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Background: Osteoporosis is a common health concern in postmenopausal women. Obesity, commonly assessed using body mass
index (BMI), may have a protective effect on osteoporosis in postmenopausal women. As BMI is limited to the distinguishing fat
accumulation, the study aimed to explore the association between allometric body shape indices [including a body shape index (ABSI),
hip index, (HI), and waist-hip index (WHI)] and osteoporosis in postmenopausal women.

Methods: Postmenopausal women aged >50 years in the National Health and Nutrition Examination Survey from 2017 through 2020
(revised to 01/2017 through 12/2020) were included. Potential covariates were selected using the univariate logistic regression models.
The association between allometric body shape indices and osteoporosis was explored using weighted univariate and multivariate
logistic regression models, with results presented as odds ratios (ORs) and 95% confidence intervals (Cls). The association was further
explored in different age and BMI populations. Area under the curve (AUC) analysis was conducted to evaluate the predictive
performance of WHI.

Results: In total, 810 postmenopausal women aged >50 years were included. Among them, 597 (73.70%) women have osteoporosis.
WHI >0.094 (OR = 2.07, 95% CI: 1.14-3.78) was associated with higher odds of osteoporosis in postmenopausal women. BMI
>30 kg/m” (OR = 0.23, 95% CI: 0.11-0.50) was also related to decreased odds of osteoporosis. ABSI >85.74 was related to a higher
incidence of osteoporosis in women aged >70 years (OR = 4.18, 95% CI: 1.22-14.35) and BMI >30 kg/m? (OR = 4.25, 95% CL
1.82-9.95). The WHI has a better predictive performance with an AUC of 0.656 (95% CI: 0.613-0.699) than the waist-hip ratio.
Conclusion: Higher WHI was associated with an increased incidence of osteoporosis in postmenopausal women. Higher ABSI was
related to a higher incidence of osteoporosis in women aged >70 years and those with a BMI >30 kg/m* WHI could predict the
incidence of osteoporosis in postmenopausal women.

Keywords: osteoporosis, postmenopausal, a body shape index, hip index, waist-hip index

Introduction
Osteoporosis is a significant public health concern, characterized by reduced bone mass and micro-architectural deterioration
of bone tissue, leading to increased bone fragility and susceptibility to fractures.' Particularly among menopausal women,
estrogen levels decline, precipitating dysregulation in bone remodeling processes, thereby accelerating bone loss and the
deterioration of bone microarchitecture.' According to the International Osteoporosis Foundation, one in three postmeno-
pausal women is afflicted with osteoporosis, making a heavy burden on both families and society.* The identification of
reliable indicators for assessing osteoporosis risk is crucial for early detection and intervention to minimize its impact.
Most research has reported the protective effect of obesity on osteoporosis among postmenopausal women.>’
Body mass index (BMI) has been commonly used to measure obesity in previous studies, but it fails to distinguish
fat accumulation in different body compartments.® An alternative approach involved creating new, BMI-independent
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allometric body shape indices, including a body shape index (ABSI),” hip index (HI),'® and waist-to-hip index
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(WHI)."" These indices are mathematical conversions of waist circumference (WC), hip circumference (HC), and
waist-hip ratio (WHR), respectively, normalized to height and weight; thus, they are uncorrelated with height and
weight. ABSI is linked to spine bone mineral density (BMD), and a higher ABSI may increase the risk of
osteoporosis.'>!?* Kim et al'* also reported the relationship between ABSI, obesity, and a higher risk of osteoporosis.

No research has systematically explored the associations of ABSI, HI, and WHI with osteoporosis in postmenopausal
women. Therefore, our study was conducted using the National Health and Nutrition Examination Survey (NHANES)
database to provide a theoretical basis for enhancing the management of osteoporosis in postmenopausal women and
identifying specific high-risk populations.

Methods

Study Design and Participants

The NHANES program, conducted by the National Center for Health Statistics (NCHS) of the Centers for Disease
Control and Prevention, comprises continuous, thorough, cross-sectional, population-based surveys to gather information
on the health, nutritional status, and health behaviors of the non-institutionalized civilian resident population of the
United States."> The study protocol was approved by the NCHS Research Ethics Review Board and underwent an annual
review, with all participants signing written informed consent.

Information on postmenopausal women was obtained from the database from 2017 to 2020 (Revised to
01/2017-12/2020). WC, HC, and BMD were assessed in 2017-2020 (Revised to 01/2017-12/2020) in
NHANES, and we used data from these years. Meanwhile, BMD measurements were only performed for
women aged >50 years old in the NHANES, so our study included women aged >50 years old. Women were
excluded from those having chronic kidney disease (CKD), missing complete assessment information on WC, HC,
and BMD. The requirement of ethical approval for the study was waived by the Institutional Review Board of The
First People’s Hospital of Xiaoshan District because the data was assessed from a publicly available database.

ABSI, HI, and WHI Assessment

The allometric counterparts of waist and hip circumference, ABSI° and HI,'°

were calculated using published formulas
derived for participants in the NHANES. The calculation of WHI was based on the previous study.'®

ABSI = WC % Weight /3 x Height®/®
HI=HC(cm) * Weight **? « Height®3!°

WHI = WHR(weight * height) ~"/*

Osteoporosis

BMD (g/cm?) at the femoral neck or total spine areas was assessed using a DXA scan (Hologic, Bedford, MA, USA),
assessing the femoral neck on the left hip, unless there was a history of prior fracture or surgery, in which case the right hip
was used. Osteoporosis was defined based on the BMD measurement of the total femur, femoral neck, and lumbar spine from
previous studies.'” The mean BMD values of female participants 2029 years were used as the reference values.'®
Individuals with any BMD value <2.5 standard deviations below the reference value were classified as having osteoporosis.
To determine osteoporosis history, participants were asked, “Has a doctor ever told you that you had osteoporosis, sometimes
called thin or brittle bones?”, if the response was affirmative, the subjects were documented as having osteoporosis.

Covariates

Covariates selected in our study included age, educational level, marital status, poverty income ratio (PIR), cardiovascular
disease (CVD), sleep duration, and previous fracture. Educational level was categorized into under high school, high school,
and above high school. Marital status included single, married, and unknown. The section on medical conditions, identified
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by the prefix MCQ in the variable name, covers self- and proxy-reported interview data encompassing a wide range of health
conditions and medical history for both children and adults. This section incorporates questions such as

Has a doctor or other health professional ever told you that you had angina, heart failure, heart attack, coronary heart disease,
stroke, and congestive heart failure?

These questions were labeled MCQ160B-F in the household questionnaires conducted during home interviews.'? Participants
responding “yes” to any of these questions were classified as having a history of CVD. Patients with CVD were also identified
as those taking cardiovascular drugs. Sleep duration was classified according to tertiles (<6h, 6—8h, and >8h). Individuals who
experienced a broken or fractured hip, wrist, or spine were considered as having a previous fracture.>’

Statistical Analysis

All analyses in the study utilized sampling weights to address variations in selection probabilities, non-response, and
non-coverage. The masked variance unit pseudo-stratum was SDMVSTRA, and the masked variance unit pseudo-
primary sampling unit was SDMVPSU. The confidence interval (CI) was applied to assess the reliability of an estimate.
The continuous data were described as means and standard errors (S.E) (Revised to S£F), and the comparison between
osteoporosis and no osteoporosis groups was conducted using weighted #-tests. Categorical data were described as the
number of cases and constituent ratio (n%), with the comparison between two groups using chi-square tests. Potential
confounders were screened using weighted univariate logistic regression models. The relationship between allometric
body shape indices and osteoporosis was investigated with weighted univariate and multivariate logistic regression
models, with results reported by odds ratios (ORs) and 95% CIs. The relationship was further investigated in different
age and BMI populations. Area under the curve (AUC) analysis was conducted to evaluate the predictive performance of
WHI. All analyses were conducted using SAS 9.4, with P <0.05 considered statistical significance.

Results

Characteristics of Postmenopausal VWomen

In total, 810 postmenopausal women aged >50 years were included in the final analysis. Women were excluded from
those having CKD (n = 201), as well as missing assessment information on WC, HC, and BMD (N = 235). Figure 1
depicts the screening process for included women. With a mean age of 63.96 (0.44) years, 597 (73.70%) women have
osteoporosis. Compared to no osteoporosis group, there were statistical differences between the two groups in age,
educational level, marital status, PIR, duration of sedentary activity, CVD, previous fracture, BMI, energy intake, WC,
HC, ABSI, HI, and WHI (all P < 0.05). More baseline characteristics of postmenopausal women are presented in Table 1.

Associations of ABSI, HI, WHI, and BMI with Osteoporosis in Postmenopausal

Women

Table 2 illustrates the relationships of ABSI, HI, WHI, and BMI with osteoporosis in postmenopausal women. After
adjusting age, educational level, marital status, PIR, CVD, sleep duration, and previous fracture, the relationship between
WHI >0.094 (OR = 2.07, 95% CI: 1.14-3.78) and higher odds of osteoporosis was reported. Higher BMI (>30 kg/m?)
(OR = 0.23, 95% CI: 0.11-0.50) was related to decreased odds of osteoporosis in postmenopausal women. No
associations of higher ABSI (OR = 1.99, 95% CI: 0.92—4.33) or HI (OR = 1.66, 95% CI: 0.79-3.49) with osteoporosis
were observed in postmenopausal women.

Associations of ABSI, HI, and WHI with Osteoporosis in Different Age and BMI

Population

The association was further explored in different age and BMI populations (Table 3). The covariates were adjusted for
age, educational level, marital status, PIR, CVD, sleep duration, and previous fracture. ABSI >85.74 (OR = 4.18, 95%
CI: 1.22-14.35) was associated with higher odds of osteoporosis in women aged >70 years. Similarly, the relationship
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Menopausal women (> 50 years)
extracted from NHANES 2017-2020
(n=1246)

Excluded (n=436):

1. Women with CKD (n=201)

2. Women without assessment information
on WC, HC, and BMD (n=235)

A4

Eligible women

(n=810)
| | 1
No Osteoporosis Osteoporosis
(n=597) (n=213)

Figure | Screening process of the study sample.

was also found in women with BMI >30 kg/m* (OR = 4.25, 95% CI: 1.82-9.95). In women aged >70 years, HI of
63.90-65.66 (OR = 4.25, 95% CI: 1.82-9.95) was associated with a higher incidence of osteoporosis.

The Predictive Value of WHI on Osteoporosis in Postmenopausal VWomen

The predictive performance of WHI and WHR for osteoporosis were compared using the receiver operating characteristic
curves, as summarized in Table 4 and Figure 2. The results indicated that WHI achieved a better predictive performance
with AUC of 0.656 (95% CI: 0.613-0.699) between the two anthropometric indicators. DeLong-test shows a significant
difference between the two AUCs in predicting osteoporosis in postmenopausal women (P<0.0001).

Table | Characteristics of Postmenopausal VWomen

Variables Total Osteoporosis | No Osteoporosis P
(n=810) (n=597) (n=213)
Age, years, Mean +S.E 63.96+0.44 62.56+0.47 68.08+0.61 <0.001*
Race, n (%) 0.214°
White 311£72.47 206+71.22 105+76.13
Black 179+7.98 154+9.04 25+4.86
Others 320£19.56 237+19.74 83%19.01
Educational level, n (%) 0.017°
Under high school 140+9.13 95+7.15 45+14.97
High school 199+27.64 148+27.33 51+28.56
Above high school 471+63.22 354+65.52 117+56.46
Marital status, n (%) 0.034°
Single 6414.62 54+5.37 10+2.42
Married 441+59.90 332462.69 109+51.69
Unknown 305+35.49 211+31.94 94+45.90
(Continued)
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Table | (Continued).

Variables Total Osteoporosis | No Osteoporosis P
(n=810) (n=597) (n=213)
PIR, n (%) <0.001°
<13 170£12.77 116£9.33 54+22.91
1.3-3.5 259+30.25 193+29.34 66£32.91
>35 286+47.99 216+52.92 70£33.53
Unknown 95+8.98 721841 23£10.65
Physical activity, MET ‘min/week, n (%) 0.460°
<450 572+69.00 408+67.79 164+72.57
2450 238+31.00 189+32.21 49+27.43
Duration of sedentary activity, minutes, Mean *S.E | 359.43%11.27 370.82£14.19 325.93£14.59 0.038*
Duration of sedentary activity, n (%) 0.834°
<291.40 380+38.92 287+38.55 93+40.00
2291.40 430+61.08 310+61.45 120+60.00
Diabetes, n (%) 0.424°
No 642+84.42 469+83.64 173+£86.73
Yes 168+15.58 128+16.36 40+13.27
Hypertension, n (%) 0.106°
No 219+30.09 176+32.16 43+24.00
Yes 591£69.91 421+67.84 170+76.00
Dyslipidemia, n (%) 0.180°
No 150+15.05 113£15.94 37+12.42
Yes 660+84.95 484+84.06 176+87.58
CVD, n (%) 0.040°
No 700+86.45 531+88.92 169£79.17
Yes 110+13.55 66x11.08 44+20.83
Anemia, n (%) 0.139°
No 774+96.44 573+97.14 201+94.38
Yes 36£3.56 24+2.86 12+5.62
Glucocorticoid use, n (%) 0.639°
No 789+98.23 582+98.34 207+97.89
Yes 21£1.77 15+1.66 6x2.11
Hormones, n (%) 0.332°
No 639+76.21 478+77.50 161+£72.42
Yes 171£23.79 119+22.50 52+27.58
Smoking status, n (%) 0.062°
No 531+61.42 400+63.53 131£55.21
Yes 279+38.58 197+36.47 82+44.79
Alcohol status, n (%) 0.757°
No 127+10.05 86+9.84 41£10.65
Yes 683+89.95 511£90.16 172+89.35
Sleep duration, hours, n (%) 0.091°
<6 55+5.58 43547 12+5.91
6-8 489+59.86 370+63.38 119+49.53
>8 266+34.55 184+31.15 82+44.55
Previous fracture, n (%) 0.002°
No 628+72.57 483+77.62 145+57.72
Yes 182+27.43 114+22.38 68+42.28
(Continued)
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Table | (Continued).

Variables Total Osteoporosis | No Osteoporosis P
(n=810) (n=597) (n=213)
BMI, kg/m?, n (%) 0.003°
<25 22642841 130+£23.76 96+42.10
25-30 282+34.82 215+34.69 67+35.19
230 302+36.77 252+41.55 50£22.71
Cotinine, Serum (ng/mL), Mean +S.E 31.34£2.96 30.98+3.95 32.42+6.83 0.872°
Energy, kcal, Mean%S.E 1793.12 1843.34+43.58 1645.50+94.34 0.048°
+44.11
Calcium, mg, Mean#S.E 1062.87 1026.34+40.01 1170.27£99.09 0.181*
+39.88
Vitamin D, mcg, MeanS.E 28.38+2.60 27.21+£3.77 31.81+£4.88 0.526°
Caffeine, mg, Mean%S.E 173.64+8.13 171.58+8.63 179.68+15.91 0.637%
Waist Circumference (cm), Mean#S.E 98.47+0.91 99.46+0.93 95.56+1.82 0.040*
Hip Circumference (cm), Mean+S.E 108.04+0.80 109.16+0.86 104.76+1.58 0.014°
WHR, MeanzS.E 0.91+0.00 0.91£0.00 0.91£0.01 0.939*
ABSI, Mean#S.E 83.13+£0.24 82.65+0.24 84.56+0.40 <0.001*
ABSI, n (%) 0.048°
<80.18 210£24.93 179+27.95 31+16.04
80.18-83.15 199+25.04 158+26.45 41+20.88
83.15-85.74 187+25.00 128+24.25 59+27.18
285.74 214425.03 132+21.34 82+35.89
HI, Mean#S.E 65.74+0.12 65.58+0.15 66.23+0.24 0.040*
HI, n (%) 0.308°
<63.90 256+24.95 202+26.65 54£19.95
63.90-65.66 207+25.00 144+25.68 63£22.99
65.66—67.54 184+24.88 137+24.54 47+25.88
267.54 163+25.17 114£23.13 49+31.17
WHI, Mean #S.E 0.09+0.00 0.09+0.00 0.09+0.00 0.002*
WHI, n (%) 0.018°
<0.084 178+24.87 152+28.10 26£15.35
0.084-0.089 167+24.98 137+25.08 30+24.66
0.089-0.094 205+24.97 148+25.11 57+24.56
20.094 260+25.19 160£21.71 100+£35.43

index; HI, hip index; WHI, waist-hip index.

Notes: *t tests, °Chi-square tests. S.E: standard error, WHI shows three decimals for numerical reasons.
Abbreviations: PIR, poverty income ratio; CVD, cardiovascular disease; BMI, body mass index; WHR, waist-hip ratio; ABSI, a body shape

Table 2 Associations of ABSI, HI, WHI, BMI with Osteoporosis in
Postmenopausal VWomen

Variables Model | Model 2
OR (95% CI) P OR (95% CI) P
ABSI
<80.18 Ref Ref
80.18-83.15 | 1.38 (0.60-3.18) | 0.440 1.15 (0.50-2.64) | 0.737
83.15-85.74 | 1.95 (0.77-4.93) | 0.149 1.52 (0.51-4.47) | 0.435
>85.74 2.93 (1.43-5.99) | 0.005 1.99 (0.92-4.33) | 0.079
(Continued)
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Table 2 (Continued).

Variables Model | Model 2
OR (95% CI) P OR (95% CI) P

HI

<63.90 Ref Ref

63.90-65.66 | 1.20 (0.61-2.36) | 0.592 | 1.34 (0.68-2.62) | 0.385

65.66—67.54 | 1.4 (0.68-2.90) | 0.339 | 1.39 (0.66-2.94) | 0.367

>67.54 1.80 (0.84-3.85) | 0.124 | 1.66 (0.79-3.49) | 0.171
WHI

<0.084 Ref Ref

0.084-0.089 | 1.80 (0.72—4.47) | 0.195 | 1.74 (0.75-4.02) | 0.187

0.089-0.094 | 1.79 (0.85-3.77) | 0.120 | 1.61 (0.69-3.75) | 0.258

>0.094 2.99 (1.65-5.42) | <0.001 | 2.07 (1.14-3.78) | 0.020
BMI

<25 Ref Ref

25-30 0.57 (0.28-1.18) | 0.125 | 0.51 (0.23-1.10) | 0.08I

=30 0.31 (0.16-0.61) | 0.001 | 0.23 (0.11-0.50) | <0.001I

Notes: Model I: Adjust none. Model 2: Adjusting age, educational level, marital status,

PIR, CVD, sleep duration, previous fracture.

Abbreviations: Ref, reference; OR, odds ratio; Cl, confidence interval; ABSI, a body

shape index; HI, hip index; WHI, waist-hip index; BMI, body mass index.

Table 3 Associations of ABSI, HI, and WHI with Osteoporosis in Different Age and BMI Subgroups

Variables Age <70 (n=603) Age 270 (n=207) BMI <30 (n=508) BMI >30 (n=302)
OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P
ABSI
<80.18 Ref Ref Ref Ref
80.18-83.15 | 1.0l (0.33-3.09) | 0.988 | 1.24 (0.46-3.32) | 0.660 | 0.96 (0.35-2.69) | 0.942 | 1.79 (0.30-10.82) | 0.513
83.15-85.74 | 1.34 (0.41-4.35) | 0.615 | 2.82 (0.78-10.15) | 0.108 | 1.69 (0.58-4.99) | 0.324 | 2.0l (0.33-12.16) | 0.432
>85.74 1.29 (0.48-3.47) | 0.595 | 3.58 (1.29-9.92) | 0.016 | 1.39 (0.51-3.76) | 0.502 | 4.18 (1.22-14.35) | 0.025
HI
<63.90 Ref Ref Ref Ref
63.90-65.66 | 091 (0.37-2.23) | 0.835 | 4.25 (1.82-9.95) | 0.002 | 1.60 (0.82-3.09) | 0.157 | 1.13 (0.40-3.20) | 0.814
65.66-67.54 | 1.89 (0.94-3.84) | 0.074 | 0.80 (0.21-3.05) | 0.737 | 2.05 (0.92-4.54) | 0.075 1.22 (0.29-5.16) | 0.775
267.54 1.26 (0.42-3.79) | 0.664 | 2.58 (0.93-7.16) | 0.068 | 2.74 (0.99-7.56) | 0.051 | 2.56 (0.92-7.09) | 0.069
WHI
<0.084 Ref Ref Ref Ref
0.084-0.089 | 2.I11 (0.63-7.00) | 0.213 | 0.94 (0.26-3.34) | 0919 | 1.30 (0.46-3.66) | 0.606 | 1.47 (0.52-4.13) | 0.449
0.089-0.094 | 2.00 (0.62-6.42) | 0.234 | 1.08 (0.36-3.24) | 0.880 | .44 (0.54-3.80) | 0.452 | 0.87 (0.30-2.47) | 0.784
20.094 222 (0.73-6.76) | 0.152 | 1.59 (0.52-4.91) | 0.404 | 1.20 (0.46-3.09) | 0.698 | 1.83 (0.63-5.25) | 0.252

Note: Adjusting age, educational level, marital status, PIR, CVD, sleep duration, previous fracture.

Abbreviations: Ref, reference; OR, odds ratio; Cl, confidence interval; ABSI, a body shape index; HI, hip index; WHI, waist-hip index; BMI, body mass index.

Discussion

Our study investigated the associations of allometric body shape indices, including the ABSI, HI, and WHI, with
osteoporosis in postmenopausal women. The prevalence of osteoporosis was 73.70% for postmenopausal women in our
study. Women with higher WHI were related to a higher incidence of osteoporosis in postmenopausal women.

Interestingly, in subgroups of women aged >70 years and those with a BMI >30 kg/m? higher ABSI was associated
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Table 4 The Predictive Value of WHI on Osteoporosis in Postmenopausal Women

AUC Sensitivity Specificity NPV PPV Accuracy DelLong
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) test
WHI 0.656 0.643 0.608 0.827 0.369 0.617 <0.0001
(0.613-0.699) (0.575-0.707) (0.568-0.647) (0.788-0.861) (0.320-0.421) (0.583-0.651)
WHR 0.513 0.944 0.104 0.838 0.273 0.325
(0.468-0.558) (0.904-0.971) (0.081-0.131) (0.734-0.913) (0.241-0.307) (0.293-0.358)

with increased odds of osteoporosis. Additionally, a specific range of HI values (63.90—65.66) was also related to a higher
incidence of osteoporosis. The findings contribute to our understanding of the relationship between body shape indices
and osteoporosis risk in menopausal women.

Our results regarding the association between WHI and osteoporosis align with previous studies that have reported
the link between central obesity and bone health.?'** WHI has been recognized as a more comprehensive measure of
body fat distribution than traditional WHR.'® Central obesity, indicated by a higher WHI, was a risk factor for
osteoporosis.® Meanwhile, Hassan et al reported overweight/obesity may be a protective factor for bone health.’
Differences in participant characteristics, such as age, ethnicity, and lifestyle factors, may contribute to divergent results.
Additionally, variations in the definition and measurement of central obesity and osteoporosis across studies may lead to
contrasting results. The finding suggests that the distribution of body fat, particularly around the waist and hip, may be
influential in the development of osteoporosis in postmenopausal women. WHI may be considered as a valuable predictor
of osteoporosis in menopausal women.

The association between higher ABSI and increased odds of osteoporosis was also found in women aged >70 years
and those with a BMI >30 kg/m”. The results indicate that obesity, as measured by ABSI, may play a role in the
pathogenesis of osteoporosis in the old and those with obesity.*** Increased abdominal fat, particularly visceral fat, has
been linked to chronic low-grade inflammation and alterations in adipokine secretion, which may negatively impact
BMD and remodeling.?® Furthermore, older age and obesity are known risk factors for hormonal imbalances, such as
decreased estrogen levels and insulin resistance, which can contribute to bone loss.”’ Additionally, sarcopenia is common
in the elderly, and sarcopenia and osteoporosis share common risk factors, including hormonal changes, inflammatory

1.0 +
0.8 1
2 0.6
>
R=
0.4 -
0.2
AUC (95%CI)
2 = WHI: 0.656 (0.613-0.699)
— WHR: 0.513 (0.468-0.558)
0.0 = T \ T T \
0.0 0.2 04 0.6 0.8 1.0

1 - Specificity

Figure 2 The predictive value of WHI on osteoporosis in postmenopausal women.
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processes, and physical inactivity.”®?° Therefore, sarcopenic may partly mediate the relationship between ABSI and
osteoporosis. Our study also showed that an HI value of 63.90-65.66 was associated with a higher incidence of
osteoporosis in postmenopausal women. While limited to the small sample size of subgroups, further investigation is
warranted to understand the mechanisms through this association.

WHI may serve as a predictor of osteoporosis in postmenopausal women. By recognizing the significance of body
shape indices, clinicians can assess individuals at risk more effectively during routine clinical assessment. Incorporating
WHI into osteoporosis screening protocols may enhance risk stratification and targeted interventions for individuals at
higher risk. Additionally, our findings suggest that older women and those with obesity should be closely monitored for
osteoporosis.

For this study, the cross-sectional design restricts our ability to establish causality between allometric body shape
indices and osteoporosis in postmenopausal women. Longitudinal and random controlled trials are necessary to validate
the association and explore the temporal relationships. Furthermore, we did not account for potential confounding
variables which unmeasured in the database, which may impact both body shape indices and osteoporosis risk.

Conclusion

Postmenopausal women with higher WHI were associated with higher odds of osteoporosis. Higher ABSI was related to
increased odds of osteoporosis in subgroups of women aged >70 years and those with a BMI >30 kg/m?. Comparing the
predictive value of WHI with traditional WHR, WHI is a superior indicator of osteoporosis risk in menopausal women.
Further research is needed to elucidate the underlying mechanisms and validate the clinical utility of these body shape
indices in osteoporosis risk assessment.
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