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Abstract
Summary  A prospective hospital-based survey in representative regions of Saudi Arabia determined the incidence of frac-
tures at the hip. The hip fracture rates were used to create a FRAX® model to facilitate fracture risk assessment in Saudi 
Arabia.
Objective  This paper describes the incidence of hip fracture in the Kingdom of Saudi Arabia that was used to characterize the 
current and future burden of hip fracture, to develop a country-specific FRAX® tool for fracture prediction and to compare 
fracture probabilities with neighbouring countries.
Methods  During a 2-year (2017/2018) prospective survey in 15 hospitals with a defined catchment population, hip fractures 
in Saudi citizens were prospectively identified from hospital registers. The number of hip fractures and future burden was 
determined from national demography. Age- and sex-specific incidence of hip fracture and national mortality rates were incor-
porated into a FRAX model for Saudi Arabia. Fracture probabilities were compared with those from Kuwait and Abu Dhabi.
Results  The incidence of hip fracture applied nationally suggested that the estimated number of hip fractures nationwide 
in persons over the age of 50 years for 2015 was 2,949 and is predicted to increase nearly sevenfold to 20,328 in 2050. Hip 
fracture rates were comparable with estimates from Abu Dhabi and Kuwait. By contrast, probabilities of a major osteoporotic 
fracture or hip fracture from the age of 70 years were much lower than those seen in Abu Dhabi and Kuwait due to higher 
mortality estimates for Saudi Arabia.
Conclusion  A country-specific FRAX tool for fracture prediction has been developed for Saudi Arabia which is expected to 
help guide decisions about treatment.
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Introduction

Osteoporosis is a common, chronic, and costly condition; 
its principal clinical consequence is fracture. In Europe, 
the annual cost of fractures associated with osteoporosis 
exceeded € 37 billion in 2019 [1]; disability due to osteo-
porosis was greater than that caused by any single cancer, 
with the exception of lung cancer, and was comparable or 
greater than that lost to a variety of chronic noncommunica-
ble diseases, such as rheumatoid arthritis, asthma, and high 
blood pressure-related heart disease [2–4]. Fortunately, a 

wide variety of treatments is available that favourably affect 
bone mass and thereby decrease the risk of fractures associ-
ated with osteoporosis [5]. The use of such interventions 
by health care practitioners is assisted by instruments that 
assess patients’ fracture risk to optimise clinical decisions 
about prevention and treatment. The most widely used web-
based tool FRAX® (https://​www.​sheff​ield.​ac.​uk/​FRAX/) 
meets these requirements and computes the 10-year proba-
bility of fragility fractures based on several common clinical 
risk factors and, optionally a DXA scan result [6, 7]. FRAX 
models are available for 78 countries in 2021 covering more 
than 80% of the world population at risk [8] and have been 
incorporated into more than 100 guidelines worldwide [9].

The availability of FRAX has stimulated studies that 
can be used for the generation of new FRAX models. 
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Specific examples include Brazil, Mexico, and Turkey [9]. 
Currently, the Gulf Cooperation Council (GCC) coun-
tries’ osteoporosis societies recommend the use of Kuwait 
or Abu Dhabi versions for GCC states that do not have 
a FRAX model, Saudi Arabia included [10]. Hence, the 
broad aim of the present study was to provide epidemio-
logical information on fracture risk so that a FRAX model 
could be created for Saudi Arabia. The present report 
describes the incidence of hip fracture in the Kingdom of 
Saudi Arabia, the current and future burden of hip frac-
ture, the development of a country-specific FRAX® tool 
for fracture prediction and a comparison of fracture prob-
abilities with neighbouring countries.

The  country-specific FRAX model is now available 
online; https://​www.​sheff​ield.​ac.​uk/​FRAX/​tool.​aspx?​count​
ry=​84).

Methods

The Kingdom of Saudi Arabia constitutes the bulk of the 
Arabian Peninsula with a surface area of approximately 
2,150,000 km2 (830,000 square miles). It is bordered by Jor-
dan, Iraq, Kuwait, Qatar, Bahrain, the United Arab Emirates, 
Oman, and Yemen. Saudi Arabia also has one of the world’s 
youngest populations, with approximately 41% of its popula-
tion of 34.2 million being under 25 years old. Conversely, 
less than 10% of the population has an age of 55 or more 
years [11].

The study to define the incidence of hip fracture was 
developed in collaboration between the Ministry of Health 
represented by the Directorate for Prevention of Osteopo-
rosis and the Saudi Osteoporosis Society. Representative 
hospitals were selected from various parts of the country to 
cover all geographic regions (Riyadh, Dammam, Makkah Al 
Mokaramah, Jazan, Al-Jouf, Al-Baha, Tabouk, Najran, and 
Hail). A total of 15 hospitals that admitted and operated on 
patients with hip fractures were selected. The choice of hos-
pital was determined by the willingness of a research officer 
to collaborate. Champions in these institutions were identi-
fied and a meeting was convened in Riyadh to discuss and 
explain the data collection process. Case report forms were 
developed to record the patient's age, sex, residence, date, 
character of injury and ICD-10 code (S72.0, S72.1, S72.2). 
The group thereafter communicated through social media 
and met again after 8 months to discuss the progress of data 
collection, review the accuracy of hip fracture recording, and 
meet any challenges.

Data on low-energy hip fracture were collected on 
Saudi citizens age 45 years and above with low trauma 
fractures during 2017 and 2018. Hip fractures associated 
with road traffic accidents and other major trauma was 
excluded. Pathological fractures secondary to malignancy 

and metabolic bone disorders were also excluded. To avoid 
double-counting, further admissions for the same fracture 
site in the observation time were excluded.

It was estimated that the catchment hospitals captured 
12.82% of the total Saudi population based on a Ministry 
of Health assessment of the total number of orthopaedic 
beds dealing with hip fracture cases. Thus, the catchment 
population comprised 4 million Saudi nationals (2,031,601 
men and 1,952,734 women) age 45 years or older.

The age and sex-specific incidence in 2017/2018 was 
applied to the population in 2015 to estimate the number 
of hip fractures nationwide. Additionally, future projec-
tions were estimated up to 2050 assuming that the age- 
and sex-specific incidence remained stable. Population 
demography was taken from the United Nations using the 
medium variant for fertility [12].

The data on hip fracture were used to construct the 
FRAX model. For other major osteoporotic fractures (clin-
ical spine, forearm, and humeral fractures), it was assumed 
that the age- and sex-specific ratios of these fractures to 
hip fracture risk found in Sweden were comparable to 
those in Saudi Arabia. This assumption has been used for 
many of the FRAX models with incomplete epidemiologi-
cal information. Available information suggests that the 
age- and sex-stratified pattern of fracture is very similar in 
the Western world, Australia, and Eastern Europe [13–16].

The development and validation of FRAX have been 
extensively described [6, 7]. The risk factors used were 
based on a systematic set of meta-analyses of population-
based cohorts worldwide and validated in independent 
cohorts with over 1 million patient years of follow-up. The 
construct of the FRAX model for Saudi Arabia retained 
the beta coefficients of the risk factors in the original 
FRAX model with the incidence rates of hip fracture and 
mortality rates for Saudi Arabia. National mortality rates 
used data from the Household Health Survey, 2018 [17]. 
Ten-year fracture probabilities were compared to those 
of the neighbouring countries where a FRAX model was 
available (Kuwait and United Arab Emirates (Abu Dhabi)).

In order to compare hip fracture probabilities with those 
of other regions of the world, the remaining lifetime prob-
ability of hip fracture from the age of 50 years was calcu-
lated for men and women, as described previously [18]. 
In the present analysis, values for Saudi Arabia were com-
pared with those of Abu Dhabi, Botswana, China (Hong 
Kong), Bulgaria, Canada, Denmark, Finland, France, 
Germany, Greece, Hungary, Iran, Kazakhstan, Kuwait, 
Moldova, Morocco, Netherlands, Poland, Portugal, Roma-
nia, Russia, Singapore (Indian), South Africa (White and 
Black), Spain, Sweden, Tunisia, Turkey, Ukraine, the 
United Kingdom, the USA (Caucasian and Black), and 
Uzbekistan [19, 20].

https://www.sheffield.ac.uk/FRAX/tool.aspx?country=84
https://www.sheffield.ac.uk/FRAX/tool.aspx?country=84
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Results

Over the period of two years, 684 low-energy hip fractures 
were identified in men (n = 296) and women (n = 388) age 
45 years or more. Sites of fracture were neck of femur 
(43%), pertrochanteric (47%), and subtrochanteric (10%).

The crude annual incidence of low-energy hip fracture 
in individuals age 45 years or more was 77.5/100,000 in 
women, and 56.8/100,000 in men (female/male ratio = 1.4). 
Hip fracture incidence increased with the age up to the age 
of 90 years in both men and women (Table 1). The incidence 
in women rose more steeply with age than in men, although 
not statistically significant, and age-specific fracture rates 
were higher in women than in men from the age of 55 years 
although statistically significant only for age 55–59 years.

The incidence of hip fracture in Saudi Arabia was com-
pared with that from Abu Dhabi and Kuwait is shown on 
a logarithmic scale in Figure 1. Hip fracture rates were 
rather comparable between these countries.

Assuming that the fracture rates in the areas surveyed 
were representative for the whole country, the estimated 

number of hip fractures nationwide in persons over the age 
of 50 years for 2015 was 2,949 and is predicted to increase 
nearly 7-fold to 20,328 in 2050 (Table 2).

Probabilities of a hip fracture and major osteoporotic 
fracture are shown for women in Figure 2. Probabilities rose 
with age up to the age of 70 years and decreased thereafter 
due to the competing effect of mortality.

Fracture probabilities in women with a prior fragility 
fracture are compared with those derived from the FRAX 
models for Kuwait and Abu Dhabi in Figure 3. At younger 
ages, fracture probabilities were rather similar between 
countries but diverged markedly with age. For Kuwait, 

Table 1   Population at risk 
(2017), number of hip fractures 
(2017/2018) and annual hip 
fracture incidence (per 100,000) 
with 95% confidence intervals 
in the male (M) and female (F) 
population

Age (years) Population Number of 
hip fractures

M F

M F M F Incidence 95%CI Incidence 95%CI

45–49 71,733 67,888 4 3 2.8 0.8–7.1 2.2 0.5–6.5
50–54 57,212 54,091 21 18 18 11–28 17 9.9–26
55–59 44,624 40,987 19 32 21 13–33 39 27–55
60–64 32,327 30,246 24 33 37 24–55 55 38–77
65–69 19,670 20,869 31 48 79 54–112 115 85–153
70–74 14,356 14,739 46 65 160 117–214 221 170–281
75–79 9,358 9,552 58 72 310 235–401 377 295–475
80–84 11,173 11,967 93 117 416 336–510 489 404–586

260,453 250,339 296 388

Fig. 1   The incidence of hip 
fracture by age in men (left 
panel) and women (right panel) 
in Saudi Arabia, Abu Dhabi, 
and Kuwait on a logarithmic 
scale
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Table 2   Estimated total number of hip fractures in men and in 
women age 50 years or older in 2015 projected up to 2050 in Saudi 
Arabia

2015 2020 2030 2040 2050

Men 1416 1870 3633 6600 10,109
Women 1533 1907 3338 6033 10,219
Men and women 2949 3777 6971 12,633 20,328
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fracture probabilities increased progressively with age up 
to the age of 90 years. For Abu Dhabi, fracture probabilities 
increased up to the age of 80 years. As noted above, prob-
abilities in Saudi women reached a peak at the age of 70 
years.

Lifetime probabilities for hip fracture are shown in 
Table 3. For Saudi Arabia, probabilities were less than 1 in 
20, and similar to probabilities in South African blacks and 
Morocco. As might be expected from the differences in mor-
tality, probabilities were approximately half that estimated 
for Kuwait and Abu Dhabi.

Discussion

This study documented the incidence of hip fracture in a 
representative sample of the population of Saudi Arabia. 
As expected, hip fractures were more frequent in women 
than in men. In both sexes, the incidence increased with 
age. Assuming that the multiregional incidence was simi-
lar to the national incidence, Saudi Arabia belongs to the 
low-risk countries for hip fracture for men and women 

[21]. There are relatively few studies of fracture rates 
in Saudi Arabia [22]. In the case of hip fracture, these 
date from 1991 [23], 2007 [24], and 2013 [25]. All were 
regional retrospective studies. The most recent was a sur-
vey in 24 of 28 hospitals in the Eastern Province. Crude 
hip fracture rates were approximately 3-fold higher in men 
and in women than in the present study. Reasons for the 
disparity are speculative, though the 2013 survey would 
have captured the large expatriate as well as the indigenous 
population.

The number of hip fractures nationwide was estimated 
at 2,949 in 2015. Demographic projections indicate that 
fracture burden is set to increase markedly in the future. 
It is estimated that the annual number of hip fractures will 
increase nearly 7-fold over 35 years. The prediction is rela-
tively robust in that all individuals who will be at the aged 
of 50 years or more in 2050 are currently adults. However, 
these estimates may be conservative since they assume 
that the age- and sex-specific risk of hip fracture remains 
unchanged over this period. If the age- and sex-specific inci-
dence of hip fracture increases, as has been registered in 
several countries [26], then the number of fractures may be 

Fig. 2   Ten-year probability of 
a major osteoporotic fracture in 
women by age. The solid line 
shows probabilities in women 
with no clinical risk factors and 
the dotted line shows prob-
abilities in women with a prior 
fragility fracture. Body mass 
index was set at 25 kg/m2
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Fig. 3   Ten-year probability of 
a major osteoporotic fracture 
(left-hand panel) and hip 
fracture (right) in women with 
a prior fracture by age from 
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more than doubled [27]. Such projections are important for 
healthcare planning.

The incidence of hip fracture is rather similar to that 
reported for Kuwait and Abu Dhabi. There was, however, 
a very marked difference in fracture probability between 
the three countries. The explanation for the difference lies 
in the assumptions for mortality since fracture probability 
integrates the fracture hazard with the competing effect of 

mortality. After the age of 70 years, the mortality estimates 
were much higher in Saudi nationals than for the nationals 
of Kuwait or Abu Dhabi. These observations emphasise the 
importance of the death hazard as well as the fracture hazard 
in the determination of fracture probability.

Whereas the Saudi FRAX model permits the assessment 
of fracture probability in Saudi citizens, the question arises 
of how to assess fracture risk in expatriates. This commu-
nity comprises 38.3% of the total population, according to 
the UN data for 2019 and is ethnically very diverse [12]. 
Current evidence indicates that expatriates retain the risk 
characteristics of their country of origin [28, 29], so should 
be assessed as such.

A minority of countries that have a FRAX model also 
have robust information on the risk of other major osteo-
porotic fractures. In the absence of such information, FRAX 
models are based on the assumption that the age- and sex-
specific pattern of these fractures is similar to that observed 
in Malmo [14]. As already noted, this assumption has been 
shown to be safe in studies reported from many countries 
[13, 15, 16, 30–32], despite differences in incidence between 
these countries [21]. This commonality of pattern is sup-
ported by register studies, which indicate that in those 
regions where hip fracture rates are high, so too is the risk 
of forearm fracture and spine fractures (requiring hospital 
admission) [33, 34].

The limitations of the present study relate predominately 
to the accuracy of the FRAX model. This in turn is depend-
ent on the accuracy of the fracture and death hazards used 
in the construction of the FRAX model. Whereas death 
rates for the general population are likely to be robust, the 
hip fractures were garnered from approximately 12% of the 
population at risk and, despite the care in site selection, may 
not be representative of the Kingdom. The 12% estimate was 
based on the number of orthopaedic beds dealing with hip 
fracture and there is no certainty that all facilities have an 
equal occupancy of hip fracture cases. It may be relevant, 
however that hip fracture rates were rather similar to those 
seen in the neighbouring UAE and Kuwait. It is relevant, 
however, that, accuracy errors have little impact on the rank 
order with which the FRAX tool categorizes risk in a given 
population [35, 36] but they do change the absolute number 
generated and thus have implications where treatment guide-
lines are based on cost-effectiveness or the economic burden 
of disease. In order to address these limitations, population 
representative of the general population at risk would need 
to be studied prospectively, preferably over a 10-year time 
horizon.

In summary, a FRAX model has been created for the 
Saudi Arabia based on an estimate of the incidence of low-
energy hip fractures in a subset of the population. The model 
should enhance accuracy of determining fracture probabil-
ity among the Saudi population and help to guide decisions 

Table 3   Life-time probability of hip fracture in the Qatari population 
at the age of 50 years compared with selected countries. Data from 
[18] unless otherwise indicated

a  Johansson 2021 [19]
b  Present study

Country Life-time risk at 50 years (%)

Women Men

Sweden 25.6 11.0
South Africa (white) 23.4 7.7
Denmark 23.0 11.3
France 19.3 5.9
China (Hong Kong) 17.7 7.6
USA (Caucasian) 16.1 7.5
Turkey 15.9 3.6
Canada 15.5 5.8
Greece 15.4 6.8
Uzbekistan 14.7 8.7
UK 14.4 5.0
Germany 14.2 5.3
Portugal 13.7 4.8
Finland 12.9 6.0
Kazakhstan 12.6 6.0
Spain 12.6 4.2
Netherlands 12.5 5.4
Singapore (Indian) 12.5 5.2
Bulgaria 11.2 4.4
Qatar a 11.0 8.8
Hungary 10.8 4.2
Poland 10.1 4.2
Moldova 9.3 5.7
Kuwait 9.2 7.6
Abu Dhabi 8.9 8.1
Iran 8.3 5.5
Russia 7.7 3.8
Romania 7.0 3.8
USA (black) 5.9 2.7
Ukraine 5.6 2.9
Saudi Arabia b 4.6 3.7
South Africa (Black) 4.5 1.9
Morocco 4.1 3.1
Botswana 1.1 1.4
Tunisia 0.7 0.7
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about treatment. Indeed, probability-based assessment of 
fracture risk using age-specific intervention thresholds has 
been developed recently for Saudi Arabia to help guide deci-
sions about treatment [37].
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