.’> However, anthropometric measures
are easily applied, less expensive, non-invasive, and more

available in a practical setting; hence, they are widely used
as measures in large health surveys and cohort studies.’®
For this reason, we applied prediction equations using
anthropometric measures in this study. Further analysis of as-
sessment tools for body composition is required to elucidate
the obesity paradox phenomenon when predicting bone
health outcomes.

Strengths and limitations

Our study has some potential limitations; thus, the results
must be carefully interpreted with attention to the following
limitations. First, the predicted body composition is an imper-
fect measurement; this may have resulted in measurement
errors. The prediction equations in our study showed a mod-
erate level of agreement with the DXA measurement, indicat-
ing that these equations may be restricted when applied in
small populations or individuals. However, because the re-
sults of a previous large validation study based on Korean
National Health and Nutrition Examination Survey showed
high predictive values, including low bias, high ICC, high ad-
justed R%, and low SEE, these prediction equations can be
fully available in large-scale research and epidemiological
studies. Second, there are no imaging records such as
X-rays in the NHIS dataset to support the operational defini-
tion of osteoporotic fracture. In addition, the NHIS database
has no information such as BMD, steroid treatment, hormone
replacement therapy, and previous history of fracture, which
are considered the determinants of osteoporotic fractures
risks. To overcome these limitations, we used Charlson
Comorbidity Index to compensate for the effect of potential
covariates. Further trials considering fracture risk factors as
confounders are required. Third, ethnicity-specific differences
in body composition are another potential limitation. Asians
have a higher body fat percentage, prominent abdominal
obesity, and a higher intramyocellular lipid content compared
with Caucasians.>® In addition, Asians have less lean mass at a
similar body size than Europeans, which persists after adjust-
ment for confounders such as age, height, and lifestyle.®® In
the present study, all subjects were recruited from a Korean
population, and the prediction equations were also derived
and validated from a Korean population; thus, they can be ap-
plied to the Asian population. Therefore, the application of
our results to all ethnic groups might be limited. Fourth, the
NHIS database was collected from 2002 and followed up
through to 2013. Our study could not include the latest and
integrated representative cohort of the NHIS because the
database has not been updated. However, if updated data
are available, a longer period of follow-up research will be
possible in the future.

Despite these limitations, the application of anthropo-
metric prediction equations enabled the estimation of the
amount of muscle and fat mass in a large population in a
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practical setting. Based on these equations, we considered
LBM, ASM, and BFM simultaneously, which reflects what
is performed in real practice and also allowed us to under-
stand the influence of muscle and fat mass in predicting
fracture risk. Moreover, we designated the primary out-
come as fractures, which is the most robust outcome vari-
able to reflect bone health, rather than BMD. Despite low
BMD being an important risk factor influencing fractures,
it is one of the surrogate markers for predicting clinical out-
comes, and fracture risk also includes non-skeletal risk
factors such as falls. Therefore, more factors related to
bone properties were considered. Consequently, the find-
ings of this study reveal a strong relationship between body
composition and osteoporotic fractures in a Korean adult
population.

Conclusions

Our study found that increased muscle mass reduced osteo-
porotic fracture risks. However, based on anthropometric
prediction equations among Korean adults aged >50 years,
fat mass was not statistically related to this outcome. Our
findings indicated that muscle mass, rather than fat mass,
was a more important determinant for fracture risk;
therefore, increasing muscle mass is pivotal to preventing os-
teoporotic fractures. From a public health perspective, an-
thropometric methods to estimate muscle or fat mass may
be a clinically useful measurement in the development of
body composition and fracture risk prediction models in the
future, providing additional insights into how muscle or fat
mass independently affect bone health and to help clarify
controversial issues in terms of the obesity paradox in rela-
tion to bone mass. Public health strategies to change health
promotion behaviour for healthy body composition may be
helpful for maintaining bone health in adult populations.
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