
ORIGINAL ARTICLE

Incremental costs of fragility fractures: a population-based matched
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Abstract
Summary Using a matched cohort design, the 1-year excess cost of incident fragility fractures at any site was $26,341 per patient,
with 43% of total excess costs attributed to hospitalization. The high economic burden of fractures in Ontario underscores the
urgency of closing the secondary fracture prevention gap.
Introduction This retrospective real-world observational study was conducted to document the incremental costs associated with
fragility fractures in Ontario, Canada.
Methods Patients aged >65 years with an index fragility fracture occurring between January 2011 and March 2015 were
identified from administrative databases and matched 1:1 to a cohort of similar patients without a fracture. Healthcare resource
utilization data were extracted from healthcare records and associated costs were calculated on a per-patient level and for the
province of Ontario. Costs were presented as 2017 Canadian dollars.
Results The eligible cohort included 115,776 patients with a fragility fracture. Of these, 101,773 patients were successfully
matched 1:1 to a non-fracture cohort. Overall, hip fractures (n = 31,613) were the most common, whereas femur fractures (n =
3002) were the least common type. Hospitalization and continuing care/home care/long-term care accounted for more than 60%
of 1-year direct costs, whereas 5% was attributed to medication costs. First-year costs per patient in the fracture cohort were
approximately threefold higher versus the non-fracture cohort (mean $37,362 versus $11,020, respectively). The incremental
first-year direct healthcare costs of fragility fractures for the province of Ontario were calculated at $724 million per year.
Conclusions Fragility fractures were associated with a threefold increase in overall mean healthcare costs per patient compared to
patients without fractures. With an aging population, there is an urgent need for improved prevention strategies for patients at
high-risk of fracture to decrease the economic burden of fragility fractures on the Canadian healthcare system.
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Introduction

Due to its increasing prevalence and associated costs, fragility
fractures are a major public health issue.Worldwide, the num-
ber of individuals with fractures due to osteoporosis has in-
creased from 56.2 million to 157.4 million between 2000 and
2010 and this number is expected to increase at least twofold
until 2040 [1, 2]. Despite variations in the incidence rates of
individual fracture types across countries, the pattern of frac-
tures appears to be similar in all developed countries exam-
ined, with major osteoporotic fractures comprising the major-
ity of all recorded incidents [3]. Fragility fractures impose a
substantial economic burden, estimated at €37.5 billion in the
largest 5 countries of the European Union plus Sweden (EU6)
in 2017 and $19 billion in the USA in 2005 (equivalent to $42
billion and $26 billion respectively, in 2020 USD values) [4,
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5]. Cost of illness studies comparing patients with and without
fractures have been conducted using claims data from the
USA [6, 7], and healthcare records from the UK [8, 9], the
Netherlands [10], and Belgium [11]. These studies have dem-
onstrated that treatment and care of patients with fractures
imposes a substantial burden on healthcare systems compared
to patients of a similar age and sex without fractures, empha-
sizing the importance of primary and secondary prevention in
high-risk individuals.

However, these studies were not Canadian and are not use-
ful to support economic evaluations of osteoporosis in Canada
[12]. While several studies have documented the costs associ-
ated with osteoporosis in Canada [13–16], very few recent
studies have evaluated the incremental costs associated with
fragility fractures. One of the first studies, using 1995–2008
administrative data from the province of Manitoba (4% of
Canadian population), estimated the incremental costs associ-
ated with fractures, with hip fracture having the highest incre-
mental cost over a 2-year period of approximately $45,000 per
patient [14]. A more recent study using data from Ontario
(40% of Canadian population) reported that the first-year in-
cremental direct healthcare costs associated with hip fracture
were $282million in Ontario or $1.1 billion in Canada in 2010
[15]. However, this study was limited to hip fractures and the
current incremental burden associated with all types of fragil-
ity fractures in Canada is unknown. To better inform policy
makers, payers, clinicians, and patients, the primary objective
of this study was to document the incremental costs associated
with fractures.

Methods

This was a retrospective population-based observational study
using de-identified health services data of patients in the prov-
ince of Ontario (population 14.7 million) from the ICES Data
Repository [17].

Fracture cohort

Fractures were identified using International Classification of
Disease (ICD)-10-CA diagnostic codes for the following os-
teoporotic fracture sites: hip, femur, vertebral (clinical), wrist
(distal radius, or both distal radius and ulna), clavicle/ribs/
sternum, humerus, tibia/fibula/knee (including medial and lat-
eral malleolus), pelvis, radius/ulna (proximal, midshaft, or
distal ulna only), and multisite (Online Resource Table 1).
Fractures were captured from hospital admissions or ambula-
tory care visits where fracture was the “most responsible di-
agnosis” or “pre-admit comorbidity” (from Discharge
Abstract Database (DAD) and Same Day Surgery (SDS) da-
tabases) or if fracture was the “most responsible diagnosis” or
a “coexisting condition” at the time of an emergency room

visit (from National Ambulatory Care Reporting System
(NACRS) database). Patients were included in the cohort if
they were 66 years or older (>65) and had an index fragility
fracture between January 1, 2011, and March 31, 2015 and
were followed until March 31, 2017 (Online Resource
Figure 1). Therefore, the opportunity for follow-up ranged
from 2 years (2015–2017) to 6 years (2011–2017). There
was a look back period of 5 years from the index date for prior
events. Patients were limited to adults aged >65 in order to
analyze medication data based on public drug coverage under
the Ontario Drug Benefit (ODB) Program for at least 1 year
prior to the index fracture. To maximize the probability that
only fragility fractures were examined, patients were excluded
if they had fractures at non-osteoporotic fracture sites (i.e.,
skull, face, hands, and feet) or fractures associated with a
trauma code (Online Resource Table 1). Patients were also
excluded if they experienced a fragility fracture within 5 years
prior to the index date to minimize the likelihood that exam-
ined outcomes were related to a recent fracture occurring prior
to an index event.

Non-fracture cohort

Patients with fractures were matched 1:1 to persons without a
fracture (non-fracture cohort). Eligible controls included indi-
viduals in the Ontario Registered Persons Database who did
not have a fracture during the study period (2011–2015) or
during the 5-year lookback period. The two cohorts were hard
matched by month and year of index date (a random index
date was assigned to controls prior to matching based on the
distribution of the index date among cases) according to the
following a priori specified characteristics: sex, age category
(66–70, 71–75, 76–80, 81–85, ≥86 years), geography (urban/
rural), and comorbidities. ICES-derived cohorts with validat-
ed case-finding algorithms were available for some comorbid-
ities (i.e., asthma, chronic obstructive pulmonary disease
(COPD), rheumatoid arthritis, diabetes, myocardial infraction,
dementia) but not for others (i.e., psoriasis, spondyloarthritis,
cancer, chronic kidney disease, stroke, osteoarthritis).
Comorbidities were captured at any time prior to the index
date, except cancer which was captured within 5 years. For
every case, a single matched control was selected using a
greedy matching algorithm [18] which finds the best match
among the currently available choices and once a match is
made, that match is not reconsidered.

Healthcare resource costs

The costs associated with the following types of healthcare
resource utilization were included in the study: hospitaliza-
tions (i.e., inpatient hospitalization, same day surgery), inpa-
tient rehabilitation, continuing care services (i.e., hospital-
based continuing care (e.g., chronic or complex care beds),

1754 Osteoporos Int (2021) 32:1753–1761



home care, long-term care (LTC)), prescription drug benefit
claims, and other healthcare services (i.e., emergency depart-
ment visits, hospital outpatient clinic visits, physician billings,
non-physician billings, laboratory claims). Billings for non-
physicians included physiotherapy services that are covered
under the Ontario Health Insurance Plan (OHIP). Costs of
fracture-related surgical procedures (initial or revision) includ-
ed the cost of prostheses. The primary healthcare services
datasets used for this study are described in Online Resource
Table 2. The cost data was reported in the year that they
occurred and standardized to 2017 Canadian dollar values.
The healthcare payer perspective was taken in this study and
only direct costs were considered.

Direct healthcare resource utilization costs were calculated
and described using a previously published algorithm [19]. A
bottom-up or micro-level costing approach was taken, which
starts with individual encounters or utilization in the health
system and attached prices (or costs or amounts paid) to each
encounter. Two primary components were required to mea-
sure patient-level healthcare expenditures: utilization data
(such as length of stay, intensity of resource usage, re-
admission) and cost information (such as cost per stay or per
day). Person-level costs were derived by linking the utilization
data from administrative healthcare databases to both individ-
ual provider and corporate cost information collected by the
Ontario Ministry of Health and Long-Term Care. Data for
patient-level costs was aggregated to estimate the direct cost
of publicly paid healthcare services for the population of in-
terest and over the time period of this study. All individuals
had at least 1 year of follow-up, so everyone contributed costs
for year 1, but not necessarily for year 2 and beyond.

Data synthesis and analysis

Descriptive statistics (mean and standard deviation [SD], me-
dians, and interquartile ranges [IQR]) were used to summarize
baseline characteristics of the patient population as well as
outcomes. For the primary analysis, annual healthcare costs
attributable to fractures were calculated by comparing total
and service-specific direct healthcare costs of the fracture co-
hort to the matched non-fracture cohort in the first year after a
fragility fracture. The results were first presented on a per-
patient basis and for the province of Ontario. These results
were extrapolated to Canada based on the ratio of the
Canadian (37.9 million) and Ontario (14.7 million) popula-
tions (i.e., 2.6). To assess uncertainty in the extrapolation of
the results to the national level due to potential differences in
unit costs or population distribution over 65 years and older, a
sensitivity analysis was conducted by increasing and decreas-
ing the per-patient excess costs observed in Ontario by 10%
when extrapolating the results to Canada. In secondary anal-
yses, 1-year fracture cost data were described based on gen-
der, age, number of comorbidities, site of fracture, and by year

of index fracture (2011–2015). Cases were captured up to
March 31, 2015 but were projected for the entire calendar year
bymultiplying by a factor of 4. Although the first-year cost for
fractures was used to provide baseline assessment of the eco-
nomic burden against those without fractures, we also docu-
mented for our fracture cohort healthcare costs per patient up
to 5 years following an index fracture. All analyses were per-
formed by ICES Data and Analytic Services and provided as
aggregate-level results.

Results

Patient demographics

A total of 115,776 patients aged >65 were identified in
Ontario with an index fragility fracture in the study period
and comprised the full fracture cohort. Approximately 88%
of cases (N = 101,773) were successfully matched to an equal
number of non-fracture controls and comprised the matched
fracture cohort. Details of the patients included in the analysis
are described in Online Resource Figure 2. The baseline char-
acteristics of patients in these cohorts are described in Table 1.
The 2 cohorts were matched by sex (72% female), age (mean
80.4 years), and comorbidities captured from the healthcare
records (76.2% of patients with comorbid osteoarthritis, 40%
with asthma or COPD, and a similar proportion with a stroke
or a vascular event in each cohort). In the full fracture cohort,
28.3% received osteoporosis treatment within 1 year of the
index date. Osteoporosis treatments, which were not used
for matching, were dispensed in 20.8% of the non-fracture
cohort. The majority (70%) of fractures were treated in large
community hospitals.

Fracture types and first-year healthcare costs

The most common sites of index fracture were the hip (n =
31,613), wrist (n = 17,859), and the clavicle, ribs, and sternum
(n = 14,559). The least common sites were the radius and ulna
(n = 4828) and the femur (n = 3002). Multiple site fractures (n
= 3735) included a combination of 7340 fracture codes (mean
2.05 ± SD 0.23, minimum of 2 and maximum of 5) of which
hip (n = 1260), wrist (n = 1190), humerus (n = 1181), and
pelvis (n = 1002) accounted for almost two-thirds of all the
combination codes. The number of incident fracture cases
increased steadily from 2011 (n = 25,154) to 2015 ( n=
28,892), and across each fracture site as described in Online
Resource Figure 3.

The mean ± SD annual healthcare cost per patient for all
index fracture sites in the first-year post-index fracture was
$39,089 ± $43,272 (Fig. 1). Femur fractures were the least
common fracture site; however, they were associated with
the highest mean cost per patient at $65,490 ± $54,116.
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Table 1 Characteristics of fracture and non-fracture cohorts, Ontario, 2011 to 2015

Clinical characteristics Full fracture cohort
n (%)

Matched fracture cohort
n (%)

Matched non-fracture cohort
n (%)

Total number of patients 115,776 101,773 101,773

Sex

Female 83,690 (72.3%) 74,557 (73.3%) 74,557 (73.3%)

Male 32,086 (27.7%) 27,216 (26.7%) 27,216 (26.7%)

Age

Mean ± SDa 80.41 ± 8.28 80.25 ± 8.37* 80.33 ± 8.75*

Median (IQR)a 81 (74-87) 81 (73-87) 81 (73-87)

66-–70 years 17,998 (15.5%) 16,672 (16.4%) 16,672 (16.4%)

71–75 years 17,847 (15.4%) 15,996 (15.7%) 15,996 (15.7%)

76–80 years 20,596 (17.8%) 17,952 (17.6%) 17,952 (17.6%)

81–85 years 24,119 (20.8%) 20,584 (20.2%) 20,584 (20.2%)

≥ 86 years 35,216 (30.4%) 30,569 (30.0%) 30,569 (30.0%)

Respiratory conditionsb

Asthma 17,538 (15.1%) 13,113 (12.9%) 13,113 (12.9%)

COPD 33,485 (28.9%) 25,991 (25.5%) 25,991 (25.5%)

Inflammatory conditionsb

Rheumatoid arthritis 4459 (3.9%) 2208 (2.2%) 2208 (2.2%)

Psoriasis 8076 (7.0%) 4985 (4.9%) 4985 (4.9%)

Spondyloarthritis 5084 (4.4%) 2432 (2.4%) 2432 (2.4%)

Cancerb 8390 (7.2%) 5166 (5.1%) 5166 (5.1%)

Chronic kidney diseaseb 13,757 (11.9%) 8909 (8.8%) 8909 (8.8%)

Diabetesb 35,434 (30.6%) 29,074 (28.6%) 29,074 (28.6%)

Vascular eventsb

Myocardial infarction 8175 (7.1%) 4549 (4.5%) 4549 (4.5%)

Stroke or cerebrovascular event 35,030 (30.3%) 28,015 (27.5%) 28,015 (27.5%)

Osteoarthritisb 88,223 (76.2%) 77,526 (76.2%) 77,526 (76.2%)

Dementiab 24,092 (20.8%) 18,359 (18.0%) 18,359 (18.0%)

Osteoporosis treatment type within 1 year priora,c

Any treatment 32,757 (28.3%) 28,974 (28.5%)** 21,179 (20.8%)**

Denosumab 1578 (1.4%) 1383 (1.4%)** 1088 (1.1%)**

Bisphosphonate 29,030 (25.1%) 25,626 (25.2%)** 17,720 (17.4%)**

Raloxifene 656 (0.6%) 599 (0.6%)** 465 (0.5%)**

HRT 3597 (3.1%) 3259 (3.2%) 3312 (3.3%)

Index fracture by sitea,d

Hip 31,613 (27.3%) 26,963 (26.5%) –

Wrist 17,859 (15.4%) 16,467 (16.2%) –

Clavicle/ribs/sternum 14,559 (12.6%) 12,630 (12.4%) –

Humerus 13,237 (11.4%) 11,756 (11.6%) –

Tibia/fibula/knee 10,894 (9.4%) 9859 (9.7%) –

Pelvis 8328 (7.2%) 7209 (7.1%) –

Vertebral 7721 (6.7%) 6595 (6.5%) –

Radius/ulna 4828 (4.2%) 4377 (4.3%) –

Multisite 3735 (3.2%) 3299 (3.2%) –

Femur 3002 (2.6%) 2618 (2.6%) –

Fragility fracture treatment locationa

Urban 103,720 (89.6%) – –

Rural 10,626 (9.2%) – –

Missing 1430 (1.2%) – –
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Wrist fractures incurred the lowest mean cost per patient at
$16,541 ± $25,687. The proportion of different types of costs
for all index fracture sites was highest for hospitalizations
(37%), followed by continuing care/home care/LTC (31%).
The lowest proportion of costs were attributed to prescription
drugs (5%) . Although there were variations in costs between
index fracture sites, similar trends were observed for most
fracture sites, e.g., hospitalization and continuing care
accounted for the largest portion of direct costs. However,
fractures of the upper limb (wrist and radius/ulna) and pelvis
had substantial proportion of costs for “other healthcare ser-
vices” associated with outpatient care of these fractures (e.g.,

hospital outpatient clinic visits, non-physician billings such as
physiotherapists). Mean cost per patient in the first year fol-
lowing a fracture increased with age (Online Resource
Figure 4) and number of comorbidities across all index frac-
ture sites (Online Resource Figure 5).

First-year incremental costs associated with fragility
fractures

In the matched cohort of patients without a fragility fracture,
the mean ± SD total healthcare costs in the first year after
index date were $11,020 ± $21,436 (Fig. 2), with the highest

Table 1 (continued)

Clinical characteristics Full fracture cohort
n (%)

Matched fracture cohort
n (%)

Matched non-fracture cohort
n (%)

Fragility fracture treatment location typea

Large community 80,638 (69.7%) – –

Small community 6324 (5.5%) – –

Teaching 27,380 (23.6%) – –

Missing 1434 (1.2%) – –

Values reported as n (%) unless otherwise indicated, percent of total respective cohort

*p < 0.05, **p < 0.001 statistical significance between fracture cohort and non-fracture cohort
a Variable not used for matching
b Time frame for cancer was 5 years within index date and for all other comorbidities any time prior to index date
c Dispensed within 1 year of index date. Bisphosphonates include alendronate, etidronate, risedronate, or zoledronic acid
d Index fragility fracture cases from January 1, 2011 to March 31, 2015

COPD chronic obstructive pulmonary disease, HRT hormone replacement therapy, IQR interquartile range, SD standard deviation
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7%
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11%

3%

5%

16%

15%

28%

17%

32%

22%

22%

21%

32%

14%

18%

Multiple (n=3,735)

Femur (n=3,002)

Radius and Ulna (n=4,828)

Vertebral (n=7,721)

Pelvis (n=8,328)

Tibia, fibula, knee (n=10,894)

Humerus (n=13,237)

Clavicle, Ribs, Sternum (n=14,559)

Wrist (n=17,859)

Hip (n= 31,613)

All sites (n= 115,776)

Hospitalization CCRS, Home care, LTC Inpatient Rehabilitation Prescription Drugs Other health care services

Total Mean ± SD 
Cost per Patient

$39,089 ± $43,272

$62,793 ± $44,438

$16,541 ± $25,687

$26,965 ± $36,737

$28,391 ± $36,838

$26,676 ± $37,569

$45,350 ± $38,572

$40,900 ± $47,837

$20,255 ± $29,462

$65,490 ± $54,116

$53,082 ± $50,422

Fig. 1 Mean healthcare cost per patient in first year following index
fracture, by fracture site, and type of healthcare resource. CCRS,
Continuing Care Reporting System; LTC, long-term care; SD, standard

deviation. *Other healthcare services include emergency department
visits, hospital outpatient clinic visits, physician billings, non-physician
billings, and laboratory claims
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proportion of costs (43%) for continuing care/home care/LTC.
The 1-year excess cost of incident fragility fractures was
$26,341 per patient, with 43% of total excess costs attributed
to hospitalization and 26% attributed to continuing care/home
care/LTC. Other healthcare services and inpatient rehabilita-
tion represented 18% and 11% of the incremental costs, re-
spectively. Prescription drug costs constituted the smallest
proportion of total healthcare costs in the fracture cohort and
accounted for 2% of incremental costs. Applying the incre-
mental first-year direct healthcare costs incurred by patients
with fragility fractures (i.e., $26,341) to the average number of
incident fragility fractures per year (i.e., 27,489) indicates that
the incremental first-year costs associated with fragility frac-
tures represents approximately an annual $724 million in
Ontario or $1.9 billion in Canada. When the total excess cost

per patient was varied by ±10%, the incremental costs of fra-
gility fractures extrapolated to Canada ranged from $1.7 bil-
lion to $2.1 billion.

Long-term costs associated with fragility fractures

Follow-up data was available for 2, 3, 4, and 5 years for 100%
(n = 115,776), 75% (n= 87,322), 50% (n= 58,228), and 28%
(n = 31,861) of patients, respectively (i.e., mean time from
index fracture to end of follow-up of 3.26 years). As shown
in Fig. 3, considerable healthcare resource utilization costs
continued to be incurred in subsequent years following a fra-
gility fracture. The healthcare costs per patient in the second
year following a fracture were $17,139 and then decreased to
$15,300 in year 3, $13,613 in year 4, and $12,013 in year 5
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$10,000

$15,000

$20,000

$25,000

$30,000

$35,000

$40,000

Total Hospitalization CCRS, home
care, LTC

Other health care
services

Inpatient
rehabiliation

Prescription drugs
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DS( tsoc launna nae

M

Cost Category

Matched fracture cohort

Matched non-fracture cohort

$13,870 
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$3,206 
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($22,479)

$6,716 
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$2,102 
($3,149) $192 

($2,245)

$1,571 
($2,973)

$37,362 
($42,161)

$11,020 
($21,436)

Fig. 2 Mean total healthcare costs
in the first year after index date for
matched fracture and non-facture
cohorts. Results presented as
mean (SD). CCRS, Continuing
Care Reporting System; LTC,
long-term care. *Other healthcare
services include emergency de-
partment visits, hospital outpa-
tient clinic visits, physician bil-
lings, non-physician billings, and
laboratory claims
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Fig. 3 Mean annual cost per patient up to 5 years after index fracture, by
healthcare resource use category. CCRS, Continuing Care Reporting
System; LTC, long-term care. *Other healthcare services include

emergency department visits, hospital outpatient clinic visits, physician
billings, non-physician billings, and laboratory claims
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following the index fracture. Hospitalization was the main
driver of costs during the first year following the fracture
(37% of costs) while continuing care/home care/LTC were
the main drivers of the costs in years 2–5 following fractures
(e.g., 48% to 50% of costs). There was less variation in pre-
scription drug costs ($2103 in year 1 versus $1414 in year 5).
Online resource Table 3 presents the detailed mean annual
cost per patient up to 5 years after index fracture by fracture
site and healthcare resource use category.

Discussion

Using a large population-based incident fracture cohort
matched to a non-fracture cohort, our analysis showed that
patients with fragility fractures incurred an excess 1-year di-
rect healthcare cost of $26,341 across all resource utilization
categories compared to those without a fracture. Themain cost
drivers were hospitalization and continuing care (hospital-
based continuing care, home care, and LTC) across the study
period. The first-year incremental healthcare costs of incident
fragility fractures for the province of Ontario were estimated at
$724 million, which translated into an excess $1.9 billion
annually when extrapolated to Canada. Although the costs
varied by fracture site, the costs generally increased with age
and number of comorbidities. Costs were highest in the first
year following index fracture (mean $39,089 ± SD $43,272
per patient) but remained above $12,000 in years 2–5 follow-
ing the index fractures.

Comparisons with other Canadian studies are difficult due
to differences in time period, databases used, types of
healthcare resource utilization captured, and characteristics
of patients included in the study cohorts or control groups.
Nonetheless, our estimates are higher than those reported be-
fore. For example, using a similar methodology and data
sources, the 1-year cost in the first year after incident hip
fracture in Ontario was estimated at $52,000–$54,000 based
on 2004–2008 data [15]. In contrast, we reported a first-year
cost of $62,793 per patient with an incident hip fracture using
2011–2015 data from Ontario. A study from Manitoba esti-
mated the 2-year cost of hip fractures at approximately
$57,000 and the incremental costs of hip fracture at approxi-
mately $45,000 using data from 2007/2008 [14]; however,
this study did not provide the data for year 1 and year 2 sep-
arately and the results were based on a small number of hip
fractures (N = 751). A more recent study from Manitoba [20]
used data from 1997 to 2002, but results were expressed in
medians making direct comparisons difficult with our study.
Although not evaluating the incremental costs of fragility frac-
tures, a Canadian study using national administrative data-
bases estimated the first-year direct medical costs associated
with fragility fractures at approximately $25,000 per patient
(compared to $39,089 in our study) [16]. While the study

reported that the annual healthcare costs of fragility fractures
were $4.6 billion (including $400,000 for wage loss and mo-
bility devices), these figures were based on incident and prev-
alent fractures that occurred in 2011 (as opposed to incident
fractures in our study). Matched cohort analyses conducted in
Europe and the USA have shown the excess costs of hip
fracture in the first year [6, 8–10, 21], with incremental annual
costs as high as $50,508 USD per patient in a US Medicare
population [7]. Differences in study designs, healthcare sys-
tems and clinical practice patterns across countries, and the
publication of these data across more than 10 years make it
difficult to compare results between studies. However, regard-
less of the geographic region, there are substantial costs im-
posed on the healthcare system. While the excess costs were
attributed to hospitalization costs in some countries [8, 10],
they were largely due to nursing home stays, rehabilitation
center stays, and home physical therapy services in others
[21]. The excess costs are relevant for healthcare providers
to design and implement effective strategies to prevent frac-
tures in high-risk individuals.

Despite the differences in methodology and results across
previous Canadian studies and our current analysis [13, 14,
16], the substantial economic burden that fragility fractures
place on LTC and rehabilitation services is evident. The cur-
rent study supports the observation that a large proportion of
healthcare costs in the years following a fracture are associated
with LTC, which reflects a global trend of an increase in aging
populations and an expected increase in the use of LTC [16].
Cost-effective strategies for continuing care services are espe-
cially important for older patients since there is a high risk of
mortality associated within the first year after experiencing a
fragility fracture [22]. Additional surveys are required to mon-
itor the effectiveness of guideline-recommended prevention
strategies, especially in older residents.

This study has some limitations which should be noted
before drawing any conclusions from the data. The cohort
was limited to patients aged >65 with public drug coverage
(ODB Program) from Ontario and a third of the cohort was
older than 85 years which further limits generalizability. The
study excluded patients who had experienced a fracture within
5 years prior to the index event but not beyond those 5 years;
therefore, the cohort was potentially biased towards an older
population. In this incidence-based analysis, patients were
followed longitudinally from their index date and approxi-
mately one-third of patients had follow-up data available for
the full 5-year period. Also, the excess costs of fracture be-
yond the first year have not been estimated as this was beyond
the scope of this study. Another area of future research is to
estimate the excess costs in a fixed length cohort (e.g., 5-year
survivors). We acknowledge that there is some uncertainty in
extrapolating the costs to Canada, as Ontario unit costs may
not be representative of costs in other provinces and the pop-
ulation distribution of those 65 years and over varies across
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other provinces (e.g., from 14% in Alberta to 22% in New
Brunswick; average of 18% in Canada) [23]. It should be
however noted that the population distribution of those 65
years and over is the same in Ontario as Canada overall (i.e.,
18%), which minimizes the potential bias in extrapolating the
Ontario results to Canada based on population data. There is
also potentially an underestimation of the number of fractures
in the cohort studied, specifically with vertebral fractures, con-
sidering that we captured “clinical vertebral fractures” that
were identified from hospital/emergency/outpatient clinics
and as a result would underestimate those managed in the
community (i.e., general practitioner). The cost of prescription
drugs only included medications covered under ODB and
may underestimate the costs of drugs dispensed at hospitals
as these were not captured in the analysis. Direct costs were
only included from a public payer perspective and do not
include any costs covered through private insurance plans or
paid out-of-pocket by the patient (for example non-OHIP
funded physiotherapy, occupational therapy). Indirect costs
(i.e., productivity loss, absenteeism, presenteeism) were not
included and limits the contribution at a societal perspective.
The healthcare costs included in this analysis may not be re-
lated to the index fragility fracture and could reflect unrelated
conditions. No statistical analyses were performed to compare
the differences between the matched cohorts and the differ-
ences may not be statistically significant. Furthermore, addi-
tional analyses would be required to evaluate costs and
healthcare resource utilization in other provinces to attain a
more holistic understanding of the economic burden of oste-
oporotic patients in Canada.

Despite these limitations, the strengths of the present study
are the large sample size and the matched cohort analysis. The
study captured all residents of Ontario older than 65 years with
any type of fragility fracture and their associated healthcare
resource utilization over a 5-year period in the largest province
in Canada. Patients were matched from the date of index frac-
ture by age, sex, and comorbidities. By conducting a matched
analysis with a non-fracture cohort, this mitigated some gen-
eral limitations observed in previous studies, such as being
able to attribute subsequent healthcare resource utilization
and costs to the fracture. An added value of the present study
is the evaluation of costs up to 5 years following a fragility
fracture, as few studies have evaluated the longer term costs
beyond the first year or two [20].

Conclusions

Fragility fractures pose a substantial economic burden to the
healthcare system. This is expected to continue to increase
with an aging population in Canada. Implementation of im-
proved fracture preventive strategies can result in overall cost
savings. Further research is required to determine appropriate

management of osteoporotic fracture patients and prevention
methods to decrease the burden of fragility fractures on the
Canadian healthcare system.
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