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Abstract

Summary Osteoporosis significantly impacts healthcare costs in Denmark, with annual expenses exceeding €3097 per
individual. The total annual burden of healthcare and productivity losses attributed to osteoporosis in Denmark surpasses
€2 billion. Effective prevention, early detection, and management strategies should be considered to offset these costs and
improve patient outcomes.

Purpose As the prevalence of osteoporosis rises, driven by an ageing population, quantifying its financial impact and guid-
ing resource allocation becomes crucial. The aim of this paper is to establish the healthcare (medical and social care) costs
and productivity costs attributable to osteoporosis and osteoporosis-related fractures in Denmark.

Methods The osteoporosis and osteoporosis fracture groups were identified from Danish healthcare registers using ICD-10
codes. The intervention group included individuals born in 1930-1950 with an osteoporosis diagnosis or an osteoporotic
fracture with incidence between 2000 and 2021. A control group without osteoporosis and osteoporosis fractures was matched
1:1 on a number of clinical and demographic variables from the general Danish population. Difference-in-difference approach
was applied through generalised estimating equations with individual-level fixed effects to establish attributable costs.
Results Osteoporosis and osteoporosis-related fractures can be attributed with more than €3097 annually in healthcare costs
for individuals aged 50 to 91, with expenses increasing sharply with age. Cumulative attributable healthcare (medical and
social care) cost of osteoporosis between the ages of 50 and 91 was estimated at reach €127,000 per person. For the identified
population of over 667,000 people with osteoporosis, the total annual healthcare burden attributable to the disease would
amount to over €2 billion. The osteoporosis group also incurred an annual productivity loss of €3883, until the age of 66.
Conclusion Osteoporosis carries a pronounced economic burden for the health system and the individual. Resource allocative
decisions should consider whether implementing strategies improving prevention, earlier detection, and better management
of osteoporosis could be efficient given the high identified costs.
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Introduction

Osteoporosis is a chronic progressive disease that is asso-
ciated with low bone mineral density (BMD) resulting in
weakened and fragile bones [1], which increases suscep-
tibility to bone fractures [2].

Globally, all-age prevalence of osteoporosis has been
reported as 23% in women and 12% in men, but with wide
variation, with estimates for women ranging between
42 and 15.1%, for the African and American continents,
respectively [3]. In Europe, the prevalence of osteoporo-
sis is estimated at 19.8% for women and 9.7% for men
[3], with prevalence increasing with age. Europe has
seen the incidence of osteoporosis increase over the past
decades [4], with osteoporosis-related fractures follow-
ing a similar trend [5]. In Denmark, the incidence of
osteoporosis-related fractures was estimated at 66,000 in
2010 [6], increasing to 86,000 in less than a decade, with
most European countries observing a similar pattern [7].
Osteoporosis-related fractures have been associated with
reduced quality of life and survival [8, 9], suggesting that
an increase in incidence is likely to result in a larger bur-
den associated with osteoporosis.

Osteoporosis also carries a substantial economic bur-
den through direct healthcare costs, mostly attributable to
fractures, and impact on productivity [6, 7]. Two studies
estimated the total cost of incident fractures in Denmark:
one estimated the costs at €1.45 billion in 2019, of which
850 million are attributed to direct costs of fractures [7]
and another at €1.56 billion in 2013 [10].

However, the existing evidence of the economic burden of
osteoporosis does not shed light on some important nuances.
For example, it is not possible to differentiate whether the
fractures occurred in people with an osteoporosis diagnosis,
nor which part of the health system contributed to the costs
(e.g., hospital, primary care, and medication) associated
with osteoporosis. Furthermore, it is important to establish
costs attributable to osteoporosis and osteoporotic fractures,
as opposed to costs incurred for other reasons. This can be
done by comparing groups with and without osteoporosis—
an approach that has not been widely adopted in estimating
costs associated with osteoporosis.

With an ageing population and an increasing preva-
lence of osteoporosis-related fractures, understanding the
nuanced economic implications of this condition is essen-
tial for effective healthcare planning and resource alloca-
tion. Availability and reliability of Danish healthcare and
administrative registers makes Denmark an ideal setting
for a case-study on the economic cost of osteoporosis [11,
12]. The aim of this article was to establish the healthcare
and productivity costs attributable to osteoporosis and
osteoporosis-related fractures in Denmark.
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Methods

A register-based quasi-experimental design was employed
to estimate healthcare costs (defined as medical and health-
related social care costs) and productivity costs attributable
to osteoporosis in a cohort of people with osteoporosis and
matched controls without osteoporosis.

Data
Study population

Administrative registers encompassing all individuals resid-
ing in Denmark were accessed through the Statistics Den-
mark Research Service. The study population was identi-
fied from the National Patient Register (NPR) and Danish
National Prescription Register [13, 14]. The NPR captures
all contacts with the hospital system in Denmark.

The osteoporosis group consisted of individuals born
in 1930-1950 with an osteoporosis diagnosis or an osteo-
porotic fracture occurring between 2000 and 2021. The
birth cohort and follow-up period were chosen to ensure
a large enough sample of patients with osteoporosis was
captured and was observed for sufficiently long, such that
we had information on patients ranging in age from 50
until 89. The sample size of patients aged 90 + was too
small to render statistically significant results (Supplemen-
tary Fig. 2). Osteoporosis diagnosis was defined as Inter-
national Classification of Diseases, 10th edition (ICD-10)
codes M80-M8?2 including primary and secondary diag-
noses after the age of 50. An osteoporotic fracture was
defined as hip fractures (ICD-10: S72, S72.0, and S72.1),
vertebral fractures (ICD-10: M48.4, M48.5, M49.5, S22.0,
S22.1, S32.0, S32.7, and S32.8), upper arm fracture (ICD-
10: S42.2 and S42.3) and wrist fractures (ICD-10: S52.5,
S$52.6, S52, S52.5B, and S52.9) [10, 15, 16] including
primary and secondary diagnoses. Further, individuals
prescribed pharmaceuticals bisphosphonate (ATC-codes:
MO5BAO1, MO5BA04, MO5BA06, MOSBAO7, MO5SBBO1,
MO5BBO03, and MO5BAO8 with more than nine months
between prescriptions), strontium ranelate (ATC-code:
MO05BX03), denosumab (ATC-code: M05BX04) with
more than five months between prescriptions, romo-
sozumab (ATC-code: M05BX06), selective estrogen
receptor modulator (SERM) (ATC-code: GO3XCO01), and
parathyroid hormone analogue (ATC-code: HOSAAQ2)
[16, 17] were also included in the osteoporosis popula-
tion. Hospital-based medical treatment with the following
regiments also qualified individuals for inclusion in the
osteoporosis group: with zoledronic acid (intravenous [IV]
infusion) > 9 months between injections, or denosumab
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(subcutaneous injection) (> 5 months between injections),
or ibandronate (IV infusion) (>3 months between injec-
tions) [18]. No explicit exclusion criteria were applied
in this study. This approach was chosen because trauma
mechanisms are not coded in Danish registers, and cancer
patients’ fractures are predominantly due to co-existing
osteoporosis rather than metastases.

The control group was selected from all individuals born
in 1930-1950 not meeting any of the aforementioned criteria
and alive at their index date.

Data sources

Medical care costs were based on the data of the study popu-
lation’s utilisation of healthcare services for the period of
01.01.2000-31.12.2021 and were identified from several
Danish national registers. Information on primary health-
care costs were obtained from the National Health Insurance
Service Register (NHSR) [19]. The National Patient Regis-
ter was used to identify all inpatient admissions, outpatient
visits and diagnosis codes in accordance with the ICD-10
codes, and costs associated with delivery of these services
paid for in Diagnostic Related Groups (DRGs). Data on
the cost of community-filled prescription medicines was
retrieved from the Danish National Prescription Register.

Consumption of municipal health and social care, inter
alia, home help and home nursing, is registered in Statistics
Denmark as hours provided per week. These hours were
valued using average wages for relevant groups of healthcare
professionals for care and treatment, and unskilled labour
for home help. Nursing homes were valued using a monthly
tariff of €4788 (2022 price level), covering care and other
services provided by the municipality but not the rent which
is paid by the residents themselves.

Moreover, the National Population Register, which holds
detailed demographic information on all individuals residing
in Denmark, was used to identify the demographic char-
acteristics for study population, including marital status,
municipality of residence, and region. Furthermore, data
on emigration, death, income, educational level were also
linked to the study population.

Productivity gains were estimated for the period from the
beginning of observation until the individuals reach the age
of 67, a conservative estimate for retirement in Denmark
[20]. The estimation was done by applying the average wage
of €48 per hour [21] to those who were recorded as work-
ing in each quarter during the aforementioned period. The
average rate was selected to avoid introducing differences in
labour market participation rate, payments, and retirement
age, in order to maintain generalisability of our findings.
The data on employment status was obtained from the social
transfer register [22].

Statistical analyses
Propensity score matching

Propensity score matching was used to create a matched
control group. The propensity score (the probability of
having osteoporosis) was estimated using multiple logistic
regression. The model consisted of confounders associated
with an increased risk of having osteoporosis which were
available in the register data. These included: age, gender,
income, educational level, marital status, and Charlson
comorbidity index (CCI) [23].

One-to-one nearest neighbour matching without
replacement was employed [24]. Reduction of bias in the
matched sample was tested with chi-squared and #-tests, as
appropriate, as well as by comparing reduction in stand-
ardised differences [25]. All unmatched cases, both con-
trols and osteoporosis patients, were excluded from fur-
ther analyses. The index date of osteoporosis patients was
the date of first diagnosis or relevant hospital admission,
whichever occurred first. The index date was transferred to
their matched controls such that the entire analysis popula-
tion had an index date.

Estimating attributable costs

A quasi-experimental difference-in-differences (DID)
approach was applied to estimate healthcare and produc-
tivity costs attributable to osteoporosis and osteoporo-
sis fractures [26]. The total costs were compared before
and after their index date. Healthcare costs included all
medical (hospital care, primary care, and community-dis-
pensed medication) and health-related social costs (home
help, home nursing, rehabilitation and nursing homes).
Productivity costs were defined as loss of income and
only occurred until age 67 and were therefore analysed
separately.

A DID analysis is a suitable choice for the analysis
of observational data, where the levels of the compared
groups can differ also prior to the observed event. If the
treatment and control groups display parallel trends before
the event, the development of the control group serves as a
counterfactual to the development of the treatment group
after the event, with the event being the index day. If the
trend of the treatment group deviates from the counterfac-
tual, it is assumed to be caused by the event (here occur-
rence of osteoporosis).

Generalised estimating equations [27, 28] with indi-
vidual-level fixed effects were applied to allow for more
flexibility in the common trend assumption [26]. The
choice of the DID approach enables us to both control for
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unobserved covariates, as each individual serves as their
own control, and to circumvent the issue of right-skewed
cost data which otherwise requires parametric analytical
approaches or log-transformation of data and subsequent
interpretation complications [29]. The assumption of par-
allel trends in outcomes during the pre-treatment period
was tested using graphical examination and placebo tests
[30]. Three DID models were fitted: unadjusted (Model
1); adjusted for sex, comorbidity, and age (Model 2); and
adjusted for sex, comorbidity, age, marital status, educa-
tional level, and income (Model 3) to control for variation
between the two groups unadjusted by the matching.

All costs were readjusted into 2022 Euros (€) using the
net price index [21] and an exchange rate of 7.45 DKK =1
Euro (€). All statistical analyses were performed on Stata
Version 18.0 [31].

Results
Matching results

The matching process successfully matched 323,752 of
667,290 individuals from the osteoporosis group with
323,752 controls (Table 1). The matching process bal-
anced the differences in age, sex, and income between the
two groups, while statistically significant but numerically
small differences in marital status, education and comor-
bidity remain (Table 1). After matching, both groups were
made up of 73.2% women, and had a mean annual income
of about €36,000. Fifty-eight percent of the osteoporosis
group were married or in a partnership, compared to 56.7%

Table 1 Baseline characteristics of osteoporosis and control groups, before and after matching, people born 1930-1950

Full sample Matched sample

Variable Non-osteoporosis Osteoporosis patients ~ Test Non-osteoporosis Osteoporosis patients Test
controls controls

N (%) 979,061 (75.1%) 323,763 (24.9%) 323,752 (50.0%) 323,752 (50.0%)
Women, % (SD) 42.8 (0.495) 73.2(0.443) <0.001 73.2(0.443) 73.2 (0.442) 0.664
Mean birth year/age 1941.75 1940.24 <0.001 1940.2 1940.2 0.002
Married (SD) 0.655 (0.433) 0.580 (0.440) <0.001 0.567 (0.447) 0.580 (0.440) <0.001
Charlson score 1.006 (1.635) 1.300 (1.713) <0.001 1.276 (1.785) 1.299 (1.712) <0.001
Education
Lower secondary 27,369 (2.8%) 6,431 (2.0%) <0.001 8,572 (2.6%) 6,431 (2.0%) <0.001

Upper secondary
Vocational
Short tertiary
Medium tertiary
Long tertiary

Mean annual income
(SD) 2022€

Age at diagnosis (SD)

All

age by diagnosis group
()

Denosumab (2,651)

Hip fracture (33,694)

Ibandronat (401)

Osteoporosis medica-
tion (101,189)

Osteoporosis diagnosis
(65,517)

Upper arm fracture
(33,099)

Vertebral fracture
(12,273)

Wrist fracture (73,463)
Zoledronate (538)

363,856 (37.2%)
387,888 (39.6%)
28,726 (2.9%)
122,177 (12.5%)
49,045 (5.0%)

40,629.892
(23,581.112)

141,827 (43.8%)
116,380 (35.9%)
7413 (2.3%)
41,035 (12.7%)
10,677 (3.3%)

36,077.213
(18,443.083)

<0.001

139,936 (43.2%)
114,575 (35.4%)
7,855 (2.4%)
41,520 (12.8%)
11,294 (3.5%)
36,008 (19,218)

141,825 (43.8%)
116,376 (35.9%)
7413 (2.3%)
41,031 (12.7%)
10,676 (3.3%)
36,076 (18,440)

69 (8.51)

75 (5.50)
72 (7.70)
72 (6.13)
71 (7.44)

70 (7.56)
68 (7.56)
69 (8.15)

67 (7.43)
74 (5.19)
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controls. The osteoporosis group had a mean CCI score of
1.299, compared to 1.276 for the control group.

The majority of the osteoporosis group was identified
through medication prescription pattern (n=101,189) and
a wrist fracture (n=73,463). The mean age at diagnosis was
69.4 although it varied by how the diagnosis was identified,
with patients identified through denosumab and zoledronic
acid prescriptions being older: 75 and 74 years, respectively.

Healthcare (medical and social care) costs
Differences in unadjusted means in healthcare costs

During the observation period of 21 years, the osteopo-
rosis group incurred higher healthcare costs in every year
compared to the matched references (Fig. 1). Mean annual
healthcare costs increased steadily from below €3,000 for
both groups at the beginning of the observation period (age
50) until the age of 88, where the reference group’s expend-
iture was about €20,000 per year, while the osteoporosis
group expenditure reached €22,500 approximately, after
age 88 the curves are crossing probably due to sample size
issues. Visual inspection and placebo tests confirmed the
common trend assumption (Supplementary Fig. 1).

Difference-in-difference analyses
Total annual healthcare costs attributable to osteoporo-

sis were estimated using DID models and were found to
be on average 59% higher for the osteoporosis group than

for controls (OR 1.59, 95% CI 1.58-1.59) when not adjust-
ing for any covariates, equivalent to €3,253 per year in the
observation period. The difference reduced slightly to 50%
higher (OR 1.50, 95% CI 1.50-1.51) but remained statisti-
cally significant when adjusting for age, gender, and comor-
bidity; and further to €3,097 per year higher or 1.48 times
higher (95% CI 1.48-1.49) when also adjusting for income,
educational level, and marital status (Table 2).

Hospital costs and social costs contributed the most the
attributable costs of osteoporosis. The estimates per cost
category are estimated in separate models, hence they do
not add up.

The annual difference between the groups increased from
below €1,000 per year at age 50, to about €12,000 per year
at age 90 (Fig. 2), indicating higher osteoporosis-attributa-
ble healthcare costs with age. When assessing cost catego-
ries, the highest category was hospital costs, amounting to
€2,113 per year, followed by social care costs €1,860 per
year (Table 3).

We also explored the differences in costs by osteoporosis
identification category. The highest costs were identified for
those who were diagnosed through vertebral or hip frac-
tures, incurring 1.62 (95% CI 1.58-1.66) and 1.85 (95% CI
1.82-1.87) times higher annual costs than controls, respec-
tively (Table 3), when adjusting for all covariates (Model
3). Also, after adjusting for age, gender, educational level,
marital status, and income, the lowest annual healthcare
costs were associated with patients diagnosed through wrist
fracture 1.39 times higher than for their matched controls
(95% CI 1.38-1.41) (Table 3).

Cost estimates by group

15,000

10,000

5,000

I Controls - 95 percent Cl
——— Controls

Osteoporosis - 95 percent Cl
—— Osteoporosis

T T T T
50 60 70 80
Age

90

Fig. 1 Total annual healthcare (medical and social care) costs for control and osteoporosis group, 2022 EURO
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Table 2 Excess annual total healthcare (medical and social care) costs (2022 Euro) attributable to osteoporosis

Total costs, 2022 EURO

Coefficients model 1 (95% conf.

Coefficients model 2 (95% conf.

Coefficients model 3 (95% conf.

interval) interval) interval)

Difference in difference 1.588 1.581 1.595 1.504 1.498 1.511 1.483 1.477 1.490
Adjusted CClI, sex, year of birth No Yes Yes
Adjusted for Income, level of No No Yes

education and marital status
DiD estimate in EURO 3,252.62 3,258.83 3,097.44
Hospital costs 1,689.98 2,193.05 2,113.05
Primary care costs 82.08 72.22 71.51
Pharmaceuticals costs 237.30 206.84 202.65
Social care costs 1,243.32 1,680.57 1,860.45

All estimates are statistically significant at <0.0001 level

Coefficients are ORs, unless specified otherwise

The estimates per cost category do not sum to the total amount as they are estimated in separate models

Fig.2 Total healthcare (medical
and social care) attributable to
osteoporosis, 2022 EURO

Table 3 Odds ratios of excess
annual total healthcare (medical
and social care) costs (2022
Euro) by type of osteoporosis
diagnosis
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Difference in difference estimate, per age group

8000
£
> 60004
w
o~
N
(=]
139
)
» 4000 A
Q
o
2
e}
©
5
395 2000
<
0_
T T T T T
50 60 70 80 90
age
Group Model 1 (95% conf. Model 2 (95% conf. Model 3 (95% conf.
interval) interval) interval)
Medication 1.560 1.549 1572 1.450 1.439 1461 1.434 1.424 1.445
Osteoporosis diagnosis  1.572 1.558 1.586 1.456 1.442 1.469 1.447 1.433  1.460
Upper arm fracture 1.609 1.588 1.630 1.555 1.555 1.555 1.530 1.510 1.550
Vertebral fracture 1.765 1.726 1.805 1.644 1.606 1.683 1.619 1.582 1.657
Hip fracture 1.888 1.862 1914 1.870 1.841 1.900 1.848 1.821 1.875
Wrist fracture 1.475 1461 1489 1418 1.404 1.432 1.393 1.380 14

All estimates are statistically significant at <0.0001 level

Coefficients are odds ratios (ORs), unless specified otherwise
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Productivity costs

Annual productivity gains were lower for the osteoporosis
group compared to the matched controls from the beginning
of the observation period until reaching the age of 59, after
which the costs for the two groups converged and dropped
significantly (Fig. 3). Then, 175,566 individuals from the
control and 171,354 from the osteoporosis group were
recorded as working during the productivity observation
period. After age 65, most people are retired and there is no
detectable difference between the groups.

The mean annual productivity gains were 18% lower for
the osteoporosis group than for the reference group after
controlling for age, gender, income, educational level, and

Fig.3 Mean annual productiv-
ity costs, 2022 EURO

marital status (OR 0.82, 95%CI 0.81-0.82) (Table 4). This
corresponds to an average of €3,883 less earnings, annu-
ally, until the age of 66 for the osteoporosis group (Table 4).
The gap in productivity gains between the two group nar-
rows when approaching retirement, decreasing from around
€22,500 at age 50 to around €,2000 at age 65 (Fig. 4).

Discussion

This study has identified a significant economic burden on
healthcare and productivity attributable to osteoporosis in
Denmark. Our estimates suggest that on average, more than
€3,097 a year in healthcare costs can be attributed to having

Cost estimates by group

80000
60000
40000 4 — (max)cl
(max) tl
20000
0 -
T T T T
50 55 60 65
age
Fig.4 Productivity losses s .
attributable to osteoporosis, Cost DID estimates
2022 EURO g
-5000
-10000
o
©
-15000
-20000
-25000
T T T T
50 55 60 65
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Table 4 Excess annual productivity losses (2022 Euro) attributable to osteoporosis

Productivity benefits, 2022 Coefficients model 1 (95% conf.

Coefficients model 2 (95% conf.

Coefficients model 3 (95% conf.

EURO interval) interval) interval)
Difference in difference 0.829 0.827 0.831 0.824 0.824 0.824 0.816 0.813 0.819
Adjusted CClI, Sex, year of birth No Yes Yes
Adjusted for Income, level of No Yes

education and marital status
DiD estimate in EURO —3974.85 —3599.73 —3883.11

All estimates are statistically significant at <0.0001 level

Coefficients are odds ratios (ORs), unless specified otherwise

osteoporosis or an osteoporosis-related fracture between the
ages of 50 and 91. Moreover, healthcare costs attributable to
osteoporosis increase by age, from less than €1,000 at age
50 to over €5,000 from 83 onwards. This presents a signifi-
cant direct healthcare burden attributable to osteoporosis in
Denmark.

Moreover, the economic burden of osteoporosis manifests
beyond the health system and has an impact on economic
productivity. We identify that osteoporosis can be attributed
with a €3,883 annual loss in productivity for people between
the ages of 50 and 65 (being the Danish official retirement
age for most of the observed period).

These estimates are significantly higher than those pre-
viously produced for Denmark. Hansen et al. [10] report
€36,000 and €26,000 lifetime osteoporosis-attributable
costs in Denmark for men and women, respectively, in 2011.
Cumulatively between the ages of 50 and 91, our estimates
would reach €127,000 per person. However, most people
decease before age 91 and it is therefore more relevant to
compute the healthcare costs from age 50 to the average
life expectancy, which is 83.4 years for Danish women, and
79.6 years for men in Denmark. A weighted average life
expectancy would thus be 82.4 years, and the average life-
time osteoporosis-attributable healthcare costs would, con-
sequently, arrive at just above €100,000. In addition, the
average productivity costs of €3,883 per year over 16 years
render €62,128 in lifetime productivity costs.

For the identified population of over 667,000 people with
osteoporosis, the total annual healthcare (social and medi-
cal care) burden attributable to the disease would amount to
over €2 billion. These findings are much higher than previ-
ous estimates of €850 million [7]. As our study examined
real-world, individual level data, and previous estimates are
based on simulation modelling, it is challenging to draw
direct comparisons between the findings.

Previous research indicated that socioeconomic status
had no impact on the risk of osteoporotic fractures in Den-
mark. [32]. Our results are likely to mirror these findings, as
education had negligible impact on healthcare costs associ-
ated with osteoporosis. The cost category with the highest
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attributable expenditure was hospital, followed by social
care, while primary care and pharmaceutical costs were
relatively low. Such cost distribution is unsurprising, and
supports findings from existing literature [7, 10].

We found that the highest impact on the costs associated
with osteoporosis was seen in patients suffering from verte-
bral and hip fractures. That is not surprising as it is the clini-
cal experience that patients with hip fractures stays longer
in hospital than patients with other types of fractures and
need more rehabilitation and social care after the fracture.
Many hip fracture patients experience difficulties with eve-
ryday activities, and some have to move to a care home [33].
Similarly, for vertebral fractures when they come to clinical
attention and are severe enough to require treatment in the
hospital system, which is a requirement to be identified as a
case in this analysis. These patients with severe and painful
vertebral fractures often suffer those same difficulties as hip
fracture patients. In addition, these two groups of patients
also have a very high imminent fracture risk and therefore
often experience additional fractures within a limited time
period [34].

The results of our analysis further underscore the impor-
tance of preventing first and recurrent fractures in patient
with osteoporosis. It has been demonstrated that Fracture
Liaison Services (FLS) aiming at diagnosing and treating
osteoporosis in patients presenting with fragility fractures
are cost-effective [35]. Despite this, it has proven difficult
getting FLS implemented at all hospitals in Denmark and so
far only a few hospitals have FLSs.

Strengths and limitations

The findings of this study are subject to some limitations.
The identification algorithm has been composed based on
previous studies and with inputs from clinicians. As an algo-
rithm, it may have suboptimal sensitivity and specificity. We
have included fractures that are predominantly osteoporotic
when occurring in this age group, although some may indeed
be caused by severe accidents. We have included pharmaceu-
ticals usually dispensed to osteoporotic patients but excluded
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drugs dispensed to both cancer patients and osteoporosis
patients when the administration frequency suggested that
the drug was used for the treatment of cancer, for fear of
misclassifying oncological patients as osteoporosis patients.

The propensity score was based on administrative
observational data, and lacked some clinical predictors of
osteoporosis risk, such as family history, calcium intake,
and medication affecting bone metabolism, though our
difference-in-differences design helps address time-invar-
iant unobserved factors. Propensity score matching did not
completely balance the differences in observed covariates
between groups, in terms of education, comorbidity, and
marital status. However, the absolute differences were small,
and we believe that individual fixed-effects models used in
the analysis sufficiently control for these differences. As this
study was register-based, it was not possible to include out-
of-pocket healthcare expenses associated with osteoporo-
sis. However, as Denmark has a universal healthcare system
free at the point of contact for users, with the exception of
small co-payments for prescription medication which has a
maximum ceiling of €610 per year [36], we believe that the
costs captured in the presented analysis should capture the
vast majority of healthcare costs incurred by all individuals.
For the same reason, it was not possible to capture informal
care costs; future studies should employ prospective data
collection to capture the economic burden on informal care
in osteoporosis.

It is important to acknowledge that not all included frac-
tures were necessarily incident, as it was possible for older
persons in our cohort to have experienced a fracture prior to
inclusion period of 2000 to 2021. This may mean that costs
of osteoporosis fractures are underestimated, making our
results conservative. Moreover, the presence of the younger
age groups in our cohort does represent an incident popula-
tion, and propensity score matching should ensure better
comparability between groups despite this limitation.

Our study only included vertebral fractures which were
recorded through hospital contact. Many vertebral fractures
are either asymptomatic or managed in primary care settings
without hospital referral. These unreported fractures can
still result in healthcare utilisation and productivity losses
through chronic pain management, physiotherapy, medica-
tion use, and reduced work capacity. Therefore, our cost esti-
mates for vertebral fractures may represent a conservative
reflection of the true societal burden.

The study is also characterised by a number of strengths.
The robustness and reliability of administrative register data
has been documented and reported as highly suitable for
health services research [11, 13, 37]. The study also uti-
lises a unique dataset of an entire population of people with
osteoporosis, observed over a 21-year period, providing a
unique opportunity to draw conclusions about healthcare

costs associated with the disease. Finally, we believe that
the double robust methodology of matching and difference-
in-difference analysis permits us to make claims of causal
attribution of costs to osteoporosis.

Conclusions

Our study finds that osteoporosis and osteoporosis-related
fractures are associated with higher healthcare costs and
some decrements in productivity compared to their coun-
terparts without osteoporosis. To the best of our knowledge,
this is the first study to establish attributable costs in Den-
mark, using longitudinal individual-level data and double
robust analytical approach. Our findings suggest that it is
important to consider whether implementation of strategies
improving prevention of osteoporosis, management, and
treatment, as well as fall prevention would be efficient in
the light of high costs identified.
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