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Abstract: Little is known about hip fracture rates and post-fracture mortality among nursing home
residents. This retrospective cohort study examined incidence rates (IR) of and mortality after hip
fracture in this population focusing on sex differences. A cohort of >127,000 residents ≥65 years,
newly admitted to German nursing homes between 2010 and 2014 were used to calculate age-, sex-,
care-need- and time after admission-specific IR. To determine mortality, the Kaplan-Meier-method
was applied. Using Cox regression, we studied mortality and estimated time-dependent hazard
ratios (HRs). For this purpose, to each person with a hip fracture, one resident without a hip fracture
was matched by sex, age and care-need using risk-set sampling. 75% were women (mean age:
84.0 years). During 168,588 person-years (PY), 8537 residents with at least one hip fracture were
observed. The IR for women and men were 52.9 and 42.5/1000 PY. For both sexes, IR increased
with rising age and decreased with increasing care-level. IR were highest in the first months after
admission and subsequently declined afterwards. The impact of hip fractures on mortality was
time-dependent. Mortality of residents with hip fracture was highest in the first two months after
fracture compared to those without (HR): 2.82; 95% CI 2.57–3.11) and after six months, no differences
were found (HR: 1.10; 95% CI 0.98–1.22) Further research should always include analyses stratified
by sex, age and time period after admission.
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1. Introduction

The aging population in most industrialized countries, including Germany, and the high life
expectancy associated with demographic changes are causing significant health and social care
problems. In 2050, about 23 million people over the age of 65 will be living in Germany and the
proportion of people being 80 years or older will have grown by 8% to 13% [1,2].

In this context hip fractures are a major public health problem that can result in an increased
care need or mortality, especially for older people [3]. That is why nursing home residents are an
extremely vulnerable population and have a high risk of experiencing a hip fracture compared to
community-dwelling persons of the same sex and age [4–6]. Most previous studies show that women
are more frequently affected by hip fractures than men [5,7,8]. However, there are also studies that
show the same risk for women and men or even a greater risk for men, especially in nursing home
residents [4,6,9]. Both in nursing home residents and community dwellers the incidence of hip fractures
increases with rising age [10–13].

Another potential risk factor for developing a hip fracture is the functional status. Previous
studies suggest a higher risk for people who have a higher degree of mobility. For example
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Walter et al. observed an increased risk in persons being able to transfer to and from bed, chair
or toilet independently [14]. Berry et al. registered that rates of hip fracture decreased as activity of
daily life (ADL) impairment increased [9]. In a German nursing home cohort, Rapp et al. observed
an almost linear negative association between incidence of hip fracture and increasing care level [8].
However, in another study with a different study population, Rapp et al. showed similar fracture risks
for residents with level of care ‘I’ and ‘II’ and a clearly lower risk in residents with level ‘III’ [15].

The time period between admission to a nursing home and the occurrence of a hip fracture seems
also to be of interest. In Germany, two studies have shown that the risk is greatest in the first few
months after admission to a nursing home [8,15]. However, this aspect is little discussed in the current
literature and represents an important research gap.

Mortality rates in nursing homes are considerable and male sex is significantly associated with
death in patients with hip fracture [9,16,17]. It is also known that mortality is increased after suffering
hip fracture. Furthermore, mortality of nursing home residents with hip fracture compared to residents
without hip fracture is markedly higher, too [18].

The aim of this study was on the one hand to estimate incidence rates (IR) of hip fractures in
nursing homes residents stratified by sex, age, level of care and the time period after nursing home
admission. On the other hand, we aimed to evaluate mortality of residents with hip fracture compared
to residents without.

2. Materials and Methods

2.1. Data Source and Study Population

For this study, data of a major German statutory health insurance fund (DAK-Gesundheit
Hamburg, Germany) were used. In 2017, 71.1 million persons are insured in the statutory health
insurance in Germany and the DAK-Gesundheit is one of Germany’s largest funds with about
5.8 million members [19]. The dataset consisted of all people aged ≥65 years newly admitted to
a nursing home between 1 January 2010 and 31 December 2014. This means that 365 days before
admission to a nursing home no benefits for inpatient care were billed to the persons and they had to
be insured throughout this time with the DAK-Gesundheit.

We used data on sex, year of birth, date of admission or exit to a nursing home and date of possible
death. In addition, data on duration of the insurance period as well as information on possible hospital
stays were available. These data included date of admission and discharge and discharge diagnoses
based on the 10th revision of the International Classification of Diseases (ICD-10). In 1995, a long-term
care insurance was introduced in Germany, which is compulsory for all citizens. The classification of
persons needing care is done by the medical service of the German statuary health insurance system
(MDK). Information about claiming of benefits in certain time periods that could be assigned to a
certain level of care were available in a further dataset. Thus, information on the level of care at nursing
home admission and possible change in level of care could be determined. People that require daily
help for 1.5, 3 or 5 h are categorized in level of care ‘I’, ’II’ or ‘III’. Corresponding to the level of care
daily help must be required in activities like washing, eating or dressing for at least 45 min (level ‘I’),
2 h (level ‘II’) or 4 h (level ‘III’). In the dataset 1088 residents were categorized in level of care ‘0’
identifying persons with significantly reduced skills in daily life and high need of supervision. Because
of the comparable need of care, level of care ‘0’ and ‘I’ were combined in this sample. All datasets
used could be linked by an identification number and thus be clearly assigned to an insured person.
The data were anonymous and we performed a complete case analysis.

2.2. Hip Fractures

Our main outcome was hip fracture. Main hospital discharge diagnoses were used to identify
hip fractures (ICD-10: S72). The data also showed whether a second or third hip fracture diagnosis of
the same person took place during the observation period. To exclude readmissions due to the same
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fracture, only the first incident fracture during institutionalization was used. This approach was also
applied by previous studies [7,8].

2.3. Selection of Controls

To compare mortality to an unaffected population, one resident without a hip fracture (unexposed)
was matched to each person with a hip fracture (exposed) by sex, age at nursing home admission and
level of care using risk-set sampling. Thus, hip fracture cases could also be a control before their hip
fracture diagnosis. From this risk set, a random sample was drawn, so that for each case exactly one
control was selected (1:1). Survival time for cases started at admission date to hospital because of hip
fracture, for controls at index-date (same time period from admission to nursing home until admission
to hospital like the corresponding case).

2.4. Statistical Analyses

Person-years (PY) at risk were accumulated between date of admission to the nursing home and
date of admission to hospital with first hip fracture, end of insurance period, the end of observation
period (31 December 2014) or death, whichever came first. The overall IR was calculated by dividing
the total number of hip fractures by the total number of PY at risk. IR were stratified by sex, age
(5-year-intervals), level of care (at nursing home admission) and time after admission with 95%
confidence intervals (95% CI) according to the substitution method [20,21]. Time after admission
stratified IR were calculated for each month in the first year after admission by dividing the number
of hip fractures that happened in the according month by the cumulated number of PY for this time
period. To study differences of hip fractures between males and females according to age and level of
care, incidence rate ratios (IRR) with 95% CI were estimated using the Byar method.

Furthermore, survival in cases with hip fractures and controls was analyzed using the
Kaplan-Meier method with 95% CI of Hall-Wellner. Differences between groups were evaluated
using the log-rank test. A Cox proportional hazard model was applied to determine factors associated
with mortality. Hazard ratio (HR) with 95% CI were estimated. However, the proportional hazard
assumption was not met which was tested as an interaction of time and hip fracture as a time-dependent
covariable in the Cox model [22]. We then performed Cox Regression using discrete time intervals to
model the time dependency of hip fracture and to evaluate predictors for death in multivariate analyses.
As predictors we included the following independent variables: group (cases and controls), interaction
of hip fracture with the discrete time intervals (1–2, 3–4, 5–6, 7–12 and >12 months), sex (female and
male), age (65–74, 75–84, 85–94, 95+ years) and level of care (0/I, II, III).

Non-overlapping 95% CI or p-values ≤ 0.05 were considered statistically significant. OpenEpi
version 3.01 (Open Source Epidemiologic Statistics for Public Health, Atlanta, GA, USA) was used for
estimating IRR, all other analyses were carried out with SAS version 9.4 for Windows (SAS Institute Inc.,
Cary, NC, USA).

3. Results

3.1. Baseline Characteristics

Overall 127,227 persons were included. The cohort was made up of 94,904 women (74.6%) and
32,323 men (25.4%). The mean age was 84.0 years (84.5 and 82.5 years in women and men). Female
residents were categorized into levels of care ‘I’, ‘II’ and ‘III’ in 60.7%, 32.9% and 6.3% and male
residents in 50.0%, 40.6% and 9.5%, respectively.

3.2. Incidence of Hip Fracture

During an observation time of 168,588 PY a total of 8537 residents had at least one hip fracture,
which results in an overall IR of 50.6/1000 PY. The IR in women was significantly higher than in men
(52.9 vs. 42.5/1000 PY) (Table 1).
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Table 1. Age- and level of care stratified hip fracture rates * in newly admitted nursing homes residents
between 2010 and 2014, by sex.

Men Women IRR Women/Men
(95% CI)N † PY IR (95% CI) N † PY IR (95% CI)

Age (years)

65–69 54 2440 22.1 (16.6–28.9) 128 4074 31.4 (26.2–37.4) 1.42 (1.04–1.96)
70–74 116 4627 25.1 (20.7–30.1) 332 10,158 32.7 (29.3–36.4) 1.30 (1.06–1.62)
75–79 188 6222 30.2 (26.0–34.9) 698 16,949 41.2 (38.2–44.4) 1.36 (1.16–1.60)
80–84 364 8568 42.5 (38.2–47.1) 1448 28,733 50.4 (47.8–53.1) 1.19 (1.06–1.33)
85–89 470 8887 52.9 (48.2–57.9) 2497 42,418 58.9 (56.6–61.2) 1.11 (1.01–1.23)
90–94 282 4493 62.8 (55.7–70.5) 1555 24,518 63.4 (60.3–66.7) 1.01 (0.89–1.15)
≥95 64 962 66.6 (51.3–85.0) 341 5540 61.5 (55.2–68.4) 0.92 (0.71–1.21)

Level of care

0/I 948 21,060 45.0 (42.2–48.0) 4937 89,880 54.9 (53.4–56.5) 1.22 (1.14–1.31)
II 538 12,852 41.9 (38.4–45.6) 1909 37,214 51.3 (49.0–53.7) 1.22 (1.11–1.35)
III 52 2286 22.7 (17.0–29.8) 153 5296 28.9 (24.5–33.8) 1.27 (0.93–1.75)

Total 1538 36,198 42.5 (40.4–44.7) 6999 132,390 52.9 (51.6–54.1) 1.24 (1.18–1.32)

* First hip fracture after nursing home admission. † Number of hip fractures. per 1000 person-years. PY,
person-years; IR, incidence rate.

Generally, IR increased with raising age. Just in women IR declined in the highest age category
(≥95 years). At the age of 65–69 years women’s risk to gain a hip fracture was 1.42 higher compared to
men but the difference decreased with rising age and disappeared in those aged 90 years and older
(Table 1).

Low levels of care at nursing home admission were associated with a higher risk of hip fracture,
both in women and men. While IR in level of care ‘0/I’ and ‘II’ were almost similar, IR in level of care
‘III’ decreased strongly. Furthermore, women had a higher risk of hip fracture in all categories of level
of care compared to men and the IRR remained nearly unchanged (1.22 to 1.27) (Table 1).

The IR was highest in the first month after nursing home admission (94.2/1000 PY) and was
almost twice the overall IR, both for women and men compared to the whole observation period
(50.6/1000 PY). After a five months period of staying in a nursing home the IR reached a plateau
that remained nearly unchanged at the level of the overall IR (Figure 1 and Table A1). Overall, 23.5%
of female’s, 26.7% of male’s and 24.1% of all hip fractures took place in the first three months after
admission. After nine months 50.2% of all 8537 observed hip fractures had happened.
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Figure 1. Incidence rates of hip fractures stratified by the period after nursing home admission with
95% CI, by sex.
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3.3. Mortality after Hip Fracture Compared to Controls

For two residents with hip fracture no suitable control could be found. Thus, 8535 case-control
pairs remained for analyses. 82.0% of cases were women and mean age was 85.3 years. Because of
matching, sex, age and level of care were equally distributed in cases and controls.

As shown in Figure 2, persons with a hip fracture had a significantly lower probability of survival
than residents without (p < 0.0001). There were also considerable differences in the median survival
time between cases and controls (1.7 to 2.4 years) (Q1: 0.3 vs. 0.9 years and Q3: 4.0 vs. 4.6 years).
For cases, one year after the fracture mortality was 39.9%, which was 1.53-fold increased compared to
controls with 26.1% (Table 2) (after 4 years: 74.6% vs. 67.4%). The difference between the groups was
particularly noticeable in the first six months after hip fracture and was found in both sexes.
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Table 2. Mortality in the hip fracture group (n = 8535) and in controls * (n = 8535) with 95% CI in
different periods after index-date.

Women Men Total

Cases Controls Cases Controls Cases Controls

Mortality in % (95% CI)

0.5 year 27.6 14.3 44.3 21.3 30.6 15.6
(26.6–28.7) (13.5–15.2) (41.7–46.8) (19.9–23.6) (29.6–31.7) (14.8–16.4)

1 year 36.7 24.1 54.3 35.4 39.9 26.1
(35.5–38.0) (23.0–25.2) (51.7–57.0) (32.9–38.1) (38.8–41.1) (25.1–27.1)

2 years 51.2 40.6 67.4 57.1 54.1 43.5
(49.8–52.6) (39.2–42.0) (64.6–70.2) (54.0–60.3) (52.8–55.4) (42.2–44.8)

3 years 63.1 54.4 78.1 70.8 65.8 57.2
(61.5–64.8) (52.6–56.1) (74.9–81.2) (67.2–74.4) (64.3–67.3) (55.6–58.8)

4 years 71.7 65.1 88.2 78.3 74.6 67.4
(69.6–73.9) (62.7–67.7) (83.7–91.9) (73.8–82.6) (72.7–76.5) (65.3–69.6)

* Matched for sex, age, level of care and time under risk.
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Mortality seemed to be different at different time periods after the injury. The proportional hazard
assumption was violated: there was a significant time dependency of hip fracture (p < 0.0001) and
this was also found in both sexes. The relative mortality risk after hip fracture, adjusted for sex, age
and level of care is shown in Table 3. In the first two months after index-date mortality was increased
about nearly three times (HR: 2.82; 95% CI 2.57–3.11). HRs declined afterwards and after six months
there was no difference in mortality between cases and controls anymore (HR: 1.10; 95% CI 0.98–1.22).
In addition, sex, age and level of care were also associated with mortality. There was no notable
difference between women and men.

Table 3. Multivariable adjusted mortality risk in the hip fracture group (n = 8535) and in controls
* (n = 8535) with 95% CI.

Women (HR (95% CI)) Men (HR (95% CI)) Combined (HR (95% CI))

Cases vs. Controls

x 1–2 months 2.65 (2.37–2.99) 3.34 (2.78–4.01) 2.82 (2.57–3.11)
x 3–4 months 1.92 (1.65–2.23) 2.07 (1.58–2.72) 1.96 (1.72–2.23)
x 5–6 months 1.48 (1.24–1.76) 1.35 (0.96–1.92) 1.46 (1.25–1.70)

x 7–12 months 1.11 (0.98–1.26) 1.05 (0.83–1.33) 1.10 (0.98–1.22)
x >12 months 1.05 (0.96–1.14) 0.94 (0.78–1.13) 1.03 (0.95–1.11)

Sex (men vs. women) - - 1.72 (1.62–1.81)

Age

65–74 years 1 1 1
75–84 years 1.34 (1.17–1.53) 1.50 (1.24–1.82) 1.40 (1.25–1.56)
85–94 years 1.89 (1.66–2.15) 2.06 (1.71–2.47) 1.95 (1.76–2.17)
≥95 years 2.70 (2.30–3.16) 3.08 (2.36–4.04) 2.82 (2.47–3.23)

Level of care

0/I 1 1 1
II 1.23 (1.17–1.30) 1.22 (1.11–1.35) 1.12 (1.17–1.29)
III 1.74 (1.50–2.03) 1.31 (1.02–1.69) 1.60 (1.40–1.82)

* Matched for sex, age, level of care and time under risk.

4. Discussion

The findings of this study provide important information on hip fracture epidemiology of
nursing home residents and confirm previous studies with high IR for this population [4,8,9,15,23–27].
Compared to Icks et al. [13] estimation of hip fractures in Germany’s total population the overall IR of
people ≥65 in the present study was increased 7.6 times. Although Icks et al. estimated cumulative
incidences and included only proximal femur fractures (ICD-10 S72.0 to ICD-10 S72.2), the large
difference in IR cannot be solely explained by this. Defining hip fractures the same way in the
present study, 8.1% of hip fractures would have been excluded. In addition, a higher mean age of the
nursing home population is likely and has to be considered. However, fracture rates of the nursing
home population are included in the fracture rates of the German total population. Thus, the real
difference is likely to be higher. Higher IR compared to other studies of nursing home populations like
e.g., Rapp et al. [7] could be explained by including only newly admitted residents in our study.

We observed a higher risk for female nursing home residents compared to males confirming
numerous previous studies [7,8,27–29]. The IRR between women and men decreased with rising age
consistent to previous studies [7,8]. Previous analyses showing no differences between sexes or even
higher rates for men could be confounded by the functional status of an individual. A high degree
of mobility is associated with falls and hip fractures compared to bedridden patients. For example,
in Berry’s et al. [9] study population, men showed a better functional status than women (in contrary
to the present study). Assuming that hip fracture rates increase with rising functional status, men in
the study by Berry et al. and women in the present study had a higher risk. This could explain to some
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extent the differences between the two studies. Furthermore, women’s average age was two years
higher which further increased the risk of hip fracture.

However, risk of hip fracture in residents with level of care ‘I’ and ‘II’ was almost similar, both in
women and men confirming findings of Rapp et al. [15]. A clearly lower risk in persons with level
‘III’ was noticeable, too [8,9,14,15]. Residents categorized at level of care ‘I’ at admission had a nearly
two times higher IR than residents at level ‘III’. However, a nearly linear association between risk of
hip fracture and level of care, like observed by Rapp et al. [8], could not be confirmed. Differences
in IR in all levels of care are pronounced in all age categories and in both sexes (data not shown).
These findings might indicate that a high proportion of residents with level of care ‘III’ seem to be
bedridden and thus have a low risk of fracturing a hip compared to residents with level of care ’I’ or
‘II’, who are mobile.

We also observed increasing IR with rising age which confirmed previous studies [10–13],
regardless of sex. Just in the highest age category ≥95 years a slight decrease was observed in
women. This effect was also found by Rapp et al. [7]. Furthermore, a stronger increase in rates at the
age of 70 to 74 years in women and from 75 to 79 years in men was found.

Just a few studies have analyzed the time period between nursing home admission and the
occurrence of hip fractures. In Germany, two studies have shown that IR in the first months after
admission to a nursing home are highest [8,15]. We confirmed these results in the present study.
Overall, IR in the first month after admission was 94.2/1000 PY and subsequently declined afterwards
until it reached the level of the overall IR after five months. Compared to men, IR of women in
the first month after admission is higher but after ten months IRs of women and men were almost
similar. Nevertheless, about 25% of all hip fractures took place in the first three months after admission
and about 50% after nine months. These facts could be explained by the challenge of residents’ new
living environment after admission. Only when residents get used for example to their new room,
the way to the bathroom or other new aspects of their living environment their risk in falling reduces.
This adaptation to the new living conditions is harder with certain comorbidities like dementia, which is
highly prevalent in residents of nursing homes [30,31]. However, another possible explanation seems
to be the generally poorer residents’ condition of health at the time of admission. The majority of these
people was released previously from hospital or may have functionally deteriorated at home so that
an outpatient nursing service was no longer sufficient. Thus, high IR in the first few months after
admission seem as plausible as the decline in IR with continuing stay in a nursing home. It is to be
assumed that a person has a lower risk if he or she has spent a certain time in a nursing home without
a hip fracture.

We observed significant differences in mortality between residents with hip fracture and residents
without, both for women and men. To assess the time dependency of these differences we analyzed
the interaction of hip fracture with discrete time intervals after index-date. Two months after hip
fracture mortality of cases was almost three times higher than of their matched controls. Mortality
in cases subsequently declined and after six months there was no difference in mortality between
persons with and without hip fracture anymore. A similar pattern in a nursing home population was
observed by Rapp et al. [8] where mortality in women was increased in the first three months after
index-date (men: in the first six months). However, although most other studies reported a stronger
effect of the hip fracture on mortality in the first six months this effect persisted for several years
thereafter [17,18,32–36] We also showed a higher mortality for men than for women. Expectedly, risk of
dying increased with rising age and increasing level of care.

In the present study all inpatient hip fractures (main hospital discharge diagnosis) of a large
German health insurance company were recorded. Thus, a major strength is the large number of
participants making it possible to calculate stratified analyses precisely. Furthermore, the exact time
periods for being under risk of hip fracture could be calculated.

Some limitations have to be considered mainly relying on the data used. Several factors may
contribute to the increase in mortality after hip fracture including postoperative events associated with
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hip surgery like cardiovascular or pulmonary complications or infections [37–39]. We do not know if
and to which extent the higher mortality rates are driven by these complications. In addition, clinical
measures like functional and cognitive status were not available due to the nature of the data.

We had no information if a person had a hip fracture before the admission to a nursing home.
Thus, it could be possible that the first hip fracture in nursing home was a readmission of an incident
fracture before the admission to nursing home. And because individuals who had already a hip fracture
have a higher risk of gaining another hip fracture [40] the IR could be overestimated. But including
only the first fracture of a resident in a nursing home and also only main hospital discharge diagnosis
could have led to an underestimation of the IR.

The representativeness of the data also needs to be discussed, since the statutory health insurance
covers only about 90% of the German population. Ten percent of the population is insured with
private health insurance and could not be included in the analysis. Furthermore, it cannot be estimated
whether and to what extent the nursing home cohort of the insured population of the DAK-Gesundheit
deviates from the general German nursing home population. The higher IR of the present study could
indicate structural differences of the DAK-Gesundheit compared to other statutory health insurance
funds and thus lead to an overestimation of the risk [41].

5. Conclusions

The study found that risk of hip fractures in nursing home residents is high. IR increased with
rising age and decreased with increasing level of care. IR in women were higher than in men but the
IRR decreased with rising age. IR were highest in the first months after nursing home admission and
subsequently declined afterwards. Mortality in residents with hip fracture was significantly higher
compared to residents without hip fracture.

The findings of this study can help to gain a better understanding of the patterns of hip fracture
development in nursing homes and thus to develop appropriate preventive approaches. Awareness
should be raised immediately after admission to the nursing home because fracture rates are highest
in the first months.

Further research should examine comorbidities and patterns that are involved in experiencing a
hip fracture, especially in the setting nursing home. Furthermore, future research on the epidemiology
of hip fractures in nursing home residents with hip fracture should always include analyses stratified
by sex, age and time period between nursing home admission and the occurrence of hip fracture.
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Appendix A

Table A1. Time after admission stratified hip fracture rates * in newly admitted nursing homes residents
between 2010 and 2014, by sex.

Women Men Total

N† PY IR (95% CI) N† PY IR (95% CI) N† PY IR (95% CI)

Months after admission

1 732 7345 99.7 (92.6–107.1) 190 2439 77.9 (67.2–89.8) 922 9784 94.2 (88.2–100.5)
2 509 6652 76.5 (70.0–83.5) 123 2137 57.6 (47.8–68.7) 632 8789 71.9 (66.4–77.7)
3 403 6194 65.1 (58.9–71.7) 98 1947 50.3 (40.9–61.3) 501 8140 61.5 (56.3–67.2)
4 398 5842 68.1 (61.6–75.2) 82 1803 45.5 (36.2–56.5) 480 7645 62.8 (57.3–68.7)
5 348 5546 62.7 (56.3–69.7) 66 1681 39.3 (30.4–50.0) 414 7227 57.3 (51.9–63.1)
6 301 5286 56.9 (50.7–63.8) 63 1578 39.9 (30.7–51.1) 364 6864 53.0 (47.7–58.8)
7 291 5059 57.5 (51.1–64.5) 65 1488 43.7 (33.7–55.7) 356 6546 54.4 (48.9–60.3)
8 248 4837 51.3 (45.1–58.1) 55 1406 39.1 (29.5–50.9) 303 6244 48.5 (43.2–54.3)
9 254 4632 54.8 (48.3–62.0) 59 1331 44.3 (33.8–57.2) 313 5963 52.5 (46.8–58.6)

10 196 4433 44.2 (38.2–50.9) 52 1260 41.3 (30.8–54.1) 248 5693 43.6 (38.3–49.3)
11 178 4245 41.9 (36.0–48.6) 40 1195 33.5 (23.9–45.6) 218 5440 40.1 (34.9–45.8)
12 185 4054 45.6 (39.3–52.7) 55 1134 48.5 (36.5–63.1) 240 5189 46.3 (40.6–52.5)

* First hip fracture after nursing home admission. † Number of hip fractures. per 1000 person-years.
PY, person-years.

References

1. Bevölkerung Deutschlands Bis 2060-13. Koordinierte Bevölkerungsvorausberechnung.
Available online: https://www.destatis.de/DE/Publikationen/Thematisch/Bevoelkerung/
VorausberechnungBevoelkerung/BevoelkerungDeutschland2060Presse5124204159004.pdf?__blob=
publicationFile (accessed on 6 December 2017).

2. Gesundheit älterer Menschen. Available online: https://www.bzga.de/themenschwerpunkte/
gesundheitaelterermenschen/ (accessed on 6 December 2017).

3. WHO. Burden of major musculoscletal conditions. Bull. World Health Organ. 2003, 81, 646–656.
4. Sugarman, J.R.; Connell, F.A.; Hansen, A.; Helgerson, S.D.; Jessup, M.C.; Lee, H. Hip fracture incidence

in nursing home residents and community-dwelling older people, Washington State, 1993–1995. J. Am.
Geriatr. Soc. 2002, 50, 1638–1643. [CrossRef] [PubMed]

5. Ooms, M.E.; Vlasman, P.; Lips, P.; Nauta, J.; Bouter, L.M.; Valkenburg, H.A. The incidence of hip fractures in
independent and institutionalized elderly people. Osteoporos. Int. 1994, 4, 6–10. [CrossRef] [PubMed]

6. Finsterwald, M.; Sidelnikov, E.; Orav, E.J.; Dawson-Hughes, B.; Theiler, R.; Egli, A.; Platz, A.; Simmen, H.P.;
Meier, C.; Grob, D.; et al. Gender-specific hip fracture risk in community-dwelling and institutionalized
seniors age 65 years and older. Osteoporos. Int. 2014, 25, 167–176. [CrossRef] [PubMed]

7. Rapp, K.; Becker, C.; Cameron, I.D.; Klenk, J.; Kleiner, A.; Bleibler, F.; Konig, H.H.; Buchele, G. Femoral
fracture rates in people with and without disability. Age Ageing 2012, 41, 653–658. [CrossRef] [PubMed]

8. Rapp, K.; Becker, C.; Lamb, S.E.; Icks, A.; Klenk, J. Hip fractures in institutionalized elderly people: Incidence
rates and excess mortality. J. Bone Miner. Res. 2008, 23, 1825–1831. [CrossRef] [PubMed]

9. Berry, S.D.; Lee, Y.; Zullo, A.R.; Kiel, D.P.; Dosa, D.; Mor, V. Incidence of hip fracture in U.S. nursing homes.
J. Gerontol. A Biol. Sci. Med. Sci. 2016, 71, 1230–1234. [CrossRef] [PubMed]

10. Hoffmann, F.; Glaeske, G. Incidence of hip fracture in Germany–person-related analysis of health insurance
population. Gesundheitswesen 2006, 68, 161–164. [CrossRef] [PubMed]

11. Mann, E.; Meyer, G.; Haastert, B.; Icks, A. Comparison of hip fracture incidence and trends between Germany
and Austria 1995–2004: An epidemiological study. BMC Public Health 2010, 10, 46. [CrossRef] [PubMed]

12. Icks, A.; Arend, W.; Becker, C.; Rapp, K.; Jungbluth, P.; Haastert, B. Incidence of hip fractures in Germany,
1995–2010. Arch. Osteoporos. 2013, 8, 140. [CrossRef] [PubMed]

https://www.destatis.de/DE/Publikationen/Thematisch/Bevoelkerung/VorausberechnungBevoelkerung/BevoelkerungDeutschland2060Presse5124204159004.pdf?__blob=publicationFile
https://www.destatis.de/DE/Publikationen/Thematisch/Bevoelkerung/VorausberechnungBevoelkerung/BevoelkerungDeutschland2060Presse5124204159004.pdf?__blob=publicationFile
https://www.destatis.de/DE/Publikationen/Thematisch/Bevoelkerung/VorausberechnungBevoelkerung/BevoelkerungDeutschland2060Presse5124204159004.pdf?__blob=publicationFile
https://www.bzga.de/themenschwerpunkte/gesundheitaelterermenschen/
https://www.bzga.de/themenschwerpunkte/gesundheitaelterermenschen/
http://dx.doi.org/10.1046/j.1532-5415.2002.50454.x
http://www.ncbi.nlm.nih.gov/pubmed/12366616
http://dx.doi.org/10.1007/BF02352254
http://www.ncbi.nlm.nih.gov/pubmed/8148574
http://dx.doi.org/10.1007/s00198-013-2513-4
http://www.ncbi.nlm.nih.gov/pubmed/24136101
http://dx.doi.org/10.1093/ageing/afs044
http://www.ncbi.nlm.nih.gov/pubmed/22431152
http://dx.doi.org/10.1359/jbmr.080702
http://www.ncbi.nlm.nih.gov/pubmed/18665785
http://dx.doi.org/10.1093/gerona/glw034
http://www.ncbi.nlm.nih.gov/pubmed/26980299
http://dx.doi.org/10.1055/s-2006-926637
http://www.ncbi.nlm.nih.gov/pubmed/16575695
http://dx.doi.org/10.1186/1471-2458-10-46
http://www.ncbi.nlm.nih.gov/pubmed/20113471
http://dx.doi.org/10.1007/s11657-013-0140-5
http://www.ncbi.nlm.nih.gov/pubmed/23674147


Int. J. Environ. Res. Public Health 2018, 15, 289 10 of 11

13. Icks, A.; Haastert, B.; Wildner, M.; Becker, C.; Meyer, G. Hip fracture incidence in Germany: Analysis of
the National Hospital Discharge Registry 2004. Dtsch. Med. Wochenschr. 2008, 133, 125–128. [CrossRef]
[PubMed]

14. Walter, L.C.; Lui, L.Y.; Eng, C.; Covinsky, K.E. Risk of hip fracture in disabled community-living older adults.
J. Am. Geriatr. Soc. 2003, 51, 50–55. [CrossRef] [PubMed]

15. Rapp, K.; Lamb, S.E.; Klenk, J.; Kleiner, A.; Heinrich, S.; Konig, H.H.; Nikolaus, T.; Becker, C. Fractures
after nursing home admission: Incidence and potential consequences. Osteoporos. Int. 2009, 20, 1775–1783.
[CrossRef] [PubMed]

16. Berry, S.D.; Samelson, E.J.; Bordes, M.; Broe, K.; Kiel, D.P. Survival of aged nursing home residents with hip
fracture. J. Gerontol. A Biol. Sci. Med. Sci. 2009, 64, 771–777. [CrossRef] [PubMed]

17. Neuman, M.D.; Silber, J.H.; Magaziner, J.S.; Passarella, M.A.; Mehta, S.; Werner, R.M. Survival and functional
outcomes after hip fracture among nursing home residents. JAMA Intern. Med. 2014, 174, 1273–1280.
[CrossRef] [PubMed]

18. Center, J.R.; Nguyen, T.V.; Schneider, D.; Sambrook, P.N.; Eisman, J.A. Mortality after all major types of
osteoporotic fracture in men and women: An observational study. Lancet 1999, 353, 878–882. [CrossRef]

19. Daten zum Gesundheitswesen: Versicherte 2017. Available online: https://www.vdek.com/presse/daten/
b_versicherte.html (accessed on 10 November 2017).

20. Daly, L. Simple SAS macros for the calculation of exact binomial and Poisson confidence limits.
Comput. Biol. Med. 1992, 22, 351–361. [CrossRef]

21. Daly, L.E. Confidence limits made easy: Interval estimation using a substitution method. Am. J. Epidemiol.
1998, 147, 783–790. [CrossRef] [PubMed]

22. Kleinbaum, D.G.; Klein, M. Survival Analyses: A Self-Learning Text, 2nd ed.; Springer: New York, NY,
USA, 2005.

23. Norton, R.; Campbell, A.J.; Reid, I.R.; Butler, M.; Currie, R.; Robinson, E.; Gray, H. Residential status and risk
of hip fracture. Age Ageing 1999, 28, 135–139. [CrossRef] [PubMed]

24. Brennan nee Saunders, J.; Johansen, A.; Butler, J.; Stone, M.; Richmond, P.; Jones, S.; Lyons, R.A. Place of
residence and risk of fracture in older people: A population-based study of over 65-year-olds in Cardiff.
Osteoporos. Int. 2003, 14, 515–519. [CrossRef] [PubMed]

25. Rudman, I.W.; Rudman, D. High rate of fractures for men in nursing homes. Am. J. Phys. Med. Rehabil. 1989,
68, 2–5. [CrossRef] [PubMed]

26. Chandler, J.M.; Zimmerman, S.I.; Girman, C.J.; Martin, A.R.; Hawkes, W.; Hebel, J.R.; Sloane, P.D.; Holder, L.;
Magaziner, J. Low bone mineral density and risk of fracture in white female nursing home residents. JAMA
2000, 284, 972–977. [CrossRef] [PubMed]

27. Chen, J.S.; Sambrook, P.N.; Simpson, J.M.; Cameron, I.D.; Cumming, R.G.; Seibel, M.J.; Lord, S.R.; March, L.M.
Risk factors for hip fracture among institutionalised older people. Age Ageing 2009, 38, 429–434. [CrossRef]
[PubMed]

28. Brauer, C.A.; Coca-Perraillon, M.; Cutler, D.M.; Rosen, A.B. Incidence and mortality of hip fractures in the
United States. JAMA 2009, 302, 1573–1579. [CrossRef] [PubMed]

29. Nakamura, K.; Oyama, M.; Takahashi, S.; Yoshizawa, Y.; Kobayashi, R.; Oshiki, R.; Saito, T.; Tsuchiya, Y.
Fracture incidence in nursing homes in Japan. Osteoporos. Int. 2010, 21, 797–803. [CrossRef] [PubMed]

30. Hoffmann, F.; Boeschen, D.; Dorks, M.; Herget-Rosenthal, S.; Petersen, J.; Schmiemann, G. Renal insufficiency
and medication in nursing home residents. A cross-sectional study (IMREN). Dtsch. Arztebl. Int. 2016, 113,
92–98. [CrossRef] [PubMed]

31. Hoffmann, F.; Kaduszkiewicz, H.; Glaeske, G.; van den Bussche, H.; Koller, D. Prevalence of dementia in
nursing home and community-dwelling older adults in Germany. Aging Clin. Exp. Res. 2014, 26, 555–559.
[CrossRef] [PubMed]

32. Harris, I.A.; Yong, S.; McEvoy, L.; Thorn, L. A prospective study of the effect of nursing home residency on
mortality following hip fracture. ANZ J. Surg. 2010, 80, 447–450. [CrossRef] [PubMed]

33. Leibson, C.L.; Tosteson, A.N.; Gabriel, S.E.; Ransom, J.E.; Melton, L.J. Mortality, disability, and nursing home
use for persons with and without hip fracture: A population-based study. J. Am. Geriatr. Soc. 2002, 50,
1644–1650. [CrossRef] [PubMed]

http://dx.doi.org/10.1055/s-2008-1017485
http://www.ncbi.nlm.nih.gov/pubmed/18197586
http://dx.doi.org/10.1034/j.1601-5215.2002.51009.x
http://www.ncbi.nlm.nih.gov/pubmed/12534845
http://dx.doi.org/10.1007/s00198-009-0852-y
http://www.ncbi.nlm.nih.gov/pubmed/19238306
http://dx.doi.org/10.1093/gerona/glp019
http://www.ncbi.nlm.nih.gov/pubmed/19414511
http://dx.doi.org/10.1001/jamainternmed.2014.2362
http://www.ncbi.nlm.nih.gov/pubmed/25055155
http://dx.doi.org/10.1016/S0140-6736(98)09075-8
https://www.vdek.com/presse/daten/b_versicherte.html
https://www.vdek.com/presse/daten/b_versicherte.html
http://dx.doi.org/10.1016/0010-4825(92)90023-G
http://dx.doi.org/10.1093/oxfordjournals.aje.a009523
http://www.ncbi.nlm.nih.gov/pubmed/9554420
http://dx.doi.org/10.1093/ageing/28.2.135
http://www.ncbi.nlm.nih.gov/pubmed/10350409
http://dx.doi.org/10.1007/s00198-003-1404-5
http://www.ncbi.nlm.nih.gov/pubmed/12730755
http://dx.doi.org/10.1097/00002060-198902000-00002
http://www.ncbi.nlm.nih.gov/pubmed/2783850
http://dx.doi.org/10.1001/jama.284.8.972
http://www.ncbi.nlm.nih.gov/pubmed/10944642
http://dx.doi.org/10.1093/ageing/afp051
http://www.ncbi.nlm.nih.gov/pubmed/19406974
http://dx.doi.org/10.1001/jama.2009.1462
http://www.ncbi.nlm.nih.gov/pubmed/19826027
http://dx.doi.org/10.1007/s00198-009-1015-x
http://www.ncbi.nlm.nih.gov/pubmed/19618096
http://dx.doi.org/10.3238/arztebl.2016.0092
http://www.ncbi.nlm.nih.gov/pubmed/26931625
http://dx.doi.org/10.1007/s40520-014-0210-6
http://www.ncbi.nlm.nih.gov/pubmed/24647931
http://dx.doi.org/10.1111/j.1445-2197.2010.05313.x
http://www.ncbi.nlm.nih.gov/pubmed/20618199
http://dx.doi.org/10.1046/j.1532-5415.2002.50455.x
http://www.ncbi.nlm.nih.gov/pubmed/12366617


Int. J. Environ. Res. Public Health 2018, 15, 289 11 of 11

34. Roche, J.J.; Wenn, R.T.; Sahota, O.; Moran, C.G. Effect of comorbidities and postoperative complications on
mortality after hip fracture in elderly people: Prospective observational cohort study. BMJ 2005, 331, 1374.
[CrossRef] [PubMed]

35. Forsen, L.; Sogaard, A.J.; Meyer, H.E.; Edna, T.; Kopjar, B. Survival after hip fracture: Short- and long-term
excess mortality according to age and gender. Osteoporos. Int. 1999, 10, 73–78. [CrossRef] [PubMed]

36. Empana, J.P.; Dargent-Molina, J.; Breart, G. Effect of hip fracture on mortality in elderly women: The EPIDOS
prospective study. J. Am. Geriatr. Soc. 2004, 52, 685–690. [CrossRef] [PubMed]

37. Wehren, L.E.; Hawkes, W.G.; Orwig, D.L.; Hebel, J.R.; Zimmerman, S.I.; Magaziner, J. Gender differences
in mortality after hip fracture: The role of infection. J. Bone Miner. Res. 2003, 18, 2231–2237. [CrossRef]
[PubMed]

38. Farahmand, B.Y.; Michaelsson, K.; Ahlbom, A.; Ljunghall, S.; Baron, J.A.; Swedish Hip Fracture Study, G.
Survival after hip fracture. Osteoporos. Int. 2005, 16, 1583–1590. [CrossRef] [PubMed]

39. Handoll, H.H.; Farrar, M.J.; McBirnie, J.; Tytherleigh-Strong, G.; Milne, A.A.; Gillespie, W.J. Heparin,
low molecular weight heparin and physical methods for preventing deep vein thrombosis and pulmonary
embolism following surgery for hip fractures. Cochrane Database Syst. Rev. 2002, CD000305. [CrossRef]
[PubMed]

40. Lonnroos, E.; Kautiainen, H.; Karppi, P.; Hartikainen, S.; Kiviranta, I.; Sulkava, R. Incidence of second hip
fractures. A population-based study. Osteoporos. Int. 2007, 18, 1279–1285. [CrossRef] [PubMed]

41. Hoffmann, F.; Icks, A. Structural differences between health insurance funds and their impact on health
services research: Results from the Bertelsmann health-care monitor. Gesundheitswesen 2012, 74, 291–297.
[CrossRef] [PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1136/bmj.38643.663843.55
http://www.ncbi.nlm.nih.gov/pubmed/16299013
http://dx.doi.org/10.1007/s001980050197
http://www.ncbi.nlm.nih.gov/pubmed/10501783
http://dx.doi.org/10.1111/j.1532-5415.2004.52203.x
http://www.ncbi.nlm.nih.gov/pubmed/15086646
http://dx.doi.org/10.1359/jbmr.2003.18.12.2231
http://www.ncbi.nlm.nih.gov/pubmed/14672359
http://dx.doi.org/10.1007/s00198-005-2024-z
http://www.ncbi.nlm.nih.gov/pubmed/16217590
http://dx.doi.org/10.1002/14651858.CD000305
http://www.ncbi.nlm.nih.gov/pubmed/12519540
http://dx.doi.org/10.1007/s00198-007-0375-3
http://www.ncbi.nlm.nih.gov/pubmed/17440675
http://dx.doi.org/10.1055/s-0031-1275711
http://www.ncbi.nlm.nih.gov/pubmed/21755492
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Data Source and Study Population 
	Hip Fractures 
	Selection of Controls 
	Statistical Analyses 

	Results 
	Baseline Characteristics 
	Incidence of Hip Fracture 
	Mortality after Hip Fracture Compared to Controls 

	Discussion 
	Conclusions 
	
	References

