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Hip fracture, mortality risk, and cause of death over two decades
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Abstract
Summary Men and women with hip fracture have higher
short-term mortality. This study investigated mortality risk
over two decades post-fracture; excess mortality remained
high in women up to 10 years and in men up to 20 years.
Cardiovascular disease (CVD) and pneumonia were leading
causes of death with a long-term doubling of risk.
Introduction Hip fractures are associated with increased mor-
tality, particularly short term. In this study with a two-decade
follow-up, we examined mortality and cause of death com-
pared to the background population.
Methods We followed 1013 hip fracture patients and 2026
matched community controls for 22 years. Mortality, excess
mortality, and cause of death were analyzed and stratified for
age and sex. Hazard ratio (HR) was estimated by Cox regres-
sion. A competing risk model was fitted to estimate HR for
common causes of death (CVD, cancer, pneumonia) in the
short and long term (>1 year).
Results For both sexes and at all ages, mortality was higher in
hip fracture patients across the observation period with men

losingmost life years (p<0.001). Mortality risk was higher for
up to 15 years (women (risk ratio (RR) 1.9 [95 % confidence
interval (CI) 1.7–2.1]); men (RR 2.8 [2.2–3.5])) and until end
of follow-up ((RR 1.8 [1.6–2.0]); (RR 2.7 [2.1–3.3])). Excess
mortality by time intervals, censored for the first year, was
evident in women (<80 years, up to 10 years; >80 years, for
5 years) and in men <80 years throughout. CVD and pneumo-
nia were predominant causes of death in men and women with
an associated higher risk in all age groups. Pneumonia caused
excess mortality in men over the entire observation period.
Conclusion In a remaining lifetime perspective, all-cause and
excess mortality after hip fracture was higher even over two
decades of follow-up. CVD and pneumonia reduce life expec-
tancy for the remaining lifetime and highlights the need to
further improve post-fracture management.
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Introduction

Hip fracture at any age is the most severe fracture attributable
to bone fragility and predominantly affects an already frail
population. The burden on health care and society is very high
[1]. Despite an apparent decrease in the incidence of hip frac-
ture in some countries [2–5], the lifetime risk of sustaining a
hip fracture continues to be high in Scandinavia [6]. Hip frac-
ture is associated with high mortality, multi-cause morbidity,
and loss of functional independence [7–9], although immedi-
ate peri-operative management and surgical outcome has im-
proved over the past decade [10].

After hip fracture, the early mortality within 1 to 3 months
and up to 1 year in both men and women is well described and
universal [11–14], with excess mortality most pronounced in
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men [14–19]. Although early mortality is high, the majority of
patients do survive the first year; hence, a longer-term per-
spective is essential, yet less well studied. Of the limited re-
ports extending to 5 years post-fracture, a higher mortality
rate, most pronounced in men and in the oldest, is noted [14,
15, 18, 20–25]. Critically, information on age-specific mortal-
ity 10 years or more after presenting with a hip fracture is
scarce, in part due to difficulties obtaining continuous long-
term data, including validated cause of death. Furthermore, a
hip fracture will not routinely be included as a contributing
cause of death beyond 1 year [16, 21, 26–29]. Moreover, in
the elderly, identifying the proportion of mortality risk attrib-
utable to the hip fracture per se becomes problematic with the
progression of time. However, fracture attributable risk can be
addressed if the hip fracture cohort is compared to that of the
background population; whereby mortality in the background
population can be assumed to result from causes other than hip
fracture [30]. In addition, analyses stratifying for age (since
fractures occur from younger than 50 years to older than
90 years) and sex are instrumental to correctly estimating ex-
cess mortality in meaningful time intervals. Neglecting this
may give estimates that are too conservative in older individ-
uals and misleadingly high in those who are younger [14].

In the immediate post-operative period, complications
leading to death are well known [31]. For those who survive
beyond the first 3 or even 12 months, the causes of early
mortality following hip fracture are predominantly cardiovas-
cular disease and pneumonia [20, 32–34]. Subsequently there
is a large gap in our knowledge in terms of mortality and cause
of death for those men and women surviving longer terms
after a hip fracture and whether this group continues to differ
from the background population, information that is essential
for estimates of health and social care utilization. To address
this gap in knowledge, we have used a hip fracture cohort of
1013 patients and 2026 matched controls followed for their
remaining lifetime or up to 22 years (the end of the study).

In previous studies, we reported on fracture risk and long-
term survival after hip fracture in women [35] and men [36],
but without comparison to controls or addressing causes of
death.

The aim of this study was to address these gaps in knowl-
edge; (i) describing mortality and the causes of death in male
and female patients presenting with a hip fracture using a two-
decade post-fracture perspective and (ii) comparing these with
the background population over the same time frame.

Materials and methods

The present study utilizes the two cohorts of prospectively
followed consecutive female [35] and male [36] hip fracture
cases and now with added matched controls, from Malmö,
Sweden. In a catchment area of ∼260,000, the department of

Orthopedics Malmö, Skåne University Hospital, is the only
unit treating hip fractures [37].

The cases, identified through the radiology department,
were all adults (>20 years) who sustained a low-energy trauma
hip fracture (the index hip fracture) during the 2-year inclusion
period (1984–1985). This study design has the advantage of
individual fracture verification compared to registry studies,
while similarly, no individual medical information are avail-
able. As previously reported in detail [35], hip fracture was
defined as any fracture of the proximal femur ranging from
femoral neck to the subtrochanteric region, fractures caused
by high energy (n=16) or pathology (n=14) were excluded.
We identified 1013 cases (757 women, 256 men) after exclud-
ing 16 individuals for which no matching controls could be
identified.

The admission date for each hip fracture case served as
index date for the controls, which were randomly selected
through Statistics Sweden (SCB). Controls were living in the
catchment area when their corresponding case sustained the
index fracture. No exclusion criteria were applied. Controls
were sex- and age- (year and month) matched. Where possi-
ble, two controls (or one weighted) were coupled to each case
using the random sampling technique, giving 2026 controls.
The hip fracture cases and their corresponding controls were
subsequently individually followed until death or December
2005, i.e., 22 years. Three controls were followed until their
date of emigration.

The study was approved by the Local Ethics Committee,
Lund University, Sweden, and complies with ethical princi-
ples of the Declaration of Helsinki.

Mortality and cause of death

Using the unique Swedish personal identification number,
date and cause of death (International Classification of
Diseases, v8-10) for every individual were obtained from the
National Board of Health and Welfare, Sweden, which vali-
dates all data; >99 % of all Swedish subjects receive a diag-
nosis [38]. We report cause of death according to major dis-
ease categories (Supplementary Table 1).

Statistical analysis

All data was analyzed separately for women and men and
stratified by age. Age groups and time intervals used were
dependent on the statistical model applied and to ensure that
the closely matched subjects were included in the same group.
Descriptive data and survival analyses include all available
matched cases and controls; weighted controls were removed
before analysis. For all other analyses, initial matching of
cases and controls was removed and replicate controls deleted.

For the results presented in Tables 1 and 2 and Figs. 1, 2,
and 3, the study population was stratified into age groups <75,
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75–84, and ≥85 years at inclusion. These groups were chosen
since the 75–84 year group capture mean age at hip fracture in
the cohort and allow comparison with published studies. For
the data in Fig. 2, two subsets were used, <80 years at inclu-
sion and ≥80 years (the approximate median age at inclusion).
This ensured a sufficient sample size in each age group. In

Supplementary Table 2, descriptive data are reported in 5-year
age bands, except those <50 years (n=21). Cumulative sur-
vival was estimated using the Kaplan-Meier method (Fig. 1).
Follow-up was from the date of the index hip fracture until
date of death (event) or end of follow-up (censored).

The relativemortality (i.e., risk compared to the controls) was
estimated using Cox regression. In the first instance, for age
groups <75, 75–84, and ≥85 years, the mortality is from inclu-
sion to end of follow-up; for 1, 5, 10, and 15 years, risk is
presented as hazard ratio (HR) with 95 % confidence interval
(CI); end of follow-up is presented as rate ratio (RR) (Table 2).
Additional analyses (Fig. 2) for estimating time-specific risk
were also performed, to evaluate the change in death risk. For
individuals <80 or >80 years at inclusion, time-specific risk
ratios (RR) for the fracture variable adjusted for age were calcu-
lated for each of the five time intervals: [0, 3months]; [3months,
1 year]; [1, 5 years]; [5, 10 years]; and (10, 22 years, i.e., end of
follow-up]. Within each time interval, events (and censored ob-
servations) occurring before the specified start timewere exclud-
ed; those occurring after the specified end time were censored.
The resulting 20 subsets each had a Cox model fitted. The as-
sumption of proportional hazard was tested using Schoenfeld
residuals. In most time intervals, there was insufficient evidence
of non-proportional hazards and the global test did not indicate
any statistically significant deviation from proportionality.

The causes of death registered for cases and controls (Fig. 3)
are presented as proportion within each age group. For themost
common causes of death, we estimated the risk of death for a
hip fracture patient compared to controls. We also calculated
the risk of death from each of the studied diseases in a com-
peting risks setting. For this (Table 3), Fine and Gray models
[39] were used to estimate the relative risk (with fracture and
age included as covariates) in two time intervals [0–1 year] and
[1–22 years] censoring for the high first-year mortality.

Table 1 Baseline characteristics and survival of hip fracture patients
and their age-matched controls

Patients n= 1013 Controls n= 2026

(A) Subjects Number Number

Women All 757 1514

Mean age (SD) 79.6 (9.8) 79.6 (9.8)

Median age (range) 81.0 (32–97) 81.0 (32–97)

<75 years 192 (25 %) 384 (25 %)

75–84 years 317 (42 %) 634 (42 %)

≥85 years 248 (33 %) 496 (33 %)

Men All 256 512

Mean age (SD) 73.9 (12.3) 73.9 (12.3)

Median age (range) 76.3 (33–95) 76.3 (33–95)

<75 years 121 (47 %) 242 (47 %)

75–84 years 94 (37 %) 188 (37 %)

≥85 years 41 (16 %) 82 (16 %)

(B) Survival (years) Median (95 % CI) Median (95 % CI)

Women All 4.9 (4.4–5.4) 7.8 (7.3–8.3)

<75 years 11.4 (8.8–14.0) 17.8 (16.6–19.1)

75–84 years 5.0 (4.4–5.7) 8.2 (7.6–8.8)

≥85 years 2.3 (1.8–2.8) 4.2 (3.8–4.6)

Men All 3.7 (2.7–4.7) 7.5 (6.5–8.4)

<75 years 7.0 (5.6–8.4) 15.5 (13.7–17.3)

75–84 years 2.0 (0.97–3.1) 4.7 (3.8–5.6)

≥85 years 0.23 (0.11–0.35) 2.6 (2.1–3.2)

Table 2 Risk of death for hip fracture patients compared to matched controls

Age at inclusion Patients Controls 1 year 5 years 10 years 15 years End of follow-up (22 years)

(A) Women

<75 years 192 380 4.2 (1.6–10.9) 2.9 (1.9–4.5) 2.4 (1.8–3.3) 2.2 (1.6–2.9) 1.9 (1.5–2.5)

75–84 years 317 624 6.9 (4.2–11.4) 2.2 (1.8–2.8) 1.9 (1.6–2.3) 1.8 (1.5–2.1) 1.8 (1.5–2.1)

≥85 years 248 467a 3.7 (2.6–5.3) 1.9 (1.6–2.5) 1.8 (1.5–2.2) 1.8 (1.5–2.2) 1.9 (1.5–2.2)

All 757 1471 4.6 (3.5–6.1) 2.2 (1.9–2.5) 1.9 (1.7–2.2) 1.9 (1.7–2.1) 1.8 (1.6–2.0)

(B) Men

<75 years 121 238 4.1 (1.8–9.7) 3.5 (2.1–5.7) 3.1 (2.1–4.6) 3.2 (2.2–4.5) 2.9 (2.0–3.9)

75–84 years 94 186 5.4 (2.9–10.1) 2.8 (1.9–4.1) 2.3 (1.7–3.2) 2.3 (1.7–3.3) 2.4 (1.7–3.3)

≥85 years 41 65b 9.1 (3.5–23.9) 3.4 (1.8–3.4) 3.3 (1.8–5.9) 3.3 (1.8–5.9) 3.3 (1.8–5.9)

All 256 489 5.7 (3.7–8.9) 3.1 (2.4–4.1) 2.7 (2.2–3.4) 2.8 (2.2–3.5) 2.7 (2.1–3.3)

Cox regression analysis was used to calculate risk of death (in hip fracture patients compared to matched controls). Reported at 1, 5, 10, and 15 years
(hazard ratio with 95 % CI); at end of follow-up (rate ratio with 95 % CI)
a One control age 93 emigrated at 3 years
b One control age 86 emigrated at 3.2 years and one control age 87 years emigrated at >20 years
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Analyses were performed using SPSS v17.0 (SPSS Inc.),
STATISTICA 7.1 (StatSoft Inc.), and R (R foundation for
statistical computing, Vienna, Austria). Significance was set
at p<0.05.

Results

Men were younger when they fractured than women
(p<0.001), clearly demonstrated by the fact that 25 % of
men compared to 8.5 % of women sustained their hip fracture
before age 65 (data not shown). Fracture cases and age-
matched controls, distributed according to the age groups
<75, 75–84, and ≥85 years are presented in Table 1A.

In women, mortality was higher in those with hip fracture
compared to controls (p<0.001) as was the cumulative mor-
tality (Table 1B; Fig. 1a). This elevated mortality can be clear-
ly seen in all age bands (Supplementary Table 2A). As expect-
ed, the median time-to-death was age-dependent, significantly

shorter in cases than controls, and with the longest survival
times in the lower age group (p for all <0.001) (Table 1B;
Fig. 1a). As seen in Supplementary Table 2A, none of the
female cases (n= 64) below age 65 died within the first
3 months. Overall, for women after a hip fracture the inci-
dence of death at the end of the study equates to 142 per
1000 person years compared to 96 per 1000 person years in
the background population.

In men, mortality was similarly higher compared to controls
(p<0.001), as was the cumulative mortality (Table 1B; Fig. 1b)
and apparent in all age bands (Supplementary Table 2B). Again,
as expected, the median time-to-death was age-dependent and
significantly shorter in cases than controls. None of the male
cases (n = 36) below age 60 died within the first year
(Supplementary Table 2B). In men, the incidence of death
equates to 168 in cases vs. 88 per 1000 person years in controls.

The consequence of this shorter time-to-death is emphasized
when presented as loss of potential lifetime. For the age groups
(<75, 75–84, and ≥85 years), the absolute number of life years
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Fig. 1 Cumulative percentage surviving across follow-up. Women (a)
and men (b) with hip fracture compared to matched controls. Survival
was assessed using the Kaplan-Meier method and the figure shows

cumulative percentage survival and underneath includes absolute num-
bers surviving. Follow-up continued until Bdate of death^ or Balive at the
end of follow-up^
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lost was 6.4, 3.2, and 1.9, respectively, in female hip fracture
cases and 8.5, 2.7, and 2.4 years in males. In relative terms, life
expectancy was 36, 39, and 45 % shorter in women and 55, 57,
and 90 % shorter in men compared to controls.

Within 1 year, the proportion dead was 21 % for
women with a hip fracture and 6 % for controls
(Supplementary Table 2A). Translated into an age-
adjusted risk estimate, this corresponds to an almost
five times higher overall risk of a woman dying within
the first year after a hip fracture (HR 4.6 [3.5–6.1])
(Table 2). Furthermore, the age-stratified analysis shows
that in all three age groups, mortality risk was more
than doubled for at least 10-year post hip fracture, and
remained at least 50 % higher for the duration of the
observation period (at 22 years RR 1.8 [1.6–2.0]).

To confirm these findings, ensuring the PH assumptions
were met, we also calculated time-specific RR censored for
the observed high early mortality, across five time intervals.
For women younger than 80 years when they fractured, excess
mortality was evident for up to 10 years post-fracture (i.e.,
within the intervals 1–5 and 5–10 years). For women older than
80 years, it was evident for up to 5 years post-fracture (Fig. 2).

Males had an even higher mortality during the first year post-
fracture compared to their controls (31 vs 8%) corresponding to
an almost six times higher risk of dyingwithin the first year after
a hip fracture (HR 5.7 [3.7–8.9]) (Table 2). But, the age-
stratified analysis demonstrated that the 1-year mortality risk
was highest in the oldest age group (men ≥85 years), with a
ninefold risk increase. Beyond the first year, overall, the relative
risk of dying remained almost three times higher up to 10 years

Fig. 2 Hip fracture and
associated excess mortality in
those above or below age
80 years. The relative risk (RR) is
hip fracture compared to controls
(*RR= 1.0 controls). The hip
fracture patients and their controls
were followed until death or
December 2005, i.e., 22 years.
Cox Proportional Hazards model
with a time interaction was used
to calculate hazard ratio (95 %
CIs) in individuals below and
above 80 years at inclusion.
Within each time interval, events
(and censored observations)
occurring before the specified
start time were excluded from
those occurring after the specified
end time were censored.Wide CIs
for the HR in the later time
intervals is a consequence of the
small number of men >80 at
inclusion that lived up to 10 years
post-fracture
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post-fracture and was more than doubled for the remaining
observation period (at 22 years RR 2.7 [2.1–3.3]). Evaluation
of excess mortality in the five time intervals (and censored for
the first year) showed that for men younger than 80 years when
they fractured, excess mortality persisted over the entire period
although became less pronounced with time (RR 2.7–1.5)
(Fig. 2).

Cause of death after hip fracture

The underlying causes of death were diverse. Figure 3 illus-
trates the percentage distribution of the recorded causes of
death within each age group (<75, 75–84, and >85 years) for
women and men, cases, and controls.

Fig. 3 Cause of death
(proportional distribution by age-
group) in hip fracture patients and
controls at the end of the
observation period. Each column
illustrates the percentage
distribution of the various
recorded causes of death. It can be
seen that cardiovascular disease,
pneumonia, and cancer are the
most common causes of death in
women (patients and controls)
and men (patients and controls)
across all age groups

Table 3 Risk of a hip fracture patient dying from the three most common causes of death; CVD, cancer, or pneumonia within the first 12 months and
from 1 year until end of follow-up

(A) Women Cardiovascular disease Cancer Pneumonia
Events (n) RR (95 % CI) Events (n) RR (95 % CI) Events (n) RR (95 % CI)

Between 0 and 1 year 84 3.6 (2.5–5.1) 18 4.2 (1.8–9.6) 20 3.4 (1.6–7.1)
Between 1 and 22 years 291 1.1 (0.98–1.3) 55 0.75 (0.55–1.0) 50 1.1 (0.77–1.5)

(B) Men Cardiovascular disease Cancer Pneumonia
Events (n) RR (95 % CI) Events (n) RR (95 % CI) Events (n) RR (95 % CI)

Between 0 and 1 year 27 3.8 (2.0–7.2) 6 1.9 (0.61–5.8) 17 4.7 (1.9–11.3)
Between 1 and 22 years 66 0.92 (0.69–1.2) 18 0.59 (0.35–0.98) 20 2.1 (1.2–3.7)

Fine andGraymodels were used to calculate risk of death (RR and 95%CI (including fracture and age as covariates)) for a hip fracture patient compared
to controls from each of these diseases in a competing risks setting. Events (and censored observations) occurring before the specified start time were
excluded; those occurring after the specified end time were censored [39]
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The most common causes of death in women, both fracture
cases and controls, were cardiovascular disease (CVD), pneu-
monia, and cancer, with CVD being the dominant cause in all
age groups. Risk of death from each of these diseases in a
competing risk setting and compared to the background con-
trols was calculated. Within the first year, the risk of a woman
with a hip fracture dying from one of these three causes was
3–4-fold higher than the background controls (Table 3).
Thereafter (between 1 and 22 years), the risk was not substan-
tially different for hip fracture cases and controls. We also
report 5-year risk to facilitate comparison with other studies
(and reflecting median survival after hip fracture in our co-
hort), but not considering competing risks. Compared to con-
trols, at 5 years, the risk of death from these causes was 2–3-
fold higher (CVD 1.8 [1.5–2.1], pneumonia 2.5 [1.6–3.8], and
cancer 1.5 [1.0–2.2]).

As for women, the most common causes of death in men,
both fracture cases and controls, were CVD, pneumonia, and
cancer (Fig. 3). Considering competing risks, within the first
year, CVD and pneumonia was associated with a 4–5-fold risk
increase for deaths among hip fracture cases (Table 3). For the
interval 1–22 years, the risk from pneumonia continued to be
significantly increased, while for CVD and cancer, the risk
degraded to that of the background controls. For the purpose
of comparison with other studies (and because of the high
early male mortality), we also report relative risks (but not
considering competing risks) at 2 and 5 years. During the first
2 years following hip fracture, the relative risk of dying from
CVD was more than doubled in male cases (RR 2.7 [1.6–
4.4]); and at 5 years, it was 50 % higher. In addition to
CVD, pneumonia, was elevated at 5 years (2.8 [1.6–4.9]).

Discussion

In this study, men and women who had sustained a hip frac-
ture during the mid-1980s were followed for their remaining
lifetime and compared with the background population to de-
scribe the long-term influence of age at fracture on mortality
and cause of death. Age stratification demonstrated that
among fracture patients mortality was high in women over
85 and men over 75. Few of these individuals were still alive
5 years after their fracture. Those surviving beyond 10 years
were predominantly the youngest when they fractured their
hip and the largest proportion were women. Even accounting
for the high early mortality, excess mortality was evident
among these younger individuals, persisting up to 10 years
in women and 22 in men. Regarding the common causes of
death, after the first year, they did not differ from the back-
ground population, with the exception of pneumonia which
continued to be higher in men over the entire follow-up. Age
at hip fracture is the most important predictor also of long-
term mortality, where the very elderly only survive for a very

short time [11, 12, 20, 23, 24, 31, 34]. However, if the fracture
occurred before age 75, the reduction in life expectancy was
substantial, equivalent to 6 years in women and 8 years for
men. Our study highlights the importance of also paying par-
ticular attention to relatively younger patients at the clinic,
although since life expectancy has increased, the definition
of relatively younger may shift upwards in chronological
age, an issue for future studies.

Among the published data, the lack of uniform study design
has made it difficult to establish the true mortality risk associ-
ated with hip fracture [12, 15, 18, 27, 28, 34, 40, 41]. When
evaluating mortality beyond 10–15 years, all observations are
driven by the longer survival of the relatively younger women
(<75) and men (<65–70) and furthermore, hip fracture studies
with extensive follow-up are complicated by mortality risk not
being constant over time (for patients or controls). To address
these issues, in our study, we used Cox regression within spe-
cific time frames and censoring for earlier mortality to model
this non-constant risk. By doing so, we could show that, regard-
less of age, a woman who has fractured her hip fracture has a
higher mortality risk than equivalently aged women from the
background population, across the whole of follow-up. Formen
under age 80, mortality is elevated for the remainder of their
life. This applies also to the oldest men, although their remain-
ing lifetime is short, with almost all dead by 1 year.

Given thatmortality is increased among hip fracture patients,
we asked what accounts for this higher mortality.
Cardiovascular disease was the most common cause of death.
We report that compared to the background population, the
mortality risk attributable to CVD was consistently elevated
among hip fracture patients, but mainly over the early part of
the observation period with a sustained two to threefold higher
risk over the first 5 years and 50% higher risk thereafter in both
sexes. This is keeping with the reported association between
CVD risk and hip fracture [19, 31, 32, 42, 43]. Remarkably,
pneumonia, so common post-operatively as a cause of prema-
ture death [31, 34, 41] continued to be fatal for men, for up to
10 years, with a threefold higher mortality risk at all time points.
Conversely, death from cancer was similar between patients
and controls, with the exception of an associated higher risk
in women over the first year despite presenting with a non-
pathological hip fracture. Apart from these three most common
causes of death, we reviewed all major- and sub-groups; be-
yond the first year the cause of death became proportionally
more similar among patients and controls with passage of time,
i.e., the risk related to a specific cause is attenuated. This indi-
cates that the cause of death was less affected than mortality per
se with time after hip fracture, compared to the background
population; most likely a reflection of the incipient frailty that
afflicts the fracture patient earlier than controls for the early
years post-fracture.

Recognition of the high short-term mortality has already
led to increased awareness and optimized management from
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the fracture event to post-operative care. The findings of this
study are also clinically relevant, highlighting as it does that
those surviving beyond a year ought to receive additional
long-term medical attention including therapy to reduce re-
fracture risk, since there is great potential for life years lost
or gained. Such preventive measures need individualization,
factoring in age and sex, but will bring with it health benefits
to the individual while reducing the burden on healthcare and
society. Prediction of post-fracture survival in the short and
long term is also of surgical interest since modern treatment
algorithms suggest different implants, e.g., arthroplasty or in-
ternal fixation, depending on the remaining lifespan.

Strengths and limitations

The study has several strengths: the length of follow-up, the
large number of hip fractures, completeness of data, the con-
secutive and limited inclusion period, and closely matched
controls in terms of age and geography. The birth date-based
personal identification number allowed for 100 % retrieval of
fracture and mortality data with validated diagnoses [38, 44]
and no loss-to-follow-up. Consequently, this is the most com-
prehensive study to report on mortality and cause of death
over the remaining lifespan in hip fracture patients compared
with the background population. While the overall findings
are likely to be applicable to Scandinavia, they will require
confirmation in other studies of a correspondingly long dura-
tion. Similarly, given that life expectancy has increased, those
who fracture in 2016 are likely to be different to those who
fractured during the 1980s.

We acknowledge limitations; ideally, the number of con-
trols matched with the younger hip fracture age group would
have been larger, since these individuals are likely to be het-
erogeneous with some biologically younger and some older.
The lack of data on comorbidities is regrettable, but this infor-
mation is not systematically available throughmedical records
and if collected retrospectively, not fully reliable or compre-
hensive over a long follow-up; hence, it was not part of the
planned analysis. For this study, chronological age is therefore
considered a relevant proxy.We assume that the comorbidities
influencing early deaths may be similar to other studies [12,
13, 15, 29, 34] since, in agreement with other reports, the
within 1-year mortality was also high [11, 12, 20, 23, 24,
34]. Patients or controls may have had a previous hip fracture,
but presumably, this should not skew the results significantly.
Bias resulting from secular changes occurring over time is
minimized in this study as, unlike the extended inclusion of
register studies; here, a 2-year inclusion is used. We believe
that, as far as is possible, the design of this study minimizes
potential inaccuracies in the estimation of adverse outcomes
occurring many years after the initial event and through in-
cluding also time framed analyses.

In conclusion, this study with a remaining lifetime perspec-
tive, demonstrated that all-cause mortality and excess mortal-
ity in patients presenting with a hip fracture was higher in both
men and women even over two decades of follow-up and was
age-dependent. Cardiovascular disease and pneumonia repre-
sent a threat to life expectancy over the post-fracture lifetime.
The observed age-related influence onmortality highlights the
necessity to tailor patient care and post-fracture management
to improve life expectancy.
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