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Abstract
Summary Little is known about factors that lead to excess mortality post-fracture. This study demonstrated that 5-year 
mortality is lower in older adults who recovered to their pre-fracture health-related quality of life (HRQoL) at 12-months 
compared to those who did not recover. Our results highlight the importance of post-fracture interventions known to improve 
HRQoL.
Introduction Fragility fractures lead to increased mortality and decreased health-related quality of life (HRQoL) in older 
adults, although whether an association exists between these outcomes remains uncertain. The aim of this study was to 
determine whether recovery of HRQoL 12-month post-fracture is associated with lower 5-year mortality.
Methods This data linkage study included 524 adults (mean age: 70.2 years; 79.2% women) with fragility fracture (150 
hip, 261 distal forearm, 61 vertebral, 52 humerus) from the Australian arm of the International Costs and Utilities Related 
to Osteoporotic fractures Study (AusICUROS). HRQoL was measured using the EQ-5D-3L and all-cause mortality post-
fracture was ascertained from the Australian National Death Index (NDI). Cox proportional hazards models were used to 
assess the association between HRQoL recovery (vs. non-recovery) and all-cause mortality within 5 years.
Results Overall, 279 participants (53.2%) recovered to their pre-fracture HRQoL at 12-month follow-up. There were 70 
deaths (13.4%) during the 5-year post-fracture. Mortality rate was the highest in hip fracture participants (24.7%), followed 
by vertebral (16.4%), humeral (13.5%), and distal forearm fracture participants (6.1%). After adjustment for age, pre-fracture 
HRQoL, and fracture site, mortality risk was lower in participants who recovered to their pre-fracture HRQoL at 12-months 
compared to those who did not recover (HR = 0.56, 95% CI: 0.33–0.96, p = 0.034).
Conclusion This study provides evidence that HRQoL recovery post-fracture is associated with improved 5-year survival 
in older adults. The extent to whether current interventions known to improve HRQoL post-fracture could prevent some of 
these deaths is unknown.
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Introduction

Osteoporotic fractures are a major and increasing cause of 
health and economic burden worldwide, with approximately 
1 in 3 women and 1 in 5 men over the age of 50 years expe-
riencing a fracture in their lifetime [1, 2]. Fractures at any 

skeletal site are associated with increased pain, impaired 
physical function, and reduced health-related quality of life 
(HRQoL) [3–5]. However, it is well-established that hip 
and vertebral fractures are associated with larger declines 
in HRQoL, greater limitations in physical function, and a 
higher risk of mortality compared to fractures at other skel-
etal sites [4, 6–9].

There is a 25% mortality rate in the first year follow-
ing hip fracture for individuals ≥ 60 years of age, with an 
increased risk of mortality persisting for at least 5 years 
[10, 11]. A similar mortality rate has also been reported 

 * Jason Talevski 
 jason.talevski@student.unimelb.edu.au

Extended author information available on the last page of the article

/ Published online: 15 July 2021

Archives of Osteoporosis (2021) 16: 112

http://crossmark.crossref.org/dialog/?doi=10.1007/s11657-021-00981-y&domain=pdf


1 3

in older adults with vertebral fractures [6–8]. However, 
non-hip non-vertebral fractures—such as fractures at 
the distal forearm, ribs, humerus, and pelvis—have also 
been reported to have considerable 5-year mortality rates, 
ranging from approximately 10–18% in men and women 
aged ≥ 60 years [5, 6, 12]. The International Costs and 
Utilities Related to Osteoporotic fractures Study (ICU-
ROS) provided trajectories of HRQoL and rates of recov-
ery to pre-fracture HRQoL for individual fracture sites 
from 11 different countries, both combined [4, 13] and 
country-specific [14, 15]. This study showed that older 
adults with a major osteoporotic fracture—defined as a 
fracture of the hip, distal forearm, vertebrae, or humerus—
incur substantial loss in HRQoL for at least 18 months 
following the fracture.

While there is evidence that supports an association 
between fractures and increased risk of mortality, as well 
as evidence that confirms an association between fractures 
and decreased HRQoL, the association between HRQoL 
and mortality following fracture remains uncertain. Lower 
HRQoL has been  shown to be associated with higher 
mortality rates among older adults [16, 17], heart fail-
ure patients [18], people with arthritis [19], and cancer 
patients [20]. However, it is unknown whether different 
trajectories of HRQoL post-fracture are associated with 
decreased risk of mortality.

The primary aim of this study was to determine whether 
recovery of HRQoL 12-month post-fracture is associ-
ated with lower 5-year all-cause mortality. A secondary 
aim was to investigate this association across individual 
fracture sites. Based on results from previous studies 
[16–20], we hypothesized that participants who recover to 
pre-fracture HRQoL at 12 months will have fewer deaths 
within 5 years of the fracture compared to those who do 
not recover.

Material and methods

Study design

The AusICUROS study design has been described elsewhere 
[9], however in brief, AusICUROS represents the Australian 
arm of ICUROS [4]. ICUROS was a multinational obser-
vational study undertaken between 2009 and 2014 across 
11 countries (Australia, Austria, Estonia, France, Italy, 
Lithuania, Mexico, Russia, Spain, the UK, and the USA) 
to determine the HRQoL impact and cost consequences 
of fragility fractures in older adults aged ≥ 50 years. AusI-
CUROS included eight study sites representing five states 

in Australia: New South Wales, Queensland, Tasmania, 
Victoria, and Western Australia. AusICUROS was under-
taken under the auspices of the International Osteoporosis 
Foundation.

Participants

Individuals were recruited between 2009 and 2012 through 
hospital emergency departments and orthopedic wards. 
The eligibility criteria for AusICUROS were older adults 
(≥ 50 years of age) who had sustained a low-energy fragility 
fracture (confirmed via imaging) that was not caused by a 
comorbidity (e.g., cancer) and were living in their own home 
prior to their fracture. Individuals not expected to survive 
12-month post-fracture, living in long-term care prior to the 
fracture, or with cognitive impairment were excluded from 
participating in the study. Additionally, participants who 
sustained a new fracture during the follow-up period were 
withdrawn from the study.

In total, 915 individuals were enrolled in AusICUROS. 
After exclusion of ineligible individuals (n = 12), those 
who sustained a fracture at a non-major osteoporotic site 
(n = 225), study drop-outs / lost-to-follow-up (n = 137), 
and participants who died during the first year of follow-up 
(n = 17), a total of 524 patients were included in this analysis 
(Fig. 1). Only participants with complete 12-month follow-
up data were included in this analysis.

AusICUROS data

Participants were enrolled immediately after the fracture 
(0–2 weeks) and followed-up for 18 months. Data collection 
occurred at four time-points post-fracture: within 2 weeks, 
4 months, 12 months, and 18 months.

Participant demographics

Participant demographic and fracture details were collected 
at the baseline interview (within 2 weeks of the study frac-
ture) either in hospital by interview while the patient was 
receiving care for their fracture or over the phone for those 
who were not admitted to hospital. Patient demographic 
details including date of birth (age was calculated as the dif-
ference between date of birth and baseline interview date), 
sex, the highest level of educational attainment (primary, 
secondary, post-secondary, university), individual income 
(low, middle-high), living status at time of fracture (alone, 
with someone), and prior fracture in the previous 5 years 
(not including the study fracture) were collected via self-
report surveys.
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Health‑related quality of life

Health-related quality of life (HRQoL) was assessed using 
the EuroQoL questionnaire (EQ-5D-3L) [21] at baseline 
(including recall of the patient’s HRQoL prior to frac-
ture), and at 4- and 12-month post-fracture. We calculated 
utility index scores for the EQ-5D-3L using Australian 
time utility weights from general Australian population 
samples [22]. The utility index score provides an overall 
HRQoL composite score that encompasses the five dimen-
sions of health measured by the EQ-5D-3L (mobility, 
self-care, usual activities, pain/discomfort, and anxiety/
depression). EQ-5D-3L utility index scores ranged from 
1 (full health) to − 1 (a health state worse than dead) [22]. 
Recovery of HRQoL over 12 months was calculated as 

the difference between EQ-5D-3L utility scores at pre-
fracture and 12-months, and then dichotomized (recov-
ered/not recovered), where a HRQoL change score ≥ 0 was 
classified as “recovered” and a score < 0 was classified as 
“not recovered.”

Death ascertainment

Data on mortality were obtained from the National Death 
Index (NDI)—a database held by the Australian Institute 
of Health and Welfare (AIHW). The NDI is a Common-
wealth database that contains records of deaths registered in 
Australia since 1980. Data comes from Registrars of Births, 
Deaths and Marriages in each jurisdiction, and the Austral-
ian Bureau of Statistics. The NDI is designed to facilitate 

Fig. 1  Flowchart of participant 
recruitment and follow-up in 
AusICUROS
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the conduct of epidemiological or data linkage studies; and 
its use is strictly confined to medical research. Details of 
death variables available for data linkage include date of 
death; state or territory where death was registered; year of 
death registration; and underlying cause of death (labelled 
as ICD-10 codes since 1997).

Linkage between AusICUROS participant data and NDI 
mortality data was undertaken by members of the AIHW 
using probabilistic linkage software. The AusICUROS data 
custodian (KMS) sent an electronic, password-protected 
excel file to the AIHW, listing all AusICUROS participants 
with the following data linkage identifiers: given name, sur-
name, date of birth, sex, postcode, and state of last known 
contact. When a possible match to the NDI was identified, 
the AIHW included the date of death and any recorded 
cause(s) of death for the corresponding AusICUROS par-
ticipant. This linked dataset was then forwarded to the lead 
investigator (JT) in an electronic, encrypted file via Defigo 
(an online secure platform) with all identifiers removed, 
ensuring that the linking of databases did not subsequently 
result in any AusICUROS participants being identified.

Statistical analyses

Participants were divided by HRQoL status (recovered/not 
recovered). Demographic data and clinical characteristics 
were summarized as mean (SD) or frequency (percentage) 
and compared using Mann–Whitney U tests and independ-
ent t tests for continuous data, or chi-squared tests for cat-
egorical data. Overall survival was compared between the 
two HRQoL groups (recovered vs. not recovered) using a 
two-sided log-rank test. Survival curves were estimated 
using the Kaplan–Meier product-limit method (estimating 
all-cause mortality ratios by comparing the observed number 
of deaths and expected number of deaths). Cox proportional 
hazards models were constructed and Hazard ratios (HRs) 
and corresponding 95% confidence intervals (CIs) were cal-
culated to assess the association between HRQoL recovery 
(vs. non-recovery) and all-cause mortality. For these analy-
ses, time at risk began on the date of the study fracture and 
ended on the date of death, or 5-years post-fracture, which-
ever came first. We also assessed a pre-specified set of base-
line characteristics for their relevance as prognostic factors 
for overall survival such as age, sex, pre-fracture HRQoL, 
study fracture site, education, income, employment status 
(pre-fracture), previous fracture, and osteoporosis-related 
treatment. For these univariate models, a p value of ≤ 0.10 
was used for selection of potentially important covariates to 
be included in multivariable models [23]. In the multivari-
able model, a backward, stepwise elimination process with 
the more stringent p value of < 0.05 was implemented to 
identify the final model. The proportional hazards assump-
tion was tested using Schonfeld residuals and met for all 

variables used in analysis. Sensitivity analyses were under-
taken using the minimal important difference of 0.074 to 
calculate recovery of HRQoL [24], allowing for measure-
ment error in the EQ-5D-3L score. This previously pub-
lished minimal important difference has been widely used 
in studies that have used HRQoL across the health research 
sector. Analyses by fracture type were not undertaken due to 
insufficient sample size. All analyses were performed using 
the STATA (version 16) software.

Results

Participants

Participant baseline characteristics are shown in Table 1, for 
the total sample and by the two HRQoL groups (recovered/
not recovered). The sample had a mean age of 70.2 years 
and consisted of mostly women (79.2%). There were 150 
participants with a hip fracture, 261 participants with distal 
forearm fractures, 61 participants with vertebral fractures, 
and 52 participants with humeral fractures. Overall, 279 
participants (53.2%) recovered to their pre-fracture HRQoL 
at the 12-month follow-up. The proportion of participants 
who recovered to their pre-fracture HRQoL was similar for 
hip, vertebral, and humeral fractures (40.7%, 45.9%, and 
40.4%, respectively), and higher for distal forearm fractures 
(64.8%). Participants who recovered to their pre-fracture 
HRQoL were younger, more likely to have university-level 
education and have higher income compared with non-
recovered participants. The groups did not differ in terms 
of sex, employment status, living alone, previous fractures 
within the last 5 years or pre-fracture HRQoL (Table 1).

Mortality

There was a total of 87 deaths (13.4%) during the 5-years 
following the study fracture: 17 deaths during year one, 13 
deaths in year two, 19 deaths during year three, 12 deaths in 
year four, and 26 deaths during year five of follow-up. The 
mortality rate was the highest in hip fracture participants 
(24.7%), followed by vertebral (16.4%), humeral (13.5%), 
and distal forearm fracture participants (6.1%). Circulatory 
system disease was the most common cause of death (n = 23, 
26.4%), followed by malignant neoplasms (n = 19, 21.8%), 
diseases of the respiratory system (n = 18, 20.7%), and 
endocrine, nutritional or metabolic diseases (n = 5, 5.7%) 
(Supplementary Table 1). Univariate analyses identified the 
following variables as significant predictors for mortality: 
age, sex, education, income level, living alone, employment 
status, pre-fracture HRQoL, osteoporosis-related medication 
use, allied health care, and fracture site (Table 2).
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Participants who recovered to their pre-fracture HRQoL 
at 12-month follow-up had a lower mortality risk compared 
to those who did not recover (unadjusted HR = 0.45, 95% CI: 
0.27–0.75, p = 0.01) (Table 2 and Fig. 2). This association 
was slightly attenuated after adjusting for age and sex (model 
1) yet remained significant (HR = 0.54, 95% CI: 0.32–0.91, 
p = 0.02) (Table 3). After further adjustment for characteris-
tics found to be significant in univariate analyses (model 2), 
mortality risk remained lower for participants who recovered 
to their pre-fracture HRQoL compared to those who did not 
recover (HR = 0.52, 95% CI: 0.30–0.89, p = 0.02) (Table 3). 
Similar results were found in model 3 when baseline charac-
teristics that were not significant in model 2 were removed 
(HR = 0.56, 95% CI: 0.33–0.96, p = 0.03) (Table 3). There 
were no important differences in our sensitivity analysis 
results when recovery of HRQoL was calculated using the 
minimal important difference cut-off points.

Discussion

This large observational study demonstrated that older 
individuals who recover to their pre-fracture HRQoL at 
12-months post-fracture have a significantly lower risk of 

mortality within 5-years of fracture compared to those who 
do not recover to their pre-fracture HRQoL. These asso-
ciations remained statistically significant after adjustment 
for several predictors of death, such as age and pre-fracture 
HRQoL. To our knowledge, this is the first study evaluating 
an association between HRQoL recovery and mortality in 
older individuals post-fracture.

The detrimental health impact that fractures have on 
older people have been continually demonstrated in the lit-
erature. In the early 2000s, a number of observational studies 
revealed that older men and women with a fragility frac-
ture experience substantial and prolonged impairments in 
HRQoL for most fracture sites [25–29]. More recent studies 
have confirmed these findings [30, 31], including the ICU-
ROS study, which is the largest prospective observational 
study that aimed to identify the HRQoL consequences of 
fragility fractures across multiple countries [4]. It is also 
well-established that mortality rates are high post-fracture, 
more specifically for hip and vertebral fractures [32–35]. 
This was also seen in our study, with higher rates of deaths 
reported in hip and vertebral fracture participants compared 
to humeral and distal forearm fracture participants. While 
some studies have determined that fractures are associated 
with both decreased HRQoL and increased mortality in older 

Table 1  Baseline characteristics 
of participants

Thirty-two participants refused to answer questions about income
SD standard deviation, n number of participants
* Difference between HRQoL groups
† Includes Certificates, Technical and Further Education  (TAFE) and Professional Diplomas
‡ Low income (≤ 1800AUD per month) vs. mid-high income (> 1800AUD per month)
# In the preceding 5 years (not including study fracture)

All
(n = 524)

HRQoL not recov-
ered (n = 245)

HRQoL recov-
ered (n = 279)

P value*

Age, mean ± SD 70.2 ± 11.2 71.8 ± 11.7 68.8 ± 10.6  < 0.001
Sex (female), n (%) 415 (79.2) 198 (80.8) 217 (77.8) 0.39
Study fracture site, n (%)

  Hip 150 (28.6) 89 (36.2) 61 (21.9)  < 0.001
  Distal forearm 261 (49.8) 92 (37.6) 169 (60.6)
  Vertebrae 61 (11.7) 33 (13.5) 28 (10.0)
  Humerus 52 (9.9) 31 (12.7) 21 (7.5)

Education, n (%)
  Primary 38 (7.3) 21 (8.6) 17 (6.1)  < 0.001
  Secondary 284 (54.1) 144 (58.8) 140 (50.2)
  Post-secondary† 80 (15.3) 39 (15.9) 41 (14.7)
  University 122 (23.3) 41 (16.7) 81 (29.0)

Income, n (%)‡

  Low 244 (49.6) 126 (55.0) 118 (44.9)  < 0.001
  Mid-high 248 (50.4) 103 (45.0) 145 (55.1)

Employed, n (%) 162 (30.9) 70 (28.6) 92 (33.0) 0.28
Lives alone, n (%) 159 (30.8) 80 (33.1) 79 (28.7) 0.29
Previous fracture#, n (%) 84 (16.0) 35 (14.3) 49 (17.6) 0.31
Pre-fracture HRQoL, mean ± SD 0.87 ± 0.19 0.89 ± 0.16 0.86 ± 0.21 0.06
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adults [29, 36–38], it remained to be shown whether these 
two outcomes were correlated, more so, whether improved 
HRQoL translated into decreased long-term mortality post-
fracture. Our study shows that recovery of pre-fracture 
HRQoL at 12-months is associated with 5-year mortality. 
Given that specific post-fracture interventions have been 
shown to improve HRQoL compared to standard care [39], 
our results provide indirect evidence that these interventions 
may have the potential to prevent deaths in older adults post-
fracture. Future research evaluating current post-fracture 

interventions is encouraged to determine whether this asso-
ciation exists.

The specific causes of excess mortality after fracture are 
poorly understood and inconsistent in the literature. Increas-
ing age conferred an additional mortality risk (8% rise in 
mortality risk per increased year in age) as per previous 
studies [6, 29, 32, 40, 41]. Risk of mortality did not sig-
nificantly differ by sex, even though men are known to have 
higher mortality rates following fragility fracture compared 
to women [6, 33]. Participants with a university level of 
education had a lower mortality risk compared to individuals 
with high school/secondary education, as did participants 
with higher income levels and those who were employed 
before their fracture. Inequalities for mortality post-hip frac-
ture have also been reported in a recent meta-analysis, which 
found that overall risk of 1-year mortality in individuals with 
low socioeconomic status was 24% higher than in individu-
als with high socioeconomic status (for both combined and 
individual-level socioeconomic measures) [42]. We also 
detected that previous fracture in the past 5 years was not a 
predictor for mortality at 5-years. Pre-fracture HRQoL was 
found to be a significant predictor of 5-year mortality, simi-
lar to a study by Pande et al. that reported that lower pre-
fracture HRQoL in participants (measured by the physical 
component domain of the SF-36) showed a higher excess 
mortality rate compared with a non-fracture control group 
[29]. Using distal forearm fractures as the reference group, 
we found that hip, vertebral, and humeral fractures were 
associated with a 4.3-fold, 3.2-fold, and 2.3-fold increase in 
mortality risk, respectively. This is consistent with a num-
ber of previous large-scale, prospective observational stud-
ies [33–35]. Only age, pre-fracture HRQoL, and fracture 
site remained significant after adjusting for these baseline 
variables in the multivariable model, suggesting that these 
factors are partly correlated with the complex association 
between HRQoL recovery and mortality post-fracture.

Strengths and limitations

Our study has several strengths. The present study is the 
first that uses long-term, follow-up data of a large cohort 
across a range of low-trauma fractures to evaluate the asso-
ciation between HRQoL and mortality. Importantly, the 
AusICUROS study sample included the four major osteo-
porotic fracture sites—hip, distal forearm, vertebrae, and 
humerus—allowing for understanding of how fractures at 
different sites independently predict HRQoL recovery and 
mortality. Published data on mortality following non-hip, 
non-vertebral fractures are relatively scarce [42, 43], despite 
non-hip, non-vertebral fractures accounting for more than 
50% of fractures [44]. Data linkage between AusICUROS 
participant data and the NDI national registry ensured com-
plete ascertainment of deaths. Finally, AusICUROS provides 

Table 2  Univariate cox proportional hazards regression models eval-
uating associations with 5-year mortality

CI confidence intervals, HRQoL health-related quality of life
a HRQoL change score was equal to or greater than 0 at 12-month 
follow-up
b Low income (≤ 1800AUD a month) vs. mid-high income (> 1800AUD 
a month)
c Osteoporosis-related medications include bisphosphonates, selec-
tive estrogen receptor modulators (SERMs), oestrogens, parathyroid 
hormone and related peptides, RANK ligand inhibitors (i.e., deno-
sumab), strontium ranelate, and calcitonin
d Inclusive of Fracture Clinics, Falls and Balance Clinics, Bone Clin-
ics and Osteoporosis Clinics

Hazard ratio (95% CI) P value

HRQoL recovereda 0.45 (0.27–0.75) 0.01
Age (years) 1.08 (1.05–1.10)  < 0.001
Sex

  Male Reference –
  Female 0.66 (0.38–1.13) 0.10

Education
  Primary 1.33 (0.60–2.97) 0.48
  Secondary Reference –
  Post-secondary 0.48 (0.20–1.12) 0.09
  University 0.50 (0.24–0.99) 0.04

Incomeb

  Low Reference –
  Mid-high 0.51 (0.30–0.86) 0.01

Living alone 1.96 (1.20–3.21) 0.01
Employed pre-fracture 0.30 (0.14–0.62)  < 0.001
Previous fracture (last 5 years) 0.89 (0.47–1.71) 0.73
Pre-fracture HRQoL 0.39 (0.14–1.08) 0.07
Fracture site

  Hip 4.28 (2.37–7.72)  < 0.001
  Distal forearm Reference –
  Vertebrae 3.15 (1.42–6.97) 0.01
  Humerus 2.32 (0.95–5.66) 0.07

Osteoporosis-related treatment
   Pharmaceuticalsc 1.69 (1.02–2.80) 0.04
  Vitamin D and/or Calcium 1.19 (0.74–1.92) 0.47
  Allied health (e.g., physi-

otherapy)
0.58 (0.35–0.96) 0.04

  Fracture  clinicd 0.66 (0.24–1.83) 0.43
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a representative sample of fracture patients across Australian 
metropolitan and regional hospitals, increasing the general-
izability of our findings.

There were however several limitations to this study. 
First, we were unable to adjust for all known covariates as 
AusICUROS did not investigate factors known to influence 
long-term health outcomes in older adults such as comorbid-
ities or body mass index. However, previous studies in hip 
fracture patients have found that comorbidities only account 
for a small proportion of excess mortality after the fracture‐
related mortality association itself [32, 40, 41]. Second, the 
original AusICUROS study was not designed to assess long-
term mortality and there was insufficient power to detect a 
true association between HRQoL recovery and mortality by 
fracture site. Third, pre-fracture HRQoL was determined by 
patient recall at the baseline interview, subjecting this study 
to recall bias. Although given that mean pre-fracture EQ-5D 
utility scores were similar to previously reported population 
norms [45], it is unlikely recall bias is evident in this study. 

Fourth, even though the AusICUROS sample reflects the 
typical profile of the fracture population, exclusion of nurs-
ing home residents, those with cognitive impairment, and 
those who suffered a second fracture during follow-up may 
have introduced bias into analyses. Additionally, excluding 
patients who died within 12 months of their fracture may 
have subjected this analysis to survivor bias. Finally, as in all 
observational studies, unrecognized confounding is likely.

Conclusion

Better understanding of factors that lead to excess mortality 
is important to inform future health policies aimed at reduc-
ing the health and economic burden associated with fragility 
fractures. This study provides evidence that HRQoL recovery 
12-months post-fracture is associated with improved 5-year 
survival in older adults who suffer a fragility fracture. Our 
findings also highlight the important contributions of a variety 
of demographic factors that predict long-term mortality post-
fracture. Larger studies are needed to determine the associa-
tions between HRQoL and mortality risk according to frac-
ture site. From a public health perspective, our study provides 
greater rationale for monitoring HRQoL in clinical practice.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s11657- 021- 00981-y.
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Fig. 2  Kaplan–Meier graph 
illustrating the cumulative 
survival functions for the two 
HRQoL recovery groups (recov-
ered vs. non-recovered) over the 
5-year post-fracture

Table 3  Multivariable cox proportional hazards regression models 
evaluating the association between recovery of health-related quality 
of life at 12-months and 5-year mortality

CI confidence intervals, HRQoL health-related quality of life
a Adjusted for age and sex
b Adjusted for age, sex, education, income, employment, living sta-
tus, pre-fracture HRQoL, osteoporosis-related medication use, allied 
health care, and fracture site (all baseline characteristics that were 
identified as significant in univariate analyses)
c Adjusted for age, pre-fracture HRQoL, and fracture site (all baseline 
characteristics that remained statistically significant in the model)

HRQoL not recovered HRQoL recovered

Hazard 
Ratio (95% 
CI)

P value Hazard Ratio (95% CI) P value

Model  1a 1.00 (ref) – 0.54 (0.32 – 0.91) 0.02
Model  2b 1.00 (ref) – 0.52 (0.30 – 0.89) 0.02
Model  3c 1.00 (ref) – 0.56 (0.33 – 0.96) 0.03
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