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Abstract

Background: Osteoporosis is a skeletal disease that is associated with a reduction in bone mass and microstructures and deterioration
of bone tissue. It is also associated with an increased risk of fracture that is the most important complication of osteoporosis. The
knowledge about costs and economic aspects of osteoporosis plays an important role in making policies and planning measures for the
prevention and management of this disease; hence, this study systematically investigated the available evidence on the costs associated
with osteoporosis worldwide.

Methods: In this systematic review, electronic searches were performed on various online databases, including PubMed, Embase,
Scopus, web of science, ProQuest, and Cochrane. The timeframe selected for searching articles was from 1980 to 2018.

Results: Of a total of 1989 papers, 28 papers were included in the study on the basis of inclusion criteria. Based on the data extracted
from the mentioned studies, the mean age of people with osteoporotic fractures was 50 years, with the highest costs associated with hip
fractures.

Conclusion: Our review indicated that the cost of osteoporosis carries a significant economic burden on countries in the world. The
main cost drivers in this study were Fracture-related costs. The direct annual cost of treating osteoporotic fractures of people on average
is reported to be between 5000 and 6500 billion USD in Canada, Europe and the USA alone, not taking into account indirect costs such
as disability and loss of productivity. Prevention of this disease can significantly reduce the costs incurred by the health system.
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Introduction

Osteoporosis is a skeletal disease characterized by a re-
duction in bone mass and microstructures and a decline in
bone tissue that is associated with increased fragility and
increased risk of fracture (1). Osteoporosis is one of the
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main threats of aging, and its prevalence among people
aged over 50 years is 30% in women and 15% in men (2).
Osteoporosis is characterized by a decrease in bone mineral

1What is “already known” in this topic:

Osteoporosis can result in painful fractures. Risk factors for
osteoporosis include aging, being female, low body weight, low
sex hormones or menopause, smoking, and some medications.
Osteoporosis and consequent fractures not only have a major
impact on the health and quality of life but also impose a
significant economic burden on the health system of countries.

— What this article adds:
This study indicated that the cost of osteoporosis was related to

fractures caused by the disease that occurs in the elderly, and the
main causes of costs were hospital and surgical costs. Given that
treating people with osteoporosis and related fractures are often
expensive. Prevention of this disease can significantly reduce
the costs incurred by the health system.
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content along with bone matrix, so that bone loss is re-
duced, but bone composition remains normal (3).

Bone fractures are the most important complication of os-
teoporosis (1). Fractures lead to increased mortality, disa-
bility, and increased medical costs. Osteoporosis is more
common in women than in men. The disease is manifested
when bone fractures occur, especially in the vertebral and
pelvic areas (4).

In 2010, the estimated number of osteoporotic fractures
in the European Union was 3.5 million cases, which in-
cluded 620,000 cases of hip fractures, 520,000 cases of
spine fractures, 560,000 cases of forearm fractures, and
1,800,000 cases of other types of fracture. The number of
annual cases of osteoporotic fractures is expected to reach
4.5 million cases by 2025 (5).

Osteoporosis and its fractures not only have a major im-
pact on health and quality of life but also impose a signifi-
cant economic burden on the health system (1). The eco-
nomic costs of a disease can be used to estimate the burden
of that disease. The costs in the economy are divided into
two groups, including direct and indirect costs. The direct
costs are the treatment costs, and the indirect costs are the
costs associated with days off from work or school due to
illness (6). The costs associated with osteoporosis in the
European Union in 2010 were estimated to be 37 billion
euros, more than 70% of which is related to the costs of
fractures caused by osteoporosis (2). In 2005, the direct
medical costs of osteoporosis in the United States were es-
timated to be 13.7 to 20.3 billion dollars. It is also projected
that by 2025, more than 3 million cases of osteoporotic
fracture will occur annually, with an estimated cost of 25.3
billion dollars (7, 8).

Among the different components of health care systems,
hospitals are facing a shortage of resources as a challenge,
and every type of shortage of resources leads to a competi-
tion. Under such a condition and competition, only the or-
ganizations that could reduce the costs while paying atten-
tion to the quality of services provided can be successful.
Therefore, cost information in the hospital can be of great
value in optimizing resource allocation, modifying budgets,
reducing waste costs, and making more efficient use of
available resources. The objective of every cost detection
and cost management system is to provide accurate and
practical information to help organizations deliver quality
goods and services under a competitive setting (9).

The prevalence of osteoporosis increases with aging that
is due to decreased bone tissue. Due to the decline of ovar-
ian function in women during the post-menopausal period,
the loss of bone mass is accelerated, and as a result, most
women have the indications for the diagnosis of osteoporo-
sis at the age of 70-80 years (10).

Since the population of most Asian countries is aging, the
incidence of fractures due to osteoporosis is also increasing
in these countries. More than 50% of hip fractures are pro-
jected to occur in Asian countries by 2050 (5). The average
prevalence of osteoporosis in Iran in 2012 was 17% (11).

Osteoporosis is preventable and treatable, but since it is
a latent disease, it is usually undetectable until the final
stages (12). Osteoporosis is a complex disease that is influ-
enced by several factors, some of which are uncontrollable,
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such as age, sex, race, family history, menopause, and some
other factors such as weight, mobility, nutrition, and smok-
ing (10). Bone ability to cope with a fracture is dependent
on several factors including bone mass, bone shape, and in-
trinsic characteristics of bone (13). There are several rec-
ommendations for preventing osteoporosis; for instance, it
is recommended to adopt a diet high in calcium and vitamin
D and have a daily intake of calcium-rich foods, especially
low-fat and pasteurized dairy products (10). Different treat-
ment strategies such as behavioral changes, use of pelvic
protectors and analgesics, and the use of muscle relaxants,
heat, massage, and rest can reduce the risk of osteoporotic
fractures (10). The risk and frequency of fractures vary by
race, so they should be investigated individually in every
population group (14).

Half of women and one-fifth of men aged over 50 years
are at risk of fractures in their life. The serious complica-
tions of fracture are mortality, pain, and loss of quality of
life (15). The rate of mortality from hip and spine fractures
is approximately 20%. The total DALY due to osteoporotic
fractures in 2000 was 5.8 million years, which is somewhat
higher than that of hypertension and rheumatism. The eco-
nomic burden on this disease in women is higher than that
in men, with 64% of DALY observed in women. In a study
on osteoporosis burden in Iran in 2001, the years of life lost
(YLL) due to osteoporotic fractures was 32,375 years for
hip fractures, 3,493 years for spine fractures, and 158 years
for forearm fractures. In total, osteoporosis resulted in
36,027 years of life lost due to premature death and disabil-
ity (16).

As mentioned above, due to increased life expectancy
and an increasing percentage of the elderly population in
recent years, the incidence and prevalence of osteoporosis
and related fractures have been increasing, and this disease
has become one of the most common diseases. In addition,
advances in medical technology and the introduction of
new and sometimes costly preventive and therapeutic meth-
ods have made the disease economically striking. Studies
carried out in Western and some Asian countries have
shown that osteoporosis imposes a significant economic
burden on communities, and its related costs are rising in
most countries, especially Asian countries, including Iran.
Given the important role of information about the costs and
economic aspects of osteoporosis in making policies and
planning measures for the prevention and management of
this disease, this study systematically investigated the evi-
dence and data on the costs of osteoporosis in the world.
The data was analyzed through reviewing existing studies,
and it aimed at better assessing the economic burden of os-
teoporosis in different countries around the world.

Methods

Review of the literature

Identification of studies: This study was conducted as a
systematic review to examine the economic burden of oste-
oporosis in the world. First, all relevant terms related to
economic burden and osteoporosis were identified. The
search strategy was designed by utilizing keyword combi-
nations. Search keywords, search terms, synonyms, and
combinations with OR and AND operators were used to
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improve the sensitivity of the search. The related literature
was then searched in related journal databases and refer-
ences based on the search strategy. Screening was per-
formed through considering the inclusion and exclusion cri-
teria and relevant articles were identified. Finally, the re-
quired data were extracted from the selected articles and the
evidence was compared and summarized.

To find suitable studies for analysis, several databases in-
cluding PubMed, Embase, Scopus, Web of Science,
ProQuest, and Cochrane were searched using the keywords
of economic burden, cost of illness, and osteoporosis. The
timeframe selected for searching articles was from 1980 to
2018.

Search strategy: The search strategy for PubMed data-
base was as follows

"1-Cost of Illness " [Title/Abstract] OR "Economic bur-
den"[Title/Abstract] OR "Disease Costs"[Title/Abstract]
OR "Cost of Sickness"[Title/Abstract] OR "Sickness
Costs"[Title/Abstract] OR "Costs of Disecase"[Title/Ab-
stract] OR "Burden of Illness"[Title/Abstract] OR "Illness
Burden"[Title/Abstract] OR "lllness Burdens"[Title/Ab-
stract] OR "Cost of Disease"[Title/Abstract] OR "Eco-
nomic Burden of Disease"[Title/Abstract] OR "Disease
Cost"[Title/Abstract] OR "Illness Cost"[Title/Abstract] OR
"Illness Costs"[Title/Abstract] OR "Sickness Cost"[Ti-
tle/Abstract])) AND osteoporosis"[Title/Abstract] OR
"Post-Traumatic Osteoporosis"[Title/Abstract] OR "Senile
Osteoporosis"[Title/Abstract] OR "Age-Related Bone
Loss"[Title/Abstract] OR "Age-Related Bone Losses"[Ti-
tle/Abstract] OR "Age-Related Osteoporosis"[Title/Ab-
stract] OR "Age Related Osteoporosis"[Title/Abstract]

Inclusion and exclusion criteria

Inclusion criteria: In this study, inclusion criteria were as
follows: economic burden of osteoporosis, including direct
and indirect costs; studies with available full-text papers;
scientific research and studies written in English and pub-
lished between 1980 to 2018 years.

Exclusion criteria: This study excluded papers that did
not meet the following criteria: studies written in languages
other than English; and all protocols, conference abstracts,
review articles, and letters to the editor.

Study selection

After searching for different databases, all the detected
articles were imported into EndNote software and the du-
plicates were removed. The rest of the papers were inde-
pendently reviewed individually by two experts in this
field. At this stage, the PRISMA principles were followed
to retrieve the final articles in the first stage the title and
abstract of the papers were reviewed and on the basis of the
inclusion and exclusion criteria mentioned above, the rele-
vant papers were selected. Then, if the full text of the se-
lected studies was accessible, the studies were carefully re-
viewed and the final papers were selected. In each of these
stages, in case of disagreement between the two research-
ers, the papers were reviewed by a third researcher.

Data extraction
After the final selection of articles, data extraction was
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performed using a data extraction form. In addition, in or-
der to compare costs in different studies, all the costs were
converted to dollars based on purchasing power parity in-
dex in 2018. For each study investigated in the final step, a
sheet was designed in the Excel file and the basic infor-
mation including the author's name, article title, year of
publication, country of origin, study design and duration of
the study, study population, study outlook, direct costs, and
indirect costs were entered into each sheet.

Quality assessment

In this systematic review, all studies related to the cost of
osteoporosis, which involves direct, indirect, and intangible
costs in a variety of fractures were considered. In this study,
there was a time limit and only papers that are in English
have been examined. This systematic review has been re-
ported based on the PRISMA checklist (17).

Results

The initial results of the search in the databases provided
a total of 3113 articles. Of these, after removing duplicates,
1989 articles included in the study, which was reduced to
612 papers after reviewing the title. Then, the abstracts of
the articles were reviewed and 163 articles met the inclu-
sion criteria. The fulltexts of the 163 articles were re-
viewed, out of which 135 were selected based on the inclu-
sion and exclusion criteria. Finally, 28 papers were selected
for a more meticulous examination. No new relevant stud-
ies were found in the review of the references of the finally
selected articles (Fig. 1).

The quality of the 28 selected studies was assessed using
the PRISMA checklist. To avoid bias when evaluating the
quality of the selected papers, the researchers had become
blinded to the basic information on the article, such as the
author's name, country, and year of publication. The results
of the quality assessment of the studies were acceptable and
no study was excluded based on the results of the quality
assessment of the study. The results of the quality assess-
ment of the studies were presented on the basis of the
PRISMA checklist. After evaluating the quality of data of
the selected articles, data were extracted using a data ex-
traction form and arranged in a table format. Because stud-
ies could only be categorized by cost types, the data were
categorized by cost types (direct, indirect, etc.).

Direct costs

Studies that only investigated direct costs had been pub-
lished between 1993 and 2017. Most of the studies in this
category were conducted in developed countries such as
Canada, Germany, and the United States. The sample sizes
were different. The cost perspectives in the reviewed stud-
ies included the perspective of patients, community, gov-
ernment, etc. As presented in Table 1, the studies in this
category reported direct costs, costs per case of fracture,
average cost, total cost, or annual cost of fracture for the
country under the study (Table 1).
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A 4
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Fig. 1. Literature search flow diagram

Indirect and direct costs

Among the selected studies, there was no study that re-
ported only indirect costs. As presented in Table 2, some of
the selected studies had reported the results of direct and
indirect costs together and had been published between
2002 and 2017 (Table 2).

The twenty-eight articles selected for the study had been
published between 1980 and 2018. Of all, 4 articles were
from USA (27, 28, 29, 32), three articles were from Canada
(22, 23, 43), two articles were from South Korea (21, 34),
two articles were from Portugal (31, 43), and two articles
were from Germany (1, 26). In addition, there was one ar-
ticle from each of the countries of Belgium, China, Califor-
nia, Sweden, Netherlands, Mexico, Australia, Singapore,
Slovenia, Romania, France, Turkey, England, Iran, and
Latin America. Of all, five articles reported retrospective
research, 3 articles reported prospective research, 2 articles
reported bottom-up costing, 2 articles reported prevalence-
based investigation, 2 articles reported top-down costing,
one article reported observational research, and one article
had a descriptive design. The sample size ranged from 67
to 30,243,445 cases. In addition, 18 out of 28 studies had
been carried out after 2010, indicating the increasing im-
portance of the disease in recent years. Target groups in
these studies had various fractures including hip, spine,
wrist, shoulder, ankle, and rib fractures; except for five
studies that did not investigate fractures (30, 22, 24,27, 41),
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hip fracture had been investigated in all studies and was re-
ported as a costly complication. Cost data were mainly col-
lected from hospital bills and patient records. These studies
included direct medical costs, direct non-medical costs, and
indirect costs, and in most studies, direct medical costs, in-
cluding the costs of outpatient services, drugs, and surger-
ies were included. The cost components of most studies
were clearly stated, although the descriptions varied widely
among studies. Indirect costs were also reported in 12 stud-
ies. Other types of costs, including home care costs, equip-
ment, etc. were also reported in some studies. In four stud-
ies, indirect costs were higher than direct costs. Qu et al.'s
study estimated indirect costs such as early retirement and
job loss (40), while Kim et al.’s study estimated the rate of
lost productivity (34). Only Chang's study reported incre-
mental costs of treatment (21). Since all the studies in-
cluded patient-level data, it was not useful to conduct sen-
sitivity analysis.

The average cost of treatment of osteoporosis was US $
5,258,741, which accounts for 20 percent of the GDP of
countries in 2018. The studies conducted in Singapore,
Iran, and Korea reported less than 20% of the GDP per cap-
ita for osteoporotic care (18, 34, 35), while in most other
studies, it accounted for more than 30% of the GDP.

Cost components analysis showed that hospitalization
and surgery accounted for the largest part of the total costs.
The length of hospital stays varied from 2 to 89 days. In
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Reference Year  Country perspective Sample size Type of fracture Type of direct cost Cost value
Lia Gutie” rrez 2011 UK 2427 cases Hip Cost of hospitalization $ 5248
(18) per case of fracture

Unknown
Morteza Saeb 2014 Iran 103 cases Hip Cost of surgery per case $ 43,502 per case
(19) societal of fracture
Simin HEPGU- 2011 Turkey 1118 cases Costs from a providers $2,249,885 per year
LER (20) societal Hip perspective and $3,119 per patient
Yong-Chan Ha 2017 South 2035639 No investigation of frac- Cost of surgery $ 5,125,585 annually
(21) Korea societal cases ture
RB Hopkins 2012 Canada societal 284108 cases Unknown Cost of hospitalization $ 551770 annually
(22)
RB Hopkins 2016 Canada 164763 cases Hip, wrist , spine, arm Costs from a providers $ 426,000 annually
(23) Unknown perspective
B. Haussler (1) 2006  Germany 3243445 Hip , wrist, spine, arm, Annual fee $ 6065 billion

health insur- cases rib, forearm, hip, chest,
ance system thigh
P.LEVY (24) 2002 France societal Unknown Unknown Annual fee $ 222 million
Jorge Morales- 2003 Latin 507932043 Hip Hospital costs $ 6,000
Torres (25) America Unknown cases
Sabine 2014  Germany 40540 cases Hip , wrist, spine, arm, Cost of surgery $ 1284 million annually
Berghaus ( 26) payer’s per- rib, forearm, chest
spective

C. Pike (27) 2010  America societal 3536 cases No fracture examination Annual fee $ 19000
Crystal Pike, 2010  America 526572 cases Hip , wrist, spine, arm, Annual fee $ 12000
(28) societal rib, forearm, hip, chest
Matthew D (29) 2007  America 7626 cases Unknown Cost of hospitalization $ 5370

Unknown per case
Luminita Miha- 2013~ Romania 150 cases Hip , wrist , spine Cost of hospitalization $ 1077 annually
lache (30) Unknown
A. LOPES 1993 Portugal 88690 cases Hip Cost of hospitalization 354000 $
VAZ (31) and cost of surgery per

Unknown case
Amgen Inc (32) 2012 America 49680 cases Hip and wrist Cost of hospitalization $ 19225

insurer

and cost of surgery per
case

studies that reported direct non-medical costs (n = 9), the
average transportation cost was $ 20, indicating a small
proportion of the total costs. As reported in Qu’s study, the
indirect costs of job loss, early retirement, and unemploy-
ment were $ 11, $ 48, and $ 60, respectively (40).

Discussion

This review is the first to explore the economic burden of
osteoporosis, including direct and indirect costs. We found
large heterogeneity with respect to the investigated sector
of the health care system and the cost components; the qual-
ity of studies was mostly mediocre. Most studies did not
report hospitalization days. The original studies reported
two main drivers of increased direct costs: Cost of hospital-
ization and cost of surgery. Because of the elderly people
with osteoporosis and its fractures, the cost of hospitaliza-
tion was a major part of these studies. Being elderly in-
creases the length of hospital stay and consequently in-
creases the cost of hospitalization.

South Korea to treat this disease incurs 645 million dol-
lars for direct costs and 647 million dollars for indirect
costs (34). The annual cost of outpatient treatment in Aus-
tralia was reported to be 350 million dollars in 2008 for the
direct cost (16). In Portugal and the US, annual costs of
hospital and surgical services range from 354000 to 19000

dollars (31, 32).

Based on the results of studies investigated in this sys-
tematic review, regardless of the approach of cost detection
used by different studies, the average cost of each case of
treatment is reported to be between 5000 dollars and 6500
billion dollars. To justify this finding, it might be said that
many studies on osteoporosis have been conducted in de-
veloped countries where the cost of inputs is relatively high
in such countries and they usually follow the proper treat-
ment procedures and guidelines.

The majority of studies investigated in this systematic re-
view, which investigated the costs of osteoporosis, had
been conducted in developed countries. Concerning osteo-
porosis with fractures, regardless of the type of detection
cost, the USA spends between 5,000 and 19000 dollars for
each case of fracture (27, 28, 29, 32). Also, in the US stud-
ies only direct costs were reported. In the UK, 5248 dollars
is spent per case for the treatment of osteoporotic fractures
(18).

Our findings showed that few studies have fully investi-
gated the total costs (direct and indirect costs) to estimate
the economic burden of osteoporosis, and this limitation re-
duces investment in health care resources to prevent the dis-
ease. In addition, although all the studies aimed to deter-
mine the economic burden of osteoporosis fractures, there
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Table 2. Characteristics of selected articles included in the systematic review/ indirect and direct costs of osteoporosis

Reference Year  Coun- Perspec- Sample size Type of frac- Type of cost Cost value
try tive ture
Biljana Dzaj- 2007 Slove- Social 355100 cases Hip, wrist, Costs from a community $ 9 million in direct costs
kovska (33) nia spine perspective per case and $ 10 million in indirect
costs
Jinhyun Kim 2016 South Social 244798 cases Hip, wrist, Cost per case for hospitali- $ 645 million in direct costs
(34) Korea spine, arm, zation, medical require- and $ 647 million in indi-
forearm ments , medication, person- rect costs
nel
Charmaine 2017 Singa- Hospital’s 67 cases Hip, wrist, Direct costs per case $ 5545 in direct costs and $
Shuyu Ng pore and spine 3697 in indirect costs
(35) patient’s
Hans Peter 2012 Aus- Societal 119911 cases Hip, arm, Direct and indirect costs $ 550 million in direct costs
Dimai (22) tralia spine, fore- and $ 253 million in indi-
arm, rib rect costs
P. Clark (36) 2008 Mexico Patient and 493 cases Direct and indirect costs per $ 31000 in direct costs and
provider Hip case $ 97000 in indirect costs
DA Eekman 2014  Nether- Societal 116 cases Hip, arm, Direct costs (hospitalization $ 328 million in annual di-
37 lands spine, fore- and surgery) and indirect rect costs and $ 437 million
arm, rib costs in annual indirect costs
Oskar Strom 2008  Sweden Societal 684 patients Hip, wrist Costs of diagnosis and treat- $ 6566 in annual direct
(38) from 7 hospi- spine ment costs and $ 150 in indirect
tals costs
W. Max (39) 2002  Califor- 10254774 cases Hip, arm, Direct costs and indirect $ 3 million in direct costs
nia spine costs and $ 4353 in indirect costs
Societal
B. Qu (40) 2014  China Societal 938 cases Hip, arm, Direct costs and indirect $ 7860 in direct costs and $
spine costs 410 in indirect costs
V. Rabenda 2006 Bel- 1811 cases Unknown Direct costs and indirect $ 52 in annual direct costs
41) gium Payer’s costs and $ 40 in indirect annual
perspective costs
J. E. Tarride 2011  Canada Social 12706 cases Hip, arm, Direct costs and indirect $ 200 billion in annual di-
(42) spine, fore- costs rect costs and $ 115 million
arm, rib in annual indirect costs
A. Marques 2015  Portu- Societal 186 cases Hip Direct costs and indirect $ 3800 annual direct costs
(43) gal costs and $ 194 annual indirect
costs

were many differences in the cost estimation methods that
prevent the direct comparison of results.

In the present studies, economic evaluations of indirect
and intangible costs were very limited, which leads to un-
certainty in the estimation of the economic burden of oste-
oporosis. Although productivity loss due to absenteeism
might be very infrequent in elderly patients, the indirect
costs incurred by other family members can be significant.

Conclusion

Because of the recruitment of skilled personnel, surgical
procedures, expensive medications, and long-term treat-
ment service delivery and hospital stays, the process of
treating people with osteoporosis and related fractures is of-
ten expensive. Prevention of this disease can significantly
reduce the costs incurred by the health system, especially
in developing countries where osteoporosis is common and
associated with fractures. Developed countries, such as the
United States, provide treatment for osteoporosis and asso-
ciated fractures at high costs that is due to the high cost of
inputs used in the treatment process. The current systematic
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review study included a cost detection method that included
both direct medical costs and direct non-medical costs, and
future studies that examine other costs may reveal newer
dimensions of disease burden and more cost-effective
methods of osteoporosis therapies. Most studies focusing
on direct costs had been conducted in developed countries
such as the United States and Canada and they had not con-
sidered non-monetary costs of care (such as lost quality of
life), which may be an important issue in future studies.
This systematic review study undoubtedly provides valua-
ble information about the osteoporosis burden for individ-
uals and communities, and also shows that many resources
are being spent on this disease in the world. Some of the
studies investigated in this systematic review have shown
that the provision of osteoporosis prevention services is less
expensive than its treatment. Therefore, it is necessary to
work with providers and payers to provide preventive care,
especially in developing countries where osteoporosis is
prevalent. Such services can be included in the basic ser-
vices package and provided at lower costs in hospitals or
designated centers.
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Limitations

In this study, it was tried to avoid any bias by conducting
a comprehensive and systematic search. However, the fail-
ure to follow a standard cost detection approach in the se-
lected studies had reduced the consistency of the reported
results; hence, it might prevent the analysis of the reported
results on the basis of different dimensions. The papers in-
vestigated in this systematic review had reported costs in
different years and on the basis of different countries' cur-
rencies and examined different cost items. To cover this
limit, all costs were reported in 2018. In addition, some
studies have reported the costs in a general form while
some other studies have reported the details on costs; thus,
in some cases, it was not possible to compare them.
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