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Abstract
Summary  Hip fracture data were retrieved from the Iraqi government’s Ministry of Health and the Kurdistan region’s 
Ministry of Health for the years 2022–2023 and used to create a FRAX® model to facilitate fracture risk assessment. Hip 
fracture rates and probabilities were compared with estimates from neighboring countries.
Introduction  There are no published data on the epidemiology of osteoporotic fractures in Iraq. This paper describes the 
epidemiology of femoral fractures in Iraq and the development of the corresponding country-specific FRAX® tool for the 
prediction of fractures.
Methods  Femoral fracture data (ICD-10 S72) were retrieved from the Iraqi government’s Ministry of Health and the Kurd-
istan region’s Ministry of Health for the years 2022–2023 in Iraq. The age- and sex-specific incidence of hip fracture in Iraqi 
residents and national mortality rates were used to create a FRAX® model. Fracture probabilities were compared with those 
from neighboring countries having existing FRAX models.
Results  Fracture rates were low and comparable to those in neighboring countries, with hip fracture rates closest to estimates 
from Saudi Arabia at older ages. Ten-year fracture probabilities were lower in males than in females and were comparable 
to those in neighboring countries.
Conclusion  The FRAX model should enhance the accuracy of determining fracture probability among the Iraqi population 
and help guide treatment decisions.
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Introduction

The development of tools to assess fracture risk has ena-
bled a step change in the management of osteoporosis, as 
patients can now be selected for treatment based on abso-
lute fracture risk rather than bone mineral density (BMD) 
T-score alone. Of the several assessment tools available, 
the most widely used is FRAX®, which is recommended 
in more than 100 national and international guidelines [1]. 
FRAX calculates 10-year fracture probabilities in males and 
females from readily obtained clinical risk factors with or 
without bone mineral density (BMD) measurements at the 

femoral neck (https://​www.​fraxp​lus.​org/). The algorithms 
in FRAX are based on a series of meta-analyses using pri-
mary data from population-based cohorts that examined 
a list of candidate clinical risk factors for fracture [2, 3]. 
The output of FRAX comprises the probability of a major 
osteoporotic fracture (hip, spine, distal forearm, or proximal 
humerus) or hip fracture alone. This probability is, in turn, 
dependent upon the risk of fracture and the competing risk 
of death, both of which vary from country to country [1]. 
Before FRAX, clinicians primarily relied on bone mineral 
density (BMD) measurements alone, which, while helpful, 
are not universally available [4, 5] and cannot capture the 
full spectrum of risk associated with osteoporotic fractures 
globally [6].
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The wide range of fracture probability worldwide [7] 
demands that data for age-specific incidence of fracture and 
death should be available for the construction of country-
specific FRAX models. Still, information on fracture inci-
dence is frequently poor or absent. Notwithstanding, the 
availability of FRAX has stimulated studies of fracture 
incidence that can be used for the generation of new FRAX 
models; specific examples include Armenia, Belarus, Bra-
zil, Kazakhstan, Mexico, Moldova, Russia, Turkiye, and 
Uzbekistan [8]. To date, a single study has addressed risk 
factors associated with hip fracture in Iraq, but there remains 
a dearth of information on hip fracture rates in Iraq [9]. The 
present study describes the epidemiology of hip fractures in 
Iraq and the development of a corresponding FRAX model.

Methods

Iraq, a middle-income country in Southwest Asia, covers a 
total area of approximately 438,317 km2 with a 2024 popula-
tion of 46.1 million [10]. The country comprises 19 gover-
norates, including the autonomous Kurdistan Region in the 
north. Iraq's demographic profile includes a nearly equal 
gender distribution and a majority Arab population, with sig-
nificant Kurdish and other ethnic minorities. Iraq’s health-
care infrastructure and data collection vary across regions, 
which is relevant for national fracture incidence estimation. 
It is bordered by Saudi Arabia to the south, Turkiye to the 
north, Iran to the east, the Persian Gulf and Kuwait to the 
southeast, Jordan to the southwest, and Syria to the west.

Fracture incidence

Femoral fracture data ICD-10 code: S72; includes hip and 
shaft) were retrieved from the Iraqi government’s Ministry of 
Health and the Kurdistan region’s Ministry of Health for the 
years 2022-2023 in Iraq. The data comprised Iraqi nationals, 
and the data from the two regions were merged and stratified 
in 5-year age intervals in males and in females from the age 
of 40 years. The catchment population for each 5-year age 
interval for each year was supplied by the Iraqi Ministry 
of Health and the Kurdistan region’s Ministry of Health. 
The incidence of femoral fractures was computed from the 
number of fractures and the catchment populations in each 
5-year age interval in males and in females. Fracture rates 
for Iraq were compared with those available in neighboring 
countries (Kuwait, Turkiye, Saudi Arabia, Iran, and Jordan) 
[11–14]. For other major osteoporotic fractures (MOF; clini-
cal spine, forearm, and humeral fractures), it was assumed 
that the age- and sex-specific incidence ratios of these frac-
tures to hip fracture risk found in Sweden were comparable 
to those in Iraq. This assumption has been used for many 
of the FRAX models with incomplete epidemiological 

information. Available information suggests that the age- 
and sex-stratified pattern of fracture is very similar in the 
Western world, Australia, and Eastern Europe [15–18].

Fracture probability

The development and validation of FRAX have been exten-
sively described [1, 2]. 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 Iraq retained the beta coefficients 
of the risk factors in the original FRAX model, together 
with the incidence rates of femoral fracture and mortality 
rates for Iraqi nationals. National mortality rates for Iraqi 
nationals for the years 2022-2023 were obtained from the 
United Nations (UN) [19]. Ten-year fracture probabilities 
were compared to those of the neighboring countries where 
a FRAX model was available (Jordan, Kuwait, Saudi Arabia, 
Iran, and Turkiye).

To compare Iraqi hip fracture probabilities with those in 
other regions of the world, the remaining lifetime probability 
of hip fracture from the age of 50 years was calculated for 
males and females, as described by Kanis et al. [20]. In the 
present analysis, values for Iraq were compared with those 
for Abu Dhabi, Botswana, Bulgaria, Canada, China (Hong 
Kong), Denmark, Finland, France, Germany, Greece, Hun-
gary, Iran, Kazakhstan, Kuwait, Moldova, Morocco, Neth-
erlands, Poland, Portugal, Romania, Russia, Saudi Arabia, 
Singapore, South Africa, Spain, Sweden, Tunisia, Turkiye, 
UK, Ukraine, USA and Uzbekistan [21].

Results

A total of 18,239 fracture cases were identified over the two-
year interval. Femoral fracture rates were higher in females 
than in males for ages between 60 and 79 years. In females, 
the incidence was relatively constant from the age of 70 
years and above table 1.

The comparison of annual fracture rates with neighboring 
countries is shown in Figure 1. Fracture rates were within 
the range reported from neighboring countries from the 
age of 65 years upwards and similar to the rates reported 
in Saudi Arabia for older ages. Below this age, rates were 
higher than in neighboring countries. It is relevant to note, 
however, that the Iraqi data refer to femoral fracture rather 
than hip fracture.

Lifetime probabilities for hip fracture at the age of 50 
years are shown in Table 2. For Iraq, probabilities were 
approximately 1 in 18 for females, similar to probabilities 
in other Middle Eastern countries, and substantially lower 
than the majority of European countries.
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Comparative data for probabilities of hip fracture and 
major osteoporotic fracture for neighboring countries are 
illustrated for males and females with a prior fragility frac-
ture (Table 2). There was reasonable consistency between 
countries at this age.

Table 2 10-year probabilities of hip fracture (HF)and 
major osteoporotic fracture (MOF) in males and females at 
age 65 years with a prior fracture and no other risk factors 

with unknown BMD in Iraq and neighboring countries. 
Body mass index is set to 25kg/m2.

10-year probabilities of a hip fracture are shown for males 
and females in Figure 2. Probabilities in the Iraqi female 
population rose with age up to the age of 80 years and pla-
teaued thereafter due to the competing effect of mortality. 
A similar pattern of hip fracture probabilities was observed 
in men. The 10-year probabilities of an MOF declined in 
females above the age of 65 years, whereas in men, 10-year 
probabilities declined progressively with age Table 3.

Discussion

This study documented the incidence of femoral fractures in 
Iraq to inform the construction of a country-specific FRAX 
model. Fracture rates were higher in females than in males 
from the age of 60 years, but greater in males than in females 
below this age. From an international perspective, hip frac-
ture incidence was low in both males and females [7]. It is 
of interest that the incidence of hip fracture was somewhat 
similar to that reported for Saudi Arabia and Kuwait. There 
were, however, differences in fracture probability between 

Table 1   Number of femoral 
fractures in 2022 and 2023, 
population at risk and annual 
incidence/100,000 with 95% 
confidence intervals (95%CI) 
in Iraq

Age Number of hipfrac-
tures

Population 2022 and 2023 Incidence/100,000 and 95% CI

Men Women Men Women Men Women

40–44 1682 739 2,274,460 2,304,836 74 70–78 32 30–34
45–49 1382 738 1,680,909 1,730,793 82 78–87 43 40–46
50–54 1026 918 991,092 1,234,197 104 97–110 74 70–79
55–59 1073 882 1,126,712 1,179,067 95 90–101 75 70–80
60–64 950 1071 775,942 848,077 122 115–130 126 119–134
65–69 882 983 510,771 532,103 173 161–184 185 173–197
70–74 911 1255 333,235 335,326 273 256–292 374 354–396
75–79 617 860 175,535 211,499 351 324–380 407 380–435
>80 974 1296 217,292 315,834 448 421–477 410 388–433
Total 9497 8742 8,085,948 8,691,732 117 115–120 101 98–103

Fig. 1   Ten-year probabilities 
of hip fracture (HF) and major 
osteoporotic fracture by age in 
Iraqi males and females

Table 2   10-year probabilities of hip fracture (HF)and major osteo-
porotic fracture (MOF) in men and women at age 65 years with a 
prior fracture and no other risk factors with unknown BMD in Iraq 
and neighbouring countries. Body mass index is set to 25kg/m2.

Country Women Men

MOF HF MOF HF

Saudi Arabia 8.2 2.0 5.1 1.3
Kuwait 8.9 2.6 5.6 1.7
Jordan 9.8 2.7 5.8 1.6
Türkiye 10 2.3 5.8 1.4
Iran 11 3.6 6.4 2.1
Iraq 11 2.8 6.2 1.6
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countries with advancing age. The explanation for the dif-
ference likely lies in the impact of mortality since fracture 
probability integrates the fracture hazard with the compet-
ing effect of mortality. These observations emphasize the 
importance of the death hazard as well as the fracture hazard 
in the determination of fracture probability.

There are several important considerations concerning 
the primary data. For Iraq, femoral fractures were identified 
(Classification of Diseases [ICD]−10 code S72 rather than 
hip fracture (ICD-10 codes S72.0, S72.1, S72.2). Thus, the 
incidence of hip fracture is overestimated, particularly at 
younger ages. From the age of 70 years, more than 90% 
of femoral fractures are hip fractures in males and females 
from Sweden, but at the age of 50 years, the proportion is 
approximately 75% [16]. This may explain in part the higher 
male-to-female incidence ratio under the age of 60 years 
and the relatively high rates at younger ages (see Figure 1). 
Secondly, it is notable that, although the fracture incidence 
rose with age, this plateaued in females from the age of 70 
years. This raises the question of whether all older females 
with hip fractures come to hospital attention, as reported in 
several countries in Eastern Europe [22–25]. These consid-
erations provide a research agenda, the results of which may 
update the FRAX model.

A minority of countries that have an FRAX model also 
have robust information on the risk of other major osteo-
porotic fractures. In the absence of such information, FRAX 
models assume that the age- and sex-specific pattern of these 
fractures is similar to that observed in Malmo, Sweden [16]. 
The assumption has been validated in studies from Canada 
[18], Iceland [17], the US [26], the UK [27], Australia [28], 
and Eurasia [15] despite very marked differences in the 

incidence of hip fracture [7]. This commonality of pattern 
is supported 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) [29, 30].

The strength of the study lies in the 2-year study interval 
and data based on the national rather than a regional popu-
lation. Nevertheless, the accuracy of the FRAX model is 

Fig. 2   Annual incidence of femoral fracture (Iraq) and hip fracture in 
males (left-hand panel) and females (right panel) by age from Iraq, 
Jordan, Kuwait, Saudi Arabia, and Turkiye

Table 3   Life-time probability of hip fracture in the Iraqi population at 
the age of 50 years compared with selected countries. Data from [22] 
unless otherwise indicated

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
Türkiye 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
Jordan 12.8 6.1
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** 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
Iraq* 5.5 4.2
Saudi Arabia** 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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dependent on the accuracy of the fracture and death hazards 
used in the construction of the FRAX model. It is relevant, 
however, that accuracy errors have little impact on the rank 
order with which the FRAX tool categorizes risk in each 
population [23, 31]. Still, they do change the absolute num-
ber generated and thus have implications where treatment 
guidelines are based on cost-effectiveness or the economic 
burden of disease. A further limitation of the present study 
is that femoral fractures were identified rather than just hip 
fractures, so that rates are relatively higher at younger ages. 
This limitation will affect not only the probabilities of hip 
fracture, but also the probabilities of major osteoporotic 
fractures since the latter are derived from the former. Future 
studies require more granular characterization of fracture 
sites to remedy this deficit so that the FRAX model can be 
refined.

In summary, a FRAX model has been created for Iraq 
based on a national estimate of the incidence of hip frac-
tures. The model should enhance the accuracy of determin-
ing fracture probability among the Iraqi population and help 
guide treatment decisions.

Funding  No external funding.

Declarations 

Ethics approval  Only summary statistics and aggregate data are pub-
lished, not allowing for the identification of individual study partici-
pants.

Human and animal rights  This study does not contain any original 
studies with human participants or animals performed by any of the 
authors.

Competing interests  Ahmed Abdulbari, Nizar A.Jassim, Yasir 
H.Motlaq, Hassan A. Ismael, Waleed Arif Tawfeeq Al Ani, Chra Kawa 
M.Nafai, Ali Abdulrahman Younis, Taha Ahmed Qaradaghi, Farah 
Jaafar Mahdi, Abbas Mahdi Rahmah, Alaa Hussein Alameri, Fareed 
Alsudany, Zaid W Al-Shahwani, Tariq Jassim Mohammed, Mohannad 
Khalil Ahmed Abu Khumrah, Adra Abdul Ruda Kadum, Asal Adnan, 
Marwan Z Yahya, Nicholas C Harvey, Mattias Lorentzon, and Helena 
Johansson declare that they have no conflict of interest concerning 
this paper. E McCloskey and JA Kanis are directors of Osteoporosis 
Research Ltd, which maintains FRAX.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Kanis JA, Harvey NC, Cooper C, Johansson H, Odén A, McClo-
skey EV, the Advisory Board of the National Osteoporosis 
Guideline Group (2016) A systematic review of intervention 
thresholds based on FRAX. A report prepared for the National 
Osteoporosis Guideline Group and the International Osteoporo-
sis Foundation. Arch Osteoporos 11:25. https://​doi.​org/​10.​1007/​
s11657-​016-​0278-z

	 2.	 Kanis JA on behalf of the World Health Organization Scientific 
Group (2007). Assessment of osteoporosis at the primary health-
care level. Technical Report. WHO Collaborating Centre, Univer-
sity of Sheffield, UK. Available at https://​frax.​shef.​ac.​uk/​FRAX/​
refer​ence.​aspx. Accessed 9 July 2025

	 3.	 Kanis JA, Johnell O, Oden A, Johansson H, McCloskey EV (2008) 
FRAX™ and the assessment of fracture probability in men and 
women from the UK. Osteoporos Int 19:385–397

	 4.	 Willers C, Norton N, Harvey NC, Jacobson T, Johansson H, Lor-
entzon M, McCloskey EV, Borgström F, Kanis JA; SCOPE review 
panel of the IOF (2022) Osteoporosis in Europe: a compendium 
of country-specific reports. Arch Osteoporos 17(1):23. https://​doi.​
org/​10.​1007/​s11657-​021-​00969-8

	 5.	 Kanis JA, Johnell O (2005) Requirements for DXA for the man-
agement of osteoporosis in Europe. Osteoporos Int 16(3):229–238

	 6.	 Kanis JA, Johansson H, Lorentzon M, Harvey NC (2025) McClo-
skey EV (2025) conflating the operational definition of osteopo-
rosis with intervention thresholds. Calcif Tissue Int 116(1):22

	 7.	 Kanis JA, Odén A, McCloskey EV, Johansson H, Wahl DA, 
Cooper C, IOF Working Group on Epidemiology and Qual-
ity of Life (2012) A systematic review of hip fracture inci-
dence and probability of fracture worldwide. Osteoporos Int 
23(9):2239–2256

	 8.	 Kanis JA, Johansson H, Harvey NC, McCloskey EV (2018) A 
brief history of FRAX. Arch Osteoporos 13:118. https://​doi.​org/​
10.​1007/​s11657-​018-​0510-0

	 9.	 Al-Algawy AAH, Baiee HA, Hasan S, Jassim I, Razaq M, Kamel 
F, Ali A, Khudhair E (2019) Risk factors associated with hip frac-
tures among adult people in Babylon City, Iraq. Open Access 
Maced J Med Sci 7(15):3608–3614. https://​doi.​org/​10.​3889/​oam-
jms.​2019.​734

	10.	 Worldometer (2025) Iraq Population.https://​www.​world​omete​
rs.​info/​world-​popul​ation/​iraq-​popul​ation/#​google_​vigne​tte. 
Accessed 3 Jul 2025

	11.	 Tuzun S, Eskiyurt N, Akarırmak U, Sarıdoğan M, Senocak M, 
Johansson H, Kanis JA, the Turkish Osteoporosis Society (2012) 
Incidence of hip fracture and prevalence of osteoporosis in Tur-
key: the FRAC​TUR​K study. Osteoporos Int 23:949–955. https://​
doi.​org/​10.​1007/​s00198-​011-​1655-5

	12.	 Saleh YAL, Sulimani R, Alomary S, Alnajjar Y, Vandenput L, Liu 
E, Lorentzon M, Harvey NC, McCloskey EV, Johansson H, Kanis 
JA (2022) Epidemiology of hip fracture and the development of 
a FRAX model for Saudi Arabia. Arch Osteoporos 17:56. https://​
doi.​org/​10.​1007/​s11657-​022-​01085-x

	13.	 Khashayar P, Keshtkar A, Ostovar A, Larijani B, Johansson H, 
Harvey NC, Lorentzon M, McCloskey E, Kanis JA (2019) FRAX-
based intervention and assessment thresholds for osteoporosis 
in Iran. Osteoporos Int 30:2225–2230. https://​doi.​org/​10.​1007/​
s00198-​019-​05078-4

	14.	 Johansson H, Azizieh F, Al Ali N, Alessa T, Harvey NC, McClo-
skey E, Kanis JA (2017) FRAX- vs. T-score-based intervention 
thresholds for osteoporosis. Osteoporos Int 28(11):3099–3105. 
https://​doi.​org/​10.​1007/​s00198-​017-​4160-7

	15.	 Zakroyeva A, Lesnyak O, Cazac V, Groppa L, Russu E, Chislari 
L, Rotaru L, Johansson H, Harvey NC, McCloskey E, Kanis JA 
(2020) Epidemiology of osteoporotic fracture in Moldova and 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s11657-016-0278-z
https://doi.org/10.1007/s11657-016-0278-z
https://frax.shef.ac.uk/FRAX/reference.aspx
https://frax.shef.ac.uk/FRAX/reference.aspx
https://doi.org/10.1007/s11657-021-00969-8
https://doi.org/10.1007/s11657-021-00969-8
https://doi.org/10.1007/s11657-018-0510-0
https://doi.org/10.1007/s11657-018-0510-0
https://doi.org/10.3889/oamjms.2019.734
https://doi.org/10.3889/oamjms.2019.734
https://www.worldometers.info/world-population/iraq-population/#google_vignette
https://www.worldometers.info/world-population/iraq-population/#google_vignette
https://doi.org/10.1007/s00198-011-1655-5
https://doi.org/10.1007/s00198-011-1655-5
https://doi.org/10.1007/s11657-022-01085-x
https://doi.org/10.1007/s11657-022-01085-x
https://doi.org/10.1007/s00198-019-05078-4
https://doi.org/10.1007/s00198-019-05078-4
https://doi.org/10.1007/s00198-017-4160-7


	 Archives of Osteoporosis          (2025) 20:145   145   Page 6 of 7

development of a country specific FRAX model. Arch Osteoporos 
15:13. https://​doi.​org/​10.​1007/​s11657-​019-​0669-z

	16.	 Kanis JA, Oden A, Johnell O, Jonsson B, de Laet C, Dawson A 
(2001) The burden of osteoporotic fractures: a method for setting 
intervention thresholds. Osteoporos Int 12(5):417–427. https://​
doi.​org/​10.​1007/​s0019​80170​112

	17.	 Siggeirsdottir K, Aspelund T, Johansson H, Gudmundsson EF, 
Mogensen B, Jonsson BY, Gudnason V, McCloskey E, Oden A, 
Sigurdsson G, Kanis JA (2014) The incidence of a first major 
osteoporotic fracture in Iceland and implications for FRAX. 
Osteoporos Int 25:2445–2451

	18.	 Lam A, Leslie WD, Lix LM, Yogendran M, Morin SN, Majumdar 
SR (2014) Major osteoporotic to hip fracture ratios in Canadian 
men and women with Swedish comparisons: a population-based 
analysis. J Bone Miner Res 29(5):1067–1073. https://​doi.​org/​10.​
1002/​jbmr.​2146

	19.	 United Nations (2019) Department of Economic and Social 
Affairs. Population Division (2022). World Population and mor-
tality: Population Prospects 2022. Online Edition. Rev.1. http://​
creat​iveco​mmons.​org/​licen​ses/​by/3.​0/​igo/. Accessed 2 Sept 2025

	20.	 Kanis JA, Johnell O, De Laet C, Jonsson B, Oden A, Ogelsby AK 
(2002) International variations in hip fracture probabilities: impli-
cations for risk assessment. J Bone Miner Res 17(7):1237–1244. 
https://​doi.​org/​10.​1359/​jbmr.​2002.​17.7.​1237

	21.	 Kebaetse M, Nkhwa S, Mogodi M, Masunge J, Gureja YP, 
Ramabu M, Mmopelwa T, Sharif I, Orford A, Johansson H, Har-
vey NC, McCloskey EV, Cauley JA, Kanis JA (2021) Epidemiol-
ogy of hip fracture in Botswana. Arch Osteoporos 16:24. https://​
doi.​org/​10.​1007/​s11657-​021-​00885-x

	22.	 Ramanau H, Chernyanin I, Rudenka E, Lesnyak O, Zakroyeva A, 
Bilezikian JP, Johansson H, Harvey NC, McCloskey EV, Kanis JA 
(2018) Epidemiology of hip fracture in Belarus: development of a 
country-specific FRAX model and its comparison to neighboring 
country models. Arch Osteoporos 13:42. https://​doi.​org/​10.​1007/​
s11657-​018-​0454-4

	23.	 Lesnyak O, Sahakyan S, Zakroyeva A, Bilezikian JP, Hutchings 
N, Galstyan R, Lebedev A, Johansson H, Harvey NC, McCloskey 
E, Kanis JA (2017) Epidemiology of fractures in Armenia: devel-
opment of a country-specific FRAX model and comparison to 

its surrogate. Arch Osteoporos 12(1):98. https://​doi.​org/​10.​1007/​
s11657-​017-​0392-6

	24.	 Lesnyak O, Ershova O, Belova K, Gladkova E, Sinitsina O, Ganert 
O, Romanova M, Khodirev V, Johansson H, McCloskey E, Kanis 
JA (2012) Epidemiology of fracture in the Russian Federation and 
the development of a FRAX model. Arch Osteoporos 7:67–73. 
https://​doi.​org/​10.​1007/​s11657-​012-​0082-3

	25.	 Issayeva S, Lesnyak O, Zakroyeva A, Issayeva B, Dilmanova D, 
Johansson H, Liu E, Lorentzon M, Harvey NC, McCloskey E, 
Kanis JA (2020) Epidemiology of osteoporotic fracture in Kazakh-
stan and development of a country specific FRAX model. Arch 
Osteoporos 15(1):30. https://​doi.​org/​10.​1007/​s11657-​020-​0701-3

	26.	 Melton LJ, Crowson CS, O’Fallon WM (1999) Fracture incidence 
in Olmsted County, Minnesota: comparison of urban and with 
rural rates and changes in urban rates over time. Osteoporos Int 
9:29–37

	27.	 Singer BR, McLauchlan CJ, Robinson CM, Christie J (1998) Epi-
demiology of fracture in 15.000 adults. The influence of age and 
gender. J Bone Joint Surg Am 80B:234–238

	28.	 Sanders KM, Seeman E, Ugoni AM, Pasco JA, Martin TJ, Skoric 
B, Nicholson GC, Kotowicz MA (1999) Age- and gender specific 
rate of fractures in Australia: a population-based study. Osteo-
poros Int 10(2):40–47

	29.	 Johnell O, Gullberg B, Kanis JA (1997) The hospital burden of 
vertebral fracture in Europe: a study of national register sources. 
Osteoporos Int 7:138–144

	30.	 Melton LJ (1995) Epidemiology of fractures. In: Riggs BL, Mel-
ton LJ (eds) Osteoporosis: etiology, diagnosis and management, 
2nd edn. Lippincott-Raven, Philadelphia, pp 225–227

	31.	 Kanis JA, Johansson H, Oden A, Dawson-Hughes B, Melton LJ 
3rd, McCloskey EV (2010) The effects of a FRAX® revision for 
the USA. Osteoporos Int 21:35–40

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s11657-019-0669-z
https://doi.org/10.1007/s001980170112
https://doi.org/10.1007/s001980170112
https://doi.org/10.1002/jbmr.2146
https://doi.org/10.1002/jbmr.2146
http://creativecommons.org/licenses/by/3.0/igo/
http://creativecommons.org/licenses/by/3.0/igo/
https://doi.org/10.1359/jbmr.2002.17.7.1237
https://doi.org/10.1007/s11657-021-00885-x
https://doi.org/10.1007/s11657-021-00885-x
https://doi.org/10.1007/s11657-018-0454-4
https://doi.org/10.1007/s11657-018-0454-4
https://doi.org/10.1007/s11657-017-0392-6
https://doi.org/10.1007/s11657-017-0392-6
https://doi.org/10.1007/s11657-012-0082-3
https://doi.org/10.1007/s11657-020-0701-3


Archives of Osteoporosis          (2025) 20:145 	 Page 7 of 7    145 

Authors and Affiliations

Ahmed Abdulbari1 · Nizar A. Jassim2 · Yasir H. Motlaq3 · Hassan A. Ismael4 · Waleed Arif Tawfeeq Al Ani5 · 
Chra Kawa M. Nafai6 · Ali Abdulrahman Younis7 · Taha Ahmed Qaradaghi8 · Farah Jaafar Mahdi9 · 
Abbas Mahdi Rahmah10 · Alaa Hussein Alameri11 · Fareed Alsudany12 · Zaid W. Al‑Shahwani13 · 
Tariq Jassim Mohammed14 · Mohannad Khalil Ahmed AbuKhumrah14 · Adra Abdul Ruda Kadum15 · Asal Adnan16 · 
Marwan Z. Yahya17 · Nicholas C. Harvey18 · Mattias Lorentzon19 · Eugene McCloskey20 · John A. Kanis21 · 
Helena Johansson19

 *	 Ahmed Abdulbari 
	 dr.ahmedbs2006@gmail.com

 *	 John A. Kanis 
	 w.j.Pontefract@sheffield.ac.uk

1	 Rheumatology & Rehabilitation Department, Ibn Sina 
Training Hospital, Baghdad, Iraq

2	 Iraqi Board for Medical Specializations, Baghdad, Iraq
3	 Radiology Department, Ibn Sina Training Hospital, Baghdad, 

Iraq
4	 Public Health Department, Ibn Sina Training Hospital, 

Baghdad, Iraq
5	 Department of Medicine, College of Medicine, 

Mustansiriyah University, Baghdad, Iraq
6	 Rizgary Teaching Hospital, Erbil, Iraq
7	 College of Medicine, University of Mosul, Ibn Sina Teaching 

Hospital, Mosul, Iraq
8	 Sulaimanyiah Internal Medicine Teaching Hospital, 

Sulaimanyiah, Iraq
9	 College of Medicine, Mustansiriyah University, Baghdad, 

Iraq
10	 Mustansiriyah University, National Diabetes Center, 

Baghdad, Iraq

11	 Health Statistics and Geographic Information System 
Department, Ministry of Health, Baghdad, Iraq

12	 Orthopedic Department, Ibn Sina Training Hospital, 
Baghdad, Iraq

13	 Iraqi Board for Orthopedic Specialty, Baghdad, Iraq
14	 Alkarkh General Hospital, Baghdad, Iraq
15	 Ibn Sina Training Hospital, Baghdad, Iraq
16	 Department of Internal Medicine, College of Medicine, 

Rheumatology Unit, University of Baghdad, Baghdad, Iraq
17	 Emergency Department, Ministry of Health, Baghdad, Iraq
18	 MRC Lifecourse Epidemiology Centre, University 

of Southampton, Southampton, UK
19	 Sahlgrenska Osteoporosis Centre, Institute of Medicine, 

University of Gothenburg, Gothenburg, Sweden
20	 Division of Clinical Medicine, School of Medicine & 

Population Health, University of Sheffield, Sheffield, UK
21	 Centre for Metabolic Diseases, University of Sheffield 

Medical School, Sheffield, England


	Epidemiology of hip fracture in Iraq and development of a country-specific FRAX model
	Abstract
	Summary 
	Introduction 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Fracture incidence
	Fracture probability

	Results
	Discussion
	References


