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Abstract
Summary In a representative sample of 3058 Korean postmenopausal women, we studied which types of obesity were more or
less desirable for developing concomitant osteoporosis and metabolic syndrome (MS), with the goal of helping clinicians identify
steps to reduce patients’ risk. Different definitions of obesity showed different relationships with osteoporosis and MS in this
population.
Purpose To examine sample characteristics, prevalence, and the risk of osteoporosis and metabolic syndrome among four groups
of postmenopausal women classified by obesity.
Methods Data from the Korea National Health and Nutrition Examination Survey were analyzed using the Rao-Scott chi-square
test, analysis of variance, and multinomial logistic regression analysis. The four groups included body mass index (BMI)-based
obese, waist circumference (WC)-based obese, BMI-, and WC-based obese, and non-obese women, using BMI and WC cutoffs
for obesity of ≥ 25 kg/m2 and ≥ 80 cm, respectively.
Results The prevalence of osteoporosis and MSwas 40.8% and 48.5%, respectively. Age, socioeconomic status, smoking status,
and hormone therapy use differed among the obese groups. The odds ratios of simultaneously having both osteoporosis and MS
in the BMI- and WC-based obese, BMI-based obese, WC-based obese, and non-obese groups were 7.39 (95% confidence
interval [CI] = 4.83–11.31), 0.74 (95% CI = 0.27–1.98), 7.07 (95% CI = 4.72–10.58), and 1, respectively.
Conclusions The findings demonstrate the most and the least desirable types of obesity in terms of risk for both osteoporosis and
MS. Public health practitioners may consider the type of obesity to reduce or prevent both conditions in postmenopausal women.
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Introduction

Postmenopausal women have an increased risk for osteoporo-
sis and/or metabolic syndrome due to hormonal changes
[1–4]. Osteoporosis is a skeletal disease characterized by
low bone density and poor bone quality [5]. Approximately
42 to 48% of postmenopausal women have osteoporosis [1,
3]. Metabolic syndrome refers having three or more of the
following conditions: elevated waist circumference (WC),

elevated triglycerides, reduced high-density lipoprotein, ele-
vated blood pressure, and elevated fasting glucose [6]. The
prevalence of metabolic syndrome in postmenopausal women
has been found to be 13.5 to 37% [2, 7], and the odds ratio for
metabolic syndrome in postmenopausal women compared
with premenopausal women was 3.5 [7]. In postmenopausal
women, osteoporosis increases the risk for bone fracture,
which can be considered an adverse effect of osteoporosis
[5] and poor quality of life [8]. Metabolic syndrome has sev-
eral adverse effects in postmenopausal women, including in-
creased risk for subclinical atherosclerosis [9]; breast cancer
[10]; and all-cause, cardiovascular disease-related, and cardiac
disease-related mortality [11]. Thus, both osteoporosis and
metabolic syndrome need to be managed effectively in post-
menopausal women.

Obesity is a modifiable factor associated with both osteo-
porosis and metabolic syndrome. Body mass index (BMI) and
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WC are two indicators of obesity that have been commonly
used in research. BMI, as a continuous variable, was positive-
ly associated with hip bone mineral density (BMD) in post-
menopausal women [12]. As a categorical variable, obesity
(BMI > 27 kg/m2) was positively associated with femoral
BMD [13]. When BMI was further categorized, overweight
(25 to 29.9 kg/m2) and obesity (BMI > 30 kg/m2), compared
with normal weight or non-obesity (BMI < 25 kg/m2), were
associated with lower odds ratios for osteoporosis of the total
hip and femoral neck [14]. After menopause, obesity (BMI ≥
30 kg/m2) delayed osteoporosis for 5 to 9 years, which was
attributed to high baseline BMD [15]. In addition, a lowerWC
(< 88 cm), compared with a higher WC (≥ 88 cm), was asso-
ciated with a higher rate of osteoporosis in postmenopausal
women [16]. Thus, overall, obesity has been associated with
higher levels of BMD and lower rates of osteoporosis in the
literature.

However, a higher WC was associated with having meta-
bolic syndrome in postmenopausal women (94.9 vs. 88.3,
p = .001) [17]. In addition, obese postmenopausal women
had higher rates of metabolic syndrome than non-obese post-
menopausal women (66% vs. 22%) [18]. Increases in BMI, as
a continuous variable, were associated with increases in met-
abolic syndrome (odds ratio 1.29, 95% confidence interval
1.20, 1.39) [19]. Thus, the overall findings of prior studies
show opposite directions in the relationships of obesity with
osteoporosis and metabolic syndrome among postmenopausal
women. The opposite directions of these relationships cause
difficulties inmanaging obesity with the goal of simultaneous-
ly reducing or preventing both osteoporosis and metabolic
syndrome in this population.

As shown, both indicators of obesity (BMI and WC) have
been commonly associated with BMD, osteoporosis, frac-
tures, and metabolic syndrome. Although the overall findings
were relatively consistent, it is not true for the directionality of
the associations [17]. In some studies, the relationships of
obesity to BMD and osteoporosis differed depending on the
indicator of obesity that was used. For instance, body weight
was positively associated with BMD, but WC showed a neg-
ative association with BMD [20]. In addition, BMI did not
differ between an osteoporotic fracture group and a non-
fracture group, but WC did. In addition to the opposite direc-
tions of the relationships of obesity with osteoporosis and
metabolic syndrome, differences in the relationships of obesi-
ty with these outcomes depending on the choice of indicator
cause further difficulties in managing obesity to reduce the
risk of both conditions. Thus, the relationships of obesity with
osteoporosis and metabolic syndrome need to be examined
further, considering both indicators of obesity. Considering
the adverse effects of both osteoporosis and metabolic syn-
drome on health outcomes, it is critical to manage obesity to
reduce the prevalence of both conditions among postmeno-
pausal women. However, few researchers have examined the

relationships of obesity to both osteoporosis and metabolic
syndrome at the same time. In addition, considering the dif-
ferent relationships of obesity to osteoporosis and fracture
depending on the choice of an obesity indicator, it is critical
to consider both indicators of obesity simultaneously. Some
studies have included both indicators and examined their re-
lationships with osteoporosis [20], but they did not consider
the combination of those two indicators.

Therefore, the purpose of this study was to examine the
relationships of obesity with both osteoporosis and metabolic
syndrome by considering both indicators of obesity together.
We addressed this goal by examining the prevalence of oste-
oporosis and metabolic syndrome among four groups defined
in terms of obesity as follows: a BMI- and WC-based obese
group (BMI ≥ 25 kg/m2 and WC ≥ 80 cm), a BMI-based
obese group, a WC-based obese group, and a non-obese
group, using data from the Korea National Health and
Nutrition Examination Survey (KNHANES). The first specif-
ic aimwas to examine the differences in sample characteristics
among the four groups of obese participants. The second spe-
cific aim was to examine the prevalence and risk for osteopo-
rosis and metabolic syndrome among the four groups of obese
participants.

Methods

Study design, setting, and sample

This was a cross-sectional comparative study using secondary
data analysis to examine the relationships of obesity with both
osteoporosis and metabolic syndrome among postmenopausal
women using data from the 2008–2011 KNHANES conduct-
ed by the Korea Centers for Disease Control and Prevention
(KCDC). The KNHANES uses a systematic samplingmethod
considering residential area, sex, and age, as well as standard-
ized assessment methods. A trained staff collected data
through direct physical examinations, personal interviews of
individuals who underwent physical examinations to identify
their history of various diseases or medical conditions, clinical
and laboratory tests, and related measurement procedures. In
the 2008–2011 survey, 37,753 individuals (men 17,195 and
women 20,558) participated (Fig. 1). For this study, data were
extracted from the dataset as follows. The inclusion criteria
were community-dwelling postmenopausal women.
Postmenopausal status was defined as responding “No” to
the question of “Do you have menstrual period during the
previous 12 months”. The exclusion criteria were postmeno-
pausal women with missing data (bone densitometry results,
responses to diet-related questions, and muscle and fat results)
and those with cancer, chronic kidney failure, or liver cirrhosis
to avoid confounding effects on the relationships examined in
this study. No significant differences were found between the
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included and excluded women according to residential area
(χ2 = 2.2, p = .14), socioeconomic status (χ2 = 1.9, p = .38),
smoking status (χ2 = 0.7, p = .41), alcohol consumption
(χ2 = 0.3, p = .85), physical activity (χ2 = 5.7, p = .06), or hor-
mone therapy (χ2 = 3.0, p = .08). However, significant differ-
ences between the included and excluded women were found
according to age (χ2 = 30.9, p < .001), living arrangement
(χ2 = 20.7, p = .001), and parental fracture history (χ2 =
70.3, p < .001).

Measurements

In the KNHANES, osteoporosis was determined by the lum-
bar spine 1–4 and femoral neck BMD based on dual-energy
X-ray absorptiometry (DISCOVERY QDR-4500W, Hologic
Inc., Bedford, MA, USA). The sample was categorized into
two groups based on the diagnostic criteria of the World
Health Organization for menopausal women and men aged
50 or older: osteoporosis = T-score of any of the two BMDs
≤ − 2.5; normal = T-score of both BMDs > − 2.5 [21].

The presence of metabolic syndrome was determined
based on the Asia-Pacific criteria of the National Cholesterol
Education Program-Adult Treatment Panel III (NCEP-ATP 3)
[22]. The specific criteria were high blood pressure deter-
mined by systolic blood pressure ≥ 130 mmHg, diastolic
blood pressure ≥ 85 mmHg, or the present use of antihyper-
tensive medications; high fasting glucose determined by a
fasting glucose level ≥ 110 mg/dL or the present use of insulin
or oral diabetic medications; high triglycerides determined by
triglyceride levels ≥ 150 mg/dL or the present use of lipid-
lowering medications; low high-density lipoprotein-C (HDL-
C) determined by an HDL-C level < 50 mg/dL or present use

of relevant medications; and central obesity determined by
WC ≥ 80 cm. Postmenopausal women who had three out of
the five criteria were categorized as having metabolic
syndrome.

Obesity was determined by BMI and WC. BMI was calcu-
lated by dividing weight in kilograms by squared height in
meters (kg/m2). A BMI ≥ 25 kg/m2 was defined as obese.
WC was assessed by rulers. A WC ≥ 80 cm was defined as
obese. The sample was categorized into four obesity groups
based on BMI and WC: a BMI- and WC-based obese group
(BMI ≥ 25 kg/m2 and WC ≥ 80 cm), a BMI-based obese
group (BMI ≥ 25 kg/m2 andWC< 80 cm), a WC-based obese
group (BMI < 25 kg/m2 and WC ≥ 80 cm), and a non-obese
group (BMI < 25 kg/m2 and WC< 80 cm).

Other variables that may be related to osteoporosis (or os-
teoporotic fracture) and/or metabolic syndrome were also ex-
tracted from the data, as follows: age [7, 14], height [23],
living arrangement and socioeconomic status [23], smoking
status [23], alcohol [24], physical activity [23, 25], hormone
therapy and parental fracture history [23], serum vitamin D
levels [26], daily protein [27], calcium [23], sodium and cal-
orie intake [1], and total muscle mass and total body fat mass
[28, 29]. The total muscle and body fat mass of the partici-
pants were also measured using dual-energy X-ray absorpti-
ometry. Data on residential areas were collected as a sample
characteristic.

Statistical analysis

The weighted data were used to examine the relationships of
obesity with osteoporosis and metabolic syndrome. The tests
for BMD were conducted between July 2008 and May 2011,

Participants in the KNHANES 2008-2011

(N = 37,753)

Female participants (n = 20,558)

Exclusion: Men (n = 17,195)

Participants with postmenopausal status (n = 7,810)

Exclusion: Individuals with current 

menstruation (n = 12,748)

Participants without missing data (n = 3,505)

Exclusion: Individuals with missing data (n = 

4,305)

Study sample (n = 3,058)

Exclusion: Individuals with cancer, chronic 

kidney disease, and liver cirrhosis (n = 447)

Fig. 1 Flow chart of participant
selection from the KNHANES
data. KNHANES, Korea National
Health and Nutrition Examination
Survey
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and the weighted BMD for 2008 was 108/580, for 2009 and
2010 was 200/580, and for 2011 was 80/580. The Rao-Scott
chi-square test was used to compare categorical sample char-
acteristics among the four groups. Analysis of variance and
the Bonferroni ad hoc test were used to compare continuous
sample characteristics among the groups. Multinomial logistic
regression analysis was used to examine the odds ratios for the
risk of simultaneously having both conditions, osteoporosis
only, and metabolic syndrome only in each obesity group,
controlling for covariates (age; height; living arrangement;
socioeconomic status; smoking status; alcohol; physical activ-
ity; hormone therapy; serum vitamin D; daily protein, calci-
um, sodium, and calorie intake; and muscle-to-fat ratio). The
significance level was set at p < .05. For all analyses, SAS 9.4
was used (SAS Institute, Cary, NC, USA).

Results

Sample characteristics among obesity groups

Among the 3058 postmenopausal women, 1075 (weighted
frequency = 1,446,563) were in the BMI- and WC-based
obese group, 55 (weighted frequency = 66,092) in the BMI-
based obese group, 761 (weighted frequency = 1,093,301) in
the WC-based obese group, and 1167 (weighted frequency =
1,672,305) in the non-obese group. Of the sociodemographic
and clinical characteristics, age, socioeconomic status,
smoking status, and hormone therapy significantly differed
among the groups (Table 1). The non-obese group contained
younger women (50–59 years), more women with higher ed-
ucation and income, and more women who used hormone
therapy and smoked. The WC-based obese group was the
tallest group, while the BMI-based obese group was the
shortest group. The non-obese group had the lowest total mus-
cle and body fat mass and the highest muscle-to-fat ratio,
while the BMI- and WC-based obese group had the highest
total muscle and body fat mass and the lowest muscle-to-fat
ratio (Table 2). There were no differences among the groups in
residential area, living arrangement, alcohol intake, physical
activity, parental fracture history, or nutritional intake
(Tables 1 and 2).

Comparisons of osteoporosis and metabolic
syndrome among the obesity groups

Differences in osteoporosis and metabolic syndrome among
the obesity groups were examined using the Rao-Scott chi-
square test using weighted data (Table 3). The prevalence of
osteoporosis was higher in both the WC-based obese group
(BMI < 25 kg/m2 andWC ≥ 80 cm, 45.3%) and the non-obese
group (BMI < 25 kg/m2 and WC< 80 cm, 43.6%), and lower
in the BMI- andWC-based obese group (BMI ≥ 25 kg/m2 and

WC ≥ 80 cm, 34.8%) and the BMI-based obese group (BMI <
25 kg/m2 and WC < 80 cm, 30.0%) than their counterparts
(χ2 = 18.9, p < .001). The prevalence of metabolic syndrome
was higher in the BMI- and WC-based obese group (73.5%)
and the WC-based obese group (63.2%) and lower in the
BMI-based obese group (28.7%) and the non-obese group
(18.0%) (χ2 = 559.5, p < .001).

In the multinomial logistic regression analysis, the odds
ratios for both osteoporosis and metabolic syndrome in the
BMI- and WC-based obese group (7.39, 95% CI = 4.83–
11.31) and the WC-based obese group (7.07, 95% CI =
4.72–10.58) were higher, but the odds ratio in the BMI-
based obese group (0.74, 95% CI = 0.27–1.98) was not sig-
nificantly higher than that in the non-obese group. The odds
ratios for having only osteoporosis in the four groups were
0.66 (0.44–1.00), 0.79 (95% CI = 0.53–1.20), 0.42 (0.18–
0.99), and 1, respectively. The odds ratios for having only
metabolic syndrome were 14.31 (9.21–22.25), 6.99 (95%
CI = 4.56–10.71), 1.85 (0.76–4.53), and 1, respectively, in
the four groups (Table 4).

Discussion

The findings of this study demonstrate that different defi-
nitions of obesity showed different relationships with oste-
oporosis and metabolic syndrome among postmenopausal
women, allowing an identification of the most and least
desirable types of obesity for both conditions in this pop-
ulation. In the multinomial regression analysis, BMI-based
obesity was associated with a lower likelihood of simulta-
neously having both osteoporosis and metabolic syndrome
and having only osteoporosis, and a higher likelihood of
having only metabolic syndrome, but these trends did not
show statistical differences from the non-obese group.
WC-based obesity was associated with a higher likelihood
of simultaneously having both osteoporosis and metabolic
syndrome and of having only metabolic syndrome. Both
BMI- and WC-based obesity were associated with a lower
likelihood of having osteoporosis, but the greatest likeli-
hood of simultaneously having both osteoporosis and met-
abolic syndrome and of having metabolic syndrome. The
findings provide valuable information for the management
of obesity with the goal of reducing and preventing both
osteoporosis and metabolic syndrome, which are prevalent
conditions [1–3, 7] that cause considerable adverse health
outcomes in postmenopausal women [5, 8–11]. It has been
difficult to manage obesity with the goal of reducing the
risk for both osteoporosis and metabolic syndrome because
of the opposite directions of the relationship of obesity
with these two conditions [14, 15, 17, 18].

The prevalence of osteoporosis based on weighted data
in this study was high (40.8%) and is comparable with the
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prevalence of 42 to 48% in prior studies [1, 3]. The prev-
alence of metabolic syndrome based on weighted data in
this study was likewise high (48.5%) and in fact is higher
than the rates of 13.5 to 37% reported in prior studies [2,
7]. In Korean postmenopausal women [2], the prevalence
of metabolic syndrome was 13.5%. In that prior study,
even though similar criteria were used to determine met-
abolic syndrome, women with chronic diseases, such as
cancer, diabetes, and hypertension, were excluded. In the
prior study, the prevalence was calculated based on a
sample who visited a single health promotion center be-
tween 2006 and 2009, while the prevalence in this study
was calculated using a national and weighted dataset be-
tween 2008 and 2011. In a systematic literature review of
119 studies, the pooled prevalence in postmenopausal
women was 37% [7], which is slightly lower than the rate
observed in this study. The high prevalence of both oste-
oporosis and metabolic syndrome in menopausal or post-
menopausal women confirms the urgent need for manag-
ing both osteoporosis and metabolic syndrome in this
population.

The findings of this study suggest the most and the
least desirable types of obesity for managing both osteo-
porosis and metabolic syndrome. Many prior studies have
examined the relationships of obesity with osteoporosis
and metabolic syndrome and found significant relation-
ships, but the findings were not very helpful for manag-
ing both conditions because of the opposite directions of
the relationships of obesity with osteoporosis and meta-
bolic syndrome. For instance, obesity based on BMI or
WC has been associated with higher BMD, a lower prev-
alence of osteoporosis, or delayed development of osteo-
porosis [12–16]. In contrast, obesity based on BMI or
WC has been associated with increased development of
metabolic syndrome [17–19]. In the prior studies, no re-
searchers examined the relationships of obesity with both
osteoporosis and metabolic syndrome by combining both
indicators of obesity to generate four different types of
obesity. Muscle mass and fat mass were regarded as com-
mon factors related to obesity, osteoporosis, and metabol-
ic syndrome. For instance, only fat mass, regardless of
muscle mass, was significantly associated with the

Table 2 Comparisons of sample characteristics across obesity groups: continuous variables

Characteristics Obesity group F p value

BMI- and WC-based obesity BMI-based obesity WC-based obesity Non-obesity
Mean (SE) Mean (SE) Mean (SE) Mean (SE)

Height (cm) 152.9 (0.2) a 149.9 (0.9) b 154.0 (0.2) c 152.7 (0.2) d 12.4 < .001

Serum vitamin D (ng/mL) 18.5(0.3) 16.8(0.8) 18.4(0.3) 18.7(0.3) 1.60 .19

Protein intake per day (g) 51.1 (1.0) 50.8 (3.0) 50.8 (1.0) 50.9 (0.9) 0.02 .99

Calcium intake per day (mg) 430.9 (21.3) 457.6 (52.1) 406.5 (12.0) 419.5 (11.6) 0.58 .63

Sodium intake per day (g) 3.8 (0.1) 4.3 (0.4) 3.7 (0.1) 3.7 (0.1) 0.90 .44

Calorie intake per day (kcal) 1530.1 (24.3) 1462.1 (62.2) 1548.2 (28.0) 1515.8 (21.0) 0.62 .60

Total muscle mass (g) 37,677 (123.5) a 36,602 (293.9) b 34,137 (112.6) c 32,625 (98.3) d 451.98 < .001#

Total body fat mass (g) 24, 234 (145.2) a 21,742 (466.3) b 19,026 (141.5) c 15,542 (129.7) d 788.46 < .001#

Muscle-to-fat ratio (g/g*100) 159.5 (1.2) a 173.8 (4.4) b 183.5 (2.1) b 222.1 (2.4) c 224.83 < .001#

BMI, body mass index; WC, waist circumference; SE, standard error

p values were obtained by analysis of variance (ANOVA), adjusted for age
# p values were obtained by analysis of variance (ANOVA), adjusted for age and height
a,b,c,dMean values within a row were significantly different by the Bonferroni post hoc test (p < .05)

Table 3 Prevalence of osteoporosis and metabolic syndrome across obesity groups

Condition Total BMI- and WC-based
obesity

BMI- based
obesity

WC-based
obesity

Non-obesity χ2 p value

N (%) N (%) N (%) N (%) N (%)

Osteoporosis No 2,530,674 (59.2) 942,651 (65.2) 46,251 (70.0) 597,863 (54.7) 943,908 (56.4) 18.9 < .001
Yes 1,747,587 (40.8) 503,912 (34.8) 19,841 (30.0) 495,438 (45.3) 728,396 (43.6)

Metabolic syndrome No 2,203,304 (51.5) 382,616 (26.5) 47,115 (71.3) 402,066 (36.8) 1,371,507 (82.0) 559.5 < .001
Yes 2,074,957 (48.5) 1,063,947 (73.5) 18,977 (28.7) 691,235 (63.2) 300,798 (18.0)

BMI, body mass index; WC, waist circumference; N, weighted frequency
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prevalence of metabolic syndrome in Korean adults [28].
Otherwise, in a meta-analysis on factors influencing os-
teoporosis in postmenopausal women, the effects of fat
mass and lean mass on BMD were not different [29].
Both BMI- and WC-based obesity in this study were
associated with the greatest total muscle and body fat
mass and the lowest muscle-to-fat ratio, indicating that
this group may correspond to a generally higher-risk pro-
file. BMI-based obesity was associated with more total
muscle and body fat mass than WC-based obesity; there
were no statistically differences in the muscle-to-fat ratio
between these two groups. We recommend further re-
search to examine whether BMI-based obesity, compared
with other types of obesity, is specifically associated with
risk elevation.

Because of the opposite directions of these relation-
ships, it was not possible for healthcare practitioners and
postmenopausal women to know whether they needed to
decrease or increase their BMI or WC to reduce the like-
lihood of developing osteoporosis and metabolic syn-
drome. Based on the findings of this study, clinicians
may consider suggesting that postmenopausal women
with WC-based obesity, but not those with BMI-based
obesity, take steps to reduce their risk of simultaneously
developing osteoporosis and metabolic syndrome.
Healthcare practitioners also may consider suggesting that
postmenopausal women with both BMI- and WC-based
obesity should reduce their WC and recommend that
non-obese women take steps to prevent the development
of osteoporosis in advance. Further studies are also need-
ed to identify ways of preventing the development of con-
comitant osteoporosis and metabolic syndrome, because
such steps would be expected to reduce the frequency of
bone fractures, improve quality of life, reduce the devel-
opment of CVD and cancer, and reduce mortality, which
are common adverse health effects of both osteoporosis
and metabolic syndrome [5, 8–11]. Further studies are
needed to determine the optimal range of BMI that can

prevent or reduce the development of both osteoporosis
and metabolic syndrome in postmenopausal women.

A major strength of this study is that it considered the
relationships of obesity to both osteoporosis and metabol-
ic syndrome using a large dataset. However, a limitation
of this study is its use of a cross-sectional design, mean-
ing that we could not examine causal relationships be-
tween obesity and osteoporosis and MS or explain the
underlying biological mechanisms. Additional limitations
relate to the generalizability of the findings of this study,
since this study included only two of the three sites where
BMD can be measured to diagnose osteoporosis.
Moreover, this study excluded women with missing data.
Although the enrolled and excluded groups were similar
with respect to most demographic- and lifestyle-related
variables, with significant differences only found for
age, living arrangement, and parental fracture history, this
consideration should be kept in mind when interpreting
the results of this study. Furthermore, the BMI-based obe-
sity group contained fewer participants than the other
groups.

In conclusion, the findings of this study demonstrated
the most and the least desirable types of obesity in terms
of risk of osteoporosis and metabolic syndrome. BMI-
based obesity was associated with a lower likelihood of
having both osteoporosis and metabolic syndrome, while
WC-based obesity was associated with a higher likelihood
of having both conditions. Thus, public health practi-
tioners may recommend that postmenopausal women with
WC-based obesity, but not BMI-based obesity, take steps
to reduce or prevent the development of both osteoporosis
and metabolic syndrome. Further research is needed to
determine the optimal BMI range for reducing or
preventing the development of both osteoporosis and met-
abolic syndrome and whether BMI-based obesity actually
leads to a reduced development of both conditions and
their adverse effects on health outcomes. In addition, fur-
ther research is required to discover the potential

Table 4 Odds ratios for having osteoporosis and metabolic syndrome across obesity groups: multinomial logistic regression

Both osteoporosis and metabolic syndrome vs.
none

Osteoporosis only vs. none Metabolic syndrome only vs. none

Odds ratioa 95% CI p value Odds ratioa 95% CI p value Odds ratioa 95% CI p value

BMI- and WC-based obesity 7.39 4.83–11.31 <.001 0.66 0.44–1.00 .05 14.31 9.21–22.25 < .001

BMI-based obesity 0.74 0.27–1.98 .54 0.42 0.18–0.99 .05 1.85 0.76–4.53 .18

WC-based obesity 7.07 4.72–10.58 < .001 0.79 0.53–1.20 .27 6.99 4.56–10.71 < .001

Non-obesity 1 1 1

BMI, body mass index; WC, waist circumference
a Age, height, living arrangement, socioeconomic status, smoking status, alcohol, physical activity, hormone therapy, serum vitamin D levels, and daily
protein, calcium, sodium, and calorie intake, and muscle-to-fat ratio were controlled
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biological mechanisms underlying these results and to ex-
plore their clinical relevance.
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