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Abstract
Summary Data on direct and indirect costs of clinical fractures
in 116 osteoporotic patients 50 years and older were prospec-
tively collected using cost diaries. Indirect costs accounted for
roughly half of the total costs, with a contribution of at least
81 % of these costs in employed patients.
Introduction The aim of this prospective study was to gain
insight into the current total costs of clinical fractures in
osteoporotic patients aged 50 years and older.
Methods In a study in the Netherlands, patients prospectively
filled out cost diaries every 3 months, during 1 year after a
clinical fracture. Primary analyses were performed on those
patients with all four cost diaries returned. In-depth analyses
of indirect costs were performed, dividing results for
employed and unemployed patients. Sensitivity analyses
using imputation techniques were performed on patients
who returned two or three diaries
Results Of the 116 included patients, 69 completed all four
diaries, 24 only two or three, and 23 patient completed one or
no diaries. For all fractures, approximately 50 % of the total

costs were due to indirect costs; employed patients contributed
for at least 81 % of the indirect cost. Humerus fractures were
most expensive with a total 1-year cost of €16.841 per patient.
Indirect costs in the group with clinical spine fractures were
highest (€12.522), accounting for 89.1 % of the total costs for
this fracture.
Conclusion Indirect costs account for roughly half of the total
costs of clinical fractures, which are largely related to sick
leave. When performing cost analyses in fracture patients, we
advise a societal perspective in which indirect costs are also
considered, and to apply a patient derived prospective data
collection method to get a ‘true’ and complete image of the
total costs due to clinical fractures.
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Introduction

Osteoporosis is a disease which is characterized by low bone
mineral density and bone fragility, increasing the risk of
fractures [1]. It is estimated that in the Netherlands each year
around 80.000 persons aged 50 years or older experience a
clinical fracture [2]. Several studies have shown that osteopo-
rotic fractures not only decrease physical functioning and
vitality of elderly patients, but also have large (socio)
economic consequences for the patient and the society [3–7].
It is predicted that costs will even rise further due to an
increase of elderly people leading to a raise in osteoporosis
prevalence and fracture incidence [8, 9]. Worldwide, several
studies have been performed in which the economic burden of
this disease was assessed, including only direct medical costs
in most studies. These costs or often derived from several
(national) databases as this information is easier to collect than
indirect costs, especially when study populations are large [4,
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10]. But it is recommended that for cost-effectiveness studies,
a societal perspective is applied in which all kind of costs need
to be considered (both direct and indirect costs), especially in
chronic disorders which are known to have severe socioeco-
nomic impact [11]. Some studies did include indirect costs,
but also in these studies data were retrieved from databases [7,
12], retrospective surveys of patients or questionnaires [13,
14]. A limitation of these methods is recall bias, no availability
of detailed resource use, and no insight in medical consump-
tion which is not covered by insurance companies. Therefore
cost diaries have more advantages than information from
questionnaires of surveys, particularly when they are used in
a prospective design [11]. Recently, the ASBMR taskforce
have given the advice to set up fracture liaison services (FLS)
to screen for osteoporosis in as much as possible elderly
patients with recent fractures, since subsequent fracture risk
is high in elderly with a recent fracture, and since effective and
relatively safe anti-osteoporotic drugs are available [15]. But
up to now, no one has calculated the costs of such a service. In
this article, we will show both the direct and indirect costs of
osteoporotic fractures using cost diaries to collect prospective
patient data.

Patients and methods

FLS patient population

Four hospitals throughout the Netherlands set up a FLS, and
also participated in a study in which the effect of the FLS on
preventing new fractures was assessed, and to see if compli-
ance to subsequent treatment of osteoporosis in patients with a
fracture was increased [16]. For this study, patients aged
50 years and older, presenting with a low trauma fracture at
the emergency room (ER) between July 2007 and December
2008, were invited for osteoporosis screening at the FLS. All
patients were treated according to protocol, including DXA
and LVA (=lateral vertebral assessment evaluation), and eval-
uation of fall risk and presence of secondary osteoporosis. The
protocol is described more in detail in the study of Eekman
et al. [16]. When osteoporosis was diagnosed and included
into this study, treatment with calcium, vitamin D and
bisphosphonates, as secondary prevention, was started.

Cost study

Structure and components of the cost diary

As part of this larger trial, one centre (VU University medical
center (VUmc)) asked their patients to maintain cost diaries in
the first year after their fracture, in which all actual costs due to
clinical fractures were collected, in line with a societal per-
spective. The medical ethics commission of the VUmc

approved this study, and informed consent was obtained be-
fore inclusion. Each diary covered a period of three months.
Every diary was presented on an A4 paper (see Appendix).
The diaries are a modified version of the diaries used in an
earlier published article [17]. Instructions on how to fill out the
diaries were given during inclusion into the study. During
every quarterly contact, patients were asked to return the diary,
and a new one for the upcoming three months was sent. To
stimulate a high response, prepaid envelopes were provided to
the patients.

To allow multiplication with unit prices, patients were
asked to record resource use as detailed as possible. The
following resource use was requested:

(a) Direct medical costs: all costs related to the visits of the
general practice, specialist care, paramedic care, days of
hospitalisation, need of plaster or surgical interventions,
use of anti-osteoporotic drugs and out-patient and in-
patient care.

(b) Direct non-medical costs: all costs paid by the patients
and their family such as over-the-counter medication,
need for paid and unpaid household help, transportation
and alternative therapies.

(c) Indirect costs: all costs related to costs arising from sick
leave (absenteeism). Both paid work and voluntary work
was included.

In addition to the diaries, two other sources were consulted
to assess resource use: (1) patient medical records specifying
for probable secondary osteoporosis and number of hospital-
ization days. And (2), the electronic hospital administration
system was consulted to retrieve information on costs for
operations and physical therapy.

The valuation of resource use

In the Netherlands, hospitals are paid by tariffs per DRG
(diagnosis related group). In this study however, we looked
at true costs related to individual fractures. The applied cost
structures dated from 2008 and, if necessary, prices were
updated using the Dutch consumer price index (www.cbs.
nl). No discounting was used. Appendix 2 provides the
applied costs per unit of resource use.

According to Dutch guidelines, vertebral fracture assess-
ments (VFA) were performed in all patients without any extra
costs [2]. Standard cost prices were used for a hospitalization
day, outpatient care (specialists), a visit to a therapist (e.g.
physiotherapy, manual therapy, occupational therapy), an hour
of help in the housekeeping and an hour of voluntary work
[18]. Prices of medication were obtained through a national
website which provides the costs of all medications [19].
Costs of operations of severe or complicated fractures, e.g.
hip or humerus fracture, including the necessary radio diag-
nostic tests, were computed by the department of planning and
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control of the VUmc. All radiologic diagnostic tests made in
relation to the fracture during one year of follow-up were
taken into account.

Sick leave from paid work was valued according to the
friction cost method, that is, only sick leave during a friction
period (22 weeks) needed to replace a person is taken into
account [18, 20]. This method leads to more accurate cost
data, compared to the human capital method (which assumes
costs due to unproductivity by the sick person as long as this
person is sick). This leads to an overestimation of the costs.
Using the shadow price method, unpaid work was valued at
the cost of the professional required to replace the unpaid
worker [18, 21]. The shadow price of voluntary work and
informal care was assumed to be equal to the tariff for cleaning
work.

Statistical analyses

Completers analyses

Primary analyses were performed using the data of patients
who returned all four cost diaries. Per type of resource, the
mean costs per patient per year were calculated. As cost data
are typically skewed, confidence intervals (CI) for costs were
estimated using bias-corrected accelerated bootstrapping tech-
niques. In brief, 2000 datasets of the same sample size as the
original dataset were sampled with replacement from the
original data [22, 23]. Due to small sample sizes, no statistical
analyses were performed to assess differences in costs be-
tween the different types of fractures. Only descriptive data
was assessed with Statistical Package for the Social Sciences
(SPSS statistical software, Version 15.0; SPSS, Inc., Chicago,
IL, USA) and StataSE 12.

Sensitivity analyses

At first, sensitivity analyses were performed in those patients
who returned two or three cost diaries. Three different impu-
tation methods were used: (1) zero imputation method, in
which all resource use was considered to be zero for the
missing dairies. (2)Means imputationmethod: per time period
the means for direct (medical and non-medical), indirect and
total costs of those patients who did return the dairies, were
calculated. These mean values were imputed for the missing
diaries at each time period separately. And (3) the Expectation
Maximization (EM) Algorithm method was used. This is an
iterative optimisation method to estimate missing data given
available data, using SPSS 12.0.1 [18]. Secondly, sensitivity
analyses were performed using the completers group and the
group who returned two or three diaries. Imputation tech-
niques were the same as described above.

Assumptions

If data in the diaries were incomplete and could not be re-
trieved through the earlier described data sources (patient
medical records, and hospital system), some assumptions
were made to limit missing data. Firstly, related to physiother-
apy visits: if frequency was missing, we assumed a visit of
once a week. Secondly, concerning care from family/relatives,
if total hours of help were not given, we assumed a frequency
of 1 h twice a week. This allowed for a maximum of 26 h of
help in 3 months. Thirdly, concerning medication, if dose was
not specified, a worst case scenario was assumed. For exam-
ple: for acetaminophen the assumption of six pills per day was
made, which summed up to 504 pills per 3 months. For
injections, the total amount in milligrammes (mg) was calcu-
lated, and converted to the number of pills of that same
substance.

Results

Baseline characteristics

Totally, 278 patients of 50 years and over with a recent
fracture visited the FLS of the VUmc. From these VUmc
patients, 58 had a normal T-score, 100 patients a T-score
between 1 and the −2, and 120 patients had a T-score of ≤2.
Arbitrarily, we had previously defined that patients 50 years
and over with a recent fracture, and a T-score<−2 had an
indication for anti-osteoporotic treatment, in accordance with
other FLS services [24]. These patients were suitable for this
sub-study. Four patients were excluded, as these patients had
hand/feet fractures. Of the 116 patients, 23 either never
returned a cost diary or only one, 24 patients returned two or
three diaries and 69 patients completed all diaries. Table 1
shows the baseline characteristic per subgroup of returned
diaries. The patients in the primary analysis (n =69) were
mostly women (81.2 %) and had a mean age of 65 years
(SD 9). About 41 % of these patients were employed, and
wrist fractures were the most common fractures (n =23,
33.3 %). Mean spine T-score was −2.07 (SD 0.78) and mean
hip T-score was −1.46 (SD0.78). The group of patients who
returned two or three diaries or zero or one dairy was compa-
rable with the completers. Only the mean age was three years
higher in the group with 2/3 diaries and in both groups less
patients were employed, compared to the completers.

Completers analyses

All costs per fracture are specified in Table 2. Regardless type
of fracture, our 69 patients were hospitalized for a total of
138.01 days, with a mean length of stay of 2 days. Total costs
for hospitalization were €71.215, corresponding to a mean
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cost of €1.032 per patient. Humerus fractures were the most
expensive fractures with total costs of €16.841 per patient per
year of which 47.4 % were direct costs (medical and non-
medical) and 52.6 % indirect costs. The second most expen-
sive fracture was a clinical spine fracture (total costs €14.048:
10.9% direct and 89.1 % indirect costs). Total costs for a wrist
fracture were lowest (€4.014: 35.8 vs. 64.2 % direct and
indirect costs respectively) followed by elbow fractures
(€7.741: 35.0 % direct costs vs. 65.0 % indirect costs). Direct
medical costs were highest for hip fractures (€9.929) which is
mostly driven by the large number of hospitalization days (8
vs. 0.8 days for wrist fractures) compared with other fractures.

Indirect costs

In the completers group, for all fractures except hip, indirect
costs represent more than half of the total costs (approximately
60 % in most fracture types). Although clinical spinal frac-
tures provide the lowest direct medical and non-medical costs,
indirect costs in this group were highest accounting for 89.1%
of the total costs for this type of fracture.

When looking in-depth in the indirect costs (Fig. 1), almost
all of these costs are due to sick leave in employed patients.
Unemployed patients consisted of retired, unemployed and

work disabled patients. For example, employed patients with a
wrist fracture (n =5) had mean indirect costs of €9.553 com-
pared to €638 for unemployed patients (n =18). Thus, 80.6 %
of the mean total indirect costs in wrist fractures (€2.575) are
produced by employed patients. We calculated this as follows:
(a) total indirect costs is (5×€9.553=€47.765)+(18×€638=
€11.484)=€59.249; (b) the percentage of the mean total indi-
rect costs of wrist fractures due to employed patients is
(€47.765 / €59.249)×100=80.6 %; (c) mean indirect costs
of all wrist fracture patients is €59.249/23=€2.575. We ap-
plied this for all fracture types resulting in the fact that in the
group of patients with ankle fractures, mean total indirect costs
were mainly driven by employed patients (96.4 %), and for all
other fractures 95 % or more of the total indirect costs were
due to employed patients.

Sensitivity analyses

At first, a sensitivity analyses was performed on only the
group of patients with two or three patients (Table 3). Thirteen
patients completed three diaries and eleven patients completed
two. As expected, costs are lower in this group as less patients
were employed, leading to less indirect costs. Despite this fact,
mean indirect costs still account for at least 50 % of the mean

Table 1 Baseline characteristics

SD standard deviation, kg
kilogrammes, cm centimetres, g
grammes, BMI body mass index
a Remaining fractures consists of
rib, clavicula, and tibia plateau
b Remaining fractures consists of
rib and pelvis
c Remaining fractures consist of
rib and clavicula

All four diaries
(n =69)

Two or three diaries
n=24)

≤ one diary
(n =23)

Women, n (%) 56 (81.2) 20 (83.3) 19 (82.6)

Age (years), mean (SD) 65.0(8.9) 68.7 (10.7) 65.5 (9.4)

Work status

- Retired, n (%) 30 (43.5) 15 (62.5) 13 (56.5)

- Employed, n (%) 28 (40.6) 7 (29.2) 3 (18.0)

- Unemployed, n (%) 9 (13.0) 2 (8.3) 2 (8.7)

- Work disabled, n (%) 2 (2.9) – –

- Unknown, n (%) – – 5 (21.7)

BMI (kg/cm2), mean (SD) 24.8 (4.8) 24.7 (3.5) 25.6 (4.0)

Spine T-score, mean (SD) −2.07 (1.14) −1.97 (0.73) −1.87 (1.47)
Left hip T-score, mean (SD) −1.46 (0.78) −1.52 (0.73) −1.41 (0.92)
Type of fracture at inclusion

- Wrist fracture, n (%) 23 (33.3) 10 (41.7) 7 (30.4)

- Humerus fracture, n (%) 15 (21.7) 6 (25.0) 4 (17.4)

- Ankle fracture, n (%) 10 (14.5) 3 (12.5) 2 (8.7)

- Elbow fracture, n (%) 7 (10.1) 2 (8.3) 2 (8.7)

- Hip fracture, n (%) 4 (5.8) 1 (4.2) 2 (8.7)

- Spine fracture, n (%) 4 (5.8) – 2 (8.7)

- Remaining fractures, n (%) 6 (8.7)a 2 (8.4)b 4 (17.3)c

Previous fractures, n (%) 33 (47.8) 13 (54.2) 9 (38.0)

Familiar osteoporosis or fracture, n (%) 20 (29.0) 3 (12.5) 5 (21.7)

Did mother have a hip fracture? n (%) 12 (17.4) 2 (8.3) 3 (13.0)

≥1 fall events in past year, n (%) 55 (79.9) 24 (100) 22 (95.7)
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total costs when looking at the means and EM imputated data.
Only in patients with ankle fractures this percentage is lower
(40–46 %) compared to that in the completers group (67 %).
In patients with a hip fracture, indirect costs account for
roughly 10 % of the total costs compared to 21 % in the
completers group. But both percentages are low compared to
indirect costs in other fractures. Direct medical and non-
medical costs are somewhat higher in this group of patients,
compared to the completers group (approximately 40–50 vs.
35–45 %). No confidence intervals have been retrieved for
these analyses as the population numbers are too small, creat-
ing instable confidence intervals.

Secondly, a sensitivity analyses was performed combining
patients with four diaries returned and those returning two or

three diaries (n =93). Results of these analyses can be found in
Appendix 2. Costs were similar or lower than in the primary
analysis. Patients with a clinical spine fracture (n =4) returned
all four diaries. As such, costs in the sensitivity analysis are the
same as in the primary analysis.

Discussion

In this study, patients 50 years and over with recent fractures
and a low T-score filled out cost diaries, prospectively, for
1 year. The key message is that indirect costs account for
roughly half of the total costs of clinical fractures, which is
largely related to sick leave. For instance, humerus fractures

Table 2 Mean costs per fracture in euro, completers analyses (n =69)

Wrist fracture
(n =23)

Humerus fracture
(n =15)

Ankle fracture
(n =10)

Elbow fracture
(n =7)

Hip fracture
(n =4)

Clinical Spine
fracture (n =4)

Remaining
fracturesa (n =6)

Medical costs

Hospitalization
days (costs)

404 1,720 568 221 4,386 0 1,892

Operative therapy 124 2,726 755 593 3,450 0 470

Plaster 63 6 58 79 0 0 0

Aid (assistance) 4 5 189 5 203 10 46

Diagnostics 113 270 165 186 230 128 252

General practitioner 33 68 52 22 38 96 49

Outpatient care 88 382 181 212 186 159 3,390

Physical therapy 412 1,586 673 398 1,369 216 789

Visited therapistsb 58 144 0 205 55 68 0

Medication 5 25 5 9 12 12 21

Total medical costs 1,304 6,932 2,646 1,930 9,929 689 6,909

(95 % CI) (811–2,563) (4,056–10,656) (1,319–4,442) (497–6,057) (8,478–13,614) (438–963) (937–11,844)

Non-medical costs

Informal care 135 896 284 417 357 837 552

Alternative care 0 151 0 303 50 0 0

Total non-medical costs 135 1,047 284 720 407 837 552

(95 % CI) (60–319) (466–2,212) (87–756) (31–2,825) (105–960) (270–2,268) (153–1,431)

Total direct costs 1,439 7,979 2,930 2,650 10,336 1,523 7,461

(% of total costs) (35.8 %) (47.4 %) (35.0 %) (34.2 %) (79.1 %) (10.9 %) (49.5 %)

Indirect costs

Paid work 1,884 7,800 4,945 4,345 2,377 12,490 6,755

Unpaid/voluntary work 691 1,062 486 746 356 32 864

Total indirect costs 2,575 8,862 5,431 5,091 2,733 12,522 7,619

(95 % CI) (819–9,161) (4,147–19,343) (2,378–10,544) (1,452–9,673) (351–7,202) (5,971–19,651) (1,710–22,122)

(% of total costs) (64.2 %) (52.6 %) (65.0 %) (65.8 %) (20.9 %) (89.1 %) (50.5 %)

Total costs 4,014 16,841 8,361 7,741 13,069 14,048 15,080

(95 % CI) (2,090–11,153) (10,040–29,969) (4,094–14,503) (2,274–18,080) (9,670–16,443) (1,888–25,782) (2,910–25,020)

Costs are mean costs per patient per year; 95 % confidence intervals estimated by means of bias-corrected accelerated bootstrapping techniques

CI confidence interval
a Remaining fractures consists of rib fracture (n =1), clavicula fractures (n=3) and tibia plateau fractures (n=2)
bVisited therapists: chiropracter, homeopathy, manual therapy, movement therapy, occupational therapy
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produced the most total costs (€16.841) of which more than
half is due to indirect costs. Sick leave in employed patients
account for at least 81 % of the mean indirect costs for a
fracture.

Our observation that at least 50 % of the total costs are due
to indirect costs, regardless of type of fracture (hip and clinical
fractures aside), is much higher compared to estimations in
other studies. For example, in the study of Tarride et al.,
performed in Canada, only 5 % of the total costs were derived

from indirect costs [6]. This was calculated using several
assumptions. No actual sick leave data was used. Another
study, performed in Austria, found a contribution of 34 % of
indirect costs on the total costs, also based on data from
national databases and calculation assumptions [13]. A study
performed in Sweden used data for indirect costs, retrieved
during retrospective patient surveys [25]. Patients were asked
about days of sick leave in the past 4 weeks prior to a visit. A
mean total of sick leave per period was then calculated. In this

W
ris

t

H
um

er
us

A
n

kl
e

E
lb

ow H
ip

C
l in

ic
al

s p
in

e

R
em

ai
ni

ng

M
ea

n
t o

t a
lp

er
fr

ac
tu

re

0

5000

10000

15000

20000

25000

30000

In
di

re
ct

c o
st

s
in

e u
ro

Type of fracture

Employed

Unemployed
Fig. 1 Indirect costs per fracture
per employment status (n =69).
Costs are mean costs (euro) per
patient per year. Remaining
fractures consists of rib, clavicula
and d tibia plateau fractures

Table 3 Mean costs per fracture in euro, sensitivity analyses for patients with two or three diaries (n =24)

Wrist fracture
(n =10)

Humerus fracture
(n =6)

Ankle Fracture
(n =3)

Elbow fracture
(n =2)

Hip fracture
(n =1)

Remaining
fracturesa (n =2)

Zero imputed data

Direct medical costs 305 2,652 3,381 2,729 9,788 2,846

Direct non-medical costs 62 80 108 – – 392

Indirect costs 580 2,330 1,200 1,800 – 5,274

Total costs (euro) 947 5,062 4,689 4,529 9,788 8,512

Means imputed data

Direct medical costs 1,067 3,774 5,333 3,339 10,155 715

Direct non-medical costs 183 234 297 236 153 98

Indirect costs 1,687 4,093 3,752 3,654 1,349 1,194

Total costs (euro) 2,937 8,101 9,382 7,229 11,657 2,007

EM imputed data

Direct medical costs 639 3,058 4,010 3,286 10,117 624

Direct non-medical costs 127 179 263 149 94 29

Indirect costs 1,558 3,945 3,657 4,285 1,151 953

Total costs (euro) 2,324 7,182 7,930 7,720 11,362 1,607

Costs are mean costs (euro) per patient

CI confidence interval, EM Expectation Maximization Algorithm in SPSS 12.0.1
a Remaining fractures consists of rib and pelvis fracture
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study, only patients with wrist fractures were employed
(32 %), leading to total indirect costs of €43.992. This is
comparable with the indirect cost in employed patients with
a wrist fracture in our study (n =5, 22 %, total indirect costs
€47.765). But the contribution per patient in our study is
considerably higher than in the study from Sweden, which
might be due to the prospective way of data collection used in
our study, compared to the retrospective method in Sweden.
And we collected actual data per three months, as the study in
Sweden collected data per 4 weeks prior to a visit and extrap-
olated this to a longer period, which might lead to an under-
estimation of the true costs.

To compare our data with other studies, we need to
look at direct costs as well. Hospitalization costs in our
study were low. For example, in a study performed in
Switzerland, mean hospital costs per patient were
€11,850.70 (14.616 CHF) for a clinical fracture, regard-
less type of fracture. These costs were mainly driven by
hip fractures who have the longest stay in a hospital
(mean 19.1 days), accounting for at least 50 % of these
costs [4]. This is comparable in a Canadian study (mean
15.5 days, 50 % of the costs) [6, 7], and in several
other studies [3, 13, 26–28]. In Ireland, this percentage
was lower (about 35 %, mean 21.4 days) [8]. In our
study, patients with a hip fracture were hospitalized for
a mean of 8 days, which is substantially lower than in
other countries. Also, only four patients (5.8 %) in our
study had a hip fracture. This is not in line with the
prevalence of hip fractures in the Netherlands (16.1 %)
[2, 16]. Assuming this percentage would have been
present in our study, 11 patients of the 69 would have
had a hip fracture. This would substantially increase the
contribution of the costs of hip fractures on the total
costs for all fractures in our study, probably also ac-
counting for half of the hospitalization costs, in line
with other studies.

This study has several strengths and limitations. One of the
strengths of this study is the use of cost dairies. This method
allows for a more complete prospective data collection from
patients, reducing recall bias in comparison to retrospective
patient surveys or questionnaires [11]. There are no other
studies performed in this type of patients using cost diaries.
This makes our data rather unique. Another strength is that our
study is unique in the in-depth analyses of indirect costs.
When looking at the contribution of employed patients on
the indirect costs, at least 81 % of these costs are due to sick
leave and/or productivity loss. As far as we know, no other
study has investigated this before.We think it is much better to
include all costs, not only the direct (non)medical costs, usu-
ally paid by health insurance companies, but also the indirect
costs (mainly influencing the financial status of the fracture
patients themselves) to assess the economic burden of osteo-
porotic fractures.

A first limitation of this study is the relatively low popula-
tion number in comparison with other performed studies. This
might be due to the fact that we did not use information from
databases, but prospective real-life data from diaries from
patients. It is well-known that using cost diaries as a data
collection method, is more time-consuming for patients and
professionals, especially when the data needs to be entered in
databases that can be analysed. However, in this study, the
response rate for the dairies was acceptable as 82 % of the
patients returned at least two diaries, and 59 % of the patients
completed all four diaries over the 1-year follow-up.

A second limitation is the fact that only a few patients
in this study had a hip or a clinical spine fracture. In this
study, mostly hip fracture patients with relative good
functional capacity came to the FLS, while those with
severe immobility and comorbidity were not capable of
visiting the outpatient clinic (e.g. residing in a nursing
home) [16]. Related to the clinical spine fractures, in
general, two out of three patients with this type of frac-
ture, do not present with signs and symptoms of an acute
fracture on the ER [29]. The indirect costs for hip fracture
patients were the lowest (20.9 %), and for clinical spine
fractures, the highest (89.1 %). In both groups, only two
patients were employed, but apparently patients with a hip
fracture experienced less sick leaves or received less
salary compared to the employed patients with a clinical
spine fracture. We have not found an explanation for this
difference, other than the fact that the number of patients
is very low.

In the diaries, patients were asked to fill out how often a
visit to a therapist occurred. We did not ask for the specific
costs the patient had to make to visit the therapist. These costs
can of course fluctuate between patients, but we used mean
costs derived from several tariffs from several therapist in the
Netherlands. This might influence the data, but we think this
contribution will not be large in relation to the total costs. And
although our study was performed in the Netherlands, we
looked at true costs of DXA measurements, anti-
osteoporotic drugs, visiting physical therapists etc. Of course,
these direct costs may differ somewhat per country, and there
may be variations in indirect costs between countries also.
Nevertheless, we assume that when applying a societal per-
spective in cost studies, the contribution of indirect costs will
be roughly the same in other (western) countries, as in our
study (50 %).

Another limitation of this study is the fact that these
patients were seen in a university hospital, where costs
are generally higher than in peripheral hospitals. This
might lead to overestimation of costs. Compared to
previous studies, the direct medical costs of humerus
fractures were higher. But the costs of other types of
fractures were comparable, thus probably overestimation
in this study is limited [28, 30].
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As in the advice of the ASBMR taskforce to improve
secondary fracture prevention worldwide, fracture liaison ser-
vices could play a big role in this solution [15, 24, 31]. To our
knowledge, this is the first study assessing the costs of such a
service, and also the first to use a patient derived prospective
data collectionmethod (cost diary) in this population group. In
our study, indirect costs account for 50 % of the total costs of
clinical fractures, and are mostly driven by sick leave of
employed patients. We are curious to see if other research
groups find the same results, which might lead to an improved
and completer knowledge of the costs for treatment, and
prevention of subsequent clinical fractures.

Conflicts of interest None.

Appendix 1: cost diary

Complaints related to your fracture in the upcoming 3 months

& are you unable to perform paid work?

Number of days sick leave Total number of hours of sick
leave

E.g. 5 days 36 hours

& … are you unable to perform unpaid work? (e.g.
voluntary work, housekeeping)

Number of days Total number of hours

E.g. 2 days 4 hours

& … have you visited or consulted your general
practitioner?

Number of visits/
consultations

Type of visit or consultation (consultation by
telephone, at the practice or home visit by GP)

E.g. 3 visits Visit to the practice

& … have you received a medication prescription?

Name of medication Number of pills and dosage Total used amount

E.g. diclofenac 12 pills, 50 mg 3 pills a day during
4 days

& … have you purchased medication yourself? (e.g.
acetaminophen)

Name of
medication

Number of pills and
dosage

Total used amount

E.g. ibuprofen 20 pillen van 400 mg 1 pill a day during
6 days

& … have you purchased other medical aids? (e.g. mas-
sage oil, brace)

Date of purchase Type of aid Price

E.g. May 30th Brace € 85

& … have you visited a therapist? (e.g. physiotherapist,
chiropractor)

Number of visits Type of therapist

E.g. 10 visits Physiotherapist

& … have you visited an alternative medicine specialist?
(e.g. specialized in homeopathy, acupuncture)

Number of visits Type of therapist

E.g. 2 visits Acupuncturist

& … have you visited a specialist? (e.g. orthopedic sur-
geon, neurologist)

Number of visits Type of specialist

E.g. 1 visit Orthopedic surgeon

& … were radiological or laboratory tests done in the
hospital? (e.g. X-ray, MRI-scan, blood test, DXA scan)

Type of test Number of tests

e.g. X-ray 2

& …. have you been admitted to the hospital?

Number of days Which department? What was the reason for
admission?

E.g. admitted for 5 days Orthopedic surgery Operation wrist

Room for remarks/costs that do not fit into the tables:
(please be as specific as possible when describing the costs).
Thank you for filling out these forms!!!
Please send this diary as soon as you have completed it
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Appendix 2

Appendix 3

Table 4 Costs per unit healthcare
resource used in relation to the
fracture

In analysis, sex-dependent and
age-dependent costs are used

DXA/IVA dual energy X-ray ab-
sorptiometry/instant vertebral
fracture assessment,MRI magnet-
ic resonance imaging, CT com-
puted tomography
a Acupuncture, magnetiser, ho-
meopath etc.
b Average cost per hour according
to the friction cost method

Health care resource (unit) Costs per unit (€) Resource

Direct medical costs

Hospitalization (per day) 516.01 VU University Medical Center
General practitioner (visit) 21.91

Outpatient care (visit) 106.24

Physiotherapy (session) 24.66

Manual therapy (session) 34.10

Occupational therapy (session) 55.28

Alternative therapista 50

DXA/IVA 44

X-ray 42.28

MRI 276.75

CT scan 106.24

Direct non-medical costs

Housekeeping help (per hour) 9.00 Oostenbrink [14]

Indirect costs

Absenteeism paid labour (per hour)b 44.40 Oostenbrink [14], friction method

Absenteeism unpaid labour (per hour) 9.00 Oostenbrink [14], shadow price

Table 5 Sensitivity analyses (n =93), mean cost per patient in euro

Wrist fracture
(n =32)

Humerus
fracture
(n =21)

Ankle Fracture
(n =13)

Elbow fracture
(n =9)

Hip fracture
(n=5)

Clinical Spine
fracture (n=4)

Remaining
fracturesa

(n=9)

Zero imputed data

Direct medical costs 1,039 5,705 2,690 2,110 9,900 677 2,846

Direct non-medical costs 110 771 243 559 326 837 392

Indirect costs 2,023 6,995 4,454 4,359 2,186 12,521 5,274

Total costs 3,172 13,471 7,387 7,029 12,411 14,036 8,512

(95 % CI) (1,742–8,257) (8,337–23,772) (3,780–12,873) (2,891–15,289) (9,917–16,510) (1,888–25,337) (2,318–18,884)

Means imputed data

Direct medical costs 1,277 6,025 3,140 2,246 9,973 678 2,246

Direct non-medical costs 148 815 287 612 356 837 612

Indirect costs 2,369 7,499 5,043 4,771 2,456 12,521 4,771

Total costs 3,794 14,339 8,470 7,629 12,785 14,036 7,629

(95 % CI) (2,344–8,921) (9,665–24,635) (4,868–13,201) (3,572–14,692) (107,426–16,726) (1,888–25,782) (3,263–15,421)

EM imputed datab

Direct medical costs 1,146 5,945 2,837 2,476 10,015 689 2,476

Direct non-medical costs 130 692 279 357 305 837 357

Indirect costs 2,328 7,457 5,021 4,911 2,416 12,521 4,912

Total costs 3,605 14,094 8,137 7,744 12,736 14,047 7,744

(95 % CI) (2,198–8,139) (9,383–24,215) (4,873–13,160) (3,254 15,341) (10,248–16,068) (1,910–25,788) (3,668–15,574)

Costs are mean costs per patient; 95 % confidence intervals estimated by means of bias-corrected accelerated bootstrapping techniques

EM Expectation Maximization Algorithm in SPSS 12.0.1, CI confidence interval
a Remaining fractures consists of rib fractures (n =2), clavicula fractures (n =3), pelvis fracture (n =1) and tibia plateau fractures (n =2)
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