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Abstract
Background Evidence suggests benefits of orthogeriatric co-management (OGCM) for hip fracture patients. Yet, evidence 
on cost-effectiveness is limited and based on small datasets. The aim of our study was to conduct an economic evaluation 
of the German OGCM for geriatric hip fracture patients.
Methods This retrospective cohort study was based on German health and long-term care insurance data. Individuals were 
80 years and older, sustained a hip fracture in 2014, and were treated in hospitals providing OGCM (OGCM group) or stand-
ard care (control group). Health care costs from payer and societal perspective, life years gained (LYG) and cost-effectiveness 
were investigated within 1 year. We applied weighted gamma and two-part models, and entropy balancing to account for the 
lack of randomisation. We calculated incremental cost-effectiveness ratios (ICER) and employed the net-benefit approach 
to construct cost-effectiveness acceptability curves.
Results 14,005 patients were treated in OGCM, and 10,512 in standard care hospitals. Total average health care costs per 
patient were higher in the OGCM group: €1181.53 (p < 0.001) from payer perspective, and €1408.21 (p < 0.001) from 
societal perspective. The ICER equalled €52,378.12/ LYG from payer and €75,703.44/ LYG from societal perspective. The 
probability for cost-effectiveness would be 95% if the willingness-to-pay was higher than €82,000/ LYG from payer, and 
€95,000/ LYG from societal perspective.
Conclusion Survival improved in hospitals providing OGCM. Costs were found to increase, driven by inpatient and long-
term care. The cost-effectiveness depends on the willingness-to-pay. The ICER is likely to improve with a longer follow-up.

Keywords Orthogeriatric co-management · Economic evaluation · Cost-effectiveness · Entropy balancing

Background

In Germany, there is an ongoing demographic shift in the 
population. The proportion of older individuals is rising 
and expected to increase substantially in future decades [1]. 
In this ageing population, geriatric health conditions will 
become highly important. Falls are regular events in older 
and fragile persons [2]. Hip fractures are one of the most 
severe fall-related injuries which lead to numerous negative 
health consequences including pain, immobility, reduced 
quality of life, care dependence and mortality. Additionally, 
hip fractures cause high health care consumption, as they are 
expensive in acute and long-term care [3–7]. Both the inci-
dence of hip fractures and the number and severity of nega-
tive consequence after hip fracture increase with age [8–10].
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For a frail patient of advanced age with several comor-
bidities, the incident hip fracture may be only one amongst 
a number of medical issues that often are beyond the scope 
and expertise of orthopaedic surgeons. To better deal with 
the special needs of geriatric patients, models for collabo-
rative orthogeriatric care of patients with fragility frac-
tures have been developed in the last years [11–13]. Since 
then, numerous studies investigated the association of dif-
ferent forms of co-managed, multidisciplinary treatment 
approaches involving orthopaedic surgeons and geriatricians 
with health-related outcomes after hip fracture, e.g., mortal-
ity and functional status as well as costs.

For in-hospital mortality, systematic reviews found 
mixed results with partly a statistically significant reduc-
tion for patients treated with collaborative orthogeriatric 
care [12, 14], and partly differences not reaching statistical 
significance [15–17], compared to standard care. Numer-
ous studies showed statistical significant decreased mortality 
rates within 30 days [18–24] and 1 year [12, 17, 21, 25, 26], 
although two meta-analyses found no statistically significant 
difference in long-term mortality [15, 16].

Another relevant consequence after hip fracture is 
decreased functional status and, often entailed, care depend-
ence which affects the quality of life and is an important 
cost driver. Meta-analyses showed that patients treated with 
collaborative orthogeriatric care regained the same level of 
activities of daily living (ADL) and their walking ability 
more often [15] or more often had a return in function after 
1 year [14, 17], compared to patients treated with stand-
ard care. However, another study did not find differences in 
mobility and return in function after 1 year [27].

There are several studies with an economic perspective 
on collaborative orthogeriatric care summarised in a sys-
tematic review and meta-analysis [17]. Out of eight studies, 
seven found a decrease in acute hospital and, if applicable, 
rehabilitation costs for patients treated with collaborative 
orthogeriatric care compared to standard care. Only one 
study found an increase in acute hospital costs [27]. How-
ever, after 1-year follow-up this study found a statistically 
nonsignificant decrease in total costs comprising hospital, 
rehabilitation, nursing home, and other primary health and 
care services. A pooled analysis of four studies in the meta-
analysis found significantly better health outcomes in terms 
of reduced 1-year mortality and reduced loss of function 
after discharge from a hospital or rehabilitation facility. 
As collaborative orthogeriatric care improved outcomes at 
lower costs compared to standard care, it was considered 
economically dominant. Two of the studies additionally 
found a better quality of life for collaborative orthogeriatric 
care patients resulting in improved quality-adjusted life years 
(QALY) [25, 27].

There are different models of collaborative orthogeriat-
ric care investigated in the literature, e.g., treatment in an 

orthopaedic ward with geriatric consultations on request, 
or regular, initial treatment in an orthopaedic ward with 
transfer to a geriatric ward postoperatively, or treatment 
by an orthopaedic surgeon and a geriatrician together [11, 
28]. The literature is still inconclusive as to which of these 
models is most beneficial. However, models with the early 
involvement of a geriatric interdisciplinary team seem to be 
superior compared to others. Accordingly, the precise terms 
differ in existing literature. In this study, we will henceforth 
use the term orthogeriatric co-management (OGCM) which 
in Germany is defined as a hospital treatment by a mul-
tidisciplinary geriatric team headed by a geriatrician and 
delivered either on an orthopaedic or a geriatric ward. A 
standardised comprehensive geriatric assessment, an early 
mobilisation and inpatient rehabilitation during the hospital 
stay starting few days after surgery is provided. In Germany, 
inpatient rehabilitation measures are usually delivered by 
either OGCM in a hospital or subacute in a separate facility. 
However, offering both forms is also possible.

For Germany, there are only a few studies investigating 
OGCM yet, of which one did not only focus on hip frac-
tures but included further geriatric fractures [29]. Based 
on a rather small sample, it found statistically insignificant 
results regarding mortality, ability to walk, complications, 
as well as costs favouring OGCM. However, it did not inves-
tigate cost-effectiveness. Another study with a large dataset 
[24] found statistically significant results regarding mortal-
ity after hip fracture favouring OGCM. Based on the same 
data as the latter study, we now additionally focused on an 
economic perspective. The aim of our study was to evaluate 
associated costs and cost-effectiveness of OGCM in com-
parison to standard care for hip fracture patients in Germany 
within 1-year follow-up.

Data and methods

Study design, data source, and selection criteria

We used a non-experimental, retrospective, population-
based cohort study design. Health and long-term care insur-
ance claims data for the years 2012–2015 were provided by 
the “Wissenschaftliches Institut der AOK” (“WIdO”). WIdO 
is a scientific institute and belongs to the largest association 
of statutory health insurance companies in Germany, which 
covers about one-third of the German population. Patients 
were included in our study if they sustained an incident hip 
fracture (hospital admission diagnosis S72.0 or S72.1 from 
the 10th revision of the International Classification of Dis-
eases) during the index period of January until December 
2014. Starting from the index date of hospital admission, 
patients were followed for 1 year (follow-up period), or 
until death. A period of 2 years prior to the index date was 
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stipulated as baseline for determining patient-level risk pro-
files (see section “Risk adjustment”).

Since we investigated an intervention intended for geriat-
ric patients, a further inclusion criteria was the patients’ age 
of 80 years or older which corresponds to the definition of 
geriatric patients by the German Society for Geriatric medi-
cine [30]. Patients who were transferred to another hospital 
or changed the insurance were excluded. Further exclusion 
criteria were patients with negative costs due to administra-
tive reasons, and patients treated in hospitals with a low 
(≤ 80 patients; n = 259 hospitals) or ordinary high (> 560 
patients; n = 10 hospitals) annual hospital volume of hip 
fracture cases based on AOK data in 2014. The latter was 
chosen to improve the comparability between intervention 
and control group and to exclude a possible quality-related 
source of heterogeneity.

Intervention

OGCM in German health insurance claims data can be iden-
tified by the procedure classification code “OPS8-550”. It 
identifies a complex treatment of early rehabilitation lasting 
at least 14 days and provided by a multidisciplinary geriat-
ric team that was headed by a geriatrician and made up of 
physiotherapists, occupational therapists, specifically trained 
nurses, social workers, and additional disciplines if needed. 
The treatment comprises early mobilization after surgery as 
key component, standardized geriatric assessment, regular 
interdisciplinary team meetings, and development of a reha-
bilitation plan with setting of functional goals and a focus 
on geriatric syndromes. In patients with hip fracture, this 
multidisciplinary geriatric treatment usually begins within 
24 h after surgery and can be delivered at an orthopaedic or a 
geriatric ward. OGCM is delivered additionally to the stand-
ard care of the hip fracture which is most likely appropriate 
surgery and rehabilitation with no intended contact to a geri-
atric ward. Further information can be found elsewhere [24]. 
Since there is considerable financial reimbursement associ-
ated with the OPS8-550 code, data are subject to thorough 
checking and audit and can be considered highly accurate.

The assignment of patients to intervention and control 
group was done on hospital level. If a hospital treated at 
least one patient of our study population with the OPS8-
550 procedure, it was considered as providing OGCM facili-
ties. Subsequently, all patients treated in this hospital were 
assigned to the intervention group. Otherwise, when focus-
ing on patients who actually received an OPS8-550, there 
would be a selection bias. By definition, an OPS8-550 code 
requires the patient to survive and receive at least 14 days 
of treatment. However, using survival as part of the group 
allocation definition would introduce immortal time bias. 
Identifying which hospitals provided OGCM based on the 
coding of patients treated in the hospitals overcomes this 

problem. Although not all hip fracture patients in OGCM 
hospitals may have actually received the OGCM, they may 
still benefit from the presence of a multidisciplinary geriatric 
team. Thus, a patient was assigned to the intervention group, 
if his index hospital stay due to the incident osteoporotic 
fracture was in a hospital defined as providing OGCM, and 
to the control group, if treated in other hospitals.

Health care costs

In this study, we investigated direct health care costs. Total 
direct health care costs comprising costs for inpatient 
(including inpatient rehabilitation) and outpatient treatment, 
medication, devices/medical appliances, and long-term care 
were calculated and summed up during the follow-up. Costs 
were also calculated for all sectors separately. Additionally, 
inpatient costs and inpatient length of stay in the index hos-
pital (due to the index hip fracture) and rehabilitation facility 
(if rehabilitation was conducted within 4 weeks after index 
hospital discharge) were estimated. Costs were reported in 
2015 Euro and adjusted for inflation using the Gross Domes-
tic Product price index [31, 32]. We applied a payer per-
spective on health care costs. All costs were available from 
health and long-term care insurance claims data, except for 
long-term care costs.

Costs for long-term care could not be derived directly, 
but instead, information on care level and nursing home 
admission were available per quarterly period. In Ger-
many, long-term care recipients were categorized in one of 
four care levels (0, 1, 2, 3) by the long-term care insurance 
based on their required assistance in performing ADL and 
IADL due to disability. The levels were classified depend-
ing on daily time needed for care (e.g., care level 1, 2, and 
3 requiring basic care such as washing, feeding, or dress-
ing for at least 0.75, 2, and 4 h daily time, respectively) 
[33], except for care level 0. Care level 0 is intended for 
individuals with a limited “everyday competence” which 
means that they are care dependent with special needs for 
support and supervision instead of medical care. This may 
particularly concern individuals with a dementia disease, 
mental disorder or mental disability. The classification is 
clearly defined and the assessment of severity routinely 
conducted by a qualified physician or nurse. Therefore, 
care level is supposed to be a standardized, differenti-
ated and objective indicator of the degree of functional 
impairment and, consequently, an appropriate and rou-
tinely recorded measurement of care dependence. The 
reimbursement of long-term care was fixed per care level, 
depending on the arrangement of care (e.g., whether or 
not a person received care at home or in a nursing home). 
Therefore, long-term care costs could be estimated based 
on care level and nursing home information.
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The number of quarterly periods per care level was mul-
tiplied with the standardized reimbursement per care level 
for home-delivered and nursing home care, respectively. For 
care at nursing homes, the reimbursement rate per care level 
is fixed. For care at home, the amount of reimbursement 
provided by the long-term care insurance differs depending 
on who delivers the care. When formal care is delivered 
by a professional nursing service, the service is reimbursed 
directly, which means that the patient receives no money but 
benefits-in-kind via the nursing services (“Pflegesachleis-
tung”). As an alternative, cash benefits may be paid by the 
long-term care insurance (“Pflegegeld”), which means that 
the patient receives money for care purposes to compensate 
for instance informal care delivered by relatives [34]. This 
amount of money is lower than what is reimbursed to profes-
sional nursing services for providing formal care at home. 
As we could not derive which patient in our population 
received benefits-in-kind or cash benefits, we used official 
German statistics data [34] and stratified them by both age 
groups and sex. As the majority of care recipients in these 
statistics is presented as receiving a combination of both, we 
calculated three different scenarios for the reimbursement 
of care at home: long-term care insurance costs mainly for 
cash benefits of patients (minimum long-term care costs), 
long-term care insurance costs mainly for non-cash benefits-
in-kind of patients (maximum long-term care costs), and an 
equal combination of both (average long-term care costs). 
The main analysis was carried out for the scenario of average 
long-term care costs, and additional analyses were calculated 
for the other scenarios.

In Germany, the long-term care insurance pays for a frac-
tion of the long-term care expenses a care recipient actually 
has. To enable comparisons of the long-term care costs with 
other countries with differing reimbursement rates, we addi-
tionally calculated long-term care costs from a societal per-
spective. For long-term care in nursing homes, we applied 
average costs per care level [35]. For long-term care costs at 
home, we multiplied the minimum daily time for assistance 
required per care level [33] with the average costs of formal 
care, which is equivalent to the substitution costs of informal 
care [35]. As there is no minimum daily time for assistance 
given for care level 0, we could not calculate costs as we 
did for the other care levels. We chose to use the reimburse-
ment rate of the long-term care insurance described above to 
obtain minimum costs for care level 0 from a payer perspec-
tive which, however, underestimates the societal costs. Other 
health care costs formerly mentioned differ only marginally 
between the payer’s and the societal perspective, because the 
health insurance reimburses almost all other costs that apply 
for the hip fracture treatment.

Effectiveness

We estimated the survived time within 1 year. As informa-
tion on mortality was available only on a monthly basis, 
we additionally considered the end date of insurance in the 
month of death as date of death to derive information on a 
daily basis.

As an additional approximation of the cost-utility ratio, 
we adjusted the survival within 1 year for quality of life 
in terms of utilitites which we derived from another study 
based on care levels. We assumed that the increase in care 
level per patient was a consequence of the hip fracture, 
and that the quality of life decreased with increasing care 
dependence and care level [36]. Thus, we matched care-
level specific utilities to our data to obtain quality-adjusted 
life years (QALYs). Utilities were based on data from the 
AgeCoDe-AgeQualiDe study. This was a prospective cohort 
study which started in the year 2003 and took place in six 
study centres across Germany. Participants were recruited 
from the general population by general practitioners if they 
were at least 75 years, had no dementia and had at least one 
contact with the GP within the last 12 months. They were 
interviewed every 1.5 years. Inter alia, care level and quality 
of life based on EQ-5D-3L [37] were surveyed. We chose the 
seventh wave of AgeCoDe, because participants were aged 
at least 85 years and sufficient observation numbers per care 
level were available. Thus, the participants were geriatric 
patients, but not necessarily with a hip fracture. Missing 
values in the study were imputed by employing the “Multi-
ple Imputation using Chained Equations” approach. Further 
information on the studies can be found elsewhere [38, 39]. 
The average quality of life per care level was calculated and 
transformed to care-level specific utilities using the German 
tariff [40] (displayed in supplementary Table 1).We then 
matched the utilities to the hip fracture patients based on the 
care level within 1 year after hip fracture. Specifically, we 
multiplied the utilities with the average time per care level 
per patient within 1 year to obtain QALYs.

Risk adjustment

The risk of mortality or limited functional ability after hip 
fracture, which would thus affect care dependence and, 
therefore, health care costs, is correlated to numerous fac-
tors on patient and hospital level [41–43]. Unfortunately, 
hip fracture patients could not randomly be assigned to the 
intervention and control group. Observational studies like 
ours may be subject to selection bias and unbalanced base-
line characteristics due to a lack of randomisation. To reduce 
confounding, the reweighting algorithm entropy balancing 
(EB) [44] was applied to remove inequalities in the inde-
pendent variables. EB recalibrates the weight of each con-
trol individual in such a way that the control group satisfies 
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pre-specified balancing requirements, i.e., equal mean, vari-
ance and skewness as in the treatment group. Thereby, the 
comparability of the control group to the treatment group is 
maximised regarding the risk adjustment variables. Among 
all possible combinations of weights that fulfill these bal-
ancing requirements, EB choses the combination that devi-
ates as little as possible from uniform weights. The EB 
weights for the control group wi are chosen by the following 
approach that minimizes the entropy distance metric

subject to the following constraints

cri
(

Xi

)

= mr defines R balance constraints imposed on the 
moments of the covariate distribution of the control group. 
mr contains the  rth order moment of a particular covariate Xj 
from the treatment group. The moment functions are speci-
fied for the control group as cri

(

Xi

)

= Xr
ij
.

EB has been shown to be superior to other approaches 
like propensity score matching or pruning [44–46]. In con-
trast to propensity score matching, EB is more effective as it 
achieves higher covariate balance, does not discard individu-
als and obviates the need for manual propensity score model 
specification and balance checking, since balance accord-
ing to the pre-specified balancing requirements is fulfilled 
by construction [44]. Furthermore, while propensity score 
methods often decrease balance on some covariates, EB 
improves balance for all conditioning variables.

There are potential limitations or EB if the balance 
constraints are inconsistent, or if there are extreme bal-
ance constraints which are very far from the control group 
data. This may occur if the distributions of the covariates 
of intervention and control control have little overlap. This 
was avoided by checking the covariate distributions of the 
intervention and control group, the EB results (see Table 1), 
and by excluding few potential outlier covariates with less 
than 50 observations (i.e., the comorbidities HIV, migraines 
and tuberculosis). The weights obtained from EB were used 
in the statistical analysis.

min
wi

H(w) =
∑

i

wi log
(

wi∕qi
)

with qi = 1∕n0 and

n0 = size of the control group

∑

i

wicri
(

Xi

)

= mr with r ∈ 1,…R

∑

i

wi = 1

wi ≥ 0 for all i

The following covariates recorded during the baseline 
period or at the index hip fracture date were used for EB: Sex; 
age at the index hospital admission; comorbidities according to 
the medication during the last 2 years prior to the fracture [47, 
48] (except for HIV, migraines and tuberculosis as there were 
less than 50 observations); number of quarterly periods being 
care dependent due to care level 0, 1, 2, or 3, respectively, dur-
ing baseline; number of quarterly periods living in a nursing 
home during baseline; hospital volume (defined as mean num-
ber of hip fracture cases per year in the AOK dataset, weighted 
with the market share of the AOK per German federal state 
to avoid bias); and direct health care costs summed up during 
baseline for inpatient treatment, outpatient treatment, medica-
tion, and devices/medical appliances. As a considerable share 
of the patient had no inpatient costs during baseline, we addi-
tionally used the information whether or not inpatient costs per 
patient occurred at all. To avoid bias by extreme outliers, all 
costs were winsorised at the 99% percentile.

Statistical analysis

Health care costs were estimated in two steps. First, not for 
all patients costs may have occurred (e.g., if they died on the 
first day of observation or did not utilize outpatient or medica-
tion services during follow-up). Therefore, a logistic regres-
sion estimated the likelihood for the occurrence of any costs 
at all. Second, the amount of costs is usually not normally 
distributed, but always ≥ 0, left skewed and with few extreme 
outliers. Therefore, we applied a generalised linear model with 
a gamma distribution and a log link function to estimate the 
mean amount of costs, if occurred [49]. To simultaneously 
estimate the occurrence and the amount of costs, a weighted 
two-part model was applied [50]. As an exception, inpatient 
costs, as well as inpatient length of stay, occurred for every 
patient, because the follow-up started at the time of hospital 
admission. Therefore, both were estimated with a weighted 
generalised linear model with a gamma and a log link func-
tion only. For long-term care costs, weighted mean costs over 
all patients were calculated and tested between OGCM and 
control group using t tests. Care dependence was estimated 
in terms of the number of quarterly periods with each care 
level or living in a nursing home during follow-up. Thus, care 
dependence was a count variable and, therefore, estimated 
using a weighted generalised linear model with a Poisson dis-
tribution and a log-link function. Life years and QALYs gained 
were derived with weighted means and tested using t tests.

To analyse the cost-effectiveness of the intervention at the 
end of the follow-up, the incremental cost-effectiveness ratio 
(ICER) was calculated as follows [51]:
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ICER =
(Weighted mean costsOGCM group−Weighted mean costscontrol group)

(Weighted mean effectsOGCM group−Weighted mean effectscontrol group)
=

ΔWeighted costs

ΔWeighted effects
.

Table 1  Descriptive statistics of OGCM and control group before and after EB

Variance is stated in parentheses as it was used for the entropy balancing reweighting algorithm
OGCM = Orthogeriatric co-management; EB = Entropy balancing

Variables at index hip fracture date or during baseline 
(previous 2 years)

OGCM group (N = 14,005) Control group (N = 10,512)

Before EB After EB

Male sex [%] 19.94 (15.96) 19.78 (15.87) 19.93 (15.96)
Mean age at index hip fracture date [years] 87.09 (20.27) 87.17 (20.99) 87.09 (20.27)
Mean care dependence during baseline [quarterly peri-

ods]
 In care level 0 0.11 (0.47) 0.11 (0.45) 0.11 (0.47)
 In care level 1 2.48 (10.31) 2.49 (10.19) 2.48 (10.31)
 In care level 2 1.29 (6.77) 1.36 (6.95) 1.29 (6.77)
 In care level 3 0.17 (1) 0.20 (1.18) 0.17 (1.00)
 Living in a nursing home 1.38 (7.62) 1.70 (8.92) 1.38 (7.62)

Occurence of inpatient costs during baseline [%] 65.26 (22.67) 64.28 (22.96) 65.26 (22.67)
Mean amount of inpatient costs during baseline [€] 6307.75 (80,949,564) 5660.19 (69,449,468) 6307.18 (80,938,564)
Mean amount of outpatient costs during baseline [€] 1699.91 (1,413,582.4) 1767.44 (1,436,238) 1700.05 (1,413,687)
Mean amount of medication costs during baseline [€] 2327.17 (5,613,924) 2335.30 (5,602,612) 2327.21 (5,613,808)
Mean amount of devices/medical appliances costs during 

baseline [€]
244.51 (425,981.53) 259.29 (462,341) 244.55 (426,082)

Mean index hospital volume (annual hip fracture cases) 89.40 (1393.45) 72.05 (1196.98) 89.35 (1,394.46)
Medication-based comorbidities [%]
 Acid related disorders 51.65 (24.97) 52.20 (24.95) 51.65 (24.98)
 Bone diseases (osteoporosis) 9.41 (8.53) 8.87 (8.08) 9.41 (8.53)
 Cancer 0.56 (0.55) 0.68 (0.67) 0.56 (0.55)
 Cardiovascular diseases (incl. hypertension) 87.43 (10.99) 87.88 (10.65) 87.43 (10.99)
 Dementia 9.93 (8.94) 11.00 (9.79) 9.93 (8.94)
 Diabetes mellitus 21.26 (16.74) 21.01 (16.6) 21.26 (16.74)
 Epilepsy 9.95 (8.96) 9.67 (8.74) 9.95 (8.96)
 Glaucoma 10.02 (9.02) 9.49 (8.59) 10.02 (9.02)
 Gout, Hyperuricemia 13.71 (11.83) 13.35 (11.57) 13.71 (11.83)
 HIV Excluded due to less than 50 observations
 Hyperlipidemia 28.35 (20.32) 27.94 (20.14) 28.35 (20.32)
 Intestinal inflammatory diseases 0.93 (0.92) 1.14 (1.13) 0.93 (0.92)
 Iron deficiency anemia 8.24 (7.56) 8.53 (7.81) 8.24 (7.56)
 Migraines Excluded due to less than 50 observations
 Pain 60.50 (23.90) 59.65 (24.07) 60.50 (23.90)
 Parkinson’s disease 7.44 (6.89) 7.35 (6.81) 7.44 (6.89)
 Psycholgical disorders (sleep disorder, depression) 38.46 (23.67) 39.03 (23.8) 38.47 (23.67)
 Psychoses 23.11 (17.77) 25.95 (19.22) 23.11 (17.77)
 Respiratory illness (asthma, COPD) 14.99 (12.74) 15.03 (12.77) 14.99 (12.74)
 Rheumatologic conditions 43.81 (24.62) 43.31 (24.56) 43.81 (24.62)
 Thyroid disorders 21.46 (16.86) 21.48 (16.87) 21.46 (16.86)
 Tuberculosis Excluded due to less than 50 observations
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Effects were measured as average life years survived 
within 1-year follow-up, and, additionally, as quality-
adjusted years survived within 1-year follow-up. Thus, the 
ICER informs about the additional costs caused by the 
intervention to achieve an additional life year compared 
to standard care. In case the intervention is less costly and 
more effective, the intervention is cost-effective and said 
to dominate standard care. However, if the intervention 
is more costly and more effective, the cost-effectiveness 
depends on the maximum willingness to pay (WTP) per 
unit of life years gained.

Next, cost-effectiveness acceptability curves based on 
the net-benefit approach were constructed to handle uncer-
tainty of the ICER [51, 52]. The net benefit approach refor-
mulates the ICER into a net-monetary benefit (NMB) and 
considers different maximum WTP. For each WTP, the 
intervention is cost-effective, if the point estimate of the 
NMB is positive. The NMB was calculated as follows: 
NMB = WTP × ΔEffects − ΔCosts . Since the WTP was 
unknown, the WTP was iterated from €0 to a meaningful 
threshold (in this study €250,000) in steps of €1000. Sub-
sequently, the iterated NMB was used as dependent vari-
able in a weighted regression model with the intervention 
as independent variable.

The results were presented in a cost-effectiveness accept-
ability curve (CEAC) which informs about the intervention’s 
probability of being cost-effective at different WTPs. The 
respective probability is calculated as 1 − p/2 if the interven-
tion coefficient of the weighted linear regression model was 
positive and p/2 if the intervention coefficient was negative. 
P represents the p value of the intervention coefficient. We 
considered the intervention cost-effective if the probability 
of being cost-effective was above a probability threshold 
of 95%.

The analyses were repeated for different calculations of 
long-term care costs (minimum/maximum long-term care 
costs). All calculations were performed using SAS software 
v9.4 (SAS Institute Inc, Cary, NC) and Stata 15 (StataCorp, 
College Station, TX). Because this study comprised analysis 
of anonymized routine data, it was not necessary to request 
approval from the ethics committee of the University of Ulm 
or informed consent from the study participants.

Results

In total, 24,517 hip fracture patients were investigated, out of 
which 14,005 were treated in OGCM hospitals and 10,512 in 
other hospitals. Descriptive characteristics and results from 
EB are displayed in Table 1. About one-fifth of all patients 
was male and mean age was 87 years. Within the 2-year 
baseline period, patients were care dependent according to 

one of the care levels for about four quarterly periods on 
average. Intervention and control group mainly differed in 
the number of quarterly periods patients had been living in 
nursing homes (higher for control group), in the amount of 
inpatient costs (higher for OGCM group), and in index hos-
pital volume (higher for OGCM group). However, after EB 
both groups were virtually equal in terms of mean, variance 
and skewness of the risk adjustment variables, as displayed 
in Table 1 and supplementary Table 2.

During follow-up, patients in the intervention group had 
slightly more quarterly periods with an increased care level, 
compared to baseline, as reported in supplementary Table 3. 
However, note that the mean time patients survived (life 
years) also was higher in the intervention group, compared 
to the control group.

Estimated mean costs are reported in Table  2 and 
increased for all categories in the intervention group. Cost 
difference was €1181.53 (p < 0.001) for total costs from a 
payer perspective and €1408.21 (p < 0.001) from a societal 
perspective, €1007.25 for inpatient treatment (p < 0.001), 
€1091.18 for inpatient treatment due to the index hip frac-
ture (p < 0.001), €29.01 (p < 0.01) for outpatient treat-
ment, €38.22 for medications (p < 0.05), and €1.38 for 
devices/medical appliances. Mean costs for long term care 
resulted in a difference of €109.25 from a payer perspec-
tive, and €335.90 (p < 0.05) from a societal perspective. 
The inpatient length of stay due to the index hip fracture 
was 2.33 days longer in the intervention than in the control 
group (p < 0.001). Due to the lower mortality in the OGCM 
group, patients survived 0.77 life years during follow-up in 
the OGCM group, which was 0.02 life years more than in 
the control group (p < 0.001).

When repeating the analyses for different scenarios of 
long-term care costs from a payer perspective, there were 
only slight differences in total costs (difference for minimum 
long-term care cost calculation: €1134.84 (p < 0.001); differ-
ence for maximum long-term care cost calculation: €1197.09 
(p < 0.001)) and long-term care costs (difference for mini-
mum long-term care cost calculation: €62.50; difference for 
maximum long-term care cost calculation: €124.83).

The ICER based on total costs and life years gained 
equalled €52,378.12 per life year gained from a payer per-
spective and €62,418.54 per life year gained from a societal 
perspective (Table 2). The CEACs are displayed in Fig. 1 
and represent the probability of the intervention being cost-
effective at different WTPs. If the society was willing to pay 
at least €82,000 per life year gained, the intervention had 
a more than 95% probability of being cost-effective from 
a payer perspective. From a societal perspective, the WTP 
should be at least €95,000 per life year gained.

Based on the cost–utility approximation, patients on aver-
age had 0.51 QALYs during follow-up in the OGCM group, 
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which was 0.02 QALYs more than in the control group 
(0.49; p < 0.001). The ICER based on total costs and QALYs 
equalled €60,902 per QALY from a payer perspective and 
€81,614 per QALY from a societal perspective.

Discussion

In this retrospective cohort study, we evaluated associ-
ated costs and cost-effectiveness of hospitals providing 

Table 2  Costs and outcomes 
during follow-up for OGCM 
and control group with entropy 
balancing weights

OGCM Orthogeriatric co-management
*p < 0.05; **p < 0.01; ***p < .001
a Total costs comprised inpatient, outpatient, medication, medical aid and long-term care costs
b Estimated using a gamma GLM model and entropy balancing weights
c Inpatient treatment comprises hospital and inpatient rehabilitation treatment
d Estimated using a two-part logistic and gamma model and entropy balancing weights
e Weighted mean values. Difference was tested using t-test

OGCM group 
(N = 14,005)

Control group 
(N = 10,512)

Difference (SE)

Costs [€]
 Total (payer perspective)a, b 22,255 21,073 1.181.53*** (154.55)
 Total (societal perspective)a, b 29,203 27,794 1408.21*** (214.72)
  Inpatientb, c 13,509 12,505 1007.25*** (110.38)

- Thereof due to index hip  fractureb, c 10,001 8767 1091.18*** (54.44)
  Outpatientd 814 785 29.01*** (9.36)
  Medicationd 1096 1057 38.22* (17.58)
 Devices/medical  appliancesd 276 275 1.38 (5.71)
 Long-term care (payer perspective)e 6561 6452 109.25 (87.14)
 Long-term care (societal perspective)e 13,508 13,172 335.90* (162.61)

Inpatient length of stay due to index hip 
fracture  [days]b, c

25.97 23.65 2.32*** (0.21)

Life  yearse 0.77 0.74 0.02*** (0.01)
ICER [€ per life year gained]
 from a payer perspective 52,378.12
 from a societal perspective 62,418.54

Fig. 1  Cost-effectiveness 
acceptability curve from payer 
and societal perspective
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collaborative orthogeriatric care in comparison to standard 
care for hip fracture patients in Germany within 1 year. 
We found the treatment in hospitals with collaborative 
orthogeriatric care to be more expensive, particularly due 
to inpatient and long-term care costs. The results stand in 
line with Prestmo et al. [27] who found increased acute 
admission costs due to collaborative orthogeriatric care. 
However, all other studies investigated in an existing lit-
erature review and meta-analysis [17] found reduced costs 
of collaborative orthogeriatric care during acute hospital 
admission, compared to the control group. Even the first 
mentioned study found nonsignificantly reduced costs in 
the collaborative orthogeriatric care group within 1-year 
follow-up [27].

Reasons might be different health and reimbursement 
systems in different countries, which restrict the compara-
bility of the costs in these studies. Further reasons might be 
different study designs, different dealing with risk adjust-
ment and different intensity and specific treatment of geri-
atric co-management, as there are different systems reaching 
from geriatric consultation to joint orthogeriatric ward [12]. 
Some studies investigated collaborative orthogeriatric care 
defined as consultations by geriatricians on request or on 
a regular basis, others focused on care, where the geriatri-
cian is the primary attending physician who coordinates all 
services. Nevertheless, all studies investigated treatments 
which aimed at early discharge. All but one study [17] found 
a reduction of inpatient days which explains the reduced 
inpatient costs. However, the intervention we investigated 
comprises inpatient rehabilitation and does, therefore, not 
intend earlier hospital discharge than standard care.

For hip fractures, the German collaborative orthogeriatric 
care has an average hospital length of stay of approximately 
20–25  days (without complications) [53] and includes 
early rehabilitation measures. It can only be reimbursed if 
the patient received collaborative orthogeriatric care for at 
least 14 days. The standard treatment without collaborative 
orthogeriatric care, however, lasts 11–12 days [53]. Thus, 
costs for collaborative orthogeriatric care are determined 
to increase. Particularly for standard care, but possibly also 
for collaborative orthogeriatric care, an additional subacute 
inpatient rehabilitation in a separate facility can be offered. 
As the rehabilitation for collaborative orthogeriatric care 
partly takes place already in the hospital, we summed up 
the inpatient length of stay due to the index hip fracture for 
the hospital and the rehabilitation and found on average 2.3 
more inpatient days for patients treated in hospitals provid-
ing collaborative orthogeriatric care, which of course also 
increases costs.

A former study based on the same dataset and investigat-
ing the same intervention found a reduction of the mortality 
for patients treated in hospitals with collaborative ortho-
geriatric care [24]. This stands in line with the increased 

life years gained for patients in hospitals with collaborative 
orthogeriatric care in our study. Other studies found reduced 
mortality rates within 1 year as well [12, 17, 21, 25, 26]. 
Furthermore, we found an increase in time with an increased 
care dependence in terms of care level for the collaborative 
orthogeriatric care group. The increase in survival time may 
partly explain this: Patients who would have died may have 
survived after treatment in a hospital providing collaborative 
orthogeriatric care but with an increase in care dependence. 
Accordingly, we found an increase in long-term care costs 
for both the payer’s and the societal perspective.

The cost-effectiveness analysis revealed that the point 
estimate for the ICER was €52,378 per life year gained from 
a payer perspective and €62,419 per life year gained from 
a societal perspective, and €60,902 per QALY gained from 
a payer perspective and €81,614 per QALY gained from 
a societal perspective. For decision making, there is cur-
rently no generally accepted WTP threshold per life year 
or QALY gained. In the UK, a cost-effectiveness threshold 
ranging between ₤20,000 (€24,000) and ₤30,000 (€35,000) 
per QALY has been defined [54, 55], which is consider-
able lower than our results. For life-extending treatments 
at the end of life, this threshold was increased to ₤50,000 
(€59,000) per QALY [56]. In the US, decision rules usually 
range between $50,000 (€45,000) and $100,000 (€91,000) 
per QALY [57], which would include this study’s ICER. The 
scientific basis and an update of this decision rules seem 
questionable and were discussed in literature [57–59]. As 
an example, it has been reported that oncology drugs usu-
ally exceed those thresholds and range between $100,000 
(€91,000) and $150,000 (€136,000) per QALY [60]. In Ger-
many, however, the WTP threshold is unknown.

To analyse the uncertainty in our results, we conducted 
an net benefit analysis and constructed cost-effectiveness 
acceptability curves which revealed that the intervention is 
cost-effective with great probability (> 95%) only for a very 
high WTP: From a payer perspective, collaborative ortho-
geriatric care can be considered cost-effective if the society 
is willing to pay at least €82,000 per life year gained, and 
from a societal perspective €95,000 per life year gained. The 
ICER per QALY is likely to be higher than the ICER per 
life-year gained, which suggests that the WTP per QALY 
would need to be even higher for a 95% probability of cost-
effectiveness. Thus, when considering uncertainty, the 
required WTP may no longer remain within the formerly 
mentioned thresholds.

To the best of our knowledge, there are only two cost-
effectiveness studies on collaborative orthogeriatric care 
until now. Prestmo et al. [27] calculated QALYs based on 
the EQ-5D-3L, and Ginsberg et al. [25] based on disability-
adjusted life years. In both studies, collaborative orthogeri-
atric care was found to reduce costs and improve QALYs 
within 1 year. The first study conducted an uncertainty 
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analysis. Collaborative orthogeriatric care had an 88% prob-
ability of being dominant, and a 99% probability of being 
cost-effective for a WTP of €62,500 per QALY [27]. Results 
regarding effectiveness stand in line with our results; differ-
ences due to costs were discussed above. However, these 
results clearly favour collaborative orthogeriatric care, 
whereas our study found very high ICER partly exceeding 
common threshold.

In our study, the high ICER may result from the fact that 
probably the effectiveness was underestimated and the costs 
were overestimated. We only considered 1-year follow-up 
due to data availability, but the time of survival are likely 
to increase when extending the follow-up. Costs were espe-
cially high in the beginning of the follow-up due to the high 
index hip fracture inpatient costs which, however, only occur 
once. With a longer follow-up, long-term care costs would 
of course increase, but total costs are likely to increase less 
sharply. Furthermore, the collaborative orthogeriatric care 
was implemented in German hospitals only recently. When 
increasing the follow-up or repeating the analysis using more 
recent data, learning effects of the hospitals can be expected.

Apart from that, our study has some limitations. First, the 
intervention and control group were defined on hospital level, 
not on patient level, which may not display effects correctly, 
because not all patients assigned in the intervention group actu-
ally received the treatment. However, when classifying interven-
tion and control group on patient level we would have introduced 
a strong selection bias as only for patients who survived at least 
14 days after surgery the collaborative orthogeriatric care pro-
cedure was recorded in the claims data. The share of patients 
in our data who actually were recorded as having received the 
collaborative orthogeriatric care procedure (OPS8-550) (and 
surviving at least 14 days) was 41% of all patients in the inter-
vention group. However, other patients in the intervention group 
(i.e., having been treated in a hospital providing collaborative 
orthogeriatric care) may still have benefitted from the presence 
of a multidisciplinary geriatric team. Moreover, information on 
long-term care was only available on a quarterly period basis 
and no costs were available. We used information on care level 
and nursing home status to estimate the respective costs. How-
ever, costs for care level 0 from a societal perspective could 
not be estimated and costs from a payer perspective were used 
instead. In case of changing or newly occurring care level or 
nursing home status compared to the former quarterly period, 
it is unclear at what time within the quarterly period this hap-
pened. Also, short-term care could not adequately be considered. 
Therefore, the estimated costs may be rather rough. However, 
we applied a further societal perspective by calculating costs 
based on average wages for formal care and minimum daily care 
time per care level, which may underestimate the true long-term 
care costs. This perspective may be particularly informative for 
international comparisons. Furthermore, quality of life utilities 

were not observed in the patient population but estimated based 
on another study with a rather small population sample.

Despite these limitations, our study also has several important 
strengths. We used a large and rich data set, including infor-
mation from almost 25,000 patients for the years 2012 through 
2015. It was based on health and long-term care insurance 
claims data, which are less vulnerable to selection and infor-
mation biases, an issue common for survey data. The health 
insurance has a high national coverage of about one third of the 
German population, which makes the results of our population-
based study quite representative. We used entropy balancing, a 
reweighting algorithm to reduce confounding in observational 
studies due to potential selection bias and unbalanced baseline 
characteristics. There are studies which empirically demon-
strated the superiority of EB in terms of least biased balancing 
weights compared to other balancing and matching methods, 
since it balances not only for means, but also for variance and 
skewness [44–46]. EB achieves higher covariate balance, does 
not discard individuals and obviates the need for manual propen-
sity score model specification and balance checking, compared 
to propensity score matching. EB may work particularly well in 
large datasets like ours and for variables with frequent observa-
tions [45]. We addressed potential limitations of EB by ensuring 
consistent balancing constraints, by carefully checking the distri-
butions of the covariates of the intervention and control group, 
and by excluding variables with too few observations. To our 
knowledge, this is the first study assessing costs of collaborative 
orthogeriatric care from a broad payer and societal perspective 
over a follow-up period of 12 months and with a large number 
of patients, both in Germany and worldwide.

Conclusion

So far, this observational study is the largest economic eval-
uation of collaborative orthogeriatric care for geriatric hip 
fracture patients aged 80 years and older. Existing evidence 
suggests benefits when the treatment of older patients with 
hip fractures is organised as collaborative orthogeriatric 
care. This study supports this recommendation and shows 
that survival and quality-adjusted life years can be improved 
if patients are treated in hospitals providing collaborative 
orthogeriatric care, compared to hospitals offering treatment 
in traditional orthopaedic trauma wards. However, costs 
were found to increase due to collaborative orthogeriatric 
care, mainly driven by inpatient and long-term care costs. 
Therefore, collaborative orthogeriatric care can be consid-
ered cost-effective only if the society is willing to pay a 
certain amount of money per life year gained.
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