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Abstract Osteoporosis-related hip fractures represent a

substantial cause of mortality and morbidity in industrial-

ized countries like Austria. Identification of groups at high

risk for mortality after hip fracture is crucial for health

policy decisions. To determine in-hospital, long-term, and

excess mortality after osteoporosis-related hip fracture in

Austrian patients, we conducted a retrospective cohort

analysis of pseudonymized invoice data from Austrian

social insurance authorities covering roughly 98 % of the

entire population. The data set included 31,668 subjects

aged 50 years and above sustaining a hip fracture between

July 2008 and December 2010 with follow-up until June

2011, and an age-, gender-, and regionally matched control

population without hip fractures (56,320 subjects). Kaplan–

Meier and Cox hazard regression analyses served to

determine unadjusted and adjusted mortality rates: Unad-

justed all-cause 1-year mortality amounted to 20.2 %

(95 % CI: 19.7–20.7 %). Males had significantly higher

long-term, in-hospital, and excess mortality rates than

females, but younger males exhibited lower excess mor-

tality than their female counterparts. Advanced age corre-

lated with increased long-term and in-hospital mortality,

but lower excess mortality. Excess mortality, particularly

in males, was highest in the first 6 months after hip frac-

ture, but remained statistically significantly elevated

throughout the observation period of 3 years. Longer hos-

pital stay per fracture was correlated with mortality

reduction in older patients and in patients with more sub-

sequent fractures. In conclusion, more efforts are needed to

identify causes and effectively prevent excess mortality

especially in male osteoporosis patients.

Keywords Hip fracture � Osteoporosis � Mortality �
Excess mortality � Survival � Hospital days

Introduction

Being a source of substantial morbidity and mortality, in

particular among the elderly, hip fractures represent a

significant public health concern [1, 2]. Osteoporosis-

related bone loss and deterioration of bone quality with

advancing age are the main cause of non-traumatic hip

fractures [3, 4]. Whereas a decline in hip fracture incidence

rates has been reported for a number of countries during the

past years including Austria [5–8], mortality after fracture

has remained consistently high [2, 9]. Both incidence and
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mortality rates follow a geographical pattern suggesting a

north-south gradient with the highest risk reported from

Northern Europe and North America [2, 10]. Thus, 1-year

mortality rates have recently been described to range from

14 to 36 % [11]. Excess mortality rates, i.e., mortality

among hip fracture patients as compared to that among the

matched general population, were demonstrated to

decrease dramatically during the first half year following

fracture and remain elevated thereafter even after 10 years

in some studies [12, 13]. Other investigations focusing on

institutionalized patients, however, found no significant

excess mortality already after 6 months [14, 15]. In addi-

tion, excess mortality following hip fracture was found to

be inversely correlated with age [16].

Apart from advanced age and male gender, several

comorbidities such as end-stage kidney disease, shock due

to the fracture event, cardiac disease, congestive heart

failure, and chronic liver disease have recently been

determined as risk factors [16–18]. Consistently, a recent

meta-analysis found a Charlson comorbidity index score of

at least one, an American Society of Anesthesiologists

score of at least three, and dementia predicted elevated

mortality risk following hip fracture [19]. On the other

hand, hip fracture itself was described to predict excess

mortality independently from comorbidities and known hip

fracture risk factors [20].

Previous epidemiologic studies in Austria on hip frac-

ture reported short-term in-hospital mortality only [21, 22].

Therefore, we performed a comprehensive, retrospective

nation-wide study, based on personalized data retrieved

from social insurance registries from more than 31,000

elderly hip fracture patients and 56,000 controls to deter-

mine in-hospital mortality as well as long-term absolute

and excess mortality.

Methods

Study Design and Patients

In this retrospective nation-wide study, pseudonymized

patient data were retrieved from thirteen Austrian social

insurance authorities covering roughly 98 % of the entire

population, using as database program SAS, version 9.3

(SAS Institute Inc., Cary, North Carolina, USA). We

identified 31,668 inpatients aged 50 years and above hav-

ing sustained a hip fracture between July 2008 and

December 2010. Follow-up data on survival were available

until June 2011. Baseline characteristics of the study

population are shown in Table 1. Mean follow-up time

after release from hospital upon first fracture recorded in

the study period (the index fracture) was 528 days (95 %

CI: 524–531 days). Diagnosis of hip fractures was in

agreement with the ICD-10 definition S72 [23]. Informa-

tion on sex, age at hospital discharge from index fracture,

residence, subsequent fractures, date of death, and hip

fracture-related length of hospital stay was available. Fur-

thermore, 56,320 individuals without hip fractures matched

Table 1 Baseline

characteristics of the hip

fracture study population

a At date of discharge from

hospital or time of death in

hospital following index

fracture

Women Men P All

Median agea (IQR) 83.56 (10.44) 78.32 (16.37) \0.001 82.45 (12.41)

Age group (years)a

All 23192 (73.2 %) 8476 (26.8 %) \0.001 31668

50–54 288 (41.3 %) 409 (58.7 %) \0.001 697

55–59 492 (49.1 %) 511 (50.9 %) 0.40 1003

60–64 752 (53.8 %) 646 (46.2 %) \0.001 1398

65–69 1341 (59.0 %) 932 (41.0 %) \0.001 2273

70–74 1706 (64.8 %) 927 (35.2 %) \0.001 2633

75–79 3227 (70.9 %) 1327 (29.1 %) \0.001 4554

80–84 5693 (77.6 %) 1645 (22.4 %) \0.001 7338

85–89 6552 (82.2 %) 1422 (17.8 %) \0.001 7974

90–94 2240 (82.5 %) 476 (17.5 %) \0.001 2716

95? 901 (83.3 %) 181 (16.7 %) \0.001 1082

Number of fractures

1 18056 (72.5 %) 6846 (27.5 %) \0.001 24902

2 4304 (76.3 %) 1336 (23.7 %) \0.001 5640

3 596 (73.2 %) 218 (26.8 %) \0.001 814

4 168 (76.0 %) 53 (24.0 %) \0.001 221

C5 68 (74.7 %) 23 (25.3 %) \0.001 91
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for age, sex, and residency served as control population,

whose mean follow-up time was 964 days (95 % CI:

962–966 days). Recruitment of control subjects was per-

formed using the ‘‘ranuni’’ function which is a tool

implemented in the SAS statistical software, version 9.3

(SAS Institute Inc., Cary, North Carolina, USA). This

function generated a uniform distribution on the interval (0,

1) covering all persons in our database who were registered

by Austrian social insurance authorities, with the exclusion

of individuals without a history of hip fracture.

Data Analysis

Kaplan–Meier survival analysis identified crude all-cause

mortality rates, and Cox hazard regression modeling yiel-

ded mortality rates adjusted for age, gender, number of

fractures, and hip fracture-related hospital days per frac-

ture. Validity of the proportional hazard assumption was

verified in all instances by log-minus-log representations of

hazards over time. The v2, Fisheŕs exact as well as Mann–

Whitney U tests, where appropriate, informed on differ-

ences that, at a confidence level of 95 %, were considered

statistically significant. All analyses were conducted in

SPSS, version 19 (SPSS Inc., Chicago, Illinois, USA).

Crude and excess all-cause mortality rates were calcu-

lated for two time points of reference: Embarking on

directly obtainable dates of hospital discharge after first

fracture in our study disregarded those patients who died in

hospital upon first fracture. On the other side, hospital

admission dates, equaling dates of first fracture, were

ascertainable from hip fracture-related hospital days only

for those patients who sustained no more than one fracture

within the study interval (24,902 of 31,668, corresponding

to 78.6 %; Table 1), because records of hip fracture-related

hospital days were available in total only. To allow also for

patients with C2 fractures in the study interval (maximum:

22 fractures), median hospital days contingent upon patient

age and gender were calculated for each number of frac-

tures (Online Resource, supplemental Table 1), which

served to assess the proportion of hospital days assigned to

each fracture. Rounded hospital days pertaining to the first

fracture were thus subtracted from the known date of

hospital discharge, resulting in an estimate of the date of

first fracture for patients with C2 fractures.

Results

Table 1 lists baseline characteristics of the fracture study

population. Most female hip fracture patients were aged

85–89 years, whereas most males were 80–84 years. With

respect to number of fractures, gender proportions were

similar regardless of number of fractures. However, v2

analysis revealed a statistically significant difference

(P \ 0.001) between patients with only one fracture and

those with more fractures (not shown). Patients sustaining a

hip fracture stayed a mean of 22.0 (SD: 16.4) days in

hospital (median 16 days (IQR: 17); Online Resource,

supplemental Table 1). Women stayed significantly longer

in hospital than men overall (median 17 days (IQR: 17) vs

16 days (IQR: 16), P \ 0.001), which was particularly

reflected by patients between 65 and 89 years at hospital

discharge after index fracture. Overall and for both gen-

ders, peak age for hospital days was between 75 and

84 years, i.e., up to a median of 18 days (IQR: 18) corre-

sponding to a mean of 23.8 (SD: 17.4) days among female

patients aged 75–79.

Cumulative hazards for mortality following hospital

admission upon index fracture are shown in Fig. 1: Overall,

1-year mortality rates in women and men were 18.6 %

(95 % CI: 18.1–19.1 %) and 24.5 % (95 % CI:

23.6–25.5 %), respectively (Fig. 1; Online Resource, sup-

plemental Table 2). Online Resource, supplemental

Table 2 provides detailed information on cumulative all-

cause mortality rates of various time intervals from 30 days

to two and a half years after both first hospital discharge

and date of first admission (estimated for C2 fractures from

hip fracture-related hospital days). As expected, cumula-

tive mortality increases in both women and men over time,

and at all time points, men are more prone to death than

women (Fig. 1; Online Resource, supplemental Table 2).

Fig. 1 Kaplan–Meier survival diagram depicting cumulative absolute

mortality hazards over time for female and male hip fracture patients

upon admission to hospital following index fracture
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Furthermore, mortality sharply increases above 80 years in

women and 75 years in men (Table 2).

In-hospital mortality was analyzed for all fractures

occurring during the study period (Table 3), amounting to

overall 3.6 % (95 % CI: 3.4–3.8 %) and 4.0 % (95 % CI:

3.8–4.3 %) at first and last fracture, respectively. Male

patients had an elevated mortality rate (P \ 0.001) at both

their first (5.1 %, 95 % CI: 4.6–5.6 %) and last fracture

(5.7 %, 95 % CI: 5.2–6.2 %). Reported by age groups,

overall in-hospital mortality was lowest among patients

aged 60–64 years both for first and last fractures. In con-

trast, in-hospital mortality was as high as 8.9 % (95 % CI:

7.2–10.6 %) among individuals aged 95 years and above.

At all ages except for patients aged 50–54 and 60–64 years,

men had significantly higher in-hospital mortality than

women.

Unadjusted and adjusted hazard ratios (HRs) were cal-

culated for mortality of the entire study interval based on

first admission dates (estimated for C2 fractures) including

variables gender, age group, hospital days, and number of

fractures (Table 4). Meńs hazard of shorter time to death

relative to female patients rose from 1.3 in the unadjusted

analysis to approximately 1.75 in any of the adjusted

models, and advanced age entailed a mortality risk of more

than 12-fold for the oldest in relation to the youngest

patients. Moreover, an effect of hospital days per fracture

on risk reduction was evident in the adjusted cases,

resulting in a 0.3–0.4 % hazard reduction of each addi-

tional hospital day in the adjusted models. Finally, sus-

taining more than one fracture was associated with

improved survival. An interaction model comprising all

variables (Online Resource, supplemental Table 3) dem-

onstrated that more advanced age increased mortality

hazard, likewise more hospital days per fracture were

weakly but significantly associated with higher risk. In

detail, male patients at age 70–79 years were at elevated

mortality risk, whereas increased hospitalization time

reduced risk in patients aged 75 years and over and in

patients sustaining three fractures.

Next, we determined hip fracture patientś mortality risk

relative to a control population represented by individuals

without a history of hip fracture. Indeed, we found

increased risk at all time points up to 3 years as compared

to controls (Table 5): Excess mortality expressed as rela-

tive hazard (RH) was highest within 30 days after hip

fracture, being twice as high in men as compared to women

Table 2 Cumulative all-cause one-year mortality age group and gender-wise after (i) first hospital discharge (upper row in each age group) and

(ii) first admission (estimated for C2 fractures; lower row in each age group) in the study

Age group (years) at 1st Women Men P All

Discharge Admission Mortality (95 % CI) Mortality (95 % CI) Mortality (95 % CI)

All 16.5 % (16.0–17.0 %) 20.8 % (19.9–21.8 %) \0.001 17.6 % (17.2–18.1 %)

All 18.6 % (18.1–19.1 %) 24.5 % (23.6–25.5 %) \0.001 20.2 % (19.7–20.7 %)

50–54 5.8 % (2.9–8.8 %) 6.2 % (3.7–8.7 %) 0.84 5.9 % (4.1–7.8 %)

50–54 6.9 % (3.7–10.0 %) 7.2 % (4.5–9.8 %) 0.91 7.0 % (5.0–9.0 %)

55–59 5.3 % (3.1–7.4 %) 6.2 % (3.9–8.4 %) 0.51 5.6 % (4.1–7.2 %)

55–59 5.1 % (3.1–7.2 %) 8.4 % (5.9–10.9 %) 0.036 6.7 % (5.1–8.4 %)

60–64 6.3 % (4.4–8.1 %) 8.6 % (6.3–10.9 %) 0.123 7.3 % (5.8–8.8 %)

60–64 6.7 % (4.8–8.6 %) 9.4 % (7.0–11.8 %) 0.101 7.9 % (6.4–9.4 %)

65–69 7.9 % (6.4–9.5 %) 10.8 % (8.7–12.9 %) 0.033 9.1 % (7.8–10.3 %)

65–69 9.1 % (7.5–10.7 %) 12.8 % (10.6–15.1 %) 0.001 10.6 % (9.3–11.9 %)

70–74 7.2 % (5.9–8.5 %) 13.8 % (11.5–16.2 %) \0.001 9.5 % (8.3–10.6 %)

70–74 8.2 % (6.8–9.5 %) 17.0 % (14.5–19.5 %) \0.001 11.3 % (10.0–12.5 %)

75–79 9.1 % (8.0–10.1 %) 20.3 % (18.0–22.6 %) \0.001 12.3 % (11.3–13.4 %)

75–79 10.3 % (9.2–11.4 %) 23.0 % (20.7–25.3 %) \0.001 14.0 % (13.0–15.1 %)

80–84 15.4 % (14.4–16.4 %) 27.6 % (25.3–30.0 %) \0.001 18.1 % (17.1–19.0 %)

80–84 17.4 % (16.4–18.4 %) 31.5 % (29.2–33.8 %) \0.001 20.6 % (19.6–21.5 %)

85–89 20.9 % (19.9–22.0 %) 31.2 % (28.6–33.8 %) \0.001 22.7 % (21.7–23.7 %)

85–89 23.3 % (22.2–24.2 %) 36.4 % (33.8–39.0 %) \0.001 25.7 % (24.7–26.7 %)

90–94 28.6 % (26.6–30.6 %) 40.0 % (35.0–44.9 %) \0.001 30.5 % (28.6–32.3 %)

90–94 32.3 % (30.2–34.3 %) 47.0 % (42.3–51.7 %) \0.001 34.9 % (33.0–36.8 %)

95? 38.9 % (35.4–42.3 %) 51.6 % (43.6–59.7 %) \0.001 40.9 % (37.7–44.1 %)

95? 43.1 % (39.7–46.5 %) 57.8 % (50.2–65.3 %) \0.001 45.5 % (42.4–48.6 %)
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(RH 16.28 (95 % CI: 12.47–21.26) versus 8.29 (95 % CI:

7.09–9.70), respectively, first admission as reference time

point). RHs decreased considerably within 6 months in

both men and women, but remained statistically significant

for the whole observation period. Furthermore, supple-

mental Tables 4 and 5 in the Online Resource show age-

group dependent RHs for the first and second year,

respectively. RHs decreased with advancing age, with the

exception of males aged 95 years and over where RH

increased again. Interestingly, whereas women displayed

RHs higher than their age-matched male counterparts up to

65–69 years both within the first and during the second

year, and RHs within the second year were roughly equal

among genders between 70 and 80 years of age, it was

meńs RHs that exceeded those of women at ages above.

Discussion

Herein, we present a large-scale up-to-date analysis of

mortality rates up to 3 years after hip fractures in Austrian

patients in the period of 2008–2011. As expected and also

described previously for the same population, hip fractures

occur much more frequently in women than in men (ratio

roughly 3:1), comparable to other nation-wide studies [8,

12, 24–26]. Interestingly, the proportion of men decreased

at subsequent fractures (Table 1, ‘‘Results’’ section) prob-

ably being partially related to higher male mortality after

first hip fracture.

We also analyzed length of hospital stay due to hip

fracture. As compared to a previous publication from the

same country analyzing data from 1995, we found very

similar hospitalization time in both investigations (mean

22 days) [21]. Also, peak mean hospital days were between

75 and 84 years in both studies. Advanced age seemed to

be associated with longer hospitalization among women as

compared with men in the same report [21], though no

P values are listed. Overall, our results on age- and gender-

adjusted length of hospital stay after hip fracture suggest no

substantial changes from 1995–2011 [21].

Considering all-cause mortality, we found death rates of

4.8 and 20.2 % after 30 days and 1 year, respectively. These

numbers are among the lowest compared to investigations of

similar size from other countries. A large retrospective

cohort study from Denmark observed 13 and 29 % deaths

after 30 days and 1 year, respectively, accounting for all

Table 3 In-hospital mortality age group and gender-wise, accounting for each patient́s (i) only first fracture (upper row in each age group) or (ii)

last fracture (lower row in each age group) recorded within study interval

Age group (years) at Women Men P All

First fracture Last fracture Mortality (95 % CI) Mortality (95 % CI) Mortality (95 % CI)

All 3.0 % (2.8–3.3 %) 5.1 % (4.6–5.6 %) \0.001 3.6 % (3.4–3.8 %)

All 3.4 % (3.2–3.7 %) 5.7 % (5.2–6.2 %) \0.001 4.0 % (3.8–4.3 %)

50–54 0.8 % (0.0–1.8 %) 1.3 % (0.2–2.4 %) 0.71 1.1 % (0.3–1.9 %)

50–54 0.8 % (0.0–1.8 %) 1.3 % (0.2–2.4 %) 0.71 1.1 % (0.3–1.9 %)

55–59 0.4 % (0.0–1.0 %) 2.7 % (1.3–4.2 %) 0.004 1.6 % (0.8–2.4 %)

55–59 0.4 % (0.0–1.1 %) 2.9 % (1.4–4.5 %) 0.003 1.7 % (0.9–2.5 %)

60–64 0.4 % (0.0–0.9 %) 1.2 % (0.3–2.0 %) 0.137 0.8 % (0.3–1.2 %)

60–64 0.7 % (0.1–1.4 %) 1.2 % (0.3–2.0 %) 0.42 0.9 % (0.4–1.5 %)

65–69 1.3 % (0.6–1.9 %) 2.6 % (1.6–3.6 %) 0.019 1.8 % (1.3–2.4 %)

65–69 1.4 % (0.7–2.0 %) 2.8 % (1.7–3.9 %) 0.015 2.0 % (1.4–2.6 %)

70–74 1.1 % (0.6–1.6 %) 3.8 % (2.5–5.0 %) \0.001 2.1 % (1.5–2.6 %)

70–74 1.3 % (0.8–1.9 %) 4.0 % (2.7–5.3 %) \0.001 2.2 % (1.7–2.8 %)

75–79 1.7 % (1.2–2.1 %) 3.6 % (2.6–4.6 %) \0.001 2.3 % (1.8–2.7 %)

75–79 1.9 % (1.4–2.4 %) 4.2 % (3.1–5.3 %) \0.001 2.5 % (2.1–3.0 %)

80–84 2.8 % (2.4–3.3 %) 6.3 % (5.1–7.5 %) \0.001 3.6 % (3.2–4.0 %)

80–84 3.2 % (2.7–3.7 %) 6.9 % (5.7–8.2 %) \0.001 4.0 % (3.6–4.5 %)

85–89 3.7 % (3.2–4.2 %) 8.0 % (6.5–9.4 %) \0.001 4.5 % (4.0–4.9 %)

85–89 4.3 % (3.8–4.8 %) 8.7 % (7.2–10.2 %) \0.001 5.1 % (4.6–5.6 %)

90–94 5.8 % (4.8–6.8 %) 12.6 % (9.5–15.6 %) \0.001 7.0 % (6.0–8.0 %)

90–94 6.4 % (5.4–7.5 %) 14.9 % (11.6–18.1 %) \0.001 7.9 % (6.9–8.9 %)

95? 7.3 % (5.5–9.0 %) 12.6 % (7.7–17.6 %) 0.017 8.2 % (6.5–9.9 %)

95? 7.9 % (6.1–9.7 %) 13.7 % (8.6–18.8 %) 0.013 8.9 % (7.2–10.6 %)
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subjects irrespective of age; first patients were, however,

recruited already in 1977 [12]. A more recent Danish nation-

wide cohort study including all hip fracture patients between

1999 and 2002 that were born up to 1945 revealed a cumu-

lative 1-year mortality rate of 26.4 % for female and 37.1 %

for male patients [24]. Bass et al. [27] retrospectively ana-

lyzed survival in veterans aged 65 and above registered in the

US Medicare database, reporting unadjusted mortality rates

of 9.7 and 32.2 % for 30 days and 1 year, respectively. A

retrospective cohort study of Canadian hip fracture patients

aged over 50 found all-cause mortality at 1 year post-frac-

ture to be 36.3 % [28]. Along the same lines, in-hospital

mortality of overall 4.0 % (95 % CI: 3.8–4.3 %) reported

herein (Table 3) is low compared with previous reports from

Austria including all age groups that stated 6.8 % in 1995

[21], and 3.8 and 3.2 % for male and female patients,

respectively, in 2004 [22]. Reports from other countries

incorporating patients aged 65 and over stated 4.5 % in a

nationwide Danish study [29]), 5.1 % in New York state

hospitals over a period of 12 years [30], and as high a figure

as 14.3 % in an extensive investigation from England [31].

Conversely, nationwide investigations from South Korea

including hip fracture patients aged 50 and older stated

overall 1-year mortality of 16.55 % in 2003 [25] and ranging

from 17.8 to 19.0 % between 2005 and 2007 [32]. Recently,

a nationwide study from Taiwan on patients aged 60 years

and over reported declining annual hip fracture-related

mortality from overall 18.10 % in 1999 to 13.98 % in 2009,

corresponding to an average 1-year mortality of 16.32 % for

the whole time interval, and 1-month mortality was even

found as low as 2.49 % [33]. Thus, Austrian hip fracture

patients seem to be at lower mortality risk as compared to

most other countries except Eastern Asian populations.

Our results underscore the role of advanced age and

male gender in hip fracture patientś mortality risk. More-

over, our analyses show that both longer hospitalization

time per fracture and more fractures are in association with

a significantly reduced risk. Well in line, longer medical

care in hospital after hip fracture correlated with lower

mortality in Japan as compared with the United States,

even upon adjustment for confounding factors [34].

Alternatively, an Australian study claimed longer waiting

times for healthier patients destined to enter a rehabilitation

center than for more co-morbid patients who are trans-

ferred to nursing homes usually rather quickly [35].

However, variable interaction confers a statistically

Table 4 Unadjusted and adjusted hazard ratios (HRs) for risk of shorter survival, based on first admission date (estimated for C2 fractures)

Variable Unadjusted HR

(95 % CI)

P Adjusted HR

(95 % CI)

P Adjusted HR

(95 % CI)

P Adjusted HR

(95 % CI)

P

Gender

Women Reference Reference Reference Reference

Men 1.30 (1.24–1.36) \0.001 1.76 (1.67–1.84) \0.001 1.76 (1.67–1.84) \0.001 1.74 (1.66–1.83) \0.001

Age group (years) \0.001 \0.001 \0.001 \0.001

50–54 Reference Reference Reference Reference

55–59 1.14 (0.81–1.59) 0.45 1.20 (0.86–1.68) 0.29 1.21 (0.86–1.69) 0.27 1.20 (0.86–1.68) 0.29

60–64 1.33 (0.97–1.81) 0.076 1.43 (1.04–1.95) 0.026 1.44 (1.05–1.97) 0.023 1.44 (1.05–1.97) 0.022

65–69 1.64 (1.23–2.20) \0.001 1.83 (1.37–2.44) \0.001 1.84 (1.38–2.46) \0.001 1.84 (1.38–2.46) \0.001

70–74 1.86 (1.40–2.48) \0.001 2.16 (1.62–2.87) \0.001 2.19 (1.65–2.91) \0.001 2.21 (1.66–2.94) \0.001

75–79 2.53 (1.92–3.33) \0.001 3.05 (2.32–4.01) \0.001 3.10 (2.36–4.09) \0.001 3.16 (2.40–4.17) \0.001

80–84 3.70 (2.83–4.85) \0.001 4.67 (3.56–6.12) \0.001 4.76 (3.63–6.24) \0.001 4.84 (3.69–6.35) \0.001

85–89 4.83 (3.69–6.32) \0.001 6.25 (4.77–8.19) \0.001 6.36 (4.85–8.34) \0.001 6.46 (4.92–8.46) \0.001

90–94 7.01 (5.34–9.21) \0.001 9.18 (6.98–12.08) \0.001 9.33 (7.09–12.27) \0.001 9.38 (7.13–12.33) \0.001

95? 9.73 (7.36–12.86) \0.001 12.78

(9.66–16.92)

\0.001 12.89

(9.74–17.07)

\0.001 12.76

(9.64–16.89)

\0.001

Hospital days per

fracture

0.999

(0.997–1.000)

0.131 0.997

(0.995–0.999)

\0.001 0.996

(0.994–0.998)

\0.001

Number of

fractures

\0.001 \0.001

1 Reference Reference

2 0.68 (0.64–0.72) \0.001 0.68 (0.64–0.73) \0.001

3 0.62 (0.53–0.72) \0.001 0.63 (0.54–0.74) \0.001

4 0.70 (0.52–0.93) 0.015 0.70 (0.52–0.93) 0.015

C5 0.41 (0.23–0.71) 0.002 0.39 (0.22–0.69) 0.001
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significant effect of longer hospitalization at age 75 and

over, associated with decreased mortality risk. This implies

that aged patients who need more time to recover benefit in

particular from longer in-hospital care. Thus following the

explanation offered by Williams et al. [35], one would have

to assume either low co-morbidity or particularly long

waiting times until rehabilitation among older patients;

both scenarios are unlikely in Austrian patients. Concern-

ing subsequent fractures as protective factor, this could be

due to the fact that surviving patients are relatively healthy

but prone to the next fracture as a consequence of

osteoporosis.

Notably, the impact of gender and consecutive fractures as

such vanished in the interaction model unless in conjunction

with other variables (Online Resource, supplemental

Table 3): Though hazards rose with age independently of

gender, interaction terms revealed a significantly elevated HR

for men aged 70–74 compared to their female counterparts,

implying particular mortality risk for male patients of that age.

Relevance for fracture number was observed only in interac-

tion with hospital days per fracture entailing risk reduction for

(at least) three fractures (no statistical significance for C4

fractures is probably due to low patient numbers, HRs for 4

and C5 fractures are below that for 3 fractures); therefore it is

patients with more subsequent fractures who benefit the most

from a longer stay in hospital in terms of survival.

Relative hazards (RHs) for all-cause excess mortality

during various time intervals from hospital admission upon

index fracture in our patients are comparable with those of

a previous meta-analysis [13] although male mortality rates

are slightly higher among our patients where RHs dropped

to below 2 after 6 months and remained in this range up to

3 years. Our results are in line with others reporting a rapid

decline within the first year post-fracture, yet a persistent

elevation for an observation period of as long as 10 years

[12, 13]. In contrast, studies investigating institutionalized

patients reported no significant excess mortality among

patients surviving the first 6 months after fracture [14, 15].

Table 5 Excess mortality expressed as relative hazard (RH) of various time intervals after (i) first hospital discharge (upper row in each interval)

and (ii) first admission (estimated for C2 fractures; lower row in each interval) in the study, both adjusted for gender

Interval after first Women P Men P All P

Discharge Admission RH (95 % CI) RH (95 % CI) RH (95 % CI)

0–30 days 5.40 (4.59–6.36) \0.001 10.41 (7.91–13.71) \0.001 6.60 (5.73–7.59) \0.001

0–30 days 8.29 (7.09–9.70) \0.001 16.28 (12.47–21.27) \0.001 10.21 (8.93–11.68) \0.001

31–90 days 3.77 (3.36–4.24) \0.001 6.05 (4.97–7.38) \0.001 4.31 (3.90–4.77) \0.001

31–90 days 4.15 (3.70–4.66) \0.001 7.25 (5.98–8.80) \0.001 4.89 (4.43–5.40) \0.001

91 days–6 months 2.34 (2.12–2.58) \0.001 3.00 (2.57–3.49) \0.001 2.52 (2.32–2.74) \0.001

91 days–6 months 2.55 (2.32–2.80) \0.001 3.39 (2.92–3.93) \0.001 2.78 (2.57–3.02) \0.001

6 months–1 year 1.63 (1.50–1.76) \0.001 2.50 (2.19–2.85) \0.001 1.83 (1.71–1.96) \0.001

6 months–1 year 1.70 (1.57–1.84) \0.001 2.60 (2.28–2.96) \0.001 1.908 (1.78–2.04) \0.001

1–1� years 1.61 (1.47–1.77) \0.001 2.10 (1.80–2.45) \0.001 1.73 (1.60–1.88) \0.001

1–1� years 1.59 (1.45–1.74) \0.001 2.03 (1.74–2.37) \0.001 1.70 (1.57–1.84) \0.001

1�–2 years 1.75 (1.57–1.95) \0.001 2.45 (2.04–2.95) \0.001 1.91 (1.74–2.09) \0.001

1�–2 years 1.79 (1.61–1.98) \0.001 2.49 (2.08–2.98) \0.001 1.94 (1.77–2.13) \0.001

2–2� years 1.66 (1.46–1.89) \0.001 2.68 (2.17–3.31) \0.001 1.88 (1.68–2.09) \0.001

2–2� years 1.65 (1.46–1.87) \0.001 2.71 (2.21–3.32) \0.001 1.87 (1.68–2.08) \0.001

2�–3 years 1.44 (1.15–1.80) 0.002 1.71 (1.10–2.64) 0.016 1.50 (1.23–1.84) \0.001

2�–3 years 1.48 (1.20–1.82) \0.001 1.90 (1.29–2.78) 0.001 1.57 (1.31–1.88) \0.001

0–90 days 4.28 (3.90–4.71) \0.001 7.44 (6.34–8.72) \0.001 5.03 (4.64–5.46) \0.001

0–90 days 5.45 (4.97–5.97) \0.001 10.12 (8.67–11.81) \0.001 6.57 (6.07–7.10) \0.001

0–6 months 3.23 (3.02–3.46) \0.001 4.82 (4.33–5.37) \0.001 3.64 (3.44–3.86) \0.001

0–6 months 3.88 (3.64–4.14) \0.001 6.15 (5.54–6.82) \0.001 4.47 (4.23–4.72) \0.001

0–1 year 2.44 (2.32–2.57) \0.001 3.75 (3.45–4.07) \0.001 2.76 (2.65–2.89) \0.001

0–1 year 2.80 (2.67–2.94) \0.001 4.50 (4.16–4.87) \0.001 3.22 (3.09–3.36) \0.001

1–2 years 1.67 (1.56–1.79) \0.001 2.24 (1.99–2.52) \0.001 1.80 (1.70–1.92) \0.001

1–2 years 1.67 (1.56–1.79) \0.001 2.21 (1.96–2.48) \0.001 1.80 (1.69–1.91) \0.001

2–3 years 1.60 (1.43–1.79) \0.001 2.43 (2.01–2.93) \0.001 1.78 (1.62–1.96) \0.001

2–3 years 1.60 (1.44–1.78) \0.001 2.48 (2.07–2.97) \0.001 1.79 (1.63–1.96) \0.001
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Another observation in our study is that during both first

and second year post-fracture, excess mortality up to

69 years of age was higher among women than men.

However, these findings should be interpreted cautiously in

view of the large-sized 95 % CIs at these age groups that

are due to fewer study subjects and more censored cases at

those ages as compared with more advanced age groups.

On the other hand, studies from South Korea [32] and

Taiwan [33] found higher female excess mortality rates up

to 79 years in the first and second year post-fracture, and

higher male excess mortality only after 80 years of age.

These findings are at odds with another study claiming

excess mortality to be higher in men than women at all

ages [36] but are consistent with results of a meta-analysis

that reported higher excess mortality for men only at

70 years and above [13].

Enhanced administration of anti-resorptive drugs such

as bisphosphonates in conjunction with effective ortho-

geriatric care measures could be causative for the low

mortality rates following hip fracture reported herein in

relation to data from other countries. Also, we found

reduced in-hospital mortality relative to one previous

national study that analyzed data from 1995 [21]. In

recent years in Austria, a number of ortho-geriatric care

services were initiated before or within the study interval

of the present investigation, however, on a regional and

local basis rather than as part of an overarching, co-

ordinated nationwide program [37–39]. These initiatives

not only ensure due prescription of medication like bis-

phosphonates and adherence to therapy, they also imple-

ment and reinforce integrated measures of postoperative

care [40, 41]. Mortality data from one such care center on

hip fracture patients aged 80 years and above were

reported to be 2.8 % in hospital and 23.2 % one year

post-fracture, which is strikingly low for this age group

[42]. Moreover, mortality outcomes of international ortho-

geriatric service programs suggest improved survival rates

at least in hospital (summarized in [40]), therefore

declining in-hospital and perhaps also lowered longer

term mortality might in part be attributed to efficacious

ortho-geriatric care measures in Austria. As for bisphos-

phonates, an increase in their prescription during the

2000s was demonstrated to coincide with a reduction in

hip fracture incidence in two studies [43, 44], and during

the same period, a decreasing trend in hip fracture inci-

dence was also observed in Austria [8]. Further, there is

evidence for an impact of bisphosphonate treatment on

prolonged survival after hip fractures [45–47]. The fact

that male excess mortality rates are above those seen in

other studies might be based on suboptimal osteoporosis

treatment in these patients, as previously described for

Denmark [47]. Collectively, disparate study results during

the last 10–15 years on short-term and long-term

mortality after hip fracture reported at different times and

in different countries could mirror varying evolution

stages in the implementation of ortho-geriatric services

and anti-resorptive treatment regimes alike.

Our study is subject to several limitations. First, no

information on lifestyle factors and co-morbidities was

available. Second, the date of first admission was not

directly available for 21.4 % of patients sustaining more

than one fracture during the study interval, for whom it had

to be assessed from hip fracture-related hospital days. An

alternative to this approach would have been exclusion of

subsequent fractures like elsewhere [29], however, we

believe that such a procedure would have conferred a

substantial bias to our investigation. Third, mean follow-up

time of 528 days for hip fracture patients did not permit

conclusions on long-term mortality beyond 3 years, unlike

other previous comparable studies (e.g., [12–14]). Finally,

there was no criterion to ensure that first fractures recorded

in the study period (index fractures for which hospital

discharge dates were available) were first fractures that

patients sustained: Exclusion of index fractures that were in

fact not patientś first fractures might have tilted estimates

towards slightly shorter survival times. On the other hand,

we are convinced that substantive strengths of our work

encompass (i) the participation of almost all social insur-

ance authorities, corresponding to coverage of approxi-

mately 98 % of the total Austrian population, (ii) the

access to personalized data thus ruling out multiple regis-

trations, implying that all fracture events could be unam-

biguously assigned to study subjects, and (iii) the

allowance for mortality rates beginning with hospital dis-

charge upon first fracture in the study interval, which

represents valuable information regarding survivors of

(first) hospitalization.

Taken together, our results demonstrate in a nation-wide

retrospective study that recent all-cause mortality rates

including in-hospital mortality after hip fracture among

elderly patients are low in Austria compared with many

other countries, however, male excess mortality is elevated.

Moreover, in a multivariate model accounting for variable

interactions, we found that longer hospital care favors

patients aged 75 and above and those sustaining (at least)

three fractures the most, and that the highest gender dif-

ference in mortality risk after hip fracture is among patients

aged 70–79 years with males at greater risk. Further

research is necessary to identify causes of male excess

mortality. Elderly male osteoporotic patients are therefore

an important high-risk group after hip fracture in Austria.
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etskrankenkasse), Peter Haubenberger (Sozialversicherungsanstalt der

Gewerblichen Wirtschaft), Michael Hueber (Versicherungsanstalt für

264 W. Brozek et al.: Mortality After Hip Fracture

123



Eisenbahnen und Bergbau), Renato Kasseroller (Salzburger Gebi-

etskrankenkasse), Claudia Kastelic (Sozialversicherungsanstalt der
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