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Introduction
 Osteoporosis is a general skeletal disorder marked by a loss of 
bone mass, deterioration of bone structure, and an increase in bone 
fragility and fracture risk [1]. According to the World Health Orga-
nization (WHO), osteoporosis is diagnosed by dual-energy X-ray ab-
sorptiometry (DEXA) in which bone mineral density is 2.5 standard 
deviations or more below mean peak bone mass [2]. Osteoporosis 
affects approximately 50% of women and 20% of men over the course 
of their lifetime [1,3] Globally, osteoporotic fractures occur every 
three seconds, resulting in over 8.9 million fractures per year [3]. Ac-
cording to estimates from the International Osteoporosis Foundation, 
osteoporosis affects approximately 200 million women worldwide, of 
which 75 million reside in Europe, Japan, or the United States [4].

 Osteoporosis is a multifactorial disease involving various risk fac-
tors, including non-modifiable factors like gender, ethnicity, advanc-
ing age, and genetic heredity, as well as modifiable factors such as 
alcohol and caffeine consumption, smoking status, and calcium and 
vitamin D intake [1]. According to the United States Preventive Ser-
vices Task Force, osteoporosis screening is indicated for all women 
aged≥65 years and for women aged <65 with an increased fracture 
risk [5]. In the Middle East, multiple studies have been conducted to 
determine the prevalence of osteoporosis as well as its economic and 
clinical effects at the community level. For instance, in Saudi Arabia, 
and review of previous research showed that 36.6% of healthy wom-
en between the ages of 50–79 years were osteoporotic; in addition, 
the findings supported the implementation of a lower screening age 
compared to Western population-based recommendations (55 vs. ≥65 
years) [6].

 Health beliefs and increased knowledge may contribute to osteo-
porosis prevention and management as a result of the early detection 
of risk factors and adoption of risk-reducing practices [7,8]. Unfortu-
nately, studies from the Middle East and North Africa have indicated 
a general lack of awareness related to this condition among women 
[9-12]. One study from Iran found that awareness of osteoporosis 
amongst adolescent girls was low, although this dramatically im-
proved following an educational intervention [13]. However, another 
study revealed that, despite uninformed perceptions of their suscepti-
bility to osteoporosis, women attending primary health centers in Qa-
tar demonstrated a strong desire to preserve their health and believed 
in the advantages of a calcium-rich diet and regular exercise [11].
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Background and Objective

 Osteoporosis-related knowledge and beliefs are important con-
tributors to improving preventive behaviors. This study aimed to as-
sess knowledge of osteoporosis symptoms, risk factors, and treat-
ment availability in Muscat Governorate.

Methods

 This cross-sectional study targeted 400 adult Omani women at-
tending nine randomly selected primary healthcare centers in 2021. 
A validated 20-item Osteoporosis Knowledge Assessment Tool 
(OKAT) was used.

Results

 While most women had good knowledge of symptoms/fracture 
risk (53.9%) and preventive measures (39.8%), only 23.3% and 
7.8% were well aware of risk factors and treatment availability, re-

spectively. Based on their OKAT scores, 51.6% demonstrated a 
moderate level of osteoporosis-related knowledge nd overall knowl-
edge (43.8% vs. 20.2–23.3%; P = 0.002).

Discussion

 To the best of the authors’ knowledge, this is the first study to 
assess knowledge of osteoporosis in Oman.  There were distinct 
gaps in knowledge, especially in terms of risk factors and treatment 
availability among the study group.
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 To the best of the authors’ knowledge, there is a scarcity of infor-
mation concerning osteoporosis-related health beliefs and awareness 
among the general female population in Oman. Moreover, no research 
has yet been published from primary care settings, which constitutes 
the first point of contact between the public and healthcare services. 
Thus, there is an urgent need for focused research on this topic to 
inform future interventions designed to increase awareness of the 
condition and contribute to disease prevention efforts. This research 
therefore aimed to assess knowledge of osteoporosis-related symp-
toms, risk factors, preventive measures, and treatment availability 
among Omani adult women attending primary healthcare centers in 
Muscat Governorate, Oman.

Methods
 This cross-sectional study was conducted at nine primary health-
care centers in Muscat Governorate in 2021. These centers were ran-
domly selected from a total of 31 primary healthcare centers located 
in the six wilayats (districts) of Muscat Governorate based on the 
percentage of women aged 20–45 years in each wilayat. The selected 
health centers included the Al-Koud, Al-Seeb, and Al-Mabela health 
centers from Seeb wilayat, the Al-Khuwair and Al-Ghubra health 
centers from Bawsher wilayat, the Wadi Al-Kabir health center from 
Mutrah wilayat, the Al-Amerat health center from Al-Amera wilayat, 
the Muscat health center from Muscat wilayat, andthe Al-Sahel health 
center from Qurayat wilayat.

 The target population consisted of adult Omani women between 
20–45 years old attending the selected primary healthcare centers. 
Women who had already been clinically diagnosed with osteoporosis 
were excluded from the study, as were those with intellectual dis-
abilities. The necessary sample size was calculated to be 400 eligible 
Omani women. Recruitment for the study continued until the target 
sample size had been reached.

 Data were collected from the participants using an Arabic-lan-
guage questionnaire divided into two main sections. The first section 
assessed the sociodemographic characteristics of the participants, 
while the second section consisted of a previously validated, Ara-
bic-language version of the 20-item Osteoporosis Knowledge Assess-
ment Tool (OKAT) [14,15] The OKAT questionnaire covers four main 
domains of osteoporosis-related knowledge, including: (1) symptoms 
and fracture risk (five items);(2) risk factors (seven items);(3)pre-
ventive measures (six items); and (4) availability of treatment (two 
items). Participants are asked to choose one out of three possible re-
sponses for each item (‘true’, ‘false’, or ‘I don’t know’).

 As per the original OKAT questionnaire, correct responses re-
ceived a score of 1 per item, while incorrect responses or responses of 
‘I don’t know’ were assigned scores of 0 per item, resulting in a total 
score range of 0–20 [14]. For the purposes of the present study, total 
scores of ≥ 12 , 8- 11.9 , and < 8 were considered to indicate good, 
moderate, and poor levels of overall osteoporosis-related knowledge, 
respectively. In turn, good, moderate, and poor levels of knowledge 
were also considered for each individual domain of knowledge, in-
cluding symptoms and fracture risk (scores of > 3 , 3 -2 , and < 2, 
respectively), risk factors (scores of > 4, 4-3 , and < 3 , respectively), 
preventive measures (scores of > 3 , 3 -2 , and < 2, respectively), and 
availability of treatment (scores of  > 1 , 1 , and < 1 , respectively).
Data was collected by the researchers during visits to each of the 
selected health centers. After a brief explanation of the main objec-
tives of the study, verbal informed consent was obtained from each  

participant. All potential participants were assured that participation 
in the study was entirely voluntary in nature and that all data would 
be kept confidential. Digital consent was also confirmed prior to the 
electronic administration of the questionnaire via a web-based mobile 
application. The researcher remained available during the completion 
of the questionnaire to assist with any inquiries.

 Results were presented as percentages and numbers and analyzed 
using the Statistical Package for the Social Sciences (SPSS), version 
20 (IBM Corp., Armonk, NY, USA). A Chi-squared test was used to 
test associations between categorical variables. A P value of <0.05 
was considered statistically significant. This study was approved 
by the Regional Research and Ethical Committee of the Ministry of 
Health in Muscat Governorate, Oman.

Results
 A total of 400 Omani women participated in the study. The partic-
ipants ranged in age from 20–45 years, with 50.5% being aged 30–39 
years. The majority (82.5%) were married, had been educated to the 
school level (52.8%), and had a monthly income of <1,500 OMR 
(93.3%). Most participants (73.8%) had no family history of osteopo-
rosis; among those with a positive history, 55 (61.1%) had first-degree 
relatives who were osteoporotic. Most participants (78.5%) had no 
prior chronic diseases and did not currently smoke (99.7%). Over half 
of the cohort were above normal weight, with 120 (30.6%) and 112 
(28.6%) overweight and obese, respectively [Table 1].

Characteristic n (%)

Age in years*

20–29 124 (31)

30–39 202 (50.5)

≥40 73 (18.3)

Marital status

Single 54 (13.5)

Married 330 (82.5)

Divorced 14 (3.5)

Widowed 2 (0.5)

Education level*

Illiterate 1 (0.3)

School 211 (52.8)

University 187 (46.8)

Employment status*

Unemployed 238 (59.5)

Employed 161 (40.3)

Retired 8 (2)

Monthly income in OMR†

<500 127 (31.8)

500–1,500 246 (61.5)

1,501–2,500 11 (2.8)

>2,500 6 (1.5)

Family history of osteoporosis

Yes 90 (22.5)

No 295 (73.8)

I don’t know 14 (3.5)

Degree of relative with osteoporosis‡
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 Based on their total OKAT scores, most participants (51.6%) 
demonstrated a moderate level of osteoporosis-related knowledge. In 
terms of specific knowledge domains, 53.9% and 39.8% demonstrat-
ed good knowledge of osteoporosis-related symptoms/fracture risk 
and preventive measures, respectively, while only 23.3% and 7.8% 
demonstrated good knowledge of osteoporosis-related risk factors 
and treatment availability, respectively [Figure 1]. The frequency of 
correct responses for each OKAT item is shown in [Table 2].

 The maximum score for this tool was 20. scores of ≥ 12, 8- 11.9, 
and < 8 were considered to indicate good, moderate, and poor lev-
els of overall osteoporosis-related knowledge, respectively. In turn, 
good, moderate, and poor levels of knowledge were also considered 
for each individual domain of knowledge, including symptoms and 
fracture risk (scores of > 3 , 3 -2 , and < 2, respectively), risk fac-
tors (scores of > 4, 4-3 , and < 3 , respectively), preventive measures  

(scores of > 3 , 3 -2 , and < 2, respectively), and availability of treat-
ment (scores of  > 1 , 1 , and < 1 , respectively).

 In terms of their knowledge of osteoporosis symptoms and frac-
ture risk, most participants were aware that osteoporosis increases the 
risk of bone fractures (91.4%), that most women over the age of 80 
suffer from osteoporosis (72.9%), and that women over the age of 50 
are expected to have at least one fracture before they die (52.1%). 
However, only 8.3% and 32.3%, respectively, knew that osteoporosis 
does not cause symptoms prior to fractures and that clinical risk fac-
tors can be used to determine if an individual is at risk for osteoporo-
sis. With regards to osteoporosis-related risk factors, 66.8% correctly 
identified the increased risk of osteoporosis in women, although only 
20.1% and 28.1%, respectively, identified ethnicity as a risk factor  

First 55 (61.1)

Second 26 (28.9)

Third 1 (1.1)

In-law 6 (6.7)

History of chronic disease*

Yes 85 (21.3)

No 314 (78.5)

Current smoker⁋

Yes 396 (99.7)

No 1 (0.3)

BMI in kg/m2

<18.5 22 (5.6)

18.5–24.9 138 (35.2)

25.0–29.9 120 (30.6)

≥30 112 (28.6)

Table 1: Sociodemographic and clinical characteristics of the participants 
(N = 400).

OMR = Omani riyals; BMI = body mass index.*Percentages calculated 
out of 399 due to missing data for one respondent. †Percentages calculated 
out of 390 due to missing data for 10 respondents. ‡Percentages calculated 
out of those who indicated a family history of osteoporosis (n = 90). Per-
centages calculated out of 397 due to missing data for three respondents.

Figure 1: Level of osteoporosis-related knowledge* among the partici-
pants (N = 400).

*Assessed using the Osteoporosis Knowledge Assessment Tool [14,15]

Item
Correct responses,

n (%)
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Osteoporosis leads to an increased risk of bone 
fractures†

363 (91.4)

Osteoporosis usually causes symptoms (e.g., pain) 
before fractures‡

33 (8.3)

By age 80, the majority of women have osteopo-
rosis‡

291 (72.9)

From age 50, most women can expect at least one 
fracture before they die†

207 (52.1)

It is easy to tell whether someone is at risk of 
osteoporosis by their clinical risk factors‡

129 (32.3)

R
is

k 
fa

ct
or

s

Having a higher peak bone mass at the end of child-
hood gives no protection against the development 

of osteoporosis in later life⁋
255 (64.1)

Osteoporosis is more common in men⁋ 266 (66.8)

Cigarette smoking can contribute to osteoporosis⁋ 205 (51.5)

White women are at highest risk of fracture as 
compared to other races⁋

80 (20.1)

A fall is just as important as low bone strength in 
causing fractures⁋

195 (49)

There is a small amount of bone loss in the 10 years 
following the onset of menopause‡

112 (28.1)

Family history of osteoporosis strongly predisposes 
a person to osteoporosis‡

246 (61.7)

Pr
ev

en
tiv

e 
m

ea
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s

Any type of physical activity is beneficial for 
osteoporosis‡

46 (11.5)

An adequate calcium intake can be achieved from 
two glasses of milk a day‡

238 (59.6)

Sardines and broccoli are good sources of calcium 
for people who cannot take dairy products‡

305 (76.4)

Calcium supplements alone can prevent bone loss‡ 268 (67)

Alcohol in moderation has little effect on osteo-
porosis‡

176 (44.1)

A high salt intake is a risk factor for osteoporosis⁋ 197 (49.5)

A
va

ila
bi

lit
y 

of
 tr

ea
tm

en
t Hormone therapy prevents further bone loss at any 

age after menopause⁋
72 (18.1)

There are no effective treatments for osteoporosis 
available in Oman⁋

151 (37.9)

Table 2: Knowledge of osteoporosis* among the respondents (N = 400).

*Assessed using the Osteoporosis Knowledge Assessment Tool [14,15].

†Percentages calculated out of 397 due to missing data for three respon-
dents. ‡Percentages calculated out of 399 due to missing data for one re-
spondent. Percentages calculated out of 398 due to missing data for two 
respondents.
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and were aware of the role of hormonal factors triggered by meno-
pause.

 Considering awareness of preventive measures against the devel-
opment of osteoporosis, few participants (11.5%) correctly indicated 
that only certain types of physical activity are beneficial for osteopo-
rosis, although most (67%) were aware that calcium supplementation 
alone cannot prevent bone loss. The majority identified two glasses 
of milk as an adequate source of calcium (59.6%) and of sardines 
and broccoli as good, non-dairy sources of calcium (79.4%). On the 
other hand, less than half realized that high consumption of alcohol 
(44.1%) and salt (49.5%) could have osteoporotic effects. Finally, in 
terms of knowledge of treatment availability, only 18.1% were aware 
that hormonal therapy could prevent further bone loss at any age and 
only 37.9% were aware of the availability of effective treatment in 
Oman.

 An analysis was conducted to determine associations between 
selected sociodemographic and clinical characteristics and overall 
osteoporosis-related knowledge in the cohort [Table 3]. Age was the 
only factor found to have a significant effect on overall osteoporo-
sis-related knowledge, with women aged ≥40 years more frequent-
ly demonstrating good levels of knowledge compared to those aged 
20–29 or 30–39 years (43.8% vs. 20.2% and 23.3%, respectively; P 
= 0.002). When evaluating each specific domain of knowledge, being 
aged ≥40 years significantly affected awareness of osteoporosis-relat-
ed risk factors (45.2% vs. 13.7% and 21.3%, respectively; P<0.001) 
and preventive measures (58.9% vs. 38.9% and 33.7%, respectively; 
P = 0.003), but not symptoms and fracture risk (P = 0.575) or avail-
ability of treatment (P = 0.598).

 In addition, marital status had a significant effect on awareness 
of preventive measures, with single participants more frequently 
demonstrating good levels of knowledge of this domain compared 
to ever-married participants (55.6% vs. 37.4%; P = 0.031). Finally, 
both marital status and education level affected awareness of treat-
ment availability, with married participants (9% vs. 0%; P = 0.007) 
and women educated to the school level (9.5% vs. 0% and 5.9%, re-
spectively; P = 0.028) demonstrating better knowledge of this domain 
compared to their respective counterparts.

Discussion
 This study aimed to assess levels of osteoporosis awareness among 
a cohort of adult Omani women attending nine selected primary 
healthcare centers in Muscat Governorate. Knowledge was assessed 
over four dimensions: (1) osteoporosis symptoms and risk of fracture; 
(2) osteoporosis-related risk factors, (3) preventive measures against 
the development of osteoporosis; and (4) availability of treatment. 
Women were chosen as the target population for the study because 
of their high risk of osteoporosis and related complications compared 
to men. A better understanding of baseline levels of knowledge con-
cerning osteoporosis may help inform future interventions dedicat-
ed to disease prevention. According to their total OKAT scores, the 
majority of the Omani women in our study (51.6%) demonstrated a 
moderate level of overall osteoporosis-related knowledge. Previous 
studies have indicated similar findings among Qatari, Turkish, and 
Swedish women [16-18].

 Most women in the present study (53.9%) demonstrated a good 
level of knowledge of osteoporosis symptoms and risk of fracture, 
with only 13.5% showing poor knowledge for this domain. In particu-
lar, the vast majority (91.4%) had a basic understanding of osteoporo-
sis and how this condition leads to an increased risk of bone fractures. 
Similar results were observed in studies of women attending health 
centers in Qatar, Saudi Arabia, and southern India [19-21]. In con-
trast, 87.1% and >65% of Qatari women in another study and Turkish 
women, respectively, were unaware of the relation between osteopo-
rosis and hip fractures [16,17].Moreover, 72.9% of our participants 
recognized that the majority of women will develop osteoporosis by 
the age of 80.However, the greatest knowledge gap concerned the as-
ymptomatic nature of osteoporosis, as 91.7% incorrectly believed that 
symptoms such as pain would occur prior to a fracture. This finding is 
of major concern as it may prohibit early help-seeking behaviors due  

Characteristic

Knowledge level,n (%)
P 

valuePoor
Moder-

ate
Good

Age in years* 0.002

20–29 31 (25) 68 (54.8) 25 (20.2) 

30–39 50 (24.8) 105 (52) 47 (23.3) 

≥40 8 (11) 33 (45.2) 32 (43.8) 

Marital status 0.637

Single 10 (18.5) 31 (57.4) 13 (24.1) 

Married/divorced/widowed 79 (22.9) 
1 7 5 
(50.7) 

91 (26.4) 

Education level* 0.585

Illiterate 0 (0) 0 (0) 1 (100) 

School 48 (22.7) 
1 1 0 
(52.1) 

53 (25.1) 

University 41 (21.6) 96 (51.3) 50 (26.7) 

Monthly income in OMR† 0.949

<500 29 (22.8) 65 (51.2) 33 (26) 

500–1,500 54 (22) 
1 2 7 
(51.6) 

65 (26.4) 

1,501–2,500 3 (27.3) 4 (36.4) 4 (36.4) 

>2,500 1 (16.7) 4 (66.7) 1 (16.7) 

Family history of osteoporosis 0.515

Yes 24 (26.7) 40 (44.4) 26 (28.9) 

No 61 (20.7) 
1 6 0 
(54.2) 

74 (25.1) 

I don’t know 4 (28.6) 6 (42.9) 4 (28.6) 

History of chronic disease* 0.447

Yes 20 (23.5) 39 (45.9) 26 (30.6) 

No 69 (22) 
1 6 7 
(53.2) 

78 (24.8) 

BMI in kg/m2 0.818

<18.5 7 (31.8) 11 (50) 4 (18.2) 

18.5–24.9 31 (22.5) 70 (50.7) 37 (26.8) 

25–29.9 28 (23.3) 60 (50) 32 (26.7) 

≥30 20 (17.9) 62 (55.4) 30 (26.8) 

Table 3: Associations between selected characteristics and overall osteo-
porosis-related knowledge* (N = 400).

OMR = Omani riyals; BMI = body mass index. *Assessed using the Oste-
oporosis Knowledge Assessment Tool [14,15]

Scores of ≥ 12 , 8- 11.9 , and < 8  were considered to indicate good, mod-
erate, and poor levels of knowledge, respectively.
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to an absence of symptoms. Previous research from Saudi Arabia and 
Malaysia has similarly indicated a lack of awareness in the general 
community of the ‘silent’ nature of osteoporosis [22,23].

 Surprisingly, only 23.3% of women in our study demonstrated a 
good level of knowledge about osteoporosis-related risk factors. A 
considerable proportion of Turkish women (>40%) similarly could 
not identify important osteoporosis-related risk factors [16]. Howev-
er, the majority of women in our study (61.7%) were aware of how 
a positive family history could predispose an individual to osteopo-
rosis. In contrast, only 36% of women attending primary healthcare 
centers in Qatar were aware that osteoporosis risk was related to fam-
ily history [17]. Similarly, a survey conducted among women in New 
Zealand revealed that only 22% identified family history as a risk 
factor for osteoporosis [24].  Just over half of the participants in our 
study (51.5%) agreed that cigarette smoking contributed to osteopo-
rosis. Another study found that only 36% of postmenopausal women 
in Lebanon were aware of the role of smoking as a risk factor foros-
teoporosis [25]. Few of the participants in our study realized the role 
played by other risk factors such as ethnicity (20.1%) or menopause 
(28.1%).

 A baseline understanding of knowledge of osteoporosis symptoms 
and risk factors in the general female community is essential, because 
this can direct healthcare providers to implement important public 
education and preventive health programs [26].  As revealed earlier, 
half of our participants were aware of the symptoms of osteoporosis, 
and the majority knew that osteoporosis can lead to an increased risk 
of bone fracture. Knowledge about symptoms and fracture risk in os-
teoporotic patients is vital to prevent further complications and poor 
health outcomes [27]. However, it is worth noting that approximately 
one in 10 of our participants still ignored or were not aware of the fact 
that osteoporosis leads to the risk of fractures. This could be improved 
through additional public health education efforts.

 With regards to preventive measures against the development of 
osteoporosis, 39.8% of our participants demonstrated good levels of 
knowledge for this domain, while 28.3% had poor knowledge. Spe-
cifically, most participants were aware of the importance of calcium 
intake through milk (59.6%) and the insufficiency of calcium sup-
plementation alone (67%) to prevent bone loss, as well as non-dairy 
sources of calcium such as broccoli and sardines (76.4%), although 
very few were aware of the benefits of certain types of physical ac-
tivity (11.5%). Hernandez-Raudaet al. reported that very few women 
in El Salvadorhad adequate knowledge of preventive health practices 
which could potentially reduce the risk of osteoporosis, including ade-
quate calcium intake or engaging in weight-bearing physical exercise 
known to increase bone mass [28]. Onthe other hand, Al Muraikkhi 
et al. indicated that most Qatari women were aware of the impor-
tance of certain exercises in preventing osteoporosis, while von Hurst 
and Wham found that over half of women surveyed in New Zealand 
correctly identified broccoli and canned sardines as good sources of 
dietary calcium [17,24].

 The fourth dimension of knowledge assessed in our study con-
cerned the availability of osteoporosis treatment in Oman. Crucially, 
over half of the participants (51.9%) showed poor levels of knowl-
edge related to this domain, while only 7.8% demonstrated good 
knowledge. Approximately one-third of women attending a universi-
ty in Saudi Arabia (30.1%) were similarly unaware of the availability 
of osteoporosis treatment in Saudi Arabia [12].Only 18.1%of Omani  

women knew that hormone replacement therapy (HRT)could prevent 
future bone loss at any age after menopause. According to another 
study, 62% of Turkish women indicated that they would accept HRT 
if they were to be diagnosed with osteoporosis or had just entered 
menopause.16Future research is recommended to evaluate acceptance 
of or barriers toward the implementation of HRT among Omani wom-
en and to assess attitudes and practices related to osteoporosis-related 
preventive measures in this population.

 We conducted an analysis to determine associations between se-
lected sociodemographic and clinical characteristics and overall oste-
oporosis-related knowledge. There was a significant relationship be-
tween overall knowledge of osteoporosis and age, with women aged 
≥40 years more frequently having good levels of knowledge concern-
ing this disease compared to their younger counterparts. Previous 
studies conducted in Qatar, Saudi Arabia, and Pakistan have reported 
similar results in which women over the age of 40 years showed better 
knowledge of the disease compared to younger women [17,29,30]. In 
contrast, Alexandraki et al. observed that younger women in Greece 
were more likely to have sufficient knowledge of osteoporosis com-
pared with older women [31].

Conclusion

 To the best of the authors’ knowledge, this is the first study to 
assess knowledge of osteoporosis among an adult Omani female pop-
ulation. Although over half of the cohort demonstrated a moderate 
level of overall osteoporosis-related knowledge and most had good 
knowledge of specific domains like symptoms/fracture risk and pre-
ventive measures, there were distinct gaps in knowledge, particularly 
concerning osteoporosis-related risk factors and treatment availabili-
ty. Additional health education measures in Oman are therefore need-
ed to help bolster public awareness of the disease and its risk factors 
and to encourage the adoption of preventive measures and health 
practices.
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