
JR
M

JR
M

Jo
ur

na
l o

f 
R

eh
ab

ili
ta

ti
on

 M
ed

ic
in

e
JR

M
Jo

ur
na

l o
f 
R

eh
ab

ili
ta

ti
on

 M
ed

ic
in

e

ORIGINAL REPORT
J Rehabil Med 2020; 52: jrm00024

doi: 10.2340/16501977-2630Journal Compilation © 2020 Foundation of Rehabilitation Information. ISSN 1650-1977
This is an open access article under the CC BY-NC license. www.medicaljournals.se/jrm

ACUTE CARE MODELS FOR HIP FRACTURE TREATMENT VS POST-ACUTE 
REHABILITATION SERVICES IN OLDER ADULTS AFTER HIP FRACTURE: A 
COMPARATIVE CLAIMS DATA ANALYSIS FROM GERMANY

Clemens BECKER, MD1, Kilian RAPP, MD, MPH1, Dietrich ROTHENBACHER, MD, MPH2,3, Claudia SCHULZ, MSc4, Hans-
Helmut KÖNIG, MD, MPH4 and Gisela BÜCHELE, PhD, MPH2

From the 1Department of Clinical Gerontology, Robert-Bosch-Hospital, Stuttgart, 2Institute of Epidemiology and Medical Biometry, Ulm 
University, 3Center for Trauma Research, Ulm University, Ulm and 4Department of Health Economics and Health Services Research, 
University Medical Center Hamburg-Eppendorf, Hamburg, Germany

LAY ABSTRACT
In Germany, acute geriatric care and sub-acute geriatric 
rehabilitation are delivered to older patients after hip 
fracture. The aim of this study was to determine whether 
one of the two systems is superior regarding the outco-
mes “increase in care dependency”, “nursing home ad-
mission”, “rehospitalization” and “mortality”. Therefore, 
these outcomes were compared in hip fracture patients 
treated in 3 different federal states (Hesse, Bavaria and 
Baden-Wuerttemberg), which nearly exclusively offered 
one of the two geriatric care systems. Compared with 
Hesse (acute geriatric care), the risks of an “increase in 
care dependency” and of rehospitalization were lower in 
Bavaria and Baden-Wurttemberg (states with sub-acute 
geriatric rehabilitation) then in Hesse. A reduction in the 
risk of nursing home admission was observed in Baden-
Wuerttemberg, but not in Bavaria. There was no diffe-
rence in mortality between the 3 states. In conclusion 
some, but not all, outcomes were more favourable in 
the federal states with sub-acute geriatric rehabilitation 
than in the federal state with acute geriatric care.

Objective: Acute geriatric care (geriatric early rehabi-
litative treatment) and sub-acute (inpatient) geriat-
ric rehabilitation are delivered to geriatric patients in 
Germany after hip fracture. The aim of this study was 
to compare patients’ outcomes after hip fracture bet-
ween 3 German federal states (Hesse, Bavaria, and 
Baden-Wuerttemberg) that nearly exclusively offe-
red one of the two geriatric care systems.
Design: Retrospective cohort study with patient-re-
lated health insurance claims data.
Patients: Analyses were performed with data from 
2009–2012 of over 30,000 patients aged ≥80 years 
with incident hip fracture.
Methods: Primary outcomes: “increase in care de-
pendency”, “nursing home admission”; secondary 
outcomes: “rehospitalization”, “mortality”. Multiva-
riate regression models were applied.
Results: Compared with Hesse, the state with acute 
geriatric care, the risks of an “increase in care depen-
dency” were lower in Bavaria (adjusted ratio = 0.84; 
95% confidence interval (95% CI) 0.81–0.87) and 
Baden-Wurttemberg (0.88; 0.85–0.92), the 2 fede-
ral states with sub-acute geriatric rehabilitation. 
A reduction in the risk of nursing home admission 
was observed in Baden-Wuerttemberg (0.77; 95% 
CI 0.69–0.87), but not in Bavaria. Rehospitalization 
rates were lower in Bavaria and Baden-Wuerttem-
berg compared with Hesse. There was no difference 
in mortality.
Conclusion: Some, but not all, outcomes were more 
favourable in the federal states with sub-acute ge-
riatric rehabilitation than in the federal state with 
acute geriatric care.

Key words: hip fracture; health services for the aged; dis-
ability; care dependency; nursing home; mortality; rehabili-
tation; hospitalization.
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Delivery of acute and sub-acute hip fracture care va-
ries widely across Europe and worldwide. While 

standardization of surgical treatment after hip fracture 

has been increasingly achieved, most countries do not 
offer services that include orthogeriatric teams and 
rapid mobilization, even though advantages in terms of 
function and mortality have been demonstrated (1–4). 

In Germany, the 16 federal states still have a major in-
fluence on how hospital care is delivered. Two-thirds of 
the federal states (the so-called “rehabilitation states”) 
offer widespread access to sub-acute inpatient geriatric 
rehabilitation for hip fracture patients, usually for a 
3-week period in a separate rehabilitation facility (5). 
Until 2010, one-third of the states (the so-called “acute 
states”) did not often develop subacute services, due 
to an excessive number of acute hospital beds in these 
states. Instead, they offered a prolonged stay after hip 
fracture (and other conditions) in the acute wards. Usu-
ally the length of stay is 2–3 weeks, but it can be 4 weeks 
or more. The teams in both cases include physicians, 
nursing staff, physiotherapy, occupational therapy, and 
other healthcare professionals if needed. The number of 
therapy sessions provided in the rehabilitation clinics 
is higher, with 3–4 sessions per day compared with 2 
sessions per day in the acute care settings.

http://crossmark.crossref.org/dialog/?doi=10.2340/16501977-2630&domain=pdf
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This historical situation and practice was unchallen-
ged until the years 2012–13, but is now increasingly un-
der scrutiny. Since then there have been 2 developments. 
The “rehabilitation states” have proactively developed 
better acute orthogeriatric services, but have maintained 
the sub-acute geriatric rehabilitation services. The “acute 
states” were being forced by the healthcare insurers and 
the federal ministry of health and state governments to 
develop sub-acute geriatric rehabilitation services. 

This was the starting point of the current healthcare 
service research project. The aim was to analyse the 
historical situation prior to the merging of the models, 
looking at the time period before 2012–2013. It was 
hypothesized that service models offering large-scale 
sub-acute geriatric rehabilitation after acute orthopa-
edic hip fracture treatment would be more beneficial to 
the patient. This study thereby also acknowledged the 
patient-reported outcome perspective that prioritizes 
in-home mobility and return home for home dwellers. 

However, as the qualification criteria for geriatric 
rehabilitation have been different between the systems, 
direct comparison of the patient outcomes of the 2 systems 
may be strongly biased. To overcome this methodologi-
cal problem, all hip fracture patients aged 80 years and 
older were included independently in the analyses if they 
had received any type of orthogeriatric care or geriatric 
rehabilitation treatment, and the outcomes were compa-
red between those treated in “rehabilitation states” with 
those treated in “acute states”. The age restriction was 

determined a priori, since these patients are regarded as 
“geriatric” without necessarily having further comorbidi-
ties (6). As the first step in this analysis, 3 neighbouring 
federal states (Bundesländer) were pre-selected. These 
federal states have similar demographic and economic 
characteristics, such as employment rates, life expectancy, 
and gross income (7, 8). One state (Hesse) had politically 
decided to offer geriatric care almost exclusively in acute 
care. The other 2 states (Baden-Wuerttemberg and Ba-
varia) decided in the early 1990s to develop a geriatric 
care model almost purely in sub-acute settings (geriatric 
rehabilitation). The aim of this study was to use this “na-
tural historical experiment” to perform a retrospective 
cohort study based on health insurance data from 3 federal 
states in Germany, in order to compare the effect of the 
2 geriatric rehabilitation systems on different outcomes 
(increase in care dependency, nursing home admission, 
mortality, and rehospitalization) in patients with hip 
fracture aged 80 years or older.

METHODS

Study design, data source and study participants 

The basic dataset for this retrospective cohort study included all 
insured persons of the AOK (Allgemeine Ortskrankenkasse), 
which is the largest statutory health insurance fund in Germany, 
covering nearly one-third of the German population. The selec-
tion criterion was a hospital diagnosis of hip fracture between 
1 January 2009 and 31 December 2012 (Fig. 1). Patient-related 
health insurance claims data, based on quarterly billing periods, 

Fig. 1. Study population for analyses. AOK: Allgemeine Ortskrankenkasse, a health insurance company in Germany; n: number of participants. 
LOC: level of care.

Insurants of AOK
a) Germany-wide, 
b) with femoral fracture (S72), 
c) between 01/01/2009 and 12/31/2012

Study population
n=30,094 

Exclusions:  
a) Not inhabitant of Hesse, Baden- -Wuerttemberg,  

or Bavaria
b) Fracture before 04/01/2009 or after 12/31/2011
c) Age at fracture <80 years
d) Distal femoral fracture (not S72.0/.1/.2)
e) No quarterly observation period before the fracture 

quarter

n=214,927 

Analyses of
mortality and

rehospitalisation
(secondary outcomes)

Analyses of
increase in 

care dependency
(primary outcome)

n=12,829 

Analyses of
nursing home 

admission
(primary outcome)

Exclusions:  
a) In nursing home before   

fracture quarter
b) Fracture after 09/31/2010

Exclusions:  
a) LOC before fracture

quarter > 2
b) Improvements in LOC

n=28,903 

n=30,094 

www.medicaljournals.se/jrm
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were provided by the research institute of the AOK (Wis-
senschaftliches Institut der Ortskrankenkassen; WIdO). Data 
included information on patients’ sex, month and year of birth, 
level of care and nursing home status per quarterly period, date 
of admission to and discharge from hospital with correspon-
ding diagnoses and performed medical measures, anonymized 
hospital identification number and, if applicable, admission to 
inpatient rehabilitation after hospital stay, information about 
death per quarterly period and end date of insurance. The quar-
terly period Q1 (e.g. 1 January – 31 March) before the quarter 
in which the hip fracture occurred (e.g. 1 April – 30 June) was 
used to derive baseline characteristics (e.g. level of care and 
nursing home status before fracture). Data between 1 April 2009 
and 31 December 2011 were used to identify patients with hip 
fractures. Adequate follow-up time, which differs between the 
outcomes (see later definition of outcomes), was guaranteed 
for each patient by using the year 2012 as follow-up period. 
Because the exact date of the fractures was not available, the 
date of admission to the hospital due to the fracture was taken 
as the date of the fracture. This hospital stay was defined as 
index hospital stay (IHS). The study was approved by the ethics 
committee of Ulm University (application number 178/15).

Care dependency expressed as level of care needs (Pflegestufe)

In Germany, it is compulsory to have long-term care insurance 
as well as health insurance. Long-term care insurance was 
introduced in the German social insurance system in 1995. 
From 1995 to 2016 the individual need for long-term care was 
categorized into 3 levels and assessed by a nurse or physician 
of the medical service of the German statutory health insurance 
system (9). This classification showed good inter-rater relia-
bility and can be utilized as a reliable measure for the degree 
of mobility disability, functional impairment and, to a lesser 
degree, of cognitive impairment (9). The first level of care 
(level 1) requires a mean care need of at least 90 min per day 
containing more than 45 min of basic activities of daily living 
(ADLs). Levels 2 and 3 require a mean care need of at least 180 
and 300 min containing more than 120 and 240 min of basic 
ADLs, respectively, per day. 

Inclusion and exclusion criteria

All insured patients living in Hesse, Bavaria and Baden-Wuert-
temberg, aged 80 years or older, with a hip fracture within the 
identification period and at least one-quarter observation time 
before the fracture were included. Hip fractures were identified 
using the hospital diagnoses coded as ICD-10 S72.0-S72.2 
(n = 30,094). For the analysis of the outcome “increase in care 
dependency”, patients with baseline level of care (LOC) > 2 
were excluded, because further worsening was not possible 
(ceiling effects), and patients with improvements in LOC due 
to low numbers and implausibility (n = 39), resulting in a dataset 
of 28,903 hip fracture patients. For analysis of the outcome 
“nursing home admission”, patients already living in a nursing 
home before the quarter in which the fracture occurred, and, due 
to problems with the validity of the nursing home information, 
fractures after the 31 September 2010 were excluded, resulting 
in a dataset of 12,829 patients with hip fracture.

Definition of covariates

Age at date of fracture was used as a continuous variable. The 
Elixhauser comorbidity score measures comorbidity based on 
additional diagnoses during the IHS and is expressed in score 

points (10, 11). Level of care Q1 was a categorical variable 
with categories “no care need”, “level 1”, “level 2” and “level 
3” measured in the quarterly period before hospital admission, 
representing the degree of care dependency before fracture. 

Definition of exposure: rehabilitation systems acute vs sub-
acute treatment

There are 2 different systems of geriatric rehabilitation offered 
in different federal states in Germany: 
1) Rehabilitation during acute hospital stay and its reimbur-

sement as part of the acute treatment (§108/109: so-called 
“geriatric early rehabilitative treatment”). Geriatric early 
rehabilitative treatment was retrieved from the hospital data 
by the unique OPS (Operationen- und Prozedurenschlüssel) 
code: 8–550. The German procedure classification (OPS) 
is the official classification for the coding of operations, 
procedures and general medical measures in the inpatient 
sector (12). The procedure 8–550 stands for a complex reha-
bilitative treatment by a multidisciplinary geriatric team for 
at least 14 days and is headed by a geriatrician. In patients 
with hip fracture, this multidisciplinary geriatric treatment 
begins usually early after surgery (e. g. commencing first 
physiotherapeutic mobilization within 24 h after surgery) 
(5). During the study period, the complex rehabilitative 
treatment (OPS8-550) was usually delivered in a geriatric 
unit. In Hesse, this type of rehabilitation during acute hospital 
stay was nearly exclusively offered during the study period 
(“acute state”).

2) Sub-acute geriatric rehabilitation is delivered in a geriatric 
rehabilitation unit after discharge from acute care (§111: 
“Inpatient geriatric rehabilitation”) and usually has a duration 
of 3 weeks, with the option to extend rehabilitation if needed. 
Patients receive therapy by a multidisciplinary geriatric team 
headed by a geriatrician. During the study period, geriatric 
treatment in Bavaria and Baden-Wuerttemberg was nearly 
exclusively offered as sub-acute geriatric rehabilitation 
(“rehabilitation states”). However, routine health claims data 
did not directly allow discrimination of sub-acute geriatric 
rehabilitation from sub-acute orthopedic rehabilitation. 
Therefore, the daily cost of the rehabilitation as a surrogate 
measure was used to discriminate the 2 different types of 
rehabilitation. Geriatric rehabilitation was identified if the 
daily rate was higher than 142.9 Euros; otherwise ortho-
paedic rehabilitation was assumed. Only rehabilitation stays 
starting within 28 days after discharge from IHS and only 
the first rehabilitation stay within 6 months after the fracture 
were considered. Directly consecutive rehabilitation stays 
were combined.

Definition of outcome variables

For the 2 primary outcome variables “increase in care depen-
dency” and “nursing home admission”, the information was 
available on a quarterly period basis only. The increase in care 
dependency was defined as a new onset of care need (i.e. new 
classification in 1 of the care levels after fracture) or a higher care 
level in the quarterly period after the fracture compared with the 
quarterly period before the fracture. The alternative post-fracture 
outcome state was no change in care dependency (i.e. no clas-
sification in one of the care levels after fracture or an identical 
care level pre- and post-fracture). A nursing home admission 
was detected when the patient was not in a nursing home in the 
quarterly period before the fracture, but was institutionalized in 
the quarterly period after the fracture. Due to the information 

J Rehabil Med 52, 2020
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All models were enlarged stepwise with adjustment for age 
and sex, Elixhauser comorbidity score, and level of care Q1. 
p-values less than 0.05 were used to detect exploratory statistical 
significance. All calculations were performed using SAS soft-
ware, version 9.4 (SAS Institute Inc., Cary, NC, USA) and R, 
version 3.4.2 (R Foundation for Statistical Computing, Vienna, 
Austria). The study was approved by the ethics committee of 
Ulm University (application number 178/15).

RESULTS

The mean age, sex distribution and Elixhauser comor-
bidity score were similar in the 3 federal states (Table 
I). However, statistically significant differences could 
be observed regarding level of care and nursing home 
status in the quarterly period before the fracture. A 
complete geriatric early rehabilitative treatment (OPS 
8–550) during acute geriatric care was delivered to 
nearly half of all patients in Hesse, whilst the same 
procedure was only very seldom (Bavaria: 2.9%) or 
seldom (Baden-Wuerttemberg: 8.3%) delivered in the 
2 federal states with mainly sub-acute geriatric reha-
bilitation. In contrast, hip fracture patients in Bavaria 
and Baden-Wuerttemberg more frequently received 
any rehabilitation (53.8% and 49.4%) or geriatric reha-
bilitation (30.4% and 36.7%) than hip fracture patients 
in Hesse (1.9% with sub-acute geriatric rehabilitation). 
The difference in the type of care is reflected in the 
different lengths of stay. At the IHS the mean length of 
stay was considerably higher in Hesse (25.4 days), the 
federal state with acute geriatric care, than in Bavaria 
(16.6 days) and Baden-Wuerttemberg (16.7 days), the 
2 federal states with a very limited availability of acute 
geriatric care. However, the combined mean length of 

structure being on a quarterly period basis, it was not possible to 
determine whether an “increase in care dependency”, or admis-
sion to a nursing home, which occurred in the same quarterly 
period as the hip fracture, happened before or after the injury.

Secondary outcome variables were mortality and rehospitali-
zation. Mortality was assessed by month and year of death. The 
occurrence and duration of any rehospitalization were detected 
by data on inpatient hospital stays for any reason. The outcome 
variables mortality and rehospitalization were identified within 
a period of 26 weeks (6 months) after hip fracture.

Statistical analysis

Baseline characteristics were described by means and standard 
deviations or numbers and percentages, stratified for the 3 
German states Hesse, Bavaria and Baden-Wuerttemberg. The 
transition probabilities represent the rates of “increase in care 
dependency” or rates of nursing home admission after stan-
dardization for age and sex (in %). The rates of mortality and 
rehospitalization were also standardized for age and sex. The 
standardization was based on the total German population of all 
hip fracture patients (hospital discharge diagnosis S72.0–S72.2) 
aged 80 years and older (www.destatis.de). 

Log-binomial regression models were calculated to estimate 
the relative ratios of “increase in care dependency” and of admis-
sion to nursing home in the quarterly period after hip fracture. In 
these models, death before the end of the observation period was 
treated as a competing event. Log-Poisson-regression models 
were applied to estimate rate ratios of mortality and of rehospi-
talization within 26 weeks after hip fracture. Follow-up time was 
considered as the time-varying variable, with one observation per 
person-day under risk, in order to avoid comparisons in times 
where no event is possible. Time since fracture was included as 
spline term in order to allow the rates to change non-linearly 
over time, while assuming proportionality between groups. In the 
analyses of rehospitalization only comparisons between persons 
already discharged from IHS were performed (left truncation). 
In Fig. S11, the age- and sex-adjusted rates per 1,000 person 
weeks were shown with splines for each federal state, including 
a time-state-interaction term in the model calculation, thereby 
relaxing the proportionality assumption of previous models. 
For the cumulative mortality, the daily mortality rates were ac-
cumulated while accounting for right censoring. 1https://doi.org/10.2340/16501977-2630

Table I. Characteristics of patients with hip fracture at hospital admission in the German federal states Hesse, Bavaria and Baden-
Wuerttemberg

Hesse
(n = 5,333)

Bavaria
(n = 13,540)

Baden-Wuerttemberg 
(n = 11,221)

Women, n (%) 4,311 (80.8) 11,122 (82.1) 9,220 (82.2)
Age, years, mean (SD) 86.6 (4.7) 86.6 (4.5) 86.7 (4.6)
Elixhauser comorbidity index in score points, mean (SD) 2.6 (1.8) 2.7 (1.8) 2.6 (1.8)
Level of care in Q1, n (%)
No care need 2,061 (38.6) 6,292 (46.5) 5,194 (46.3)
Level 1 1,829 (34.3) 4,083 (30.2) 3,406 (30.4)
Level 2 1,216 (22.8) 2,592 (19.1) 2,288 (20.4)
Level 3 227 (4.3) 573 (4.2) 333 (3.0)

Living in a nursing home in Q1, n/total (%) 814/3,957a (20.6) 2,269/9,861a (23.0) 1,614/8,219a (19.6)
OPS 8–550, n (%) 2,565 (48.1) 387 (2.9) 929 (8.3)
REHA, n (%) 569 (10.7) 7,282 (53.8) 5,546 (49.4)
Geriatric REHA, n (%) 101 (1.9) 4,116 (30.4) 4,118 (36.7)
Length of stay, days, mean (SD)
of IHS 25.4 (15.5) 16.6 (9.0) 16.7 (9.6)
of IHS + REHA 27.8 (15.7) 28.9 (16.5) 27.5 (16.0)

aRestriction of population to fracture patients between 1 April 2009 and 31 March 2011 due to invalid information about nursing home status after 1 January 2011. 
SD: standard deviation; Q1: the quarterly period before the fracture quarter; OPS 8–550:”geriatric early rehabilitative treatment”; REHA: any inpatient rehabilitation 
(geriatric and orthopaedic); IHS: index hospital stay. 

www.medicaljournals.se/jrm
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no statistically significant difference in the adjusted 
6-month mortality between the 3 federal states (Figs 
S1–S31). Finally, hospital readmissions were lower in 
Bavaria and Baden-Wuerttemberg, the 2 federal states 
with sub-acute geriatric rehabilitation, than in Hesse, 
the federal state with acute geriatric care.

DISCUSSION

A German natural historical experiment was used to 
compare the outcomes of 2 geriatric rehabilitation 
systems on different outcomes in patients with hip 
fracture. The 2 federal states that offered sub-acute 
geriatric rehabilitation had lower rates of an increase in 
care dependency and of rehospitalization. The effect of 
the treatment system on nursing home admission was 
inconsistent. In the state offering the highest number 
of sub-acute geriatric rehabilitation episodes (Baden-
Wuerttemberg) nursing home admission was lower 
compared with the other scenarios. No difference in 
180-day mortality was observed between the compared 
care systems.

Abbas et al. evaluated the same scientific question, 
but chose a different methodological approach (13). 
They used data from the year 2007 from the same data 
source as our study and compared different outcomes 
of patients with hip fracture who received either 
geriatric early rehabilitative treatment (OPS 8–550 
procedure) during acute geriatric care or sub-acute 
geriatric rehabilitation. They did not find differences 
in rehospitalization rates and mortality between pa-
tients of 1 of the 2 geriatric treatment systems. Our 
approach, however, included not only patients who 
actually received 1 of the 2 geriatric types of treatment, 
but all patients who should have been treated by geria-

stay of the (acute) IHS and the (sub-acute) rehabilita-
tion was similar in the 3 federal states (approximately 
28 days). 

Primary and secondary outcomes in hip fracture 
patients from Bavaria and Baden-Wuerttemberg were 
compared with the outcomes in hip fracture patients 
from Hesse. The results are presented in Fig. 2 and 
Table II. Age- and sex-standardized transition proba-
bilities for an increase in care dependency were 40% 
for patients in Hesse and 36% and 37% for patients 
in Bavaria and Baden-Wuerttemberg, and were sta-
tistically significant as the confidence intervals of the 
point estimates were not overlapping. The adjusted 
relative risk of an increase in care dependency after 
hip fracture was 16% (95% confidence interval (95% 
CI) 13–19%) lower in Bavaria and 12% (95% CI 
8–15%) lower in Baden-Wuerttemberg than in Hesse. 
A reduction in the rate of nursing home admission was 
observed in Baden-Wuerttemberg (adjusted ratio 0.77, 
95% CI 0.69–0.87), but not in Bavaria. There was 

Fig. 2. Age- and sex-standardized transition probabilities (%, point 
estimates with 95% confidence intervals) for primary outcomes “Increase 
in care dependency” (left panel) and “Nursing home admission” (right 
panel) after hip fracture in the German federal states Hesse (HE), Bavaria 
(BY) and Baden-Wuerttemberg (BW).

Table II. Comparison of outcome parameters after hip fracture between the 3 German federal states Hesse (reference), Bavaria and 
Baden-Wuerttemberg

Federal states
Crude
relative ratios (95% CI)

Adjusted for age and sex
relative ratios (95% CI)

Adjusted for age, sex, and 
Elixhauser comorbidity index
relative ratios (95% CI)

Adjusted for age, sex, Elixhauser 
comorbidity index, andlevel of care Q1
relative ratios (95% CI)

Increase in care dependency 
Hesse 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Bavaria 0.89 (0.86–0.93) 0.89 (0.86–0.93) 0.89 (0.86–0.93) 0.84 (0.81–0.87)
Baden-Wuerttemberg 0.92 (0.88–0.96) 0.92 (0.88–0.96) 0.92 (0.88–0.96) 0.88 (0.85–0.92)

Nursing home admission
Hesse 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Bavaria 0.98 (0.88–1.09) 0.98 (0.88–1.10) 0.98 (0.88–1.10) 1.01 (0.91–1.12)
Baden-Wuerttemberg 0.76 (0.68–0.86) 0.76 (0.68–0.85) 0.76 (0.68–0.85) 0.77 (0.69–0.87)

Mortality rate ratios 
Hesse 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Bavaria 0.99 (0.93–1.05) 1.00 (0.94–1.06) 1.05 (0.99–1.12) 1.06 (0.99–1.13)
Baden-Wuerttemberg 0.93 (0.87–1.00) 0.93 (0.87–1.00) 0.99 (0.92–1.05) 0.99 (0.93–1.06)

Rehospitalization rate ratios 
Hesse 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Bavaria 0.91 (0.86–0.96) 0.91 (0.87–0.96) 0.93 (0.88–0.98) 0.92 (0.88–0.97)
Baden-Wuerttemberg 0.81 (0.77–0.86) 0.81 (0.77–0.86) 0.82 (0.78–0.87) 0.81 (0.77–0.86)

Bold values indicated statistically significant results on a 5% level.
Q1: the quarter before the fracture quarter. 95% CI: 95% confidence interval.
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tricians. Therefore, we included, on the one hand, all 
AOK-insured hip fracture patients from a federal state 
(complete coverage), but on the other hand restricted 
the dataset to patients aged 80 years and older, since 
this age group is considered “geriatric” by definition. 
The reason for the current approach was that the access 
paths to 1 of the 2 geriatric treatment systems are very 
different and result in a different selection of patients. 
Meinck et al., for example, showed, with German 
routine data from the same time period, that patients 
receiving a geriatric early rehabilitative treatment 
(OPS 8–550 procedure) clearly had a higher rate of 
care need and a considerably lower survival rate than 
patients receiving sub-acute geriatric rehabilitation 
(14). Therefore, the direct comparison of patients who 
have received 1 of the 2 geriatric treatments has a high 
risk of residual confounding. The current study used a 
more systemic approach by comparing federal states 
that almost exclusively offered 1 of the 2 geriatric 
systems at the specific time the data were retrieved. 
Furthermore, the 3 federal states were situated close 
to each other, had a similar socioeconomic structure, 
and a similar capacity of geriatric beds, which was a 
good basis for comparison of the geriatric systems.

These data suggest that hip fracture patients from 
federal states with access to sub-acute geriatric rehabili-
tation had more favourable outcomes. Hip fractures and 
other fragility fractures are major causes of incident care 
need and disability, and not only of mortality. The results 
of the current study indicate that hip fracture treatment 
requires more considerations than just a perfect surgical 
treatment and a few days of postsurgical physiotherapy 
in order to reduce post-acute disability. However, the 
results of the outcome “nursing home admission” must 
be interpreted with caution, since an (impressive) reduc-
tion in nursing home admissions was observed only in 
Baden-Wuerttemberg, but not in Bavaria. Basically, a 
reduction in nursing home admissions of more than 20% 
would mean that many nursing home admissions could 
be prevented, or at least delayed. The costs of nursing 
home treatment include more than 20,000 € p.a. from 
the payer perspective and an equivalent amount for the 
patients and relatives. 

A major issue in the ongoing debate in Germany 
has been that the costs of rehabilitation are covered 
by the healthcare funds, and the savings are made by 
other stakeholders, such as patients, long-term care 
plans and communities reducing their contribution to 
welfare plans for older people. This conflict of interest 
has led to a delayed reform of the regulatory process, 
ensuring access to geriatric rehabilitation in those sta-
tes that have postponed the introduction of sub-acute 
geriatric rehabilitation. 

The strengths of this study are the large number of 
included patients with fractures and the statistical compe-
ting risk approach for the primary outcomes “increase in 
care dependency” and “nursing home admission”, since 
mortality clearly influences the rate of the other primary 
outcome measures. Another strength is the selection of 
an appropriate time-window for this German historical 
natural experiment. To avoid bias in the analyses of re-
hospitalization, left truncated analyses were performed 
using one observation per person-day under risk.

Limitations 
A limitation of the study is that information about the 
primary outcomes care dependency/care need and 
nursing home status was available only on a quarterly 
basis. This impaired precision, but did not bias the 
results. Other limitations of the study arise from the 
restricted information derivable from health claims 
data, such as missing information about why patients 
received no rehabilitation at all or about frailty, phy-
sical activity, or other lifestyle factors. In addition, 
the current study analysed only 3 federal states. The 
validity would clearly have been higher if more federal 
states with “pure” systems had been included. This 
study also only analysed persons insured by one Ger-
man statutory health insurance company, which covers 
approximately one-third of the population. However, 
this may limit the representativity of the results for the 
whole of Germany. In addition, the historical approach 
may restrict the transferability of the results shown to 
the present time. Furthermore, the results may have 
been affected by other factors that were not adjusted 
for, such as the availability of social networks for the 
outcome “nursing home admission”.

It is the nature of the study to analyse associations 
that may be influenced by the specific structure of the 
German healthcare system. Hence, the generalizability 
of the study results to other countries is low. On the other 
hand, the specific structure of the German healthcare 
system may have been useful to analyse basic principles 
of geriatric rehabilitation. This study could be a blueprint 
for the analysis of different geriatric treatment models in 
Europe, by using other “historical natural experiments”. 
These data suggest that elderly and frail patients appear 
to benefit from supportive sub-acute rehabilitative care, 
which goes beyond appropriate acute care. Further in-
teresting research questions would be whether this care 
has to be delivered in an inpatient setting or whether it 
may also be effective at home or in a nursing home, and 
if a combination of both geriatric treatment systems has 
additional value.

www.medicaljournals.se/jrm
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Conclusion
In conclusion, the potential health benefit of 2 geriatric 
rehabilitation systems was analysed by comparing the 
outcomes of geriatric patients with hip fracture bet-
ween different federal states offering mainly 1 of the 2 
geriatric rehabilitation systems. The risk of an increase 
in care dependency/care need and of rehospitaliza-
tion was higher in the federal state that offered acute 
geriatric care than in the 2 federal states that offered 
sub-acute geriatric rehabilitation. However, the asso-
ciation with nursing home admission was inconsistent 
and no difference was found in mortality between the 
2 geriatric healthcare systems.
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