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Abstract

Background—Although an increased risk for death after hip fracture is well established,
whether this excess mortality persists over time is unclear.

Purpose—To determine the magnitude and duration of excess mortality after hip fracture in
older men and women.

Data Sources—Electronic search of MEDLINE and EMBASE for English and non-English
articles from 1957 to May 2009 and manual search of article references.
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Study Selection—Prospective cohort studies were selected by 2 independent reviewers. The
studies had to assess mortality in women (22 cohorts) or men (17 cohorts) aged 50 years or older
with hip fracture, carry out a life-table analysis, and display the survival curves of the hip fracture
group and age- and sex-matched control groups.

Data Extraction—Survival curve data and items relevant to study validity and generalizability
were independently extracted by 2 reviewers.

Data Synthesis—Time-to-event meta-analyses showed that the relative hazard for all-cause
mortality in the first 3 months after hip fracture was 5.75 (95% ClI, 4.94 to 6.67) in women and
7.95 (Cl, 6.13 to 10.30) in men. Relative hazards decreased substantially over time but did not
return to rates seen in age- and sex-matched control groups. Through use of life-table methods,
investigators estimated that white women having a hip fracture at age 80 years have excess annual
mortality compared with white women of the same age without a fracture of 8%, 11%, 18%, and
22% at 1, 2, 5, and 10 years after injury, respectively. Men with a hip fracture at age 80 years have
excess annual mortality of 18%, 22%, 26%, and 20% at 1, 2, 5, and 10 years after injury,
respectively.

Limitations—Cohort studies varied, sometimes markedly, in size, duration of observation,
selection of control populations, ascertainment of death, and adjustment for comorbid conditions.
Only published data that displayed findings with survival curves were examined. Publication bias
was possible.

Conclusion—Older adults have a 5- to 8-fold increased risk for all-cause mortality during the
first 3 months after hip fracture. Excess annual mortality persists over time for both women and
men, but at any given age, excess annual mortality after hip fracture is higher in men than in
women.

Primary Funding Source—Fund for Scientific Research and Willy Gepts Foundation,
Universitair Ziekenhuis Brussel.

Interest is increasing in quantifying the magnitude and duration of excess mortality after hip
fractures for use in cost-effectiveness analyses of strategies for hip fracture prevention (1-3).
Although an increased risk for death after hip fracture is well established in both women and
men, it is unclear whether this excess mortality persists over time (4).

Although almost all studies have reported an increased risk for death in the first 3 to 6
months after injury, results from long-term (5- to 10-year) follow-up have been conflicting,
with some studies finding persistent excess mortality and others finding none (5-8). These
conflicting results have several potential causes, including differences in control
populations, difficulties in comparing crude and adjusted mortality statistics, and differences
in model covariates (4-6,9-16). At longer follow-up, the number of patients at risk and
therefore the number of events (deaths) provide limited statistical power (17). An additional
source of variability occurs in time-to-event (survival) analyses when the mortality risk is
not constant over time and follow-up varies across the cohorts (17,18). Because of these
factors, reported hazard estimates are varied and have wide Cls, limiting any inferences
physicians or public health policymakers can make. Further drawbacks include limited
sample size, low frequency of observations, lack of stratification by sex, and reporting
relative rather than absolute risks (17,19,20).

We summarize longitudinal evidence about the magnitude and duration of excess mortality
after hip fracture in older men and women.

Ann Intern Med. Author manuscript; available in PMC 2010 December 28.
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Design Overview

We followed a standardized protocol and conducted a meta-analysis of cohort studies to
estimate the pooled relative risk for death after hip fracture by time since fracture (time-to-
event meta-analysis). We then used these estimates of relative risk to perform absolute risk
calculations (life-table methods applied to a U.S. reference population).

Data Sources and Searches

We searched for English and non-English articles by using MEDLINE (Ovid and PubMed,
1957 to May 2009) and EMBASE; the last computerized search was done on 4 May 2009.
The Medical Subject Heading terms included hip fracture and mortality. We supplemented
the archived computerized search with a manual search of the references of all retrieved
articles.

Study Selection

Two independent reviewers scanned titles and available abstracts to identify potentially
relevant articles. We selected published studies that used a prospective cohort design and
assessed mortality from the time of the hip fracture onward in women and men older than 50
years, performed a life-table analysis (actuarial approach or Kaplan—-Meier approach), and
constructed survival curves of the group with hip fracture and (at minimum) an age- and
sex-matched control group. We excluded reviews, research letters, case—control studies,
uncontrolled studies, studies with less than 1-year follow-up, and studies not reporting
separate all-cause mortality according to sex. Because included studies encompassed many
years and countries, we could not contact authors for unpublished mortality data according
to sex.

Data Extraction and Quality Assessment

Two authors independently extracted data and assessed elements of study quality and
validity, including completeness of mortality ascertainment, loss to follow-up, and
appropriateness of control population. Disagreements were resolved by consensus. Because
of feasibility constraints, we did not contact authors for unpublished mortality data
according to sex.

Data Synthesis and Analysis

We critiqued multiple characteristics of studies related to validity and generalizability and
examined relationships between these characteristics with findings regarding risk for death
after hip fracture. We defined the relative hazard (RH) as the relative risk for death after hip
fracture compared with control participants over the total follow-up or during a specific
interval after injury. We calculated the RH and 95% CI from the survival curves of
individual studies by using a graphical approach that showed time trends (18,21-23). We
limited the analysis to studies with graphical displays of mortality over time because the risk
for death is particularly high during the initial months after the injury and because we
wished to establish uniform periods for comparing trends across studies.

To track potential changes in the risk for death over time, we partitioned the time axis of
each survival curve into 3-month intervals for the first year after injury and into yearly
intervals thereafter. The time axis was initially divided into smaller intervals and
subsequently into larger intervals, because a substantial proportion of events (deaths) occurs
in the first months after injury. This procedure allowed us to calculate the relative risk for
death during a specific period from the time, zero, of injury to a postfracture time, t, since

Ann Intern Med. Author manuscript; available in PMC 2010 December 28.
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injury (time-specific RH, cumulative RH, or RH;), as well as a relative risk for death during
a given interval, x, provided that the person is alive at the start of that interval (conditional
RH, interval RH, or RHy). We performed the first method to assess the relative differences
in survival during the cumulative period from injury to a specific time after injury, such as
the relative risk for survival (death) during the 5 years after injury. We performed the other
method to reflect a person’s prognosis if he or she had already survived the injury for
several months or years. The RHy represents the relative risk for death among patients with
hip fracture relative to control participants during a given interval (for example, from year 2
to year 3 after injury), provided that the person is alive at the start of this interval (that is, at
2 years after injury).

Context
What is the magnitude and duration of excess mortality risk after hip fracture?
Contribution

This review and modeling study found a 5- to 8-fold increased risk for mortality in the
first 3 months after a hip fracture. Excess mortality risk decreased during the first 2 years
after fracture but did not return to the rate of age-matched control participants even after
10 years of follow-up. The excess risk increased with age and, at any given age, was
higher for men than for women.

Caution

Results were modeled for a white U.S. population, and the reasons for persistent excess
risk were not clarified.

—The Editors

We determined the pooled estimates of the mean effect of hip fracture on mortality (pooled
RH) and the corresponding 95% Cls by using the inverse variance fixed-effects model and
the DerSimonian and Laird random-effects model for time-specific and conditional RHs
(22,24). Point estimates were similar with both models; we present the random-effects
analyses with the more conservative RH estimates.

We visually examined forest plots for heterogeneity, assessed between-study heterogeneity
with the Cochran Q test (22,24), and quantified heterogeneity with the 12 statistic (25,26).
We plotted the RH of each study against several potential sources of heterogeneity that we
identified a priori, including country of origin (latitude), mean age at entry (years), cohort
size, publication year, starting year of study, and total duration of study (years). We also
used random-effects categorical and meta-regression analyses (27) to examine whether
findings were affected by the following subgroup characteristics: geographic region, defined
according to the categories of the Global Burden of Disease 2000 World Health
Organization member states project (28); register-based versus hospital-based fracture
cohort; studies including only community-dwelling participants versus studies including
nursing-home residents; choice of control group; and death ascertained by interview of
relatives, death certificates, or civic registries. We explored potential publication bias by
funnel plot (22,24), the Begg and Mazumdar test (29), and the Egger test (30,31).

In our second step, we translated the estimates of relative risk for death (RHs) derived from
the meta-analysis into estimates of the absolute survival differences between patients with
hip fracture and control participants. We calculated absolute survival difference for each
year up to 10 years after hip fracture by using standard life-table methods applied to U.S.
population— based data on age- and sex-specific mortality (19,32). Appendix Table 1

Ann Intern Med. Author manuscript; available in PMC 2010 December 28.
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(available at www.annals.org) lists details of the mathematical calculations, their
derivations, and a description of the underlying assumptions of the model.

The annual mean age- and sex-specific probability of all-cause mortality was based on 2004
U.S. life-tables published by the National Center for Health Statistics (32). These tables
show the age-specific annual probability of dying from all causes for men and women
starting at birth and ending at age 100 years. The U.S. annual probability of death was
adjusted for the relative risk for death associated with hip fracture RHy, as estimated by the
meta-analysis. We used this adjusted annual probability of death to compute the number of
deaths that would occur annually and the cumulative number of deaths in 100 000 U.S.
women and men with hip fracture and 100 000 U.S. control women and men (Table 1 and
Appendix Table 1). We calculated estimates of annual and cumulative deaths for women
and men at the ages of 70, 75, 80 (mean age of a first hip fracture in white U.S. women), 85,
and 90 years.

Role of the Funding Source

Results

The study was funded by the Fund for Scientific Research and the Willy Gepts Foundation.
The funding sources had no role in defining research questions, abstracting data,
synthesizing results, or preparing the manuscript or in the decision to submit the manuscript
for publication.

Appendix Figure 1 (available at www.annals.org) shows our search and selection process
(33). Of the 196 full-text articles that we examined, 153 did not display survival curves, 16
did not report separate survival curves according to sex (34-49), and 3 were duplicate reports
(50-52). Twenty-four articles met all inclusion criteria (5, 6, 9-16, 53-66) and provided
survival curves for 22 unique cohorts of women with hip fracture and 17 unique cohorts of
men with hip fracture, as well as age- and sex-matched control groups.

Considered together, the cohorts included 578 436 women and 154 276 men with hip
fracture. Reference mortality data reported in the 24 articles were taken from the general
population in 17 studies, Medicare enrollees in 3 studies, hospital control participants
without hip fracture in 2 studies, and community-dwelling participants without hip fracture
in 2 studies. Survival was documented during observation periods of 1 to 15 years after
injury. Six studies had observation periods of 2 years or less, were hospital-based, started
between 1984 and 1995 (calendar year 1989 on average), and included 547 009 women and
144 214 and men with hip fracture (55,57,58,61-63).

The overall quality of most studies was good, although they varied in size, duration of
observation, selection of control populations, ascertainment of death, and adjustment for
comorbid conditions (Table 2 and Appendix Table 2, available at www.annals.org). In
particular, some studies differed substantially from others. Jacobsen and colleagues (58), for
example, contributed information on 543 768 and 144 049 U.S. women and men,
respectively, with hip fracture (most patients in the overall sample) over a 2-year
observation period. Investigators of the Dubbo Osteoporosis Epidemiology Study, an
Australian study with a 15-year observation period, acknowledged that selection bias was
likely, because participants were healthier than nonparticipants (66,67). Three studies with
observation periods of 2 years or less (55,61,63) interviewed relatives to ascertain death.

Long-term studies, with an observation period of 10 years or more, were started between
1975 and 1989 (calendar year 1980 on average) in Europe (4 studies [10, 11, 14, 16]), the
United States (12), or Australia (66). In total, they included 6186 women and 3415 men with
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hip fractures, but only 859 women and 237 men with hip fractures were still alive (at risk) at
the beginning of the 9- to 10-year follow-up for these studies. The long-term study from the
United States (12) included only men. All of the long-term studies included all patients with
hip fracture (without excluding nonambulatory or institutionalized patients), used mortality
data from the general population as reference, and recorded deaths by using a civic registry.

Relative Likelihood of Death

Figure 1 shows individual-study and pooled summary estimates of the cumulative RHs for
long-term (10-year) all-cause mortality, and Figure 2 shows the estimates for short-term (1-
year) all-cause mortality. The individual study estimates consistently showed increased
mortality after hip fracture, but heterogeneity among the studies was statistically significant,
with 12 values of up to 96%. Appendix Tables 3 to 5 and Appendix Figures 2 and 3
(available at www.annals.org) detail our exploration of potential sources of heterogeneity.
Results for pooled summary estimates did not depend on any single outlying study, and
excluding studies that seemed to be outliers (for example, Bliuc and colleagues [66]) did not
eliminate statistical heterogeneity. The observed probability of death after 1 year in the
control participants (for both women and men) ranged from about 2% to 12% across studies.
Stratified analyses suggested that some of the observed heterogeneity in female and male
cohorts (P < 0.001 for heterogeneity) might be explained by geographic region. The only
factor statistically significantly and positively associated with the cumulative RHs for short-
term all-cause mortality in the meta-regression analysis was the duration of observation in
cohorts of both female and male patients (R = 22% and 24%, P = 0.047 and 0.008,
respectively). However, this relationship disappeared when we omitted the study by Bliuc
and colleagues (66) (P > 0.15 for all). We observed no differences between the groups when
post hoc categorical meta-analyses were limited to the group of 6 studies with a 2-year
observation period versus the group of the 6 other studies with an observation period of at
least 10 years. The pooled RHs for short-term and long-term studies were 2.89 (95% ClI,
2.27 to 3.68) and 3.83 (Cl, 3.04 to 4.82), respectively, in women, and 3.23 (Cl, 1.95 to 5.36)
and 4.99 (Cl, 3.62 to 6.89), respectively, in men. P values for between-group heterogeneity
in women and men were 0.10 and 0.16, respectively.

Figure 3 plots the pooled estimates of the cumulative RHs for all-cause mortality after hip
fracture, according to sex and time since injury. Women with a hip fracture had a 5-fold
(RH, 5.75 [CI, 4.94 to 6.67]) increase and men had an almost 8-fold (RH, 7.95 [CI, 6.13 to
10.30]) increase in the relative likelihood of death from all causes adjusted for age compared
with control participants during the first 3 months after hip fracture. The RHs decreased
substantially during the first 2 years after fracture but did not return to the mortality rates
seen in age- and sex-matched control participants, even at the longest follow-up. Fifteen
years after injury, the pooled cumulative RHs for women and men were 3.00 (Cl, 1.10 to
8.18; 2 studies) and 3.52 (ClI, 0.99 to 12.5; 2 studies), respectively.

Table 1 shows the pooled estimates of the conditional RH for all-cause mortality in women
and men, reflecting the prognosis if the patient had already survived the injury. We observed
the highest hazard estimates during the intervals immediately after injury, especially in men,
with a subsequent decrease in both sexes. Beginning at the second year, the RH of mortality
became relatively constant but remained substantially increased compared with control
participants. We observed similar findings in men, even though the excess hazard of
mortality did not reach statistical significance during all intervals, presumably because of the
smaller number of men at risk and the smaller number of events (deaths) during certain
intervals. Merging the estimates beyond the second year after fracture, the annual RH for
all-cause mortality was 1.73 (ClI, 1.56 to 1.90) in women and 1.61 (Cl, 1.48 to 1.74) in men.

Ann Intern Med. Author manuscript; available in PMC 2010 December 28.
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Funnel plots and formal statistical tests, including the rank correlation test of Begg and
Mazumdar and the test of Egger and colleagues (29-31), suggested the possibility of
publication bias (data not shown).

Absolute Risk for Death

Appendix Table 6 (available at www.annals.org) and Figure 4 show differences in absolute
risk for death after hip fracture in the various age and sex groups. Appendix Table 1 gives
life-tables for imaginary cohorts of 100 000 older women and 100 000 older men with and
without hip fracture. These estimates show, for example, that a white woman in the United
States who has a hip fracture at age 80 years has an excess annual mortality of 8%, 11%,
18%, and 22% at 1, 2, 5, and 10 years after injury, respectively. The corresponding figures
for a white man in the United States who has a hip fracture at age 80 years are 18%, 22%,
26%, and 20%. Overall, these findings indicate that, in both sexes, excess mortality after hip
fracture depends largely on age. At any given age, excess mortality after hip fracture is
higher in men than in women. Beyond 5 years after hip fracture, and especially in persons
older than 80 years, sex-related differences in excess risk for mortality start to decrease. In
the older age categories, age-specific mortality from other causes increases very rapidly. The
effect of this competing mortality reduces the absolute excess mortality after hip fracture in
the oldest group of patients. Regardless, statistically significant excess mortality persists for
10 years after hip fracture.

Discussion

Our analysis of data from multiple cohort studies showed that older adults have a 5- to 8-
fold increased risk for all-cause mortality during the first 3 months after hip fracture.
Relative hazards for mortality decreased thereafter but did not return to rates seen in age-
and sex-matched control groups without fracture. Moreover, an excess annual mortality for
adults with hip fracture persisted over time in both women and men. At any given age, the
excess annual mortality after hip fracture was higher in men than in women.

Several factors may contribute to the marked increase in short-term relative mortality risk
after hip fracture. These include postoperative events associated with hip surgery, such as
pulmonary embolism (68), infectious complications (69,70), heart failure (69,70), or
cardiovascular or pulmonary complications (64). Multiple comorbid conditions predisposing
to fracture, such as dementia, chronic obstructive pulmonary disease, psychiatric conditions,
cardiovascular disease, kidney disease, and neurologic diseases could also increase short-
term mortality risks (5,12,47). Whether some of these factors could help explain why excess
mortality after hip fracture is consistently higher in men than in women merits further study.
For example, 1 study suggested that the higher excess mortality in men might be related to
an increased risk for postoperative complications, including infections (70). Another study
showed that men with fracture have a greater burden of comorbid diseases at the time of
fracture than women (71), although comorbid conditions do not fully explain the mortality
difference between the sexes (58,70).

We do not know whether the long-term excess mortality in patients with hip fracture is
driven by differences in frailty that existed before hip fracture, were precipitated by hip
fracture, or both. Patients with hip fracture are, on average, more functionally impaired and
have more comorbid conditions than similar-aged patients without hip fracture. Prospective
studies of functional outcomes after fracture also indicate that older adults who have a hip
fracture have substantial new functional impairments and loss in quality of life that
frequently persist at 1 year (71-73). Many of the components of the frailty syndrome that
commonly occur after hip fracture are known risk factors for mortality, including poor
mobility, balance, reduced muscle strength, impaired cognition, poor nutritional status, low
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levels of physical activity, and increased risk for falls (37,74-77). However, 1 study
comparing survival in women older than age 70 who had hip fracture with control
participants matched by age, sex, comorbid conditions, and functional status found that
although short-term mortality (up to 2 years) was more pronounced in women with
comorbid disease and functional limitations at the time of fracture, excess mortality more
than 2 years after the fracture was restricted to those who had fewer baseline comorbid
conditions and functional limitations. This intriguing preliminary finding suggests that hip
fracture, perhaps through an inflammatory or immunologic effect, may trigger or accelerate
frailty in patients with few comorbid conditions at baseline, leading to longer-term effects
on survival (78).

Several limitations affect the certainty and interpretation of our findings. First, some data
derived from individual studies could have been biased. Most studies that we analyzed either
pooled nursing home residents with community-dwelling participants or did not specify and
differentiate nursing home residents from community-dwelling participants. Data from
studies that pooled patients with varying underlying risks could potentially over-estimate the
survival of nursing home residents with hip fracture and underestimate the survival of
community-dwelling participants with hip fracture. Most studies assembled cohorts from
hospital admissions or lists. These studies missed persons with hip fracture who were never
admitted and probably had very high early mortality rates.

Second, we included only studies that displayed results with survival curves, and statistical
testing suggested the possibility of publication bias. Third, studies varied, sometimes
markedly, in size, duration of observation, selection of control populations, ascertainment of
death, and adjustment for comorbid conditions. We had limited ability to explore how the
accuracy or precision of RH estimates for short- and long-term mortality were affected by
between-study heterogeneity.

Fourth, our analyses do not quantify how much of the observed excess mortality is directly
attributable to hip fracture and its sequelae. We could not assess or take into account the
potentially confounding effects of comorbid conditions and treatments received. Fifth,
mortality rates in the hip fracture and control populations may vary over time and could bias
the RH estimates. Life-table method—based analyses, as used in our study, assume no secular
trends in relative risk for death, which may be unrealistic. Indeed, some evidence suggests
that mortality risk after hip fracture has increased over time, even with adjustment for
demographic shifts in the hip fracture population (47).

Sixth, although we pooled data from studies conducted in several geographic regions, the
generalizability of our estimates of age-specific excess mortality is limited, because we
modeled excess mortality only for a white U.S. population. Finally, our modeling of excess
mortality was hypothetical and not an actual prospective study.

Regardless of limitations, we believe ours is the first systematic review to provide
quantitative estimates of both relative and absolute survival in patients with hip fracture.
Meta-analyses of survival data require specific techniques because of data censoring;
ignoring censoring may bias the overall estimates. Potentially useful information about
timing of events (deaths) and the shape of the published survival curves was not discarded in
the current analysis, because we computed an RH and its standard error for each
contributing cohort study and then increased the power of our analyses by pooling data. An
advantage of this method is that we could estimate the RH of death at several intervals after
the injury. The cohorts used in this analysis varied in size, and the designs of the studies
were heterogeneous in many respects, but no single study was so large that it dominated the
overall results regarding RH for all-cause mortality. From a public health perspective,
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calculations of absolute risk and estimates of excess mortality, such as those presented here,
not only allow estimates of the consequences of various diseases and complications but may
ultimately contribute to a more appropriate allocation of resources for competing causes of
mortality.

Patients with hip fracture have a 5- to almost 8-fold increased hazard of all-cause mortality
during the first 3 months after the fracture. This excess mortality decreases substantially
during the first 2 years after fracture, but does not return to the mortality rate seen in age-
and sex-matched control participants even after 10 years of follow-up. Over time, this excess
mortality RH translates into statistically significant differences in the absolute risk for death.
The absolute risk for death and the excess all-cause mortality in patients with hip fracture
are largely dependent on age. At any given age, excess mortality after hip fracture is higher
in men than in women. These findings may be helpful when performing cost-effectiveness
analyses of hip fracture prevention strategies or designing treatment strategies in patients
with hip fracture.

The additional post hoc meta-regression analyses indicated that the cumulative RHs for
short-term (1-year) all-cause mortality might be positively associated with the underlying
risk at 1 year in female cohorts (R? = 15%, P = 0.043) but not in male cohorts (R? = 7%, P =
0.18). These findings were similar when the Australian outlier study was excluded (R2 =
22%, P = 0.030, and R? = 3%, P = 0.45, respectively) (Appendix Table 3 and Appendix
Figure 3) (66).

Because of this information, we also formally explored heterogeneity in baseline mortality
rates.

To examine heterogeneity (differences across control groups) and to calculate pooled
summary proportions across all samples and for each control group, we used the logit
method. In this method, the observed proportions are converted to logits, all analyses (fixed-
effects and random-effects models) are performed on the logit, and the final results are
converted back into proportions for ease of interpretation (27). According to the data in the
individual studies, the observed probability of death after 1 year ranges from 2.9% to 11.8%
and from 2.3% to 11.9% in the female and male control groups, respectively. Our analyses
using the logit method confirm that mortality probability values after 1 year are highly
heterogeneous in both sexes. In women, the 12 statistic is 90%, with a P value for the Q
statistic less than 0.001 (chi-square = 202.44). In men, the I2 statistic is 91%, with a P value
for the Q statistic less than 0.001 (chi-square = 174.32).

We conducted further post hoc categorical and meta-regression analyses to identify potential
factors that might influence the underlying mortality risk in the reference populations.
Lower baseline risks for all-cause mortality in female cohorts were associated with
geographic location (P = 0.031 for the Australian study), control participants taken from
community-dwelling populations (P = 0.012), and the study being started in a recent
calendar year (P = 0.037) and in male cohorts were associated with geographic location (P =
0.001 for the Australian study) and the study being started in a recent calendar year (P <
0.001). After we excluded the Australian outlier study, only control participants taken from
community-dwelling populations significantly (P = 0.004) affected the baseline risks for all-
cause mortality in female cohorts (all other P values > 0.15). In male cohorts, baseline risk
was lower in Europe than in the United States (P = 0.006) (Appendix Table 5).
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Log (RH for Death After 1 Year in Women)

Log (RH for Death After 1 Year in Men)

Original articles (n = 196)

Eligible articles (n = 43)

Initial search (n = 2269)

Not original articles or
nonrelevant publications (n = 2073)

Original articles not displaying
survival curves for a hip fracture group or
age- and sex-matched control group (n = 153)

Articles with published survival curves,
not stratified according to sex (n = 16)

Articles meeting study

criteria (n = 27)

Articles with identical hip fracture cohort
as a previously published article (n = 3)

Articles included* (n = 24)

Appendix Figure 1. Literature search and selection
Adapted from MOOSE Statement flow diagram (33).
* These 24 articles present survival curves for 22 and 17 unique cohorts of women and men
with hip fracture, respectively, as well as age- and sex-matched control groups.
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Appendix Figure 2. Meta-regression analyses exploring heterogeneity of the cumulative RHs for
short-term (1-year) all-cause mortality in older women and men, according to maximum

duration of study
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The square represents the Dubbo Osteoporosis Epidemiology Study, which was done in
Australia and had a 15-year observation period (66). The authors acknowledge that there
was probably selection bias in their study because participants were healthier than

nonparticipants (67).

RH = relative hazard.

Log (RH for Death After 1 Year in Women)

Log (RH for Death After 1 Year in Men)
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Appendix Figure 3. Meta-regression analyses exploring heterogeneity of the cumulative RHs for
short-term (1-year) all-cause mortality in older women and men, according to average
probability of death after 1 year
The square represents the Dubbo Osteoporosis Epidemiology Study, which was done in
Australia and had a 15-year observation period (66). The authors acknowledge that there
was probably selection bias in their study because participants were healthier than

nonparticipants (67).

RH = relative hazard.
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Appendix Table 1

Life-Tables Estimating Probability of All-Cause Mortality for Imaginary Cohorts of 100 000
Women and 100 000 Men, With and Without Hip Fracture, in the United States

Age Interval, y Proportion Relative Adjusted Persons  Persons Cumulative Deaths Years
Dying Risk for ~ Proportion Alive at Dying Deaths at From Between
During Age Death of Deaths  Beginning During End of Initial Initial
Interval After Hi During of Age Age Interval, n Ageto Ageand
(U.s. . Fracture Age Interval, Interval, End of End of
Population) Interval n n Interval, Interval
%
Women with
hip fracture
80-81 0.046299 2.87 0.133019 100 000 13302 13302 13 1
81-82 0.051190 1.86 0.095340 86 698 8266 21568 22 2
82-83 0.056564 1.58 0.089292 78 432 7003 28 571 29 3
83-84 0.062668 171 0.107115 71429 7651 36 222 36 4
84-85 0.069752 191 0.133196 63 778 8495 44717 45 5
85-86 0.077062 1.81 0.139801 55 283 7729 52 446 52 6
86-87 0.085061 1.50 0.127657 47 554 6071 58 516 59 7
87-88 0.093796 1.69 0.158130 41484 6560 65076 65 8
88-89 0.103316 1.99 0.205802 34924 7187 72 264 72 9
89-90 0.113667 1.96 0.223088 27736 6188 78 451 78 10
Control women
80-81 0.046299 1.00 0.046299 100 000 4630 4630 5 1
81-82 0.051190 1.00 0.051190 95 370 4882 9512 10 2
82-83 0.056564 1.00 0.056564 90 488 5118 14 630 15 3
83-84 0.062668 1.00 0.062668 85 370 5350 19 980 20 4
84-85 0.069752 1.00 0.069752 80 020 5582 25 562 26 5
85-86 0.077062 1.00 0.077062 74 438 5736 31298 31 6
86-87 0.085061 1.00 0.085061 68 702 5844 37 142 37 7
87-88 0.093796 1.00 0.093796 62 858 5896 43 038 43 8
88-89 0.103316 1.00 0.103316 56 962 5885 48 923 49 9
89-90 0.113667 1.00 0.113667 51077 5806 54 729 55 10
Men with hip
fracture
80-81 0.066477 3.70 0.246262 100 000 24 626 24 626 25 1
81-82 0.073126 1.90 0.139189 75 374 10 491 35117 35 2
82-83 0.080046 1.69 0.135151 64 883 8769 43 886 44 3
83-84 0.087161 1.76 0.153125 56 114 8592 52 479 52 4
84-85 0.094768 171 0.162044 47521 7701 60 179 60 5
85-86 0.103554 1.51 0.156461 39821 6230 66 410 66 6
86-87 0.113038 1.29 0.146376 33590 4917 71326 71 7
87-88 0.123254 1.66 0.204825 28 674 5873 77 200 7 8
88-89 0.134235 1.91 0.256772 22 800 5855 83 054 83 9
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Age Interval, y Proportion Relative Adjusted Persons  Persons Cumulative Deaths Years

Dying Risk for ~ Proportion Alive at Dying Deaths at From Between

During Age Death of Deaths  Beginning During End of Initial Initial

Interval After Hi During of Age Age Interval, n Ageto Ageand

(U.s. . Fracture Age Interval, Interval, End of End of

Population) Intervalt n n Interval, Interval

%

89-90 0.146007 1.79 0.261145 16 946 4425 87 479 87 10
Control men

80-81 0.066477 1.00 0.066477 100 000 6648 6648 7 1

81-82 0.073126 1.00 0.073126 93352 6826 13 474 13 2

82-83 0.080046 1.00 0.080046 86 526 6926 20 400 20 3

83-84 0.087161 1.00 0.087161 79 600 6938 27338 27 4

84-85 0.094768 1.00 0.094768 72 662 6886 34224 34 5

85-86 0.103554 1.00 0.103554 65 776 6811 41036 41 6

86-87 0.113038 1.00 0.113038 58 964 6665 47701 48 7

87-88 0.123254 1.00 0.123254 52 299 6446 54 147 54 8

88-89 0.134235 1.00 0.134235 45 853 6155 60 302 60 9

89-90 0.146007 1.00 0.146007 39698 5796 66 098 66 10

*
Age-specific probability of all-cause mortality for the general white female and male population, taken from U.S. vital
statistics for 2004 (32).

TReIative risk for death after hip fracture, estimated from time-to-event meta-analyses based on prospective studies of the
relationship between hip fracture and subsequent risk for death in patients with hip fracture versus the general population.

¢AII—cause mortality for women or men aged 50 years with hip fracture.
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Appendix Table 3

Potential Predictors of the Cumulative Relative Hazards for Short-Term (1-Year) All-Cause
Mortality, Exploring Heterogeneity by Using Categorical and Meta-regression Analyses”

Variable Women Men

All Studies Outlying Study Omitted’ All Studies Outlying Study Omitted’

R2, % P Value R2, % P Value R2, % P Value R2 % P Value

Categorical meta-analyses

Region¢ <0.001 0.64 <0.001 0.19

Hip fracture population 0.23 0.134 0.96 0.27
source

Patients with hip fracture 0.24 0.32 0.38 0.48
considered for inclusion

Control population source 0.28 0.44 0.083 0.072

Procedure to ascertain 0.27 0.43 0.58 0.71
death
Meta-regression analyses

Latitude 0.2 0.84 24 057 1.7 0.48 24 048

Starting year of study 0.2 0.85 03 083 5.0 0.21 0.1 0.88

Duration of study, y§ 216 0.047 87 0.28 239 0.008 10.1  0.154

Included participants with 2.2 0.49 49 0.35 0.9 0.65 0.1 0.93
hip fracture, n

Average age at hip 9.3 0.18 121 0177 0.2 0.82 02 084
fracture, y

Underlying risk” 154 0.043 222 0.030 6.5 0.174 2.7 045

*
Between-group heterogeneity P value for categorical meta-analyses and model P value for meta-regression analyses. P

values are presented without adjustment for multiple testing.

TThe outlying study is the Dubbo Osteoporosis Epidemiology Study, which was done in Australia and had a 15-year
observation period (66). The authors acknowledge that there was probably selection bias in their study because participants
were healthier than nonparticipants (67).

¢See Appendix Table 4.
§See Appendix Figure 2.
//See Appendix Figure 3.
Appendix Table 4

Categorical Meta-analyses Exploring Heterogeneity of the Cumulative RHs for Short-Term
(1-Year) All-Cause Mortality

Region Women Men
Studies,n RH (95% CI) P Value® Studies,n RH (95% CI) P Value®
for All-Cause for All-Cause
Mortality 1 Mortality 1
Year After Hip Year After Hip
Fracture Fracture

Al studies included™ <0.001 <0.001

Americas 7 255 (1.96-3.30) 6 3.27 (2.85-3.75)

Europe 13 2.90 (2.52-3.34) 10 3.76 (3.20-4.42)

Southeast Asia 1 2.29(0.79-6.63) - -
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Region Women Men
Studies,n RH (95% CI) P Value® Studies,n RH (95% CI) P Value®
for All-Cause for All-Cause
Mortality 1 Mortality 1
Year After Hip Year After Hip
Fracture Fracture

Western Pacific (Australia)T 1 6.09 (4.37-8.48) 1 8.78(6.05-12.76)
Outlying study omitted 0.64 0.19

Americas 7 2.55(1.96-3.30) 6 3.27 (2.85-3.75)

Europe 13 2.90 (2.52-3.34) 10  3.76 (3.20-4.42)

Southeast Asia 1 2.29(0.79-6.63)

RH = relative hazard.

*
Between-group heterogeneity.

TThe outlying study is the Dubbo Osteoporosis Epidemiology Study, which was done in Australia and had a 15-year
observation period (66). The authors acknowledge that there was probably selection bias in their study because participants

were healthier than nonparticipants (67).

Appendix Table 5

Potential Predictors of Underlying Risk (Percentage of All-Cause Mortality After 1 Year in
Reference Population), Exploring Heterogeneity by Using Categorical and Meta-regression

Analyses”

Explanatory Variable Women Men
All Studies Outlying Study Omitted’ All Studies Outlying Study Omitted’
R2, % P Value R2, % P Value R2, % P Value R2 % P Value
Categorical meta-analyses
Region 0.031 0.62 <0.001 0.006
Control population source 0.012 0.004 0.141 0.149
Procedure to ascertain 0.91 0.66 0.64 0.48
death
Meta-regression analyses
Latitude 9.7 0.073 29 0.34 0.1 0.89 03 084
Starting year of study 11.4 0.037 7.8 0.152 2.7 0.53 42 071
Duration of study, y 109 0.041 2.3 0.39 412  <0.001 228 0.063
Included participants with 25 044 2.1 0.49 8.0 0.32 84 0.33

hip fracture, n

*
Between-group heterogeneity P value for categorical meta-analyses and model P value for meta-regression analyses. P
values are presented without adjustment for multiple testing.

TThe outlying study is the Dubbo Osteoporosis Epidemiology Study, which was done in Australia and had a 15-year
observation period (66). The authors acknowledge that there was probably selection bias in their study because participants

were healthier than nonparticipants (67).
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Appendix Table 6

Difference in Absolute Annual Risk for Death (Excess Mortality) From All Causes in U.S.
Patients With Hip Fracture, by Age, Sex, and Time Since Injury”

Age at Differences in Absolute Annual Risk for Death, by Years After Hip Fracture, %
E?EH-I;:)me 1 Year 2 Years 3Years 4 Years 5 Years 6Years 7Years 8Years 9Years 10 Years
Fracture, (95% CI) (95% ClI) (95% CI)
y
Women
70 3 5(4-6) 5 7 8(6-13) 10 1 13 14 16 (8-27)
75 5  7(6-9) 8 10  13(8-19) 15 16 18 19 20 (11-33)
80 8  11(9-15) 13 15 18 (12-27) 20 21 22 23 22 (13-34)
85 4 18 (15-23) 19 21 24 (16-33) 25 24 23 21 19 (12-25)
90 22 26 (22-34) 26 26 26 (19-34) 24 20 17 14 10 (8-12)
Men
70 7 9(7-11) 1 13 14 (10-19) 15 15 17 18 19 (10-32)
75 11 14 (12-17) 16 18 20 (14-26) 21 20 21 22 22 (12-34)
80 18 22 (18-26) 23 25 26 (19-33) 25 24 23 22 20 (12-28)
85 28 31(26-37) 31 31 30 (23-36) 27 23 20 17 14 (10-18)
90 43 42 (35-49) 38 33 28(23-32) 22 17 13 10 7 (5-8)

*
Estimates based on results from time-to-event meta-analyses of fracture cohort studies and life-table analyses applied to
age- and sex-specific U.S. vital statistics for 2004 (32). The upper and lower 95% Cls of the pooled relative hazards were

used to compute the corresponding upper and lower 95% Cls of excess mortality.
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Study, Year (Reference) Relative Hazard (95% ClI) for All-Cause Mortality in Women Relative Hazard Weight, %
10 Years After Hip Fracture (95% CI)
Elmerson et al, 1988 (10) l’ 1.91(1.47-2.48) 17.7
Schreder and Erlandsen, 1993 (11) I 1.85 (1.73-1.98) 21.2
Petersen et al, 2006 (14) - 1.77 (1.56-2.00) 20.6
Giversen et al, 2007 (16) ‘ 1.90 (1.75-2.05) 211
Bliuc et al, 2009 (66) - 6.09 (4.22-6.14) 19.4
All studies (random-effects model) i 2.25(1.74-2.92) 100.0
Heterogeneity P < 0.001; /2 = 96% ’
Risk Lower Risk Higher
Study, Year (Reference) Relative Hazard (95% Cl) for All-Cause Mortality in Men Relative Hazard Weight, %
10 Years After Hip Fracture (95% Cl)
Elmerson et al, 1988 (10) + 2.00(1.31-3.05) 14.3
Schroder and Erlandsen, 1993 (11) [ | 1.94 (1.73-2.16) 18.2
Poér et al, 1995 (12) - 2.46 (1.78-3.40) 15.8
Petersen et al, 2006 (14) - 1.99 (1.56-2.53) 16.9
Giversen et al, 2007 (16) - 2.07 (1.82-2.35) 18.0
Bliuc et al, 2009 (66) i E N 6.76 (5.27-8.66) 16.8
All studies (random-effects model) ‘ 2.53 (1.81-3.54) 100.0
Heterogeneity P < 0.001; /12 = 94% ?
Risk Lower Risk Higher

Figure 1. Forest plots of long-term (10-year) all-cause mortality in older women and men
Squares represent the long-term (10-year) cumulative relative hazard for all-cause mortality
according to sex. Horizontal lines indicate 95% Cls. The dotted vertical line is the pooled
relative hazard; the solid vertical line is the null effect. The size of the squares is
proportional to the weight of the studies.
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Lu-Yao et al, 1994 (59)
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Fitzpatrick et al, 2001 (62)
Haentjens et al, 2001 (63)
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Petersen et al, 2006 (14)
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Bliuc et al, 2009 (66)
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Figure 2. Forest plots of short-term (1-year) all-cause mortality in older women and men
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Squares represent the short-term (1-year) cumulative relative hazard for all-cause mortality
according to sex. Horizontal lines indicate 95% Cls. The dotted vertical line is the pooled

relative hazard; the solid vertical line is the null effect. The size of the squares is
proportional to the weight of the studies.
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Figure 3. Relative hazard of all-cause mortality for women and men with hip fracture versus
control groups during a given follow-up period starting at the time of injury

Solid circles represent the pooled relative hazard. Vertical bars represent the corresponding
95% Cls. The dotted horizontal line is the null effect.
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Figure 4. Differences in absolute risk for death (excess mortality) from all causes for women and

men with hip fracture compared with control participants during a given follow-up period

starting at the time of injury
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RH of All-Cause Mortality for Women and Men With Hip Fracture Compared With Control Participants
During a Given Interval”

Age Interval Women Men

RH (95% CI) P Value RH (95% CI) P Value
0-3 mo 5.75 (4.94-6.69) <0.001 7.95(6.13-10.30) <0.001
3-6 mo 3.32 (2.18-5.07) <0.001 3.56 (2.64-4.80) <0.001
6-9 mo 1.92 (1.59-2.32) <0.001 2.33(1.91-2.85) <0.001
9-12 mo 1.59 (1.26-2.00) <0.001 2.30(1.81-2.93) <0.001
0-1y 2.87(252-327)  <0.001 3.70 (3.31-4.14) <0.001
1-2y 1.86 (1.60-2.16)  <0.001  1.90 (1.58-2.30) <0.001
2-3y 1.58 (1.09-2.29) 0.016 1.69 (1.36-2.10) <0.001
34y 1.71(1.35-2.16)  <0.001 1.76 (1.44-2.14) <0.001
45y 1.91(1.53-2.38)  <0.001 1.71 (1.37-2.13) <0.001
56y 1.81(1.30-2.53)  <0.001 151 (1.33-1.71) <0.001
6-7y 150 (1.23-1.83)  <0.001 1.29 (0.98-1.72) 0.073
7-8y 1.69 (1.16-2.45) 0.006 1.66 (0.96-2.87) 0.069
8-9y 1.99 (1.42-2.78)  <0.001 1.91 (1.32-2.78) <0.001
9-10y 1.96 (1.30-2.95) 0.001 1.79 (1.14-2.81) 0.012

RH = relative hazard.

*
Conditional on the person being alive at the start of the interval.
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