PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Aynehchi A, Saleh-Ghadimi S, Dehghan P
(2023) The association of self-efficacy and coping
strategies with body mass index is mediated by
eating behaviors and dietary intake among young
females: A structural-equation modeling approach.
PLoS ONE 18(1): 0279364. https://doi.org/
10.1371/journal.pone.0279364

Editor: Mohammad Hossein Ebrahimi, Shahrood
University of Medical Sciences, ISLAMIC
REPUBLIC OF IRAN

Received: December 18, 2021
Accepted: December 6, 2022
Published: January 27, 2023

Copyright: © 2023 Aynehchi et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All relevant data are
within the paper and its Supporting information
files.

Funding: No funding.

Competing interests: The authors have declared
that no competing interests exist.

RESEARCH ARTICLE

The association of self-efficacy and coping
strategies with body mass index is mediated
by eating behaviors and dietary intake among
young females: A structural-equation
modeling approach

Aydin Aynehchi’, Sevda Saleh-Ghadimi?, Parvin Dehghan®3*

1 Student Research committee, Tabriz University of Medical Sciences, Tabriz, Iran, 2 Clinical Research
Development Unit of Tabriz Valiasr Hospital, Tabriz University of Medical Sciences, Tabriz, Iran, 3 Nutrition
Research Center, Tabriz University of Medical Sciences, Tabriz, Iran

* dehghan.nut@gmail.com

Abstract

Globally, around three billion people are either under- or overweight. Speculating the differ-
ent roles of psychological factors in body weight between over- and underweight people, it
was first hypothesized that whether or not the effects of self-efficacy and coping strategies
on body mass index (BMI) is different between these two groups. We secondly predicted
that their association is mediated by nutritional factors. Therefore, the present cross-sec-
tional study was conducted to model the impact of self-efficacy and coping strategies on
eating behaviors, dietary intake and BMI, using structural equation modeling in two BMI
groups: low-to-normal-BMI (LBMI: BMI<21.75 kg/m?) and normal-to-high-BMI (HBMI:
21.75 kg/m? < BMI). Female participants (N = 250, aged >18) were included using conve-
nience sampling method and data of self-efficacy, coping strategies, eating behaviors and
dietary intake were collected via questionnaires. The model fit was evaluated and confirmed
by fit indices. The analysis revealed in both groups the participants tended to adopt emo-
tion-focused coping strategy (EFCS) more than problem-focused coping strategy (PFCS)
(mean score: 61.82 (7.96) vs 49.21 (6.73)). The HBMI group tended to use EFCS more than
the LBMI group (P<0.001). In the LBMI group, self-efficacy, PFCS and EFCS had positive
effects on BMI. Only the direct effect of self-efficacy (B = 0.314, P<0.001) and the indirect
effects of PFCS and EFCS (through increasing unhealthy eating behaviors; 3 =0.127,
P<0.01, B =0.095, P<0.05, respectively) were significant. In the HBMI group, self-efficacy
had negative effect on BMI (both directly (8 =-0.229, P<0.05) and indirectly (8 =-0.103,
P<0.05) by decreasing unhealthy eating behaviors). PFCS had no effect and EFCS had an
indirect, positive effect on BMI (through increasing unhealthy eating behaviors, 3 =0.162, P
=0.001). In conclusion, these findings suggest that improving self-efficacy and coping-strat-
egies seems helpful to have a healthy BMI in both BMI groups and further interventions to
reduce EFCS should be limited to overweight people.
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Introduction

According to a 2017 report by the World Health Organization, more than 815 million people
are undernourished throughout the world and around 1.9 billion adults are overweight and
obese [1]. Based on these data, a large proportion of human population is under threat,
because it is generally accepted that any significant deviation from normal weight (over/under-
weight) has major health consequences [2]. For instance, in a well-designed population-based
cohort study in 2018, Bhaskaran et al. investigated the data of about 3.6 million adults in UK
and concluded that, in most cases, there was either a "U- or J-shaped" relationship between
various causes of mortality and Body Mass Index (BMI) and the lowest risks were shown in
people with normal BMI [3]. This is of particular importance among women, because on one
hand, the international obesity rate is higher among them (15% vs. 11% in men [1]) and on the
other hand, when they are underweight they are at risk of developing diseases such as breast
and cervical cancer as well as reproductive problems [4, 5]. Hence, it is worthwhile to under-
stand the interplay between potential factors that contribute to women’s weight management.

Interactive association of genetic, epigenetic and environmental factors are involved in the
pathogenesis of obesity. Based on reports, estimated heritability is between 40% and 70%, as an
important factor for an individual body weight [6]. Beside the inheritance, the weight of each
person is the result of a balance between dietary intake and energy expenditure and is strictly
controlled by physiological and psychological mechanisms [7]. For instance, it is well known
that psychological distress is associated with unhealthy eating behaviors such as over/undereat-
ing and binging [8]. In addition, a vast number of environmental factors such as food security,
economic status, knowledge, education, social relationships and gender discrimination can
influence body weight [9]. Accordingly, the solution to overcome the obesogenic environment
would be to correct the lack of accessible and immediate and healthy foods, the scarcity of safe
recreational spaces in addition to environmental hazards related to low socioeconomic status,
high-density communities. Moreover, everyone requires learning special abilities to overcome
health-related problems and adopt a healthy eating behavior and physical activity for having a
suitable BMI [10].

Concept of self-efficacy is part of Bandura’s (1989) social cognitive theory of motivation
and behavior. According to this theory, self-efficacy is defined as the belief of individuals in
their capability to perform a task and attain a desired outcome [11]. The effect of self-efficacy
has been investigated in the management of numerous health problems such as stress [12, 13],
smoking or drinking [14, 15] and adherence to medical advice [16]. The overall finding of
these studies is that the more self-efficient the patients are, the more successful they are in the
management of their diseases [17]. From nutritional point of view, self-efficacy accompanies
healthy eating and encourages abstinence from unhealthy foods [18]. Therefore, self-efficacy
may improve eating behaviors and BMI [19]. Nevertheless, further studies are needed to clarify
the role of self-efficacy in this context.

Coping strategies are cognitive and behavioral efforts to reduce the perceived imbalance in
a person-environment relationship that serve to control or avoid distress [20]. Women, espe-
cially in developing countries, consistently interact with social and cultural pressures [21].
Generally, a person adopts different kinds of coping strategies such as emotion-focused coping
strategy (EFCS) and problem-focused coping strategy (PFCS). EFCSs are implemented to
reduce emotional distress and are often less adaptive. In contrast, PFCSs are aimed to manage
the situation and include problem definition, solution finding, cost-effectiveness assessment,
approach selection and action and are often more appropriate than EFCSs [22]. Existing evi-
dence indicates that girls experience severe weight-based victimization, and in response, adopt
coping strategies such as binge eating and reduced physical activity or extreme food restriction
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and sever exercise [23, 24]. In a web-based study, inappropriate coping strategies in response
to body image dissatisfaction was reported and the researchers suggested that it is necessary to
help women to improve their coping behaviors [25]. Overall, understanding how women cope
with environmental challenges and weight related discrepancies is helpful to develop health
promotion programs.

In the current study, we aimed to evaluate the possible role of self-efficacy and coping strat-
egies in eating behaviors and BMI of young female university students. First, direct effects of
self-efficacy and coping strategies on BMI were assessed. Then, the mediating roles of eating
behaviors and dietary intake were evaluated. Owing to the findings of previous studies indicat-
inga "U- or J-shaped" association of BMI with several diseases, we hypothesized that the psy-
chological responses of underweight people would probably be different from those with
overweight and obesity; therefore, the interplay among self-efficacy, coping strategies, eating
behaviors, dietary intake and BMI were compared between two BMI groups.

Materials and methods
Study design and participants

A cross-sectional study was conducted in Tabriz University of Medical Sciences from January
to April 2020. Apparently healthy—regardless of BMI—female students (N = 250) aging >18
years were recruited through flyer announcements. Exclusion criteria included being pregnant
or lactating, being on a diet and having any obvious psychiatric or medical condition such as
anorexia or bulimia and drug abuse. Participants were divided into two BMI groups based

on the midpoint of normal BMI range as the cut-off point that has been used by other
researchers, as well, (low-to-normal-BMI group (LBMI): BMI<21.75 kg/m?, n = 125 and nor-
mal-to-high-BMI group (HBMI): BMI>21.75 kg/m? n = 125) [26, 27]. The participants
entered the study after obtaining a written informed consent. All procedures performed in this
study were in accordance with the 1964 Helsinki declaration and the Ethical committee of
Tabriz University of Medical Sciences has approved the protocol of the study (Ethical Code:
IR.TBZMED.REC.1399.752).

Instruments and measures

Sample size. Sample size for each group was calculated via the "semTools" package of R
software (using the "findRMSEAsamplesize” function based on a given statistical power, root
mean squared error of approximation (RMSEA), alpha and the degree of freedom [obtained
from the structural equation modeling (SEM) analysis of the model in STATA] of 0.80, 0.08,
0.05 and 64, respectively) in two groups that provided at least 103.5 participants per group
[28]. Therefore, to account for attrition rates, 125 participants per group were recruited.

Anthropometric assessments. Height (using a stadiometer (Seca 206) without headdress
and shoes, precision: 0.1 cm) and body weight (using a digital scale (Seca 707) with light cloth-
ing, precision: 0.1 kg) were measured and used to calculate BMI by dividing weight in kilo-
grams by the square of height in meters.

Dietary intake. A three-day food record (two weekdays and one weekend day) was
obtained to assess dietary intake. A dietician carefully reviewed the food records and the data
of total fat (g), protein (g), carbohydrates (g) and calorie (Kcal) intake were extracted using
Nutritionist IV software modified for Iranian foods.

Eating behavior pattern. Participants completed an eating behavior pattern question-
naire, which is a proper tool to evaluate the determinants of eating behavior through 48 items
[29] scoring with 5-point Likert-scale ranging from strongly disagree into strongly agree. As
provided in Table 1, nine categories of eating behaviors were determined by the questionnaire.
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Table 1. Cronbach’s alpha and scoring for eating behavior patterns questionnaire.

Categories Items Scoring a

Cultural / Lifestyle Behavior 9 9-45 0.55
Eating out 4 4-20 0.76
Emotional Eating 7 7-35 0.58
Healthy eating 4 4-20 0.54
Low fat intake 7 7-35 0.75
Meal Skipping 7 7-35 0.54
Planning Ahead 3 3-15 0.51
Snacking 3 3-15 0.71
Sweet and Biscuits 4 4-20 0.62

https://doi.org/10.1371/journal.pone.0279364.t001

It has been modified and validated locally by Dehghan et al. and Cronbach’s o coefficients for
the questionnaire ranged from 0.55 to 0.78 [30]. Three factors including "low fat eating",
"healthy eating" and "planning ahead" contained items describing healthier behaviors while the
other six factors were generally about risky and unhealthy behaviors. Therefore, a confirma-
tory factor analysis (CFA) was conducted (Fig 1) in a way that these factors were collapsed into
two broad "eating behaviors", the first three factors were conceptualized as the latent variable
of "healthy eating behaviors" (HEB) and the remaining six as the latent variable of "unhealthy
eating behaviors" (UHEB) [31]. In this study, the average inter-item correlation of each vari-
able was 0.16 and 0.17, respectively [32] and the model fit indices were: */df: 1.28; RMSEA:
0.034; comparative fit index (CFI): 0.954; Tucker-Lewis index (TLI): 0.936; standardized root
mean square residual (SRMR): 0.047.

Coping strategies. Coping strategies was assessed using a standard questionnaire, Jalo-
wiec coping scale, which assesses PFCS and EFCS, and is comprised of 39 items with responses
on a 5-point Likert scale from never to always (scoring 1 to 5, respectively). PFCS is composed
of 24 jtems scoring between 24 and 120, while EFCS is composed of 15 items scoring between
15 and 75. The questionnaire includes items such as: "exercise or did some physical activity",
"tried to find out more about the problem and set up a plan of action" for PFCS and items such

Emotional Eating
5.9

C/LS Behaviour
5.8

Sweet & Biscuit
4

41
77 Low Fat Eating Ba 4-@

Eating Out

46" .
2
Unhealthy Eating Behaviors
1
l—
2.9

83
Healthy Eating Behaviors -
1

B

Healthy Eating s

.36* .98

§ Q@ @ §

Snacking

©

Planning Ahead
5.6

.94

?

Meal Skipping
6.4

Fig 1. Result of confirmatory factor analysis of the eating behavior pattern questionnaire for participants. Model fit indices: x*/df: 1.28; RMSEA:
0.034; CFI: 0.954; TLI: 0.936; SRMR: 0.047. 1 to €9 represent error variances of variables. Small numbers at the corner of the rectangular objects are
standardized intercepts (the predicted value of the variables when all the predictors are zero).

https://doi.org/10.1371/journal.pone.0279364.9001
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as: "took a drink to make yourself feel better", "took medication to make yourself feel better
and ate or smoke more than usual" for EFCS. The reliability of the questionnaire has been veri-
fied in different populations [33, 34]. In the present study, the Cronbach’s coefficient alpha
was 0.76 and 0.69 for PFCS and EFCS, respectively.

Self-efficacy. Participants filled general Sherer’s self-efficacy questionnaire [35]. The scale
includes 17 items, based on a Likert scale ranging from one (strongly disagree) to five (strongly

"o

agree). The questionnaire includes items such as: "I avoid facing difficulties", "I avoid trying to
learn new things when they look too difficult for me", "When I set important goals for myself I
rarely achieve them". The questionnaire has a maximum score of 85, indicating the ideal self-

efficacy and a minimum score of 17 as a poor self-efficacy. In 2000, Makaremi has translated it
to Farsi and Cronbach’s coefficient alpha was 0.87 among Iranian college students [36]. In the

present study, Cronbach’s coefficient alpha was 0.88.

Data analysis

Statistical software including SPSS ver. 22 (SPSS Inc., Chicago, IL, USA) and STATA ver. 14
(Stata Corp, College Station, Texas USA) were used for descriptive/analytic statistics and SEM
analysis, respectively. Sample size was calculated using R software ver. 4.2.0. Skewness and
kurtosis in combination with Kolmogorov-Smirnov test were used to assess the normality.
Independent sample t-test and Chi-squared test were performed for continuous and categori-
cal variables, respectively. Pearson correlation was used to evaluate the relationship among
study variables to establish the conditions necessary for testing mediating relationship [37].
Quadratic regression analysis was performed to test the quadratic (U-shaped) relationship
between BMI and psychological variables. Using SEM, eating behavior patterns and dietary
intake were examined as the mediator of the relationship between coping strategies and self-
efficacy with BMI. At first, multiple imputation method, a fully conditional specification tech-
nique, was used to impute missing data. Finally, the model was examined using SEM and the
fit of model was evaluated and confirmed by a set of fit indices and criteria including chi-
square estimate with degrees of freedom, normed chi-square (equal to chi-square divided by
its degree of freedom) (values < 5); RMSEA (values < 0.08); TLI (values > 0.9); Goodness of
fit index (GFI) (values > 0.9); CFI (values >0.9) and SRMR (values < 0.08) [38].

Results

Generally, the result of normality (skewness, kurtosis and Kolmogorov-Smirnov) test revealed
that all variables were normally distributed. Skewness: age: 1.96, BMI: 0.56, EFCS: -0.05, PEFCS:
0.14, self-efficacy: 0.10, protein intake: 0.62, carbohydrate intake: 0.74 and fat intake: 0.73. Kur-
tosis: age: 7.27, BMI: -0.07, EFCS: -0.50, PFCS: -0.23, self-efficacy: -0.39, protein intake: -0.04,
carbohydrate intake: 1.06 and fat intake: 0.19. Kolmogorov-Smirnov: except age (p < 0.001)
and fat intake (p = 0.01) all variables were normally distributed (p > 0.05).

All variables (EFCS, PECS, self-efficacy, protein intake, carbohydrate intake and fat intake)
were normally distributed within study groups, except age that was not normally distributed in
neither of LBMI and HBMI groups based on Kolmogorov-Smirnov test (p < 0.05).

Baseline characteristics of the participants

In total, 250 healthy female students with mean age of 22.45 years participated in this study.
The basic characteristics of participants are presented in total and in BMI groups (Table 2).
Most of the study participants were single (n = 198, 79.2%) and staying at home (n = 185,
74.0%). There was not a statistically significant difference between groups in terms of residence
status. However, majority of participants in HBMI category were "married” (P = 0.002). The
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Table 2. Selected characteristics of the participants by BMI groups (N = 250).

Variables Total (N = 250) BMI P
LBMI (< 21.75 kg/m’) (n = 125) HBMI (21.75 kg/m” <) (n = 125)
Age (year) 1 22.45 (2.49) 22.03 (2.08) 22.86 (2.80) 0.008
Marital Status
Married 52 (20.8) 16 (12.8) 36 (28.8) 0.002
Single 198 (79.2) 109 (87.2) 89 (71.2)
Residence %
Dormitory 65 (26.0) 29 (23.2) 36 (28.8) 0.313
Home 185 (74.0) 96 (76.8) 89 (71.2)
Weight (kg) + 61.23 (9.24) 54.90 (5.20) 67.56 (7.98) < 0.001
Height (cm) t 165.75 (5.93) 167.08 (5.70) 164.43 (5.89) < 0.001
Body mass index (kg/mz) t 22.31(3.35) 19.66 (1.49) 24.97 (2.47) < 0.001
Coping Strategies t
Problem-Focused 49.21 (6.73) 49.83 (5.84) 48.59 (7.49) 0.144
Emotion-Focused 61.82 (7.96) 59.66 (7.72) 63.98 (7.62) < 0.001
Self-efficacy Score 61.64 (8.80) 62.05 (8.40) 61.30 (8.75) 0.489

BMI: body mass index; LBMI: low-to-normal BMI group; HBMI: normal-to-high BMI group

" Values are represented as mean (Standard Deviation) and p - values are based on Independent Samples T-Test.;

¥ Values are represented as frequency (%) and p - values are based on Chi Square test.

https://doi.org/10.1371/journal.pone.0279364.t1002

min-max of the weight, height and BMI of the participants were 42.3-86.4 kg, 149.8-182.7 cm
and 16.1-33.3 kg/m?, in whole data, 42.3-66.9 kg, 153.0-182.7 cm and 16.1-21.7 kg/m? in
LBMI and 52.4-86.4 kg, 149.8-180.2 cm and 21.8-33.3 in HBMI groups, respectively. The
mean (SD) of weight was 61.23 (9.24) kg in total and the body weight of the HBMI group was
significantly higher than that of the LBMI group (67.56 (7.98) kg vs 54.90 (5.2) kg, P < 0.001).

Coping strategies and self-efficacy status

As presented in Table 2, in general, participants tended to adopt EFCS higher than PFCS
(mean score: 61.82 (7.96) vs 49.21 (6.73)). Adopting EFCS was significantly higher in HBMI
group (P < 0.001), whereas the score of PFCS and self-efficacy were not significantly different
between the two groups (p>0.05).

Dietary intake and eating behaviors of the participants

The mean daily intakes of calorie and nutrients are represented in Table 3. On average, partici-
pants consumed a diet containing 15% protein, 52% Carbohydrate and 32% fat, which con-
sisted of exceeding the recommended intake of saturated fatty acids (SFA) (12.17% of total
calorie). The mean intake of calorie and other nutrients other than SFA were significantly
higher in HBMI group (p<0.05).

As shown in Table 3, the eating behavior of participants was significantly different between
groups. LBMI participants had a significantly higher score of "HEB" and lower score of
"UHEB" compared with HBMI group (P< 0.001) (Table 3). The score of "low fat intake",
"planning ahead" and "meal skipping" was significantly higher among LBMI subjects (P<
0.05), whereas "sweet and biscuits" intake, "cultural/lifestyle behavior" and "emotional eating”
were more common among HBMI group (P< 0.001).
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Table 3. Dietary intake and eating behavior of participants by BMI groups (N = 250).

Variables

Daily Dietary Intake
Energy (Kcal)

Protein (g)
Carbohydrate (g)
Fat (g)
SFA (%E)
PUFA (%E)
MUFA (%E)
Cholesterol

Eating Behavior Pattern Scores

Low fat intake

Healthy eating

Eating out

Snacking

Sweet and Biscuits
Emotional Eating

Planning Ahead

Meal Skipping

Cultural / Lifestyle Behavior
Healthy Eating Behaviors
Unhealthy Eating Behaviors

Total

Mean (SD)

1689.92 (437.48)
63.49 (18.06)

LBMI (< 21.75 kg/m?)
Mean (SD)

HBMI (21.75 kg/m” <) pt
Mean (SD)

1558.85 (362.32)
60.58 (17.85)

1821.00 (467.33) < 0.001
66.40 (17.86) 0.01

221.67 (59.24) 207.39 (49.64) 235.95 (64.59) < 0.001
60.93 (21.45) 54.09 (17.94) 67.76 (22.53) < 0.001
12.17 (2.77) 11.96 (2.81) 12.38 (2.72) 0.238
8.06 (2.41) 7.59 (2.50) 8.53 (2.23) 0.003
11.86 (2.55) 11.38 (2.57) 12.34 (2.44) 0.002
227.79 (118.03) 206.23 (101.78) 249.35 (129.15) 0.004
26.86 (4.28) 28.38 (3.75) 25.34 (4.25) < 0.001
13.73 (2.68) 13.85 (2.66) 13.61 (2.69) 0.479
10.39 (3.59) 10.45 (3.64) 10.33 (3.55) 0.792
9.62 (2.28) 9.58 (2.39) 9.67 (2.18) 0.740
11.63 (2.78) 10.93 (2.55) 12.34 (2.84) < 0.001
23.58 (4.01) 22.63 (3.80) 24.52 (4.00) < 0.001
12.19 (2.19) 12.50 (2.17) 11.88 (2.17) 0.024
23.02 (3.61) 23.54 (3.31) 22.50 (3.83) 0.023
26.76 (4.60) 25.82 (3.87) 27.70 (5.07) 0.001
0.00 (2.66) 0.98 (2.31) -0.98 (2.63) < 0.001
0.00 (1.80) -0.61 (1.52) 0.61 (1.87) < 0.001

T p-value based on independent sample t-test;

Abbreviations: BMI: body mass index; LBMI: low-to-normal BMI group; HBMI: normal-to-high BMI group; SD: standard deviation; %E: mean percentage of total

energy intake; SFA: saturated fatty acid; PUFA: poly-unsaturated fatty acid; MUFA: mono-unsaturated fatty acid

https://doi.org/10.1371/journal.pone.0279364.t003

Relationship among study variables

Correlation among the research variables is presented in Table 4. BMI was significantly corre-
lated with almost all of the variables except PFCS and protein intake in LBMI group. There
was a positive correlation between BMI and EFCS, unhealthy eating behaviors and dietary
intake, whereas BMI was negatively correlated with healthy eating behaviors in both groups.
In some cases, the direction of correlations was different between groups (e.g., the correlation
of BMI with self-efficiency and PFCS).

There was a positive correlation between dietary intake and macronutrients in both groups
(P < 0.01). In the LBMI group, dietary intake was correlated only with EFCS (P < 0.01) and in
the HBMI group, it was correlated with both self-efficacy and EFCS (P < 0.01). However, die-
tary intake was not associated with PFCS in any of the groups.

In addition, to quantify the relationship between BMI and psychological variables, a qua-
dratic regression analysis was performed. The test revealed that there were statistically signifi-
cant inverted U-shaped relationships between BMI and self-efficacy (F (2, 247) = 12.167,

p < 0.001) and between BMI and PFCS (F (2, 247) = 3.876, p = 0.022). BMI and EFCS had a
linear relationship. The regression equations were found to be self-efficacy = -15.534 + 7.132
BMI- 0.161 (BMI?) and PFCS = 28.462 + 2.092 BMI- 0.051 (BMI?).
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Table 4. Correlation among variables used in SEM modeling.

1. BMI

2. Self-efficacy

3. Emotion-Focused Coping
4. Problem-Focused Coping
5.
6
7
8
9

Healthy Eating Behaviors

. Unhealthy Eating Behaviors
. Dietary Intake
. Protein

. Carbohydrate

10. Fat

1. BMI

2. Self-efficacy

3. Emotion-Focused Coping
4. Problem-Focused Coping
5.
6
7
8
9

Healthy Eating Behaviors

. Unhealthy Eating Behaviors
. Dietary Intake
. Protein

. Carbohydrate

10. Fat

0.206 *
0.245**
0.118
-0.301**
0.433**
0.478"*
0.127
0.257**
0.391**

-0.391**
0.235%*
-0.212*
-0.488""
0.476"*
0.528"*
0.342**
0.376"*
0.450**

Low-to-normal BMI (< 21.75 kg/mz)

2 3 4 5 6 7 8 9
-0.117
0.028 0.306""
0.346"" -0.223* -0.269"*
-0.144 0.323** 0.327** -0.737**
0.011 0.299** 0.173 -0.304"" 0.561"*
0.229* 0.148 0.171 -0.065 0.218" 0.540"*
0.192* 0.162 0.089 -0.028 0.261"* 0.675"* 0.528"*
-0.034 0.274** 0.130 -0.271** 0.460"* 0.973** 0.468"* 0.546"*
Normal-to-high-BMI (21.75 kg/m” <)
2 3 4 5 [ z 8 2
-0.304"*
0.528** 0.108
0.454"* -0.353** 0.352**
-0.344"* 0.380"* -0.153 -0.777**
-0.314"* 0.377** -0.117 -0.424" 0.524"*
-0.139 0.336"* 0.069 -0.203* 0.301** 0.629"*
-0.238** 0.312** -0.110 -0.274** 0.343** 0.733** 0.653"*
-0.288** 0.333** -0.108 -0.355** 0.439** 0.981** 0.527** 0.623**

BMI: body mass index; SEM: structural equation modeling

* p—value is significant at the level of 0.05.

** p—value is significant at the level of 0.01.

https://doi.org/10.1371/journal.pone.0279364.t004

Mediating effect of eating behaviors and dietary intake between coping
strategies, self-efficacy and BMI

The study model is illustrated in Fig 2 and direct, indirect and total effects are presented in
Table 5. The result of SEM showed good fit to the data: %2/df: 1.38; RMSEA: 0.055; CFI: 0.964;
GFI: 0.888; TLI: 0.943; SRMR: 0.066 (Fig 2). In the LBMI group (Fig 2a), the structural

model paths from self-efficacy to BMI (f = 0.31 (95% CI = 0.15-0.48), P<0.001) and also

to HEB (B = 0.34 (95% CI = 0.19-0.49), P < .001), from PFCS to HEB (§ = -0.25 (95% CI =
-0.41- -0.08), P = .003) and also to UHEB (B = 0.26 (95% CI = 0.10-0.42), P = .002) and from
EFCS to UHEB (B = 0.23 (95% CI = 0.06-0.39), P = .006) were statistically significant. None of
the eating behaviors had significantly direct effects on BMI. However, the effect of HEB on
BMI was insignificant (P = 0.07) and only the indirect paths from UHEB to BMI (paths from
UHEB to dietary intake ( = 0.68(95% CI = 0.44-0.92), P<0.001) and from dietary intake to
BMI (B = 0.34 (95% CI = 0.18-0.50), P<0.001)) were statistically significant (P < .001). None
of the covariates (age, marriage and residence) had a significant effect on BMI, but their
inclusion led to a more appropriate model fit. Conclusively, in the LBMI group, the effects of
EFCS and PFCS on BMI were mostly mediated by UHEB (indirect effects of EFCS and PFCS
on BMI: B =0.095, P = 0.033 and = 0.127, P = 0.006, respectively), but self-efficacy had a sig-
nificantly direct effect on BMI (direct: § = 0.314, P<0.001 vs indirect: § = -0.095, P = 0.058).
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Fig 2. Path diagram of the studied model in two BMI categories, a: LBMI group (BMI<21.75) (N = 125) and b:
HBMI group (21.75< BMI) (N = 125). Note: CHO: carbohydrates. Standardized coefficients are provided. Bold paths
are significant (*: p<0.05; **: p<0.01 and ***: p<0.001). Potential confounding variables are illustrated in italic letters.
Rectangles and ovals are used to represent observed vs latent variables and €1 to €7 represent error variances of
variables. Model fit indices: %*/df: 1.38; RMSEA: 0.055; CFI: 0.964; GFI: 0.888; TLI: 0.943; SRMR: 0.066.

https://doi.org/10.1371/journal.pone.0279364.9002
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Table 5. Direct, indirect and total effects of evaluated models.

Variables group” Direct Effect Indirect Effect Total Effect
SPC SE p** SPC SE p** SPC SE P
Healthy eating behaviors «
EFCS 1 -0.108 0.025 0.200 - - - -0.108 0.025 0.200
2 -0.318 0.029 <0.001 - - - -0.318 0.029 <0.001
PECS 1 -0.245 0.033 0.003 - - - -0.245 0.033 0.003
2 0.274 0.033 0.003 - - - 0.274 0.033 0.003
Self-efficacy 1 0.340 0.022 <0.001 - - - 0.340 0.022 <0.001
2 0.212 0.029 0.029 - - - 0.212 0.029 0.029
Unhealthy eating behaviors «
EFCS 1 0.229 0.017 0.008 - - - 0.229 0.017 0.008
2 0.327 0.022 <0.001 - - - 0.327 0.022 <0.001
PECS 1 0.260 0.022 0.002 - - - 0.260 0.022 0.002
2 -0.082 0.025 0.411 - - - -0.082 0.025 0.411
Self-efficacy 1 -0.125 0.015 0.127 - - - -0.125 0.015 0.127
2 -0.202 0.022 0.052 - - - -0.202 0.022 0.052
Dietary intake «—
Healthy eating behaviors 1 0.183 0.032 0.202 - - - 0.183 0.032 0.202
2 -0.084 0.035 0.529 - - - -0.084 0.035 0.529
Unbhealthy eating behaviors 1 0.678 0.074 0.002 - - - 0.678 0.074 0.002
2 0.453 0.066 0.012 - - - 0.453 0.066 0.012
EFCS 1 - - - 0.136 0.004 0.032 0.136 0.004 0.032
2 - - - 0.175 0.006 0.013 0.175 0.006 0.013
PFCS 1 - - - 0.132 0.005 0.035 0.132 0.005 0.035
2 - - - -0.060 0.006 0.320 -0.060 0.006 0.320
Self-efficacy 1 - - - -0.023 0.003 0.691 -0.023 0.003 0.691
2 - - - -0.109 0.005 0.084 -0.109 0.005 0.084
BMI «
Healthy eating behaviors 1 -0.213 0.078 0.073 0.062 0.032 0.202 -0.151 0.079 0.212
2 -0.211 0.114 0.084 -0.023 0.035 0.529 -0.234 0.118 0.063
Unhealthy eating behaviors 1 0.114 0.128 0.377 0.230 0.074 0.002 0.344 0.119 0.004
2 0.140 0.156 0.236 0.126 0.066 0.012 0.266 0.156 0.025
EFCS 1 0.139 0.016 0.087 0.095 0.009 0.033 0.234 0.017 0.008
2 -0.095 0.028 0.273 0.162 0.016 0.001 0.067 0.029 0.463
PECS 1 -0.094 0.021 0.243 0.127 0.012 0.006 0.032 0.023 0.712
2 0.050 0.030 0.591 -0.086 0.017 0.105 -0.036 0.033 0.714
Self-efficacy 1 0.314 0.015 <0.001 -0.095 0.009 0.058 0.219 0.016 0.012
2 -0.229 0.026 0.015 -0.103 0.014 0.041 -0.332 0.029 0.001
Age 1 -0.059 0.059 0.473 - - - -0.059 0.059 0.473
2 0.120 0.066 0.109 - - - 0.120 0.066 0.109
Marriage 1 -0.009 0.353 0.906 - - - -0.009 0.353 0.906
2 -0.127 0.394 0.081 - - - -0.127 0.394 0.081
Residence 1 -0.083 0.274 0.284 - - - -0.083 0.274 0.284
2 -0.053 0.387 0.463 - - - -0.053 0.387 0.463

EFCS: emotion-focused coping strategies; PFCS: problem focused coping strategies; BMI: body mass index; SPC: standardized path coefficient; SE: standard error

*: 1: Low-to-normal BMI group and 2: Normal-to-high-BMI group

** 2-sided P-value

https://doi.org/10.1371/journal.pone.0279364.t005
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Finally, the SEM analysis in LBMI group revealed that higher scores of self-efficacy is directly
associated with higher BMI. In addition, higher scores of coping strategies (PFCS and EFCS)
indirectly resulted in higher BMI through more UHEB that increases BMI through raising die-
tary intake.

In HBMI group, among the psychological variables (EFCS, PECS and self-efficacy),
only the direct path between self-efficacy and BMI was statistically significant (B = -0.23 (95%
CI=-0.41- -0.05), P = 0.015) (Fig 2b and Table 5). Except for the path from PFCS to UHEB, all
other paths from psychological variables to HEB and UHEB were statistically significant (self-
efficacy to HEB: = 0.21 (95% CI = 0.02-0.40), P = 0.027; self-efficacy to UHEB: B = -0.20
(95% CI = -0.40- -0.00), P = 0.49; PFCS to HEB: B = 0.27 (95% CI = 0.09-0.45), P<0.01; EFCS
to HEB: B = -0.32 (95% CI = -0.48- -0.16), P<0.001 and EFCS to UHEB: § = 0.33 (95%
CI =0.16-0.49), P<0.001). Neither the direct path (B = -0.21 (95% CI = -0.45-0.03), P = 0.082)
nor the indirect path from HEB to BMI were significant. On the contrary, the path between
UHEB and BMI was significantly mediated through dietary intake (indirect effect of UHEB on
BMI: B = 0.126, P = 0.012). In HBMI group, the effect of EFCS on BMI (indirect effect: § =
0.162, P = 0.001) was mostly mediated by eating behaviors, while self-efficacy affected BMI
both directly, as well as indirectly through affecting UHEB (direct: = -0.229, P = 0.015 vs
indirect: f = -0.103, P = 0.041). On the other hand, PFCS did not affect BMI significantly (total
effect: B =-0.036, P = 0.714). In total, the result of SEM analysis in HBMI group showed that
higher self-efficacy resulted in lower BMI through both direct and indirect path (reducing
UHEB). In addition, more EFCS tends to increase BMI indirectly through increasing UHEB.

The difference of SEM model between study groups

The difference of SEM model between study groups is presented in Table 6. Effect of different
variables on eating behaviors is as follows: When comparing two groups, self-efficacy showed
a similar effect on both HEB and UHEB (p = 0.418 and 0.444, respectively). In contrast, the
effect of PFCS on both eating behaviors and EFCS on HEB were significantly different between
groups. Considering HEB, the effects of both PFCS and EFCS were significantly different
between groups (P < 0.001 and P = 0.042, respectively). Among the variables whose effect was
evaluated on BMI, only the effect of self-efficacy was statistically different between groups
(P<0.001). However, the effect of EFCS on BMI was marginally different between two study
groups (P = 0.050).

Discussion

The present study takes a new look at the predictors of BMI in female university students
using structural equation modeling approach. The direct effect of psychological variables (self-
efficacy and coping strategies) on BMI and the mediating role of eating behaviors were investi-
gated. Regarding the fact that both low and high levels of BMIs are considered unhealthy and
abnormal, and due to an inverted "U- or J-shaped" association between BMI and other diseases
in the literature, we compared the relationships of the study variables between participants
with low and high BMI. Therefore, three hypotheses were defined: a) more self-efficacy and
PECS and less EFCS would improve BMI, b) eating behaviors could partially mediate the rela-
tionship of self-efficacy and coping strategies with BMI, and c) the relationships among vari-
ables are different between two BMI groups (LBMI and HBMI). In this research, SEM analysis
partially confirmed all these hypotheses.

First, in parallel with the aforementioned nonlinear association between BMI and many
health-related parameters, similar inverted U-shaped relationships were observed between
BMI and psychological variables (self-efficacy and PFCS) in this study. In addition, regarding
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Variables

Healthy eating behaviors «

EFCS
PFCS t
Self-efficacy t

Unhealthy eating behaviors <

EFCS 1
PFCS 1
Self-efficacy t

BMI <

Healthy eating behaviors
Unbhealthy eating behaviors +
Dietary intake %

EFCS t

PFCS +

Self-efficacy t

Age t

Marriage 1

Residence T

Dietary intake «

Healthy eating behaviors
Unbhealthy eating behaviors +
Protein

Carbohydrates %

Fat %

T p-value based on Wald test;

¥ p-value based on Score test;

https://doi.org/10.1371/journal.pone.0279364.t006

able outcomes.

Chi-Squared

4.135
17.211
0.655

1.620
7.006
0.586

0.039
0.005
0.94
3.838
1.360
16.962
2.509
1.432
0.021

1.634
0.854
0.692
1.220
1.704

0.042
< 0.001
0.418

0.203
0.008
0.444

0.840
0.940
0.330
0.050
0.240
< 0.001
0.110
0.230
0.880

0.201
0.360
0.406
0.269
0.192

EFCS: emotion-focused coping strategies; PFCS: problem focused coping strategies; BMI: body mass index

Table 6. Tests for group invariance (low-to-normal vs. normal-to-high BMI groups) of parameters used in SEM
modeling.

to the fact that SEM analysis is usually performed based on the assumption of a linear associa-
tion between observed and latent variables, the division of data into two BMI groups converted
the U-shaped associations to linear ones and made the SEM analysis possible. Moreover, a
high BMI in LBMI group and conversely, a low BMI in HBMI group were considered as favor-

In this study, self-efficacy had a beneficial effect on the BMI of both groups. In other words,

although self-efficacy and BMI were positively associated in LBMI group, they were negatively
associated in HBMI group. Accordingly, in terms of self-efficacy, the first and third hypotheses
were accepted. This was an important finding that was in accordance with previous studies, so
that higher self-efficacy values has been associated with better health-related outcomes and
quality of life [39]. Our result is also consistent with other studies reporting a negative associa-
tion between self-efficacy and BMI in women [40] and university students [41]. The inverse
association of self-efficacy with body weight has been observed in other populations, as well.
For instance, Steele et al. [42] reported that self-efficacy was higher in normal-weight adoles-
cents than their obese counterparts.

In this study, we observed that direct effect of self-efficacy on BMI was strongly signifi-

cant; however, the indirect effect was significant only in HBMI group (through UHEB). The
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significant direct effect suggests that, there might be other mediators such as physical activity
that are involved in this relationship [43]. The insignificance of the indirect effect in LBMI
group, does not supported the second hypothesis of the mediating role of eating behaviors in
this group and was probably because eating behaviors in this group is under influence of
other factors such as emotional condition, economic status and nutritional knowledge [44].
While a growing body of literature has suggested the self-efficacy as a predictor for eating
behaviors, it has remained controversial. In some cases, studies support the view that self-effi-
cacy can positively influence the adherence to dietary recommendations [45] and healthy
food choices even in absence of normative support [46, 47]. On the contrary, a systematic
review has reported that about 34% of studies could not find a statistically significant correla-
tion between self-efficacy and healthy eating [48]. These controversies may also be a possible
result of ethnic and socioeconomic diversity of study participants, as well as application of
different self-efficacy and eating behavior assessment methods among studies. Furthermore,
we observed a negative association between self-efficacy and UHEB in HBMI group; since
according to a report by Xazela (2021) [49] self-efficacy is related to knowledge, attitude and
ability, our finding can be probably because of more nutritional knowledge among self-eftfi-
cient participants in HBMI group.

In the current study, the participants mostly tended to adopt EFCS instead of PFCS. This
can be explained by the findings of previous studies that there is a gender difference in the
implementation of coping strategies (more EFCS are used by women) and our research was
performed only in female participants [50]. In addition, this suggests that our participants
often encounter stressful situations in their daily lives [51]. However, there is still some contro-
versy surrounding the coping strategies that people use about their BMI. As reported by Strick-
land et al. (2007), among different coping strategies, confrontive coping (analogous to PFCS)
was the only strategy that African-American women implemented to have a better BMI [52]. It
seems there are different approaches among Iranian and African-American women, and sug-
gests that Iranian women are possibly under more distress that leads them to implement EFCS
more than PFCS. Since, there are data suggesting that psycho-emotional problems can result
in development of weight changing effects like harmful coping strategies such as emotional
eating [53]. However, psychological conditions such as depression were not evaluated in the
present study.

When comparing the study groups, it was observed that EFCS was more common in the
HBMI group; however, the implementation of PFCS was similar between LBMI and HBMI
groups. Therefore, the third hypothesis was confirmed. Based on SEM analysis, neither PFCS
nor EFCS had direct effects on BMI; however, meaningful indirect effects were observed. In
detail, in LBMI group, both EFCS and PFCS were positively correlated with BMI through
increasing UHEB and in HBMI group, EFCS had increasing effect on BMI through raising
UHEB but PFCS did not show an ameliorating effect on BMI. Therefore, the first hypothesis
was partially supported in terms of coping strategies. Observing more UHEB in response to
EFCS concurs well with Kuczmarski et al. (2017), where EFCS is associated with higher energy
intake from snacks [54]. In the current study, with regard to the higher prevalence of EFCS in
HBMI group, it is possible that participants ate more energy from snacking in this group.

Furthermore, the positive association between EFCS and BMI in the two groups should
be interpreted differently. In recent years, EFCS has been divided into 2 dimensions [55],
approach-oriented EFCS and the traditional EFCS, which the former is considered as an
adaptive EFCS leading to better management of a stressful situation and healthier behavior. It
can be interpreted that in LBMI group, an adaptive EFCS has been implemented, which has
helped the BMI reach the standard range. By contrast, it played a slightly negative role in
HBMI group and was associated directly with BMI, which may be due to an implementation
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of maladaptive EFCS. The effect of EFCS in HBMI group is similar to previous studies but its
effect in LBMI group has not properly studied and the existing evidence is not sufficient.
In this study, HEB was more pronounced in LBMI group, whereas UHEB was observed to

be more dominant in HBMI group. In details, while "low fat eating", "planning ahead" and
"meal skipping" were more common in LBMI group, "sweet and biscuits", "emotional eating"
and "cultural/lifestyle behaviors” (refers to eating a meal with high calorie and meat such as
fast foods) scored more in HBMI group. These findings were somehow consistent with previ-
ous studies implying that "emotional eating", "snacking on sweets" and "haphazard planning”
had positive correlation and "low fat eating" had negative correlation with BMI [29, 56]. "Meal
skipping" (a part of UHEB) was also more prevalent in LBMI group. This was because "meal
skipping" include statements such as "When I am upset, I tend to stop eating." and "If I am
busy, I will eat a snack instead of lunch", which can result in weight reduction and are common
among university students [57]. Moreover, in the present study SEM analysis showed that only
UHEB (and not HEB) was significantly associated with BMI, which could be due to the
demanding life of students that force them to have more UHEB. Furthermore, considering
that students are facing high levels of stress, it is assumed that they used unhealthy foods to
cope with stress, which is associated with weight gain and high BMI; because, there are reports
of choosing sweets, salty or high-fat foods in episodes of stressful situations [58-60]. Alto-
gether, for a remarkable improvement in BMI of students, it seems necessary to empower
them with a contribution of psychological and nutritional support.

It is noteworthy to mention that even the individuals in the high BMI range were still within
the normal weight category and that the approach warrants validation by comparing normal
weight individuals with obese individuals with a BMI above 25. Spinosa et al. demonstrated
that psychological distress and also higher emotional eating as a maladaptive coping strategy
were more prevalent among participants with higher BMI [61]. Their mean of age and BMI
was 35.35 years and 26.31 kg/m”, respectively. Comparison of self-efficacy between normal
weight (control) and obese (case) Iranian adolescents revealed that obese adolescents were less
self-efficient than normal weight adolescents [62]. Also, in obese subjects a poor self-efficacy
score was correlated with poor weight loss [63].

This study had some limitations. First, it was a cross-sectional study with limited sample
size, which did not allow us to draw a real cause-effect relationship among variables. It is
suggested to perform well-designed multi-centered studies with larger sample sizes for more
comprehensive evaluation. Second, it is suggested to include stress, physical activity, nutri-
tional knowledge and economic status. Third, in this study, the questionnaires were filled self-
reportedly that could increase the probability of recall-bias. However, they have been widely
used in many studies and their validity and reliability have been well established. In addition,
the inclusion / exclusion criteria of health status were self-reported and not evaluated by a spe-
cialist. Therefore, we believe there might be some medical / psychological problems in some of
the participants that could deviate the study results. On the contrary, using SEM analysis is
one of the strength of this research that is a great and powerful tool and provides a theoretical
model for complex and sophisticated hypotheses with multiple factors.

Conclusions

Opverall, the present study provided empirical evidence on the difference in the effects of cop-
ing strategies and self-efficacy on BMI between LBMI and HBMI people. In addition, com-
pared with healthy eating behaviors, it was shown that the roles of unhealthy eating behaviors
and dietary intake were more prominent as mediators in this association. In this research,
improving self-efficacy and coping strategies could lead to a healthier BMI in the LBMI group,
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and considering that EFCS resulted in a higher UHEB in the HBMI group, interventions to
reduce EFCS and also promote self-efficacy seem helpful to control overweight and obesity.
Further studies seem necessary to concentrate on the role of more specific nutritional self-effi-
cacy and coping strategies in weight management. Furthermore, as provided in this study, the
researchers that focus on psychological aspects of weight management should better take into
account the differences between overweight and underweight people.
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