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Supplementary Table A2. Prognostic factors of subjects (n = 4778)
	Prognostic factor
	 Group
	Threshold
	n
	(%)

	Sex
	Men
Women
	-
	2102 
2676
	(44)
(56)

	Age (years) 
	Young-old
Middle-old
Old-old
	< 75
75 – 79
> 79
	1953 
1402 
1423
	(41)
(29)
(30)

	BMI (kg/m2)
	Normal
Underweight
Overweight
	< 24.0
24.0 – 30.9
30.9 – 37.0
	2826 
1160 
792 
	(59)
(24)
(17)

	vBMD (g/cm3)
	Low
Moderate
High
	< 0.225
0.225 – 0.250
> 0.250
	1987
1020
1771
	(42)
(21)
(37)

	Prior fracture
	No
Yes
	-
	3516 
1262
	(74)
(26)



Supplementary Table A3. Baseline characteristics of subjects according to sex, fracture status and survival status.
	
	No fracture
	Index fracture
	Refracture

	Baseline characteristics
	Alive
	Dead
	Alive
	Dead
	Alive
	Dead

	Women
	n = 720
	n = 939
	n = 397
	n = 620
	n = 178
	n = 262

	Age (years), mean ± SD
	
	
	
	
	
	

	· At entry
	72.9 ± 4.0
	77.9 ± 5.7
	74.1 ± 4.3
	78.6 ± 5.2
	74.4 ± 4.1
	78.6 ± 5.0

	· At index fracture
	-
	-
	82.7 ± 5.9
	84.5 ± 6.0
	82.2 ± 5.6
	83.6 ± 5.6

	· At refracture
	-
	-
	-
	-
	85.2 ± 5.0
	85.9 ± 5.5

	BMI (kg/m2), mean ± SD
	28.0 ± 4.5
	27.3 ± 5.2
	27.2 ± 4.3
	26.3 ± 4.7
	26.7 ± 4.3
	25.8 ± 4.4

	Prior fracture, n (%)
	180 
(25.0)^
	319 
(34.0)*^
	159 
(40.1)^
	282 
(45.5)*^
	75 
(42.1)
	138 
(52.7)*^

	Femoral vBMD (g/cm3) 
	0.248 ± 0.042
	0.227 ± 0.047
	0.226 ± 0.042
	0.207 ± 0.040
	0.219 ± 0.040
	0.202 ± 0.038

	Men
	n = 500
	n = 1215
	n = 100
	n = 287
	n = 36
	n = 96

	Age (years), mean ± SD
	
	
	
	
	
	

	· At entry
	73.1 ± 3.6
	77.7 ± 5.5
	74.1 ± 4.1
	78.5 ± 5.1
	74.6 ± 4.3
	78.3 ± 4.4

	· At index fracture
	-
	-
	84.2 ± 5.6
	84.9 ± 5.4
	84.1 ± 6.1
	84.1 ± 5.2

	· At refracture
	-
	-
	-
	-
	86.0 ± 5.8
	85.9 ± 4.9

	BMI (kg/m2), mean ± SD
	27.0 ± 3.5
	26.8 ± 3.9
	26.9 ± 3.6
	26.5 ± 3.8
	27.2 ± 3.5
	26.5 ± 4.0

	Prior fracture, n (%)
	74 
(14.8)
	176
(14.5)*
	17
(17.0)
	55 
(19.2)
	7
(19.4)
	22
(22.9)

	Femoral vBMD (g/cm3) 
	0.260 ± 0.043
	0.252 ± 0.048
	0.231 ± 0.037
	0.221 ± 0.043
	0.238 ± 0.040
	0.217 ± 0.048


significantly different from alive group* and from men^ 


Supplementary Table A4. Mean time-in-state for each prognostic factor
	
	
	Entry
	Fracture
	Death

	Prognostic factor
	
	Mean time (SE)
	Mean time (SE)
	Mean time (SE)

	Gender
	Male
Women
	9.8 (0.1)
9.9 (0.1)
	1.7 (0.1)
3.7 (0.1) ***
	5.1 (0.1)
3.0 (0.1) ***

	Age (Years)
	Young-old
Middle-old
Old-old
	12.0 (0.1)
9.7 (0.1) ***
7.1 (0.1) ***
	2.2 (0.1)
2.9 (0.1) ***
3.7 (0.1) ***
	2.5 (0.1)
3.9 (0.1) ***
5.8 (0.1) ***

	BMI (kg/m2)
	Normal
Underweight
Overweight
	10.1 (0.1)
8.9 (0.2) ***
10.5 (0.2)
	2.7 (0.1)
3.4 (0.2) **
2.5 (0.2)
	3.8 (0.1)
4.3 (0.2) **
3.6 (0.2)

	vBMD (g/cm3)
	Low
Moderate
High
	8.4 (0.1)
10.4 (0.2) ***
11.2 (0.1) ***
	4.3 (0.1)
2.5 (0.1) ***
1.4 (0.1) ***
	4.0 (0.1)
3.7 (0.2)
4.0 (0.1)

	Prior fracture
	No
Yes
	10.2 (0.1)
8.8 (0.1) ***
	2.3 (0.1)
4.2 (0.2) ***
	4.0 (0.1)
3.6 (0.1) *


*p<0.05, **p<0.01, *** p<0.0001.

Supplementary Table A5. Hazard ratios for all prognostic factors for each transition in the 3-state fracture-death model
	
	
	Entry  Fracture
	Entry  Death
	Fracture  Death

	Prognostic factor
	HR (CI)
	HR(CI)
	HR (CI)

	Gender
	Male
Female
	reference
1.62 (1.44-1.83) ***
	
0.57 (0.52-0.63) ***
	
0.56 (0.48-0.65) ***

	Age (Years)
	Young-old
Middle-old
Old-old
	reference
1.41 (1.24-1.61) ***
2.02 (1.77 – 2.30) ***
	
1.88 (1.69-2.10) ***
4.06 (3.65-4.51) ***
	
1.41 (1.18-1.70) ***
2.51 (2.11-2.97) ***

	BMI (kg/m2)
	Normal
Underweight
Overweight
	reference
1.09 (0.96-1.23)
1.02 (0.88-1.19)
	
1.20 (1.09-1.33) ***
1.12 (0.99-1.26) 
	
1.04 (0.89-1.21)
1.19 (0.98-1.44)

	vBMD (g/cm3)
	Low
Moderate
High
	reference
0.62 (0.54-0.71) ***
0.38 (0.33-0.44) ***
	
0.91 (0.81-1.02)
0.92 (0.83-1.02)
	
0.98 (0.82-1.17)
0.77 (0.64-0.93) **

	Prior fracture
	No
Yes
	reference
1.37 (1.22-1.53) ***
	
1.05 (0.94-1.16)
	
0.89 (0.77-1.02)


Hazard ratio: HR; Confidence interval: CI; *p<0.05, **p<0.01, *** p<0.0001










[image: ]


Supplementary Figure A1. Probability-in-state curves for each prognostic factor from study entry to end of follow-up.




Supplemental Results

Impact of prognostic factors on fracture and mortality 
To better understand the impact of individual prognostic factors on fracture and death events, the probability-in-state curves were plotted (Fig. A1) and the corresponding mean-time-in-states were also tabulated (Table A4). Table A5 reports the estimated hazard ratios (HRs) and the corresponding confidence intervals (CIs) for all the prognostic factors for each transition in the first model, where fracture and mortality are the possible outcomes.

Men spent a significantly shorter time in fracture (-2.0 years; p<0.0001) but a longer time in death (+2.1 years; p<0.0001) compared to women (Table A4). This finding is supported by the higher probability of men and women in the death and fracture state respectively (Fig. A1A). From their entry into the study, women were generally at a 62% higher risk of fracture than males (Table A5). However, in contrast, females face a 43-44% lower risk of death, both by other causes and post-fracture respectively.  Old-old subjects spent approximately half the time in entry state (-4.9 years; p<0.0001) than their young-old counterparts (Table A4), indicating that old-old subjects progress out of entry relatively quickly into fracture or death states. Expectedly, old-old subjects had the lowest lifespan, spending 3.3 years longer (p<0.0001) in death than young-old subjects (Table A4). Overall, subjects exhibit a monotonically increasing probability in fracture and death states with advancing age (Fig. A1B). Compared to young-old subjects, older subjects were at a higher risk of fracture and death, with old-old subjects facing a four-fold higher risk of mortality associated with causes other than fracture (Table A5). Compared to normal subjects, underweight subjects were more likely to either experience fracture or death as they spent the longest time in fracture (+0.7 years; p<0.01) and death (+0.5 years; p<0.05) (Table A4). Overweight subjects did not show a significant difference from normal subjects in both fracture and death states (Fig. A1C). BMI did not have a significant influence on subjects transitioning from entry to fracture. However, underweight subjects had a 20% higher risk of mortality from entry than subjects with normal weight (Table A5). An interesting finding associated with CT-derived vBMD was that subjects with high vBMD spent only 1.4 years in fracture, almost 3-fold lower than subjects with low vBMD (p<0.0001) (Table A4) (Fig. A1D). Expectedly, vBMD is a significant risk factor for subjects sustaining fractures from their entry into the study. Compared to subjects with low vBMD, subjects with moderate vBMD were at 38% and subjects with high vBMD were at 62% lower risk of fracture (Table A5) (p<0.0001). In general, subjects with higher vBMD were also at a 23% lower risk of death due to fracture. Prior fractures appear to be a risk factor for sustaining future fractures, since subjects with prior fractures spent 1.9 years longer in the fracture state than those without prior fractures (p<0.0001) (Table A4). However, this influence of prior fractures is not clear in the death state (Fig. A1E). The influence of prior fractures was only significant in the transition of subjects from entry to fracture, with a 37% higher risk of fracture in subjects who had sustained fractures before entry into the study (Table A5).  


Supplemental Discussion

Impact of prognostic factors on fracture and mortality 
Women have better survival despite their greater susceptibility to fractures compared to men. This is well-supported by studies showing a worse impact of fracture on survival in men 1–3. Expectedly, old-old subjects were at the highest risk of fracture and mortality, followed by middle-old subjects, compared to young-old subjects 4. Although insignificant, unlike underweight subjects, overweight individuals had a higher risk of mortality following a fracture than those with a normal weight in this study. On the contrary, while there is evidence suggesting that a higher BMI may confer protection against mortality in older adults 5, the relationship between obesity and post-fracture mortality remains unclear due to limited and conflicting data. As a result, this phenomenon has been referred to as the "obesity paradox" 6. Further research is needed to better understand the relationship between obesity, fracture risk, and mortality in older adults. The impact of high vBMD as a protective factor against fracture occurrences is supported by evidence of lower risk among individuals with higher vBMD. This suggests that vBMD may serve as a reliable imaging biomarker for predicting fracture risk 7. A history of prior fractures was a significant risk factor for incidental fractures but not mortality, indicating that it could be used to identify patients with high fracture risk. 
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