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Abstract

Objective

To investigate variation of care dependency after hip fracture across German regions based
on the assessment by the German statutory long-term care insurance.

Data sources/study setting

Patient-level statutory health and long-term care insurance claims data from 2009-2011
and official statistical data from Germany.

Study design

We performed a retrospective cohort study. Investigated multinomial outcome categories
were increase in care dependency (new onset or a higher care dependency than pre-frac-
ture), no change as reference and death as competing risk in the quarterly period following
hip fracture (follow-up 3 months). Regional variation was operationalized with the variance
of regional-level random intercepts based on generalized linear mixed models. We adjusted
for patient and regional characteristics.

Principal findings

The study included 122,887 hip fracture patients in 95 German postal code regions. Crude
outcomes were 30.87% increase in care dependency and 14.35% death. Results indicated
modest variation on regional level. Male sex, increasing age, increasing comorbidity, pertro-
chanteric and subtrochanteric fracture site compared to femoral neck, time from hospital
admission to surgery of 3 or more days, as well as increasing inpatient length of stay, non-
participation in rehabilitation and regions with lower hospital density were positively associ-
ated with an increase in care dependency.
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Conclusions

Several characteristics on patient and regional level associated with the outcome were iden-
tified. Variation in the increase in care dependency after hip fracture appeared to be attribut-
able primarily to patient characteristics. Variation on regional level was only modest.

Introduction

Hip fractures are common consequences of falls of older people. There has been great effort to
identify heterogeneity in incidence between countries [1, 2], and within countries [3-6]. This
heterogeneity may be caused by different quality of data sources and study designs as well as
actual differences between or within countries. In a worldwide comparison, Germany has a
fairly high incidence of hip fractures, varying between 249/100,000 [2] and 261/100,000 [1].
Likewise, regional variation of hip fracture incidence within Germany has been investigated
[7-9].

Hip fractures can lead to numerous negative health outcomes, including functional
impairment [10, 11]. This often is accompanied by care dependency, which implies a decreas-
ing quality of life and increasing health care expenditures. In Germany, formal care depen-
dency is recorded in long-term care insurance claims data, which allows for an analysis of care
dependency in hip fracture patients based on claims data. Patient characteristics indicating an
increase in care dependency like male sex, increasing age and comorbidities are well-known
and were for instance investigated in a former study [12].

There is evidence for regional variation of hip fracture incidence [7-9], but not for regional
variation of care dependency after hip fracture. Regional variation of care dependency can be
caused by differences in the treatment and care of hip fractures, which can be reflected by
demographic or health care supply characteristics of the region. For example, different systems
of acute and sub-acute geriatric care are delivered in Germany.

On the other hand, in Germany, there is a guideline [13] that clearly determines the clinical
treatment of a hip fracture, which is supposed to be provided nationwide on a standardized
level of quality. Moreover, in Germany, long-term care recipients compulsorily have to
undergo a standardized assessment in accordance with the German Social Security Code
(“Sozialgesetzbuch” (SGB)) XI. The assessment of care dependency is based on required assis-
tance in performing activities of daily living due to illness or disability. The classification is
conducted by a qualified physician or nurse of the Medical Service of the Statutory Health
Insurance (“Medizinischer Dienst der Krankenversicherung”, MDK) which is the advisory
and assessment service of the statutory health and long-term care insurances in Germany. The
MDK ensures that all insured persons benefit from the health and long-term care services
equally by applying objective standards. This implies a standardized, differentiated and objec-
tive measurement of the degree of care dependency. Therefore, patients of similar need for
care after hip fracture should be assigned to similar levels of care dependency and inconsisten-
cies regarding this assignment between German regions, if any, should exist only to a very lim-
ited degree.

As care dependency is associated with vast use of health care resources (e.g., in Germany
there were 3.41 million care recipients causing costs of EUR 35.5 billion in 2017 [14]), analysis
of regional variation might uncover local health service gaps and inequalities. The objective of
our study was to investigate the regional variation of occurring or increasing care dependency
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as assessed by the long-term care insurance in hip fracture patients based on German health
and long-term care insurance claims data.

Data and methodology

Data sources and study population

In Germany, health insurance is mandatory and provides comprehensive protection against
health care expenses. About 90% of the population are insured by statutory health insurance,
while the remaining 10% have opted for private health insurances, due to self-employment or
income above a certain threshold. For the statutory health insurance, contributions are
income-related (14.6% of income) and independent of health status. It covers most expenses
of inpatient and outpatient treatment as well as pharmaceuticals. There are several different
health insurance companies of which all inhabitants may choose one. For all companies, the
contribution and the coverage of medical treatment and pharmaceuticals is equal. They only
slightly differ in their extra premium (on average 0.9% of income), supply of voluntary addi-
tional services and possible bonus programs. The largest association of statutory health insur-
ance companies in Germany is the AOK which covers about one-third of the German
population. Health insurance claims data of the AOK are administered by the scientific insti-
tute of the AOK (“Wissenschaftliches Institut der AOK”, “WIdO”) which provided patient-
related health and long-term care insurance claims data for this study. Data were utilized for
the period from 01/01/2009 through 03/31/2012. The index period from 04/01/2009 through
12/31/2011 was used to identify patients with hip fractures due to the hospital admission date.
The three months before hip fracture were used as baseline to identify pre-fracture care depen-
dency. The three months after hip fracture were used as follow-up window in order to allow
for a temporal relation with hip fracture. Hospital-related and regional data for the reference
year 2011 were available from the list of German hospitals [15] and the Federal Statistical
Office Germany [16].

Inclusion and exclusion criteria

All patients insured by the AOK statutory health and long-term care insurance, living in Ger-
many, aged 65 years or older with an incident hip fracture in the identification period were
included. Hip fractures were identified using the hospital discharge diagnosis §72.0-S72.2 of
the International Classification of Diseases, German Modification (ICD-10) [17]. As our
research interest was to investigate increase in care dependency, patients with the highest
degree of care dependency (n = 3,701) or decrease of care dependency after hip fracture

(n =297), or with missing information on postal code (n = 35) were excluded.

Dependent variable

In 1995, a long-term care insurance was introduced in the German social insurance system
and is compulsory for all citizens [18]. In order to claim long-term care benefits, people must
undergo a compulsory assessment, on which the operationalization of care dependency was
based. In Germany, all formal care recipients were categorized in one of three care levels by
the MDK based on required assistance in performing activities of daily living. The levels were
classified depending on daily time needed for care. Care level 1, 2, and 3 implied requiring
basic care such as washing, feeding, or dressing for at least 0.75, 2, and 4 hours daily time,
respectively [19]. This classification was the same in all German regions. For the claim of a
care level, the date of application by the patient, not the date of decision by the MDK is rele-
vant which makes a short follow-up period reasonable.
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In the claims data, information on care level was available only on a quarterly period basis.
Therefore, we compared the care level of the quarterly period before and after inpatient treat-
ment of the hip fracture. Increase in care dependency was defined as a new onset of care need
(i.e. new classification in one of the care levels after fracture) or a higher care level in the quar-
terly period after the fracture compared to the quarterly period before the fracture. The alter-
native post-fracture outcome state was no change in care dependency (i.e. no classification in
one of the care levels after fracture or an identical care level pre- and post-fracture).

Additionally, as mortality is a frequent consequence of hip fractures and affects the out-
come states, we included death as competing risk.

Definition of regions

Main analysis was based on the definition of regions by the first two digits of the postal code of
patients’ residence. Thus, there were 95 regions with on average 1,294 observed patients per
region (minimum 152; maximum 3,352 patients). Additionally, we defined regions based on
federal states (16 regions; on average 7,680 patients; minimum 1,157; maximum 19,768) to
investigate differences due to administrative borders.

Independent variables

On regional level, coverage and performance of health care may depend on infrastructure,
which might be reflected by population characteristics. Highly populated regions need high-
volume hospitals, whereas residents in rural regions have to deal with longer travel distances
to the nearest hospital. Population density (inhabitants per km?/100) served as a proxy variable
for the population pattern and the available infrastructure, including for example access to
education, transportation, and care.

Furthermore, regional coverage by, as well as competition of, hospitals may affect quality of
care. We added hospital density (number of hospitals with a surgical department per 100,000
inhabitants) to quantify the number of hospitals available for hip fracture treatment per
region.

The application for a care level might, inter alia, be driven by patients’ own life situation
and available care supply in the neighborhood. As the reimbursement of expenditures for
nursing home care is dependent on the granted care level by the long-term care insurance, the
availability and utilization of nursing home care might affect the probability to apply for a care
level. Therefore, we adjusted for nursing home bed density (number of nursing home beds per
1,000 inhabitants).

Furthermore, rehabilitation may affect functional recovery and care dependency after hip
fracture. In Germany, geriatric care including rehabilitative approaches is either delivered as
early complex geriatric rehabilitation therapy during index hospitalization on an acute ward
(5108/109 SGB V) or as inpatient geriatric rehabilitation in a separate sub-acute rehabilitation
facility (§111 SGB V). There are federal states with predominately one of the two geriatric
rehabilitation systems and other federal states offering both types. Therefore, we classified the
type of geriatric rehabilitation offered per federal state in three categories: mainly early complex
geriatric rehabilitation; mainly inpatient rehabilitation; or a combination of both forms. The
classification was based on the proportion of geriatric beds in acute hospital departments or in
sub-acute geriatric rehabilitation facilities for each federal state.

The former two variables population density and hospital density were available for postal
code regions and federal states. The latter two variables nursing home bed density and type of
geriatric rehabilitation were only available on federal state level. All regional-level variables
were checked for correlations with each other. Correlations were low and never exceeded 0.31.
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On patient level, we took into account sex, age (as continuous variable), comorbidities based
on Elixhauser [20, 21] and medication [22, 23], time from hospital admission to surgery (catego-
rized as “0 days”, “1 day”, “2 days”, “3 or more days” and “not applicable” (i.e. no hip fracture
surgery was claimed)), fracture site (“femoral neck” (ICD-10 diagnosis $72.0), “pertrochan-
teric” (ICD-10 diagnosis S72.1), “subtrochanteric” (ICD-10 diagnosis $72.2)), pre-fracture care
dependency (“no care level”, “care level 17, “care level 27, “care level 3”) in the quarterly period
before hip fracture, hospital volume (mean number of hip fracture cases per year in our dataset,
weighted with the market share of the AOK per region to avoid bias), participation in inpatient
rehabilitation within 4 weeks after hospital stay and inpatient length of stay. The last variable
summed up inpatient days after hip fracture in acute and, if applicable, in sub-acute facilities
to account for the two different geriatric treatment systems in Germany taking place either in
acute or sub-acute facilities.

Statistical analysis

For descriptive analysis, rates for increase in care dependency, no change in care dependency
and death were calculated as crude share of the total population in the data set and standard-
ized using the sex and age distribution of the diagnosis-specific German hospital population of
2011 with hospital discharge diagnosis $72.0-572.2 [24].

We used a multinomial logit regression model to estimate the likelihood (odds ratios (OR)
with 95% confidence intervals) of the increase in care dependency, compared to no change
and death. After the occurrence of increase in care dependency or death, data were censored,
which means that if patients died after an increase in care dependency, death was not consid-
ered. In order to account for correlation of patients within the same postal code region and to
incorporate covariates on both levels, we extended the model through a random intercept per
region in order to control for unobserved heterogeneity. We thereby assumed a probabilistic
effect of each region on patients, which enabled us to make inferences about variation among
all regions [25]. We used a correlated random effects formulation [26-28] to ensure unbiased
estimates. We started with an empty model without independent variables, but a random
intercept per region. The variance of the random intercepts was supposed to indicate regional-
level effects. Additionally, we mutually adjusted for all patient and regional characteristics to
avoid overestimation and investigated the effect of regional variables. As not all regional-level
information was available for postal code regions, we repeated the analyses considering federal
states.

Based on both the unadjusted and adjusted model results, we calculated the predicted prob-
abilities for the outcomes for an average patient with reference (for categorical variables) or
mean (for continuous variables) characteristics. We then calculated the predicted probability
within 1 and 2 standard deviations (SD) of the regions’ random intercepts, respectively, which
enabled us to assess regional-level variation. Due to the random intercepts’ assumed normal
distribution with mean 0 and estimated variance, one can find approximately 68% of all obser-
vations within 1 SD and 95% within 2 SD from the mean.

The study was approved by the ethics committee of the Ulm University (application num-
ber 178/15). Informed consent from the individuals was not needed, as we used anonymized
health and long-term care insurance claims data.

Results
Descriptive results

The dataset contained 122,887 patients with hip fractures treated in 1,522 hospitals in 95 postal
code regions in 16 federal states in Germany. Tables 1 and 2 show descriptive characteristics

PLOS ONE | https://doi.org/10.1371/journal.pone.0230648 March 23, 2020 5/17


https://doi.org/10.1371/journal.pone.0230648

PLOS ONE

Regional variation of care dependency after hip fracture in Germany

Table 1. Baseline characteristics of the study population (N = 122,887).

Regional-level factors

Population density (inhabitants per km?/100): mean (SD) 4.10 | (6.79)
Hospital density (hospitals per 100,000 inhabitants): mean (SD) 3.33 | (10.90)
Nursing home bed density (beds per 1,000 inhabitants): mean (SD) 10.19 | (1.55)
Type of geriatric rehabilitation: n (%)
... mainly early complex geriatric rehabilitation 54,122 | (44.03)
... mainly inpatient rehabilitation 50,371 | (40.98)
... both forms 18,429 | (14.99)
Patient-level factors
Sex: n (%)
... male 27,980 | (22.77)
... female 94,907 | (77.23)
Age: mean (SD) 82.62 | (7.36)
Pre-fracture care dependency: n (%)
... no care level 64,556 | (52.53)
...carelevel 1 35,191 | (28.64)
...carelevel 2 23,140 | (18.83)
Comorbidity score
... based on Elixhauser: mean (SD) 2.59 | (1.85)
... based on medication: mean (SD) 3.87 | (1.99)
Fracture site: n (%)
... femoral neck, ICD-10: $72.0) 59,259 | (48.22)
... pertrochanteric (ICD-10: S72.1) 54,680 | (44.50)
... subtrochanteric (ICD-10: $72.2) 8,948 | (7.28)
Time from hospital admission to surgery: n (%)
.. 0 days 41,776 | (34.00)
.. 1day 45,297 | (36.86)
.. 2 days 11,721 | (9.54)
.. 3 or more days 13,873 | (11.29)
... not applicable 10,220 | (8.32)
Inpatient length of stay: mean (SD) 29.02 | (17.12)
Inpatient rehabilitation: n (%)
.. yes 68,839 | (56.00)
..no 54,083 | (44.00)

SD = Standard deviation. Inpatient length of stay summed up inpatient days in both hospital and rehabilitation
facility, if applicable.

https://doi.org/10.1371/journal.pone.0230648.t001

of patients in total and stratified by outcome. In total, 30.87% had an increase in care depen-
dency and 14.35% died. Regional-level variables were approximately equally distributed over
the outcome categories. About one-quarter of all patients was male and three quarters were
female. Mean age was 82.62 years. More than half of patients had no pre-fracture care depen-
dency. Mean Elixhauser comorbidity score was highest for patients who died, and mean medi-
cation-based comorbidity score was highest for those with no change in care dependency.
Most patients had a femoral neck (48.22%) or a pertrochanteric (44.50%) hip fracture, and had
surgery on the same (34.00%) or the next (36.86%) day. Mean inpatient length of stay was lon-
gest for patients with no change in care dependency. Overall, 56% of patients received inpa-
tient rehabilitation.
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For each postal code region, age- and sex-standardized rates for the increase in care depen-

dency, no change and death as share of total patients per region are displayed in Fig 1. The

majority of regions seemed to have roughly similar rates of increasing care dependency, which
varied with a range of 5% around the mean of 30.87%. However, there were few outlier regions
with considerably higher rates up to 38.72%. Additionally, standardized rates for the increase

in care dependency per postal code region were displayed on a map (Fig 2). Rates were highest

in few regions in middle and south-east Germany and lowest in several regions across the

country. Displayed per federal state (Fig 3), rates were highest in Hesse, which stands in line

with postal code areas, and lowest in several, but not all, states in the northern and western
part of Germany. However, we could not detect any clear regional pattern.

Table 2. Baseline characteristics stratified by increase in care dependency, no change and death.

N (%) Increase in care dependency | No change 67,321 (54.78%) Death 17,632 (14.35%)
37,934 (30.87%)
Regional-level factors
Population density (inhabitants per km?/100): mean (SD) 4.00 | (6.61) 4.16 | (6.90) 4.06 | (6.73)
Hospital density (hospitals per 100,000 inhabitants): mean (SD) 3.17 | (10.44) 3.38 | (11.06) 3.46 | (11.26)
Nursing home bed density (beds per 1,000 inhabitants): mean (SD) 10.18 | (1.54) 10.19 | (1.56) 10.22 | (1.54)
Type of geriatric rehabilitation: n (%)
... mainly early complex geriatric rehabilitation 16,894 | (44.52) 29,242 | (43.41) 7,986 | (45.28)
... mainly inpatient rehabilitation 15,598 | (41.11) 27,772 | (41.25) 7,001 | (39.71)
... both forms 5452 | (14.37) 10,327 | (15.34) 2,650 | (15.02)
Patient-level factors
Sex: n (%)
... male 7,890 | (20.80) 14,666 | (21.79) 5,424 | (30.76)
... female 30,044 | (79.20) 52,655 | (78.21) 12,208 | (69.24)
Age: mean (SD) 84.25 | (6.68) 80.96 | (7.34) 85.45 | (7.16)
Pre-fracture care dependency: n (%)
... no care level 22,533 | (59.40) 37,120 | (55.14) 4,903 | (27.81)
...carelevel 1 12,127 | (31.97) 16,517 | (24.53) 6,547 | (37.13)
... carelevel 2 3,274 | (8.63) 13,684 | (20.33) 6,182 | (35.06)
Comorbidity score
... based on Elixhauser: mean (SD) 2.37 | (1.74) 2.67 | (1.85) 3.26 | (2.06)
... based on medication: mean (SD) 3.79 | (2.00) 4.02 | (1.98) 3.84 | (1.97)
Fracture site: n (%)
... femoral neck, ICD-10: $72.0) 16,957 | (44.70) 33,694 | (50.05) 8,608 | (48.82)
... pertrochanteric (ICD-10: S72.1) 17,981 | (47.40) 28,950 | (43.00) 7,749 | (43.95)
... subtrochanteric (ICD-10: S72.2) 2,996 | (7.90) 4,677 | (6.95) 1,275 | (7.23)
Time from hospital admission to surgery: n (%)
.. 0 days 13,209 | (34.82) 22,966 | (34.11) 5,601 | (31.77)
.. 1day 13,813 | (36.41) 25,269 | (37.54) 6,215 | (35.25)
.. 2 days 3,531 | (9.31) 6,452 | (9.58) 1,738 | (9.86)
.. 3 or more days 4,579 | (12.07) 7,264 | (10.79) 2,030 | (11.51)
... not applicable 2,802 | (7.39) 5,370 | (7.98) 2,048 | (11.62)
Inpatient length of stay: mean (SD) 30.64 | (16.55) 30.98 | (17.20) 18.65 | (15.36)
Inpatient rehabilitation: n (%)
.. yes 22,041 | (58.10) 43,487 | (64.60) 3,292 | (18.67)
.. no 15,893 | (41.90) 23,834 | (35.40) 14,340 | (81.33)

SD = Standard deviation. Inpatient length of stay summed up inpatient days in both hospital and rehabilitation facility, if applicable.

https://doi.org/10.1371/journal.pone.0230648.t002
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Fig 1. Rates of increase in care dependency, no change and death per 2-digit postal code region. Rates were calculated as share of total patients per region,

standardized according to sex and age.

https://doi.org/10.1371/journal.pone.0230648.9001

Multivariate results

Both in the unadjusted and adjusted models, the random intercepts of the postal code regions
were significant, which suggested relevant associations due to regional clusters (Table 3).
However, variance seemed to be rather low (unadjusted: 0.010; adjusted: 0.004). We calculated
the predicted probability of an average patient and considered variation within 1 and 2 SD of
the random intercepts. As we kept patient-level characteristics constant, all variation would
then refer to the 95 postal code regions. Due to assumption of a normal distribution, range
within 1 SD included about 68%, and within 2 SD included about 95% of all regions, for which
the range of predicted probability for increase in care dependency was 4.85% and 9.71%,
respectively. Adjusting for patient characteristic narrowed the range to 2.24% and 4.48%. In
other words, patients with otherwise equal characteristics from 68% (95%) of all German
postal code regions would have a maximum probability difference of 2.24% (4.48%) to sustain
an increase in care dependency after hip fracture. Unadjusted and adjusted variation for death
was rather low.

In the adjusted model in Table 4, hospital density (OR = 0.997 per hospital with a surgical
department per 100,000 inhabitants in a region) showed a significant negative correlation with
increase in care dependency, but population density (OR = 0.997 per 100 inhabitants per km*
in a region) did not. Further regional-level variables nursing home bed density and share of
inpatient geriatric rehabilitation were only available on a federal state level but did not show
significant results in the respective model with random intercepts per federal state (Table 5).
In Table 4, patient characteristics significantly associated with an increased likelihood of
increase in care dependency were male sex (OR = 1.238), increasing age (OR = 1.092 per year
from 65), increasing Elixhauser (OR = 1.092 per score point) and medication-based (OR =
1.092 per score point) comorbidity scores, pertrochanteric (OR = 1.175) and subtrochanteric
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Fig 2. Rates of increase in care dependency per 2-digit postal code region. Rates were calculated as share of total patients per region, standardized according to sex
and age.

https://doi.org/10.1371/journal.pone.0230648.9g002

(OR = 1.235) fracture site when compared to femoral neck fracture site, a waiting time from
hospital admission to hip fracture surgery of 3 or more days (OR = 1.094), and increasing inpa-
tient length of stay (OR = 1.011 per day). Inpatient rehabilitation (OR = 0.432) and a not appli-
cable waiting time from hospital admission to hip fracture surgery (OR = 0.847, probably due
to death) were associated with a decreased likelihood of increase in care dependency.
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DE1 = Baden-Wirttemberg
DE2 = Bavaria

DE3 = Berlin

DE4 = Brandenburg

DE5 = Bremen

DE6 = Hamburg

DE7 = Hesse

DE8 = Mecklenburg-Vorpommern
DE9 = Lower Saxony

DEA = North Rhine-Westphalia
DEB = Rhineland-Palatinate

DEC = Saarland

DED = Saxony

DEE = Saxony-Anhalt

DEF = Schleswig-Holstein

DEG = Thuringia

Fig 3. Rates of increase in care dependency per federal state. Rates were calculated as share of total patients per region, standardized according to sex and age.

https://doi.org/10.1371/journal.pone.0230648.9g003

Discussion

This study investigated regional variation of new onset or an increase in care dependency after
hip fracture as assessed by the long-term care insurance in Germany. The analysis indicated
modest variation on regional and rather great variation on patient level for increasing care
dependency and death. We found a negative correlation with hospital density, but not with
further regional variables. The patient characteristics male sex, increasing age, and increasing
comorbidity were strong predictors for an increase in care dependency. Compared to a femo-
ral neck fracture, pertrochanteric and subtrochanteric fractures were associated with an
increase in care dependency, as well as a waiting time to the hip fracture surgery of 3 or more
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Table 3. Variance of regions’ random intercepts and predicted probabilities.

Regions’ random Predicted probability per outcome Range
intercepts
Outcome Variance | P-value ...-28D ...-18D ... crude ...+18D ...+28D +18SD +2
SD
Increase in care dependency, unadjusted 0.010 | <.0001 26.33% 28.51% 30.84% 33.35% 36.04% 4.85% | 9.71%
Death, unadjusted 0.010 | <.0001 12.20% 13.20% 14.28% 15.43% 16.67% | 2.23% | 4.47%
No change in care dependency (Ref)
Increase in care dependency, adjusted® 0.004 | <.001 45.36% 46.50% 47.63% 48.74% 49.84% 2.24% | 4.48%
Death, adjusted® 0.005 | < .01 13.13% 13.52% 13.91% 14.28% 14.65% 0.76% | 1.52%
No change in care dependency (Ref)

Predicted probabilities were calculated for patients with average characteristics and varied within 1 and 2 standard deviations of the postal code regions’ random
intercepts.

*Adjusted for patient and regional characteristics. Abbreviations: Ref = Reference category, SD = Standard deviation.

https://doi.org/10.1371/journal.pone.0230648.t003

days. Inpatient length of stay was positively correlated with an increase of care dependency,
and inpatient rehabilitation negatively. However, because of the study design, it remains
unclear whether these are causal effects. For example, it is likely that only patients with a
potential for functional recovery were selected for rehabilitation and were therefore less care
dependent after fracture. Patient-level characteristics were investigated in a former study in
more detail [12].

Table 4. Results of the multinomial logistic regression analysis with random intercepts per 2-digit postal code region.

Increase in care dependency Death
Variable OR P-value 95% CI OR P-value 95% CI
Intercept 0.056 0.001 0.011-0.288 0.027 0.001 0.003-0.224
Regional-level factors
Population density (inhabitants per km*/100; per point increase) 0.997 0.074 0.994-1.000 0.996 0.059 0.992-1.000
Hospital density (number of hospitals per 100,000 inhabitants; per point increase) 0.997 0.009 0.995-0.999 0.997 0.037 0.994-1.000
Patient-level factors
Sex: male (Ref: female) 1.238 <.0001 1.197-1.280 2.103 <.0001 2.014-2.195
Age (from 65 years on, per year) 1.092 <.0001 1.090-1.095 1.086 <.0001 1.083-1.089
Comorbidity score
... based on Elixhauser (per score point) 1.092 <.0001 1.084-1.101 1.368 <.0001 1.354-1.382
... based on medication (per score point) 1.092 <.0001 1.084-1.100 0.903 <.0001 0.894-0.912
Fracture site (Ref: femoral neck, ICD-10: §72.0)
... pertrochanteric (ICD-10: S72.1) 1.175 <.0001 1.142-1.209 0.994 0.784 0.956-1.035
... subtrochanteric (ICD-10: $72.2) 1.235 <.0001 1.171-1.303 1.070 0.076 0.993-1.154
Time from hospital admission to surgery (Ref: 0 days)
... lday 1.000 0.991 0.969-1.033 1.016 0.506 0.970-1.063
... 2 days 1.010 0.692 0.961-1.062 1.114 0.002 1.040-1.194
... 3 or more days 1.094 <.001 1.044-1.147 1.266 <.0001 1.185-1.353
... not applicable 0.847 <.0001 0.802-0.894 1.111 0.002 1.040-1.187
Inpatient length of stay (per day) 1.011 <.0001 1.010-1.012 0.982 <.0001 0.980-0.984
Inpatient rehabilitation: yes (Ref: no) 0.432 <.0001 0.416-0.449 0.181 <.0001 0.170-0.192

The model estimated the effect of regional and patient characteristics on increase in care dependency and death (reference category is no change in care dependency),
adjusted for pre-fracture care dependency and hospital volume. Abbreviations: OR = Odds ratio estimates, CI = Confidence interval, Ref = Reference category

https://doi.org/10.1371/journal.pone.0230648.t004
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Table 5. Results of the multinomial logistic regression analysis with random intercepts per federal state.

Increase in care dependency Death

Variable OR| P-value 95% CI OR| P-value 95% CI
Intercept 0.182 <.0001 0.078-0.423 0.094 <.0001 0.033-0.267
Regional-level factors
Population density (inhabitants per km/100; per point increase) 0.995 0.185| 0.988-1.002 | 1.003 0.473 | 0.994-1.012
Hospital density (number of hospitals per 100,000 inhabitants; per point increase) 0.929 0.747 |  0.593-1.455| 1.179 0.532 | 0.703-1.976
Nursing home bed density (nursing home beds per 1,000 inhabitants; per point increase) 0.964 0.166 | 0.915-1.015| 0.967 0.286 |  0.909-1.029
Type of geriatric rehabilitation (Ref: mainly early complex geriatric rehabilitation)
... mainly inpatient rehabilitation 0.890 0.342| 0.701-1.131 | 0.853 0.262 | 0.647-1.126
... both forms 0.903 0.213 0.769-1.061 0.928 0.465 0.761-1.133
Patient-level factors
Sex: male (Ref: female) 1.240 <.0001 1.199-1.282 2.104 <.0001 2.015-2.196
Age (from 65 years on, per year) 1.091 <.0001 1.089-1.094 1.086 <.0001 1.083-1.089
Comorbidity score
... based on Elixhauser (per score point) 1.092 | <.0001 1.084-1.101 1.368 | < .0001 1.354-1.382
... based on medication (per score point) 1.092 | <.0001 1.084-1.100 | 0.903 | <.0001 | 0.894-0.912
Fracture site (Ref: femoral neck, ICD-10: §72.0)
... pertrochanteric (ICD-10: S72.1) 1.168 <.0001 1.135-1.202 0.995 0.809 0.957-1.035
... subtrochanteric (ICD-10: S72.2) 1.234 <.0001 1.170-1.302 1.065 0.099 0.988-1.148
Time from hospital admission to surgery (Ref: 0 days)

.. 1day 1.000 0.992 0.969-1.033 1.018 0.428 0.973-1.066

.. 2 days 1.008 0.761 0.959-1.059 1.122 0.001 1.047-1.201

.. 3 or more days 1.088 <.001 1.038-1.141 1.279 <.0001 1.197-1.366
... not applicable 0.848 <.0001 0.803-0.895 1.121 0.001 1.050-1.198
Inpatient length of stay (per day) 1.011 | <.0001 1.010-1.012 | 0.982| <.0001 | 0.980-0.984
Inpatient rehabilitation: yes (Ref: no) 0.436| <.0001 | 0.420-0.453| 0.185| <.0001 | 0.174-0.197

The model estimated the effect of regional and patient characteristics on increase in care dependency and death (reference category is no change in care dependency),

adjusted for pre-fracture care dependency and hospital volume. Abbreviations: OR = Odds ratio estimates, CI = Confidence interval, Ref = Reference category

https://doi.org/10.1371/journal.pone.0230648.t005

To our knowledge, there is no literature on regional variation regarding care dependency

after hip fracture, but regarding variables which may serve as a proxy, e.g. mobility and self-
care after hip fracture between municipalities in Norway [29], or changes in functional status
after hip fracture between US regions grouped by quintiles of end-of-life expenditures [30].
Low or no variation was detected, which stands in line with our results.
Another study did find differences in self-care and mobility after hip fracture on facility
and community level in the US [31]. However, both levels were collapsed into one and it

remains unclear to which level differences were attributable. A further study in the US investi-
gated functional status after hip fracture [32] and found regional variation primarily at facility
rather than state level. The cluster-level variance may rise with increasing number of clusters,
as there are considerable more facilities than states. This may also explain why we found partly
significant results of regional variables within 95 postal code regions, rather than within 16 fed-
eral states. Hox et al. [33] recommended the smallest acceptable number of clusters to be 30,
which we outperformed by using postal code regions, but not by using federal states.

However, each investigated country has a different health care system and the exact process
of treatment and aftercare of hip fractures may vary. Therefore, findings from studies from dif-
ferent countries should not be compared without considering this. For example, for the four
mentioned studies on care dependency, the outcome was measured using item scores from
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different instruments (e.g., EQ-5D 3L [29] or FIM motor scores [31, 32]) which were always
derived by patient surveys. In our study, however, the degree of care dependency was derived
from long-term care insurance claims data in which the patients’ care level is routinely
recorded.

The highest degree of care dependency as a consequence of a hip fracture is institutionaliza-
tion, for which evidence regarding regional variation is available, but differs regarding the
approach. One study found that patients injured after a fall would return home after hospitali-
zation less often when living in less deprived, predominantly white or rural areas in England
[34]. Another study found that state-level spending for home- and community-based services
for delivering long-term care in the US was associated with a decreased risk of nursing home
residence for hip fracture patients [35]. A third study found a lower rate of long-term care
admissions for hip fracture patients treated in regions with high inpatient rehabilitation rates
in Canada [36]. However, those studies vary in their data and methods, and, again, the struc-
ture and supply of health care is different for every country, making them difficult to compare.
Findings from one country may not be extrapolated to another country without limitations.
For example, the precise post-acute pathways and the short- and long-term discharge destina-
tion after hip fracture may differ which, of course, may affect a country’s institutionalization
rate. In Germany, however, studies on regional variation of nursing home admission after hip
fracture are not available at present.

Increased hospital density, a regional-level variable, was associated with a decreased likeli-
hood of occurring or increasing care dependency. Hospital density may serve as a proxy for
the degree of care supply per region. The supply is important for the treatment of suddenly
occurring injuries which result from external forces, such as falls, and are supposed to be
tended immediately. Our results suggest that patients in regions with more hospitals per capita
may experience differences in care, probably based on different distances to hospitals or fur-
ther inpatient health care, which may relate to a decreased likelihood of subsequent care
dependency. However, further analyses based on distance measurements should be conducted
to investigate this association.

Population density may suggest the regions’ infrastructure and access to health care, which
can comprise rehabilitation, follow-up care and even access to prevention. We can assume that
hospital and population density will be roughly correlated, although the correlation in our
analyses was not critical. As interpretation may in some ways apply for both variables, but as
population density lacked significance, it seemed that effects may be primarily attributable to
hospitals rather than to general infrastructure.

Although there are two different geriatric rehabilitation systems offered in different Ger-
man federal states, it was not found to contribute to regional variation. During early complex
geriatric rehabilitation therapy, patients receive rehabilitation within few days after surgery to
foster early mobilization. Regarding inpatient geriatric rehabilitation, patients stay in hospital
for acute treatment and are discharged to afterward receive additional rehabilitation in a sepa-
rate inpatient unit. The question arises why the concrete implementation of rehabilitation in
Germany is not standardized until now. There should be clarification which system, or
whether a combination of both, provide best outcomes. A study focusing on a comparison on
both systems found that inpatient geriatric rehabilitation may decrease occurring or increasing
care dependency [37]. However, operationalization of the systems and observation time dif-
fered, which may explain the lack of significant results in our study.

Our study has some limitations. We used health insurance claims data from 2009-2012,
which might be outdated. However, as in Germany there have not been any significant
changes of hip fracture treatment since, the results of our analysis should still be valid and rele-
vant. By investigating patients of only one association of health insurance companies, we may
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introduce a selection bias. There is evidence that insured persons of the AOK may have a
lower socio-economic status and are chronically ill more frequently than those of other com-
panies [38, 39]. Therefore, the probability of the increase in care dependency itself may be
overestimated. Data on care dependency were only available on a quarterly period basis and it
was unclear whether increase in care dependency in the quarterly period of the hip fracture
was a consequence of the sustained fracture in all cases. We used the care dependency infor-
mation in the quarterly period after hip fracture, which may overestimate the risk of occurring
or increasing care dependency. A short time horizon was chosen in order to allow for a tempo-
ral relation with hip fracture. Studies showed a progressive functional recovery within the first
year after hip fracture [40, 41]. We assumed that in case of increase in care dependency after
hip fracture, it is likely observed in the first months after hip fracture as the care level deter-
mines the reimbursement of both short- and long-term care for the patient. Furthermore, in
case of an increased care dependency, the claim is made retroactively as of the date of applica-
tion and not the date of decision by the MDK, which makes it more likely to be observed
shortly after hip fracture. Data were aggregated so that we could not use the patients’ exact res-
idence place but 2-digit postal code regions. Measurement of more precise regional clusters or
allowance for geographic characteristics via spatial methods, which would consider adjacent
regions, was not possible or useful. Despite the standardized measurement of care dependency
in terms of care level, slight differences might be conceivable. On the one hand, the probability
of patients applying for a care level, which would initiate the process of assessment, might dif-
fer. On the other hand, the realization and practice of the assessment might vary. Although the
assessment is conducted by the MDK based on standardized criteria, guidelines and reality
might by incongruent which we, however, could neither observe, nor adjust for.

Our study has several strengths. It adds to existing knowledge on care dependency by draw-
ing on a large and rich data set of more than 120,000 patients. We did not exclude patients
who died after hip fracture but used mortality as competing risk to account for potential sur-
vival bias. We applied generalized linear mixed models to account for autocorrelation of obser-
vations within regions. We used claims data, which are less vulnerable to information bias, an
issue common for survey data. The AOK has a high national coverage of about one-third of
the German population, which makes our results fairly representative and generalizable on
patient level. On regional level, our results are specific for Germany and therefore not neces-
sarily generalizable. However, our approach may be adapted to investigate regional variation
in other countries. To our knowledge, this is the first study analyzing regional variation of care
dependency using the valid classification of German care levels, which clearly discriminates
the extent of care dependency. The routinely conducted assessment implies standardized mea-
surement of the degree of care dependency and equal distribution over regions when consider-
ing equal patients.

Conclusion

In this study, we investigated regional variation of occurring or increasing care dependency
after hip fractures using the German classification by the long-term care insurance. Several
characteristics on patient and regional level associated with care dependency were identified.
Knowledge of patient-level characteristics may help to identify possible risk groups, for which
special attention may be paid regarding treatment and prevention. Care dependency affects
patients’ overall health status and quality of life and it might therefore motivate patients to
adopt a preventative lifestyle.

As care dependency is considerably expensive in the long run, driving characteristics might
be relevant especially for care providers and payers. We found that patients living in regions
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with lower hospital density had a slightly higher likelihood for an increase in care dependency
after hip fracture. However, the analyses suggested only modest variation on regional level.
Differences appear to be attributable primarily to patient rather than regional characteristics.
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