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Abstract 

Background:  Osteoporosis affects all sections of society, including families with people affected by osteoporosis, 
government agencies and medical institutes in various fields. For example, it involves the patient and his/her family 
members, and government agencies in terms of the cost of treatment and medical care. Providing a comprehensive 
picture of the prevalence of osteoporosis globally is important for health policymakers to make appropriate decisions. 
Therefore, this study was conducted to investigate the prevalence of osteoporosis worldwide.

Methods:  A systematic review and meta-analysis were conducted in accordance with the PRISMA criteria. The Pub-
Med, Science Direct, Web of Science, Scopus, Magiran, and Google Scholar databases were searched with no lower 
time limit up till 26 August 2020. The heterogeneity of the studies was measured using the I2 test, and the publication 
bias was assessed by the Begg and Mazumdar’s test at the significance level of 0.1.

Results:  After following the systematic review processes, 86 studies were selected for meta-analysis. The sample 
size of the study was 103,334,579 people in the age range of 15–105 years. Using meta-analysis, the prevalence of 
osteoporosis in the world was reported to be 18.3 (95% CI 16.2–20.7). Based on 70 studies and sample size of 800,457 
women, and heterogenicity I2: 99.8, the prevalence of osteoporosis in women of the world was reported to be 23.1 
(95% CI 19.8–26.9), while the prevalence of osteoporosis among men of the world was found to be 11.7 (95% CI 9.6–
14.1 which was based on 40 studies and sample size of 453,964 men.). The highest prevalence of osteoporosis was 
reported in Africa with 39.5% (95% CI 22.3–59.7) and a sample size of 2989 people with the age range 18–95 years.

Conclusion:  According to the medical, economic, and social burden of osteoporosis, providing a robust and com-
prehensive estimate of the prevalence of osteoporosis in the world can facilitate decisions in health system planning 
and policymaking, including an overview of the current and outlook for the future; provide the necessary facilities for 
the treatment of people with osteoporosis; reduce the severe risks that lead to death by preventing fractures; and, 
finally, monitor the overall state of osteoporosis in the world. This study is the first to report a structured review and 
meta-analysis of the prevalence of osteoporosis worldwide.
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Background
Osteoporosis is a common disease all over the world. 
Osteoporosis has been operationally defined based 
on bone mineral density (BMD) assessment. Accord-
ing to the WHO criteria, osteoporosis is defined as a 
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BMD that lies 2.5 standard deviations or more below 
the average value for young, healthy women (a T-score 
of <  − 2.5 SD) (1, 6). The most widely validated tech-
nique to measure BMD is dual-energy X-ray absorp-
tiometry (DXA), and diagnostic criteria based on the 
T-score for BMD area recommended entry criterion for 
developing pharmaceutical interventions in osteoporo-
sis (7–9) [1].

Osteoporosis is classified as primary (includes type I 
and type II) and secondary. Primary osteoporosis is seen 
in post-menopausal women and men and women over 
70 years of age due to ageing [2]. Secondary osteoporosis 
is caused by diseases, treatments or idiopathic. Systemic 
diseases, endocrine diseases, and malignant neoplasms 
are among the diseases that cause secondary osteoporo-
sis. Besides, chronic use of glucocorticoids, lifestyle con-
ditions, habits, and major depression are other causes of 
osteoporosis [2].

Various methods are used to measure osteoporosis. 
Typically, to diagnose osteoporosis, bone mineral density 
(BMD) is measured by dual-energy X-ray absorptiom-
etry (DXA) at various skeletal sites [3]. Another way to 
diagnose osteoporosis is the speed of sound (SOS) in the 
tibia, which can be measured by ultrasound imaging [4].

Risk factors for osteoporosis are divided into two cate-
gories: modifiable and non-modifiable [5]. Weight, smok-
ing, alcohol consumption [6], physical inactivity, dietary 
calcium deficiency, and long-term glucocorticoid use are 
among the risk factors for the modifiable osteoporosis 
group. Gender, age, race, and genetic characteristics are 
among the risk factors for the non-modifiable osteoporo-
sis group [5]. These factors can also be more widespread 
with respect to gender. For example, in women, prema-
ture menopause and loss of ovarian function before men-
opause are other risk factors for osteoporosis [6].

A study in Turkey showed that women between the 
ages of 18–49 who smoke, have fair skin, or have a fam-
ily history of osteoporosis are at higher risk for osteopo-
rosis [7]. The clinical symptoms of osteoporosis in old 
age include decreased body height, dowager’s hump or 
kyphosis, bone fracture and respiratory impairment [8].

In a double-blind placebo-controlled study in osteo-
porosis comprised of 483 women with post-menopausal 
osteoporosis, 110 women with secondary osteoporosis, 
and 84 men with osteoporosis of any cause, aged between 
28 and 88 years old, the mortality rate in people with one 
or more fractures was 4.4 times higher [9]. The incidence 
of osteoporotic fractures has made it one of the lead-
ing causes of death in the elderly [3]. Because the risk of 
osteoporotic fractures is higher in older women than in 
older men, all menopausal women should be screened 
for signs of osteoporosis [10]. Fractures usually occur in 
three areas: vertebrae, distal arm, and hip [11].

Vertebral fractures are more common in women than 
men [11]. Research has shown that if women have to be 
divided into three groups; premenopausal (before men-
opause), the onset of menopause, and women with over 
five years of menopause, bone fractures due to osteopo-
rosis were more common in post-menopausal women 
than in premenopausal women or around the onset of 
menopause [12]. Twenty per cent of women die within a 
year of a fracture [11].

Men have more bone mass during growth and develop 
more muscle mass, which provides more skeletal integra-
tion. Men do not experience menopause. Also, they have 
a shorter life expectancy than women; therefore, less 
time is available to develop the disease. The prevalence 
of osteoporosis in older men than in young men is also 
based on this fact [11].

Osteoporosis is a problem for both sexes. However, 
the majority of research on osteoporosis has focused 
on women because women are more likely than men to 
develop osteoporosis and subsequent fractures [11]. So 
far, many studies have been conducted on the prevalence 
of osteoporosis in different parts of the world. These 
studies have either been based on small samples from the 
target population [13], or to a lesser extent, based on all 
data collected in the medical databases of a country such 
as the USA [14] and Korea [15]. According to a study 
based on the SOS criteria in 2003, the prevalence of oste-
oporosis in Chinese women was reported to be 10.08% 
[4]. In another study in 2005, the prevalence of osteopo-
rosis in Vietnamese women, based on the BMD criteria, 
was reported to be 15.4% [16].

Orthopaedic surgeons are typically only involved in the 
osteoporotic patient’s care as a consequence of a fracture 
and with the single biggest risk factor for a future frac-
ture being a previous fragility fracture, it, therefore, fol-
lows that the area of focus for the orthopaedist should be 
on the secondary prevention of future fractures [9, 10]. 
With the instigation of the Own the Bone program by 
the AOA, the idea of the orthopaedist being a key com-
ponent in the care of a patient’s bone health, beyond the 
acute fracture care, has gained a great deal of traction 
[10, 11].

Interestingly enough, one of the fractures that is the 
most common in the osteoporotic individual is also the 
most often missed: vertebral body fractures. They are 
most often missed due to a lack of inclusion in the dif-
ferential diagnosis of patients with back pain and are thus 
overlooked [11–14]. A vertebral body fracture should 
be suspected in any patient at risk for osteoporosis with 
back pain or kyphosis [11–14].

Studies in many different countries have demonstrated 
that with increased communication between the ortho-
paedist, patient and patient’s PCP, there is increased 
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usage of pharmacotherapeutics, calcium and vitamin 
D supplementation, and BMD assessment with DXA 
scan [14–17]. There is also good evidence that the use 
of calcium, vitamin D and pharmaceutical interventions 
results in a decreased risk of fragility fractures [14–17].

A study of 773 Indian men and women between the 
ages of 30 and 90 showed that the prevalence of osteopo-
rosis was 24.7%. The prevalence in women was reported 
to be 15%; 10.3% was related to post-menopausal women, 
and 4.7% to premenopausal women. In this study, the 
prevalence in men was reported to be 9.7% [17].

The prevalence of osteoporosis in a sample of 524 
Indian people between the ages of 20 and 85 was 
reported to be 6.9%, 11.1% of which were women, and 
3.9% were men [18].

According to the data taken in a random sample from 
the Taiwan National Health Insurance (NHI) database in 
2006, the prevalence of osteoporosis in Taiwanese men 
over the age of 50, based on BMD criteria, was reported 
to be 1.63% [19]. While in a survey in 2018, this rate was 
reported at 9.7% [19–21].

In another study, the prevalence of osteoporosis in 
Saudi Arabia men between the ages of 30 and 90  years 
was reported to be 24.1%; 19.2% of which was related to 
the age range of 30–50 years and 23.5% was related to the 
age range of 50–90 years [21].

These discrepancies in reports of the prevalence of 
osteoporosis can be seen in research in other parts of the 
world.

It is important to have consistent information on the 
prevalence of osteoporosis worldwide. With increasing 
life expectancy and longevity, the prevalence of osteo-
porosis and related fractures is increasing [15]. This is 
a serious challenge not only for health officials but also 
for individuals and their families and society in general 
[15]. Determining the prevalence and incidence of osteo-
porotic fractures is the first step in adopting the neces-
sary strategies to reduce the burden of this challenge and 
concerns [15]. Due to the dispersion of reports related to 
the prevalence of osteoporosis in the world, which was 
based on small and large samples, and also lack of esti-
mates of the prevalence worldwide, we decided to have 
a systematic review of all studies conducted in this field 
and examined the worldwide prevalence of osteoporosis, 
using meta-analysis tools.

Therefore, this study aims to investigate the systematic 
analysis of evidence and studies to report the prevalence 
of osteoporosis worldwide.

Methods
Search strategy and study selection procedure
Searches in this meta-analysis study were performed by 
two researchers. As part of the research methodology, 

PubMed, Science Direct, Web of Science, Scopus and 
Persian language databases such as SID and Magiran 
were searched with limited English and Persian language 
and no time limit until August 2020. The keywords used 
to search for resources were selected from the Medi-
cal Subject Headings (MeSH) database in this study. A 
search using keywords osteoporosis, osteoporosis, preva-
lence, cross-sectional, age-related, post-traumatic, and all 
the possible combinations of these words were designed 
according to the pattern of each database. All information 
related articles were identified and added to the EndNote 
bibliography management software. In addition to maxi-
mize the comprehensiveness of the search, the lists of ref-
erences in the identified articles were manually reviewed. 
After collecting articles, the duplicate papers that were 
identified within various databases were excluded.

Search strategy in all databases: ((((((((osteoporosis 
[Title/Abstract]) OR Age-Related Osteoporosis [Title/
Abstract]) OR Bone Loss [Title/Abstract]) OR Post-Trau-
matic [Title/Abstract]) OR Senile Osteoporosis [Title/
Abstract]) AND prevalence OR Period Prevalence OR 
Point Prevalence)))))))

Inclusion criteria were as follows: Studies that have 
examined the prevalence of osteoporosis, observational 
(cross-sectional) studies, and studies whose full text was 
available.

Exclusion criteria were as follows: Duplicate studies, 
unrelated studies to the subject and purpose of this study, 
unclear methodology, interventional studies, case report 
studies, studies whose full text was not available, and 
studies whose language was not Persian or English.

Study selection procedure
Initially, all articles related to osteoporosis were collected, 
and a list of abstracts was prepared after the search was 
completed. At this point, all articles titled ‘Prevalence’ 
and ‘Osteoporosis’ entered the initial list. Then, a check-
list appropriate to the type of study was used, which 
includes author’s name, title, year and month of publica-
tion, place of study, sample size, the overall prevalence, 
and risk factors for all studies that were initially evalu-
ated were prepared for final evaluation. Accordingly, 
the full text of the remaining articles from the previous 
stage, i.e. screening, were carefully examined, and irrel-
evant studies were excluded by considering the inclusion 
and exclusion criteria. In order to prevent bias, all stages 
of resource review and data extraction were performed 
by two reviewers independently. If an article was not 
included, the reason for the exclusion was mentioned. 
Then, those articles that included patients with osteopo-
rosis were finally approved. In the end, 86 relevant arti-
cles entered the meta-analysis stage. The full text of the 
articles was reviewed for final analysis.
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Quality evaluation
To evaluate the quality of articles (i.e. methodological 
validity and results), a checklist appropriate to the type 
of study was used. STROBE checklists are commonly 
used to critique and evaluate the quality of observational 
studies, such as the present study. The STROBE check-
list consists of six scales/general sections: title, abstract, 
introduction, methods, results, and discussion. Some of 
these scales have subscales, resulting in a total of 32 sub-
scales/items. Accordingly, the maximum score that could 
be obtained using the STROBE 32 checklist is 32 [20]. 
Considering the score of 16 as the cut-off point, articles 
with scores of 16 or above were considered medium- or 
high-quality articles. Furthermore, articles with scores 
below 16 were considered weak- or low-quality articles 
and excluded from the study. In the present study, based 
on the evaluation conducted using the STROBE check-
list, 86 articles were entered for the systematic review 
and meta-analysis process.

Statistical analysis
Since the prevalence rate has a binomial distribution, the 
variance of the prevalence was calculated using the bino-
mial distribution formula, and the average weight was 
used to combine the prevalence rate in different studies. 
As well as to evaluate the heterogeneity of the selected 
studies, the I2 index was used. Therefore, the random 
effects model was used to combine the results of the 
studies. Meta-regression was used in order to investigate 
the relationship between the prevalence of osteoporo-
sis and the year of study and sample size. To investigate 
the publication bias, due to the high volume of samples 
entered into the study, the Begg and Mazumdar’s test and 
corresponding Funnel plots were adopted with a signifi-
cance level of 0.1. Data analysis was performed using the 
Comprehensive Meta-Analysis (Version 2) software.

Results
As shown in Fig.  1 and based on the initial search in 
the database, 2280 articles were found, of which 491 
articles were extracted from the PubMed database, 166 
articles from the Science Direct database, 949 articles 
from Web of Science, 649 articles from Scopus, seven 
articles from SID, and 18 articles from Magiran. Out of 
the total number of articles, 717 articles were duplicates 
that were excluded in the first stage. In the screening 
stage, 1429 articles were excluded by considering the 
inclusion and exclusion criteria and the application of 
time limit from 2000 to 2020. Eight articles that seemed 
to be related to the study were excluded from the study 
due to the lack of access to their full text. In the eligi-
bility evaluation stage, the full texts of the remaining 

134 articles were examined based on the inclusion and 
exclusion criteria, and 48 irrelevant articles were omit-
ted. The studies were reviewed based on the four-step 
process of PRISMA2009 (Fig.  1), including identifying 
articles, screening, reviewing the criteria for accepting 
articles, and the articles that entered the meta-analysis 
process. Finally, 86 articles were included in the final 
analysis; their information is given in Table 1.

Due to the heterogeneity of the selected studies, the 
I2 test (I2 = 97.9) and the random effects model were 
used to combine the reported results of studies and 
approximate the total prevalence. However, according 
to the results of Begg and Mazumdar’s test and fun-
nel diagram at a significance level of 0.1, no bias was 
observed in the results of the prevalence of osteoporo-
sis worldwide in this study (P = 0.103) (Fig. 2).

Meta‑analysis
A total of 86 studies were used to assess the prevalence 
of osteoporosis in the world, including 64 studies exam-
ining the prevalence of osteoporosis in Asian countries, 
nine studies in the European population, nine stud-
ies in the USA, three studies in Africa, and one study 
in Australia. The sample size was 103,334,579 people 
in the age range 15–105  years, and the prevalence of 
osteoporosis in the world was reported to be 18.3 (95% 
CI 16.2–20.7). The midpoint of each line segment indi-
cates the prevalence in each study, and the diamond 
shape indicates the prevalence in the population for the 
entire study (Fig. 3).

In addition to reporting the prevalence of osteoporosis 
worldwide, the prevalence of this disease across five con-
tinents was also reported in this study. Table 2 shows the 
prevalence of osteoporosis in the world and by continent. 
Accordingly, the highest prevalence of osteoporosis was 
reported in Africa with 39.5% (95% CI 22.3–59.7). Based 
on the results of Begg and Mazumdar’s test at a signifi-
cance level of 0.1, no bias was observed in the results 
prevalence of osteoporosis in the world and by conti-
nents (P > 0.05). However, the number of reported epi-
demiological studies on osteoporosis in Africa is limited. 
Based on the results of this study, it was revealed that the 
prevalence of osteoporosis in Africa is much worse than 
in other continents. The prevalence of osteoporosis in the 
Americas is far better than that in Europe and Asia. The 
prevalence of osteoporosis in Asia is higher than that in 
the USA and Australia. Likewise, the prevalence of osteo-
porosis in Asia is lower than in Africa and Europe.

The results of prevalence of osteoporosis in terms of 
diagnostic tools are reported in Table  2, according to 
which the highest prevalence of osteoporosis with BMD 
instrument was 19.6 (95% CI 14.3–26.2).
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Prevalence of osteoporosis in women
In Fig. 4, based on 70 studies and sample size of 800,457 
women and heterogenicity (I2: 99.8), the prevalence of 
osteoporosis in women of the world was reported to be 
23.1 (95% CI: 19.8–26.9). According to the results of Begg 

and Mazumdar’s test at a significance level of 0.1, no bias 
was observed in the prevalence of osteoporosis in women 
of worldwide in this study (P = 0.227). The analysis of the 
results of the prevalence of osteoporosis by sex on each 
continent is reported in Table 3.

2280 Potentially Relevant Studies Identified Through

(PubMed: 491, Web of science: 949, Scopus: 649, 
Science Direct: 166, Magiran: 18, SID: 7)
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Fig. 1  The flow chart on the stages of including the studies in the systematic review and meta-analysis (PRISMA 2009)
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Prevalence of osteoporosis in men
In Fig.  5, based on 40 studies and sample size were 
453,964 men and heterogenicity (I2: 99.3), the prevalence 
of osteoporosis in men of the world was reported to be 
11.7 (95% CI 9.6–14.1). According to the results of Begg 
and Mazumdar’s test at a significance level of 0.1, no bias 
was observed in the results of the prevalence of osteo-
porosis in men worldwide in this study (P = 0.448). The 
analysis of the prevalence of osteoporosis by sex on each 
continent is reported in Table 3.

Meta‑regression test
Given that the overall prevalence based on meta-anal-
ysis is influenced by factors such as sample size, year of 
research, age of study participants, place of study and 
gender, these factors increase heterogeneity and decrease 
the accuracy of results. Therefore, meta-regression anal-
ysis, as well as subgroup analysis, were used to examine 
the relationship between osteoporosis and this factors. 
Due to the effect of various factors in the incidence of 
heterogeneity between the results of osteoporosis stud-
ies globally, a meta-regression test was used to examine 
the effect of three factors: sample size, year of study, and 
age of the participants. According to Fig.  6, the preva-
lence of osteoporosis decreases with increasing the 
sample size, and this is statistically significant (P < 0.05). 
Moreover, Fig.  7 shows that the prevalence of osteopo-
rosis decreases with increasing years of study, which is 
statistically significant (P < 0.05). The results reported in 
Fig. 8 show that the prevalence of osteoporosis studies in 

the world increases with age, which was also statistically 
significant (P < 0.05).

Discussion
In this study, the prevalence of osteoporosis in the world 
was 18.3%, which is calculated based on reports of the 
prevalence of osteoporosis from 86 studies across five 
continents. Although the number of reported epidemio-
logical studies on osteoporosis in Africa is limited, recent 
studies have shown that osteoporosis and related frac-
tures increase across the continent [93]. Therefore, based 
on the results of this study, it was revealed that the preva-
lence of osteoporosis in Africa is much worse than that in 
other continents.

According to a systematic and meta-analysis study in 
China, the prevalence of osteoporosis from 2003 to Octo-
ber 2015 was reported to be 15.33% in men and 25.41% in 
women. It can be concluded that the overall prevalence of 
osteoporosis was 20% [94].

In a study, the prevalence of osteoporosis was assessed 
in several industrialized countries (USA, Canada, five 
European countries, Australia, and Japan) and people 
aged 50 and over. The prevalence of osteoporosis in the 
spine or hip was reported as follows: 26.3% in Japan, 21% 
in the USA, 14.3% in Germany, 9.9% in France, 9.7% in 
Italy, 7.8% in the United Kingdom, 6.3% in Spain, 2.6% in 
Canada, and 2% in Australia. Overall, the number of peo-
ple with osteoporosis is estimated at 49 million [95].

In 2018, a systematic review and meta-analysis based 
on the World Health Organization (WHO) diagnostic 

Fig. 2  Funnel diagram of the result of the overall prevalence of osteoporosis worldwide
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Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Value p-Value

Hyun Koo Uoon 0.030 0.016 0.057 10.249- 0.000
Sireen Shilbayeh 0.298 0.255 0.344 7.856- 0.000
X-P WU 0.108 0.094 0.125 26.171- 0.000
Vu Thi Thu Hien 0.154 0.139 0.169 29.068- 0.000
Sarath LEKAMWASAM 0.448 0.424 0.472 4.188- 0.000
G Chhibber 0.616 0.569 0.661 4.778 0.000
Mahmoud I El-Desouki 0.235 0.198 0.278 10.351- 0.000
Nan-Ping Yang 0.063 0.060 0.065 120.245- 0.000
Abdulbari BENER 0.051 0.038 0.069 18.436- 0.000
Didem Arslantas 0.150 0.133 0.170 23.466- 0.000
Montchai Chumnumnawin 0.050 0.036 0.070 16.477- 0.000
S. Miura 0.198 0.159 0.243 10.273- 0.000
P Shokrollahi 0.773 0.665 0.854 4.450 0.000
Fatima M 0.129 0.097 0.169 11.704- 0.000
Sarath Lekamwasam 0.058 0.045 0.073 22.052- 0.000
Aranjan Lionel KARUNANAYAKE 0.144 0.120 0.172 16.549- 0.000
A Neema 0.154 0.134 0.177 20.590- 0.000
Shafaq Zahoor 0.233 0.184 0.291 7.795- 0.000
Neelam Aggarwal 0.280 0.222 0.346 5.997- 0.000
Zhifeng Sheng 0.394 0.364 0.426 6.490- 0.000
Yong Jun Choi 0.236 0.225 0.248 35.041- 0.000
Kyae Hyung Kim 0.391 0.373 0.409 11.590- 0.000
Zhang Mengmeng 0.269 0.262 0.276 56.054- 0.000
Zahra Pourhashem 0.321 0.259 0.390 4.853- 0.000
S. Tuzun 0.103 0.090 0.117 29.166- 0.000
Neeraj Kumar Agrawal 0.085 0.053 0.132 9.372- 0.000
Maj Tripti Agrawal 0.133 0.088 0.195 8.003- 0.000
Maninder Kaur 0.264 0.213 0.322 7.146- 0.000
Jongseok Lee 0.237 0.231 0.243 65.223- 0.000
Ya?ar KESK?N 0.142 0.117 0.172 15.635- 0.000
Kyung-Shik Lee 0.229 0.222 0.237 53.760- 0.000
Eun Jung Park 0.239 0.229 0.249 42.591- 0.000
Edith Ming Chu Lau 0.226 0.218 0.233 57.401- 0.000
Cathy Nga Yan LEE 0.038 0.012 0.110 5.514- 0.000
Zahra Mohammadi 0.402 0.348 0.458 3.408- 0.001
Marzieh Saei Ghare Naz 0.521 0.463 0.577 0.702 0.483
Yan-Jiao Wang 0.247 0.202 0.297 8.550- 0.000
Khurshid A. Bhat 0.191 0.146 0.245 8.812- 0.000
Yi-Chien Lu-2 0.155 0.143 0.166 37.567- 0.000
Sung Bae Park-1 0.039 0.039 0.039 4445.308- 0.000
Sung Bae Park-2 0.040 0.040 0.040 4437.511- 0.000
Dana Hyassat 0.375 0.347 0.405 8.101- 0.000
Yu-Jun Kwon 0.661 0.621 0.697 7.688 0.000
Gul Pinar 0.040 0.032 0.050 26.381- 0.000
Limin Tian 0.089 0.082 0.096 53.660- 0.000
Muhammad Farhan Abbas 0.422 0.372 0.474 2.939- 0.003
Parvin Cheraghi 0.080 0.068 0.093 27.946- 0.000
Nidhi S. Kadam 0.164 0.132 0.202 12.377- 0.000
Neelam Kaushal 0.069 0.050 0.094 15.094- 0.000
Chi?Hua Ko 0.097 0.088 0.107 40.349- 0.000
P. Modagan 0.247 0.218 0.279 13.361- 0.000
Nayer Seyfizadeh 0.310 0.282 0.340 11.638- 0.000
Jung Eun Yoo 0.050 0.045 0.056 50.133- 0.000
Abdulaziz Ahmed Abdulaziz 0.260 0.192 0.341 5.260- 0.000
Zaheer Ahmed Mohammed 0.079 0.060 0.104 16.133- 0.000
Padmanabhan. K 0.159 0.120 0.208 10.004- 0.000
Hasanga Rathnayake 0.369 0.301 0.443 3.426- 0.001
Shriraj Shrestha 0.082 0.060 0.111 14.275- 0.000
Shaanthana Subramaniam 0.153 0.119 0.193 11.810- 0.000
Peizhi Wang 0.519 0.499 0.540 1.879 0.060
Qiang Zeng 0.174 0.171 0.178 119.961- 0.000
Kyeong Jin Kim 0.250 0.196 0.313 6.861- 0.000
Mamatov Sagynali Murzaevich 0.149 0.130 0.170 21.487- 0.000
Qian Zhang 0.395 0.355 0.436 4.968- 0.000
Florent Richy 0.203 0.162 0.251 9.712- 0.000
E´ ric Lespessailles 0.097 0.086 0.109 33.749- 0.000
Henrik G Ahlborg 0.150 0.120 0.186 13.262- 0.000
Patrizia D’Amelio 0.337 0.308 0.367 10.108- 0.000
E. J. Marjanovic 0.258 0.216 0.304 9.014- 0.000
Mar´?a-Jes´us G´omez-de-Tejada Romero 0.312 0.286 0.338 12.868- 0.000
Loredana Cavalli 0.166 0.158 0.175 51.345- 0.000
Marie-Therese Puth 0.085 0.080 0.091 68.419- 0.000
B.R. Nielsen 0.191 0.160 0.227 13.053- 0.000
ALEXANDRE FAISAL-CURY1 0.320 0.292 0.350 11.095- 0.000
Julie Robitaille 0.055 0.050 0.060 58.227- 0.000
H. Cheng 0.297 0.296 0.298 375.388- 0.000
Arthur Swislocki 0.311 0.231 0.405 3.785- 0.000
John Londono 0.048 0.035 0.065 17.996- 0.000
Robert Ferrari 0.011 0.005 0.024 11.012- 0.000
Carlos Mautalen 0.187 0.177 0.198 42.253- 0.000
Sabrina E Noel 0.105 0.087 0.126 20.280- 0.000
Ricardo M. Lima 0.158 0.117 0.211 9.333- 0.000
TO Alonge 0.569 0.549 0.589 6.733 0.000
PO Ezeonu 0.364 0.314 0.417 4.858- 0.000
Fred Chuma Sitati 0.264 0.213 0.321 7.209- 0.000
E. P. Boschitsch 0.135 0.133 0.137 200.042- 0.000

0.183 0.162 0.207 19.498- 0.000
-0.50 -0.25 0.00 0.25 0.50

Favours A Favours B

Meta Analysis

Meta Analysis
Fig. 3  Overall prevalence of osteoporosis in the world based on a random effects model
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criteria were conducted in the eastern Mediterranean: 
the study was conducted between 2000 and 2017 without 
any language restrictions; the prevalence of osteoporo-
sis was 24.4%; the prevalence of osteoporosis is 24.4% in 
women and 20.5% in men [96].

The present study examined the PubMed, Science 
Direct, Web of Science, Scopus, Magiran, and Google 
Scholar databases that were searched with no lower time 
limit and until 2020. According to PRISMA checklist and 
flow chart, while Zamani et al. [96] studied only PubMed, 
Scopus, Web of Science, and Index Medicus for the EMR 
published between January 2000 and December 2017, 
we can say that the sensitivity of this study by examin-
ing more databases and finding more relevant studies is 
more than the study of Zamani et  al. [96]. In addition, 
this study has been studied worldwide and by gender 
in all continents, but the study of Zamani et al. [96] has 
examined only the Eastern Mediterranean.

The prevalence of osteoporosis in women of the 
world was reported to be 23.1 (95% CI 19.8–26.9), and 

the prevalence of osteoporosis in men of the world was 
reported to be 11.7 (95% CI 9.6–14.1). The results of 
subgroup analysis also show that among men, the high-
est prevalence of osteoporosis was in Asia and among 
women, the highest prevalence of osteoporosis was in 
Africa, this is even though no studies have been con-
ducted on men in the African continent and no African 
studies of men in the meta-analysis.

The highest prevalence of osteoporosis in the studies 
studied in Iran with 77.3% and the lowest prevalence in 
the Canadian study with 1.07% [30, 85]. Osteoporosis 
affects both males and females. Although the definition 
of osteoporosis is not necessarily associated with frac-
tures, the unfortunate consequence is fractures [96–100]. 
The analysis showed that out of the diagnostic tools used 
to diagnose osteoporosis, the prevalence of osteoporosis 
was highest when diagnosed with BMD instruments.

According to a study in 1995 in the USA, approxi-
mately 1.5 million fractures are associated with osteopo-
rosis each year. It is estimated that 80% of India’s urban 

Table 2  Results of meta-analysis by continents and diagnosis tools

Subgroup Number of articles Sample size I2 Publication bias (Begg and 
Mazumdar test)

Prevalence % (95% CI)

Continents

Asia 64 102,279,215 99.9 0.106 16.7 (95% CI 15.9–17.5)

Europe 9 24,481 99.1 1.000 18.6 (95% CI 12.9–26)

America 9 928,492 99.6 0.916 12.4 (95% CI 7.4–19.5)

Africa 3 2989 98.2 0.296 39.5 (95% CI 22.3–59.7)

Australia 1 99,399 100 – 13.5 (95% CI 13.3–13.7)

Diagnosis tools

BMD (DXA) 71 102,398,640 99.9 0.112 19 (95% CI 18–20)

BMD by (DEXA) 11 923,401 99.3 0.533 19.6 (95% CI 14.3–26.2)

SOS 3 4116 92.2 1.000 14.8 (95% CI 10.9–19.7)

Table 3  Results of meta-analysis by continents stratified by sex

Continents (sex) Number of articles Sample size I2 Begg and Mazumdar 
test

Prevalence % (95% CI)

Asia

Men 31 85,636 99.3 0.414 11.7 (95% CI 8.8–15.5)

Women 51 113,431 99.3 0.188 24.3 (95% CI 21.2–27.8)

Europe

Men 4 6695 98.1 0.308 9.7 (95% CI 4.4–18.5)

Women 8 17,786 98.7 0.710 19.8 (95% CI 14.5–26.5)

America

Men 4 360,669 96.09 0.734 8.5 (95% CI 3.7–14.1)

Women 7 567,823 99.8 1.000 15.1 (95% CI 6.9–29.9)

Africa

Men – – – – –

Women 3 2018 98.9 0.296 42.4 (95% CI 19.9–56.5)
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Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Value p-Value

Hyun Koo Uoon 0.030 0.016 0.057 10.249- 0.000
Sireen Shilbayeh 0.298 0.255 0.344 7.856- 0.000
X-P WU 0.108 0.094 0.125 26.171- 0.000
Vu Thi Thu Hien 0.154 0.139 0.169 29.068- 0.000
Sarath LEKAMWASAM 0.448 0.424 0.472 4.188- 0.000
G Chhibber 0.616 0.569 0.661 4.778 0.000
Nan-Ping Yang 0.114 0.109 0.119 82.600- 0.000
Abdulbari BENER 0.051 0.038 0.069 18.436- 0.000
Didem Arslantas 0.185 0.160 0.212 16.954- 0.000
S. Miura 0.198 0.159 0.243 10.273- 0.000
P Shokrollahi 0.773 0.665 0.854 4.450 0.000
Fatima M 0.129 0.097 0.169 11.704- 0.000
Aranjan Lionel KARUNANAYAKE 0.200 0.164 0.240 11.392- 0.000
A Neema 0.154 0.134 0.177 20.590- 0.000
Shafaq Zahoor 0.233 0.184 0.291 7.795- 0.000
Neelam Aggarwal 0.280 0.222 0.346 5.997- 0.000
Zhifeng Sheng 0.394 0.364 0.426 6.490- 0.000
Yong Jun Choi 0.355 0.338 0.373 15.261- 0.000
Kyae Hyung Kim 0.391 0.373 0.409 11.590- 0.000
Zhang Mengmeng 0.298 0.288 0.307 36.690- 0.000
Zahra Pourhashem 0.557 0.452 0.657 1.064 0.287
S. Tuzun 0.128 0.109 0.150 20.475- 0.000
Maj Tripti Agrawal 0.133 0.088 0.195 8.003- 0.000
Maninder Kaur 0.264 0.213 0.322 7.146- 0.000
Jongseok Lee 0.370 0.360 0.380 24.874- 0.000
Ya?ar KESK?N 0.151 0.122 0.185 13.807- 0.000
Kyung-Shik Lee 0.356 0.343 0.368 20.832- 0.000
Eun Jung Park 0.380 0.365 0.395 15.055- 0.000
Edith Ming Chu Lau 0.226 0.218 0.233 57.401- 0.000
Zahra Mohammadi 0.372 0.303 0.447 3.317- 0.001
Marzieh Saei Ghare Naz 0.521 0.463 0.577 0.702 0.483
Yan-Jiao Wang 0.309 0.241 0.387 4.580- 0.000
Yi-Chien Lu 0.374 0.351 0.397 10.326- 0.000
Dana Hyassat 0.375 0.347 0.405 8.101- 0.000
Yu-Jun Kwon 0.744 0.701 0.783 9.755 0.000
Gul Pinar 0.040 0.032 0.050 26.381- 0.000
Limin Tian 0.096 0.087 0.107 38.279- 0.000
Muhammad Farhan Abbas 0.422 0.372 0.474 2.939- 0.003
Parvin Cheraghi 0.081 0.063 0.104 17.558- 0.000
Nidhi S. Kadam 0.180 0.135 0.235 8.800- 0.000
Neelam Kaushal 0.111 0.076 0.160 9.605- 0.000
Chi?Hua Ko 0.097 0.088 0.107 40.349- 0.000
P. Modagan 0.295 0.252 0.342 7.871- 0.000
Padmanabhan. K 0.159 0.120 0.208 10.004- 0.000
Hasanga Rathnayake 0.369 0.301 0.443 3.426- 0.001
Shriraj Shrestha 0.090 0.063 0.126 11.900- 0.000
Shaanthana Subramaniam 0.189 0.139 0.252 7.753- 0.000
Peizhi Wang 0.640 0.614 0.666 9.956 0.000
Qiang Zeng 0.291 0.285 0.298 57.179- 0.000
Kyeong Jin Kim 0.250 0.196 0.313 6.861- 0.000
Mamatov Sagynali Murzaevich 0.155 0.130 0.184 16.138- 0.000
E´ ric Lespessailles 0.097 0.086 0.109 33.749- 0.000
Henrik G Ahlborg 0.150 0.120 0.186 13.262- 0.000
Patrizia D’Amelio 0.337 0.308 0.367 10.108- 0.000
E. J. Marjanovic 0.258 0.216 0.304 9.014- 0.000
Mar´?a-Jes´us G´omez-de-Tejada Romero 0.312 0.286 0.338 12.868- 0.000
Loredana Cavalli 0.184 0.175 0.194 45.076- 0.000
Marie-Therese Puth 0.126 0.118 0.135 48.521- 0.000
B.R. Nielsen 0.222 0.179 0.273 8.976- 0.000
ALEXANDRE FAISAL-CURY1 0.320 0.292 0.350 11.095- 0.000
Julie Robitaille 0.055 0.050 0.060 58.227- 0.000
H. Cheng 0.425 0.424 0.426110.838- 0.000
John Londono 0.048 0.035 0.065 17.996- 0.000
Carlos Mautalen 0.187 0.177 0.198 42.253- 0.000
Sabrina E Noel 0.112 0.090 0.138 17.031- 0.000
Ricardo M. Lima 0.158 0.117 0.211 9.333- 0.000
TO Alonge 0.658 0.633 0.682 11.741 0.000
PO Ezeonu 0.364 0.314 0.417 4.858- 0.000
Fred Chuma Sitati 0.264 0.213 0.321 7.209- 0.000
E. P. Boschitsch 0.135 0.133 0.137200.042- 0.000

0.231 0.198 0.269 11.768- 0.000
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Fig. 4  Overall prevalence of osteoporosis in women of the world based on a random effects model
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population suffers from a deficiency of Vitamin D and hip 
fractures occur about a decade earlier than in Western 
nations. Therefore, osteoporosis is a major concern for 
this ageing population [101, 102].

Although there is no direct evidence that screening 
for osteoporosis reduces fractures, there is good indi-
rect evidence that screening is effective in identifying 
post-menopausal women with low bone mineral density. 
Health policymakers can also help prevent and reduce 

osteoporosis in the community through a variety of 
means, such as moderate physical activity, an appropri-
ate intake of calcium and vitamin D, cessation of smok-
ing, and pharmaceutical intervention in high-risk groups. 
Also, effective dissemination of findings from research 
should be used to increase the awareness of osteoporo-
sis, both among the general population and in the health 
services, to increase early detection of risk factors and to 
motivate preventive measures [90–102].

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Value p-Value

Mahmoud I El-Desouki 0.235 0.198 0.278 10.351- 0.000
Nan-Ping Yang 0.016 0.015 0.018 68.868- 0.000
Didem Arslantas 0.098 0.076 0.125 15.769- 0.000
Montchai Chumnumnawin 0.050 0.036 0.070 16.477- 0.000
Sarath Lekamwasam 0.058 0.045 0.073 22.052- 0.000
Aranjan Lionel KARUNANAYAKE 0.061 0.038 0.096 10.928- 0.000
Yong Jun Choi 0.075 0.064 0.087 30.287- 0.000
Zhang Mengmeng 0.235 0.226 0.245 42.683- 0.000
Zahra Pourhashem 0.124 0.073 0.202 6.604- 0.000
S. Tuzun 0.075 0.060 0.094 20.333- 0.000
Neeraj Kumar Agrawal 0.085 0.053 0.132 9.372- 0.000
Jongseok Lee 0.078 0.072 0.084 58.634- 0.000
Ya?ar KESK?N 0.107 0.063 0.175 7.247- 0.000
Kyung-Shik Lee 0.113 0.105 0.121 49.632- 0.000
Eun Jung Park 0.073 0.065 0.082 38.629- 0.000
Zahra Mohammadi 0.440 0.359 0.525 1.379- 0.168
Yan-Jiao Wang 0.189 0.136 0.256 7.302- 0.000
Khurshid A. Bhat 0.191 0.146 0.245 8.812- 0.000
Yi-Chien Lu 0.255 0.236 0.274 21.049- 0.000
Yu-Jun Kwon 0.427 0.352 0.505 1.829- 0.067
Limin Tian 0.081 0.072 0.091 37.515- 0.000
Parvin Cheraghi 0.078 0.063 0.096 21.736- 0.000
Nidhi S. Kadam 0.145 0.102 0.202 8.678- 0.000
Neelam Kaushal 0.039 0.022 0.068 10.861- 0.000
P. Modagan 0.197 0.160 0.240 10.884- 0.000
Jung Eun Yoo 0.050 0.045 0.056 50.133- 0.000
Abdulaziz Ahmed Abdulaziz 0.260 0.192 0.341 5.260- 0.000
Shaanthana Subramaniam 0.115 0.076 0.170 8.779- 0.000
Peizhi Wang 0.371 0.342 0.400 8.289- 0.000
Qiang Zeng 0.065 0.061 0.068 95.922- 0.000
Mamatov Sagynali Murzaevich 0.128 0.101 0.160 14.468- 0.000
Florent Richy 0.203 0.162 0.251 9.712- 0.000
Loredana Cavalli 0.071 0.057 0.087 22.785- 0.000
Marie-Therese Puth 0.039 0.034 0.045 43.678- 0.000
B.R. Nielsen 0.151 0.110 0.203 9.420- 0.000
H. Cheng 0.101 0.100 0.102 395.039- 0.000
Arthur Swislocki 0.311 0.231 0.405 3.785- 0.000
Robert Ferrari 0.011 0.005 0.024 11.012- 0.000
Sabrina E Noel 0.088 0.060 0.128 10.945- 0.000
TO Alonge 0.437 0.406 0.468 3.919- 0.000

0.117 0.096 0.141 18.376- 0.000
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Fig. 5  Overall prevalence of osteoporosis in men of the world based on a random effects model
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Strengths and limitation
The most important strength of the present study is the 
comprehensive review of all databases, regular review 
of articles by three researchers and performing meta-
regression and subgroup analysis to obtain more accurate 
information. The most important limitations of the pre-
sent study were to encounter low-quality articles that had 
been published for years and their full text was not avail-
able for further review.

The present study aims to remove the limitations of 
systematic review studies and other meta-analyses in 
this field by using a comprehensive review of different 

sources, long time period, different meta-regression and 
subgroup analysis, and considering that articles in lan-
guages other than English and Persian were not consid-
ered and age-specific prevalence of osteoporosis were not 
reported, can be mentioned as limitations of this study.

Conclusion
This study shows that the prevalence of osteoporosis in 
the world is very high, especially the prevalence in Africa 
and Europe is much higher and more significant. Accord-
ing to the medical, economic, and social burden of osteo-
porosis, providing a robust and comprehensive estimate 

Fig. 6  Meta-regression diagram of the prevalence of osteoporosis in the world by sample size

Fig. 7  Meta-regression diagram of the prevalence of osteoporosis in the world by year of study
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of the prevalence of osteoporosis in the world can facili-
tate decisions in health system planning and policymak-
ing, including an overview of the current and outlook for 
the future; provide the necessary facilities for the treat-
ment of people with osteoporosis; reduce the severe risks 
that lead to death by preventing fractures.
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