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Abstract
Summary The study aims to estimate the direct disease-
related costs of osteoporotic vertebral compression fractures
(OVCF) in patients with newly diagnosed fracture in the first
year after index in Germany. Analyses reveal that OVCFs are
associated with significant costs. In light of high and increas-
ing incidence, the results emphasize importance of research in
this field.
Introduction OVCF are among the most common fractures
related to osteoporosis. They have been shown to be associ-
ated with excess mortality and meaningful healthcare costs.
Costs calculations have illustrated the significant financial
burden to society and national social security systems. How-
ever, this information is not available for Germany. Therefore,
aim of the study was to estimate the direct disease-related
costs of OVCF in patients with newly diagnosed fracture in
the first year after index in Germany.
Methods Data were obtained from a claims dataset of a large
German health insurance fund. Subjects ≥60 years with a new
vertebral fracture between 2006 and 2010 were studied retro-
spectively compared to a matched paired OVCF-free patient
group. All-cause and fracture-specific medical costs were
calculated in the 1-year baseline and follow-up period. Gen-
eralized linear model (GLM)was estimated for total follow-up
healthcare cost.

Results A total of 2,277 pairs of matched OVCF and OVCF-
free patients were included in the analysis. Baseline costs were
higher in the OVCF group. Mean unadjusted all-cause
healthcare cost difference in the four quarters following the
index date between OVCF and OVCF-free patients was
8,200 € (p<0.001). Of the difference, almost two third
was attributable to inpatient services and one quarter to
prescription drug costs. The GLM procedure revealed
that OVCF-related costs in the first year after the index
date add up to 6,490 € (p<0.001; CI 5,809 €–6,731 €).
Conclusions Despite limitations of this study, our results are
consistent with other research and demonstrate that OVCFs
are associated with significant costs. The results underline the
importance of medical interventions that can help to prevent
fractures and treatments, which are cost-effective and can
prevent recurrent fractures.

Keywords Cost of illness . Costs . Fractures . Health
economics . Osteoporosis . OVCF

Introduction

Osteoporosis is defined as a “systemic skeletal disease char-
acterized by low bone mass and microarchitectural deteriora-
tion of bone tissue with a consequent increase in bone fragility
and susceptibility to fracture” [1]. In Europe, it has become
one of the major widespread diseases. In Germany, more than
8 million people suffer from osteoporosis in the age group 50+,
representing 1/4 of that population [2]. Furthermore, the inci-
dence of osteoporosis shows a trend towards further increases
which is mainly related to demographic changes and changes in
lifestyle [3]. The lifetime risk of a 50-year-old person to expe-
rience an osteoporotic fracture has been estimated at 13–22 %
for men and at 40–50 % for women [4]. For the year 2000, it
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has been estimated that 9 million osteoporotic fractures have
occurred worldwide [5].

Osteoporotic vertebral compression fractures (OVCF) are
among the most common fractures related to osteoporosis [6].
The estimated incidence of OVCF in patients 50 years or older
is 307 per 100,000 year in Germany [7]. This value increases
nearly eightfold in women aged between 85 and 89 years
compared to those aged 60–64 years. OVCFs significantly
contribute to the loss of health-related quality of life and life
years of middle-aged women, often in the context of several
other morbid conditions [6]. Furthermore, they have been
shown to be associated with excess mortality, and meaningful
health care costs [6, 8]. The overall annual costs of all types of
osteoporotic fractures have been estimated to be € 37 billion in
the European Union, illustrating the significant financial
burden to society and national social security systems [7].
In 2005, osteoporotic fractures accounted for 2.1 % (€ 3.3
billion) of total health care expenditures in Germany [2].

Several studies on the costs of osteoporosis fractures have
been conducted in many different countries worldwide. Most
studies, however, have focused on the costs of osteoporosis-
related hip fractures [9]. Furthermore, results of such studies
in different countries cannot be transferred due to differences
in healthcare systems, methods of pricing and reimbursement,
data availability, as well as methods for estimating costs [10].

Previous research has discovered that the majority of
OVCF patients in Germany are treated conservatively
(88 %) [11]. Those operated (12 %) incur a 4-year mean
overall costs after first diagnosis of 42,510 € and 39,014 €
for percutaneous vertebroplasty and balloon kyphoplasty, re-
spectively [11]. The current study uses the same patient sam-
ple (conservatively treated and operated patients).

Information on disease-related costs of OVCF is not avail-
able for Germany. This information, however, would be im-
portant to assess the relevance of a certain disease and support
political decision making and model building. Therefore, the
aim of the present study was to estimate the direct disease-
related costs of OVCF in patients with newly diagnosed
fracture in the first year after index fracture in Germany.

Methods

Data source

Data were obtained from a claims dataset of a large German
health insurance fund (AOK Niedersachsen). The AOK Nie-
dersachsen covered approximately 2.4 million insurants in
2011. Data were available for the years 2005 to 2010. The
database contains basic patient information (e.g., age, gender)
as well as detailed information on inpatient claims, outpatient
claims, pharmacy claims, rehabilitation claims, sick leave
payments, and claims for devices. No clinical information

(e.g., disease activity, severity grades of a disease, symptom
scores, lab test results, QoL data, smoking status, BMI, etc.)
were available. All available information could be merged via
an identification number for each patient. However, data had
been made anonymous by the AOK before the data transfer to
the research group. Given the data source, no ethical approval
was required for the study.

Patient selection

The identification of the study population was based on inpa-
tient and outpatient ICD-10 (international classification of
disease, 10th revision) diagnoses codes. All patients who
had at least one OVCF diagnosis (ICD-10: M80.-8 “Osteopo-
rosis with pathological fracture”; site subclassification “other
(including vertebra)”) in the inpatient sector or two confirmed
diagnoses in the outpatient sector (within 1 year) between
January 01, 2006 and December 31, 2010 were included in
the study. First, OVCF diagnosis in the study period was
defined as index date for each patient. Patients had to be at
least 60 years old on index date. A 1-year look-back period
was incorporated to discriminate between incident and prev-
alent OVCF patients. Study patients with an OVCF diagnosis
in this look-back period or an insufficient look-back period
were, therefore, excluded. Patients included in this study had
at least 2 years of continuous eligibility in the AOK plan—
1 year before and 1 year after the index date. However, we
repeated our analysis including patients that had less than
2 years eligibility, as a sensitivity analysis.

To estimate the OVCF-related costs, an OVCF-free com-
parison group from the AOK Niedersachsen was selected
randomly using an exact 1:1 matching, based on age (year
of birth) and gender. Individuals in the comparison sample
also had a minimum of 1 year continuous eligibility in the
AOK plan before and after the index date. The comparison
group index date was defined as the same index date of the
respective matched OVCF patient.

Economic outcome

The main outcome in this study was the total health care costs.
Total all-cause health care costs included inpatient costs,
outpatient costs, pharmacy costs, costs for rehabilitation, sick
leave payments, and costs for devices for any reason. Except
for outpatient costs from doctor visits, all costs components
were directly available in the dataset. To calculate the mone-
tary value of outpatient services, the number of points
assigned to each medical action was multiplied by the valid
point value according to German guidelines [12, 13].

Costs were estimated from the perspective of the German
Social Health Insurance during the 1-year period following the
index date. However, the exact date of a diagnosis within a
quarter in the outpatient sector is not available in German
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claims data. Therefore, 1-year total health care costs were
estimated as the costs in the index quarter plus the three
subsequent quarters for each patient. The same approach
was used for all cost components to assure a consistent pro-
ceeding. To further address meaningful differences between
OVCF and OVCF-free patients, total all-cause health care
costs in the four quarters prior to the index quarter were
assessed for the study sample.

Patient characteristics

Available characteristics of all patients were incorporated in
the analysis. They included age (at index year), gender, and
comorbidities indicated by the diseases of the Elixhauser
Comorbidity Algorithm [14]. This algorithm accounts for 30
different diseases based on distinctive ICD-9-CM codes,
which are represented by 30 dichotomous variables. In Ger-
many, however, ICD-10 classification is used. Hence, we used
the ICD-10 coding algorithms adapted by Quan et al. [15].
Furthermore, we calculated a single score based on the afore-
mentioned 30 dichotomous variables using the specific
weighting factors evaluated by van Walraven et al. [16]. This
summarizes the burden of disease. All comorbidity measures
were based on the inpatient and outpatient diagnoses in the
four quarters before the index quarter. In the present study, the
Elixhauser Algorithm was preferred to the Charlson Index
[17], another well accepted comorbidity measure, because it
accounts for more groups of diseases.

Statistical analysis

Health care cost differences between OVCF patients and
OVCF-free patients were calculated using descriptive analysis
and multivariate regression. Data were preprocessed using the
above mentioned matching in order to make the results more
accurate [18]. Health care costs are commonly considered to
be skewed because of a substantial fraction of patients with
low costs and a few study participants who require muchmore
health care. The assumption of normal distribution of our data
was tested and rejected by the Kolmogorov–Smirnov test.
Therefore, Wilcoxon-signed rank sum tests were used to
determine statistical significance for cost differences between
both groups and for all other continuous variables in the
descriptive analysis; whereas, differences for categorical var-
iables were determined using McNemar’s test.

The multivariate regression was used to further address
differences between both groups after the previously de-
scribed matching method and to estimate the incremental
costs. The regression aims to make both the OVCF group
and matched comparison group comparable regarding all
included variables, particularly age, gender, and comorbidi-
ties. Regression-adjusted cost difference was estimated using
a generalized linear model (GLM) with a Poisson distribution

and a power link (0.6). To select the family and link of model,
a modified Park Test [19] and a combination of Pregibon link
test [20] as well the Hosmer–Lemeshow test [21] were used,
respectively. In the case of non-normal distributed data, linear
regression models could lead to biased estimates [22]. There-
fore, GLM’s are applied commonly. They can provide signif-
icantly more robust coefficient estimates and avoid the prob-
lem of retransformation to the original cost scale (with, e.g.,
Duan smearing estimation) that undermines log OLS [19, 23].
Nevertheless, because the GLM model is nonlinear, the esti-
mated regression coefficients do not equal the marginal or
incremental effect of a one-unit change in the covariate of
interest on the conditional mean.

We used total all-cause health care costs during the 1-year
period (four quarters) following the index date as the depen-
dent variable for the GLM to predict the incremental costs of
care for individuals with OVCF compared with those without
OVCF. The GLM adjusted for the following factors: age (at
index year), gender, index year, pre-index costs, and 30 co-
morbidities defined by the Elixhauser algorithm (in the four
pre-index quarters). The single index value by Walraven et al.
[16] was not used in the GLM. Following the GLM, average
marginal effects were calculated for each independent vari-
able. This procedure creates an identical covariate structure
for, e.g., OVCF and OVCF-free group by treating everyone as
if they were in the OVCF group and predicting cost for each
individual and then treating everyone as if they were in the
OVCF-free group and predicting cost. The difference between
the computation of both predictions is the marginal
effect for that case; and the average of all effects is
the average marginal effect of having OVCF [24]. Boot-
strap resampling methods were used to estimate the
p values and 95 % confidence intervals of the health
care cost differences. Furthermore, a difference-in-difference
(DID) approach was used as a sensitivity analysis of total cost
differences [25]. The DID formula is as follows: DID=
(TreatmentAfter− TreatmentBefore)−(ControlAfter−ControlBefore).
The idea of the DID approach is that it removes biases in
post-index period cost comparisons between both groups that
could be due to permanent differences between those groups,
as well as biases from comparisons over time in the treatment
group that could be the result of trends [25]. All analyses were
performed using STATA software, version 13.0.

Results

A total of 4,465 individuals were identified who had a
relevant diagnosis in the inpatient or outpatient sector. Of
these, 207 patients were excluded from the study because
they were younger than 60 years at the time of their first
diagnosis. Six hundred fifty-one patients were excluded

Osteoporos Int (2014) 25:2435–2443 2437



due to an insufficient look-back period. Furthermore,
1,333 patients with less than 1 year continuous eligibility
after the index date were excluded. As a result, a total of
2,277 pairs of matched OVCF patients and OVCF-free
comparison members were included in the analysis
(Fig. 1).

Table 1 reports the characteristics of the study sample.
The average age of the study cohort was 77 years (standard

deviation (SD)=7.0). The majority of patients were female
(91.8 %), reflecting the fact that the OVCF probability is
higher among women than men. Because of the previously
conducted matching on age and gender, no differences regard-
ing these characteristics between both groups could be found.

The mean Elixhauser Score for the OVCF patients was 5.9
(SD=8.0), which was significantly higher than the score of the
matched comparison group (mean=3.5; SD=6.2; p<0.001).
The differences between OVCF patients and OVCF-free pa-
tients in terms of comorbidities are, furthermore, reflected by
the higher prevalence of the diseases defined by the
Elixhauser algorithm save for obesity in OVCF patients.
Slightly more than half of the indicators show significant

Patients included, 
selection period 2005-2010

N= 4,465

Patients aged ≥60 years at the 

first date of diagnosis
N= 4,258

Patients with a minimum of 1 year 
continuous eligibility before the 

index date (first OVCF diagnosis)
N= 3,607

Patients with a minimum of 1 year 
continuous eligibility after the 

index date (first OVCF diagnosis)
N= 2,274

Fig. 1 Patient selection

Table 1 Characteristics of the age and gender matched cohorts

OVCF
patients
(n=2,274)

OVCF-free
patients
(n=2,274)

p valuea

Characteristic

Mean age [SD] 77.1 [7.0] 77.1 [7.0] 1.0

Female (%) 92 % 92 % 1.0

Elixhauser (%)

Congestive heart failure 8 % 4 % <0.001

Caridiac arrhythmia 28 % 20 % <0.001

Valvular disease 13 % 9 % <0.001

Pulmonary circulation disorders 3 % 2 % 0.002

Peripheral vascular disorders 19 % 12 % <0.001

Hypertension 76 % 73 % 0.012

Paralysis 3 % 2 % 0.007

Other neurological disorders 9 % 5 % <0.001

Chronic pulmonary disease 31 % 18 % <0.001

Diabetes uncomplicated 23 % 24 % 0.374

Diabetes complicated 10 % 9 % 0.312

Hypothyroidism 10 % 7 % <0.001

Renal failure 13 % 8 % <0.001

Liver disease 10 % 9 % 0.135

Peptic ulcer disease (excl.
bleeding)

3 % 2 % 0.002

AIDS/HIV 0 % 0 % N/A

Lymphoma 1 % 0 % <0.001

Metastatic cancer 2 % 1 % 0.019

Solid tumor without metastasis 10 % 7 % <0.001

Rheumatoid arthritis/collagen 16 % 8 % <0.001

Coagulopathy 6 % 3 % <0.001

Obesity 16 % 17 % 0.220

Weight loss 3 % 1 % <0.001

Fluid and ecletrolyte disorders 15 % 6 % <0.001

Blood loss anemia 1 % 0 % 0.265

Deficiency anemia 7 % 4 % <0.001

Alcohol abuse 2 % 1 % <0.001

Drug abuse 1 % 1 % 0.085

Psychoses 2 % 2 % 0.182

Depression 30 % 19 % <0.001

Mean Elixhauser score [SD] 5.9 [8.0] 3.5 [6.2] <0.001

a p values were calculated based on McNemar test for categorical vari-
ables and Wilcoxon-signed rank sum test for continuous variables
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differences between the groups. Furthermore, a high preva-
lence of hypertension is found in both groups.

Table 2 reports the unadjusted all-cause cost differences
between the age and gender-matched cohorts in the four
quarters both before and after the index date.

The mean unadjusted all-cause health care costs for OVCF
patients in the four quarters before and after the index date
were 6,182 € and 11,435 € per patient, respectively. Higher
mean costs per patient were found for all health care services.
However, the clearest increases were found for costs for
inpatient services and prescription drug costs. Mean unadjust-
ed costs for the OVCF-free cohort in the same periods were
3,006 € and 3,235 € per patient, respectively. Thus, the mean
unadjusted all-cause health care cost difference in the four
quarters following the index date between OVCF and OVCF-
free patients was 8,200 € (p<0.001). Of the difference, 60.6 %
was attributable to inpatient services, 28.1 % percent to pre-
scription drug costs, 5.0 % to costs for devices, 3.6 % to
outpatient services, 2.5 % to rehabilitation, and 0.2 % to sick
pay (Fig. 2). All cost differences between both groups were
found to be highly significant in the four quarters both before
and after the index date, except for the differences regarding
sick pay. The all-cause health care cost difference changed by
only 1 % if patients with less than 2 years eligibility were also
considered.

In addition, we also conducted a multivariate regression
analyses (GLMmodel) that provides insight into the impact of
other covariables (e.g., gender, age, comorbidities). The re-
sults of the regression are provided in Table 3.

As stated in the method section, the estimated regression
coefficients do not equal the marginal effect of a one-unit
change in the covariate of interest on the costs. Therefore,
marginal effects are also provided in Table 3.

The results reveal that all variables had a significant impact
on the all-cause health care costs. The adjusted mean health
care costs in OVCF and OVCF-free patients were found to be
10,421 € and 3,930 €, respectively. Hence, the OVCF-related
costs in the first year after the index date add up to 6,490 €

(p<0.001; parametric CI 5,809 €–6,731 €), adjusted for age,
gender, index year, costs in the pre period, and comorbidities
(Table 4). Furthermore, overall costs tend to increase with age,
higher costs in the pre period, and the index year; whereas,
costs are lower for women thanmen. The impact of Elixhauser
comorbidities is not consistent. However, the marginal effects
of the variables reflect the impact of the respective variable in
the overall study sample holding all other independent vari-
able values constant; not only for OVCF patients. Therefore,
Fig. 3 provides insights into the OVCF-related costs (average
marginal effect) with respect to age and gender. The results
reveal that the OVCF-related costs are about 457 € higher for
the 60-year-old men than for woman at the same age. This
difference remains almost the same over the entire age range.
Furthermore, costs increase slightly from 6,303 € for 60 year
old women to 6,566 € for 90 year old women. Using
the DID approach, the OVCF disease-related costs were
found to be 5,024 € [(11,435 €–6,182 €)–(3,235 €–
3,006 €)=5,024 € (p<0.001)].

Table 2 Total all-cause cost
differences between the age and
gender matched OVCF and
OVCF-free patients

a p values were calculated based
onWilcoxon-signed rank sum test

Pre-index year Post-index year

OVCF patients Matched
OVCF-free
patients

p valuea OVCF
patients

Matched
OVCF-
free patients

p valuea

Outpatient 637 € 445 € <0.001 785 € 490 € <0.001

Inpatient 2,767 € 1,121 € <0.001 6,147 € 1,180 € <0.001

Drug costs 2,312 € 1,205 € <0.001 3,617 € 1,314 € <0.001

Devices 366 € 210 € <0.001 631 € 217 € <0.001

Rehabilitation 97 € 26 € <0.001 243 € 34 € <0.001

Sick pay 3 € 0 € 0.157 13 € 0 € 0.083

Total 6,182 € 3,006 € <0.001 11,435 € 3,235 € <0.001

Fig. 2 Total all-cause health care costs among OVCF patients and the
matched OVCF-free members during the fourth quarter period prior and
following the index date
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Discussion

To our knowledge, this is the first study to analyze the disease-
related health care costs of OVCF from a payer perspective in
Germany. Total health care costs of OVCF patients in the first
year following the index were found to be considerably higher

than in a disease-free comparison group. Mean health care
costs per patient before index were found to be 6,182 € and
3,006 € for the OVCF and matched comparison group, re-
spectively. In the year after the index, the costs increased to
11,435 € and 3,235 €, respectively. Hence, unadjusted differ-
ences add up to 8,200 €. Differences in inpatient and prescrip-
tion drug costs accounted for almost 90 % of the total health
care costs difference. Costs for sick pay and rehabilitation
were not relevant for the results (costs for rehabilitation were,
however, statistically significantly different). After adjusting
for differences in age, gender, comorbidities, and other aspects
between the OVCF and OVCF-free cohort using multivariate
regression methods, cost differences decreased slightly to
6,490 €. This amount can be considered as the disease-
related costs of OVCF in newly diagnosed patients in the first
year following the index diagnosis. The calculation of mar-
ginal effects for other regression variables revealed that age,
male sex, and higher pre-period costs are associated with
higher disease-related costs.

Our findings are hardly comparable to the results obtained
from other studies due to differences in data, method, and
setting. Our findings are, however, within the range of costs
calculated by Ström et al. [6]. They revealed that the first year
disease-related costs of a clinical vertebral fracture range
between 5,585 € and 6,845 € for individuals 50 years of age
or older in Germany. Furthermore, results for other countries
are available [7]. Many studies aimed to analyze the total
health care costs of OVCF patients, e.g., Gabriel [26], Ray
[27], and De Laet [28]. Shi et al. [29] calculated disease-
related health care cost of OVCFs of $ 6,701 in a US-
Medicare patient population older than 64 years. The study
period, however, was from 2001 until 2004. Rousculp et al.
[30] also used a US-Medicare database to analyze the disease-
related costs of different osteoporotic fractures. They conclude
that osteoporosis accounts for about $ 4,000 of health care
costs on average in the first year after the initial fracture and
varies markedly for different types of fractures. Vertebral
fractures were among the four most expensive fracture types.
Häussler et al. [2] analyzed the disease-related health care
costs of patients with osteoporotic fractures for the year
2003 for Germany. Costs were found to be 9,962 € per patient
per year. Their approach, however, also considered costs from
the German long-term care insurance and is, thus, not compa-
rable to our results.

A number of limitations of the present study are related
to the characteristics of German health insurance claims
data. As stated before, no clinical information is available
due to data protection regulations. Thus, results could be
biased by those factors. However, we applied state-of-the
art methods using regression analysis after matching to
make groups comparable in terms of age, gender and
comorbidities [31]. This approach has been shown to
correct for remaining sample bias [32].

Table 3 Results of the multivariate regression (GLM)

Coefficient
(standard error)

Average
marginal effect

OVCF vs. OVCF-free 117.231*** (0.05) 6,490.41

Costs_pre period 0.007*** (0.00) .3811205

Age 0.380*** (0.00) 20.79019

Female vs. male −19.970*** (0.08) −1,125.131
2007 vs. 2006 5.943*** (0.06) 318.7146

2008 vs. 2006 10.543*** (0.06) 570.3681

2009 vs. 2006 15.180*** (0.06) 828.3037

Elixhauser comorbidities

Congestive heart failure −8.158*** (0.10) −446.002
Caridiac arrhythmia 0.248*** (0.05) 13.56387

Valvular disease −5.967*** (0.07) −326.2231
Pulmonary circulation disorders −13.980*** (0.14) −764.3227
Peripheral vascular disorders 5.680*** (0.06) 310.5612

Hypertension uncomplicated 0.291*** (0.05) 15.93037

Paralysis 15.279*** (0.14) 835.3252

Other neurological disorders 18.021*** (0.09) 985.2576

Chronic pulmonary disease 14.619*** (0.05) 799.2838

Diabetes uncomplicated 12.618*** (0.06) 689.8607

Diabetes complicated 12.362*** (0.08) 675.8791

Hypothyroidism 1.292*** (0.08) 70.6464

Renal failure 20.051*** (0.08) 1,096.254

Liver disease 14.633*** (0.07) 800.0264

Peptic ulcer disease excluding
bleeding

−10.573*** (0.15) −578.0248

Lymphoma −2.456*** (0.25) −134.2951
Metastatic cancer 36.531*** (0.19) 1,997.252

Solid tumor without metastasis 7.359*** (0.08) 402.3158

Rheumatoid arthsitis/collagen 16.998*** (0.07) 929.3184

Coagulopathy 22.995*** (0.11) 1,257.175

Obesity 5.378*** (0.06) 294.0535

Weight loss 19.226*** (0.16) 1,051.114

Fluid and ecletrolyte disorders −8.903*** (0.08) −486.743
Blood loss anemia −47.799*** (0.26) −2,613.314
Deficiency anemia −1.398*** (0.10) −76.42685
Alcohol abuse 32.196*** (0.20) 1,760.241

Drug abuse −14.209*** (0.23) −776.8449
Psychoses 24.571*** (0.16) 1,343.348

Depression 12.094*** (0.05) 661.2305

_cons 64.627*** (0.26)

***p<0.01; **p<0.05; *p<0.1
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Our analysis takes on a payer perspective including all
costs carried by the German statutory health insurance
(SHI). Hence, our results do not include patients’ out-of-
pocket payments or costs carried indirectly by society, like
productivity losses. Fracture-related productivity losses have
been estimated to be small and are only applicable to individ-
uals younger than 65 years of age [33]. However, expenses for
over-the-counter (OTC) drugs or bone-density measurements
are usually not carried by the SHI. Costs are, therefore, likely
to be higher from an overall economic perspective. Further-
more, the present analysis focuses on the costs of incident
patients. Even though, the consequences related to fractures
can be differentiated into an incident (acute phase) and prev-
alent phase. Therefore, our results cannot be applied to all
OVCF patients. However, the costs in the acute phase are
higher than in the prevalent phase [34]. Further studies are
necessary to determine the costs of prevalent patients.

In addition, the present study was limited to patients aged
60 years and older. It is unclear if the results remain the same if
younger patients had been considered. Shi et al. [29] estimated
that direct healthcare costs for patients 50–64 were consistent-
ly higher than those of a ≥65 cohort. Hence, disease-related
costs are likely to increase for a younger cohort. Moreover,
data from the AOK Niedersachsen were used for our analysis.
The transferability of the results to the overall German SHI
population must therefore be examined critically. Further-
more, the present study only analyzed the costs in the first
year after the index diagnosis. Robust estimates for these costs
are currently not available [6]. However, Ong et al. [35]

revealed that the costs in the first and second year after index
diagnosis differ substantially for patients who underwent
kyphoplasty or vertebroplasty. Therefore, it would be interest-
ing to clarify the long-term disease-related costs of vertebral
fractures, which require further studies.

The statistical methods, particularly, the GLM regression,
also have certain limitations. These apply in particular to the
specification of the model by selecting family and link. As
stated in the method section, we selected family and link of the
model using different tests to ensure an appropriate model
specification. Furthermore, we used the DID approach as a
sensitivity analysis. Based on this approach, the OVCF
disease-related costs are lower than those obtained from the
GLM. The validity of the DID approach is based on the
assumption that the underlying trends in the outcome variable
(costs here) are the same for both treatment and control group.
This assumption cannot be tested with only two observations.
However, the contrast between the DID and GLM approach
might be related to the differences in comorbidities between
the treatment and the control group. The GLM approach
accounts for these differences. The DID approach works only
if the underlying trend if parallel over time. However, the
differences in comorbidities could have influenced the costs
of both groups differently, even if the fracture would have not
occurred. Assuming that more comorbidities increase the
costs disproportionately high over time, the differences in
comorbidities can explain higher costs following the GLM
analysis compared to the DID analysis. Besides, the question
arises whether the exact matching approach used in this study
is the best, or other approaches would have been better. It has
been proved that exact matching is in many ways the ideal
compared, e.g., to propensity score matching if most of the
individuals can be matched [36]. Due to the very large dataset
from which the comparison group was drawn, there were no
problems to this regard.

Further limitations are related to the patient selection pro-
cedure. Patients were excluded if they did not have a mini-
mum of 1 year continuous eligibility in the AOK plan before
and after the index date. However, there are censored obser-
vations in our data and some of these did not meet inclusion
requirements. Thus, the results could be biased by this
approach. As stated in the results section, only marginal
changes have resulted from the inclusion of censored
patients. Thus, the cost difference between both groups is not
sensitive to this aspect.

Table 4 Adjusted OVCF-related
costs in the first year after the
index date

a Bootstrapped

Adjusted mean
costs of OVCF
patients

Adjusted mean
costs of OVCF-
free patients

Adjusted OVCF-
related costs

Parametric CI 95 %

Prediction 10,421 € 3,930 € 6,490 € (p<0.001)a (5,809 €–6,731 €)a

Fig. 3 One-year OVCF-related costs with respect to age and gender
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Conclusions

The results of this study demonstrate that osteoporotic verte-
bral fractures are associated with significant costs. Disease-
related costs of OVCF in patients with newly diagnosed
fracture in the first year after index add up to 6,490 € using
German claims data. Against the backdrop of scarce budgets,
the results underline the importance of medical interventions
that can help to prevent fractures and treatments, which are
cost-effective and can prevent recurrent fractures. They also
warrant further research in order to identify patients with
osteoporosis as early as possible, particularly postmenopausal
women, to reduce the economic burden of disease.
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