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To determine the association of weight loss with risk of clinical fractures at the hip, spine and
pelvis (central body fractures [CBF]) in older men with and without accounting for the competing
risk of mortality, we used data from 4,523 men (mean age 77.5 years). Weight change between
baseline and follow-up (mean 4.5 years between examinations) was categorized as moderate 10ss
(loss =10%), mild loss (loss 5% to <10%), stable (<5% change) or gain (gain =5%). Participants
were contacted every 4 months after the follow-up examination to ascertain vital status (deaths
verified by death certificates) and ask about fractures (confirmed by radiographic reports).
Absolute probability of CBF by weight change category was estimated using traditional Kaplan-
Meier method and cumulative incidence function accounting for competing mortality risk. Risk of
CBF by weight change category was determined using conventional Cox proportional hazards
regression and subdistribution hazards models with death as a competing risk. During an average
of 8 years, 337 men (7.5%) experienced CBF and 1,569 (34.7%) died before experiencing this
outcome. Among men with moderate weight loss, CBF probability was 6.8% at 5 years and 16.9%
at 10 years using Kaplan-Meier vs. 5.7% at 5 years and 10.2% at 10 years using a competing risk
approach. Men with moderate weight loss compared with those with stable weight had a 1.6-fold
higher adjusted risk of CBF (HR 1.59, 95% CI 1.06-2.38) using Cox models that was substantially
attenuated in models accounting for competing mortality risk and no longer significant
(subdistribution HR 1.16, 95% CI 0.77-1.75). Results were similar in analyses substituting hip
fracture for CBF. Older men with weight loss who survive are at increased risk of CBF, including
hip fracture. However, ignoring the competing mortality risk among men with weight loss
substantially overestimates their longterm fracture probability and relative fracture risk.

Keywords
central body fractures; weight change; mortality; older men

INTRODUCTION

Prospective studies have reported an independent association between weight loss and an
increased risk of clinical fractures at the hip, spine and pelvis (central body fractures) in
postmenopausal and older women(-9), but less is known about weight loss late in life and
fracture risk in men. Longitudinal studies(’~19) in older men that have measured concurrent
changes in weight and hip bone mineral density (BMD) have reported higher rates of bone
loss in men losing weight. One study that investigated the association between weight
change since middle adulthood and risk of hip fracture in older men(1) noted that weight
loss of 10% of more increased hip fracture risk, while weight gain of 10% or more decreased
the risk of hip fracture.

Previous studies examining the association of weight loss with fracture outcomes in older
adults have utilized traditional Cox proportional hazards regression models to analyze the
association of weight change with fracture. These approaches treat mortality as an
uninformative censoring event and assume that subjects censored due to death are
representative of those still at risk of fracture at that point in time and have the same
distribution of time-to-fracture as subjects who experience fracture. However, ignoring
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mortality may not provide accurate estimates of risk of fracture because weight loss in older
adults strongly predicts death2-15), making mortality a competing risk.(16)

To investigate the impact of the competing risk of death on absolute probability and adjusted
risk of central body fractures in older men with weight loss late in life, we used data from
4523 men enrolled in the Osteoporotic Fractures in Men (MrOS) study with measures of
weight change and subsequent follow-up for fractures and mortality.

Study Population

A total of 5,994 men =65 years old were enrolled from 2000 to 2002 in the prospective
Osteoporotic Fractures in Men (MrOS) study.(I?) Participants were recruited from
population-based listings in six regions of the United States.(18) A history of bilateral hip
replacement or the inability to walk without the assistance of another person excluded
individuals from study participation. The institutional review board at each participating
institution approved the study protocol and written informed consent was obtained from all
participants. This analysis is limited to 4,523 men who completed both baseline and a
follow-up (2"%) examination and had body weight measured at both examinations
(Supplemental Figure 1).

Measurement of Weight Change

Body weight (in indoor clothing with shoes removed) was recorded with a scale (calibrated
every month) at both baseline and 2"d examinations (mean (SD) 4.5 (0.4) years between
examinations). Weight change was calculated by subtracting baseline weight from 2nd
examination weight and expressed as a percentage of the baseline value. Weight change was
categorized as moderate weight loss (loss =10%), mild weight loss (loss 5% to <10%),
stable weight (<5% loss or gain) or weight gain (gain =5%) based on current beliefs about
clinically relevant weight changes in older adults and availability of sufficient numbers of
participants and fractures in each category.

Ascertainment of Incident Central Body Fractures and Mortality

Participants were contacted every 4 months after the 2" examination (99% of follow-up
contacts completed) to ascertain vital status and ask about fractures. Self-reported fracture
events including fractures of the hip and pelvis were confirmed by radiographic reports.(19)
For any self-reported spine fracture, radiographic reports and a copy of the community
spinal imaging study (x-rays, CT and/or MRI studies) were obtained. Clinical vertebral
fractures were confirmed by the study radiologist who used the semi-quantitative method of
Genant(29) to establish that the community imaging study showed a new deformity of higher
grade than was present in the same vertebra on the baseline study film. The primary fracture
outcome of interest was central body fracture (clinical fracture at the hip, spine or pelvis).(?)
Deaths were verified with death certificates. The mean (SD) follow-up after the 2"d
examination (baseline for this analysis) was 7.9 (2.9) years for central body fracture and 8.1
(2.8) years for mortality.
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Other Measurements

At the 2"d examination, participants completed a questionnaire and were interviewed and
asked about smoking status; history of selected medical conditions (i.e. stroke, diabetes,
hyperthyroidism, hypothyroidism, Parkinsonism, myocardial infarction, congestive heart
failure, chronic obstructive pulmonary disease, non-skin cancer, liver disease, and renal
disease); intention to lose weight (whether or not the participant was trying to lose weight in
the past 12 months); and falls in the past year. A multimorbidity score was calculated
(potential range 0-11) by summing up the self-reported selected medical conditions.
Physical activity was assessed using the Physical Activity Scale for the Elderly (PASE).(21)
Gait speed (time in seconds to walk 6 meters at usual pace [m/s]) was measured. Weight and
height (Harpenden stadiometer) measurements were used to calculate body mass index
(BMI, kg/m2). Femoral neck bone mineral density (BMD) was measured with dual x-ray
absorptiometry (DXA, QDR 4500W, Hologic, Inc., Bedford, MA) using standardized
protocols.(® Information regarding date of birth and race/ethnicity was collected at the
baseline examination.

Statistical Analysis

Characteristics of the 4523 participants at the 274 examination were compared across the
four weight change categories using chi-square tests for categorical variables, ANOVA for
continuous variables and Kruskal-Wallis non-parametric tests for skewed variables.

We used restricted cubic splines to determine whether the association between weight
change and risk of central body fracture was nonlinear. To allow for a wide range of
nonlinear functional forms, we chose a spline model with 5 knots placed at the 5t, 25t
50t 75t and 95™ percentiles of percent weight change. We then plotted the spline curve
and 95% confidence interval for the hazards ratio of central body fracture vs. percent weight
change. This graph suggested the presence of a non-linear association between weight
change and risk of central body fracture confirming that it was appropriate to express weight
change as a categorical variable.

To estimate the absolute probability of central body fracture during follow-up by weight
change category, we used two approaches: 1) calculating 1-KM where KM is the traditional
Kaplan-Meier (KM) survival function that treats mortality as a censored observation and 2)
estimating the cumulative incidence function that considers mortality as a competing
risk.(22) In addition, the absolute probability of hip fracture during follow-up by weight
change category was estimated using traditional survival analysis and the competing risk
approach.

To determine adjusted associations of moderate weight loss, mild weight loss and weight
gain with risk of central body fracture after the 2"d examination (referent group stable
weight), we used conventional Cox proportional hazards regression models that treat
mortality as uninformative censoring and subdistribution hazards models proposed by Fine
and Gray(23) that consider death as a competing risk. In Fine-Gray subdistribution models,
men who died prior to experiencing a central body fracture are not censored. Death is treated
as an informative competing event and those who died remain in the risk set after the event
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contributing person-time until the end of follow-up to allow comparisons between those with
central body fractures, those with fracture-free survival and those who died. Subdistribution
hazards ratio tend to be smaller in magnitude and more conservative than those from
traditional Cox proportional regression since those with the competing event are usually
more similar to those with the outcome of interest than those who are event-free.

Using both approaches, associations were initially adjusted for age alone and then further
adjusted for, race, smoking, and multimorbidity. Subsequently, potential mediators including
physical activity, fall history, gait speed, and femoral neck BMD were added one at a time to
the model. We also performed analyses stratifying participants by characteristics measured
at the 2"d examination, including BMI (<26.8 kg/m? (median) vs. 26.8 kg/m?) and
intention to lose weight (trying vs. not trying to lose weight) and tested for interactions
between weight change and these variables. In secondary analyses, Cox proportional hazards
models and subdistribution hazards models were used to estimate age-adjusted associations
of moderate weight loss, mild weight loss and weight gain with risk of individual fracture

types.

RESULTS

Among the 4,523 men who comprised the analytical cohort, mean (SD) participant age at
the 2Nd examination was 77.5 (5.5) years) and mean (SD) percent weight change between
baseline and 2"d examination was —1.6 (5.5). A total of 283 men (6.3%) had moderate
weight loss (loss 210%), 742 (16.4%) had mild weight loss (loss 5% to <10%), 3,076
(68.0%) had stable weight and 422 (9.3%) had weight gain. Characteristics of the cohort
overall and by category of weight change are shown in Table 1.

During an average follow-up of 8 years after the 2"d examination, 337 men (7.5%)
experienced a central body fracture and 1569 (34.7%) died prior to experiencing this
outcome (Table 2). Average weight change was similar among men who experienced a
central body fracture (-2.3%) and those who died (-2.5%), but smaller in magnitude among
men who survived without fracture and who were censored at end of follow-up (-1.0%)
(p<0.001 for comparisons of men who survived without fracture to men with fracture and to
men who died).

The age-adjusted incidence rate of central body fracture was 9.4 (95% CI 8.4-10.4) per
1000-person years and the age-adjusted mortality rate was 47.6 (95% CI, 45.4-49.8) per
1000 person-years (Table 1). Men with moderate weight loss had the highest rates of central
body fracture and mortality (16.0 and 99.4 per 1000 person-years, respectively). The rate of
central body fracture was lower and of similar magnitude among men with stable weight and
those with weight gain (8.7 and 8.3 per 1000 person-years, respectively) and intermediate
among men with mild weight loss (10.6 per 1000 person-years). A non-linear association
between weight change and risk of central body fracture was confirmed in an analysis using
restricted cubic spline models that indicated a possible threshold value near zero percent
weight change (Figure 1). Fracture risk increased in a graded manner with increasing degree
of weight loss, whereas weight gain appeared to have no effect on fracture risk.
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Using traditional survival analysis (Figure 2A) or the competing risk approach (Figure 2B),
the absolute probability of central body fracture was higher among the men with moderate
weight loss and those with mild weight loss, and lower (and similar in magnitude) among
men with stable weight and those with weight gain. Among men with moderate weight loss
and those with mild weight loss, the competing risk approach compared with traditional
survival analysis resulted in a lower estimate of absolute fracture probability and the
difference in estimates was greater as duration of follow-up increased. For example, among
men with moderate weight loss, the absolute probability of central body fracture was 6.8%
(95% C1 4.0-10.6) at 5 years and 16.9% (95% CI 10.5-24.7) at 10 years using traditional
KM survival analysis vs. 5.7% (95% CI 3.4-8.8) at 5 years and 10.2% (95% CI 6.8-14.4) at
10 years using a competing risk approach. Similarly, the absolute probability of hip fracture
among men with moderate weight loss was 2.2% (95% CI 0.8-4.8) at 5 years and 10.1%
(95% Cl 4.8-17.8) at 10 years using traditional KM survival analysis (Figure 3A) vs. 1.8%
(95% C1 0.7-3.9) at 5 years and 5.2% (95% CI 2.8-8.7) at 10 years using a competing risk
approach (Figure 3B).

Men with moderate weight loss compared with those with stable weight had a 1.7-fold
higher age-adjusted risk of central body fracture (HR 1.73, 95% CI 1.16-2.59) as calculated
by Cox regression (Table 3). Compared to men with stable weight, the age-adjusted risk of
central body fracture appeared to be modestly elevated among men with mild weight loss
(HR 1.29, 95% CI 0.98-1.70), but the 95% confidence intervals around the point estimate of
the association overlapped 1.00. The risk of central body fracture among men with weight
gain was similar and not different from that among men with stable weight. In contrast, the
age-adjusted risk of central body fracture among men with moderate weight loss was
substantially attenuated by 27% in subdistribution models and no longer statistically
significant (subdistribution HR 1.24, 95% CI 0.82-1.86). Use of subdistribution models also
attenuated the association of mild weight loss with central body fracture, but the effect was
smaller in magnitude (subdistribution HR 1.16, 95% CI 0.88-1.53).

Further adjustment for potential confounders (race, smoking, multimorbidity burden) or
consideration of potential mediators (physical activity, fall history, gait speed, or femoral
neck BMD) modestly reduced the association between moderate weight loss and central
body fracture in Cox regression models. The impact of consideration of potential
confounders and mediators was similar in subdistribution models, but the subdistribution
HRs for moderate weight loss were close to and not different from 1.0 in magnitude in all
models. We found no evidence using Cox or subdistribution models that the association
between weight change and risk of CBF varied by current BMI or intention to lose weight (p
interaction terms all =0.52 in age and multivariable adjusted models).

In analyses that substituted individual fracture types for central body fracture, there was a
similar substantial attenuation in the HR of hip, clinical vertebral or pelvis fracture among
men with moderate weight loss compared with those with stable weight when using
competing risk vs. traditional Cox regression models (Supplemental Table 1).
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DISCUSSION

In this prospective study of community-dwelling older men, men with weight loss late in life
who survived were at increased risk of central body fractures, including hip fractures.
However, not taking into account the competing mortality risk among men with weight loss
markedly overestimated their longterm absolute fracture probability and adjusted facture
risk.

Our estimates of the absolute probability and adjusted risk of central body fracture among
older men with weight loss derived from traditional analytical approaches (KM method and
Cox proportional hazards regression) are in agreement with findings of previous prospective
studies examining the association of weight change with fracture risk in middle-aged and
older adults. Studies in postmenopausal and older women(1-6) have consistently reported
that self-reported or documented weight loss is independently associated with up to a 2-fold
increase in risk of fragility fractures including hip, clinical vertebral and pelvis fractures.
These studies assessed weight change or weight loss in particular over time periods between
1 and 20 years and subsequently followed participants for fracture outcomes for time periods
ranging from nearly 2 to over 10 years. Similarly, a prospective investigation in men aged 67
years and older() found that self-reported weight loss of 10% or more since age 50 is
associated with a 1.8-fold risk of hip fracture during 8 years of follow-up. We also found
evidence of a non-linear association of weight change with central body fracture in our
cohort of older men as fracture risk increased in a graded manner with increasing degree of
weight loss, while weight gain appeared to have no effect on fracture risk. These findings are
similar to those reported in prospective studies of postmenopausal and older women(#4) that
have examined the association of weight change with risk of central body fractures,
including hip fractures. However, all previous studies relied solely on conventional
analytical approaches that may be inappropriate in the presence of the competing risk of
mortality.

Among participants with moderate weight loss in this cohort of older men, the mortality
incidence rate was over 6-fold greater than the rate of central body fracture suggesting that
mortality was a major competitor to a experiencing a central body fracture event. Our
estimates of 5 and 10-year absolute probabilities of central body fracture among men with
weight loss were lower using a competing risk approach vs. traditional survival analysis and
the magnitude of difference in probabilities calculated by the 2 methods noticeably increased
with increasing duration of follow-up. In our analyses estimating the relative risk of central
body fracture among men with weight loss after accounting for potential confounders,
subdistribution hazards ratios from models treating death as a competing risk were smaller
in magnitude and more conservative than those from traditional Cox proportional regression
since central body fracture and death share many common risk factors. Consideration of the
competing risk of mortality attenuated the magnitude of the point estimate of the association
by 27% and it was no longer statistically significant. In addition, our findings regarding the
differences in estimates of absolute fracture probability and adjusted fracture risk when
using a traditional vs. competing risk approach were similar in analyses substituting hip
fracture for central body fracture as the outcome variable.
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Thus, our results indicate that it is essential for studies to incorporate statistical approaches
that account for the competing mortality risk when evaluating the longterm association of
weight loss in old age with fragility fracture risk in order to accurately estimate absolute
fracture probability and adjusted fracture risk. Taking into account the competing risk of
mortality is of less importance when evaluating the association of weight loss with risk of
fracture in studies with shorter follow-up periods. While our investigation provides novel
information on the impact of the competing risk of mortality on the relationship of weight
loss with fracture, a competing risk approach has been utilized in other investigations in the
field including those examining the risk of second fracture events and mortality following
osteoporotic fracture(?4), evaluating lifetime risk of fracture by age group and BMD
category(?®), and estimating BMD testing intervals in healthy older adults according to age
and BMD category.(26.27)

Weight loss may be a proxy for underlying serious medical conditions, but our results from
both conventional and competing risk approaches regarding the association of weight change
with central body fracture were not substantially altered by adjustment for multimorbidity
burden as defined by number of comorbid medical conditions suggesting that weight loss is
a proxy for subclinical illness. On the other hand, greater attenuation of the association may
have resulted if our analyses had adjusted for a weighted index of medical conditions
specifically developed to predict fracture risk. In addition, we did not find evidence using
either approach that the association varied between heavier and thinner men or between men
with trying and those not trying to lose weight. Our findings from analyses using the
traditional Cox proportional hazards models are consistent with those from previous studies
in women(-6) that have use this approach to evaluate effects of multimorbidity and current
body weight on the association between weight change and fragility fracture. While a study
in older women( of similar age to the men in this study reported that both involuntary and
voluntary documented weight loss were associated with an increase in the risk of hip
fracture, a study of younger postmenopausal women(® found that self-reported unintentional
weight loss, but not intentional weight loss, was related to higher hip fracture risk.

Our results have implications for fracture risk assessment and clinical decision-making in
older men. Some professional societies(28:29) have advocated more aggressive osteoporosis
screening, fracture risk assessment and use of drug treatment in older men to prevent
fracture. However, these guidelines did not take into account the impact of the competing
risk of death. Because of the high competing mortality risk among older men with weight
loss, aggressive assessment and management strategies may be not be appropriate as many
men in this group will die prior to experiencing a disabling fracture event. Our results also
suggest that fracture risk assessment tools that provide longterm individual based estimates
of fracture probability might be improved by incorporation of individual patient-based
estimates of competing mortality risk as available web-based tools either do not take into
account competing mortality risk(3%:31) or only account for country-specific death rates.(32)

This study has several strengths. It was comprised of a large cohort of community-dwelling
men with objective repeated measures of body weight, prospective longterm fracture follow-
up and confirmation of incident fractures. However, this study also has several limitations.
The cohort was predominantly older Caucasian community-dwelling men, so results may
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not be generalizable to other populations, especially those such as younger postmenopausal
women where the competing risk of mortality is markedly lower. In addition, there was
limited power for specific fractures types. We were unable to examine the association of
weight fluctuation with risk of central body fracture because annual measurements of body
weight were not performed in the MrOS study.

In conclusion, older men with weight loss late in life who survive have a higher risk of
central body fractures, including hip fractures. However, not taking into account the
competing mortality risk among men with weight loss greatly overestimates their longterm
absolute fracture probability and adjusted facture risk. These findings suggest that among
older men with a history of weight loss in old age, a competing risk approach is needed to
better inform fracture risk assessment and clinical decision-making.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Restricted Cubic Spline Plot of Hazards Ratio for Central Body Fracture by Percent Weight

Change
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Figure 2A.

Cumulative Absolute Probability of Central Body Fracture by Weight Change Category
using Kaplan-Meier Method
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Figure 2B.

Cumulative Absolute Probability of Central Body Fracture by Weight Change Category
using Cumulative Incidence Function (Competing Risk Approach)
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Figure 3A.
Cumulative Absolute Probability of Hip Fracture by Weight Change Category using Kaplan-
Meier Method
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Figure 3B.
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Cumulative Incidence Function (Competing Risk Approach)
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Traditional Cox Proportional Hazards Models and Subdistribution Models for Association of Weight Change

with Central Body Fracture

Central body fracture (n:337)*

Hazard Ratio (95% CI)

Weight Loss
210%

(N= 283)

Weight Loss
5% to <10%

(N=742)

Stable Weight

(Loss or Gain <5%)

(N=3,076)

Weight Gain 25%

(N=422)

Age-adjusted Model
Cox proportional model

Subdistribution model

Base Model

Cox proportional model
Subdistribution model
Base model + PASE

Cox proportional model
Subdistribution model
Base model + fall history
Cox proportional model
Subdistribution model
Base model + gait speed
Cox proportional model
Subdistribution model
Base model + femoral neck BMD
Cox proportional model

Subdistribution model

1.73 (1.16-2.59)
1.24 (0.82-1.86)

1.59 (1.06-2.38)
1.16 (0.77-1.75)

1.57 (1.05-2.36)
1.15 (0.77-1.73)

1.53 (1.02-2.29)
1.12 (0.74-1.69)

1.51 (0.99-2.30)
1.18 (0.78-1.80)

1.53 (1.03-2.29)
1.02 (0.67-1.56)

1.29 (0.98-1.70)
1.16 (0.88-1.53)

1.25 (0.95-1.65)
1.14 (0.86-1.50)

1.25 (0.95-1.65)
1.13 (0.86-1.50)

1.25 (0.95-1.65)
1.13 (0.85-1.49)

1.20 (0.90-1.59)
1.11 (0.83-1.47)

1.17 (0.89-1.55)
1.04 (0.78-1.37)

1.00 (referent)
1.00 (referent)

1.00 (referent)
1.00 (referent)

1.00 (referent)
1.00 (referent)

1.00 (referent)
1.00 (referent)

1.00 (referent)
1.00 (referent)

1.00 (referent)
1.00 (referent)

1.03 (0.69-1.54)
0.96 (0.65-1.44)

1.02 (0.68-1.52)
0.96 (0.64-1.43)

0.99 (0.67-1.49)
0.95 (0.63-1.41)

1.00 (0.67-1.49)
0.94 (0.63-1.40)

1.02 (0.68-1.52)
0.99 (0.66-1.47)

1.01 (0.67-1.51)
1.00 (0.66-1.49)

*
defined as hip, clinical vertebral or pelvis fracture

fadjusted for age, race, smoking, and multimorbidity score
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