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The social-cognitive determinants
of calcium intake for preventing
osteoporosis in women in Isfahan:
A cross-sectional study using path
analysis
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Abstract:

BACKGROUND: Osteoporosis is a common disease in women over age 45 years.
Calcium intake is among the factors that help prevent osteoporosis. Identifying the social-cognitive
determinants of calcium intake can have a major role in the development of osteoporosis prevention
programs.

MATERIALS AND METHODS: This cross-sectional study was conducted on 400 women
aged <50 years from 10 health centers by cluster sampling in Isfahan in 2016. A hypothetical
social-cognitive model was assessed using path analysis, and the fit indices and explanatory power
of the model were assessed. The constructs, including self-efficacy, outcome expectations, social
support, and self-regulation, were taken as the explanatory variables and calcium intake as the
criterion variable.

RESULTS: The mean age of the participating women was 34.07 years (standard deviation = 7.99)
(range = 19-50), and their mean calcium intake was reported as 909.94 (12. 6) mg/day. The
conceptual model was able to explain 73% of the variance in calcium intake and had good fit indices.
Self-regulation was identified as the strongest predictor of calcium intake, and outcome expectation
was eliminated from the model since it was the weakest explanatory factor of calcium intake.

CONCLUSIONS: The theoretical model of this study is recommended as a suitable framework for

Keywords:

Introduction

Osteoporosis is a silent disease in which
the bones become weak and fragile
and which is often asymptomatic until
the first fracture occurs."? More than
200 million people around the world suffer
from osteoporosis.**! Studies indicate that
a large number of Iranian women over
age 50 years have osteoporosis.>®! The
loss of bone mass begins with the onset
of menopause (4045 years) and measures
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the development of targeted osteoporosis prevention interventions.

Calcium, osteoporosis, self-efficacy, self-regulation, women

should be designed and taken to prevent
osteoporosis in women from youth.”!
Calcium intake helps prevent osteoporosis
and should be supplied through the
consumption of calcium-rich foods. Every
adult requires 1000 mg of calcium per
day.'"8! Despite the copious evidence on
the health benefits of calcium for the bones,
women'’s calcium intake is generally less
than the recommended amount.”’”) Many
studies have been conducted to identify the
factors (personal, perceptual, and social)
affecting calcium intake; however, their
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results have left certain points rather ambiguous."'* For
example, in a study conducted by levers-Landis et al. on
354 girls aged 8-11 years, self-efficacy and social support
were identified as the predictors of calcium intake, and
social support was found to affect calcium intake by way
of self-efficacy. The cited study did not examine the role of
outcome expectations, self-regulation, and demographic
variables."! The results of a study conducted by Sharma
on 718 young girls showed that self-efficacy is the most
important predictor of calcium intake that affects calcium
intake through outcome expectations; however, they also
did not examine the role of social support, self-regulation,
and demographic variables.'”l Barner et al. studied the
social-environmental factors affecting calcium intake in
187 women over age 65 years and reported a significant
relationship between calcium intake and self-efficacy,
and they too did not examine the role of social support,
self-regulation, outcome expectations, and demographic
variables.["’]

In a study conducted by Hsieh et al. on 243 women over
age 18 years, self-efficacy was identified as the strongest
predictor of calcium intake, and social support had a
relationship with calcium intake through self-efficacy;
however, that study did not examine the relationship
between self-regulation and calcium intake and the
role of demographic variables either."! In a study
conducted on 240 university students, Kim argued that
reduced negative outcome expectations and increased
self-efficacy improve calcium intake, but they also made
no reference to the role of self-regulation, social support,
and demographic variables.!"”!

There are still many ambiguities and challenges about
the relationship between these factors and their impact
on calcium intake that perhaps conducting a study on the
relationship between social-cognitive factors and calcium
intake using a theoretical model can help answer some of
these questions. Social-cognitive theory (SCT) constitutes
an appropriate model for investigating the relationship
of these factors with each other and with calcium intake.
Given the concurrent emphasis placed on personal,
behavioral, and cognitive factors in the SCT, this theory
seems to have the right explanatory power for explaining
and analyzing human behaviors and thus comprises an
appropriate model for investigating the relationship of
these factors with each other and with calcium intake.!'*'”]
Due to the important role of perceptual determinants
in explaining calcium intake and their consistency with
a number of constructs of the SCT, the present study
was conducted to identify the determinants of calcium
intake based on the SCT using path analysis in a group
of women in Isfahan, Iran. Given the results of previous
studies, the theoretical framework of the present study
was developed as a predicted structural model [Figure 1]
and is based on the following hypotheses:

Calcium Intake

N\

Outcome expectation >  Self-efficacy

Self-regulation
Social support

demographic Variables

Figure 1: Social-cognitive theoretical model of factors influencing calcium intake

1. The increased effect of self-efficacy, outcome
expectations, self-regulation, and social support on
the relationship between demographic variables and
calcium intake can positively affect calcium intake

2. Increased confidence in one’s ability to overcome
problems and barriers results in planning and
adherence to the plan and increases calcium intake

3. Self-regulation contributes greatly to calcium
intake, and the subject’s increased capacity to use
self-regulation mechanisms leads to her increased
calcium intake

4. Enjoying social support and showing an increased
self-perception of social support can positively affect
calcium intake.

Materials and Methods

Study design and setting

The present cross-sectional study was conducted in
Isfahan in 2016. With a 95% confidence interval (CI) (1.96),
a test power of 80% (0.84), a calcium intake self-efficacy
coefficient of 0.15,"*l and taking into account a potential
withdrawal of 15%, the sample size was determined as
400.

Study participants and sampling

A multistage cluster random sampling method was
used in this study: first, a random selection was made
from the urban health centers of Isfahan, and since
this city has 25 regions with different socioeconomic
features, ten health centers were selected from it
through cluster sampling. The population of the women
covered by the centers was then determined, and the
samples were selected in proportion to the size of each
center. After an introduction session, the participants
were briefed on the study objectives and the method
of completion of the questionnaires, and they then
submitted their informed consent and filled out the
questionnaires. Any candidates with an osteoporosis
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severity hindering their participation were excluded
from the study.

Data collection tools and techniques

The data collection tools had three parts: Part 1 — a
sociodemographic questionnaire with ten items, which
examined age, education, marital status, occupation, and
income; Part 2 — the Calcium Intake Questionnaire based
on the SCT: the SCT-based questionnaire was designed
by the researchers and contained four constructs:
self-efficacy, outcome expectations, social support, and
self-regulation, and each scale had five items, which were
scored based on a ten-point Likert scale (from “totally
disagree” =1 to “totally agree” =10). The exploratory
factor analysis identified a four-factor model with a total
variance of 72.3%. The results related of the confirmatory
factor analysis (CFA) showed that the model was fit
based on the SCT (CMIN/DF = 1.850, Comparative Fit
Index [CFI] = 0.946, Tucker-Lewis Index (TLI) = 0.938,
and root mean squared error of approximation [RMSEA]
= 0.069 [90% CI: 0.057-0.081]), and all the scales were
significant within an acceptable range.!"”! Part 3 — the
Calcium Intake Behavior Questionnaire, which was
designed to assess women'’s performance in terms of
calcium intake using a checklist similar to the Food
Frequency Questionnaire, and with its validity and
reliability confirmed in previous studies.!2! This
questionnaire contained two parts; first, “how often
do you use calcium-rich foods (e.g., milk, cheese,
dough or yogurt-based beverages, yogurt, fish, green
leafy vegetables, seeds, and fruits) per week?” and
second, “what amount of calcium-rich foods do you
use each time?”1"2!I Then, given the amount of calcium
in each food item, the mean daily calcium intake was
calculated and the participants were categorized into
three groups: (a) low calcium intake of <800 mg/day,
(b) moderate calcium intake of 800-1000 mg/day,
and (c) normal calcium intake of >1000 mg/day, based
on the recommended daily calcium for women aged
19-50 years.[*#!

Ethical considerations

The study was conducted in accordance with the
Declaration of Helsinki and after obtaining formal
permission from Isfahan University of Medical Sciences
and ethical approval from the university research
deputy (grant number: 395203). The participants were
briefed on the study objectives and methods and
submitted their informed consent and were ensured of
the confidentiality of their data.

Data analysis

Data were analyzed in SPSS-20 using the regression
analysis at the significance level of <0.05. The explanatory
power of the hypothetical social-cognitive model was
assessed using the path analysis in Amos Graphic 23. The

fitindices for assessing the hypothetical social-cognitive
model were selected from three categories, i.e., absolute,
comparative, and parsimony, and were calculated
using the CFA. The acceptable values of the fit indices
were as follows: CMIN/DF = (1-5), TLI >0.8, CFI >0.9,
Parsimonious Comparative Fit Index (PCFI) >0.6, and
RMSEA <0.05, and these values indicated the good fit
of the hypothetical model.?>*!

Results

Descriptive results

Of the 400 participants, 48 were excluded from the study,
and 352 remained. The main characteristics examined
in the participants included level of educational level
(1.4% were illiterate, 3.7% had reading and writing
literacy, 9.7% had primary school education, 12.8%
had middle and high school education, 40.6% had high
school diploma, and 31.8% had university education),
marital status (87.2% were married, 10% were single,
1.7% were widowed, and 1.1% were divorced),
employment (18.9% were employed and 81.1% were
unemployed), and income (67.5% had little income,
27.8% had good income, and 4.7% had excellent income).
The mean age of the participants was 34.07 years
(standard deviation = 7.99) (range = 19-50). The mean
calcium intake was 909.94 (12. 6) mg/day. The results
after eating calcium-rich foods showed that 37.2% of
the individuals consumed calcium <800 mg/day, 36.6%
consumed 800-100 mg/day, and 25.9% consumed more
than 1000 mg/day [Table 1].

The analysis of the relationships between the
explanatory variables and calcium intake
Regression analysis results

The regression analysis was used to assess the explanatory
power of the variables. First, a simple linear regression
analysis was performed for all the underlying and main
variables, and then, the hierarchical multiple regression
analysis was used to assess the theoretical model.
The results of the simple linear regression analysis on
the explanatory power of the underlying and main
variables in explaining calcium intake showed that
income, employment status, and education have an
acceptable explanatory role in calcium intake, while
income status was found to have the greatest explanatory
power (R* = 0.17). Furthermore, the results of the
simple linear regression analysis on the explanatory
power of the main variables (self-efficacy, social

Table 1: The level of calcium intake among women
who participated in the study (n=352)

Daily calcium intake (mg/day)

Frequency, n (%)

Low calcium intake (<800) 131 (37.2)
Moderate calcium intake (800-1000) 130 (36.6)
Normal calcium intake (>1000) 91 (25.9)
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support, self-regulation, and outcome expectations)
for explaining calcium intake showed that all four
constructs had acceptable explanatory roles while
self-regulation (R*> = 0.26) had the highest explanatory
power [Table 2].

Next, to assess the theoretical framework of the
research, a hierarchical multiple regression analysis
was performed. First, the main variables were input
into the model, and income, employment status, and
education were added next. Table 3 presents a summary
of the model, which shows that the first model was
able to explain 0.31 of the predictive power of calcium
intake (R?> =0.31, P = 0.001), and the second model was
only able to add 0.01 to the explanatory power of the
first model, which suggests a poor parsimony effect,
and the first model was thus confirmed. Self-regulation
was also identified as the strongest predictor of calcium
intake (beta =0.15, t[351] =2.37, P = 0.01). The regression
analysis showed that the theoretical framework of the
study, which included the variables self-efficacy, social
support, self-regulation, and outcome expectations, had
an acceptable explanatory power for calcium intake.

The structural analysis of the relationships in the
conceptual model of the study

To analyze the structural relationships between the
explanatory factors of calcium intake, a model was
drawn with all the constructs, namely self-efficacy,
outcome expectations, social support, self-regulation,
income, employment status and education, and
employment status. Then, the paths through which
income and education affected outcome expectations
and social support, those through which outcome
expectations and social support affected calcium intake,
and the path through which outcome expectations
affected self-regulation, which demonstrated poor
relationships, were excluded from the model, and the
final model was then assessed using path analysis. The
fitindices show the acceptable fit of the proposed model
with the data (CMIN/DF =2.123, TLI = 0.94, CFI = 0.95,
PCFI =0.83, P =0.001, and RMSEA = 0.05 [0.049-0.063]),
and this model was able to predict 73% of the variance
in calcium intake.

According to Figure 2 and the results obtained from the
path analysis [Table 4], self-regulation was identified
as the strongest factor determining calcium intake.
The direct effects of social support, self-efficacy, and
outcome expectations on calcium intake were very weak.
The direct effect of self-efficacy on calcium intake was
very weak, and self-efficacy exerted the highest effect
on calcium intake through self-regulation. The indirect
effect of social support on calcium intake through
outcome expectations, self-efficacy, and self-regulation
was acceptable and significant, and the strongest
path pertained to self-regulation. The direct effect
of outcome expectations on calcium intake was very
weak, and outcome expectations exerted the greatest
effect on calcium intake through self-regulation. The
strongest direct effect on calcium intake pertained
to self-regulation, while the strongest indirect effect
pertained to social support through self-regulation.
The direct effects of income and education on calcium
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Figure 2: Structural equation analysis of the final social-cognitive model of calcium
intake

Table 2: Simple linear regression analysis on the explanatory power of the study variables to predict calcium intake

Models R R? change F change (df =1, df =350) P 95% CI for B (lower-upper)
Age 0.04 0.002 0.55 0.38 -4.968-1.107

Years of education 0.13 0.01 6.36 0.01 -16.548-28.605
Marriage status 0.006 0.00 0.01 0.9 -51.868-45.286
Employment status 0.12 0.01 5.85 0.01 -128.215--2.441
Income status 0.17 0.02 10.61 0.001 -7.325-63.444
Self-regulation 0.26 0.07 26.41 0.001 0.897-6.418
Self-efficacy 0.25 0.06 24.14 0.001 -0.096-4.793

Social support 0.17 0.03 11.46 0.001 -0.524-4.158
Outcome expectation 0.11 0.01 4.5 0.03 -1.731-2.495

Cl=Confidence interval

4
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intake were acceptable and significant. The indirect
effect of income and education on calcium intake
through self-regulation was weak and unacceptable. The
direct effects of income and education on self-efficacy
were acceptable and significant, but the indirect effect
of income and education on calcium intake through
self-efficacy was weak and insignificant.

Discussion

The present study was conducted to identify the
social-cognitive determinants of calcium intake in a
group of women in Isfahan. The explanatory power of
constructs including self-efficacy, outcome expectations,
social support, and self-regulation in explaining calcium
intake was assessed using the path analysis. The results
showed that the study’s hypothetical model has a
good explanatory power and acceptable fit indices,
which agrees with the results obtained in studies by
Ievers-Landis et al. and Sharma.l'"'?l Moreover, the
analysis of the structural equations showed that this
hypothetical social-cognitive model can predict 73%
of the variance in calcium intake behavior, which was
reported as 16% in a study by Gammage. The conceptual
framework in Gammage and Klentrou’s study is based
on variables including self-efficacy, barriers, and
knowledge, but the present study has examined other
factors related to this behavior (social support, outcome
expectations, and self-regulation).? The results of
the regression analysis in the present study showed
that calcium intake has a significant relationship with
income, employment status, and education, with income
having the greatest explanatory power. Studies have

Table 3: Hierarchical multiple regression analysis of
the study models to predict calcium intake

Models R Adjusted R? R?change Fchange df df, P
Model 1* 0.31 0.08 0.09 9.03 4 347 0.001
Model 2** 0.35 0.1 0.12 6.89 7 344 0.001

*Predictors: Self-regulation, self-efficacy, social support, and outcome
expectation, **Predictors: Self-regulation, self-efficacy, social support, outcome
expectation, employment status, income status, and years of education

shown that calcium intake can be inadequate in women
mainly due to poverty.®*! A high income increases
purchasing power and might lead to an increased
consumption of calcium-rich foods. Akinpetide studied
the role of women’s health knowledge and behaviors
in the prevention of osteoporosis and showed that
calcium intake has a significant direct correlation with
education.® In other words, people’s knowledge
about the benefits of calcium increases as their level of
education increases, and they thus become more inclined
to consume calcium. A study conducted by Shabani to
determine employed nurses” knowledge of osteoporosis
and a study by Miller conducted on a group of female
teachers showed that calcium intake is low in working
women,”#! which may be because employment increases
women’s preoccupations and reduces the opportunity to
prepare and consume calcium-rich and healthy foods.

This section assesses the relationships observed in the
proposed theoretical framework that was confirmed
through the path analysis. The results of the path
analysis in examining the first hypothesis of the study
showed that income and education have direct effect
on calcium intake and also indirect effects through
self-efficacy, while an increase in the effect of self-efficacy
on the relationship between demographic variables and
calcium intake can weakly affect calcium intake. The
present findings showed that self-efficacy has a poor
direct effect on calcium intake, and the second proposed
hypothesis of this study is thus not confirmed, although
self-efficacy can indirectly affect calcium intake by
affecting self-regulation, which concurs with the results
obtained by Poddar et al., who proposed self-regulation
as a mediator of self-efficacy and calcium intake.®!

The combination of self-regulation and self-efficacy is
likely an essential determinant of calcium intake. The
present findings also showed that self-regulation is
the strongest predictor of calcium intake, so the third
proposed hypothesis of this study is confirmed. Moreover,
self-regulation was found to have a favorable relationship

Table 4: Direct, indirect, and total effects of variables in the social-cognitive model of calcium intake

Outcome expectation Self-efficacy Self-regulation

Variable Coefficients Demographic variables Social support
Outcome expectation Direct -
Indirect -
Total -
Self-efficacy Direct 0.34*
Indirect 0
Total 0.34
Self-regulation Direct 0.1
Indirect 0.13
Total 0.23
Calcium intake Direct 0.17*
Indirect 0.08
Total 0.25

0.23* - - -
0 - - -
0.23 - - -
0.18* 0.3~ - -
0.07 0 - -
0.25 0.3 - -
0.44* 0 0.44~ -
0.1 0.12 0 -
0.54 0.12 0.44 -
0 0 0.04 0.26*
0.15 0.04 0.12 -
0.15 0.04 0.16 0.26

*Significant at the P=0.001
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with the other constructs of the social-cognitive model,
and the remaining constructs indirectly affected
calcium intake through self-regulation. Bandura argues
that self-regulation is a key construct for behavior
change in the social-cognitive approach, and having
a goal and proper plans for calcium intake increases
self-esteem and makes the individual pay attention to
the positive outcomes of calcium intake and improves
her behavior.""7?% This finding might indicate the key
role of self-regulation in promoting calcium intake,
which should be considered an important factor in
calcium intake-promoting interventions. According to
the present findings, social support has no direct effect on
calcium intake and only affects calcium intake through
the other constructs. The results of studies conducted
by levers-Landis et al. and Simpson showed that the
availability of social resources leads to an improved
calcium intake."*! Given these findings, it seems that
social support alone is not a sufficient determinant of
calcium intake, and Bandura also argued that the absence
of social support is not a barrier to the performance of
a behavior, although such absence can affect calcium
intake by affecting the other constructs.['*!7

The present findings showed that outcome expectations
alone have no direct effect on calcium intake, and
the fourth proposed hypothesis of this study is not
confirmed, although outcome expectations do affect
calcium intake through self-efficacy. The results
obtained in studies conducted by Kim and Akinpetide
showed that positive outcome expectations have an
important role in the use of calcium-rich foods.'>*! To
explain these results, it can be argued that although the
favorable outcomes of calcium intake are self-evident
and well-demonstrated in research, the knowledge of
these benefits alone does not lead to the performance
of the behavior, and self-efficacy can reinforce the effect
of outcome expectations on calcium intake. Bandura
argued that if the target behavior has a close theoretical
relationship with outcome expectations, its explanatory
power will diminish compared to the other constructs of
the SCT. Greater attention needs to be paid to the effect
of outcome expectations on self-efficacy in interventions
aiming to improve calcium intake.

The present findings on the explanatory power of the
constructs of the SCT in explaining calcium intake
showed that the proposed hypothetical model is
acceptable and consistent with the results of previous
studies and can be used as a framework in studies on
calcium intake. Given the characteristics of the target
group in this study, the findings may be useful for similar
populations and target groups, but the current samples
cannot be considered representative of the Isfahan
population due to sampling bias. Assessments of the
correlation of income and the social-cognitive constructs

with calcium intake are influenced by the measurement
tool (questionnaire) and sampling method used, which
limits the generalizability of the results. Furthermore, it
is not possible to change the structure of the conceptual
model of the study over time, because causal inference
is more based on the SCT than the existing data, and
therefore, utmost care should be taken when using
current data as the basis of an intervention, and further
studies are suggested on the generalizability of the
proposed hypothetical model for other social groups
and in other environments. A strength of this study
is its use of the SCT to investigate the determinants of
calcium intake and use of a theoretical model to prove
the hypothesis. The present study had some limitations
too, including the completion of the questionnaires in
self-report format, the short duration of the research,
and the failure to examine the relationship between the
demographic variables in the social-cognitive theoretical
model, all of which indicate that the findings should be
applied with caution. The analysis of structural equations
in the hypothetical model of the study on the explanatory
power of the constructs of the SCT in explaining calcium
intake showed that some paths were weak and the
relationship between some of the factors was overlooked.
For example, the effect of self-efficacy on outcome
expectations or the relationship between demographic
variables and the other factors in the hypothetical model
were not examined; future studies are recommended to
further assess these issues.

In the present study, self-regulation was identified as
the strongest predictor of calcium intake. This construct
should, therefore, be more emphasized in designing and
implementing calcium intake-promoting programs.?*!
Given the poor scores of self-efficacy, social support,
and outcome expectations in explaining calcium intake,
further studies should be conducted to investigate the
explanatory power of these three constructs, and health
educators need to further emphasize these constructs in
their calcium intake-promoting programs.

Conclusions

The results of this study were indicative of the
importance of simultaneous examination of the
constructs of the SCT in a theoretical model to explain
calcium intake as a behavior. More attention should be
paid to self-regulation in designing and implementing
programs for the purpose of promoting calcium intake.
In addition, calcium intake should be promoted among
women through further educational interventions and
by boosting their self-regulation.
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