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Abstract

Insufficient calcium intake and being physically inactive lead to osteoporosis. This study aimed to assess the level of knowledge about osteoporosis,
physical activity levels and their correlation with calcium intake. 276 female undergraduate students participated in this study. A set of questionnaires
was distributed. Majority students had low knowledge (76.1%), moderate physical activity level (47.1%) and did not meet the recommended calcium
intake (79.0%). There was a moderate to strong positive correlation but not significant between knowledge (r= 0.051, p=0.121) and physical activity (r
=0.081, p=0.181) to dietary calcium intake. In conclusion, students had poor knowledge about osteoporosis.
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1.0 Introduction

Calcium is a micronutrient that is essential for maintaining bone health and preventing diseases such as osteoporosis, especially in
women. Osteoporosis is often called the 'silent disease' because most people do not know they have osteoporosis until they break a
bone in a minor fall or bump (International Osteoporosis Foundation, 2023). Therefore, maintaining bone health through adequate
calcium intake and physical activity can help prevent osteoporosis. The Malaysian Dietary Guidelines (2020) recommend a minimum
calcium intake of 1000 mg to optimise metabolic processes in the body (National Coordinating Committee on Food and Nutrition, 2021).
However, many studies have shown that calcium intake in young adult females is below the recommended level, which increases the
risk of osteoporosis at older ages. Lack of knowledge about osteoporosis is one factor leading to insufficient dietary calcium intake
(Shawashi & Darawad, 2020). On the other hand, physical activity also plays an important role in maintaining long-term bone health.
Resistance exercise, for example, can maintain bone integrity and strength (Compston et al., 2017). Therefore, to prevent osteoporosis,
it is important to know the current calcium intake and level of physical activity. However, little is known about dietary calcium intake in
female students, who are usually classified as young adults. Although several studies have been conducted on dietary calcium intake
in female adults, little is known about calcium intake and its relationship with the knowledge of osteoporosis and level of physical activity
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among female students at Universiti Teknologi MARA, Puncak Alam Campus, Selangor. Therefore, the aim of this study was to find out
the relationship between calcium intake, level of physical activity and knowledge about osteoporosis. This study is deemed necessary
to understand the current scenario and suggest an intervention strategy for the future. Moreover, since osteoporosis is a preventable
disease, it is cost-effective to encourage people to have adequate calcium intake to prevent osteoporosis. Besides, university students
are considered the foundation of any community. Therefore, a cross-sectional study was employed to assess the knowledge, physical
activity and calcium intake among female university students. The determination of university students' knowledge of osteoporosis will
help set lifestyle and nutritional standards that will help in the prevention of this disease.

2.0 Literature Review

2.1 Dietary calcium

Approximately 99% of all calcium in the body is found in the bones, which provide rigidity and structure to the skeletal system and serve
as a reservoir of calcium (Shlisky et al., 2022). Dietary calcium requirements vary by age group and gender. Based on the Recommended
Nutrients Intake for Malaysia, women aged 19-50 must consume at least 1000 mg of calcium daily. This is because women at this age
have reached the peak of their bone mass and therefore need to maintain the density of bone mass. Dietary calcium is found in many
foods, such as milk, yogurt and cheese. Prolonged inadequate calcium intake reduces bone mineralisation and leads to osteopenia and
osteoporosis in older adults (International Osteoporosis Foundation, 2023). Many studies have reported that calcium intake is below the
recommendation. For example, a study by Suriawati et al. (2016) reported that calcium intake in 289 Malaysian adolescents was 377
mg per day. Another study by Fatimah and Nurul Hazirah (2020) found that calcium intake among 75 young female adults at the
International Islamic University Malaysia (IIlUM) was 378 mg per day, which is below the recommendation. However, the sample size of
this study was small and could not be generalised to a larger population.

2.2 Physical activity

Physical activity is an umbrella term that includes leisure time, physical activity such as exercise and sport, activities of daily living,
household tasks and work. Exercise and physical activity can improve bone strength and the risk of falls, which may offer benefits in the
prevention and management of osteoporosis (Brooke-Wavell et al., 2022). The UK clinical guideline for preventing and treating
osteoporosis highlighted that weight-bearing exercise has beneficial effects on bone mineral density (Compston et al., 2017). For
example, walking, running and resistance exercise support bone health.

2.3 Osteoporosis

Over the years, osteoporosis has been a significant public health problem and becoming increasingly prevalent with the ageing of the
world population. Osteoporosis, a silent disease, has afflicted over 200 million people worldwide (Tomishige-Mukai et al., 2016). By
2050, more than 30 million people in Europe will be affected by osteoporosis due to an ageing population and longer life expectancy
(Martiniakova et al., 2022). The International Osteoporosis Foundation defined osteoporosis as an age-related disorder characterised
primarily by decreased bone mineral density, microstructural quality and an elevated risk of fragility fractures (International Osteoporosis
Foundation, 2023). This can lead to broken bones, which cause pain and disability, and make everyday activities extremely difficult.
There are two types of osteoporosis-related risk factors: modifiable and non-modifiable. Non-modifiable risk factors include age, sex,
ethnicity, presence or absence of osteoporosis in the family, date of first menarche and menopause. Modifiable factors include lifestyle
habits such as smoking, alcohol consumption, lack of physical activity and a diet with inadequate calcium and vitamin D levels (El Hage
et al., 2019). Osteoporosis is preventable and treatable using nutritional supplements and physical activity (Compston et al., 2017).
Nutrition such as dietary calcium, plays a dominant role in skeletal health, achieving the highest BMD and maintaining bone health
(Karpouzos et al., 2017).

2.4 Knowledge about osteoporosis

Knowledge about osteoporosis is one of the most influential factors in preventing osteoporosis, but it appears insufficient worldwide
(Albrecht et al., 2022). Previous studies have shown that the level of knowledge about osteoporosis in the population varies according
to the country of origin. For example, a study by Khired et al. (2021) found that out of 250 university students at Princess Nourah
University, 84% of students did not have good knowledge about osteoporosis. This study used a similar measurement tool, the OKAT
questionnaire, as the present study. On the other hand, another study by Khan et al. (2019) among university students in Saudi Arabia
showed that young adult women had adequate knowledge about osteoporosis. In Malaysia, a study by Leng et al. (2017) found moderate
knowledge of osteoporosis prevention among adults in Kuala Lumpur. However, a study by Alshareef et al. (2018) among young Saudi
female students found that 79.4% of 1012 participants did not have adequate knowledge about osteoporosis. The mixed results of these
studies motivate the researchers to investigate the level of knowledge on osteoporosis at Universiti Teknologi MARA, Malaysia.

3.0 Methodology

3.1 Study design and setting
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This study was a cross-sectional study design that was carried out at Universiti Teknologi MARA, Selangor. Participants aged 18 to 26
years old were recruited using convenience sampling.

3.2 Data collection and procedures

A self-administered questionnaire was used to assess the socio-demographic data, knowledge of osteoporosis, calcium intake and level
of physical activity. The Osteoporosis Knowledge Assessment Tool questionnaire (OKAT) (Winzenberg et al., 2003), International
Physical Activity Questionnaire (IPAQ) (Lee et al., 2011) and Food Frequency Questionnaire from the Malaysian Adult Nutrition Survey
(MANS) (Institute for Public Health, 2014) were adopted to assess all the variables.

A total of 450 questionnaires were distributed to four different faculties. 450 was determined based on the sample size calculation
with reference to Krejcie and Morgan (1970). 400 were re-collected for evaluation. Of 400 questionnaires that were collected, 276
questionnaires were retained for analysis of knowledge, physical activity, and calcium intake after eliminating 124 questionnaires that
were found to be incomplete. The IPAQ section was mostly incomplete could be due to the questions requiring respondents to recall
their physical activity for the past 7 days, and it could be challenging and burdensome to some of them. Following data collection,
responses from the questionnaires were coded and scored, and the data was entered into the database for further analysis.

3.2 Questionnaires

The Osteoporosis Knowledge Assessment Tool (OKAT) was used for this study to measure the knowledge of osteoporosis (Winzenberg
et al., 2003). The questionnaire consists of four sections: indications and risk of fracture, risk factors of osteoporosis, prevention factors
such as physical activity and diet relating to osteoporosis, and treatment availability. The scoring for the questionnaire was calculated
based on one point for the correct answer, and the wrong answer or don't know the answer will get no mark. Respondents who score
zero to ten will be classified as poor knowledge level, and participants who score 11 and above will be classified as good knowledge
level. The participant’s physical activity will be evaluated using the International Physical Activity Questionnaire — Short Form (IPAQ-
SF). Data were analysed based on established guidelines (Lee et al., 2011). The Food Frequency Questionnaire was adapted from the
National Health and Morbidity Survey 2014: Malaysian Adult Nutrition Survey (Institute for Public Health, 2014). This tool collects
information on an individual's frequency of food consumption during the last 12 months. The FFQ consists of 154-item food frequency
instrument that is widely used in nutritional epidemiology research.

3.4 Data analysis

All questionnaires were coded and entered in Statistical Package for the Social Sciences (SPSS) (version 21.0) for data analysis.
Descriptive statistics were carried out using simple frequencies. The normality of the data was determined using the Kolmogorov-
Smirnov Test. The correlation between knowledge of osteoporosis, physical activity and dietary intake was determined using the
Spearman Pearson test. Correlations were interpreted using the following criteria: 0.00-0.10 = negligible, 0.10-0.39 = weak correlation,
0.40-0.69 = moderate correlation, 0.70-0.89 = strong correlation and 0.9-1.00 = very strong correlation (Schober et al., 2018). The
UiTM Research Ethics Committee approved this study with reference number 600-IRMI (5/1/6). Consent forms were also signed and
collected from all study participants.

4.0 Findings

4.1 Participant characteristics

A total of 276 female undergraduate students from the University Teknologi MARA Selangor participated in this study. The mean age
was 21 years old. The median weight was 53 kg (IQR=15.0). The average height of the participant was 157 cm (IQR=8.0). Majority of
the students had normal body mass index (BMI) (59.4%) followed by underweight (17.0%), overweight (16.3%), obese class | (4.3%)
and obese class Il (2.9%).

Table 1. Characteristics of the participants (n=276)

Characteristics Age Median (IQR)*

Age (SD) 21(21)
Weight (kg) 53 15.0
Height (cm) 157 8.0
BMI Category

e Underweight 47 (17.0)

e  Normal 164 (59.4)

e Overweight 45(16.3)

e  Obese (Class I) 12 (4.3)

e  Obese (Class Il) 8(2.9)
Finance

e Scholarship 23(8.3)

e  Studentloan 154 (55.8)

e  Self-funded 99 (35.9)
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*Data was not normally distributed

4.2 Calcium Intake

Overall, the median amount of calcium intake among the participant was calculated, which is 421.4 mg per day (IQR = 763.7). The
percentage of calcium inadequacy was 57.9% as compared to the recommended nutrient intake for Malaysia in 2017. Based on Figure
2, majority of the participants did not meet the recommendation of daily calcium intake (79.0%) followed by the participant who met the
recommendation (21.0%).

Table 2. Estimation of calcium intake among participants (n = 276)

Characteristics Median IQR % of inadequacy as compared to the
recommendation®
Calcium intake (mg) 421.4 763.7 57.9

*Recommendation was set at 1000mg per day based on the RNI for Malaysia 2017

Figure 1. Calcium intake among participant as compared to the recommended nutrients intake (RNl 2017) (n=276)

4.3 Physical Activity
Based on Table 2, the majority of the participants’ physical activity is moderate (47.1%), followed by a high level of physical activity
(31.9%) and a low level of physical activity (21.0%).

Table 3. Physical activity level among participant (n=276)

Level of physical activity n %

High 88 319
Moderate 130 471
Low 47 210

4.4 Knowledge of Osteoporosis

Table 4. The score of knowledge on osteoporosis (n=276)
Characteristics Median IQR

OKAT score 9.0 4.0

* Good Knowledge = Poor Knowledge
Figure 2. Level of knowledge on osteoporosis among participants (n=276)
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Table 4 shows the median score of knowledge on osteoporosis among participants. The score was 9.0 (IQR = 4.0). Based on Figure 2,
it can be categorised as the majority of the participant having poor knowledge about osteoporosis (76.1%), followed by good knowledge
about osteoporosis (23.9%).

4.5 Correlation between knowledge of osteoporosis and physical activity with calcium intake
Based on Table 5, there are no significant differences in knowledge of osteoporosis and physical activity with calcium intake. The results
indicate a moderate positive correlation between knowledge of osteoporosis and strong positive physical activity with calcium intake.

Table 5. Relationship between knowledge scores on osteoporosis and physical activity with calcium intake (n=276)

Calcium intake

Variable
r-value p-value
Knowledge on Osteoporosis 0.051 0.121
Physical activity 0.081 0.181

Significant level was set at p<0.05

5.0 Discussion

Osteoporosis is considered a global health problem and is common in women. University students are considered the cornerstone of
any community. Therefore, knowledge about osteoporosis among university students will help set lifestyle and nutritional standards that
will help prevent this disease (Khired et al., 2021). Ensuring adequate calcium intake is important, especially among university students.
In this study, calcium intake among students was below the recommended level of 421 mg per day, compared to the requirement of
1000 mg per day. Similar results were found in other studies by Fatimah and Nurul Hazirah (2020) and Yap et al. (2019), where they
found lower calcium intake among university students at 378 mg per day and 348 mg per day, respectively. Inadequate calcium intake
leads to sleep problems, anxiety, depression, and musculoskeletal pain (Alkhatatbeh et al., 2021). One of the possible reasons for
inadequate calcium intake is the unhealthy eating habits of university students and food insecurity (Jalloun & Maneerattanasuporn,
2021; Leung et al., 2019). These conditions can affect students' quality of life and academic performance. Moreover, unhealthy dietary
habits have been reported to modulate inflammatory states, which may either reduce or increase anxiety, stress and depression
(Muniandy et al., 2022). Another reason for the low calcium intake was that the participants in this study knew little about osteoporosis
and the importance of calcium in preventing osteoporosis. This is supported by a study by Sham (2013), which found that more than
half of the students at Universiti Teknologi MARA had low knowledge about dietary calcium intake. The low level of knowledge about
calcium implies that the students had no idea about the recommended calcium intake and good sources of calcium. This is supported
by Edmonds et al. (2012), who mentioned that students enrolled in a health science course could not correctly identify the recommended
amount of calcium for adults. They were also unable to name alternative sources of calcium. In order to increase the knowledge about
osteoporosis, the use of mass media was found to be effective (Khired et al., 2021). Healthcare practitioners should make full use of
mass media such as using TikTok or Facebook to educate the public about osteoporosis.

Regarding knowledge about osteoporosis, this study found that the majority of students (76.1%) had inadequate knowledge. This
result is in agreement with a study by Alshareef et al. (2018), where osteoporosis knowledge was found to be 79.4% out of 1012
participants among young Saudi female students. Another study by Aimalki et al. (2016) using the OKAT questionnaire among medical
interns in Saudi Arabia found that knowledge about osteoporosis was low. Shawashi and Darawad (2020) also found a low level of
knowledge about osteoporosis among 260 female university students in Jordan. These results could be due to the fact that students
were not adequately informed about osteoporosis, especially by healthcare providers (Puttapitakpong et al., 2014). El Hage et al. (2019)
found that women who had never heard of osteoporosis and had lower levels of education achieved lower knowledge scores about
osteoporosis. Other than that, student education backgrounds, such as from non-science backgrounds or social sciences, also causes
poor knowledge score (Shawashi & Darawad, 2020).

This study showed that female students had moderate (47.1%) and high (31.9%) levels of physical activity. This is consistent with a
study by Cicek (2018), who also used the IPAQ questionnaire among university students and found moderate levels of physical activity
among them. However, this result contradicts a study by Barzanji et al. (2013), who included both genders and found that females were
less physically active. Based on the current findings, it can be concluded that female students have moderate physical activity levels
despite their low knowledge about osteoporosis. This result could be due to other factors, such as health maintenance. This is supported
by Al-Naggar et al. (2011) study, which found that university students' perception of physical activity is due to the need to maintain
health. In addition, factors such as the fact that women usually exercise to lose weight and have a good body shape lead to increase
physical activity. Eichorn et al. (2018) also confirmed this by stating that university students exercise mainly due to the self-perception
of being overweight. In addition, passion for sports and the availability of sports facilities motivate students to be physically active.

The Pearson correlation result showed no statistically significant relationship between knowledge about osteoporosis and calcium
intake among female students (p = 0.121). Thus, even if a person knows about osteoporosis, this does not increase the likelihood that
the female students will consume the recommended amount of calcium. The Pearson correlation also showed no statistically significant
relationship between physical activity and calcium intake among female students (p = 0.181). However, there is a weak correlation
between knowledge (r=0.051), physical activity (r=0.081) and calcium intake in relation to osteoporosis. This suggests that better
knowledge about osteoporosis and physical activity was associated with calcium intake in female students. This is similar to Ramli et al.
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(2018), who found no significant association between osteoporosis knowledge, attitude, and practise among allied health science
students at a public university in Malaysia. However, the current findings contradict a study by Puttapitakpong et al. (2014), which
showed a significant correlation between education level, knowledge and attitude towards osteoporosis among women aged 20-35
years. Women with higher education and sufficient knowledge were more likely to have good attitudes towards osteoporosis.

6.0 Conclusion and Recommendations

This study found that female university students had low calcium intake, poor knowledge of osteoporosis and moderate levels of physical
activity. There was a positive correlation between knowledge, physical activity, and calcium intake, but it was insignificant. This study
has some limitations. First, participants were recruited from a single centre using a convenience sampling technique which limits the
generalisability of the results. Second, a self-administered questionnaire was used, so responses may be biased. For future studies, it
is recommended to further explore the level of calcium intake and factors affecting the intake in a large sample size and use multiple
centres to improve the accuracy of the studies. In addition, an assisted questionnaire can improve the validity of the data as the
researcher can guide the participants in answering the questions. In conclusion, the results of this study suggest that women should be
educated about osteoporosis during their first year of study. Adequate calcium intake can prevent osteoporosis and improve diet quality
and quality of life.
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Paper Contribution to Related Field of Study

The present study showed that calcium intake, knowledge about osteoporosis and moderate levels of physical activity leave much to be
desired. These results shed light on the nutritional status of students and the need to provide health education to undergraduate students.
Efforts should be made to raise awareness of osteoporosis among university students through health education intervention programmes
for all female university students, regardless of their university, department or course of study.
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