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Aims Osteoporosis is one of the most common diseases among women, and dietary patterns,
especially during adolescence, significantly impact its occurrence and prevention. The present
study examined the determinants of osteoporosis in female students at the first secondary
school level in [lam City based on the health belief model.

Instrument & Methods This cross-sectional study involved 819 participants selected by a
two-stage cluster random sampling approach. Data were collected using a 52-item researcher-
developed questionnaire based on the health belief model and analyzed using descriptive tests,
Pearson’s correlation, multiple linear regression, one-way analysis of variance, and Chi-square
test by SPSS 22 software.

Findings The average age of participants was 13.72+0.97 years, with an age range of 12 to 16
years. Also, 22.2% of participants had a family history of osteoporosis. Additionally, 29.2% and
22.6% of the participants reported a history of calcium and vitamin D supplement intake in the
last month, respectively. The health belief model constructs accounted for a total of 18.9% of the
variance in behavior. Perceived barriers and perceived self-efficacy were identified as the most
important predictors of behavior, while other constructs were not significant predictors despite
showing significant correlations with behavior.

Conclusion The constructs of self-efficacy and perceived barriers directly affected nutritional
behavior preventing osteoporosis among teenage girls in Ilam City, while another construct
had an indirect effect.

Keywords Osteoporosis; Students; Behavior; Health Belief Model
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Introduction

Osteoporosis (OP) is a silent disease of the present
age characterized by the loss of bone mass, leading to
bones that break easily [1l. It is defined by a decrease
in bone density and a decline in the quality of bone
structure, which results in an increased risk of
fractures. The reduction in bone mass and density
occurs slowly and gradually, often with symptoms
not becoming apparent until the first fracture occurs.
OP is one of the significant causes of disability and
death among elderly individuals [* 2],

Today, OP is considered a major global threat, with
approximately one-third of women over 50 years old
and one-fifth of men at risk of developing the
condition [34]. OP is also prevalent in Iran; the overall
prevalence of OP in the country is reported to be
17%, with estimates suggesting that about 60% of
Iranian women and 50% of Iranian men suffer from
mild OP [5]. Bone mass in women across all age groups
is significantly lower than that of men of the same age
and race [+ ¢l. If preventive measures against OP are
not implemented in countries, substantial medical
costs will be incurred by affected individuals and the
health systems of these nations [5>7l. According to a
study conducted in 2010, the medical costs
associated with OP in Iran are estimated to be 28, 51,
and 250 million US dollars for the years 2010, 2020,
and 2050, respectively [1.8],

Nutritional behaviors during childhood and
adolescence are very important in preventing OP in
adulthood. The formation of nutritional habits,
including the consumption of foods rich in calcium
and vitamin D, such as dairy products, during
adolescence can provide the basis for the
continuation of these behaviors and eating habits in
adulthood . Studies show that health beliefs play an
important role in the formation of people's
nutritional behaviors. Identifying the beliefs on
nutritional behaviors of adolescents is an initial and
important step for health education to increase their
motivation to act in the direction of OP [10.11],

There are numerous psychological theories, such as
the health belief model (HBM) [11. 12] the social
cognitive theory [13], and the stages of change model
[14], that can be used to predict people’s health
behaviors. The HBM is one of the practical models in
health education that examines the association
between health beliefs and health behavior. It is
based on the hypothesis that preventive behavior is
shaped by individuals’ personal beliefs [11. 12, The
HBM emphasizes how a person’s perceptions create
motivation and drive behavior. According to the
HBM, in order to adopt preventive behaviors,
individuals must first recognize their risk of suffering
from OP (perceived susceptibility). They must then
understand the depth and seriousness of the risk,
along with its various complications in physical,
psychological, social, and economic dimensions
(perceived severity), so that they believe in the
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usefulness and applicability of the OP prevention
program (perceived benefits). Conversely, it is
essential for individuals to perceive that the factors
preventing action are less significant than the
benefits of taking action (perceived barriers) in order
to ultimately take steps to prevent OP [15 16],
Planning any educational intervention aimed at
improving the nutritional behavior of adolescent girls
to prevent OP requires a clear understanding of the
determinants of their nutritional behavior, including
health beliefs. The present study examined the
determinants of osteoporosis in female students at
the 1st secondary school level in Ilam City based on
the HBM.

Instrument and Methods

This cross-sectional study was done on 819 female
students in the 1st secondary school level selected
using a multi-stage random sampling method from
October 15 to March 15, 2022. The sample size was
determined using Cochran’s formula and considering
the population size of 3940 students, a confidence
interval of 95%, a measurement error of 0.035, and
p=q=0.5. Sampling was conducted as a two-stage
cluster process. In the first stage, five schools were
randomly selected from among 22 public schools at
the first secondary level across different areas of [lam
City. In the second stage, one or two classes
(depending on the number of classes in each grade)
were included in the study by visiting the selected
schools.

The inclusion criteria consisted of being enrolled in
one of the 7th, 8th, or 9th grades (1st secondary
level), being female, and providing informed consent
to participate in the study. Students who were not in
suitable physical or mental condition to participate in
the study for any reason were excluded. Additionally,
distorted and incomplete questionnaires were also
excluded from the study.

Research tools

Data were collected using a researcher-developed
questionnaire divided into three parts. The first part
included demographic and background information
with eight items, such as age, educational level,
parents’ education level, parents’ employment status,
history of OP in the family, and the economic status of
the family.

The second part consisted of a questionnaire based
on the HBM with 32 items, covering perceived
susceptibility (four items, for example, “If I don’t
control my diet, I might get OP”), perceived severity
(six items, for example, “OP causes disability”),
perceived benefits (six items, for example, “By
preventing OP, the chance of bone fracture is very
low”), perceived barriers (eight items, for example,
“It is difficult for me to change my diet”), and
perceived self-efficacy (eight items, for example, “I
am sure that I can prioritize the consumption of
calcium-rich foods”). The responses for perceived
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susceptibility, perceived severity, perceived benefits,
perceived barriers, and perceived self-efficacy were
scored using a five-point Likert scale, ranging from
“completely agree” with a score of five to “completely
disagree” with a score of one.

The third part of the questionnaire focused on the
preventive behaviors related to OP, measured with
ten questions. Eight questions in this section assessed
participants’ behaviors over the past seven days (for
example, “How much dairy products, such as yogurt
and buttermilk, have you consumed in the past seven
days?”). Responses were scored on a five-point Likert
scale, ranging from “never” with a score of one to
“always” with a score of five. The remaining two
questions in the behavior section measured the
history of taking calcium and vitamin D supplements
in the last month, with responses recorded as either
“yes” or “no”.

A qualitative method was employed to validate the
content of the questionnaire. For this purpose, the
questionnaire was provided to eight experts (four in
health education and health promotion, two in
rheumatology, and two in nutrition sciences), and
they were asked to share their opinions regarding the
simplicity and clarity of the items, the
appropriateness of the questions, the presence of any
ambiguities, and the scoring of the questions in
relation to the research objectives. After gathering
the experts’ feedback, necessary amendments were
made.

To determine the reliability of the questionnaire, the
internal consistency of the items was assessed by
calculating Cronbach’s alpha. For this purpose, the
questionnaire was completed by 30 randomly
selected students from a school (Table 1). The
questionnaires were filled out using a self-report
method, and the average time taken to complete each
questionnaire was approximately 20 minutes.

Table 1. Mean scores and internal consistency of the health belief
model (HBM) constructs and behavior (n=819)

Number Score Internal
Parameter Mean . . "
of items range conSIStency
Perceived
susceptibility 11.99+3.42 4 420 077
ORI 19.26+4.85 6 420 082
severity
Perceived 24.37+4.92 6 6-30 091
benefits
e 18.81+5.80 8 6-30  0.83
barriers
ROV g 8-40  0.92
efficacy
Behavior 24.22+524 8 8-40 0.84

*Cronbach'’s alpha (a)

Statistical analysis

Data analysis was conducted using SPSS version 22
software, employing descriptive and analytical tests,
including Pearson’s correlation, multiple linear
regression, chi-square, and one-way analysis of
variance at a significance level of p<0.05.
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Findings
In the present study, 819 female students from the
seventh, eighth, and ninth grades in Ilam City
participated, with a mean age of 13.72+0.97 years
and an age range of 12 to 16 years (Table 2).

Table 2. Frequency of sociodemographic characteristics of the
participants

Parameter Values
Seventh 302(36.87)
Grade Eighth 254(31.01)
Ninth 263(32.11)
Unemployed 13(1.58)
Employee 402(49.08)
Father's job Self-employment 382(46.64)
Retired 10(1.22)
Deceased 12(1.46)
Unemployed/Householder 259(31.62)
Employee 55(6.71)
Mother's job Self-employment 16(1.95)
Retired 2(0.24)
Deceased 0(0)
Illiterate 15(1.83)
Primary 55(6.71)
Father's education High school 144(17.58)
Diploma 329(40.17)
College 276(33.69)
Illiterate 22(2.68)
Primary 88(10.74)
Mother's education High school 150(18.31)
Diploma 412(50.30)
College 137(16.72)
Good 428(52.25)
Economic status Intermediate 365(44.56)
Poor 36(4.39)

Table 3. Comparison of the participants’ mean score of preventive
behaviors for osteoporosis according to demographic parameters

Parameter Mean P
Value
Seventh 23.86+05.60
Grade Eighth 25.21+04.87 0.041
Ninth 24.02+04.62
Illiterate 20.33+04.93
Primary education 23.56+06.20
Father High school 23.34+05.94 0.003
Diploma 24.49+05.03
Parents’ College 24.70+05.09
education Illiterate 20.81+06.66
Primary education 23.14+05.54
Mother High school 24.22+05.29 0.001
Diploma 24.25+05.37
College 25.38+04.97
Unemployed 21.18+05.06
Employee 24.46+04.90
Father freelance work 24.20£05.69 0.008
Retired 24.47+05.21
Parents’ Deceased 24.72+06.34
job status Unemployed/Housewife 24.10+05.37
Employee 24.77+05.21
Mother Freelance work 24.71+05.10 0.606
Retired 24.36+04.95
Deceased 25.20+05.34
Good 19.97+05.79
Economic status Medium 23.23+05.35 0.001
Poor 25.40+04.94

The mean scores of students’ behaviors differed
significantly based on educational level (p=0.041),
father’s education level (p=0.003), mother’s
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education level (p=0.001), father’s occupation
(p=0.008), and the economic status of the family
(p=0.001; Table 3).

According to the results, 22.2% of participants
reported a family history of OP. Additionally, the
history of taking calcium and vitamin D supplements
in the last month was reported by 29.2% and 22.6%
of students, respectively. The mean behavior score of
students with a family history of OP was significantly
lower than that of other students (p=0.001).
Furthermore, the mean behavior score of students
who had taken calcium supplements (p=0.009) and
vitamin D (p=0.001) in the last month was
significantly higher than that of other students (Table
4).

The results of Pearson’s correlation test indicated a
significant correlation between all constructs of the
HBM and behavior. The behavior exhibited the
highest correlation with perceived barriers (r=-
0.295). The correlation of all constructs with
behavior was positive, except for the construct of
perceived barriers, which had a negative correlation
with behavior. The highest internal correlation

524
among the constructs of the HBM was between
perceived benefits and perceived self-efficacy
(r=0.496).

Regression model 1 demonstrated a significant effect
of the overall HBM constructs on behavior. However,
only the constructs of perceived barriers and
perceived self-efficacy significantly predicted the
preventive behaviors of students against OP. The
constructs of the HBM were able to explain 18.9% of
the variance in preventive behavior.

To investigate how other constructs affect behavior,
two separate regression models (model 2 and model
3) analyzed the impact of the HBM constructs on
perceived barriers and perceived self-efficacy. Model
2 showed that the HBM constructs explained a total
of 29.1% of the variance in self-efficacy. Among these
constructs, the effect of the perceived susceptibility
construct was not significant. The results of model 3
also indicated that the constructs of perceived
susceptibility, perceived severity, perceived benefits,
and perceived self-efficacy explained a total of 25.9%
of the variance in perceived barriers, with the effect
of all constructs being significant (Table 5; Figure 1).

Table 4. Comparison of the participants’ mean score of preventive behaviors for osteoporosis (OP) according to family history of OP and

history of taking vitamin D and calcium supplements

Parameter Family history of OP p- Consumption of vitamin p- Con§umption of p-
value D supplements value calcium supplements value
Perceived susceptibility 11.67+3.36 13.11+3.49 0.001 12.29+3.49 11.90+3.39 0.181 12.09£3.56 11.74+3.05 0.157
Perceived severity 19.14+4.88 19.69+4.71 0.167 19.29+5.14 19.26+4.76 0.940 19.31£5.00 19.15+4.47 0.668
Perceived benefits 24.59+4.90 23.64+4.91 0.022 24.24+490 24.41+491 0972 24.30%4.99 24.57+4.74 0.461
Perceived barriers 18.34+5.65 20.46+6.01 0.001 19.88+5.98 18.50+5.71 0.006 18.86+5.81 18.71+£5.80 0.746
Perceived self-efficacy 30.04+7.13 28.08+6.96 0.001 27.82+7.18 29.87+7.11 0.044 28.12+6.73 30.34£6.83 0.042
Behavior 24.63+5.25 22.7845.41 0.001 23.22+6.11 24.51+#5.06 0.009 23.80+5.45 25.23+4.92 0.001

Table 5. Multiple linear regression analysis of the health belief model (HBM) constructs predicting behaviors, self-efficacy, and perceived

barriers

Regression model HBM constructs B St. Error f8 R R2 F p-Value
Perceived susceptibility 0.078 0.060 0.050 0.195
Perceived severity 0.055 0.044 0.052 0.213

Model 1 Perceived benefits 0.058 0.048 0.053 0.384 0.189 10.81 0.189
Perceived barriers -0.287 0.028 -0.213 0.001
Perceived self-efficacy 0.185 0.025 0.185 0.001
Perceived susceptibility 0.018 0.069 0.009 0.797
Perceived severity 0.169 0.051 0.115 0.001

Model 2 Perceived benefits 0638 0046 0439 0539 0291 8346 545,
Perceived barriers -0.255 0.038 -0.207 0.001
Perceived susceptibility 0.500 0.045 0.353 0.001
Perceived severity 0.190 0.035 0.193 0.001

Model 3 Perceived benefits 0123 0027 0147 0509 0259 70.98 o455,
Perceived self-efficacy 0.082 0.024 0.120 0.001

Perceived susceptibility
r=-0.229
Perceived severity Self-effi r=0.212 Osteoporosis
ell-etiicacy preventive behaviors
r=0.}79
Perceived benefits
e d 116 =03 =-0.295
Perceived
barriers

Figure 1. The proposed conceptual framework for an educational intervention aimed at improving nutritional behaviors that prevent

osteoporosis in adolescent students
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Discussion

This study was conducted to determine effective
health beliefs related to nutritional behaviors that
prevent OP in female students of the 1st secondary
school in I[lam City. The HBM framework was utilized
to establish the objectives of the study. The
constructs of the HBM were able to predict a total of
18.9% of the variance in nutritional behaviors that
prevent OP among the adolescent girls studied.
However, although the overall regression model was
significant, only the constructs of self-efficacy and
perceived barriers significantly predicted behavior,
while the other constructs of the model were not
significant. The HBM has been able to explain
between 6% and 23.5% of the variance in nutritional
behaviors that prevent OP, including calcium intake
[17-21], According to Gammage & Klentrou, the HBM
constructs together explain 16% of the variance in
nutritional behaviors related to calcium intake in
adolescent girls. They reported that only the
constructs of self-efficacy and perceived barriers
significantly predict behavior, while the other
constructs of the model do not have a significant role
in predicting behavior [171.

Edmonds declared that the constructs of the HBM
explain 12% of the nutritional behaviors of female
students aimed at preventing OP [18l. In another
study, Tsai reported incorporating health knowledge
and motivation in addition to the HBM constructs to
predict OP prevention behavior. Among the
constructs of the HBM, only perceived barriers are
significant, and together with health motivation, they
explain 23.5% of the variance in behavior [19,
Examining the results of the present study alongside
other similar studies, it is evident that self-efficacy
and perceived barriers are often the primary
determinants of nutritional behaviors related to OP
prevention. For instance, in the study by Gammage &
Klentrou, similar to our findings, self-efficacy and
perceived barriers are identified as two key
determinants of calcium intake in adolescent girls [171,
Swaim et al reported the perceived self-efficacy
construct as significant [20, while Vahedian-
Shahroodi et al. 21 declared the perceived barrier
construct as a significant determinant. Additionally,
in Tsai’s study [19], perceived barriers are identified,
and in Wallace’s study [22], both self-efficacy and
perceived barriers are recognized as determinants of
nutritional behaviors that prevent OP [18-22],
Although the roles of the constructs of perceived self-
efficacy and perceived barriers in explaining the
preventive behaviors of adolescent girls against OP in
the present study were decisive and direct, two
separate regression models (models 2 and 3) were
used to analyze how other constructs affect behavior.
The findings of model 2 showed that the remaining
HBM constructs—namely, perceived susceptibility,
perceived severity, perceived benefits, and perceived
barriers—explained a total of 29.1% of the variance
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in self-efficacy. Among these constructs, the effect of
perceived susceptibility was not significant. The
results of model 3 indicated that the constructs of
perceived  susceptibility, perceived severity,
perceived benefits, and perceived self-efficacy
explained a total of 25.9% of the variance in
perceived barriers, with the effect of all constructs
being significant. The analysis of these findings
reveals that, except for the two constructs of
perceived self-efficacy and perceived barriers, which
had both direct and indirect effects on behavior, the
other HBM constructs had an indirect effect on
behavior through the mediation of perceived self-
efficacy and perceived barriers. Specifically,
perceived susceptibility influenced behavior through
its effect on perceived barriers, while the constructs
of perceived severity and perceived benefits had an
indirect effect on behavior by impacting the
constructs of perceived self-efficacy and perceived
barriers.

Despite the confirmation and emphasis of most
similar studies on the high importance of the two
constructs of self-efficacy and perceived barriers in
predicting behaviors related to the prevention of OP,
there are a few studies with different findings that
report the impact of other constructs of the HBM. For
example, the studies by Kim et al, Sedlak et al, and
Kang & Kim report significant correlations between
the constructs of perceived susceptibility, perceived
severity, perceived benefits, and perceived barriers
with preventive behaviors against OP [23-25],
Additionally, by Jeihooni et al. and Hazavehei et al,
perceived susceptibility to OP is considered a
motivational factor for changing the behavior of
teenage girls [26. 271, Abood et al. reported that
perceived benefits play an important role in
determining preventive behaviors against OP [28]. In
the present study, although the constructs of
perceived susceptibility, perceived severity, and
perceived benefits were not direct predictors of
behavior, they exhibited a positive and significant
correlation with behavior. Furthermore, by
influencing the two mediating constructs—self-
efficacy and perceived barriers—they had an indirect
effect on behavior.

The results of this study showed that only 29.2% and
22.6% of the studied sample had taken calcium and
vitamin D supplements in the last month. On the
other hand, nutritional behaviors—such as the
consumption of milk and dairy products, fruits and
vegetables, and legumes—were also reported to be
weak. The perceived barriers to nutritional behaviors
that prevent OP included low awareness of ways to
prevent OP, insufficient family support, lack of
interest, a preference for the taste of dairy products,
the high cost of purchasing dairy products, and the
existence of some misconceptions about dairy
products. The results of many other studies also
indicate that the nutritional behaviors of teenage
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girls, including calcium intake, are poor. For example,
according to Hazavehei et al,, 76% of teenage girls
have insufficient calcium intake [271. Similar findings
to those of the present study are reported in the
studies by Gammage & Klentrou, Vahedian-
Shahroodi et al.,, Al Seraty & Ali, and Anderson et al.
(17, 21, 29, 301 [n these studies, several perceived
barriers, including individual, social, and
environmental factors, are identified as contributing
to the insufficient intake of calcium by adolescent
girls. Among the individual obstacles perceived are a
lack of preference for the taste of calcium-rich foods,
viewing OP as a disease related to old age and not
taking the disease seriously during adolescence, the
existence of specific diseases or nutritional
incompatibilities (such as lactose intolerance), and
low self-efficacy. Additionally, insufficient social and
family support (from parents and peers), lack of
access to calcium-containing foods at home, the
higher cost of calcium-containing foods compared to
other foods, and poor social and economic status
have been identified as social and environmental
barriers to the insufficient intake of calcium by
adolescent girls [17,30-34],

Considering the individual and environmental
barriers identified in the present study, as well as the
results of other studies, health education planners
need to focus on removing these barriers.
Additionally, given the strong association between
self-efficacy and perceived barriers among
participants in this study, promoting adolescents’
self-efficacy can be utilized by health educators as a
strategy to overcome the perceived barriers to
nutritional behaviors. Previous studies have reported
the effectiveness of educational interventions based
on the HBM in promoting nutritional behaviors that
prevent OP. Notable examples include the studies by
Khani Jeihooni et al. 3%, Hazavehei et al. [27], and Al
Seraty & Ali [29]. To enhance the effectiveness of HBM-
based educational interventions in the field of OP
prevention, efforts should focus on improving self-
efficacy and addressing perceived barriers. The
supportive role of the family, particularly parents, is
crucial in increasing the motivation of teenage girls to
consume foods containing calcium and vitamin D.
Parents can play several important roles, such as
providing dairy foods at home, reducing the purchase
and consumption of carbonated soft drinks, and
serving as role models in terms of consuming
calcium-rich foods [17. 3% 361, Designing educational
interventions based on the HBM, with a focus on
promoting perceived self-efficacy and addressing
perceived barriers, can be effective in improving
preventive nutritional behaviors related to OP in
adolescent girls.

The present study had a few limitations. First, the
study was conducted solely on female students and
boys were not included in the study. Second, private
schools were not included in the study, and the study
was conducted with the participation of public
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schools. Third, we did not measure the cues action
construct of the HBM.

Conclusion

The constructs of self-efficacy and perceived barriers
directly affected nutritional behavior preventing OP
among teenage girls in Ilam City, while another
construct had an indirect effect.
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