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Background and purpose Few economic or quality-
of-life studies have investigated the long-term conse-
quences of fragility fractures. This prospective observa-
tional data collection study assessed the cost and quality
of life related to hip, vertebral, and wrist fracture 13-18
months after the fracture, based on 684 patients surviv-
ing 18 months after fracture.

Patients and methods Data regarding resource use
and quality of life related to fractures was collected
using questionnaires at 7 research centers in Sweden.
Information was collected using patient records, reg-
ister sources, and by asking the patient. Quality of life
was estimated using the EQ-5D questionnaire. Direct
and indirect costs were estimated from a societal stand-
point.

Results The mean fracture-related cost 13-18 months
after a hip, vertebral, or wrist fracture were estimated to
be €2,422, €3,628, and €316, respectively. Between 12
and 18 months after hip, vertebral, and wrist fracture,
utility increased by 0.03, 0.05, and 0.02, respectively.
Compared to prefracture levels, the mean loss in qual-
ity of life between 13 and 18 months after fracture was
estimated to be 0.05, 0.11, and 0.005 for hip, vertebral,
and wrist fracture.

Interpretation ~ The sample of vertebral fracture
patients was fairly small and included a high proportion
of fractures leading to hospitalization, but the results
indicate higher long-term costs and greater loss in qual-
ity of life related to vertebral fracture than previously
believed.

Osteoporosis-related fractures are associated with a
high degree of morbidity and mortality. In Sweden,
more than 70,000 osteoporosis-related fractures
occur annually. Of these, approximately 27%,
23%, and 23% occur at the hip, spine, and wrist,
respectively. The burden these fractures impose on
society, both in terms of cost and in terms of reduc-
tion in survival and quality of life, makes osteo-
porosis a major public health issue (SBU 2003,
Borgstrom et al. 2007). The risk of osteoporotic
fractures can be reduced by different treatment
strategies such as behavioural changes, hip protec-
tors, and drugs. However, preventive measures cost
money and the cost-effectiveness of different inter-
vention strategies must be documented. To assess
the cost-effectiveness of different interventions, it
is important to have good estimates of costs and
quality of life related to osteoporotic fractures that
may be avoided by the treatment strategy.
Previous studies have estimated reduction in
costs and/or quality of life related to osteoporotic
fractures (Liljegren et al. 1997, Zethraeus et al.
1997, Dolan and Torgerson 1998, Zethraeus and
Gerdtham 1998, Reginster et al. 1999, Haentjens
et al. 2001, Koeck et al. 2001, Wiktorowicz et al.
2001, Gabriel et al. 2002, Wong et al. 2002, Nurmi
et al. 2003, Lippuner et al. 2005), but only a few of
them are appropriate for use in economic evalua-
tions and only one of them investigated the long-
term consequences of fragility fractures (De Laet
et al. 1999). Not surprisingly, it is the hip frac-
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ture—the type of fracture associated with the high-
est mortality and most severe morbidity—that has
been investigated most frequently in these studies.
This is mainly because in most cases of hip fracture
patients are hospitalized; thus, the data are readily
available from hospital records.

A study involving prospective observational data
collection was launched in July 2002 with the pur-
pose of obtaining relevant estimates of costs and
health-related quality-of-life consequences associ-
ated with osteoporotic fractures of the hip, verte-
brae, and wrist in Sweden. The costs and effects of
osteoporosis-related fractures study (the KOFOR
study) continuously enrolled patients with fracture
at 7 hospitals in Sweden and followed them over a
period of 18 months after the fracture event. Use of
resources was determined from the point of view of
society and the quality of life of patients after frac-
ture was estimated using the EQ-5D questionnaire.
The fracture-related costs and the effect on quality
of life during the first year after a sustained fracture
(based on an interim analysis including 635 patients
with either a hip, vertebral,or a wrist fracture) have
already been published (Borgstrom et al. 2006b).
We now present the fracture-related costs and qual-
ity of life for the first 13—18 months after fracture
and present an update of the estimates from the
first 12 months, with all 684 patients who survived
for 18 months. The update has been included since
comparison between 12 and 18 months would oth-
erwise have to be viewed as two different popula-
tions. Other aims were to compare the 0—4-month
estimates for patients who died during the first year
with those of patients who survived for 18 months,
and to obtain cost-per-month estimates over all the
phases in the study.

Patients and methods

The materials and methods used in the KOFOR
study have also been described by Borgstrom et
al. (2006b). When estimating the costs related to
fractures, it is important that only the extra cost
incurred by the fracture is counted. In this study,
fracture-related resource use was determined pro-
spectively after the fracture. Patients and healthcare
staff were questioned about resource use directly
related to the fracture event rather than using a

control group. The advantages of this approach are
that it is possible to include all relevant cost items
and that no information has to be collected before
the fracture, thus reducing the time period for the
data collection. A potential disadvantage could be
that it might be difficult to determine whether or
not a resource is directly related to the fracture.
To our knowledge, the KOFOR study has been the
first study to use this data-collection methodology.
To test and validate the methodology prior to the
KOFOR study, we first performed a pilot study at
Malmé University Hospital in Sweden (Zethraeus
et al. 2002).

Study design and data collection

The KOFOR study, which is currently still run-
ning, includes patients who have suffered an
osteoporosis-related fracture of the hip, vertebrae,
or wrist and who have been treated at the ortho-
pedics departments of one of 7 Swedish hospitals.
The participating centers were: Sodersjukhuset
in Stockholm, Malmo University Hospital, Lund
University Hospital, Norrland’s University Hos-
pital, Ystad Hospital, Helsingborg Hospital, and
Héssleholm Hospital. To be included, a patient
had to be diagnosed with a fracture caused by low-
energy trauma and had to be at least 50 years old.
Vertebral fractures had to be confirmed by radio-
graphs. Patients seeking care for multiple fractures
were not eligible for the study. Fractures caused by
other diseases such as cancer were not included.
Also, patients who were judged to be unable to
complete the questionnaires due to dementia or
other psychological problems were excluded from
the study. Patients had to give informed consent
and had to have been included and interviewed
within 4 weeks of the fracture event. The study was
approved by the ethics committees associated with
each hospital.

Data regarding resource use and quality of life
related to fractures were collected using question-
naires at baseline and 4 months, 12 months, and 18
months after the fracture event. The data collection
questionnaire used was tested at Malmo Univer-
sity Hospital (Zethraeus et al. 2002). At baseline,
patient characteristics, background information,
and perceived health status (EQ-5D) just before
and after the occurrence of the fracture were col-
lected. At the 4-month, 12-month, and 18-month
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follow-up, resource use since the last visit and cur-
rent health status were determined. If the interview
could not be conducted at the same time as the hos-
pital visit, the information was collected by tele-
phone. In the study of the first 12 months after frac-
ture, 98% of the hip and vertebral fracture patients
lived at home before the fracture (Borgstrom et al.
2006b). In this study, patients not living at home
were excluded from the analysis.

Differences in cost between deceased and
surviving patients

To investigate whether fracture patients who died
during the study incurred more costs or suffered a
greater loss in quality of life (QoL) than patients
who survived, the total cost and loss in QoL for 0—4
months after fracture for patients who died during
months 5-18 of the study (n = 38) were compared
to the corresponding cost and loss in QoL for those
who survived more than 18 months (n = 684).

Use of resources

Use of resources was determined from patient
records, register sources, and by asking the patient.
The resources were categorized into medical costs
(hospitalizations, outpatient care, and pharmaceu-
ticals), non-medical costs (community care and
informal care) and indirect costs (e.g. loss regard-
ing production). By community care we a refer-
ring to special living arrangements, home care, and
transportation. Patient-reported use of resources
(community care and informal care) and resources
lost, i.e. indirect costs, were recorded for a shorter
time period (1 month) in order to minimize recol-
lection bias.

Hospitalizations and outpatient care

For each fracture-related hospitalization, the
number of bed days was recorded along with the
ICD-10 main and other diagnoses and operation
codes. Outpatient care consisted of outpatient sur-
gery, visits by a physician, nurse visits, physio-
therapist visits and occupational therapist visits at
the hospital, primary care visits and at home, radio-
graphic examinations, and help by telephone.

Pharmaceuticals

The use of pharmaceuticals deemed to be relevant
for treatment of osteoporosis and fractures was

recorded. The patient was considered to be a user of
a drug if it had been prescribed due to the fracture
some time during the study period. If the patient
had been noted as a user of a particular drug, then
it was assumed that the drug had been taken during
the whole period. The categories of pharmaceuti-
cals included were: calcium and vitamin D, estro-
gens, bisphosphonates, glucocorticoids, and pain
medication.

Community care, informal care, and loss of
production

Each patient’s living accommodation before frac-
ture was recorded at baseline. At the 4-, 12-, and
18-month follow-up the patient was asked how
many days had been spent in any special living
arrangements (e.g. nursing home or group living)
due to the fracture, any time during the 4 weeks
prior to the interview. The patients also reported
the average number of hours of home help they
received per week and the number of transporta-
tions in the previous 4 weeks that were related to
the fracture. To obtain an estimate of the total use
of resources regarding community care, the use
during the 4 last weeks was extrapolated over the
whole period.

The patients were asked about the average
number of hours of fracture-related care given
by relatives in the 4 weeks prior to the interviews
at 4-, 12-, and 18-month follow-up. To obtain an
estimate of the total amount of informal care given
in each period, the resource use during the 4 last
weeks was extrapolated over the whole period.

At the baseline interview, the patients gave
information concerning their working status before
the fracture (full-time work/part-time work/not
employed). At the 4-, 12- and 18-month follow-up
interviews, they described their current working
situation and—if they were working—stated how
many days they had been on sick leave in the pre-
vious 4 weeks due to the fracture. The sick leave
stated was assumed to be the average monthly sick
leave for the whole period.

Costing

The cost of fractures was estimated by multiply-
ing the degree of use of the different resources by
a corresponding value for the resource, i.e. a unit
cost. All costs are given in 2005 prices, inflated,
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where necessary, using the Swedish consumer price
index. The costs have been converted from Swedish
kroner (SEK) to euros (€) using the yearly average
exchange rate for 2005 (SEK 9.3 to €1).

Medical care and pharmaceutical costs

Costs of inpatient stays were assessed by multiply-
ing the number of hospital bed days by the corre-
sponding daily departmental cost per bed day. Unit
costs for inpatient bed days, outpatient hospital
visits, outpatient operations, radiographic exami-
nations, primary care visits, physiotherapist and
occupational therapist visits, and telephone help
were calculated as averages from price lists for
inter-regional care from 11 hospitals (Borgstrom et
al. 2006b). The costs for home visits (physician,
nurse, and therapists) were derived from a study by
Janzon et al. (2002). The cost of pharmaceuticals
was based on the cost for the average daily dose
of each drug, obtained from the Swedish national
pharmacy.

Community care costs. Costs for special living
arrangements (nursing home, elderly home, and
group living) were obtained from the Stockholm
municipality annual budget report of 2003 (Stad-
sledningskontoret 2003). It was assumed that living
at home was not associated with any extra costs.
Transportation costs for the disabled were based on
the mean cost of transportation for the disabled in
the Skane (Scania) Region.

Indirect costs and informal care. The value of
lost production, stratified by sex, was estimated
using the average hourly pre-tax salary, including
social insurance contributions in the private sector,
in 2003 (SCB 2004). Because information con-
cerning the employment status of informal caregiv-
ers was not collected, informal care was conserva-
tively valued at the cost of lost leisure time in the
base estimations. Lost leisure time was valued at
€3 per hour, which is the opportunity cost of travel
time estimated in a contingent valuation study con-
ducted by the Swedish Road Authority (Vigverket
1997). In a sensitivity analysis, we also valued
informal care using the replacement cost method
with the cost of home help (€25) to value informal
care.

Quality of life
The quality of life was estimated using the EQ-

5D questionnaire. This is a general quality of
life instrument that divides health status into five
dimensions: mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression (Brooks
1996). Each dimension is divided into 3 degrees
of severity: no problem, some problems, or major
problems. The 5 health dimensions divide health
status into 243 (3°) possible health states. Social
tariff values for these health states, estimated as
TTO utility values, were applied to the health states
observed in the study (Dolan 1997).

For the calculations of fracture-related loss in
quality of life, it was assumed that the patient would
have remained at the prefracture level of quality of
life stated, for the first 12 months, if the fracture
had not occurred. Between 13 and 18 months, the
prefracture QoL was reduced by the same interpo-
lated 1-year proportion that QoL decreases by in
the general population (Burstrom et al. 2001). The
annual loss in quality of life related to fracture was
then calculated by subtracting the estimated qual-
ity of life the year after fracture from the adjusted
prefracture quality of life. The prefracture quality
of life was obtained from patients after the fracture
and not before. This could possibly lead to some
recollection bias, since the prefracture health status
may have been perceived to have been better than
it actually was. Thus, the annual loss in quality of
life was also estimated using Swedish age-differ-
entiated EQ-5D population norms (Burstrom et al.
2001) as a proxy for the quality of life of patients
before fracture. Since no information was avail-
able after 18 months, 2 different methods were
used to estimate utility loss for the whole second
year after fracture. In one scenario (linear extrapo-
lation), utility was assumed to increase at the same
rate during the whole year. In the second scenario
(flat extrapolation), utility was assumed to stay at
the same level as that after 18 months, for the rest
of the second year after fracture. 1 patient had not
completed the EQ-5D questionnaire and was there-
fore removed from all QoL analyses.

Statistics

Cost data are often skewed, and thus not normally
distributed. The Shapiro-Wilk test was used for
testing the normality of the cost and quality-of-
life distributions (Wackerly et al. 1996). If the
data were not found to be normally distributed, the
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nonparametric Kruskal-Wallis one-way Table 1. Patient characteristics and baseline information

analysis of variance test was used to test

the difference in costs and quality of Hip Vertebral Wrist

life between different subgroups (e.g.
age, sex); if shown to be normally dis-

fracture fracture fracture
(n =283) (n=76) (n = 325)

tributed, the regular t-test was used. If Mean age (years) 77.4 75.8 69.3
the data were not normally distributed, Age range (years) 51-93 50-92 50-92
confidence intervals were obtained by PR V) . i LHEE Lk
. . Proportion previously having:
using the bias-corrected accelerated hip fracture 0.07 0.08 0.03
(bca) percentile bootstrapping method vertebral fracture 0.05 0.08 0.02
: : : wrist fracture 0.09 0.03 0.06
(Briggs et al. 1997). Differences in QoL other osteoporotic fracture 0.04 0.04 0.03
between 12 and 18 months after frac- multiple osteoporotic fracture  0.03 0.03 0.01
ture were tested with the Wilcoxon sign any osteoporotic fracture 0.23 0.21 0.14
: Proportion working 0.03 0.09 0.23
test of matched pairs. Proportion hospitalized 1.00 0.70 0.09

Because cost data are often heavily

skewed, they are not appropriate for

use in regression modeling in their original form.
Thus, in an analysis investigating the relationship
between costs and other variables, the Box-Cox
method (Neter et al. 1996) was used to find the
best transformation of the cost data to fit a normal
distribution. The Box-Cox procedure suggested
that the most appropriate transformation param-
eter value was close to 0, which is equivalent to a
logarithmic transformation of the dependent vari-
able. Thus, a log-linear model was chosen for the
estimations, i.e. the natural logarithm of the costs
was regressed on the untransformed independent
variables. The transformed cost variable was then
used as the dependent variable in a multivariate
ordinary least-squares (OLS) regression model.
The Breusch-Pagan test was used to test for het-
eroscedasticity (Gujarati 1995). In the presence
of heteroscedasticity, White’s corrected standard
errors were applied (Gujarati 1995). All analyses
were conducted using the statistical software pack-
age STATA 9.0 for Windows, with 5% chosen as
the level of significance.

Results

Patient characteristics and baseline informa-
tion

Most patients (86%) were women and 23%, 21%,
and 14% had had a previous osteoporotic fracture
during the previous 5 years (hip, vertebral, or wrist
fracture) (Table 1). All hip fracture patients were
admitted to hospital when seeking care for the frac-

ture, whereas 70% of the vertebral fracture patients
and 9% of the wrist fracture patients were admit-
ted.

Resource use

As expected, the number of hospitalizations
decreased considerably since the first year after
fracture. The same is true of most of the fracture-
associated resource use collected in the study. For
the average fracture patient, the most frequent visit
to a health professional was to a physiotherapist.
(Table 2; see Supplementary data).

Vertebral fracture was associated with statisti-
cally significantly more transportations and a gen-
eral trend towards greater use of community care
and informal care than hip fracture. Wrist fracture
patients used relatively little municipality care and
informal care (Table 3; see Supplementary data).

Vertebral fracture patients used more drugs (1.72
vs. 0.99 drugs per patient) than hip fracture patients
during the paeriod 13-18 months after fracture
(p <0.001) and a larger proportion of patients were
taking pain relievers (0.55 vs. 0.33; p < 0.005). Cal-
cium and vitamin D supplements and pain reliev-
ers were the most common medications. 15%,
30%, and 17% of hip, vertebral, and wrist fracture
patients, respectively, were prescribed bisphospho-
nates (Table 4; see Supplementary data).

Costs

Re-estimation summary of costs in the first year
after fracture. Table 5 (see Supplementary data)
provides an update of the cost findings during the
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Table 6. Average (95% CI) cost 13-18 months after fracture (€, 2005)

Hip fracture
n =283

Vertebral fracture Wrist fracture
n=76 n =325

Medical care
Inpatient care

165 (62-397)

146 (0-906) 0

Outpatient care 170 (120-281) 109 (71-166) 47 (31-79)

Pharmaceuticals 71 (61-83) 130 (103-157) 53 (43-62)
Community care

Special living 964 (529-1,679) 1,292 (360-3,143) 0

Other community care 937 (734-1,174) 1,715 (1,142-2,544) 72 (40-150)

Total direct costs
Indirect costs 0
Informal care
Value of lost leisure time
Replacement costing method
Total cost, 13—18 months @

2,308 (1,773-3,146)

114 (64-233)
950 (533-1,942)
2,422 (1,873-3,187)

3,392 (2,234-5,584) 171 (131-246)

0 135 (19-424)
236 (111-734) 10 (5-16)
1,967 (925-6117) 83 (42-133)

3,628 (2,333-5,671) 316 (190-569)

2 Includes informal care costed using the value of lost leisure time.

first year after fracture. The costs are based on the
684 patients who survived for at least 18 months
after fracture. The estimates in this analysis are
similar to the previous estimates based on 635
patients who survived for 12 months (Borgstrom
et al. 2006b). It is noteworthy that the cost of spe-
cial living accommodation associated with verte-
bral fractures was lower than in the previous esti-
mates, while outpatient care costs for hip fracture
and indirect costs for wrist fractures were higher
(Borgstrom et al. 2006b). In a subanalysis of all
115 wrist fracture patients below the age of 65,
mean indirect costs amounted to €796 per patient.
Vertebral fracture was associated with the highest
community care costs, but because of higher costs
of inpatient care, hip fracture had the highest total
annual fracture-related cost (€14,360), followed
by vertebral fracture (€11,901) and wrist fracture
(€2,316).

All types of fracture were associated with rela-
tively modest medical care costs (Table 6). Costs
related to special living accommodation were
about the same for hip and vertebral fractures,
while wrist fractures were not associated with
any costs for special living accommodation. Costs
for other community care (i.e. transportation and
home help) were considerably higher for verte-
bral fractures. When considering the whole patient
sample, the estimated indirect cost was fairly low
because few of the patients were below 65 years of
age and working. In a subanalysis of the 104 wrist
fracture patients below the age of 65, mean indi-

rect costs amounted to €423 per patient. Vertebral
fracture was found to have the highest cost regard-
ing informal care, community care, and informal
care. Accordingly, vertebral fractures were associ-
ated with the highest total fracture-related cost (€
3,628), followed by hip fractures (€ 2,422) and
wrist fractures (€ 316).

The estimated cost of hip fracture varied signifi-
cantly over the age groups (p < 0.005) in women
and ranged from €527 (50-64 years) to €4,000
(85 years and above). Also, hip fracture cost (at
all ages) was higher for men than for women (p <
0.005) (Table 7).

Wrist fracture costs were not found to vary sig-
nificantly with age (p = 0.1) or between the sexes
(p = 1). Also, the cost of vertebral fractures was
not significantly different for men and women (p =
0.4).

The cost for hospitalized patients was not sig-
nificantly higher than for patients who were not
hospitalized (p = 0.1). The same was true when
comparing patients who were 65 years or older to
those who were younger (p < 0.2) (Table 8).

There was a difference in the cost of total hip
fracture in the first 4 months between patients who
had died during months 5-18 of the study and
those who had survived for 18 months (€14,115
vs. €11,350; p = 0.04). No significant difference
was found for vertebral or wrist fractures alone but
when all patient fractures were pooled, the group
that died showed 47% higher total costs in the first
4 months after fracture than the group that survived
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Table 7. Average age- and sex-differentiated annual
cost 13-18 months after hip fracture (€, 2005)

Total cost
Age group n mean 95% Cl
All ages
All 283 2,422 (1,845-3,116)
Women 222 2,044 (1,551-2,923)
Men 61 3,794 (2,283-6,640)
50-64
All 21 1,617 (413-7,544)
Women 12 527  (287-840)
Men 9 3,070 (319-18,244)
65-74
All 76 1,195 (757-1,991)
Women 56 1,135 (711-2,218)
Men 20 1,366 (632-3,364)
75-84
All 123 2,646 (1,748-4,116)
Women 101 1,703  (1,166-3,135)
Men 22 6,974 (3,225-13,913)
85+
All 63 3,731  (2,441-5,904)
Women 58 4,000 (2,479-6,635)
Men 10 2,305 (820-4,988)

for 18 months (p = 0.02). Analyses were adjusted
for age, previous fracture, sex, and rate of hospi-
talization.

An econometric analysis was carried out to iden-
tify factors that could explain the difference in total
costs 13—18 months after fracture for each fracture
type (Table 9; see Supplementary data). The inde-
pendent variables that were considered for inclu-
sion in the model were quality of life before frac-
ture, age at fracture occurrence, sex, and sustained
fracture within 5 years prior to the study fracture.
Regressions were estimated based on all patients
and each fracture type separately. The logarithm of
the cost variable was used in the regression (see
Methods section). An example of interpretation of
the regression estimates based on all patients would
be that costs decreased significantly by about 10%
for each 0.1 unit increase in QoL before fracture,

Cost per month (€)
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Figure 1. Total cost per month (€).

and increased significantly (4.4% per year) with
increasing age at occurrence of fracture. The change
in costs due to a 1-unit increase in the explanatory
variable was calculated as: per cent change = (e<°°f-
ficient _ 1) 5 100 (Gujarati 1995). Vertebral fracture-
related costs were higher than hip fracture-related
costs in the period 13-18 months after fracture
(p = 0.03). The fracture-related cost was relatively
stable between 5 and 18 months after all types of
fracture (Figure).

Quality of life

Between 13 and 18 months after fracture, utility
increased by 0.03, 0.05, and 0.02 for hip fracture,
vertebral fracture, and wrist fracture, respectively
(Table 10). The increase was significant for hip
fracture (p = 0.01) and wrist fracture (p = 0.05),
but not for vertebral fracture (p = 0.1). No sig-
nificant difference was found in the QoL-loss for
patients who were hospitalized and those who
were not. Wrist fractures did not have any signifi-
cant effect on quality of life beyond the first year

Table 8. Average age-differentiated annual cost 13-18 months after vertebral fracture (€, 2005)

All vertebral fractures

Hospitalized

Not hospitalized

Age group n mean (95% Cl) n mean (95% Cl) n  mean (95% Cl)
<64 12 1,169 (203-7,656) 4 2,905 (80-11,290) 8 301 (147-665)
=65 64 4,089 (2,741-6,775) 52 4,448 (2,913-7,483) 12 2,534 (383-10,017)

All ages

76 3,628 (2,407-5,777)

56 4,338 (2,838-7,123)

20 1,641 (362-6,472)
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Table 10. Estimated health-related utility (EQ-5D social tariff values)

EQ-5D utility

Hip fracture
(n=282)
mean (95% ClI)

Vertebral fracture
(n=76)
mean (95% Cl)

Wirist fracture
(n = 325)
mean (95% ClI)

Perceived QoL

Before fracture 0.81 (0.78-0.83)
After fracture 0.19 (0.16-0.21)
At 4 months 0.64 (0.61-0.67)
At 12 months 0.69 (0.66—-0.72)
At 18 months 0.72 (0.69-0.75)

Average annual loss of QoL, 0—12 months
Simple interpolation
Assuming the 4—-month QOL was
reached after 1 month
Population—based utility values
as proxy for QOL before fracture

0.22 (0.20-0.25)
0.16 (0.13-0.19)

0.19 (0.16-0.21)

0.74 (0.68-0.79)
0.18 (0.13-0.25)
0.49 (0.42-0.56)
0.49 (0.41-0.56)
0.54 (0.47-0.61)

0.30 (0.25-0.36)
0.26 (0.20-0.32)

0.33 (0.27-0.38)

0.90 (0.88-0.92)
0.56 (0.53-0.59)
0.83 (0.81-0.85)
0.88 (0.85-0.90)
0.90 (0.88-0.92)
0.10 (0.08-0.12)
0.059 (0.04-0.08)

—0.02*(~0.04-0)

Average loss of QoL, 13—-18 months
13-18 months (6—month period)
13-18 months (6—month period,

using population—based utlity values
as proxy for QoL before fracture)
13-24 months (linear extrapolation,
12—month period)
13-24 months (flat extrapolation,
12—month period)

0.05 (0.03-0.06)

0.05 (0.02-0.08)
0.08 (0.05-0.12)

0.09 (0.06-0.12)

0.11 (0.08-0.15) 0.005 (~0.006-0.016)

0.23 (0.16-0.30) -0.12 (~0.13-0.10)
0.20 (0.13-0.28) -a

0.22 (0.15-0.29) 0.005 (~0.02-0.03)

a Converged with pre-fracture quality of life and was therefore omitted.

after fracture. There was no significant difference
in QoL-loss for any of the fracture types investi-
gated in the first 4 months between patients who
died during months 5-18 of the study and those
who survived for 18 months. QoL-loss estimates
were adjusted for age, previous fracture, sex, and
rate of hospitalization.

If utility was assumed to continue to increase lin-
early over the year (linear extrapolation), the loss
was (as expected) smaller than if utility recovery
was assumed to cease after 18 months (flat extrap-
olation). The absolute loss in utility 13—18 months
after fracture was significantly higher for vertebral
fractures than for either hip fractures or wrist frac-
tures (Table 10).

Discussion

Our study presents estimates of fracture-related
costs and quality of life from prospectively col-
lected data for the 3 most common osteoporotic
fracture types. The study that preceded the present
study estimated hip-, vertebral-, and wrist fracture-
related costs and quality of life during the first 12

months after occurrence of the fracture (Borgstrom
et al. 2006). This paper deals with the period 13—18
months after fracture.

70% of the vertebral fracture patients in our
sample were hospitalized at some point because
of their fracture and can thus be assumed to have
sustained more severe fractures than the average
vertebral fracture patient. Thus, the patient sample
under study cannot be said to be representative
of fracture patients in general. The selection bias
in the vertebral fracture sample is due to the fact
that patients were not included through the usual
primary care settings, but through hospitals where
the likelihood of hospitalization is higher. Hip and
wrist fractures are more likely to have been repre-
sentative of the population they were sampled from
since post-fracture care is more homogenous for
these types of fracture. All the hip fracture patients
studied were admitted from their own home while
65-90% of the Swedish hip fracture population
(depending on age) reside at home at the time of
fracture (Johnell et al. 2005) and the remaining
patients live in some form of institution before
fracture. A previous study estimated that there was
no extra cost related to hip fracture for patients
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admitted from institutions (Zethraeus et al. 1997).
This suggests that the hip fracture-related cost esti-
mated in our study may have been overestimated
somewhat in relation to the cost of hip fracture for
the average Swedish hip fracture patient.

When using results from the KOFOR study
in health-economic evaluations, these issues of
representativeness should be kept in mind—and
adjustments for dying patients, other distributions
regarding hospitalization, and patients who were
institutionalized at time of fracture may be neces-
sary. The literature covering cost and consequences
regarding quality of life beyond the first year after
osteoporotic fractures is almost non-existent. The
long-term costs of hip and vertebral fractures have
previously been assessed by De Laet et al. (1999)
in the Rotterdam study, but wrist fractures were not
included. The cost was estimated to be approxi-
mately $1,300 (adjusted to 2005) during the second
year after hip fracture, which is considerably lower
than the estimates presented here. These authors
compared cost during the year preceding the hip
fracture to the cost for the 2 years following the
hip fracture. Apart from the fact that the studies
were carried out at different times, the differences
between the results can be attributed to several fac-
tors, for example differences in prices and resource
use between Sweden and the Netherlands and cost
items that were missing in the Dutch study. Home
care, home help, paramedical care, ambulatory
physiotherapy, and transportation costs were not
included, and would thus explain the lower cost of
hip fractures to some extent. Long-term vertebral
fracture costs were estimated to be approximately
$715 per year (adjusted to 2005), but these were
for patients diagnosed with morphometry whereas
our study only included clinical verterbral frac-
tures. Also, the exact time of occurrence of ver-
tebral fracture was unknown in the Dutch study.
Acute costs after the fracture may therefore have
been missing in the cost estimates.

In health-economic models of interventions
dealing with fracture prevention, the assumed
long-term cost of a fracture will usually have a
substantial effect on the incremental cost- effec-
tiveness ratio. This is because the cost will often
follow the patient in the model for several years
or until death. The long-term costs of hip frac-
tures have often been based on the proportion of

patients institutionalized after fracture (Jonsson et
al. 1996, Kanis et al. 2005, Borgstrom et al. 2006a,
Zethraeus et al. 2006, Strom et al. 2007). The
annual long-term costs for Sweden used in these
models are comparable to the total hip fracture
cost of €2,422 for 6 months found in this study.
However, these figures are solely based on rates
of institutionalization, whereas a broader range
of cost items has been measured in this study. For
vertebral fractures, on the other hand, substantial
long-term costs of any kind are seldom included
and use of the long-term cost of vertebral fractures
found in our study (€3,628 for 6 months) over one
or several years would considerably improve the
cost effectiveness of interventions preventing ver-
tebral fractures. Costs of wrist fracture amounted
to €316 for 13-18 months after fracture and
amounted to 42% of indirect costs. In a subanaly-
sis of wrist fracture patients who were less than
65 years old, indirect costs amounted to €796 for
the first year after fracture and €423 for between
13 and 18 months. Compared to the other fracture
types studied, a higher proportion of wrist fracture
patients had been working at the time of fracture
and the indirect costs of wrist fractures should not
be neglected. In females in the 50-64-year age
group, the incidence of wrist fractures in Sweden
is 1.5 times higher than that of hip and vertebral
fractures combined (Kanis et al. 2000).

In the first 4 months after fracture, medical care
represented 87%, 78%, and 87% of total costs for
hip, vertebral, and wrist fractures, respectively.
Community care represented 7%, 13%, and 4% of
total costs during the same period. 5-12 months
after fracture, the picture was different; 19%,
9%, and 56% of total costs were for medical care
while 47%, 60%, and 14% were associated with
community care. In the period of 13—18 months
after fracture, there was further progression of this
trend; only 17%, 11%, and 32% of total costs were
for medical care and 78%, 83%, and 54% of costs
were associated with community care. Although
resource use is, unsurprisingly, shifting from medi-
cal care to community care as time passes, the cost
level seems to be relatively stable between 5 and 18
months after fracture (Figure). Hip fracture costs
appear to be higher during the first 4 months after
fracture while vertebral fracture costs are higher in
the longer term, 5—18 months after fracture.
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Health-related quality of life improved by 0.03,
0.05, and 0.02 between 12 and 18 months for
patients with hip, vertebral, and wrist fractures. In
previous health-economic evaluations, a reduction
in utility of 10% has often been used (Borgstrom et
al. 2004a, Zethraeus et al. 2004, Kanis et al. 2005,
Strom et al. 2007) for the second and following
years after hip fracture. 10% is also the reduction
that can be calculated from the results in this study
if we assume that health-related quality of life after
hip fracture will continue to increase at the same
rate between 19 and 24 months as between 13 and
18 months after fracture. Loss in QoL associated
with vertebral fracture is considerable, and if QoL
recovery is assumed to continue during the whole
second year after fracture the total loss would still
amount to 0.20—which could be compared to 0.08
for hip fracture. The question is: for how long will
the improvement continue? A case control study of
patients enrolled in the Multiple Outcomes of Ral-
oxifene Evaluation (MORE) showed that quality of
life was reduced by approximately 9% when the
clinical vertebral fracture may have occurred at a
previously unknown time (Oleksik et al. 2000). If
we apply a 9% reduction to the results of this study,
the average vertebral fracture patient would eventu-
ally reach a QoL value of 0.67. This level would be
reached approximately 3 years after the vertebral
fracture if QoL were to continue to increase at the
same rate as between our measurements at 12 and
18 months. It is also possible that patients adapt
to their new health state as time passes, so that a
response shift occurs. 70% of the vertebral fracture
patients in our sample were hospitalized and recov-
ery in QoL might be different in this group than in
a group of normal vertebral fracture patients where
approximately 25% of clinical fractures warrant
hospitalization. Loss in QoL 13-18 months after
a vertebral fracture was more than twice as great
as after a hip fracture. This gives further support
to the conclusion that the effect of vertebral frac-
tures on quality of life has been underestimated. In
agreement with previous assumptions (Borgstrom
et al. 2004b, Zethraeus et al. 2004, Kanis et al.
2005, Strom et al. 2007), wrist fractures did not
have any significant effect on quality of life beyond
the first year after fracture.

We used a methodology in which the protocol is
designed to capture only those costs that are related

to the fracture under investigation. The potential
cost savings of avoiding a fracture could either be
estimated by relating all costs for the year before
fracture to all costs for the year after fracture, or
by only including the costs relevant to the frac-
ture. The first alternative requires large numbers
of patients at risk of fracture who are studied pro-
spectively. Using a retrospective study design and
selecting people with a fracture is more practical,
since the risk of fracture for any particular person
is very small. This approach has also been used in
previous Swedish studies involving fracture costs
(Zethraeus et al. 1997, Zethraeus and Gerdtham
1998) where costs before and after a fracture have
been estimated based on register data. The main
disadvantage of such studies is that it is difficult
to determine all relevant uses of resources. For
example, it is unusual for information about indi-
rect costs and informal care to be available in any
register. The advantage is that register studies can
often provide fairly large sample sizes. Other stud-
ies have used a matched-case design (Melton et
al. 2003), or a combination of both (De Laet et al.
1999). The benefits and limitations of the present
design have been thoroughly discussed by Borg-
strom et al. (2006b), and will not be discussed in
depth here. It would have been desirable to collect
data for an even longer period of time, but when
data are collected using the present methodology
it is important that the use of resources registered
should be a direct result of the actual fracture,
and this would be increasingly difficult for both
healthcare professionals and patients to assess
with the passage of time. When these estimates
are used in cost-effectiveness modeling, one must
take into account that the estimates only relate to
patients who have survived 18 months after frac-
ture. Patients who died during the study period
were associated with higher costs during the first 4
months after fracture, so the patients in the sample
being analyzed were to some extent less dependent
on care than those who died earlier in the study.
However, this difference would partly be compen-
sated for by the fact that dying patients not will
have time to accumulate as much fracture related
costs as those who survive.

The KOFOR study further emphasizes the
importance of preventing osteoporotic fractures,
and future evaluations of preventive strategies are
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likely to reach the conclusion that even younger
and less fragile patients can be treated in a cost-
effective way.

Whether or not QoL data that apply to local
conditions should be used in other countries is a
question that requires more research. However, one
multinational study has shown a similar degree of
loss in QoL after hip fracture to that found in the
present study (Brazier et al. 2002). Cost data are
not directly transferable to other countries since the
use of resources, prices, and patterns of treatment
can vary substantially between countries. There
is thus an increasing demand for country-specific
data, and we intend to launch a larger multina-
tional study using the same methodology. Several
European countries and the US will be involved in
this study, which will be known by the acronym
ICUROS (International Costs and Utilities Related
to Osteoporotic Fractures Study).

In summary, we have presented results on frac-
ture-related costs and reduction in quality of life
13-18 months after a fracture using a previously
published method of prospective data collection.
Long-term fracture-related costs for hip, spinal,
and wrist fractures in Sweden have been estimated,
including all relevant items of cost. The most signif-
icant finding has been the persistently high cost and
large effect on quality of life associated with verte-
bral fractures. This suggests that the long-term con-
sequences of vertebral fractures have been under-
estimated in health-economic evaluations assessing
the cost-effectiveness of measures aimed at treating
or reducing the risk of osteoporotic fractures.
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