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Abstract Summary This systematic literature review has
shown that patients experiencing hip fracture after low-
impact trauma are at considerable excess risk for death
compared with nonhip fracture/community control popula-
tions. The increased mortality risk may persist for several
years thereafter, highlighting the need for interventions to
reduce this risk.
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Patients experiencing hip fracture after low-impact
trauma are at considerable risk for subsequent osteoporotic
fractures and premature death. We conducted a systematic
review of the literature to identify all studies that reported
unadjusted and excess mortality rates for hip fracture.
Although a lack of consistent study design precluded any
formal meta-analysis or pooled analysis of the data, we
have shown that hip fracture is associated with excess
mortality (over and above mortality rates in nonhip fracture/
community control populations) during the first year after
fracture ranging from 8.4% to 36%. In the identified studies,
individuals experienced an increased relative risk for
mortality following hip fracture that was at least double that
for the age-matched control population, became less pro-
nounced with advancing age, was higher among men than
women regardless of age, was highest in the days and weeks
following the index fracture, and remained elevated for
months and perhaps even years following the index fracture.
These observations show that patients are at increased risk
for premature death for many years after a fragility-related
hip fracture and highlight the need to identify those patients
who are candidates for interventions to reduce their risk.
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Fragility-related fracture - Hip fracture -
Osteoporotic hip fracture - Systematic review

Introduction

Hip fractures, defined as any fracture of the femur between
the articular cartilage of the hip joint to 5 cm below the
distal point of the lesser trochanter, can occur at any age but
are most common in older persons [I, 2]. Most patients
presenting with hip fracture are women aged over 50 years,
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and the mean age at first presentation is approximately
80 years [1, 2]. Johnell and Kanis estimated a worldwide
incidence of 1.6 million osteoporotic fractures of the hip in
people aged 50 years and older in 2000, of which about
70% (1.14 million) were in women [3]. The absolute global
annual incidence of hip fracture is expected to increase to
2.6 million by 2025 and to 4.5 million by 2050 alongside
an expanding and increasingly elderly population [4, 5].

Most cases of hip fractures arise because of low-impact
trauma in an individual with underlying bone fragility. In
individuals aged 50 years or older, 53% of all fractures are
associated with low-impact trauma (generally arising from a
fall), rising to 80% of hip fractures in those aged 75 years
or older [6]. The bone fragility that places older persons at
increased risk of fracture following a low-impact trauma is
most often due to underlying osteoporosis, suggesting
that hip fracture is almost always due to underlying
osteoporosis.

It has been suggested that as many as one in three
women and one in eight men over 50 years of age have
osteoporosis [7]. Moreover, recent surveys suggest that
even after a diagnosis of osteoporosis, which is usually
precipitated by a fragility-related fracture, patients often do
not receive the recommended or adequate treatment [8—10].

Particularly worrying in light of the low rate of diagnosis
and lack of sustained intervention following diagnosis is the
apparent considerable risk of mortality following hip fracture.
The U.S. Congress Office of Technology Assessment (1994)
estimated that an average of 24% of patients 50 years and
older with hip fracture die in the year following their index
fracture. Johnell and Kanis estimated that there were almost
750,000 deaths worldwide associated with hip fracture in
people aged 50 years and older in 1990 [5]. Other studies
have indicated that the community mortality rates associated
with hip fracture may be higher than for other better known
life-threatening conditions such as pancreatic or stomach
cancer [11] and myocardial infarction [12].

Although mortality following hip fracture is apparently
high, to our knowledge, there has been no systematic
evaluation of the current evidence base with regard to excess
mortality rates. We undertook a systematic review of the
literature in order to better define the mortality risk faced by
individuals experiencing hip fracture. We have examined both
crude mortality rates and the excess mortality these patients
face in relation to control populations with the aim of
highlighting at-risk groups where active intervention could
modify risk factors for excess mortality.

Methods

PubMed was searched in October 2008 using the following
search terms: [hip fracture OR femoral neck fracture OR
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neck of femur] AND [death OR mortality OR survival].
The following restriction was applied: language English.
The search covered titles and abstracts.
Noninterventional/nonrandomized observational, pro-
spective, and retrospective studies were eligible for inclu-
sion in this analysis. Excluded study types were
interventional studies, case studies, and meta-analyses.
Studies with populations <100, those examining mortality
rates primarily focusing on patients with a pre-existing
serious medical illness (such as myocardial infarction,
Parkinson's disease, or renal dysfunction), and those not
specific for hip fracture mortality were excluded. The
outcome measures that were of particular interest were
unadjusted mortality (the absolute, observed mortality rate
within a defined study population) and excess mortality
(mortality beyond that expected/observed for matched
control/population groups) and the relative risk (RR) for
death compared with control groups without fracture.

Statistical analyses

No formal meta-analysis was possible due to the lack of
consistency in study design across the included studies.
Descriptive statistics are presented throughout.

Results

The initial PubMed search returned a potential 1,114
studies for consideration. In all, 1,052 studies were
discounted after the exclusion criteria were applied,
including 15 studies that were nonspecific for mortality
associated with hip fracture, 14 studies in which mortality
was not the primary outcome, four studies in which
participants had an a priori medical diagnosis, two studies
that reported extrapolated rather than actual mortality
estimates, and one population surveillance study that did
not specifically report data for hip fracture. In all, 63 studies
were considered suitable for inclusion in the present
systematic analysis (Table 1). The majority of studies
included samples from populations older than 50 years,
with a mean age of approximately 80 years. Subjects were
mainly female and had largely been treated surgically. The
studies had mostly been conducted in the USA or Europe,
with additional studies reported for Japanese, Australian,
and New Zealand populations.

A total of 54 studies presented unadjusted mortality data
(deaths as a proportion of the study population; Table 2).
These studies were conducted in Argentina, Australia,
Canada, Denmark, Finland, France, Greece, New Zealand,
Norway, Singapore, Spain, Sweden, The Netherlands, UK,
and USA. Cumulative unadjusted mortality rates increased
over time following the index fracture, from 2.3—13.9%
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during the index hospitalization to 5.9-50% up to 1 year
after the fracture.

In all, 22 studies reported excess mortality rates
compared with local population norms (Table 3). The
studies were conducted in northern Europe (Sweden,
Denmark), France, Germany, New Zealand, UK, and
USA. Excess mortality rates compared with population-
controlled cohorts (including general population rates)
during the first year post-fracture were reported in 12
studies [13-24] and ranged from 8.4% in a Swedish
population [13] to 36% in the USA [18].

Five studies reported an RR analysis for death following
hip fracture and four other studies reported mortality hazard
ratios (HRs) [13, 19, 21, 22, 24, 25-28]. The study by
Wolinsky and co-workers reported a mortality risk analysis
following hip fracture relative to institutionalized elders
without hip fracture rather than relative to a general age-
matched population [24]. Overall, the risk of mortality
following hip fracture was at least double that for age-
matched population values (Fig. 1).

Temporal profile of post-fracture mortality
Unadjusted mortality rates over time

The cumulative mortality rate over the first 12 months after
hip fracture ranged from 5.9% among US patients aged
50-74 years (deaths identified via the mortality listings
from the Vital Records Section of the Washington State
Department of Social and Health Services) [23] to 50%
among all patients admitted to a single US hospital for hip
fracture between 1956 and 1961 [29] (Table 2). The
inpatient mortality rate following hip fracture ranged from
2.3% among women attending a US urban orthopedic
referral hospital [30] to 13.9% in patients treated at a single
hospital in Norway [31].

Twelve studies examined the accumulation of mortality
up to 1 year after fracture [13, 15, 32—41]. Of these, four
studies reported mortality rates at 1 and 12 months post-
fracture, all of which found that between one-quarter and
one-third of the observed mortality occurred in the first
month after fracture [34, 35, 37, 41]. Seven studies
indicated that around half of the observed mortality occurs
within the first 3 months post-fracture [15, 32, 33, 36,
38-40], with four studies indicating that around 70% of all
observed deaths had occurred by 6 months post-fracture
[13, 32, 38, 40].

Mortality risk over time
In the five studies that evaluated mortality risk over time,

the highest risk of death was in the first 6 months after
fracture [19, 21, 24, 25, 42] (Table 3). A standardized

mortality ratio (SMR; observed/expected deaths) of 6.0 was
calculated for the first 6 months after hip fracture among
women in France compared with nonfracture controls
matched for age and baseline health status and a history
of falls; the SMR fell to 2.0 after 6 months [25]. Using a
Cox proportional hazards model, Tosteson and co-workers
found that hip fracture patients were 11.6 times more likely
to die than controls within the first 6 months post-fracture
after adjustment for age, sex, and race, with the risk
reducing to 1.37 times that of controls thereafter [21]. In
this study, the excess mortality risk was no longer
significant beyond 6 months after adjustment for age, sex,
race, prefracture functional status, socioeconomic status,
facility residence, body mass index, comorbid conditions,
and overall health status. Two studies utilized data from the
Longitudinal Study of Aging to determine excess risk over
time. Magaziner and co-workers compared 529 white,
female community-dwelling hip fracture patients aged
>70 years with 3,773 gender- and aged-matched nonhip
fracture participants in the Longitudinal Study of Aging
[42]. The authors determined an expected mortality rate for
the nonhip fracture population (using a Cox regression
analysis) and compared this with observed mortality rate
among participants with hip fracture. In the first 2 months
after fracture, the observed/expected ratio was 6.08,
indicating an excess mortality, decreasing to 1.29 between
months 6 and 12 post-fracture, and returning to equality
(1.0) thereafter.

Wolinsky and co-workers found that the mortality risk
was greatest during the first 6 months after fracture in their
population of 368 participants aged >70 years in the
Longitudinal Study of Aging compared with 7,159 age-
matched participants in the same study [24]. They calcu-
lated an adjusted HR of 38.93 (95% confidence interval
[CI], 29.58-51.23) for the first 6 months post-fracture
compared with an adjusted HR of 1.17 (95% CI, 0.95-1.44)
for the subsequent 7.5-year observation period (Table 3).

Rapp and co-workers examined the mortality risk
following hip fracture among a population of >69,000
elderly people newly admitted to German nursing homes
[19]. Using sex, age, and level of care-matched nursing
home residents as the control group, they found that excess
mortality was limited to the first 3 months post-fracture for
women and the first 6 months post-fracture for men
(HR women, 0-3 months 1.72 [95% CI, 1.59-1.86],
>3-6 months 1.00 [95% CI, 0.89—1.13]; men, 0—3 months
2.14 [95% CI, 1.80-2.53], >3-6 months 1.40 [95% ClI,
1.08-1.82]).

Farahmand and co-workers reported an RR of just under
three times (2.7) that of the Swedish population in the
12 months post-fracture, with an RR of just over three times
(3.3) that of the Swedish population in the first 6 months
post-fracture [13]. Dahl and co-workers reported a mortality
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rate 15 times greater than for the general Norwegian
population in the first month post-fracture and seven times
greater in the second month [31]. Thereafter, for up to
4 years post-fracture, they found that the mortality rate was
comparable with that for the general population.

Duration of increased mortality risk

Twelve studies examined the duration of the mortality risk
in the years following hip fracture [11, 14, 16, 19, 21, 24,
25,27, 28, 36, 43, 44]. Nine of the 12 studies reported that
patients face an increased risk of death for several years
following a hip fracture.

Two studies examined the mortality risk for up to 2 years
following the index hip fracture [14, 43]. The risk of death
at 2 years after an index hip fracture was 1.34 (95% CI,
0.83-2.16) in women and 7.18 (95% CI, 2.04-21.99) in
men in one study [14], with an SMR at 2 years of 1.4
(»p<0.001 versus expected) reported in the second study
[43]. Fisher and co-workers found that among a cohort of
Medicare users in the USA, the excess risk for death among
patients with hip fracture persisted for up to 3 years post-
fracture [36]. At 5 years post-hip fracture, the mortality rate
among men and women was significantly higher than for
age-matched general population cohorts for all 5-year age
groups from 50 to 90 years [11]. In a Japanese population,
the mortality rate remained higher for individuals following
hip fracture compared with the general population for up to
10 years after the index fracture [44]. Forsén and co-
workers followed patients for up to 9 years after their index
fracture [26]. They found that both men and women
<75 years old experienced a 2- to 3-fold excess risk of
death for at least 6.5 years for women and 5 years for men.
Similarly, Paksima and co-workers reported that the excess
SMR for patients aged 65-84 years persisted for up to
10 years post-fracture among a cohort of 1,109 patients
with hip fracture admitted to a single US hospital [16].
Consistent with this, Johnell and co-workers found that the
RR for death following hip fracture remained higher than
among the general population for both men and women up
to 5 years post-fracture [27]. Finally, the study reported by
Vestergaard and co-workers suggested that the risk of death
may persist for at least 20 years after the index fracture
[28]. However, as noted above, in the study reported by
Tosteson and co-workers, in which patients were followed
for a median of 1.5 years after fracture, the excess mortality
risk was no longer significant beyond 6 months after
adjustment for age, sex, race, prefracture functional status,
socioeconomic status, facility residence, body mass index,
comorbid conditions, and overall health status [21].
Wolinsky and co-workers also found that the excess
mortality was limited to the first 6 months post-fracture
among patients aged >70 years who took part in the US-

based Longitudinal Study of Aging [24]. Finally, Rapp and
co-workers found that the excess mortality faced by
institutionalized elders with hip fracture compared with
institutionalized elders without hip fracture was also limited
to the first 6 months post-fracture [19].

Hip fracture mortality and gender
Unadjusted mortality rates

The unadjusted mortality rates following hip fracture
support a gender bias in favor of women both during the
index hospitalization and in the months and years following
the index fracture.

In a retrospective US analysis, the mortality rate in men
was almost twice that in women while in hospital following
hip fracture (unadjusted rate 4.3% versus 2.3% for women)
[30]. The study also found that men had a higher
preoperative risk (according to the American Society of
Anesthesiologists' classification system) and were more
likely to experience at least one postoperative complication.
Similarly, Jiang and co-workers observed a significantly
higher risk of inpatient mortality among men than in
women (10.2% versus 4.7%; p<0.001), a dichotomy that
became more pronounced with advancing age so that for
patients older than 90 years, inpatient mortality for men
was 17.5% compared with 8.7% for women (p=0.01) [45].
A significantly higher case fatality rate for males compared
with females (males 11.9% versus females 5.3%; p<0.001)
was also reported by Benet-Travé and co-workers in their
analysis of in-hospital mortality following hip fracture in a
Spanish population [46]. Beals found that the in-hospital
mortality rate was higher among males over 70 years
compared with younger patients [29].

Studies of the mortality rates in the first year following
hip fracture confirm a disparity between male and female
patients. Within 1 month of the index fracture, the mortality
rate among men was 17.1% compared with 9.8% for
women (p<0.01) in a Norwegian patient population [31]
and men were less likely to survive to 30 days post-fracture
in a large UK population (30-day mortality rate: men 12%,
women 7%; odds ratio [OR] 1.93; 95% CI, 1.73-2.14) [47].
At 3 months post-fracture, the mortality rate for men was
higher than in women (13% versus 6%) among Canadian
hip fracture patients presenting at one of two acute care
centers [48]. Several studies have reported that the
increased mortality rate for men compared with women
was still evident up to 1 year post-fracture [30, 32, 36, 45,
49-51]. Endo and co-workers reported that the increased
risk of death for men versus women was still evident up to
1 year post-fracture (16.5% versus 9.4%; p<0.01), while
Jiang and colleagues observed a mortality rate of 37.5% for
men and 28.2% for women (p<0.001) after 1 year [30, 45].

@ Springer



Osteoporos Int (2009) 20:1633—-1650

1640

8°0¢€ - €9 186°¢ [sy] Suerr
- L - L1881 [09] 3oH
L ‘USWOA
- 71w - 69°ST [Lv] yoH
ammoeyy diy o) dqeInquIe %1 - - 9€8°91 [16] ysrewpury
6T ‘PUBUL]
I'LT 3N - - S8LE [€01] uourypoy
- €€ - 6SL [9¢] emeSosey
- Sy S¢ 8718 [201] axoepjoH
$9z 6 - vL9°T J[ST] uesioAID
L1 ‘USWOA\
1€ ‘WO - - ST8'1 [92] ugsiog
L€t €9 - 6£0°CC [9€] 1oystg
901 - - SYTT [¢1] puewryerey
I1 ‘[lesea0
+'6 UIWOM €7 “UdWOA
S'91 ‘WO - €y ‘U £86 [o¢] opug
- - - ILS [101] poomiseg
€€ an - 888°C [s¢] unpeaq
8°6 ‘UdWOA
- I'LT ‘U 6€l SL9 [1€] yea
- 99 - 85S [8¢] 21D
1'6 ‘USWOA
€1 ‘U - - 002 [0g] eumdip
- - I's - [59] snoynog
9'¢7 ‘USWOA
€€ ‘WO - 16 £6¥ [6+] woogqarog
G ‘podedsip A[oreIopoIN G ‘podedsip AJoreIopojAl
T ‘padedsipun L*paoeldsipun - 99t [¢] serorioy pue nSielg
- - %Y Tl [ov] 91l -toung
0S - 6 84T [62] sreeg
{°[ ‘UONENSIUIWPY [I[BOH SUBIIIOA
- - €'¢ ‘spendsoy Arunwiwo) 9pSEl [o01] sseq
66T 6'8 S9T'er [c€] sseq
L0T ‘WO
L'01 ‘USWOM
L'zl - 6'¢ z19 [66] youereyy
- Lt'8 - PIET [z€] o0 pue yeqiy
IedK | uowr | [endsoy uy az1s ojdureg

(%) 9181 AJIE)IOW QINJORI-)SO]

uone)

sojer Ajeyrow arjoery-jsod pajsnlpeun g dqel,

pringer

AN



1641

Osteoporos Int (2009) 20:1633-1650

sisA[eue UOISSaIZal PajySrom & Suisn pajewinsd sajel ANRLOA ,

05-6'S

6
¥C
8¢

61
81
601
81
LT

L'ce
SI

[44

amoeyy diy 0} 9[qeINQLIIE %G|
611

S1

91

LT

91

§9C

(44

€CT'L
€C

Y0T—v'9

891
901

TLI-EE

8

T'L1 ‘USWOA
€8 ‘W

S'6
s
Y
6L
VL
Tl

T ‘0861
€1 ‘0561

6€1-¢€C

G'Z] ‘UaWOp
¥'L ‘WO

8T

99

Le

1€

891
78901
SP1°691

SSl

€SL

[\

0S8

00€

S68°¢

0989

90791 ‘S861-1861
€EE°S “T661-9861
YL9Y ‘98-6L61
06S°TE

9¢8

£89°G

1€l

80T

60L

601°1

Ol

0LE'LT

00%

09¢

SP1°e

0€6°'8

LIT

98¢ ‘0861
LTL ‘0S61

ev1°l

oSuer [[eIoAQ

[85] poom

[€2] sstom

[1¢] 1oxrem

[z2] preeSioisiop

[€9] anopay] op uep

[¥+] 1oqnsy,

[L] norserg

[65] yeys

[0z] 1ouyo] pue uosxog
[0] uospuepg pue 1poIyos
[£9] 1oyoussoy

[€6] sooy

[6€] 210epiOD) pue S11PqOY
[ev] puowyory

[901] J1oPEY

[81] 1904

[s5] Aouprg pue mnog
[£1] pueuy pue 1odIeq
[o1] eunsyeq

[8€] 1oyreN

[zs] s1edN

[6] uaqA pue us[nA
[£8] 111N

[so1] 11009

[L€] oouaime]

[29] wp1o3zInary

[¥01] seuray]
[£2] 1euyor

pringer

A's



1633-1650

Osteoporos Int (2009) 20

1642

sme)s iy auijeseq pue a5e 10§ paisnlpy
89D 1T

o3e pue aimoeyy diy 10f parsnlpy
Fe-6'1D 97

amoeyy diy 105 paysnlpy

(€750 €€

JSLI 9ATIB[OY

papodar 0N

payuodar JoN

(91'7-€80) +€'1
(66'1T+077) 81°L

0e/Le
1'6/T°01
USWOM /UDJA]

T ‘squowr 9<

9 ‘syuow 9-(
MAS

6 VIV LS
SYUU'LY
uswom/udW Ul (00 [ /ey
98Y/S 911
ToT/TLE
uswoM/udW Ul (00 [ /218y

%01
%86

€01/6TC
¥'S$¥/6°C6
UALOM/USW U ()00 ] /38

€LT Il

payodar 10N

panodar JoN

%01 %L0T
%T'8 %0°8€
payodar 10N %CT

s1eOA-UBWOM ())( T /18

s1e9K ()8 PIaSy

s1eak ()9 paSy
amjoeg-isod sypuowr 9 1y
SIBaK ()8 Pasy

SIBdK ()9 pasy
amyoely-jsod 1eak-| 1y

USWOA

SN
dn-mofjoy 1804-7 1V

douerq [¢z] euedwyg
Lsoner Aenon

uopamg [11] stues
Suropowr uossiog

pueeaz moN [41] uosuerg

sonjel sppo pajsnipe oje[no[es 0} sasATeue UoIssaI3ar onsio] aydnmy

s1B9A ()8 PISy
s189K ()9 pasy
dn-morjoy 1804-1 1y

uopamg [£7] [jeuyor

s L9061V LS steak g8<
(€819 6S(SL-SO T'S steak y8-G/
(60140 TSASII-6'7) 0°6 s1eak /—0S
pauodar 10N panodar JoN papodar JoN (uowom/uour) armoelj-jsod sypuow ¢ 03 dn
0TTD 9UTYr—TD T'E %8Y/%LT s1eak cg<
(I'e-00 STU6'ETD 6T %81/%0€ 18K $8—G/
@510 €F98D Ty %L/%91 Sk §/-08
%LT/%1€ [e12A0
payodar JoN payodar 10N (uswom/uowr) armoeyy-jsod 1eak | 0) dn KemioN [97] ugsioq
uonezijeydsoy snoraard
pue a3e 10§ paisnlpy o3e 10} parsnlpy
O++7) €€ 6'L-19) LS %9 %11 %L armjoey-1sod SIUOW 9 UIHIA
uonezijeydsoy snoraard
pue o3e 10} pasnlpy o3e J1oj pasnpy
re10LT (8569 S+ %8 %C'T %901 aimey-jsod 18af js1y Sutng uopamg [¢1] puewyeieg
m_m%ﬁdﬂd JSLI ATIR[AI PUB SIAIND [BAIAINS Homuz\ﬂwﬁﬂmx
pawrodar JoN %SL %0°€ %S0T amyoexy-jsod sreak g 03 dn
pawodar JoN %'t %S’ %6'S amoeyg-isod 1eak 1 01 dny vsn [€2] ssiom
papodar 10N %811 %€ %81 amoexy-jsod 1eak | 0y dn vSN [0Z] 1ouya] pue uosxag
pawodar JoN %9¢ %9 %Ch amoey-isod 1eak 1 01 dny vsn [81] 1904
%C0€ %9 %9'9€ UIWOM
%11 %09 %1°LE WON
papodar 0N 9%0¢€ %E€9 %L 9€ ‘[[BIAQ amyoelg-jsod 1eak | 0y dn 3N [L1] pueuy pue 1oyred
s[onuo) sase)

(1D %$6) st Aferoy

eI A)I[eIIow sSOOXT

el Ajiferiow apni)

Qurejou,

(Anunoo) uoney)

suonendod jonuoo armoely diquou ym paredwod saseo axoely diy ur ysu A)jeniow dANR[Y € d[qEL

pringer

AN



1643

1633-1650

Osteoporos Int (2009) 20

gqlopow pajsnfpe Ajng
(€T1-88°0) +0'1

doel pue ‘xas ‘a3e 10j pasnlpy
(@1-91°D LE'T
syuowr 9<

qlepour pasnfpe Afng
(0T'8-28') 8T'9

Qoul pue ‘xas ‘a8e 10} pasnlpy
(I's1-6'8) 9°11

syuow 9> %81

%¥'€

%66

(€T'1-L8°0) €0'T ‘WO %0'8

(00'1-L8°0) €6°0 ‘USUIOA\ %L1
1.k 1<

(2T0'1-85°0) LL'O ‘WO %8'8

(16°0-€L0) 180 ‘UOWIOA %C91
180K [—sypuouwl 9<

(281-80'1) 0’1 ‘WO %8t

(E1'1-68°0) 00'T ‘USWIOM %€'8
sypuow 9—¢<

(€5°-08'1) ¥1°C ‘WO
(98'1-65"1) TL'1 ‘UoUOA
sypuow ¢

suitou uone[ndod snsioa
$S90X0 JUBOLIUSIS A[[RoNSneIs [V

S1'T ‘sieak (8<
TS ‘s1eak 08>
TL'T TeIdA0
onjer pajoadxa/pariasqQ
YTl
8¥'1
papodar JoN
papodar JoN L1
(I'T=€T IO %S6) L'1
pouodar JoN NS
w90
w60
10°T
18!
S'1
papodar JoN NS
6C'1
809 ‘pa3oadxa/par1dsqQ
L8] “T1 WUo
8€T ‘9 WUOW
ISy ‘€ WuoN
9pTI ‘1 WUOW
syuaned 001/ IS

papodar JoN

%CT %0
%' 1¥ %8t
%b'8% %¢"8S
%EYT %¢E'TE
%1°0€¢ %S'LY
%01 %8'TT
%6°L1 %1'vE

%E'S %101

%8'L %191

%61
%€'9C
%66
payiodar JoN

€€l (1000>9) L¢

€S (1000>4) 16
%¢€'SL

%C' 1Y

pauodar JoN

%681

611

panodar JoN

s1eak G'1 Jo dn-mojjo} armoesj-3sod uBIpaA
UDWIOA

O\

amyoex-isod 1eak | 1y
UQWIOA

WA

amoexy-jsod syyuow 9 1y
USWIOA

S

amoely-jsod syyuowr ¢ 1y
UDWIOA

O\

amyoexy-jsod sAep (¢ 1V

amoex-jsod 1eak | oy dn

amyoex-isod 1eak | 1y
s1B9K ()6<

s1eok (6>

:aanjoey-jsod Jeok [ 1y
amjoexy-jsod syyuow ¢ 1y

amyoey-isod 1eak | 1y
ammoey-1sod s1eak 01 1y
amyoexy-isod sreak ¢ 1y
amyoexy-isod sreak ¢ 1y
amyoexy-isod sreak 7 1y
a1joexg-jsod 1eok T 1y

amyoexy-jsod sypuowr Z1-9
amoexy-jsod sypuowr 7|

vsn [1¢] uosasoy,

S10p[o
pazieuonnmmsur sem uonendod jonuo)

Auewron) [g1] ddey
(soner piezey) [opows spiezey [euornodorg

ueder [4] 1oqnsy,

vsn [65] yeys

vsn [gp] puowyory

vsn [91] ewsyeq

vsn [zy] souizeSey

3N [201] a1epjon

pringer

A's



Osteoporos Int (2009) 20:1633—-1650

1644

sisA[eue uorsso1Sor pajySiom e Sursn pojewnso sajer ANEHON

(1002-9661) pauasaid jaserep Juadal Jsow A[uQ ,

SNJE)S )[BY [[BIDAO PUE ‘SUOHIPUOD PIGIOWOD ‘XIPUI SSeWl APOq ‘QOUIPISAI AJ[IOL] ‘SNJe)S JIOU0I01d0s ‘snyels arnjoeyjard @oer ‘xas ‘93e 10] pIsnlpy q
A)ITE)IOW SS90X SAJBIIPUI [< (dnoid 1opuad/ade yoes 10J Ajjenow pajoadxa 03 Aijenow paAIdsqo Jo oney ,

onjer AJ[elIow pPozIPIEPUE)S YNS TUROYIUSIS JOU SN TeAIS)UI dOUSPIFUOD )

(9'81-571) %991 pawodar JoN USWOM
(€T6-TD) %E8T pauodar JoN W
(S1T-L'LD) %9761 %S'9C 161940
payuodar JoN panodar JoN amyoey-isod 1eak [ 0 dn
LT1=L'6) %T'11 papiodar joN USWIOM
(' €T=T'LD) %¥ 0T papiodar joN WK
0°$s1-TTD) %9°€l %S°S1T [[e12A0
payrodar JoN pawodar JoN amyoex-isod sypuowr ¢ 03 dny sjrewud(] L[] udsioaln
uonenored Aiqeqoid [BAIAINS QATIE[OY]
(PF'1-66'0) LI'T ‘syppuow 9< (SN=d
(£T'16-85°67) £6'8€ “stpuowt 9> <dn-mofjoy _max.mml_mt (dn-mofjoy 18ak-g 10]) (dn-mojjoy 1e94-g 107) a1moey-1sod SYUOW 9< pue 9>
oner prezey paysnipy %S %8¢ %Sy sisk[eue ysu g dn-mofjoy jo sieak g 0y dny vsn [zl Asutom
(6S°€-TH'e) 15°¢ %1°TT %S %9T USWOM
(96'7-09') 8L %9'1€ %S %SE us
(€6°€-LL'D) 8¢ %CT¥C %S %8T [[B1AQ
(1002-9661)
21MoeIj-)sod 189K | JB [RAIAINS [BLIENOY Sewua( L[zz] preedionsion
stk ()7 Jo dn-mojjoy amug
SONIPIIOWOD PuUE ‘X3s @3e 10j pasnlpy
(L6161 S6'T
(LzT+T0 97T %61 “dmoey-sod teok [ 1y pauiodar 10N pewua( [87] pieesionsop
s[onuo) SOSBD)
(1D %S6) su AfeitoN eI A)I[eIIow SSQOXT QeI Ajjeriowr opniD) Qwieljow ] (Anunoo) uoney)

(ponunuod) ¢ alqe],

pringer

AN



Osteoporos Int (2009) 20:1633-1650

1645

Overall
Farahmand [13]

Empana [25]
Vestergaard [28]

Vestergaard [22]
Timing
Tosteson [21]

<6 months
>6 months @
Gender

Fransen [14]
Men
Women

Age and gender

Forsén [26]

Men aged 50-74 years
Men aged 75-84 years
Men aged >85 years

Women aged 50-74 years
Women aged 75—-84 years
Women aged >85 years

Johnell [27]
Men aged 60 years
Men aged 80 years

Women aged 60 years
Women aged 80 years

Increased risk of death with hip fracture patients

Fig. 1 Forest plot of risk (relative risk, odds ratio, or hazard ratio, with 95% confidence intervals where available) of death following hip fracture

compared with general population values

Tosteson and co-workers noted that although mortality rates
were higher among men than women in their study, this
difference became less pronounced beyond 6 months after
fracture [21]. In contrast, Parker and Anand found that
among 703 consecutive patients admitted for hip fracture to
a single UK hospital, the actuarial mortality rate to 1 year
post-fracture was comparable between men and women
(37.1% versus 36.6%, respectively) but was considerably in
excess of the expected 1-year mortality for age-matched
population norms (31.1% and 30.2% excess for men and
women, respectively) [17].

Several studies have also revealed a markedly higher
mortality rate among men compared with women for up to
20 years after fracture regardless of age [11, 16, 26, 28, 38,
40].

Excess mortality rates compared with age-matched controls

Consistent with the gender specificity of the unadjusted
mortality rates, excess mortality compared with age-
matched controls was higher among men than women
regardless of the measurement employed or age group
studied in five studies [11, 15, 19, 22, 27] but similar in one
study [17] (Table 3).

Mortality risk and gender

As observed for general inpatient mortality, male patients
appear to remain at higher risk of mortality in the months
following the index hip fracture, with women having a 38%
lower risk of death than men [33]. Three studies have
reported that men face at least twice the risk of death
following hip fracture compared with women [47, 49, 51].
Holt and co-workers reported an OR for death of 1.93 (95%
ClI, 1.73-2.14) for men compared with women at 30 days
post-fracture [47]. Hindmarsh and co-workers reported an
RR of death for men versus women of 2.2 (95% CI,
2.03-2.38) up to 1 year post-fracture [51]. Finally,
Boereboom and co-workers found that during a 4-year
follow-up, the RR for death was 1.88 (95% CI, 1.40-2.53)
for men compared with women [49].

The gender specificity for excess mortality described
above was reflected in the higher RR of death compared
with the general population for male hip fracture patients
than for female hip fracture patients. Forsén and co-workers
found that, among patients <75 years old, men were at a
9-fold increased risk and women at a 5-fold increased
risk of dying compared with controls during the first
3 months post-fracture [26]. Rapp and co-workers noted
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that institutionalized male and female elders with hip
fracture faced at least twice the risk of death as institutionalized
elders without hip fracture, with an increased risk persisting
among male residents to 6 months post-fracture [19]
(Table 3).

Hip fracture mortality and age
Unadjusted mortality rates

Unadjusted mortality rates following hip fracture increase
with age both during the index hospitalization [29, 45, 46,
52] and in the subsequent months and years [13, 17, 20, 25,
28, 31, 35, 36, 40, 41, 49, 51, 53]. One study found that in
a cohort of consecutive patients with hip fracture admitted
to a single US hospital, separation by general health status
negated the effect of age on mortality rates for all except
those over 90 years of age [54]. However, data from this
study conflict with those reported in the other 13 studies (in
which an increase in mortality with increasing age was
noted) in that no difference in crude mortality rates was
noted for patients <85 years of age compared with those
>85 years.

Several studies have identified increasing age as a
predictor of mortality following hip fracture [16, 18, 22,
32, 33, 41, 48, 50, 55, 56-58].

Excess mortality rates

A number of studies have shown that the excess mortality
following hip fracture is highest among younger patients,
suggesting that the excess mortality due to hip fracture
decreases with increasing age [11, 13, 20, 26-28, 36, 43,
44, 59]. Three studies found that the SMR was higher
among younger versus older patients [20, 51, 60].

Mortality risk and age

Bass and co-workers used a Cox proportional hazards
model to show that increasing age was positively associated
with mortality and that the risk of mortality following hip
fracture increased by approximately 5% for each additional
year [33].

Two studies conducted risk analyses using younger
patients with hip fracture as controls [60, 61]. Both studies
found that the RR for death was increased in older
compared with younger age groups. In their analysis of
data from the Scottish Hip Fracture Audit, Holt and co-
workers found that, compared with hip fracture patients
aged 50 to 59 years, the OR for death was 1.78 (95% ClI,
0.95-0.33) for those aged 60 to 69 years, 3.46 (95% CI,
1.94-6.15) for those aged 70 to 79 years, 5.68 (95% CI,

@ Springer

3.21-10.1) for those aged 80 to 89 years, and 7.11 (95% CI,
3.98-12.7) for those aged 90 years and over [60]. Similarly,
Mortimore and co-workers found that among community
residents of Baltimore (USA), the RR for death was 1.13
(95% CI, 0.76-1.67) for hip fracture patients aged 75 to
84 years and 1.59 (95% CI, 1.06-2.38) for those aged 85 years
and over when compared with those aged 65 to 74 years [61].
Three studies conducted risk analyses compared with
general population controls (Fig. 1) [13, 26, 27]. In
Norway, the RR was highest among those aged 50-74 years
(RR 4.2 in men versus 3.3 in women) in the 12 months
after fracture [26]. Similarly, Johnell and co-workers
reported that the RR for death following hip fracture in
the Swedish population was higher among those aged
60 years than among those aged 80 years [27]. Farahmand
and co-workers found that even though the absolute
mortality rate increased with increasing age, the RR of
mortality following hip fracture compared with general
population values decreased from 8.4 among those younger
than 70 years to 2.1 among those 76 years or older [13].

Discussion

A systematic review of the literature identified 22 studies
that reported excess mortality for patients following hip
fracture compared with the general population and a further
41 studies reporting survival data in fracture patients only.
The majority of studies have shown that patients with hip
fracture experience a significant excess risk for mortality
that is at least double that of the age-matched population
norms and which persists for several years after the index
fracture. Both excess and unadjusted mortality rates among
patients with hip fracture indicate that the greatest risk of
death is within the first 6 months after the index fracture. In
addition, most studies have confirmed that mortality
following hip fracture increases with increasing age,
although the excess mortality versus age-matched popula-
tion norms decreases with increasing age. In other words,
while older patients have higher mortality following hip
fracture in absolute terms, the RR of death is greater in
younger age groups where the expected risk of all-cause
death is lower. Finally, in general, men face a greater excess
risk of death after fracture than women regardless of the
measurement employed or age group studied.

To our knowledge, the results reported here represent the
first systematic analysis of the evidence base for excess
mortality associated with hip fracture. However, there was a
lack of consistency in the study designs and the statistical
analyses used to determine excess mortality across the 22
studies that reported such data. Consequently, no meta-
analysis or pooled analysis of the current dataset was
possible.
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The extent to which underlying conditions contribute
to the excess mortality associated with hip fracture is
unclear. Numerous studies have reported that the pres-
ence of concomitant medical illness or poor health status
are negative predictors for survival following a hip
fracture [16, 18, 20, 28, 31-33, 36, 37, 42, 43, 45, 49,
52,54, 56, 57, 60, 62, 63], while other studies have found
no association between concurrent life-threatening disease
and mortality after hip fracture [50] nor an increased risk
of death regardless of the presence of comorbid illness
[13]. Tosteson and co-workers found that while adjust-
ment for a variety of factors, including prefracture
functional status and comorbid conditions, did not fully
account for the excess mortality observed in the first
6 months after fracture, adjustment for these factors did
eliminate the observed excess mortality beyond 6 months
post-fracture [21]. Kanis and colleagues noted that hip
fracture per se (rather than comorbidities) accounted for
17-32% of deaths in patients with hip fracture and was
responsible for 1.5% of all deaths among persons aged
50 years or older [11]. In a separate large cohort study,
Vestergaard and colleagues demonstrated that post-
fracture conditions related to the trauma experienced had
a greater influence on mortality than prefracture comor-
bidities [28]. Trauma-related complications accounted for
70.8% of the deaths occurring within 30 days of hip
fracture, decreasing to 7.6% of deaths occurring more than
30 days after the fracture [28]. It is possible that the high
proportion of in-hospital deaths classified as trauma-
related on death certificates in this study may reflect the
requirement to classify deaths in this way if there is any
doubt that the death is due to natural causes. Accordingly,
several studies have highlighted the contribution of
selected comorbidities that increase or at least contribute
to the higher risk of death following hip fracture including
metastatic cancer, congestive heart failure, renal failure,
liver disease, lymphoma, infection, and weight loss [13,
33, 45, 52, 64].

There are few data that can help determine whether hip
fracture-related mortality has increased or decreased in
recent years. Available studies have provided conflicting
results: two studies suggest a trend toward increasing
mortality following hip fracture in recent years [22, 65],
while two other studies failed to identify either an increase
or a decrease in hip fracture-related mortality in recent
years [39, 66]. However, even with a stable rate of death
following hip fracture, the actual number of fractures can be
expected to increase in line with a growing and increasingly
elderly global population.

Most patients presenting with hip fracture are treated
surgically. Possible causes of death following surgical
intervention for hip fracture include cardiac and pulmo-
nary complications, infections (such as pneumonia,

influenza, and septicemia), and an increased risk of
thromboembolism [35, 37, 67]. A recent report indicated
that 39% of inpatient deaths among patients with isolated
limb and pelvic fractures were due to bronchopneumonia
[35]. Lawrence and colleagues found that the risk of
mortality increased with the number of postoperative
complications and that serious cardiac and pulmonary
complications were the most significant with respect to
risk of death [37]. The relationship between the timing of
surgery and the subsequent mortality risk has been the
subject of some debate. There is evidence to suggest that
patients who undergo hip fracture stabilization surgery
within 48 h of the fracture event are at a reduced risk of
death compared with those whose surgery is delayed
[68-70]. However, there may be a number of barriers to
achieving such early surgery including the patient's health
status. Two studies found an increased risk of death,
including death due to infection, among patients whose
surgery was delayed beyond 72 h after admission [71, 72]
but other studies have failed to find any significant benefit
of early surgery (<24 h post-fracture) in terms of
subsequent mortality [73, 74]. Furthermore, two studies
found that for otherwise medically fit individuals, a delay
of at least 4 days after admission did not appreciably affect
survival [75, 76]. Surgery within 48 h of hospital
admission may be difficult to achieve due to both
organizational reasons and patient factors such as health
status at the time of fracture [68]. While it has not yet been
definitively demonstrated that early (<48 h after admis-
sion) treatment reduces the subsequent risk of mortality, it
is widely regarded as prudent to surgically stabilize the
fractured joint as soon as possible. The Royal College of
Physicians guidelines recommend surgical repair within
24 h of admission [68].

Possible reasons for the increased mortality risk faced by
men versus women following hip fracture are still poorly
understood. One study suggested that a gender difference in
terms of infection rates (notably pneumonia and septicemia)
may contribute to the differential risk [77], although the
etiological reasons for this remain unclear. In two studies,
men were more likely to have a higher American Surgical
Association (ASA) rating of operative risk (a system that
assesses patients in terms of general disease burden [78])
than women, suggesting that men had more severe medical
comorbidities prior to the index hip fracture [30, 47]. Endo
and colleagues also reported that male gender was
associated with an increased risk of postoperative compli-
cations, including pneumonia, arrhythmia, delirium, and
pulmonary embolism, even after controlling for age and
ASA rating [30]; other studies have failed to demonstrate
such a link [79].

Patients experiencing one fragility-related hip fracture
are at increased risk for subsequent fractures [80-83].
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Despite this, it would appear that such patients are
inadequately investigated [82] and often do not receive
the recommended or adequate treatment [8—10, 84].
Notably, few patients who have experienced a hip fracture
are prescribed osteoporotic treatments such as bisphospho-
nates, and in many cases only calcium and vitamin D are
prescribed. Treatment rates of around 20-30% are generally
cited [85-90] but estimated treatment rates vary consider-
ably, possibly reflecting local practices in different
countries [85-90]. Encouragingly, recent studies have
indicated that pharmacologic treatment for osteoporosis
may decrease the risk of subsequent hip fractures [91] and
potentially also the increased risk of death [92]. Non-
pharmacological approaches to maximizing peak bone
mass, such as regular exercise and calcium and vitamin D
supplementation, are established approaches to the man-
agement of osteoporosis and may also contribute to the
prevention of fractures [93]. Indeed, there is some sugges-
tion that interventions such as nutritional supplementation
[94] and dietetic assessment [95], comprehensive multidis-
ciplinary intervention programs [96, 97], and in-hospital
rehabilitation programs [98] may also improve outcomes,
including mortality.

By conducting a systematic review of the current
evidence base with regard to hip fracture-related mortality,
we have confirmed the assumption that patients with hip
fracture experience a marked and significant excess risk of
death.

Despite calls to improve the identification, assessment,
and treatment of patients at risk of first or subsequent
osteoporotic hip fractures [10, 87], many patients remain
poorly treated on discharge from hospital [8, 9]. Our review
has raised a number of questions, perhaps the most
important of which is why there has been an apparent
increase in mortality following hip fracture. Additional
research is now needed to identify the reasons for the
apparent increase in post-hip fracture mortality and to
develop methods to distinguish between health outcomes
that are a direct consequence of the fracture and those that
result from pre-existing/comorbid medical conditions. Fu-
ture research should also focus on establishing whether and
which interventions, such as those for osteoporosis, can
effectively reduce the risk of death following hip fracture.
Properly viewed, the high and long-lasting excess mortality
risk associated with hip fracture should be a strong
incentive rather than a barrier for the establishment of
tertiary prevention programs for osteoporotic fractures,
including fracture liaison services. There is a need to
ensure evaluation for osteoporosis in all patients following
hip fracture and to implement and ensure long-term
compliance with treatment regimens, including pharmaco-
therapy, with demonstrated improvement in treatment out-
comes and adherence to therapy.
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