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Abstract

Background Primary osteoporosis (OP) has traditionally been viewed as a skeletal disorder; however, its complex interac-
tions with muscle and adipose tissue are increasingly recognized. Nevertheless, the specific characteristics of body composi-
tion alterations in OP, particularly regional distribution and qualitative changes, and their independent roles remain poorly
defined.

Objective This study aimed to systematically investigate the characteristics of whole-body and regional body composi-
tion changes in patients with primary osteoporosis, and to specifically assess the independent associations of paravertebral
muscle fat infiltration and trunk-to-appendicular fat distribution with osteoporosis risk.

Methods Based on diagnostic criteria, participants were categorized into an OP group and a non-OP group. Dual-energy
X-ray absorptiometry (DXA) was used to assess bone mineral density (BMD), muscle mass, and fat mass across the whole
body and specific regions (trunk, limbs, upper limbs, lower limbs). Computed tomography (CT) was employed to quanti-
tatively evaluate fat infiltration (represented by muscle density) in the psoas major, erector spinae, and multifidus muscles.
Spearman correlation analysis was used to assess associations between body composition indicators. Multivariable logistic
regression models and restricted cubic spline (RCS) analyses were applied to examine the independent associations of fat
infiltration and distribution with OP. Receiver operating characteristic (ROC) curve analysis was performed to evaluate
the discriminative ability of the identified adipose measures, with area under the curve (AUC) calculated before and after
adjustment for confounders.dipose measures, with area under the curve (AUC) calculated before and after adjustment for
confounders.

Results Compared to the non-OP group, OP patients exhibited significant systemic alterations, including concurrent reduc-
tions in whole-body skeletal muscle mass, fat mass, and bone mineral content (all P<0.01). Regional analysis revealed
that bone and fat loss were more pronounced in the trunk than in the limbs (both P<0.05). CT analysis revealed signifi-
cantly lower muscle density in the paravertebral muscles of OP patients (all P<0.05). After adjusting for sex, age, height,
weight, total muscle mass, smoking, and alcohol consumption, multivariable logistic regression identified both decreased
multifidus muscle density (OR: 0.98 per HU, 95% CI: 0.96—1.00; P=0.023) and an increased limbs-to-trunk fat ratio (OR:
14.35, 95% CI: 2.90-76.35; P=0.001) as factors independently associated with OP. Further analysis revealed distinct risk
patterns: the limbs-to-trunk fat ratio demonstrated a significant linear dose-response relationship (P for overall association
from RCS=0.015). For multifidus muscle density, while a significant association was observed in the linear model, the more
flexible RCS model did not confirm a significant overall association (P for overall=0.065). ROC analysis showed that after
adjustment, the limbs-to-trunk fat ratio had an AUC of 0.777, with a cut-off of 0.785 yielding 51.1% sensitivity and 80.0%
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specificity; multifidus muscle density had an adjusted AUC of 0.774, with a cut-off of 24.75 HU yielding 80.9% sensitivity
and 46.8% specificity.

Conclusion This study characterizes the body composition profile of primary osteoporosis as a composite of changes, includ-
ing proportional whole-body reduction of muscle and fat, preferential loss of trunk tissues, and significant fat infiltration
in paravertebral muscles. Decreased multifidus muscle density and an increased limbs-to-trunk fat ratio are independently
associated with OP, showing different association patterns. Both measures demonstrated moderate discriminative ability for
osteoporosis after adjustment for confounders, with the limbs-to-trunk fat ratio showing higher specificity and multifidus
muscle density showing higher sensitivity. These findings support the concept that OP is a systemic disorder involving bone,
muscle, and adipose tissue, providing new perspectives for future risk assessment and intervention strategies.

Keywords Primary osteoporosis - Body composition - Fat infiltration - Dysmobility syndrome - Cross-sectional study

Introduction

Primary osteoporosis is the most common metabolic bone
disease, characterized by the destruction of bone micro-
structure, a decrease in bone biomechanical properties, and
increased bone fragility, leading to recurrent fractures [1,
2]. Fragility fractures are the most severe complication of
osteoporosis. Therefore, in recent years, the treatment of
osteoporosis has increasingly focused on enhancing bone
density, alongside muscle enhancement and reduction of
fall risk. improving muscle performance, and reducing the
risk of falls.

The decline in muscle mass and poor physical functioning
are closely related to bone loss [3], leading to the frequent
coexistence of sarcopenia and osteoporosis. The concurrent
occurrence of these two conditions is defined as osteosarco-
penia [4], sarco-osteoporosis [5], dysmobility syndrome [6],
or musculoskeletal frailty [7]. Although there is currently no
unified nomenclature, there is a growing trend to view the
musculoskeletal system as a whole. In the past, we defined
dysmobility syndrome based on osteoporosis (ODS) as the
simultaneous presence of sarcopenia and/or high body fat
in the context of osteoporosis [8]. Individuals with ODS
demonstrate significantly poorer bone mass, muscle mass,
muscle strength, and physical function compared to those
with simple osteoporosis, along with a higher risk of frac-
tures and falls. Therefore, assessing body composition in
osteoporosis is beneficial for a comprehensive evaluation
of the musculoskeletal system’s status to prevent falls and
fractures.

There is no doubt that the relationship between bone,
muscle, and fat is very close [9-11]. Dual-energy X-ray
absorptiometry (DXA) is commonly employed to assess
patients’ body composition. Among the various parameters
of body composition, bone mineral density (BMD), appen-
dicular skeletal muscle index (ASMI), and body fat per-
centage are recognized as the gold standards for diagnosing
osteoporosis, sarcopenia, and obesity, respectively [12—14].
Currently, there is increasing attention to overall lean mass
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and body fat, with body fat being considered a better indica-
tor for assessing obesity. However, it is equally important
not to overlook changes in specific anatomical regions. This
is especially true for older adults, as aging is accompanied
by reductions in muscle and bone mass along with fat infil-
tration and redistribution [15]. Investigating these changes
is crucial for understanding and preventing osteoporosis.
Therefore, this study aims to analyze the distribution feature
of bones, muscles, and fat in osteoporosis and explore the
correlations among different components in various regions.

Methods
Study design

This cross-sectional study was conducted between Janu-
ary 2021 to January 2024 in Shanghai, China, and was
approved by the Ethics Committee of the Shuguang Hospi-
tal (Approval No: 2021-1037-112-01). This study was con-
ducted in accordance with the Declaration of Helsinki, and
all participants provided informed consent.

Study population

We conducted an exploratory cross-sectional study involv-
ing 456 elderly individuals aged 50 to 80 who underwent
health examinations. As the objective of this study was to
explore the feature of body composition in patients with
osteoporosis, and any participants who could not complete
the study were excluded from the study.

Data collection

GE Lunar Advanced Prodigy dual-energy X-ray absorpti-
ometry (DXA) system (GE Healthcare, Madison, WI, USA)
was used to assess bone mineral density at L1-L4, femo-
ral neck bone density, total bone density, muscle mass, fat
mass, bone mineral content, body fat percentage, and ASMI.
Prior to the DXA scan, weight and height were measured
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using a weighing scale and a wall-mounted stadiometer,
and body mass index (BMI) was calculated. Age and sex
were obtained from the DXA testing registry. Hand gripping
strength (HGS) of the dominant side was measured using a
dynamometer, with three consecutive measurements taken to
record the maximum value. A stopwatch was used to assess
the time taken for the 5-chair stand test (5-CST) and the
6-meter walking speed. Fat infiltration was assessed using
CT images acquired with Brilliance iCT 256-slice com-
puted tomography (CT) system (Philips Healthcare, Best,
The Netherlands). The acquisition parameters were: 120
kV, 305 mA, 0.9 mm. Image post-processing was performed
on the accompanying Picture Archiving and Communica-
tion System (PACS). Two blinded observers independently
delineated the psoas major, erector spinae, and multifidus
muscles at the L4-L5 level using the freehand drawing tool
(WL: 60, WW: 300). For each muscle, the mean Hounsfield
Unit (HU) value were recorded. To assess inter-rater reli-
ability, the intraclass correlation coefficient (ICC) was cal-
culated using a two-way random effects model for absolute
agreement (ICC [1, 2]) for the CT attenuation values (HU)
of' each muscle. The ICC values were 0.881 (95% CI: 0.859—
0.900) for the psoas major, 0.855 (95% CI: 0.828—-0.878) for
the erector spinae, and 0.890 (95% CI: 0.869—-0.908) for the
multifidus, indicating good to excellent reliability. The aver-
age of the two measurements was used for the final analysis.

The degree of fat infiltration within the muscles was
reflected by CT attenuation (Hounsfield units, HU), where
lower HU values indicate lower density and consequently a
higher degree of fat infiltration. According to the diagnoses
of osteoporosis [16], sarcopenia [17], and dysmobility syn-
drome [8], L1-L4, neck, or total T-score less than or equal
to -2.5 indicates osteoporosis; ASMI less than 7 kg/m? in
men and less than 5.4 kg/m? in women indicates low muscle
mass; HGS less than 28 kg in men and less than 18 kg in
women indicates low muscle strength; Walking speed of
less than 1 m/s indicates low walking speed; 5-CST time of
more than 12 s indicates low physical function.

Statistical analysis

Continuous data are presented as mean=standard deviation,
while categorical data are summarized as numbers (percent-
ages). Group comparisons (OP vs. Non-OP) for continu-
ous variables were performed using independent samples
t-tests for normally distributed data. Categorical variables
were compared using the Chi-square test or Fisher’s exact
test, as appropriate. Univariable and multivariable logistic
regression models were fitted to assess the independent
associations of body composition parameters with osteopo-
rosis status. The results are expressed as odds ratios (ORs)
with 95% confidence intervals (Cls). The final model was

adjusted for established confounders, including sex, age,
height, weight, total muscle mass, smoking status, and
drinking status. The linearity of the relationship between
continuous exposures (e.g., muscle density, limbs-to-trunk
fat ratio) and the log-odds of osteoporosis was assessed
using restricted cubic splines (RCS) with 3 knots. The over-
all association and potential non-linearity were tested using
the likelihood ratio test. Associations between body com-
position variables were evaluated using Spearman’s rank
correlation coefficient. A two-sided P-value <0.05 was con-
sidered statistically significant.

Result

Based on the diagnostic criteria for primary osteoporosis,
the participants were categorized into Osteoporosis (OP)
and Non-Osteoporosis (Non-OP) groups. Given the sig-
nificant differences in baseline feature between sexes and
the higher prevalence of OP in females, further analysis
was stratified by sex. Baseline characteristics are shown in
Table 1. Compared to the Non-OP group, the OP group was
older and had lower body weight, with a mean reduction of
8.73 kg in males and 5.11 kg in females. Regarding height,
females with OP were significantly shorter than those in
the Non-OP group (P<0.01), while no significant differ-
ence was observed in males. In terms of muscle strength
and physical function, maximum grip strength was signifi-
cantly lower in both males and females with OP (P<0.05),
accompanied by prolonged five-times sit-to-stand test time
and slower 6-m walking speed. For BMD, both males and
females with OP exhibited significantly lower BMD at
L1-L4, femoral neck, and total hip (P<0.001). Major frac-
ture risk and hip fracture risk were significantly higher in
the OP group (P<0.01), while no significant change in fall
risk was detected. Regarding skeletal muscle mass and body
fat, the ASMI was significantly lower in both males and
females with OP (P<0.01). Notably, ASMI in males with
OP decreased to 6.98 (healthy threshold: >7 for males, >5.4
for females). Body fat percentage was also significantly
lower in males with OP (P<0.05), and both abdominal and
gluteal fat percentages decreased to varying degrees in both
sexes. Furthermore, the prevalence of sarcopenia increased
from 11.72% to 25% in males with OP and from 3.76%
to 10.98% in females with OP, compared to the Non-OP
group. These results suggest that osteoporosis involves not
merely a decline in bone quality, but is also accompanied by
alterations in muscle mass, fat content, muscle strength, and
physical function.

To better characterize alterations in body composition
in OP, we next quantified bone mass, muscle mass, and
fat content across various anatomical sites. Compared to
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Table 1 Participant characteristics

Group/ Variables Male P Female P
Non-OP(145) OP(16) Non-OP(213) OP(82)

Age 68.33+5.11 70.94+5.95 0.059 66.51+5.94 68.65+5.28 0.005
Height (cm) 166.91+5.44 166.75+8.15 0917 155.79+5.70 153.48+5.26 0.002
Weight (kg) 72.39+9.11 63.66+8.27 <0.001 60.23+8.18 55.12+7.14 <0.001
BMI (kg/m2) 25.98+3.02 23.00+3.42 <0.001 24.82+3.10 23.41+2.90 <0.001
HGS (kg) 35.47+7.78 30.39+6.68 0.013 22.64+4.98 20.75+4.87 0.004
Low muscle strength (n) 23 (15.86) 6(37.50) 0.073 34 (15.96) 23 (28.05) 0.018
5-CST (s) 11.35+4.38 12.59+3.94 0.279 11.15+£3.52 11.82+4.34 0.171
Low physical function (n) 46 (31.72) 7 (43.75) 0.331 71 (33.33) 29 (35.37) 0.741
6 m-gait speed (m/s) 1.24+0.23 1.15+£0.20 0.120 1.23+0.19 1.20£0.22 0.156
Low walking speed (n) 22 (15.17) 3 (18.75) 0.991 15 (7.04) 11 (13.41) 0.084
L1-L4 BMD 1.21+£0.19 0.96+0.18 <0.001 1.04+0.15 0.81+0.11 <0.001
Femoral neck BMD 0.92+0.13 0.75+0.30 <0.001 0.81£0.10 0.66+0.08 <0.001
Total BMD 1.00+£0.13 0.74+0.12 <0.001 0.89+0.12 0.72+0.10 <0.001
MO (%) 3.33+£2.36 6.44+3.19 0.001 5.92+3.45 10.31+5.31 <0.001
HF (%) 1.47+1.97 4.14+2.79 0.002 2.03+2.41 5.27+4.54 <0.001
Fall risk 3.92+2.76 3.75+£3.40 0.823 3.79+2.90 3.82+2.91 0.950
ASMI (kg/m2) 7.67+0.87 6.98+0.86 0.003 6.33+0.73 6.10+0.74 0.015
Fat% 30.27+4.44 27.82+6.54 0.049 38.30+4.60 37.40+4.35 0.130
Android (%) 39.65+8.02 37.08+11.71 0.248 43.33+£7.40 41.19+7.48 0.028
Gynoid (%) 30.77+£6.59 28.79+8.75 0.271 35.65+6.52 34.47+6.52 0.162
A/G 1.31+0.24 1.29+0.21 0.733 1.23+£0.20 1.22+0.23 0.576
Sarcopenia (n) 17(11.72) 4(25.00) 0.269 8(3.76) 9(10.98) 0.035

Body Mass Index: BMI, Hand Gripping Strength: HGS, 5-Chair Stand Test: 5-CST, Bone mineral density: BMD, Major Osteoporotic: MO, Hip
Fracture: HF, Appendicular Skeletal Muscle Index: ASMI, Android/Gynoid: A/G, ASMI: Appendicular Skeletal Muscle Index

Non-OP, both males and females with OP exhibited signifi-
cantly lower whole-body muscle mass, fat mass, and bone
mineral content (BMC) (P<0.01) (Fig. 1a, c). The whole-
body muscle-to-fat ratio showed no significant change in
either sex, suggesting proportional loss of muscle and fat in
OP. The whole-body muscle-to-bone ratio was significantly
increased in males (P<0.001), suggesting a greater propor-
tional loss of BMC relative to muscle, while the fat-to-bone
ratio showed no significant difference (Fig. 1b). In females,
both the whole-body muscle-to-bone and fat-to-bone ratios
were significantly increased (P<0.01), suggesting a greater
proportional loss of BMC relative to both muscle and fat
(Fig. 1d). Although the whole-body muscle-to-fat ratio in
OP showed an increasing trend without reaching statistical
significance, it still suggests that alterations in body compo-
sition in OP are characterized by predominant bone loss and
a preferential reduction of fat mass relative to muscle mass.

The body composition is mainly composed of the trunk
and appendicular, and body composition loss in osteoporo-
sis varies regionally. Compared to Non-OP, the appendic-
ular-to-trunk ratios for muscle mass showed no significant
change in either sex, while the appendicular-to-trunk ratios
for fat mass and BMC were significantly increased
(P<0.05), suggesting a greater proportional reduction in
the trunk relative to the appendicular skeleton for fat and
BMC (Fig. 2a, c). Males with OP exhibited a significantly
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decreased upper-to-lower limb ratio for muscle mass and
fat mass (P<0.05), while the ratio for BMC showed no sig-
nificant change, suggesting a greater proportional loss of
muscle and fat in the upper limbs relative to the lower limbs
(Fig. 2b). Females with OP showed no significant change
in the upper-to-lower limb ratio for muscle mass or BMC,
but a significantly decreased ratio for fat mass, suggesting a
greater proportional loss of fat in the upper limbs relative to
the lower limbs (Fig. 2d).

These findings suggest an uneven pattern of fat loss in
OP, with a more pronounced reduction in the trunk. How-
ever, this observation raised the question of whether fat
was truly lost. To investigate this, we performed a CT-
based analysis of fat infiltration in three major paraverte-
bral muscle groups: the psoas major, erector spinae, and
multifidus (Fig. 3a). The results revealed a significant
increase in fat infiltration in all three muscles of the OP
group (Psoas: 43.01+£7.98 vs. 40.64+7.04; Erector Spinae:
-3.67+27.69 vs. -11.92+17.95; Multifidus: 21.69+17.05
vs. 13.46+15.10, all P<0.05) (Fig. 3b). Therefore, the adi-
pose phenotype in OP is characterized not only by a net
reduction in total fat mass, but also by its ectopic deposition
into muscle tissue.

Muscle, bone, and fat content in body composition are
closely interrelated. Spearman correlation analysis revealed
that fat content was significantly positively correlated with



Journal of Endocrinological Investigation

Fig. 1 The whole-body body com-
position feature of primary osteo-
porosis. (a) Whole-body muscle
content, fat content, and BMC in
males. (b) Whole-body muscle-
to-fat ratio, muscle-to-BMC ratio,
and fat-to-BMC ratio in males. (¢)
Whole-body muscle content, fat
content, and BMC in females. (d)
Whole-body muscle-to-fat ratio,
muscle-to-BMC ratio, and fat-to-
BMC ratio in females. *P<0.05,
**P<0.01, ***P<0.001

Fig. 2 Feature of regional body
composition changes in primary
osteoporosis. (a) Appendicular-
to-trunk ratio for muscle content,
fat content, and BMC in males.
(b) Upper-to-lower limb ratio for
muscle content, fat content, and
BMC in males. (¢) Appendicular-
to-trunk ratio for lower limb
muscle content, fat content, and
BMC in females. (d) Upper-
to-lower limb ratio for muscle
content, fat content, and BMC in
females. *P<0.05, **P<0.01,
**%P<0.001

both BMD and muscle mass, reaffirming the characteristic
concurrent reduction of the muscle-bone-fat triad in OP
patients. The degree of fat infiltration showed a negative
correlation with muscle mass and BMD, and a significant
positive correlation with fracture risk, suggesting that fat
infiltration may pose a potential risk for osteoporosis and
subsequent fragile fractures. Furthermore, the limbs-to-
trunk fat ratio was negatively correlated with BMD and
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muscle mass, but positively correlated with fracture risk and
fat infiltration in the erector spinae muscle. This indicates
that the imbalanced reduction of fat across different body
regions may be a relevant risk factor for both osteoporosis
and fragile fractures (Fig. 4).

To ascertain the independent association between adipose
metrics and osteoporosis, we performed logistic regression
analysis. After adjusting for the confounding factors of age,
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Fig. 3 Fat infiltration in paravertebral muscles. (a) Segmentation of
different muscles on CT images. The yellow areas represent the psoas
major muscles, the red areas indicate the erector spinae muscles, and

gender, weight, height, total muscle mass, smoking status,
and drinking status, both multifidus muscle density and
the limbs-to-trunk fat ratio emerged as independent factors
associated with osteoporosis. Specifically, for each 1 Houn-
sfield Unit (HU) increase in multifidus muscle density, the
risk of osteoporosis decreased by 2% (OR: 0.99, 95% CI:
0.98-1.00). Conversely, for each unit increase in the limbs-
to-trunk fat ratio, the risk of osteoporosis increased by 14.35
fold (OR: 14.35, 95% CI: 2.90-76.35). (Table 2).

We further stratified the multifidus muscle density into
quartiles for analysis. The results indicated that participants
in the third quartile had a 3.45-fold higher risk of osteoporo-
sis compared to those in the fourth quartile, while the risks
for those in the second and first quartiles were 4.04-fold and
3.80-fold higher, respectively, relative to the fourth quartile.
These findings suggest that fat infiltration is a strong inde-
pendent risk factor for osteoporosis. Higher fat infiltration
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the green areas denote the multifidus muscles. (b) Fat infiltration in the
psoas major, erector spinae, and multifidus muscles (as reflected by
CT density, where lower density indicates more severe fat infiltration)

in multifidus muscle (reflected by lower muscle density)
significantly increased the risk of osteoporosis. Regarding
the relationship between the limbs-to-trunk fat ratio and
osteoporosis, the risk for participants in the second quartile
was 1.74 times that of the first quartile, while the risks for
the third and fourth quartiles were 1.26 times and 3.59 times
that of the first quartile, respectively. Table 3.

These findings suggest that both multifidus muscle den-
sity and the limbs-to-trunk fat ratio may exhibit threshold
effects on the risk of osteoporosis. When multifidus muscle
density falls within the third quartile, the risk of osteoporosis
increases significantly; however, the risk remains elevated
in the first quartile and the second quartile without a clear
dose-response pattern. In contrast, a significant increase in
osteoporosis risk is only observed when the limbs-to-trunk
fat ratio rises to the fourth quartile. RCS analysis confirmed
that the limbs-to-trunk fat ratio is an independent risk factor
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Correlation heatmap (Spearman)
Significance: * p<0.05, ** p<0.01, *** p<0.001
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Fig.4 Correlation analysis among body compositions in primary osteoporosis. *P<0.05, **P<0.01, ***P<0.001
Table 2 Logistic regression analysis of fat infiltration/composition and osteoporosis in crude and adjusted models
Exposure Model N OR (95% CI) p-value
Total fat Modell 449 1.00 (1.00-1.00)*** <0.001
Total fat Model2 449 1.00 (1.00-1.00) 0.128
Psoas major muscle density Modell 449 0.96 (0.94-0.99)* 0.014
Psoas major muscle density Model2 449 1.00 (0.96-1.03) 0.818
Erector spinae muscle density Modell 449 0.98 (0.97-0.99)** 0.002
Erector spinae muscle density Model2 449 0.99 (0.98-1.00) 0.262
Multifidus muscle density Modell 449 0.97 (0.96-0.99)*** <0.001
Multifidus muscle density Model2 449 0.98 (0.96-1.00)* 0.023
Limbs-to-trunk fat ratio Modell 449 35.47 (9.70-140.22)*** <0.001
Limbs-to-trunk fat ratio Model2 449 14.35 (2.90-76.35)** 0.001

Modell =crude (exposure only). Model2=Adjust: Sex, Age, Height, Weight, Total muscle mass, Smoking status, Drinking status.
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Table 3 Multivariable logistic regression analysis of the association between fat infiltration/composition and osteoporosis

Variables B S.E Z P OR (95%CI)
Intercept -2.26 4.59 -0.49 0.622 0.10(0.00~832.92)
Multifidus muscle density
Quartile-1 1.33 0.51 2.60 0.009 3.80(1.39~10.39)
Quartile-2 1.40 0.49 2.85 0.004 4.04 (1.55~10.57)
Quartile-3 1.24 0.49 2.51 0.012 3.45(1.31~9.06)
Quartile-4 1.00 (Reference)
Intercept -2.84 4.61 -0.62 0.538 0.06 (0.00~489.26)
Limbs-to-trunk fat ratio
Quartile-1 1.00 (Reference)
Quartile-2 0.55 0.44 1.26 0.207 1.74 (0.74~4.11)
Quartile-3 0.23 0.45 0.53 0.598 1.26 (0.53~3.03)
Quartile-4 1.28 0.43 2.98 0.003 3.59 (1.55~8.30)
OR: Odds Ratio, CI: Confidence Interval, Adjust: Sex, Age (years), Height (cm), Weight (kg), Total muscle mass (g)Smoking status, Drinking
status.
Restricted cubic spline for Limb/Trunk fat ratio Restricted cubic spline for Multifidus muscle density
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Fig.5 Restricted Cubic Spline (RCS) plot analysis. The black dashed line represents the median, and the red dashed line indicates the third quartile

Table 4 Summary of Diagnostic Performance for Osteoporosis Assessment Indicators

Indicator Original AUC Cut-off Sensitivity Specificity Adjusted AUC
Limbs-to-trunk fat ratio 0.684 0.785 51.1% 80% 0.777
Multifidus muscle density (HU) 0.653 24.750 80.9% 46.8% 0.774

Original AUC and cut-off values were derived from univariable analysis. Adjusted AUC was derived from multivariable logistic regression
adjusted for age, sex, BMI, smoking status, alcohol consumption, and total muscle mass.

for osteoporosis (P for overall=0.015), demonstrating a
dose-dependent linear positive correlation (Fig. 5). For mul-
tifidus muscle density, while the linear logistic regression
model suggested a significant association (P=0.023), the
more flexible RCS model indicated that the overall associa-
tion did not reach conventional statistical significance (P for
overall=0.065).

To further evaluate the ability of these two measures to
identify individuals with osteoporosis, we performed ROC
analysis. The limbs-to-trunk fat ratio had an original AUC
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of 0.684, with a cut-off of 0.785 yielding 51.1% sensitiv-
ity and 80.0% specificity. After adjusting for age, sex, BMI,
smoking, alcohol consumption, and total muscle mass, the
AUC increased to 0.777. For multifidus muscle density, the
original AUC was 0.653, with a cut-off of 24.75 HU giving
80.9% sensitivity and 46.8% specificity. After adjustment,
the AUC increased to 0.774. Table 4.
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Discussion

In this cross-sectional study, we characterized body com-
position alterations in patients with primary osteoporosis.
Using DXA and CT data, we observed that osteoporosis
was associated with concurrent reductions in whole-body
muscle and fat mass and preferential bone and fat loss in
the trunk relative to the limbs. We also observed ectopic fat
deposition in paravertebral muscles, as indicated by lower
CT density in the psoas major, erector spinae, and multifi-
dus muscles. These findings suggest that primary osteopo-
rosis involves systemic changes in body composition that
include both quantitative and qualitative alterations in adi-
pose tissue.

Patients with osteoporosis showed parallel reductions in
whole-body muscle mass, fat mass, and bone mineral con-
tent. The muscle-to-fat ratio did not differ between groups,
suggesting proportional loss of these two tissues. However,
the muscle-to-bone and fat-to-bone ratios were higher in the
OP group, indicating that bone loss exceeded the losses of
muscle and fat.

Regional analysis revealed differences between the trunk
and limbs. Bone and fat loss were more pronounced in the
trunk than in the limbs. This pattern may relate to the clinical
observation that low back pain is often the initial symptom
in osteoporotic patients [18, 19]. Muscle loss also varied
by region, with greater proportional loss in the upper limbs
than in the lower limbs. This finding is consistent with the
lower handgrip strength observed in the OP group, whereas
walking speed and physical performance did not differ sig-
nificantly between groups. These regional differences sug-
gest that site-specific body composition measurements may
provide information beyond whole-body summaries.

A key finding was the coexistence of systemic fat loss
with ectopic fat accumulation in muscle. CT analysis
showed lower muscle density, indicating greater fat infiltra-
tion, in all three paravertebral muscle groups of OP patients,
with the largest differences in the multifidus muscle. This
combination of whole-body fat reduction and local fat depo-
sition indicates a complex body composition phenotype
rather than simple net fat loss.

CT is a reliable method for quantifying paraspinal mus-
cle fat infiltration, with studies showing good correlation
with MRI and high inter-rater reproducibility [20, 21]. In
our study, CT attenuation measurements had excellent inter-
rater reliability (ICC: 0.855-0.890). According to previous
studies, the HU values of muscles range from — 29 to 150,
with lower values indicating greater fat infiltration [22].
Fat infiltration of the paraspinal muscles has been associ-
ated with muscle weakness, impaired physical function, and
chronic low back pain [23, 24]. In patients with osteoporo-
sis, such infiltration may affect spinal stability and fall risk.

To assess the independent associations of adipose mea-
sures with osteoporosis, we performed multivariable logis-
tic regression adjusting for age, sex, BMI, total muscle
mass, and lifestyle factors. Two measures were indepen-
dently associated with OP status: the limbs-to-trunk fat ratio
and multifidus muscle density. The limbs-to-trunk fat ratio
showed a linear dose-response relationship; RCS analysis
indicated a significant overall association (P=0.015), with
risk increasing across the distribution. After adjustment, this
measure had an AUC of 0.777, indicating moderate ability
to discriminate between OP and non-OP groups. The asso-
ciation with multifidus muscle density was more complex.
Linear logistic regression showed a significant association,
but RCS analysis did not confirm a significant overall asso-
ciation. The RCS plot suggested a pattern where risk was
stable across the lower three quartiles and decreased in the
highest quartile. This pattern did not reach statistical signifi-
cance, possibly due to limited power from the small number
of cases in the highest density group.

To further evaluate the discriminative ability of these
measures, we performed ROC analysis. The limbs-to-trunk
fat ratio had an original AUC of 0.684, with a cut-off of
0.785 yielding 51.1% sensitivity and 80.0% specificity.
After adjusting for confounders, the AUC increased to
0.777. For multifidus muscle density, the original AUC was
0.653, with a cut-off of 24.75 HU giving 80.9% sensitivity
and 46.8% specificity. After adjustment, the AUC increased
to 0.774. These results show that both measures have mod-
erate discriminative ability after accounting for potential
confounders. The limbs-to-trunk fat ratio had higher speci-
ficity, meaning it was better at correctly identifying non-OP
individuals, while multifidus muscle density had higher
sensitivity, meaning it was better at correctly identifying
OP individuals. These differences suggest that the two mea-
sures may capture different aspects of the body composition
changes associated with osteoporosis and could potentially
complement each other in risk assessment.

The complementary use of RCS and ROC analyses pro-
vides insight into the different association patterns. RCS is
optimized for detecting the shape of dose-response relation-
ships; its non-significant result for multifidus density indi-
cates that evidence for a threshold is not statistically robust
in this sample. ROC analysis tests discriminative ability; the
moderate AUC suggests that multifidus muscle density can
distinguish between groups, likely because of the difference
between the highest quartile and the rest. Taken together,
these findings suggest that multifidus muscle density is
associated with osteoporosis, but the nature of this associa-
tion requires further study in larger cohorts.

These findings have several clinical implications. Osteo-
porosis risk assessment may benefit from including body
composition measures beyond BMD. The limbs-to-trunk fat
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ratio is available from standard DXA scans and could pro-
vide additional information. CT-derived paravertebral mus-
cle density may offer insight when CT imaging is performed
for other reasons. The different association patterns for the
two adipose measures suggest that interventions may need
to be tailored. The linear relationship for the limbs-to-trunk
fat ratio suggests that improvements in fat distribution could
be associated with proportional changes in risk. For multifi-
dus muscle density, the potential threshold pattern suggests
that preserving muscle density above approximately 25 HU
may be a target for future studies. The finding of ectopic fat
deposition in the setting of systemic fat loss also identifies a
direction for future research.

This study has several limitations. The cross-sectional
design prevents causal inference; we cannot determine
whether altered body composition contributes to osteoporo-
sis risk, whether osteoporosis leads to these body composi-
tion changes, or whether shared factors account for both.
The sample size, particularly the small number of male
OP cases (n=16), limited statistical power for subgroup
analyses and contributed to wide confidence intervals. For
multifidus muscle density, the RCS overall association was
not statistically significant, and the ROC-derived cut-off
of 24.75 HU requires validation in independent cohorts.
The observed patterns of adipose tissue changes are asso-
ciations only; longitudinal studies with serial measurements
are needed to assess changes over time. Finally, our study
population was Chinese, which may limit generalizability
to other populations.

Conclusion

In conclusion, this study characterized body composition
alterations associated with primary osteoporosis. The find-
ings include proportional whole-body reduction of muscle
and fat, preferential loss of trunk tissues, and ectopic fat
infiltration in paravertebral muscles. The limbs-to-trunk fat
ratio showed a linear dose-response relationship with OP
risk, while the association with multifidus muscle density
suggested a potential protective threshold that requires fur-
ther investigation. These findings support the view that pri-
mary osteoporosis involves coordinated changes in bone,
muscle, and adipose tissue. Prospective studies are needed
to establish causality and to determine whether targeting
these body composition measures can reduce fracture risk.
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