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ABSTRACT

Osteoporosis is a progressive metabolic bone disorder characterized
by reduced bone mass and deterioration of bone microarchitecture,
leading to increased fragility and fracture risk. Although commonly
associated with older adults, the foundation of osteoporosis prevention
is established during adolescence and early adulthood through the
optimization of peak bone mass. This study aimed to examine the
relationship between osteoporosis knowledge and physical activity
levels among undergraduate nutrition students as an early preventive
strategy. A quantitative cross-sectional design was applied, involving
92 first- and second-year students of the Nutrition Study Program,
Faculty of Sport and Health Education, Universitas Pendidikan
Indonesia. Data were collected using a validated structured
questionnaire measuring osteoporosis knowledge and physical activity
behavior. Statistical analysis was conducted using the Chi-Square test,
followed by Cramer's V to assess effect size. The findings revealed that
77.2% of respondents had a high level of osteoporosis knowledge,
whereas 57.6% engaged predominantly in light physical activity. The
Chi-Square test indicated a significant association between knowledge
and physical activity (p = .001), with a Cramer's V value of 0.49,
suggesting a moderate-to-strong relationship. These results
demonstrate that knowledge contributes substantially to physical
activity behavior; however, adequate knowledge alone does not
guarantee optimal activity levels. The study underscores the need for
integrative health promotion strategies that combine educational
reinforcement, behavioral motivation, and supportive campus
environments to strengthen early osteoporosis prevention among
young adults.
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INTRODUCTION

Osteoporosis is a metabolic bone disorder characterized by decreased bone mass
and microarchitectural changes in bone tissue, increasing fragility and fracture risk
(Compston et al., 2019; Kanis et al., 2021). This disease develops progressively and is
often asymptomatic until a fracture occurs due to minimal trauma, thus being known as
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a silent epidemic. Globally, the burden of osteoporosis continues to increase as the
world's population ages. Epidemiological data indicate that the incidence of
osteoporotic fractures is projected to increase significantly through 2050, with
significant economic and social consequences due to treatment costs, rehabilitation,
and reduced quality of life for patients(Selling et al., 2022; Hernlund et al., 2020).

From a public health perspective, osteoporosis is no longer viewed solely as an
individual clinical problem but as a strategic issue for the global health system.
Osteoporotic fractures are correlated with increased mortality, long-term disability, and
lost productivity (Curtis et al., 2017; Clynes et al., 2020). In Asia, including Indonesia,
increasing life expectancy has increased the proportion of the elderly population, making
the risk of osteoporosis increasingly relevant (Cheung et al., 2019).

Osteoporosis risk factors are divided into modifiable and non-modifiable.
Modifiable factors include a sedentary lifestyle, lack of vigorous physical activity,
inadequate calcium and vitamin D intake, smoking, and alcohol consumption (Weaver et
al., 2016; Daly et al., 2021). Conversely, non-modifiable factors include age, gender, race,
and genetic predisposition (Eastell et al., 2019).

Although osteoporosis is often associated with the elderly population, recent
literature confirms that young adulthood is a crucial phase in achieving peak bone mass,
which is a major determinant of future osteoporosis risk (Bonjour et al., 2016; Rizzoli et
al., 2018). In other words, failure to optimize bone health in youth has long-term
implications for fracture risk in later life. However, various studies show that knowledge
and preventive behaviors regarding osteoporosis, including regular physical activity,
remain low among university students (Al-Muraikhi et al., 2017; Elkhateeb et al., 2020).

This situation raises a strategic question: do university students, particularly
nutrition students with academic backgrounds in health and nutrition, have adequate
knowledge and awareness regarding osteoporosis prevention through physical activity?

Research over the past decade has shown that knowledge-based interventions
have a positive correlation with osteoporosis-preventive behaviors (Kim et al., 2016;
Saleem et al., 2021). Good knowledge regarding bone metabolism, the role of calcium and
vitamin D, and the importance of weight-bearing exercise is associated with increased
participation in preventive physical activity (Ziccardi et al., 2018).

A study in Malaysia found that although university students demonstrated a general
level of awareness of osteoporosis, actual behaviors such as reqular exercise and
calcium intake remained low (Nguyen & Wong, 2021). Research in Iran on health faculty
students also reported that conceptual understanding of osteoporosis had not fully
translated into preventive behaviors (Ghaffari et al., 2015; Bahrami et al., 2020).

Furthermore, research in Turkey showed that physiotherapy and nutrition students
had relatively high knowledge scores, but their levels of physical activity and adherence
to WHO recommendations remained moderate to low (Sari et al., 2023). This suggests a
gap between cognitive knowledge and the implementation of health behaviors.

From an exercise physiology perspective, weight-bearing physical activity and
resistance training have been shown to increase bone mineral density through
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mechanotransduction, the adaptive response of bone tissue to mechanical stress(Kohrt
et al., 2016; Kemmler et al., 2020). Moderate to high-intensity exercise, especially at a
young age, significantly contributes to increased bone mineral density (BMD)(Watson et
al., 2018; Zhao et al., 2021).

Conceptually, the Health Belief Model and the Theory of Planned Behavior explain
that knowledge and risk perception play a crucial role in shaping preventive intentions
and behaviors (Carpenter, 2016; Ajzen, 2020). However, several studies have shown that
motivational factors, the social environment, and modern sedentary habits can hinder
the conversion of knowledge into action (Guthold et al., 2020; Ding et al., 2019).

Thus, although the literature has examined the relationship between osteoporosis
knowledge and health behaviors in health students in general, studies specifically
focusing on nutrition students in the context of physical activity as a preventive strategy
are still limited.

The majority of previous studies examined health students in aggregate without
separating the analysis by specific study program (Alghamdi et al., 2018; Saleh et al.,
2022). This is despite the fact that nutrition students hold a strategic position as future
public health educators in nutrition and metabolic disease prevention.

Furthermore, most research focuses on calcium and vitamin D intake as key factors
in osteoporosis prevention(Rizzoli et al., 2018; Weaver et al., 2016), while physical activity
as anindependent determinant is often less thoroughly explored in the nutrition student
population. Research integrating these three dimensions knowledge level, awareness,
and physical activity behaviorin a single analytical model among nutrition students is still
very limited, particularly in the Indonesian context. Indonesia is facing an
epidemiological transition and an increasing sedentary lifestyle among the younger
generation (WHO, 2022; Guthold et al., 2020).

Thus, there is an empirical need to evaluate the extent to which osteoporosis
knowledge among nutrition students correlates with their awareness and engagementin
preventive physical activity. This study is crucial for formulating more effective and
contextual campus based education strategies.

Based on the above description, this study aims to: (1) analyze the level of
knowledge about osteoporosis among students in the Nutrition Study Program, Faculty
of Sports and Health Education, Universitas Pendidikan Indonesia; (2) identify their level
of awareness and engagement in physical activity as an effort to prevent osteoporosis;
and (3) examine the relationship between osteoporosis knowledge levels and awareness
and preventive physical activity behavior.

The novelty of this study liesinits specific focus on nutrition students as a strategic
population with the potential to become agents of bone health promotion in the future.
This study also offers an integrative approach that connects cognitive (knowledge),
affective (awareness), and behavioral (physical activity engagement) dimensions within
a comprehensive analytical framework.

Theoretically, this study enriches the literature on the determinants of
osteoporosis preventive behavior in young adults. Practically, the research findings are
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expected to form the basis for curriculum development, educational interventions, and
campus-based health promotion policies to improve the bone health of Indonesia's
young generation in a sustainable manner.

METHODS

This study used a quantitative approach with a cross-sectional design, which is
methodologically appropriate for identifying the relationship between health knowledge
variables and physical activity behavior at a single measurement point(Levin, 2016; Wang
& Cheng, 2020). This design is widely used in behavioral epidemiology studies to evaluate
the risk determinants of non-communicable diseases, including osteoporosis, in young
populations(Daly et al., 2021; S6zen et al., 2017).

Data collection was conducted online via a Google Forms-based questionnaire
from November 1-18, 2024. The online survey approach was chosen because it is
efficient, increases response rates, and has proven validity in health research on college
student populations (Hlatshwako et al., 2021; Boniol et al., 2022). The questionnaire
consisted of two main sections: (1) level of knowledge about osteoporosis and (2) level of
physical activity of respondents. The knowledge instrument was developed based on
conceptual indicators regarding the definition, risk factors, prevention, and role of
physical activity in increasing bone mineral density (Compston et al., 2019; Eastell et al.,
2019).

Physical activity measurements were based on World Health Organization (WHO,
2020) recommendations regarding moderate-to-vigorous physical activity in
adolescents and young adults. Physical activity is understood to be an important
determinant in achieving peak bone mass through mechanotransduction mechanisms,
which contribute to increased bone mineral density (Kohrt et al., 2016; Kemmler et al.,
2020; Watson et al., 2018).

The study population was active first and third semester students of the Nutrition
Study Program, Faculty of Sport and Health Education, Universitas Pendidikan
Indonesia, with a total population of 187 students. Inclusion criteria included active
students not participating in sport studies within the same faculty. A total of 92
respondents were selected using a non-random sampling technique, a practical
technique used in education and health research to reach specific populations with
homogeneous characteristics (Etikan & Bala, 2017).

The data obtained were primary data from direct participant responses. Data
analysis was performed using SPSS version 25. A normality test was first performed to
determine data distribution. Because the variables were categorical, the relationship
analysis used the Chi-Square test, which is appropriate for evaluating the association
between two categorical variables in cross-sectional studies (McHugh, 2013; Kim, 2017).
The significance level was set at a = 0.05.

Instrument validity was tested using Pearson correlation between the scores on
each item and the total score of the construct. This method is commonly used to test
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construct validity in health survey research (Taherdoost, 2016). An item is considered
valid if it has a p-value <0.05. The analysis results showed that 10 items had a significant
correlation with the total score, thus meeting the validity criteria.

Instrument reliability was tested using Cronbach's Alpha coefficient to assess
internal consistency. A Cronbach's Alpha value of 0.72 indicates good reliability and
exceeds the minimum threshold of 0.70 recommended in social and health research
(Taber, 2018; Hair et al., 2019).

The analysis results are presented in the form of frequency distribution tables,
percentages, and interpretive narratives to explain the relationship between
osteoporosis knowledge levels and physical activity as an early prevention effort.

RESULTS AND DISCUSSION
Result
Characteristics of Respondents Based on Knowledge Level and Physical Activity
Table 1.
Characteristics of respondents based on knowledge level and physical activity
Variable / Category n %
Knowledge Level
High 7 77.2
Low 21 22.8
Physical Activity Level
Light 53 57.6
Moderate 28 30.4
Vigorous 11 12.0
Total 92 100.0

From the frequency distribution presented in Table 1, the proportion of
respondents with a low level of osteoporosis knowledge was 22.8%, while those with a
high level of knowledge accounted for 77.2%. The majority of respondents in this study
demonstrated a high level of knowledge, indicating a good understanding of the topic
under investigation. Regarding physical activity levels, the results showed that among
the 92 nutrition students at the Faculty of Sport and Health Education, Universitas
Pendidikan Indonesia, 57.6% were classified as engaging in light physical activity, 30.4%
in moderate physical activity, and only 12.0% in vigorous physical activity.

The Relationship between Osteoporosis Knowledge Level and Physical Activity

Table 2.
The relationship between osteoporosis knowledge level and physical activity
Knowledge Level Light Moderate Vigorous Total
Low 3 15 3 21
High 50 13 8 71
Total 53 28 1 92

Chi-Square test: p=.001; Cramer's V=0.49

Based on Table 2, the results of the Chi-Square test indicated a statistically
significant relationship between osteoporosis knowledge level and students’ physical
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activity (p = .001). The Cramer's V value of 0.49 suggests that the strength of the
association falls within the moderate to strong category.
Interpretation of Knowledge Level and Physical Activity

Based on Table 1, most respondents had a high level of knowledge regarding
osteoporosis, with 71 students (77.2%) classified in the high-knowledge category, while 21
students (22.8%) were classified as having low knowledge. These findings indicate that
students of the Nutrition Study Program at the Faculty of Sport and Health Education,
Universitas Pendidikan Indonesia, generally possess adequate knowledge about
osteoporosis. However, despite this relatively high level of knowledge, respondents’physical
activity levels were predominantly classified as light. Of the 92 respondents, 53 students
(57.6%) engaged in light physical activity, 28 students (30.4%)in moderate physical activity,
and only 11 students (12.0%) in vigorous physical activity. This condition reflects an
imbalance between knowledge levels and the actual practice of physical activity in daily life.
These findings suggest that good knowledge alone has not been fully translated into optimal
health behaviour, particularly regarding physical activity, which playsanimportant role in the
prevention of osteoporosis from a young age.

Discussion
Relationship Between Knowledge Level and Physical Activity

The analysis results showed a significant relationship between knowledge level
about osteoporosis and physical activity among adolescents (p = 0.001), with a Cramer's
V value of 0.49, indicating a moderate to strong relationship. This finding demonstrates
that knowledge contributes substantially to variations in physical activity levels,
although it is not the sole determinant of behavior. Theoretically, this relationship aligns
with the Health Belief Model and Theory of Planned Behavior frameworks, which position
knowledge as the foundation for forming risk perceptions, attitudes, and health behavior
intentions (Ajzen, 2020; Carpenter, 2016).

Empirically, research over the past decade has shown that adequate knowledge
about osteoporosis correlates with increased preventive behaviors, including weight-
bearing physical activity, which plays a role in increasing bone mineral density (Ziccardi
et al., 2018; Saleem et al., 2021). Resistance training and moderate-to-high-intensity
physical activity have been shown to stimulate mechanotransduction, the adaptive
response of bone tissue to mechanical stress, thereby increasing bone mineral density
(Kohrt et al., 2016; Kemmler et al., 2020; Watson et al., 2018). Therefore, students who
understand these biological mechanisms tend to be more motivated to engage in
physical activity as a form of early prevention.

However, the results of this study also indicate a gap between knowledge and
behavioral implementation. Although 77.2% of respondents had a high level of
knowledge, the majority (57.6%) still engaged in light physical activity. This phenomenon
is consistent with the findings of Guthold et al. (2020), who reported a high prevalence of
physical inactivity among global adolescents despite increasing health awareness.
Studies in Turkey and Malaysia also found that health students had good knowledge
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scores but had not yet fully adopted adequate physical behaviors (Nguyen & Wong, 2021;
Sarietal., 2023).

This gap indicates that knowledge is necessary but not sufficient to drive
behavioral change. From a health psychology perspective, transforming knowledge into
action requires the mediation of attitudes, subjective norms, and self-efficacy (Ajzen,
2020; Rhodes et al., 2017). Late adolescents, as characterized by the respondents in this
study, are indeed at a mature stage of cognitive development, but life priorities,
academic demands, and sedentary habits can hinder the internalization of active
behavior (Ding et al., 2019).

Factors Influencing Physical Activity Behavior

Although the analysis shows a significant relationship between knowledge and
physical activity, these findings confirm that physical activity behavior is influenced by
multidimensional factors. WHO (2020) emphasizes that physical activity in adolescents
is influenced by personal, social, environmental, and policy determinants. Campus
environmental factors, such as the availability of sports facilities and green spaces, have
been shown to be positively associated with increased physical activity in students(Sallis
et al., 2016; Molina-Garcia et al., 2019).

Furthermore, a sedentary culture reinforced by excessive digital device use
contributes to low physical activity in adolescents (Guthold et al., 2020). Longitudinal
research shows that high sitting duration is negatively correlated with bone mineral
density in young people (Chastin et al., 2018). This reinforces the urgency of campus-
based interventions to reduce sedentary behavior.

Psychosocial factors also play a significant role. Self-efficacy and social support
have been shown to increase the likelihood of individuals maintaining long-term physical
activity(Rhodes et al., 2017; Bauman et al., 2016). If students believe that physical activity
is effective in preventing osteoporosis and receive peer support, the likelihood of active
engagement increases.

From a physiological perspective, the period from late adolescence to young
adulthood is a crucial phase in achieving peak bone mass, which is a major determinant
of future osteoporosis risk (Rizzoli et al., 2018; Weaver et al., 2016). Physical activity
interventions during this phase have been shown to have long-term impacts on bone
strength (Zhao et al., 2021). Therefore, low physical activity in the college student
population has the potential to become alatent risk factor for osteoporosisin the future.
Implications for Osteoporosis Prevention in College Students

The findings of this study strengthen the evidence that increasing knowledge must
be accompanied by comprehensive behavioral intervention strategies. Previous
research has shown that action-based education is more effective than purely
theoretical education in increasing physical activity participation (Daly et al., 2021).
Campus-based programs that integrate bone health promotion into the curriculum and
extracurricular activities can be a strategic approach.

The use of digital technology, such as physical activity monitoring apps and
wearable devices, has been shown to increase physical activity adherence in young
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populations (Brickwood et al., 2019). Integrating technology with osteoporosis
awareness campaigns can be a preventative innovation relevant to the characteristics
of the digital generation.

Furthermore, an environmental approach should be considered. Providing
adequate sports facilities, safe running paths, and an active campus policy can increase
collective physical activity (Sallis et al., 2016). Student community-based interventions
also have the potential to strengthen positive social norms toward an active lifestyle.

Overall, this research confirms that knowledge is a critical determinant in shaping
physical activity behavior as an early prevention effort for osteoporosis. However,
sustainable behavior change requires an integrative approach that encompasses
cognitive, affective, social, and environmental aspects. Educational institutions have a
strategic role as agents of change in shaping long-term healthy habits. By utilizing the
campus environment as a health-promoting ecosystem, students can develop an active
lifestyle that not only prevents osteoporosis but also improves overall health throughout
the life cycle.

CONCLUSION

This study shows that the majority of Nutrition Study Program students have a high
level of knowledge about osteoporosis (77.2%), but their physical activity levels are still
predominantly low (57.6%). This finding confirms the gap between cognitive aspects and
the implementation of health behaviors. Chi-square test results showed a significant
relationship between knowledge levels and physical activity (p < 0.05), with a moderate
to strong relationship. Conceptually, these results support health behavior theory, which
positions knowledge as a key determinant in the formation of preventive behaviors.
Empirically, this study strengthens evidence that understanding the risks and prevention
of osteoporosis contributes to physical activity engagement as a strategy to increase
peak bone mass in young people.

However, knowledge is not the only factor shaping active behavior. Attitudes,
intrinsic motivation, self-efficacy, and campus environmental support also play a
significant role in determining the sustainability of physical activity. Therefore,
osteoporosis prevention interventions for students need to be designed
comprehensively, encompassing practice-based education, motivational
reinforcement, and the provision of adequate sports facilities. Thisintegrative approach
is expected to foster sustainable active lifestyle habits as an early prevention effort for
osteoporosis in the younger generation.
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