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In community-dwelling women frailty is associated with imminent
risk of osteoporotic fractures
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Abstract
Summary Frailty reflects an accelerated health decline. Frailty is a consequence of fracture and contributes to fracture. Greater
frailty was associated with higher fracture risk. Frail women were at immediate risk (within 24 months) of a hip or major fracture.
Fracture prevention could be improved by considering frailty status.
Introduction Frailty encompasses the functional decline in multiple systems, particularly the musculoskeletal system. Frailty can
be a consequence of and contribute to fracture, leading to a cycle of further fractures and greater frailty. This study investigates
this association, specifically time frames for risk, associated fracture types, and how grade of frailty affects risk.
Methods The study is performed in the OPRA cohort of 1044, 75-year-old women. A frailty index was created at baseline and 5
and 10 years. Women were categorized as frail or nonfrail and in quartiles (Q1 least frail; Q4 most frail). Fracture risk was assessed
over short (1 and 2 years) and long terms (5 and 10 years). Fracture risk was defined for any fracture, major osteoporotic fractures
(MOFs), and hip and vertebral fracture, using models including bone mineral density (BMD) and death as a competing risk.
Results For women aged 75, frailty was associated with higher risk of fracture within 2 years (Hip SHRadj. 3.16 (1.34–7.47)) and
MOF (2 years SHRadj. 1.88 (1.12–3.16)). The increased risk continued for up to 5 years (Hip SHRadj. 2.02 (1.07–3.82)); (MOF
SHRadj. 1.43 (0.99–2.05)). Grade of frailty was associated with increased 10-year probability of fracture (p = 0.03). Frailty
predicted fracture independently of BMD. For women aged 80, frailty was similarly associated with fracture.
Conclusion Frail elderly women are at immediate risk of fracture, regardless of bone density and continue to be at risk over
subsequent years compared to identically aged nonfrail women. Incorporating regular frailty assessment into fracture manage-
ment could improve identification of women at high fracture risk.
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Introduction

Osteoporos is , which causes low bone mass and
microarchitectural deterioration, is responsible for 3.5 million
fractures annually in Europe [1]. These fragility fractures oc-
cur typically at the hip, wrist, and vertebra and are a significant
cause of disability, pain, and reduced quality of life [2].
Fractures are also associated with mortality [3, 4]. In addition
to the personal toll, they account for increased health care
costs, particularly after hip fracture [5].

As a consequence of aging, and the inevitable functional
decline in the musculoskeletal system, almost every second,
woman in Sweden will suffer a fracture by the age of 80 [4].
Since demography changes towards an elderly population [6],
the 50% lifetime fracture risk for women over the age of 50
makes prevention of osteoporotic fracture not only a challenge
but a must.
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One way to identify individuals at high risk of osteoporotic
fracture could be frailty. Frailty encompasses the functional
decline in multiple physiological systems, with perhaps the
most dramatic changes in the musculoskeletal system [7, 8].
Frailty is both a consequence of and a contributing factor to
fracture. Consequently, this association can lead to a vicious
cycle of further fractures and greater frailty [9, 10] and a wide
range of adverse outcomes [8].

Fracture prevention, whether primary or secondary, is an
important aspect for successful aging [11], and one of the most
significant obstacles is the difficulty in correctly identifying
those at high risk of fracture [4]. Of the standard tools, neither
bone density measurements nor fracture risk assessment by
FRAX can fully capture and adequately identify all those at
risk. In particular, there are limitations when applied in the
very old [12]. With these limitations, new aids to im-
prove risk assessment are needed; one such possibility
is to evaluate frailty.

Although earlier studies have investigated frailty and frac-
ture [13, 14], few have been performed in cohorts specifically
designed to address osteoporosis-related outcomes. The
knowledge gaps include whether frailty can independently
predict fracture and if so which fracture types and over what
time periods. In older individuals, hip fracture is the predom-
inant fracture of interest, but can other types of fractures be
predicted by frailty since these might precede a hip fracture?
Furthermore, with advancing age, it is not known how frailty
and fracture interact.

We have previously followed the progression of frailty
over 10 years and reported that frailty is associated with oste-
oporosis, falls, and mortality in a population of community-
dwelling elderly women [15, 16]. In the present study, the
overall aim was to explore the association between frailty
and fracture. Firstly, we investigated the time frame over
which a frail person is at increased risk, focusing on imminent
risk, i.e., over 1 and 2 years and longer term, over 5 and 10
years. Secondly, we investigated if frailty is independently
predictive of specific fracture types with advancing age.
Thirdly, we investigated if early stages of frailty and progres-
sion interact with fracture risk. Ultimately, this knowledge
may contribute to the understanding of how frailty assessment
can serve as an integral part in fracture prevention protocols.

Materials and methods

Subjects

The Osteoporosis Prospective Risk Assessment (OPRA) co-
hort is an observational study designed to study risk factors
related to bone health. Community-dwelling women, 75 years
old (75.2 ± 0.2 years), were randomly selected, without exclu-
sion criteria, from the population register for Malmö, Sweden

[17]. Of those invited, 1044 attended baseline investigation
(1995–1999), 67% attendance rate. At follow-up, 715
attended (age 80.2 ± 0.2) at 5 years and 382 (age 85 ± 0.1)
at 10 years. Reasons for nonparticipation have been previous-
ly described in full [18].

At each visit, detailed investigations were performed: phys-
ical assessment (balance, gait, and muscle strength), bio-
markers, and measurements of femoral neck bone mineral
density (BMD) together with questionnaires to capture infor-
mation related to lifestyle, health, and other risk factors
[15, 17].

Using the unique personal identification number allocated
to every Swedish citizen, date of death was acquired from the
Swedish National Population Register (October 2012, when
the maximum age of those women still alive was 91.5 years).

All procedures performed were in accordance with the eth-
ical standards of the regional ethical review board in Lund
(Dnr: 2014804), and the study was performed according to
the principles of the Helsinki Declaration. All women provid-
ed written informed consent.

Assessment of frailty

A deficit accumulation frailty index (FI) was constructed ad-
hering to the principles suggested by Searle et al. [19], i.e., all
variables were associated with health, increased with age, did
not saturate too early, and covered a wide range of domains.
Briefly, all continuous and categorical variables were
reclassified into the range 0.0 and 1.0 and then summed and
divided by the numbers of variables included (Online
Resource 1). The thirteen variable index, including treatment
of missing values, has been described previously [16]. The
index represents “deficits in health,” where a higher score
indicates higher frailty. The index of frailty was calculated
for each age (75, 80, and 85). An empirical threshold of ≥
0.25 was used to define frail individuals [16, 20, 21].

Fractures

Incident fractures were prospectively followed until October
2012 (up to 15 years) through the X-ray files at the Radiology
Department, Malmö, Skåne University Hospital [18].
Information loss during follow-up was exceptionally low
since the Department of Orthopaedics is the sole unit treating
fractures in the catchment area. Fractures resulting from pa-
thology and high energy were excluded. Fractures occurring
prior to inclusion (specifically, between ages 50 and 75) were
also registered [22].

Statistical analyses

Descriptives for continuous variables are reported as mean
and standard deviation (SD) or median and interquartile range
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(IQ) where appropriate. Categorical variables are reported as
number (n) and percentage (%).

Frailty was analyzed as categories “frail” (≥ 0.25) or
“nonfrail” (< 0.25) and in quartiles (Q1 least frail; Q4 most
frail) to visualize progression of frailty and changes in fracture
risk. Fractures are reported as any fracture, major osteoporotic
fractures (MOFs) as defined by FRAX (http://www.shef.ac.
uk/FRAX), and hip and vertebral fracture.

The temporal association between frailty and fracture was
explored in different time frames. From age 75, we estimated
short-term (1 and 2 years) fracture risk (i.e., frailty at age 75
and incident fractures between ages 75–76 and 75–77) and
long-term (5 or 10 years) risk (fractures between ages 75–80
and 75–85). To evaluate this association in the very old, we
then “reset” baseline and, based on frailty at age 80, estimated
fracture risk over the same time frames.

Demographic characteristics of frail/nonfrail women were
compared using Student’s T-test and chi-square or Mann–
Whitney U test for nonparametric distributions.

Fracture incidence was defined as the number of women
sustaining at least one fracture during the specified time frame.
Incidence rate is presented as number of fractures per 1000
person-years, calculated using all registered fractures.
Incidence rate ratios (IRRs) with 95% confidence intervals
(95% CI) were estimated by Poisson distribution to compare
fracture rates between frail/nonfrail women.

To investigate the association between frailty and fracture
with death as a competing event, we estimated the probability
of fracture, calculated as a cumulative incidence function
(CIF) with Gray’s test to assess statistical significance. To
predict fracture risk, we used the model proposed by Fine
and Gray [23] estimating proportional subdistribution hazard
ratios (SHR) and 95% CI for a first fracture. To determine if
frailty independently predicts fracture risk, BMD was includ-
ed as a covariate. Subgroup analysis further assessed the ad-
ditive effect of smoking.

The study is estimated to have > 80% power to detect a
1.45 difference in relative risk (RR) for any fracture (alpha
5%), between frail and nonfrail women. This is based on the
5-year incidence of any fracture (19.1%) in nonfrail women
from the cohort. However, acknowledging the limitations of
post hoc power calculations [24], confidence intervals indicate
the reliability of the associations. Analyses were performed
using SPSS v25 and RStudio v1.2.5042 [25, 26]. p < 0.05
was considered nominally significant.

Results

The characteristics of the OPRA cohort have been reported in
detail previously [15], while those relevant to this study are
shown in Table 1. On inclusion in the study at age 75, the
median FI of the population was 0.16 (range 0.01–0.74).

Almost one quarter (23.5%, n = 245) of the women were
classified as frail (FI ≥ 0.25). For women having sustained a
fracture prior to baseline, about half of the individual variables
comprising the FI differed between frail and nonfrail women,
predominantly those related to musculoskeletal function,
while there was no difference in disease incidence or bio-
markers. Frail women had higher BMI, higher bisphosphonate
and glucocorticoid usage, and more previous fracture and falls
(p < 0.05).

At the end of the study (October 2012), half of the women
(50.2%, n = 524) had sustained at least one fracture, and a
quarter (25.7%, n = 268) had two or more fractures. Hip fracture
occurred in 18.7% (n = 195) of the population and 20.5% (n =
214) had at least one vertebral fracture. The total fracture inci-
dence increased regardless of frailty status over the observation
period; between 75 and 80 (n = 214), the incidence of a first
fracture was 20.5% and between 80 and 85 (n = 177) 24.8%.

The fracture incidence rate per 1000 person-years was
higher among women who were frail at age 75, for any frac-
ture (109.0 vs. 80.8; p < 0.01) and MOF (80.1 vs. 64.0; p <
0.01); reflected in an increased risk (IRRs 1.35 and 1.25),
respectively. Hip fracture did not differ (23.1 vs. 18.0;
p = 0.13).

The distribution of fracture types in frail and nonfrail wom-
en is shown in Online Resource 2.

Frailty at age 75 and short- and long-term fracture
risk

Since age is an important factor for the elderly, we firstly
investigate the short-term time frame and risk within the first
2 years. For a 75-year-old woman who is frail, the risk of hip
fracture is elevated already within the first year compared to
identically aged, nonfrail women (SHR 3.94, (1.20–12.9)).
This is reflected in the proportion of women who fractured
(2.4% vs. 0.6%; p = 0.014) (Table 2A and Supplementary
Table 2). Adjustment for BMD did not significantly alter this
association (SHRadj. 3.75 (1.11–12.71)). The risk of hip frac-
ture continued to be elevated at two years (SHR 3.04 (1.34–
6.88)). Indeed, the proportion of frail women who fractured
was more than doubled compared to nonfrail (4.5% vs. 1.8%;
p = 0.005). The frail also had a higher risk of any fracture and
MOF within the first 2 years, SHR 1.70 (1.11–2.60) and 1.89
(1.17–3.06), respectively (Table 2A and Fig. 1a). Adjusting
for BMD did not change these results. Being a current smoker
and frail further increased the risk of fracture (Any HR 2.51
(1.15–5.48); MOF HR 2.89 (1.24–6.76); Hip HR 3.70 (1.04–
13.1) compared to non-smoking frail women) while not ap-
parent for the nonfrail. The proportion fractured were 13.1%
vs. 7.9% (p = 0.014) for any fracture and 10.6% vs. 5.8%; (p =
0.009) for MOF (Online Resource 3).

In the 5-year perspective, frailty continues to associate with
fracture (Table 2A and Table 3A). For hip fracture, the frail
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75-year-old is at twice the risk compared to the nonfrail, even
accounting for competing mortality (SHR 2.03 (1.13–3.64))
and similarly for incidence rate 17.5 vs. 8.1 per 1000 person-
years. Overall, a greater proportion of frail women had at least
one fracture at any site (24.9% vs. 19.1; p = 0.051), a higher
fracture incidence rate (78.1 vs. 55.5 per 1000 person-years),
and a higher risk even accounting for competing mortality.
Vertebral fractures were more frequent in the frail (9.4% vs.
5.3%; p = 0.019), and risk was higher (SHR. 1.83 (1.10–

3.04)). With adjustment for BMD, the risk estimate just
crossed below significance level (SHRadj. 1.75 (0.99–3.10)).
In the same time frame, the IRR was almost doubled for ver-
tebral fractures (1.79 (1.14–2.76)) (Table 3A).

For a woman who is frail at age 75, compared to the
nonfrail, the cumulative incidence trajectories differ, with
the greatest difference at 2 to 5 years (Fig. 1a). In a 10-year
perspective, the probability of fracture continues to be elevat-
ed, although, with the extended observation period and

Table 1 Characteristics of
nonfrail and frail women at age 75 All variables at 75 years Nonfrail (< 0.25)

n = 799

Frail (≥ 0.25)

n = 245

Mean SD Mean SD

Frailty index (FI) 0.14 (0.05) 0.36 (0.10)

BMI (kg/m2) 26.0 (3.88) 27.0 (5.05)

Femoral Neck BMD (g/cm2) 0.764 (0.114) 0.770 (0.152)

Femoral Neck (T-score) − 1.80 (1.12) − 1.76 (1.27)

No. (%) No. (%)

Current smoker 107 (13.5) 38 (15.8)

Bisphosphonate user 20 (2.5) 13 (5.3)

Glucocorticoid usera 49 (6.1) 29 (11.9)

No. of women with prior fractures between 50 and 75 n = 792 n = 239

At least one fracture 278 (35.1) 105 (43.9)

Major osteoporotic fracture 174 (22.0) 51 (21.3)

Hip 9 (1.1) 5 (2.1)

Radius 146 (18.4) 41 (17.2)

No. of women who fell in previous 12 monthsb n = 693 n = 221

At least one fall 146 (21.1) 114 (51.6)

No falls 547 (78.9) 107 (48.4)

Deceased at end of study (2012) 414 (51.8) 184 (75.1)

Deceased after 10 years 190 (23.8) 117 (47.8)

a Current or previous use for > 3 months
b Self-reported

Table 2 Relative risk of fracture
for frail women across time
frames of 1, 2, and 5 years based
on being frail at (A) age 75 and
(B) age 80

1-year risk 2-year risk 5-year risk

SHRa 95% CI SHR 95% CI SHR 95% CI

(A) Frail at age 75

Any 1.55 (0.87–2.76) 1.70 (1.11–2.60) 1.38 (1.02–1.86)

Major osteoporotic 1.71 (0.90–3.25) 1.89 (1.17–3.06) 1.38 (0.99–1.93)

Hip 3.94 (1.20–12.9) 3.04 (1.34–6.88) 2.03 (1.13–3.63)

Vertebral 1.19 (0.38–3.74) 1.88 (0.79–4.46) 1.83 (1.10–3.04)

(B) Frail at age 80

Any 1.85 (0.95–3.59) 1.59 (1.02–2.48) 1.52 (1.13–2.04)

Major osteoporotic 1.89 (0.93–3.83) 1.79 (1.12–2.86) 1.53 (1.12–2.09)

Hip 5.43 (1.13–26.2) 2.0 (0.91–4.39) 1.48 (0.90–2.44)

Vertebral 1.86 (0.57–6.09) 1.43 (0.63–3.24) 1.97 (1.21–3.21)

a Subdistribution hazard ratios with reference category nonfrail. Frailty status was assessed at beginning of each
period calculated (ages 75 and 80)
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advancing age, baseline frailty status does not discriminate the
probability of fracturing as is obvious by the comparable
slopes.

Grade of frailty and fracture risk

Quartiles were used to further categorize frailty; (Q1 range ≤
0.11; Q2 0.12–0.16; Q3 0.17–0.24; Q4 ≥ 0.25). There was a
clear stepwise association between increasing frailty and the 10-
year probability of a first fracture of any type (Q4 to Q1 (Gray’s
p = 0.03)) (Fig. 2a). For vertebral fractures, a significant differ-
ence was seen already between Q1 and Q2 (p = 0.005).

The time difference in fracture accumulation between the
least frail and most frail (Q1 and Q4) is 2.5 years for any
fracture and 4.7 years for hip fracture, i.e., the fracture free
time is longer in the least frail (Fig. 2a, b).

Frailty at age 80 and short- and long-term fracture
risk

For an 80-year-old woman who is frail, the risk of hip fracture
is also elevated (SHR 5.43 (1.13–26.2)), although the propor-
tion who fractured during this first year was low (2.5% vs.
0.5%; p = 0.017) (Table 2B). The risk continued to be elevated
at 2 years; hip fracture (SHR 2.0 (0.91–4.39)) while not
reaching statistical significance, any fracture (SHR 1.59
(1.02–2.48)) and MOF (SHR 1.79 (1.12–2.86)).

In the 5-year perspective, although frailty is less predictive
for hip fracture (SHR 1.48 (0.90–2.44)), it continues to be
associated with a higher risk of any fracture (SHR 1.52
(1.13–2.04)), MOF (SHR 1.53 (1.12–2.09)) and for vertebral

fractures (SHR 1.97 (1.21–3.21)). Adjusting for BMD did not
change the results.

The incidence trajectories for women who were frail and
nonfrail at age 80 are illustrated in Fig. 1b. The probability of
any fracture continues to be elevated for up to 10 years in the
frail compared to the nonfrail.

Fracture leads to frailty

Having analyzed how frailty influences the risk of future frac-
ture, we next investigated how a prior fracture, from age 50 to
the baseline investigation, influenced frailty at age 75. Prior to
the baseline, 37.1% (n = 383) of the women reported a fracture
between ages 50 and 75. The mean frailty score was signifi-
cantly higher compared to those with no prior fracture (0.21
vs. 0.18, p < 0.01). Furthermore, women with a fracture be-
tween ages 50 and 75 and in both later age intervals (75–80
and 80–85) were more frail compared to those who remain
fracture free throughout, from ages 50 to 85 (0.38 vs. 0.27, p =
0.038). On the other hand, among those with a prior fracture,
but no new fractures up to the age of 85, the frailty score was
equivalent to those never experienced a fracture (0.27 vs.
0.27) (Fig. 3).

Discussion

This study of 75-year-old community-dwelling women indi-
cated that frailty is an important, clinically feasible way to
identify individuals at high fracture risk. Going beyond tradi-
tional risk factors such as BMD, frailty assessment takes a
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much needed holistic approach to capturing fracture risk,
making it a useful complement to existing assessment tools.
Frailty is associated with fracture, and this study highlights
that being frail presents a high risk of fracturing within the
next 12–24months. At entry into the study, frail women at the

age of 75 had a two to four times higher risk of hip fracture
already within the first year. These women continue to be at
higher risk over the next 2 years for hip fracture, MOF, and
indeed any type of fracture. The observed higher fracture risk
within the first year is in agreement with two other studies,
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5-year follow-up (80y)
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Fig. 3 Flowchart demonstrating how frailty score is affected by having
had a fracture (at least one fracture of any type). At baseline, women were
stratified based on whether they had at least one previous fracture

between 50 and 75. Frailty score at 5- and 10-year visits is shown, based
on fracture history during the intervening period. *FIs are population
mean. The calculations were made onwomen that attended all follow-ups
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albeit in younger individuals, confirming the value of
frailty assessment by capturing health beyond chrono-
logical age [27, 28].

With increasing age, everyone becomes frailer, risk factors
for fracture accumulate, and health status often rapidly changes.
Since frailty is dynamic and accumulates at different rates, the
value of an examination deflates over time. We showed that a
higher fracture risk persisted over 5 years while after 10 years,
frailty was no longer discriminative, because by age 85, almost
everyone is frail. Long-term projections are therefore less
meaningful and frailty should be reassessed regularly. Further
demonstrating this, when frailty was reassessed at age 80, it
again predicted high fracture risk within the short term. A num-
ber of studies have demonstrated association between frailty
and fracture over 5–10 years [29–32] which is important in
an epidemiological context, but given the short expected sur-
vival in the elderly, the immediate implications are more rele-
vant. This association to imminent fracture risk has conse-
quences for clinical decision making; most important is initiat-
ing interventions that have immediate effects, primarily to pre-
vent falls leading to fracture, such as home environment adjust-
ments, medication reconciliation, walking aids, and balance
and strength training [33, 34]. Delayed-effect interventions
such as antiosteoporosis medication can be implemented in
parallel. Frailty and fractures are related to one another bidirec-
tionally. Our study shows not only that frailty leads to fractures
but also that fracture is associated with higher frailty, which is
in line with other studies [35]. This reflects what a critical
element the musculoskeletal system plays in the frailty syn-
drome and, in addition, the functional decline and disability that
results particularly from a hip fracture. Prompt interventions
may prevent the downward spiral into progressing frailty and
subsequent recurrence of fracture [36]. The benefit of second-
ary fracture prevention is clearly seen in our study; even in the
event of a postmenopausal fracture between 50 and 75, if a
woman remains fracture free for 10 years, the trajectory of
frailty will be similar to those who never fractured.

Not assessing frailty would be a missed opportunity in
fracture prevention, since at age 75, one in ten women from
the frailest quartile will suffer a fracture after little more than a
year. Those who were nonfrail remain fracture free longer,
delaying hip fracture for almost 5 years and any fracture for
two and half years. This observation highlights the variability
in risk between fracture types and age; frailty predicts hip
fracture at 75, but less so after age 80, a finding in part sup-
ported by others. While not completely comparable in terms
of demographics and follow-up, in the Canadian Multicentre
study (CaMos), Kennedy et al. find a similar loss of associa-
tion among participants aged 65 and older [29]. The present
study allows us to further understand the temporal relation-
ships between fracture type and age; from age 80, relative to
nonfrail women, women who were frail had a larger increase
in vertebral, shoulder, and pelvic fractures (data not shown)

while the increase in hip and radius fractures was more pro-
nounced among the nonfrail. Vertebral fracture was also asso-
ciated with frailty. A novel finding was that even those who
were only moderately frail (Q2) had double the risk of a ver-
tebral fracture over 10 years. This is clinically relevant from
two perspectives; (a) it emphasizes the utility of identifying
prefrailty, and (b) since vertebral fractures are often symptom
free and go undetected, it is possible that these “prefrail”
women already have a vertebral fracture. Hence, it is a signal
for investigation, and if warranted antiosteoporosis treatment,
since if one has a vertebral fracture, one is likely to have
another subsequent fracture [37].

We have shown that frailty captures multiple aspects of mus-
culoskeletal aging in older women- osteoporosis, falls, and
fracture - as well as mortality; therefore, it stands to reason that
regular assessment of frailty has the capacity to be an additional
tool in identifying those elderly at high risk of fracture [15, 16].
We can also speculate that a rapid change in frailty status could
further impact on fracture risk. This also means that interven-
tions to reduce the risk can be initiated at an earlier stage with a
person-centered approach. Focusing on hip fracture, in the el-
derly, most hip fractures result from a simple fall. The associa-
tion between being frail and having a hip fracture within a year
indicates that frailty encompasses many physical changes relat-
ed to fall propensity such as impaired balance, sarcopenia, and
musculoskeletal dysfunction. To be effective, a proactive health
service is essential, involving communication between multiple
caregivers, including primary care, physiotherapists, and clini-
cians, preferably before a first fracture has occurred and defi-
nitely in any postfracture program.

The strengths of this study includes firstly that the OPRA
cohort was specifically designed to investigate bone health and
therefore has detailed information on time to fracture and fracture
site. The extensive follow-up time allowed exploration of the
effects of existing and emerging frailty on fracture risk in a clin-
ically meaningful context. Secondly, this study is performed in
randomly selected, community-dwelling older women at an age
where fracture incidence is accelerating, and the implications of
suffering a fracture or becoming frailer are severe. Thirdly, the
identical age of all the participants allows us to clearly demon-
strate that frailty, which reflects biological age, is additive, be-
yond chronological age in terms of correctly predicting fracture
risk. The data show that being frail “accelerates” the normal
expectation of when a fracture will occur, i.e., 2–5 years earlier.
Being frail and a smoker confers an even higher risk of fracture.
Fourthly, this study employed statistical modelling to account for
the competing risk of death, a common problem in longitudinal
studies of the elderly, therefore minimizing the potential for bias
or overestimation. However, since Fine andGraymodels give an
approximate estimate of risk, the results should be interpreted
with this in mind, and similarly that for all studies spanning
decades, there is a loss of power from loss of participants beyond
what is accountable by applying competing risk algorithms.
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Limitations are acknowledged. It is difficult to make
direct comparisons with other studies due to the diver-
sity of frailty instruments used in the literature.
However, overall, the results are in general agreement,
which is in line with the high redundancy, whereby one
variable captures many. Furthermore, there may be bias
towards the participants being healthier compared to the
general population; however, this is inherent to all lon-
gitudinal studies of older people and may be beyond
even what can be accounted for. Nevertheless, we were
able to follow the increasing fracture burden in the pop-
ulation through the stepwise gradient of risk when
transitioning into greater frailty. We also recognize that
our findings pertain to the population of elderly women
studied and may not be directly transferrable to other
ages, ethnicities or to men.

To summarize, our study demonstrates that frailty is
associated with imminent fracture risk, in particular hip
fracture and other MOFs. Frailty needs to be reassessed
regularly since health status can rapidly change in the
elderly and with advancing age, which influence frac-
ture risk. This knowledge is important, with the tempo-
ral aspects of fracture risk potentially having implica-
tions in the choice of treatment strategy.
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