Table-S1: Collinearity diagnoses based on Variance Inflation Factor✽ (VIF)
	Ca
	Vitamin D
	Exercise
	Fracture history
	Smoking
	Years after menopause
	Years of mensturation
	Age at menarche
	Age at menopause
	Pregnancies
	BMI
	Weight
	Height
	Age
	Variables△

	
	
	
	
	
	
	
	
	
	
	
	
	
	1.895
	Height

	
	
	
	
	
	
	
	
	
	
	
	
	7.729*
	3.355
	Weight

	
	
	
	
	
	
	
	
	
	
	
	11.712*
	9.271*
	2.248
	BMI

	
	
	
	
	
	
	
	
	
	
	2.483
	2.165
	2.143
	1.612
	Pregnancies

	
	
	
	
	
	
	
	
	
	2.839
	1.249
	3.015
	1.877
	1.713
	Age at menopause

	
	
	
	
	
	
	
	
	6.440
	2.590
	1.542
	3.046
	2.045
	2.060
	Age at menarche

	
	
	
	
	
	
	
	8.782*
	12.612*
	3.249
	2.261
	2.639
	1.522
	2.703
	Years of menstruation

	
	
	
	
	
	
	4.973
	3.796
	7.212*
	2.840
	2.094
	3.373
	1.993
	8.286*
	Years after menopause

	
	
	
	
	
	3.609
	1.566
	2.089
	2.269
	2.867
	2.517
	1.740
	1.566
	2.188
	Smoking

	
	
	
	
	1.359
	3.014
	3.485
	2.036
	2.311
	3.982
	3.227
	4.119
	3.171
	2.422
	Fracture History

	
	
	
	3.114
	4.606
	3.252
	2.469
	1.779
	2.705
	2.722
	4.133
	4.847
	2.163
	2.367
	Exercise

	
	
	1.738
	1.863
	2.54
	2.861
	1.782
	1.161
	1.325
	3.771
	2.281
	1.693
	3.794
	3.978
	Vitamin D

	
	4.881
	1.254
	2.678
	1.498
	3.693
	2.867
	1.292
	1.878
	2.025
	2.14
	1.708
	2.904
	2.279
	Ca



VIFs, variance inflation factors, were calculated to assess multicollinearity among candidate covariates considered for multivariable regression analyses. Higher VIF values indicate greater collinearity among predictor variables. Height, weight, and BMI showed substantial collinearity, as did several reproductive variables, particularly age at menarche, age at menopause, years of menstruation, and years after menopause. Variables exhibiting substantial multicollinearity were not simultaneously included in the final multivariable models; among correlated variables, the variable considered most clinically relevant and/or appropriate for the specific analysis was retained.
△ Values shown in the table represent the VIF for each variable in the corresponding multivariable model.
✽: Possible multicollinearity between the variables was quantified using the variance infiltration factor. A VIF > 5.0 was considered an indication of harmful multicollinearity in the regression model. VIF between 1 and 5 showed that variables were moderately correlated with each other.




[bookmark: _Hlk237092171]Table S2: Overall bone health classifications across Body Mass Index (BMI) categories
	
	Normal bone health
	Osteopenia
	Osteoporosis

	BMI<18.5 (N=8, 0.5%)
	Count
	0
	0
	8

	
	% within BMI category
	0.0%
	0.0%
	100.0%

	
	% within Bone health category
	0.0%
	0.0%
	1.3%

	BMI 18.5-24.9 (N=240, 14.1%)
	Count
	14
	91
	135

	
	% within BMI category
	5.8%
	37.9%
	56.3%

	
	% within Bone health category
	4.4%
	11.6%
	22.3%

	BMI 25–29.9 (N=676, 39.6%)
	Count
	106
	314
	256

	
	% within BMI category
	15.7%
	46.4%
	37.9%

	
	% within Bone health category
	33.2%
	40.2%
	42.2%

	BMI 30–34.9 (N=575 (33.7%)
	Count
	133
	286
	156

	
	% within BMI category
	23.1%
	49.7%
	27.1%

	
	% within Bone health category
	41.7%
	36.6%
	25.7%

	BMI 35-39.9 (N= 164, 9.6%)
	Count
	49
	74
	41

	
	% within BMI category
	29.9%
	45.1%
	25.0%

	
	% within Bone health category
	15.4%
	9.5%
	6.8%

	BMI ≥40 (N=44, 2.6%)
	Count
	17
	17
	10

	
	% within BMI category
	38.6%
	38.6%
	22.7%

	
	% within Bone health category
	5.3%
	2.2%
	1.7%



Values are presented as number (count) and percentage. “% within BMI category” represents the percentage of participants within each BMI category who had normal bone health, osteopenia, or osteoporosis. “% within bone health category” represents the percentage of participants within each bone-health category who belonged to each BMI category. BMI categories were defined according to World Health Organization criteria: <18.5 kg/m² (underweight), 18.5–24.9 kg/m² (normal weight), 25.0–29.9 kg/m² (overweight), 30.0–34.9 kg/m² (class I obesity), 35.0–39.9 kg/m² (class II obesity), and ≥40 kg/m² (class III obesity).













Table S3: Association between BMI categories and the risk of a worse BMD category overall and in the three major skeletal sites using ordinal logistic regression analysis (normal bone-health status → osteopenia → osteoporosis).
	Trend
	Q4: BMI ≥35
	Q3: BMI 30-34.9
	Q2: BMI 25-29.9
	Q1: BMI<25
	

	[bookmark: _Hlk203177997]0.91(0.89,0.92)
	0.22(0.15,0.31)
	0.30(0.22,0.39)
	0.47(0.36,0.62)
	1
	Crude
	Risk of worse BMD category at LS [OR (95% CI)]

	0.90(0.88,0.92)
	0.20(0.14,0.29)
	0.29(0.21,0.38)
	0.47(0.35,0.62)
	1
	Model1
	

	0.89(0.88,0.92)
	0.19(0.14,0.28)
	0.27(0.21,0.37)
	0.48(0.36,0.64)
	1
	Model2
	

	

	0.90(0.89,0.92)
	0.21(0.15,0.30)
	0.29(0.22,0.39)
	0.44(0.34,0.59)
	1
	Crude
	Risk of worse BMD category at FN [OR (95% CI)] 

	0.89(0.87,0.91)
	0.17(0.12,0.26)
	0.25(0.19,0.34)
	0.41(0.30,0.55)
	1
	Model1
	

	0.89(0.87,0.91)
	0.17(0.11,0.24)
	0.24(0.18,0.33)
	0.41(0.31,0.56)
	1
	Model2
	

	

	0.85(0.83,0.87)
	0.10(0.06,0.15)
	0.19(0.15,0.27)
	0.33(0.25,0.45)
	1
	Crude
	Risk of worse BMD category at TH [OR (95% CI)]

	0.84(0.82,0.86)
	0.08(0.05,0.13)
	0.17(0.12,0.23)
	0.30(0.23,0.41)
	1
	Model1
	

	0.83(0.81,0.85)
	0.08(0.05,0.12)
	0.16(0.12,0.22)
	0.31(0.23,0.42)
	1
	Model2
	

	

	0.90(0.89,0.92)
	0.20(0.14,0.29)
	0.28(0.21,0.37)
	0.45(0.34,0.60)
	1
	Crude
	Overall Risk of worse BMD category [OR (95% CI)]

	0.89(0.88,0.91)
	0.17(0.12,0.26)
	0.24(0.17,0.33)
	0.41(0.30,0.55)
	1
	Model1
	

	0.89(0.87,0.91)
	0.16(0.11,0.24)
	0.23(0.16,0.31)
	0.42(0.31,0.56)
	1
	Model2
	

	Model1: adjusted for age.
Model2: adjusted for age, current smoking, weight-bearing aerobic exercise, number of pregnancies, years of menstruation, and history of fragility fractures.
BMI= Body Mass Index, LS= Lumbar Spine, FN= Femoral Neck, TH= Total Hip, OR= Odds Ratio, CI= Confidence Interval 













Table S4. Model selection and nonlinear association between BMI and ordered bone-health status using restricted cubic spline ordinal logistic regression.
	
	Number of knots 
	AIC 
	BIC 
	Overall association p-value 
	Non-linearity p-value

	Overall
	 3 
	3194.57
	3248.99
	<0.001 
	0.001

	
	4
	3195.10
	3254.96
	<0.001
	0.003

	
	5
	3194.31
	3259.62
	<0.001
	0.002

	
	6
	3195.74
	3266.48
	<0.001
	0.005

	
	
	
	
	
	

	Femoral Neck
	 3 
	3032.67
	3087.09
	<0.001
	<0.001

	
	4
	3033.57
	3093.43
	<0.001
	<0.001

	
	5
	3030.14
	3095.44
	<0.001
	<0.001

	
	6
	3031.50
	3102.24
	<0.001
	<0.001

	
	
	
	
	
	

	Lumbar Spine
	 3 
	3502.01
	3556.43
	<0.001
	0.007

	
	4
	3501.70
	3561.56
	<0.001
	0.007

	
	5
	3502.16
	3567.46
	<0.001
	0.009

	
	6
	3503.81
	3574.55
	<0.001
	0.018

	
	
	
	
	
	

	Total Hip
	 3 
	2410.52
	2464.94
	<0.001
	<0.001

	
	4
	2409.75
	2469.61
	<0.001
	<0.001

	
	5
	2409.96
	2475.26
	<0.001
	<0.001

	
	6
	2411.18
	2481.93
	<0.001
	<0.001



Restricted cubic spline ordinal logistic regression models with 3–6 knots were fitted for each outcome and compared using the Akaike information criterion (AIC) and Bayesian information criterion (BIC). The three-knot model was selected for all four outcomes based on the lowest BIC and model parsimony. The overall association P-value tests the association between BMI and ordered bone-health status, whereas the nonlinearity P-value tests whether the association departs from linearity. AIC, Akaike information criterion; BIC, Bayesian information criterion














Figure-S1: Upward trend in mean BMD in all the three major skeletal sites as BMI categories increased
[image: ]




















Figure S2. Predicted probabilities of ordered bone-health status across the BMI spectrum.
[image: ]
Predicted probabilities of overall bone health status across the BMI spectrum were estimated using the ordinal logistic regression model with restricted cubic splines. The figure demonstrates a non-linear protective effect of increasing BMI against adverse bone health outcomes, with a transition toward normal status at higher BMI levels.
[image: ]

The predicted probability plots revealed a non-linear association between BMI and lumbar spine status. Notably, we observed a shift in the dominant probability status at specific BMI thresholds. The probability of osteoporosis was highest among individuals with lower BMI, rapidly declining as BMI increased. Conversely, the probability of having a normal lumbar spine status demonstrated a consistent upward trend, becoming the predominant status at BMI levels above approximately 35 kg/m². This graphical representation underscores the non-linear protective role of higher BMI against bone density loss in our study population.
[image: ]
The restricted cubic spline analysis demonstrated a non-linear association between BMI and femoral neck bone status. Predicted probability plots showed that lower BMI values were associated with a higher probability of osteoporosis, whereas increasing BMI was accompanied by a marked decline in osteoporosis risk and a gradual increase in the probability of normal femoral neck status. Osteopenia showed a curvilinear pattern, peaking at intermediate BMI levels before declining at higher BMI values.
[image: ]
The predicted probability plots for total hip status demonstrated a strong non-linear association with BMI. At lower BMI values, osteopenia and osteoporosis were more probable, whereas increasing BMI was associated with a marked rise in the probability of normal total hip status and a rapid decline in osteoporosis probability. The transition toward normal status occurred at relatively lower BMI levels compared with the lumbar spine and femoral neck, suggesting a stronger protective pattern of higher BMI for total hip bone status.


Figure S2. Predicted probabilities of normal, osteopenic, and osteoporotic bone-health status across the BMI spectrum based on restricted cubic spline ordinal logistic regression models. Three-knot models were used for all outcomes. The curves demonstrate nonlinear associations between BMI and ordered bone-health status, with increasing BMI generally associated with higher predicted probabilities of normal bone status and lower probabilities of osteoporosis. A. Overall bone-health status, B. Lumbar spine status, C. Femoral neck status, D. Total hip status










Figure S3: Receiver operating characteristic (ROC) curves of BMI for predicting absence of osteoporosis overall and separately for the three major skeletal sites. 
[image: ]
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