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Abstract
The aim of this international meta-analysis was to quantify the predictive value of body mass index (BMI) for incident fracture and relationship of this risk with age, sex, follow-up time and bone mineral density (BMD). 1,667,922 men and women from 32 countries(63 cohorts), followed for a total of 16.0 million person-years were studied. 293,325 had femoral neck BMD measured (2.2 million person-years follow-up). An extended Poisson model in each cohort was used to investigate relationships between WHO-defined BMI categories (Underweight:<18.5kg/m2; Normal:18.5-24.9kg/m2; Overweight:25.0-29.9kg/m2; Obese I:30.0-34.9kg/m2; Obese II:≥35.0kg/m2)  and risk of incident osteoporotic, major osteoporotic and hip fracture (HF). Inverse-variance weighted β-coefficients were used to merge the cohort-specific results. For the subset with BMD available, in models adjusted for age and follow-up time, the hazard ratio (95%CI) for HF comparing underweight with normal weight was 2.35 (2.10-2.60) in women and for men was 2.45 (1.90-3.17). HF risk was lower in overweight and obese categories compared to normal weight [obese II vs normal: women 0.66 (0.55-0.80); men 0.91 (0.66-1.26). Further adjustment for femoral neck BMD T-score attenuated the increased risk associated with underweight [underweight vs normal: women 1.69 (1.47-1.96); men 1.46 (1.00-2.13)]. In these models, the protective effects of overweight and obesity were attenuated, and in both sexes the direction of association reversed to higher fracture risk in Obese II category [Obese II vs Normal: women 1.24 (0.97-1.58); men 1.70 (1.06-2.75)]. Results were similar for other fracture outcomes. Underweight is a risk factor for fracture in both men and women regardless of adjustment for BMD. However, whilst overweight/obesity appeared protective base models, they became risk factors after additional adjustment for femoral neck BMD, particularly in the Obese II category. This effect in the highest BMI categories was of greater magnitude in men than women. These results will inform the second iteration of FRAX®.
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Introduction 
[bookmark: _Hlk200375315]Body mass index (BMI), calculated as weight divided by height squared, is an accepted surrogate for adiposity for population studies and as a clinical risk factor in assessment for outcomes such as myocardial infarction and fracture.(1,2) Multiple studies have documented the complex relationships between fat mass, lean mass and bone mineral density in the determination of fracture risk.(3,4) Obesity is associated with an increased risk of falling;(5) Both low and high BMI have been associated with greater risk of fracture, but importantly, with different fracture sites at either end of the BMI spectrum.(3) (5,6) Findings from the Global Longitudinal study of Osteoporosis in Women (GLOW) suggested high risk of ankle and upper leg fractures with obesity,(7) with similar results in the Spanish SIDIAP dataset.(8) More recently, a Mendelian Randomisation study demonstrated causal associations between low BMI and risk of forearm fracture.(9) Consistent with these observations, in our previous meta-analysis of 398,610 women, mean age 63 years, low BMI was a risk factor for hip and all osteoporotic fractures, but appeared to be protective for lower leg /ankle fracture.(2) In contrast, high BMI was associated with increased risk for humerus and elbow fractures. This relationship was dependent partly on bone mineral density (BMD). Thus, after adjustment for femoral neck BMD, high BMI remained a risk factor for upper arm fracture but also predicted increased risk of all osteoporotic fractures. BMI therefore conveys risk information for incident fracture, but with important considerations regarding the relationships with BMD and fracture site. However, the evidence base thus far principally focuses on women, with relationships in men, and indeed across ethnicities in either sex, still requiring detailed elucidation.
FRAX®, currently available in 86 territories, is the most widely used fracture risk assessment tool and is incorporated into a large number of assessment guidelines,(10) recommended by the Committee for Medicinal Products for Human Use (CHMP),(11) and approved by the National Institute for Health and Care Excellence (NICE).(12) The incorporation of BMI as an input variable for risk prediction was based  on an earlier meta-analysis.(13) Since then, many more prospectively studied cohorts have become available that have the potential to improve the accuracy of FRAX and understand better the potential influences of BMD, sex and ethnicity in these relationships.(14)
The aim of the present study was to quantify magnitude of the risk relationship between BMI and incident fracture in an international setting, and to explore the dependence of this risk on age, sex, ethnicity, time since baseline assessment and BMD.

Methods
Details of our initial systematic review undertaken to identify appropriate cohorts, and of the cohorts included, have been documented previously(14) and are summarized in Appendix Table 1. This was registered in the PROSPERO international prospective register of systematic reviews (CRD42021227266), and followed the Preferred Reporting Items for Systematic Reviews (PRISMA) guidelines. In brief, we studied 1,667,922 men and women from 63 prospectively studied cohorts.  57 cohorts included women (n=1,127,206) and 40 cohorts included men (n=540,716).  Of these 293,325 men and women had BMD measured, from 53 cohorts in 20 countries, with a total follow-up time of 2.2 million person-years.
[bookmark: _Hlk200378887]Baseline and outcome variables
Body mass index (BMI, kg/m2) was calculated from height and weight assessed at baseline. We considered incident fractures in the following categories: all, osteoporotic, major osteoporotic (MOF: clinical spine, distal forearm, hip or humerus) and hip fracture. For the purpose of this analysis, and related meta-analyses informing the next iteration of FRAX,(15-17) we defined “osteoporotic fractures" on the basis of previously identified sites at which fractures were more common with increasing age and decreasing BMD, thus excluding fractures of the skull, face, hands, feet, ankle and patella, as well as tibia and fibula fractures in men.(18,19) This should not be taken to mean that anyone experiencing such a fracture has osteoporosis, merely that they appear more frequent in those with low BMD and/or higher age. No distinction was made according to trauma since both high- and low-trauma fractures show similar relationships with low BMD and future fracture risk.(20,21) Details of fracture ascertainment and validation have been published previously.(14)
Statistical methods
The risk of incident fracture, expressed as hazard ratio per 1 kg/m2 greater baseline BMI, was estimated using an extended Poisson model applied separately to each cohort (and also separately by sex for those cohorts with both men and women).(22)  Because of an embargo on data transfer, Cox regression was used on the Manitoba cohort.  Covariates included current time since start of follow-up, current age, prior history of fracture, and BMD T-score at the femoral neck. Femoral neck BMD was adjusted for manufacturer and T-scores were calculated from the NHANES III White female reference values.(14)  We categorised BMI according to WHO recommendations (Underweight<18.5; Normal 18.5-24.9 (referent); Overweight 25.0-29.9; Obese I 30.0-34.9; Obese II ≥ 35.0 kg/m2)(23) for analyses by category. We illustrated non-linear associations using spline models with nodes at 21, 25 and 33 kg/m2. Results of each cohort and the two sexes were weighted according to the variance and merged to determine the weighted means and standard deviations. The HR was equal to eweighted mean of β. A priori, a random effects model was used in the meta-analysis. Assessment of the effects of ethnicity was confined to those cohorts recording more than one ethnic group [Asian, Black, Hispanic, White and the Black, Asian and Minority Ethnic category (BAME)], comprising Health ABC, CAMOS, MrOS USA, LASA, WHI, SOF, Manitoba and UK Biobank. Ascertainment of these data was via self-report. On the basis of these 8 cohorts there was sufficient data to undertake pairwise comparisons. Finally, we investigated associations between BMI and risk of death during follow-up.

Results
Of 1,667,922 men and women studied in 32 countries, the average BMI was 27.2 kg/m2.  At follow up, 151,473 men and women were identified as having a subsequent fracture of any kind; 125,135 were characterized as osteoporotic in men and women, 95,748 men and women sustained a MOF; 31,383 were hip fractures.  The total follow-up time was 16.0 million-person years in men and women.  BMD measurements were available in 17.6% (293,325) of individuals.  Appendix Table 1 summarises key characteristics of the cohorts. 
Association between BMI and risk of incident fracture 
In continuous models, summarised in Table 1, after adjustment for age and time since baseline, greater BMI was associated with lower risk of incident fracture in both men and women, for example hazard ratio (HR) (95% CI) for major osteoporotic fracture per unit greater BMI in women was 0.98 (0.97, 0.98); in men 0.98 (0.97, 0.98).  Figure 1 documents these associations for hip fracture and major osteoporotic fracture in men and women combined as Forest plots. Associations appeared similar by sex and were not materially different in the subset of cohorts in which BMD was measured. In this subset, after further adjustment for BMD there was a reversal in the relationships such that greater BMI was weakly associated with higher fracture risk. For example, amongst women HR for major osteoporotic fracture per unit greater BMI was 1.01 (1.00, 1.02) and for men 1.02 (1.01, 1.03) (Table 1). Overall, associations were similar between men and women (Appendix Table 2). 
Categorical and non-linear associations between BMI and risk of incident fracture
On average, those who were underweight tended to be somewhat older than those in other categories and had lower femoral neck BMD T-score (Appendix Table 3). Indeed, there was modest but positive gradient of mean femoral neck BMD T-score going from underweight to normal to overweight to obese categories. Table 2a-b and Figure 2 document the associations between BMI category relative to the normal BMI for men and women, in the subset with BMD measurements, unadjusted and adjusted for femoral neck BMD. As with the initial models, associations were not materially different in the subset with BMD, without BMD adjustment, but the increased risk associated with low BMI and the more modest protective effect of higher BMI category was attenuated by adjustment for femoral neck BMD. Indeed, after BMD adjustment obesity became a risk factor for fracture in both sexes, with evidence of a greater effect size in men than women (Tables 2 a-b, and Appendix Table 4). Appendix Figure 1 presents the continuous relationships between BMI (HR for fracture for a given BMI versus a BMI of 25 kg/m²) and risk of hip fracture in men and women separately, in the subset with BMD, without and then with adjustment for femoral neck BMD. 
Ethnicity
Appendix Table 5 documents the fracture outcome models with continuous BMI as the exposure, by ethnicity (hazard ratio and 95%CI fracture risk for each one-unit greater BMI for White, Asian, Black and Hispanic ethnicities, together with p value for a BMI•ethnicity interaction). There was no statistical evidence for a difference in the association between BMI and hip fracture by ethnicity. In contrast to White ethnicity, for Asian and Hispanic ethnicities, higher BMI was associated with a greater risk of any fracture [Asian: HR (95% CI) 1.02 (1.00, 1.04); Hispanic 1.02 (1.00, 1.05).
Interaction with age and follow-up time
For all, osteoporotic and MOF fracture outcomes, the hazard ratio for fracture per one-unit greater BMI tended to decrease with increasing age. Conversely, for the outcome of hip fracture, there was no obvious relationship with age. (Appendix Table 6). There was a modest increase in hazard ratio with greater follow-up time for the hip fracture and MOF in the whole cohort after adjusting for age (Appendix Table 7). 
Association between BMI and mortality
Compared to normal weight, both underweight [HR (95%CI): 1.60 (1.44,1.78) in women and 1.71 (1.50, 1.94) in men] and obese I and II categories [e.g. obese II: 1.31 (1.21, 1.43) in women and 1.27 (1.07, 1.51) in men] were associated with greater risk of death during follow-up, in both sexes. Overweight was not associated with increased mortality risk and indeed was protective in women [0.92 (0.88, 0.95)] and men [0.96 (0.92, 1.00)]. Overall associations were similar after adjustment for femoral neck BMD T-score. Appendix Table 8a-b summarises these associations.

Discussion
Summary of findings
The present study represents the largest meta-analysis to date on the association between body mass index and subsequent fracture risk. It confirms our previous observation in women that low BMI is associated with increased fracture risk, persisting after adjustment for femoral neck BMD.(2) Furthermore, it confirms in women that overall higher BMI becomes a risk factor for fracture after adjustment for BMD, despite being protective when used unadjusted. In addition to these confirmatory findings, our new analysis documents important novel associations in men: although we observed a similar pattern overall to that in women, the increased risk of fracture associated with obesity after adjustment for BMD was of greater magnitude in men compared with women. 
Comparison with previous studies
[bookmark: _Hlk200375603]This analysis provides an updated comparison with our previous meta-analysis, which examined relationships between BMI and fracture risk only in women, based on a much smaller cohort database with substantially less time at risk available.(2) There, we observed that low BMI was a risk factor for hip and all osteoporotic fractures; when adjusted for BMD, it remained a risk factor for hip fracture but was weakly protective for osteoporotic fracture. In contrast, high BMI, when adjusted for BMD, was a risk factor for osteoporotic fractures. Our initial 2005 meta-analysis focused on both men and women but with a smaller number of participants and, whilst the results were broadly comparable, was not able to elucidate any differences by sex.(13) Similar adverse effect of high BMI on fracture risk, after adjustment for BMD, were observed in the US MrOS cohort.(24) Compston et al. examined the relationship between BMI and fracture outcomes in the Global Longitudinal Study of Osteoporosis in Women observing, in 52,939 postmenopausal women, a protective association between greater BMI and risk of hip, clinical spine and wrist fractures.(25) In contrast higher BMI was associated weakly with greater risk of ankle fracture. Whilst this study has sometimes been interpreted by others as demonstrating that obesity is not protective for osteoporotic fracture, there is clearly a question of whether ankle fractures are a consequence of osteoporosis per se, given that the age and sex relationship differs from that with classical osteoporotic fractures.(18,19,26-28) Thus rather than being protective for ankle fractures, obesity appears to be a risk factor for these events. The findings are overall consistent with our current meta-analysis in suggesting that associations between BMI and fracture risk are site specific, with potential further mechanistic implications.
Whilst factors such as chronic inflammation, type 2 diabetes and propensity to falls may contribute to fracture risk in obesity,(5,29) other considerations may underpin apparent sex differences observed. For example, in the present analysis, the greater risk of hip fracture in men compared with women at high BMI after consideration of femoral neck BMD may reflect sex dependent distribution of adipose tissue, with the female distribution more classically subcutaneous around the hips than abdomen, compared with the visceral abdominal deposition in men.(30,31) Biomechanically, the additional adipose tissue overlying the proximal femur would favour a protective effect for hip fracture in women compared with men. Additionally, or alternatively, a further mechanism might relate to sex-dependent differential hormonal patterns in obesity. Excess adipose tissue is associated with increased oestrogen activity, with likely positive effects on bone and muscle.(32) However, in men obesity may lead to a concomitant reduction in male sex steroids and thus  potentially effective hypogonadism,(6,33) with increased fracture risk possibly additionally mediated via impaired muscle health in addition to reduced BMD.(34) 
Strengths and limitations
We undertook the largest meta-analysis to date of mostly population-based cohorts to investigate and quantify associations between BMI and risk of incident fractures. We were able to investigate BMI as a continuous exponential, nonlinear and categorical exposure, and investigate possible interactions by age, sex, ethnicity and follow-up time. The use of primary data decreases the risk of publication bias and the general consistency of the BMI-fracture association between cohorts provides strong support for the international validity of this risk variable. However, there are limitations which need to be considered in the interpretation of our findings. Firstly, as with nearly all population-based studies, non-response biases may have occurred, which we were unable to document for all cohorts. This is likely to result in a cohort which is healthier than the background population and may thus lead to underestimation of the absolute risk of fracture. In particular, there may have been reduced responses from those at the lowest and highest BMI values. It is therefore likely, if anything, to have had a conservative effect on our risk estimates. Secondly, it is possible that there were differences in protocols and, for example, execution of height and weight measures between cohorts. This is unavoidable in such a study, and importantly, exposure-outcome analyses were undertaken within each cohort and then the beta coefficients merged through random effects meta-analysis. Thirdly, we were not able to elucidate whether the association between BMI and incident fracture was causal. However, this was not the purpose of the study and for the purpose of risk assessment, a causal relationship is not required. Fourthly, BMI is affected by both fat and lean mass and does not account for distribution of fat between subcutaneous and visceral compartments. This is irrelevant in terms risk assessment, but of course limits mechanistic influence. Finally, we were not able to account for levels of physical activity, which might be related to both BMI and fracture risk. Although this might be mechanistically interesting, it would not reflect the way in which BMI is considered in the FRAX algorithm. 
Clinical and risk assessment implications
The role of BMI in the FRAX model was informed by an earlier meta-analysis by De Laet et al.,(13) which was broadly consistent with the Johansson et al., 2014 study,(2) the conclusion at that time being that the new findings did not necessitate modification of the FRAX engine itself. Here we present novel associations relating to men as well as women, with interactions by sex, follow-up time, ethnicity and age, which will directly inform the revised FRAX engine, as a continuous exposure, in the second version of this globally established tool. Importantly our current findings also confirm the non-linear association between BMI and fracture. The variably modifying effects of age, ethnicity and follow-up time, together with differences by sex, support the accommodation of such nuances in the FRAX risk engine, but conversely mitigate against using BMI thresholds in risk assessment, since these would not necessarily convey consistent risk information across these parameters or fracture outcomes. The associations between increased risk of death during follow-up and underweight, and to a lesser extent obesity, are consistent with a large recent analyses,(35) and will also be important to consider in the derivation of the revised FRAX tool.
Whilst there are likely to be causal implications, underpinned by our understanding of biology and biomechanics, for the purposes of risk assessment, the principal requirement is quantification of the exposure-outcome association and of interactions between this relationship and with other potential input variables. Notwithstanding, our findings directly inform clinical practice, indicating that greater BMI is not necessarily protective for all fracture types. Whilst this may play into strategies to tackle obesity, there is evidence that weight loss usually leads to concomitant loss of muscle and bone and so approaches addressing obesity in the context of fracture risk must be carefully thought out.(36) Adequate calcium and protein nutrition, together with a mix of weight-bearing and resistance exercise training, alongside dietary interventions to reduce calorie intake are likely to be important,(37) given the clear demonstration of increasing risk of hip fracture with lower BMI, even after adjustment for BMD.
Conclusion
In the largest meta-analysis to date of prospective cohorts worldwide, we have confirmed inverse associations between fracture risk and BMI, with the apparent protective effect of higher BMI reversed after adjustment for femoral neck BMD. The magnitude of this effect appeared greater in men than women. The increased accuracy of the elucidated effect sizes, and their specificity by age, sex, follow-up time and ethnicity will inform improved risk assessment in the second iteration of the FRAX tool.
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Table 1: Hazard ratio (HR) and 95% confidence interval (CI) for fracture at the sites indicated per unit greater BMI (linear models).  HRs are adjusted for age and time since baseline. 
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	Adjusted for age and time since baseline
	Adjusted for age and time since baseline – for those with BMD
	Adjusted for age, time since baseline and BMD

	Outcome
 fracture
	Number
of cohorts
	I2
	HR (95% CI)
	Number
of
cohorts
	I2
	HR (95% CI)
	Number
of
cohorts
	I2
	HR (95% CI)

	Female
	
	
	
	
	
	
	
	
	

	Any
	55
	73
	0.99 (0.98, 0.99)
	46
	65
	0.98 (0.98, 0.99)
	46
	42
	1.01 (1.01, 1.01)

	Hip
	57
	57
	0.95 (0.94, 0.95)
	46
	41
	0.95 (0.94, 0.96)
	46
	33
	0.99 (0.98, 1.00)0.060

	MOF
	52
	83
	0.98 (0,97, 0,98)
	45
	77
	0.98 (0.97, 0.98)
	45
	57
	1.01 (1.00, 1.02)0.0018

	Ost
	51
	83
	0.98 (0.97, 0.98)
	44
	73
	0.98 (0.97, 0.98)
	44
	55
	1.01 (1.00, 1.01)0.0051

	Male
	
	
	
	
	
	
	
	
	

	Any
	38
	25
	0.99 (0.98, 0.99)
	32
	0
	0.99 (0.98, 0.99)
	32
	0
	1.02 (1.01, 1.02)

	Hip
	36
	48
	0.95 (0.93, 0.96)
	29
	32
	0.95 (0.93, 0.97)
	28
	0
	1.03 (1.01, 1.04)

	MOF
	35
	60
	0.98 (0.97, 0.98)
	30
	0
	0.98 (0.97, 0.98)
	30
	1
	1.02 (1.01, 1.03)

	Ost
	34
	56
	0.98 (0.97, 0.99)
	30
	18
	0.98 (0.97, 0.99)
	30
	0
	1.02 (1.01, 1.03)



MOF = major osteoporotic fracture; Ost = osteoporotic fracture 
Except where indicated, p<0.001 

Table 2a: Hazard ratio for fracture by BMI category (reference normal) in women and men, adjusted for age and time since baseline, in subset with femoral neck BMD measure available (but not adjusted for BMD). (BMI Categories: Underweight BMI<18.5, Normal BMI 18.5-24.9, Overweight BMI 25.0-29.9, Obese I BMI 30.0-34.9, Obese II BMI ≥ 35.0 kg/m2). HR in bold are <0.001.
	
	
	1
	3
	4
	5

	
	
	Underweight vs Normal
	Overweight vs Normal
	Obese I vs Normal
	Obese II vs Normal

	Outcome
 fracture
	N, cohorts
	HR (95% CI)
	HR (95% CI)
	HR (95% CI)
	HR (95% CI)

	Women
	
	
	
	
	

	Any
	38, 47, 45, 40
	1.31 [1.20-1.43]
	0.94 [0.90-0.98]
	0.88 [0.83-0.93]
	0.84 [0.77-0.91]

	Hip
	27, 41, 33, 22
	2.35 [2.13-2.60]
	0.75 [0.72-0.78]
	0.64 [0.59-0.69]
	0.66 [0.55-0.80]

	MOF
	33, 45, 42, 36
	1.43 [1.30-1.59]
	0.90 [0.85-0.95]
	0.82 [0.76-0.89]
	0.78 [0.70-0.88]

	Ost
	34, 44, 42, 36
	1.38 [1.27-1.50]
	0.90 [0.86-0.94]
	0.84 [0.79-0.90]
	0.77 [0.70-0.85]

	Men
	
	
	
	
	

	Any
	21, 30, 27, 23
	1.77 [1.54-2.04]
	0.87 [0.84-0.90]
	0.88 [0.82-0.94]
	1.04 [1.04-1.05]

	Hip
	14, 23, 16, 11
	2.45 [1.90-3.17]
	0.69 [0.65-0.74]
	0.63 [0.53-0.74]
	0.91 [0.66-1.26]

	MOF
	16, 28, 23, 17
	1.87 [1.60-2.20]
	0.85 [0.80-0.90]
	0.80 [0.72-0.89]
	0.96 [0.96-0.97]

	Ost
	19, 28, 25, 21
	1.83 [1.58-2.12]
	0.85 [0.82-0.89]
	0.82 [0.76-0.89]
	0.96 [0.96-0.97]

	
	
	
	
	
	

	p 
women vs men
	
	
	
	

	Any
	
	<0.001
	0.0067
	>0.30
	<0.001

	Hip
	
	>0.30
	0.024
	>0.30
	0.088

	MOF
	
	0.0040
	0.18
	>0.30
	<0.001

	Ost
	
	0.0011
	0.053
	>0.30
	<0.001



MOF = major osteoporotic fracture; Ost = osteoporotic fracture



Table 2b: Hazard ratio for fracture by BMI category (reference normal) in women and men, adjusted for age and time since baseline, in subset with femoral neck BMD measure available, additionally adjusted for BMD. (BMI Categories: Underweight BMI<18.5, Normal BMI 18.5-24.9, Overweight BMI 25.0-29.9, Obese I BMI 30.0-34.9, Obese II BMI ≥ 35.0 kg/m2). HR in bold are <0.001.
	
	
	1
	3
	4
	5

	
	
	Underweight vs Normal
	Overweight vs Normal
	Obese I vs Normal
	Obese II vs Normal

	Outcome
 fracture
	N, cohorts
	HR (95% CI)
	HR (95% CI)
	HR (95% CI)
	HR (95% CI)

	Women
	
	
	
	
	

	Any
	38, 47, 45, 40
	1.09 [1.03-1.17]
	1.08 [1.04-1.12]
	1.13 [1.07-1.20]
	1.19 [1.10-1.29]

	Hip
	27, 41, 33, 22
	1.69 [1.47-1.96]
	0.99 [0.93-1.05]
	0.97 [0.89-1.06]
	1.24 [0.97-1.58]

	MOF
	33, 45, 42, 36
	1.16 [1.08-1.25]
	1.07 [1.01-1.13]
	1.12 [1.04-1.21]
	1.21 [1.09-1.35]

	Ost
	34, 44, 42, 36
	1.13 [1.06-1.21]
	1.06 [1.01-1.11]
	1.13 [1.05-1.21]
	1.17 [1.05-1.29]

	Men
	
	
	
	
	

	Any
	21, 30, 27, 23
	1.23 [1.00-1.51]
	1.03 [0.97-1.09]
	1.14 [1.05-1.24]
	1.43 [1.24-1.65]

	Hip
	14, 23, 16, 11
	1.46 [1.00-2.13]
	1.06 [0.95-1.18]
	1.10 [0.87-1.38]
	1.70 [1.06-2.75]

	MOF
	16, 28, 23, 17
	1.25 [0.98-1.60]
	1.06 [0.98-1.15]
	1.14 [1.01-1.29]
	1.54 [1.26-1.88]

	Ost
	19, 28, 25, 21
	1.23 [1.00-1.52]
	1.03 [0.96-1.09]
	1.11 [1.02-1.22]
	1.53 [1.27-1.83]

	
	
	
	
	
	

	p women vs men
	
	
	

	Any
	
	0.27
	0.19
	>0.30
	0.027

	Hip
	
	>0.30
	0.29
	>0.30
	0.25

	MOF
	
	>0.30
	>0.30
	>0.30
	0.037

	Ost
	
	>0.30
	>0.30
	>0.30
	0.045



MOF = major osteoporotic fracture; Ost = osteoporotic fracture 



Figure 1.  Forest plot showing effect size on hip fracture risk (left panel, A) and major osteoporotic fracture (right panel, B) per one unit greater BMI in men and women combined adjusted for age and time since baseline. 

Figure 2: Hazard ratio (95% CI for fracture according to categories of BMI (referent: normal BMI) for men and women. 2A: hip fracture; 2B: major osteoporotic fracture (MOF). Associations are adjusted for age and follow-up time +/- femoral neck BMD T-score, in subset with femoral neck BMD measure available.

