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Abstract

Background Older subjects have a higher risk for vertebral compression fracture. Maintaining a higher bone mineral
density (BMD) at this age can protect individuals from osteoporosis-related events. Body mass index (BMI) has been
found to have a robust association with BMD. However, excessive BMI is detrimental to bone health and may cause
systemic disorders. Therefore, the present study aimed to determine the association between BMI and BMD, and
identify a reasonable BMI range.

Methods A total of 961 participants were recruited from community-dwelling residents between August 2021

and May 2022. A weighted multivariate linear regression model was applied to identify the relationship between
BMI and BMD. Meanwhile, subgroup stratified analysis by BMI quartile and gender was also performed. A non-linear
relationship and threshold value were determined based on the smooth curve fittings and threshold effects analysis
model.

Results A robust relationship was found between BMI and BMD, which remained significant in subgroups stratified
by gender and BMI quartile. The BMI inflection point values in lumbar BMD and femoral neck BMD were 25.2 kg/m?
and 27.3 kg/m?, respectively. For individuals with BMI < 25.2 kg/m?, an increase in BMI was related to an increase in
lumbar BMD. For BMI>25.2 kg/m?, an increase in BMI was associated with a decrease in lumbar BMD. For subjects
with BMI < 27.3 kg/m?, the femoral neck BMD rose by 0.008 kg/m? for each unit rise in BMI. However, when BMI
exceeded 27.3 kg/m?, the femoral neck BMD increased only by 0.005 kg/m?. Fracture risk assessment based on the
spinal deformity index (SDI) failed to determine the optimal BMI range.

Conclusions This study found an inflection point between BMI and lumbar/ femoral neck BMD in older community-
dwelling subjects. An appropriate BMI but not an excessive BMI may allow older adults to have a better BMD.
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Introduction

Osteoporosis is a systemic skeletal metabolic disorder
characterized by a low bone mass density (BMD) and
microarchitectural deterioration of bone tissue, with an
increased risk of fragility fractures [1, 2]. An epidemio-
logical survey on osteoporosis released by the National
Health Commission in 2018 showed that the prevalence
of osteoporosis among individuals over 65 years old was
32.0% (10.7% in males and 51.6% in females). By 2050,
533 million people in China are expected to suffer from
bone loss or osteoporosis.

Obesity has emerged as a major public health issue that
affects numerous people worldwide [2, 3]. Body mass
index (BMI) is commonly used to assess overall obe-
sity. However, although there may be an overall positive
relationship between BMI and BMD across the entire
population, obesity is generally considered detrimental
to bone mass [4, 5]. In addition, studies that have exam-
ined the effects of BMI on BMD and the existence of a
threshold effect are insufficient and contentious [1, 6].
Some studies have demonstrated that high BMI protects
against osteoporosis, while others seem to contradict this
finding [6, 7]. Evidence suggests that although obesity is
associated with higher BMD, it may be less protective
against fracture than previously assumed, and excessive
BMI may be associated with other systemic disorders.
Therefore, balancing a healthy BMI and a higher BMD is
critical.

The present study sought to determine whether a curve
exists between BMI and BMD and to identify a reason-
able BMI range in community-dwelling older adults over
60. We hypothesized that BMI has an inflection point
and that maintaining BMI at this point would result in
the best balance between BMI and BMD. The present
study can serve as a guideline for reducing the incidence
of osteoporosis-related adverse events while maintaining
BMI at a reasonable range in community-dwelling older
adults.

Materials and methods

Participants

This cross-sectional study was conducted after approval
from the institutional review board at Xuanwu Hospital
Capital Medical University (2018086). The inclusion cri-
teria were as follows:

1. Aged=60 years.

2. Dwelling in the local community for at least five
years.

3. Voluntary participation (with informed consent).

We excluded subjects with the following:

1. A history of spinal surgery.
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2. Mental illness, disability, or communication barriers.
3. Inability to cooperate.

4. Incomplete clinical data.

5. Diagnosis of ankylosing spondylitis.

The present study is a secondary analysis of a broader
study designed to explore the epidemiological character-
istics of skeletal system degeneration in older adults. A
total of 1250 participants were recruited between August
2021 and May 2022, of whom 961 met the inclusion cri-
teria. Of the 289 excluded subjects, 49 had missing BMI
information, 104 had missing BMD information, 78 had
missing radiography information, and 58 had ankylosing
spondylitis.

Study variables

Each subject was required to complete a detailed ques-
tionnaire on demographic characteristics and lifestyle
information about alcohol consumption, smoking sta-
tus, daily exercise, and medication history, particularly
glucocorticoids and anti-osteoporosis drugs. Physical
activity was assessed using the rating of perceived exer-
tion, which divides exercise intensity into a scale of 1-20
with >12 indicating moderate intensity and above. A his-
tory of glucocorticoid use was defined as regular use of
medicine for more than three months, while a history of
anti-osteoporosis drug use was defined as periodic use
of medicine for more than six months. Other variables
included age, sex, weight, height, education level, hyper-
tension status, diabetes status, tooth loss status, and waist
circumference, which were recorded based on recent
measurements reported by the subjects. The key vari-
ables were BMI (independent variable) and BMD (depen-
dent variable). The respondents’ height and weight were
measured with shoes and any heavy clothing removed.
BMI was calculated as weight in kilograms divided by
height in metres squared. Lumbar and femoral neck
BMD were measured using dual-energy X-ray absorpti-
ometry. Lumbar and femoral neck BMD were calculated
as the mean BMD of the lumbar spine (L1 to L4) and the
bilateral femoral neck, respectively. Full-length spinal
radiographs were obtained according to standard proce-
dure. To determine the rationality of the current results,
semiquantitative visual assessment of each vertebra from
T4 to L4 was performed by two trained resident doc-
tors. The chief physician made the final decision when
the grading results were inconsistent. The spinal defor-
mity index (SDI) is a summary measure of the vertebral
fracture status of the spine that incorporates both the
number and severity of vertebral fractures [8]. For each
vertebra, a visual semiquantitative grade of 0, 1, 2, or 3
is assigned for no fracture or mild, moderate, or severe
fracture, respectively, and the SDI is calculated by sum-
ming the fracture grades of all vertebrae (T4 to L4) [9,
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10]. Stratification by BMI threshold and the difference in
the SDI between groups were compared to determine the
appropriate range for BMIL

Statistical analysis

Continuous variables are expressed as means=standard
deviations and were analysed using two independent-
sample t tests if they were normally distributed. Cate-
gorical variables are presented as percentages and were
analysed using the chi-square test. To simulate the linear
relationship between BMI and BMD. First, we used BMI
as a continuous independent variable, BMD as a depen-
dent variable, and age, gender, education level, activity
status, diabetes status, hypertension status, smoking sta-
tus, alcohol consumption status, history of labour, tooth
loss, history of glucocorticoid use and anti-osteoporosis
drugs as covariates to explore the linear relationships
between BMI and BMD. Then, we grouped the par-
ticipants according to BMI quartiles. Quartile 1 of BMI
was set as a dummy variable, and age, gender, education
level, activity status, diabetes status, hypertension status,
smoking status, drinking status, history of labour, tooth
loss, and history of glucocorticoid and anti-osteoporosis
drug use were set as covariates to further explore the lin-
ear relationships between the BMI quartiles and BMD.
Finally, we explored the linear relationship between BMI
and BMD based on subgroups stratified by gender after
adjusting for covariates. Standardized regression coeffi-
cients (B) and 95% confidence intervals (ClIs) were used
to describe the data. To simulate the nonlinear relation-
ship between BMI and BMD, smooth curve fittings were
conducted to determine whether there was an inflection
point between BMI and BMD. A threshold effects analy-
sis model was used to determine the relationship and
threshold between BMI and BMD. The interrater reli-
ability was assessed using the interclass correlation coef-
ficient. All analyses were performed using EmpowerStats
(version: 2.0, X&Y Solutions, Inc., Boston, MA; http://
www.empowerstats.com) and R software (version: 4.1.3),
and statistical significance was set at p<0.05.

Results

Baseline characteristics

A total of 961 participants, 371 males and 590 females,
aged 60-83 years were included in the final analysis.
The demographic characteristics of the participants are
presented in Table 1. The BMI, waist circumference,
lumbar BMD, and femoral neck BMD for men were
24.76%3.87 kg/m2, 90.68+10.54 c¢cm, 1.05£0.18 g/cm?2,
and 0.81+0.12 g/cm2, respectively. In women, the respec-
tive values were 24.51%+3.34 kg/m2, 83.60+8.51 cm,
1.01+£0.21 g/cm2, and 0.7310.14 g/cm2. Compared with
female participants, male participants were more likely
to have hypertension, diabetes, or tooth loss. Compared
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with female participants, male participants also had sig-
nificantly higher levels of education, history of manual
labour, moderate activity or above, smoking, drinking,
waist circumference, and lumbar and femoral neck BMD
and a lower proportion of history of glucocorticoid and
anti-osteoporosis drug use.

Relationship between BMI and lumbar BMD

The weighted multivariate regression analysis of the rela-
tionship between BMI and lumbar BMD is displayed in
Table 2. After adjusting for covariates, BMI was positively
correlated with lumbar BMD ($=0.007; 95% confidence
interval (CI) 0.003—0.011; p=0.001). Subgroup analysis
stratified by sex revealed a positive correlation between
BMI and lumbar BMD for both men ($=0.008; 95% CI
0.001-0.014; p=0.008) and women (B=0.006; 95% CI
0.001-0.011; p=0.007). Similarly, the results of subgroup
analysis stratified by BMI quartile revealed a significant
positive correlation between BMI and lumbar BMD. A
BMI threshold of 25.2 kg/m2 was found at the inflection
point after smooth curve fitting was performed to char-
acterize the nonlinear relationship between BMI and
lumbar BMD (Fig. 1). An increase in BMI was associ-
ated with an increase in lumbar BMD in individuals with
BMI<25.2 kg/m?* and a decrease in lumbar BMD in indi-
viduals with BMI>25.2 kg/m? (Table 3).

Relationship between BMI and femoral neck BMD

Table 2 shows the association between BMI and femoral
neck BMD after adjusting for covariates. BMI was posi-
tively associated with femoral neck BMD ($=0.005; 95%
CI 0.002-0.007; p=0.001). Subgroup analyses stratified
by sex and BMI quartile also revealed a significant posi-
tive correlation between BMI and femoral neck BMD.
After performing smooth curve fitting, we found that the
BMI curve between BMI and femoral neck BMD differed
(Fig. 2). Threshold effect analysis was employed to deter-
mine the BMI turning point, and a BMI of 27.3 kg/m2
for femoral neck BMD was identified. For subjects with
BMI<27.3 kg/m2, the femoral neck BMD increased by
0.008 kg/m2 for each unit increase in BMI. When BMI
exceeded 27.3 kg/m2, the femoral neck BMD increased
by only 0.005 kg/m2 (Table 3).

SDI outcomes based on the BMI threshold

The interclass correlation coefficient was 0.908, sug-
gesting excellent interrater reliability for the assessment
results. Figures 3 and 4 indicate the SDI severity distri-
bution according to the BMI inflection point for lum-
bar BMD and femoral neck BMD, respectively. There
was a significant difference in the severity distribu-
tion between subjects with BMI<25.2 kg/m? and those
with a BMI>25.2 kg/m? < 27.3 kg/m? and >27.3 kg/
m?. When the subjects were grouped based on the BMI
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Table 1 Characteristics of study population

Male(371) Female(590) Pvalue
Age,(year) 70.14+2.45 70.02+3.12 0.538
Education level <0.001
Less than high school 98(26.41%) 203(34.41%)
High school 139(37.47%) 253(42.88%)
More than high school 134(36.12%) 134(22.71%)
History of manual labour <0.001
Yes 168(45.28%) 196(33.22%)
No 203(54.72%) 394(66.78%)
Moderate activities or above 0.023
Yes 101(27.06%) 123(20.85%)
No 270(72.94%) 467(79.15%)
Smoking <0.001
Always 114(30.73%) 24(4.07%)
Stop smoking 47(12.67%) 5(0.85%)
Never 210(56.60%) 564(95.08%)
Drinking <0.001
Always 97(26.15%) 18(3.05%)
Stop drinking 43(11.59%) 3(0.51%)
Never 231(62.26%) 561(96.44%)
Hypertension <0.001
Yes 184(49.60%) 259(43.90%)
No 187(50.40%) 331(56.10%)
Diabete <0.001
Yes 139(37.47%) 142(24.07%)
No 232(62.53%) 448(75.93%)
Tooth loss <0.001
Yes 306(82.48%) 412(69.83%)
No 65(17.52%) 178(30.17%)
History of glucocorticoid 12(3.23%) 41(6.95%) <0.001
Anti-osteoporosis drugs 51(13.75%) 137(23.22%) <0.001
Waist circumference(cm) 90.68+10.54 83.60+851 <0.001
Body mass index(kg/mz) 24.76+3.87 24514334 0.35
Lumbar bone mineral density(g/cm?) 1.05+0.18 1.01+£0.21 <0.001
Femoral bone mineral density(g/cmz) 0.81+0.12 0.73+0.14 <0.001

Table 2 Association between body mass index (kg/m?) and bone mineral density (g/cm?)

Lumbar bone mineral density Femoral neck bone mineral density
B (95%Cl) P-value B (95%Cl) P-value

0.007 (0.003-0.011) 0.001 0.005 (0.002-0.007) 0.001

Body mass index (kg/m?)
Subgroup analysis stratified by BMI

Q1 (<22.4kg/m?)
Q2 (22.4-24.5kg/m?)
Q3 (24.6-26.7kg/m?)
Q4 (> 26.7kg/m?)

Subgroup analysis stratified by gender

Male
Female

Reference

0.049 (0.009-0.088) 0.016
0.067 (0.027-0.107) 0.001
0.066 (0.026-0.108) 0.001

0.008 (0.001-0.014) 0.008
0.006 (0.001-0.011) 0.007

Reference

0.041 (0.015-0.068) 0.002
0.031 (0.004-0.058) 0.024
0.055 (0.027-0.082) <0.001

0.008 (0.005-0.016) 0.001
0.007 (0.002-0.011) 0.001

Adjusted for all confounding factors (age, gender, education level, activities status, diabetes, hypertension, smoking, drinking, history of labour, tooth loss, history

of glucocorticoid and anti-osteoporosis drugs)
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Fig. 1 The association between body mass index and lumbar bone mineral density. The solid red line represents the smooth curve fitting between vari-
ables. Blue bands represents the 95% confidence interval from the fitting. age, gender, education level, activities status, diabetes, hypertension, smoking,
drinking, history of labour, tooth loss, history of glucocorticoid and anti-osteoporosis drugs were adjusted

Table 3 Saturation effect analysis of body mass index on lumbar bone mineral density and femoral neck bone mineral density

Saturation effect analysis

Lumbar bone mineral density

Femoral neck bone mineral density

BMI turning point (kg/m?) 252
< Turn point, effect 1
> Turn point, effect 2

0.007 (0.031-0.041) < 0.001
-0.002 (-0.010--0.001) 0.032

273
0.008 (0.006-0.009) < 0.001
0.005 (0.003-0.007) <0.001

Adjusted for all confounding factors (age, gender, education level, activities status, diabetes, hypertension, smoking, drinking, history of labour, tooth loss, history

of glucocorticoid and anti-osteoporosis drugs)

turning point in lumbar BMD, there was a significant dif-
ference in the severity distribution between the groups
(Fig. 3). For individuals with a BMI<25.2 kg/m2, those
with SDIs of 0, 1 and 2 accounted for 84.21%, 9.14%, and
6.65%, respectively. For individuals with BMI>25.2 kg/
m2, those with SDIs of 0, 1, 2, and 3 accounted for
76.12%, 12.45%, 9.95%, and 1.48%, respectively. When
subjects were grouped according to the BMI turning
point in femoral neck BMD, the difference in severity
distribution remained significant (Fig. 4). For individuals
with BMI<27.3 kg/m2, those with SDIs of 0, 1, 2, and 3

accounted for 85.14%, 9.88%, 4.32%, and 0.66%, respec-
tively. For individuals with BMI>27.3 kg/m2, those
with SDIs of 0, 1, 2, and 3 accounted for 47.67%, 30.32%,
19.64%, and 2.37%, respectively.

Discussion

The multivariate linear regression model revealed a sig-
nificant positive correlation between BMI and BMD in
community-dwelling older adults. The results of smooth
curve fitting and threshold effect analysis demonstrated
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Fig. 2 The association between body mass index and femoral neck bone mineral density. The solid red line represents the smooth curve fitting between
variables. Blue bands represents the 95% confidence interval from the fitting. age, gender, education level, activities status, diabetes, hypertension, smok-
ing, drinking, history of labour, tooth loss, history of glucocorticoid and anti-osteoporosis drugs were adjusted

turning points between BMI, lumbar BMD, and femoral
BMD.

Excessive BMI, namely, obesity and osteoporotic
fractures, has become a severe public health concern
worldwide. However, the relationship between BMI and
fracture risk is controversial, necessitating a deep under-
standing of this relationship [6]. Li et al. [1] reported a
significant positive association between BMI and lumbar
BMD in all subgroup analyses after adjusting for covari-
ates in a retrospective study based on the National Health
and Examination Survey in America. Leslie et al. [11].
explored whether there is a more rapid rate of BMD loss
in women with obesity and found a robust linear effect
of increasing BMI on attenuated BMD loss at the lumbar
spine. Similar results were reported by Zhang et al. [12].,
and a significant positive correlation was found between
BMI and femoral neck BMD. However, an excessive BMI
is associated with the risk of developing type 2 diabetes,
nonalcoholic fatty liver disease, heart conditions, and

obstructive sleep apnoea-hypopnea and may trigger an
inflammatory response that could increase the possibil-
ity of osteoporosis and fragility fractures [12, 13]. Higher
BMI, though, may be associated with a higher BMD
within a specific range, while beyond this range, exces-
sive BMI increases the risk of fracture. Therefore, overall
BMI might be less protective against fracture than previ-
ously assumed [11]. Shen et al. [14]. conducted a cross-
sectional study to determine the association between
BMI and hip BMD and found that despite having more
robust bones, men with obesity had a greater incidence
of hip fracture. In a study investigating the effect of col-
linearity between BMI and BMD on fracture risk, Chan
et al. [15]. demonstrated that greater BMI was associated
with reduced fracture risk in men and women accord-
ing to the univariate analysis. After adjusting for femoral
neck BMD, however, higher BMI was associated with an
increased risk of fracture. A mediated analysis showed
that femoral neck BMD mediated the majority of the
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Fig. 3 The violin plot indicates the spinal deformity index distribution according to BMI saturation value for lumbar bone mineral density
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effect of BMI on fracture risk. These findings indicate
that patients with higher BMI should have equally greater
BMD because higher BMI alone may decrease the risk of
fracture, while higher BMI but lower BMD increases the
risk of fracture. In addition, it is important to note that
the above studies are cross-sectional and comprehen-
sive. Different associations may be present at different
life stages. Therefore, prospective randomized controlled
studies are needed to further validate the above results.
Our study revealed an inflection point between BMI
and BMD, with a turning point at 25.2 kg/m? for lumbar
BMD and 27.3 kg/m? for femoral neck BMD Excessive
BMI (>25.2 kg/m?) might negatively affect lumbar BMD.
However, femoral neck BMD increased consistently even
after BMI exceeded this practical value (27.3 kg/m?), and
the magnitude of the increase decreased. In a study of a
prediction model for osteoporotic vertebral compression
fracture, Chanplakorn et al. [16]. reported that a lower
femoral neck BMD was an independent risk factor for

osteoporotic vertebral compression fracture. In addition,
obesity might negatively affect other bone parameters,
such as the trabecular bone score and composite indi-
ces of femoral neck strength [17-19]. It seems intricate
to describe a reasonable BMI that achieves higher BMD
between the lumbar and femoral neck. It is noteworthy
that a higher BMI benefits lumbar BMD within a specific
range, while beyond this range, a higher BMI increases
the risk of fracture. Hence, the protective effect of BMI
on BMD should not be exaggerated [20, 21]. Actually, the
best way to evaluate the appropriate BMI was to conduct
a prospective follow-up study, based on the follow-up
data, to obtain the probability of fracture in different BMI
samples, so as to determine the most appropriate BMI
range. However, due to the lack of corresponding data,
we tried to use SDI as an alternative way. As an assess-
ment tool that integrates both the number and severity
of fractures from T4-L4, the SDI allows a better fracture
risk assessment, and the baseline SDI is also related to
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Fig. 4 The violin plot indicates the spinal deformity index distribution according to BMI saturation value for femoral neck bone mineral density
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lumbar BMD [22]. Kerkeni et al. [22]. assessed the future
risk of vertebral fracture in postmenopausal women
and reported that the 3-year incidence of vertebral frac-
ture among those with a baseline SDI<2, 2>SDI<4,
and SDI>4 was 17.3+3.6%, 25.4%+2.6%, and 47.6+3.1%,
respectively. According to the BMI inflection point for
lumbar BMD, 93.35% and 6.65% of the participants had
a BMI<252 kg/m2, while 88.57% and 11.43%, respec-
tively, had a SDI<2 and =2, respectively, for those with
a BMI<252 kg/m2, while 88.57% and 11.43%, respec-
tively, had a SDI>4. There was a significant difference
in the severity distribution between patients with a
BMI<25.2 kg/m® and those with a BMI>25.2 kg/m>%
Moreover, when grouped according to the BMI inflection
point for femoral neck BMD, patients with a SDI<2 and
22>SDI<4 accounted for 95.02% and 4.98%, respectively,

of those with a BMI<27.3 kg/m* while those with a
SDI<2 and 22>SDI<4 accounted for 77.99% and 22.01%,
respectively, of those with a BMI>27.3 kg/m2. Similarly,
there was a significant difference in the severity distri-
bution between patients with a BMI<27.3 kg/m? and
those with a BMI>27.3 kg/m% To explore whether a
BMI<25.2 kg/m? is more appropriate, as a BMI>24 kg/
m? is considered overweight, and we want to keep the
older population within a reasonable BMI range while
maintaining a high BMD. Therefore, we compared
the difference in SDI severity between patients with a
BMI<25.2 kg/m?* and those with a BMI<27.3 kg/m? to
determine whether a BMI<25.2 kg/m? or <27.3 kg/m?
was appropriate and more likely to reduce fracture risk.
However, there was no significant difference in the sever-
ity distribution between patients with a BMI<25.2 kg/m>
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and those with a BMI<27.3 kg/m? (p=0.552). Based on
these findings, determining a reasonable range for BMI is
difficult and warrants a prospective follow-up study.

Interestingly, different trends were observed between
lumbar BMD and femoral neck BMD with increasing
BMI. This suggests that other potential factors, includ-
ing skeletal and nonskeletal mechanisms, are essential
for explaining the present phenomenon [11, 23, 24].
One piece of evidence supporting this hypothesis is that
weight loss interventions can lead to lumbar BMD loss
over time but do not significantly affect femoral neck
BMD loss [5, 11, 25].

Although the mechanism of maintaining the BMI
inflection point and, hence, achieving optimal BMD
remains unknown, it is likely to be multifactorial. One
hypothesis holds that increased static mechanical com-
pliance due to BMI accumulation causes axial static
mechanical pressure and changes in the bone struc-
ture [4]. In addition, individuals with a higher BMI have
greater synthesis and release of endocrine hormones such
as oestrogen and insulin, which benefit BMD by inhibit-
ing bone resorption and boosting bone remodelling [12].
Since osteoblasts and adipocytes are differentiated from
mesenchymal stem cells, obesity can stimulate the devel-
opment of mesenchymal stem cells into adipocytes [26,
27]. Inappropriate accumulation of bone marrow adipo-
cytes in the skeletal system can lead to an imbalance in
osteocyte activity and a reduction in bone turnover. This
may explain the association between BMI and BMD.
Another possible reason for the BMI inflection point is
inflammation caused by obesity [25]. The proliferation of
adipocytes in the bone marrow microenvironment has-
tens the release of proinflammatory and immunoregula-
tory substances, which accelerates the production and
activation of osteoclasts [28, 29], while diminishing the
differentiation of osteoblasts and inducing osteoclasts
[28, 30]. However, using BMI to classify obesity does not
directly assess adiposity. The evidence suggests that fat
mass index is adverse to BMD in overweight and obese
individuals, suggesting that an optimal BMI should be
accompanied by a reasonable lean mass or lean body
mass index rather than a higher fat mass index [2, 31].

The main strength of this study is the large sample size.
Therefore, the present findings may serve as a guideline
for community-dwelling older adults. However, there
are some limitations in the present study. First, although
DEXA is the current gold standard for evaluating lum-
bar vertebral quality, in patients with degenerative spinal
conditions, the BMD and T score measured via DEXA
may be elevated due to factors such as spinal scoliosis,
degenerative joint disease, osteophyte formation, and
sclerosis [32, 33], which may have affected the accuracy
of the present study. Second, body composition was not
considered in this study, which may affect the current

Page 9 of 10

results as lean body mass is thought to be positively asso-
ciated with BMD. In contrast, fat content is negatively
associated with BMD.

Conclusions

The present study revealed a strong positive correlation
between BMI and lumbar/femoral neck BMD according
to multivariate linear regression models. The threshold
effect analysis showed that the BMI turning points were
25.2 kg/m? and 27.3 kg/m? for lumbar BMD and femo-
ral neck BMD, respectively. Maintaining an appropriate
but not excessive BMI may improve BMD. However, the
different trends between lumbar BMD and femoral neck
BMD with increasing BMI make it difficult to determine
a reasonable range.

Abbreviations

BMI body mass index
BMD  bone mineral density
SDI spinal deformity index
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