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ABSTRACT

BACKGROUND/OBJECTIVES: Abdominal obesity is associated with metabolic disorders, and, 
in recent years, its prevalence in Korea has continuously increased. The change of lifestyle, 
particularly diet, is critical for the reduction of abdominal obesity. This study evaluated 
the effectiveness of an intervention focused on dietary self-efficacy and behaviors on the 
improvement of abdominal obesity.
SUBJECTS/METHODS: Abdominally obese adults with additional cardiovascular risk factors 
were recruited through 16 medical facilities in South Korea from the year 2013 to 2014. The 
participants were randomly divided into 2 groups: an intensive intervention group (IG) that 
received a multi-component intervention to reduce abdominal obesity, by mainly focusing 
on dietary attitude and dietary behavior change, and a minimal information intervention 
group (MG) that received a brief explanation of health status and a simple recommendation 
for a lifestyle change. The interventions were provided for 6 mon, and health examinations 
were conducted at baseline, 3-, 6-, and 12-mon follow-ups. A path analysis was conducted to 
identify the process governing the changes in abdominal obesity.
RESULTS: The IG showed an improvement in self-efficacy for eating control and diet quality 
at 6-mon follow-up. Abdominal obesity improved in both groups. Waist circumference was 
observed to be decreased through the path of “improved self-efficacy for eating control in 
food availability—eating restriction—improved dietary quality” in IG. Most changes in 
follow-ups were not significantly different between two groups.
CONCLUSIONS: The intensive program targeting the modification of dietary behavior 
influenced management of abdominal obesity, and the effect occurred through a step-by-step 
process of change in attitude and behavior. Generally, improvements were also seen in the MG, 
which supports the necessity of regular health check-ups and brief consultation. The results can 
be used for further development and implementation of more successful interventions.
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INTRODUCTION

Abdominal obesity is a predictive factor of metabolic disorders, including insulin resistance, 
hypertention, or hyperglycemia, and it is considered as the most common type and the 
core component of metabolic syndrome (MetS) [1-3]. In recent years, the prevalence of 
abdominal obesity has steadily increased among the Korean population, with the prevalence 
in 2015 reaching 24.6% [4]. According to the data of the National Health Insurance Service-
National Sample Cohort, people with higher waist circumference had considerably higher 
medical expenses than people with lower waist circumference [5], so abdominal obesity is 
associated with more and more social costs. According to several previous studies, reduction 
in abdominal fat leads to the improvement of other cardiovascular risk factors [6-8]. Since 
obesity is the result of overnutrition and sedentary lifestyle in general, lifestyle modification 
is critical for obesity management [3,9]. Several randomized controlled trials (RCTs) have 
found that lifestyle modifications are effective for the management of obesity and other 
cardiovascular risk factors [10-12]. In particular, dietary behavior is a major lifestyle factor 
affecting obesity and other cardiovascular risk factors [9,13,14]. A number of studies pointed 
out the primary cause of obesity as overnutrition, i.e. excessive consumption of food [15-17]. 
Therefore, for the management of obesity, changing one's dietary habits is recommended 
first and foremost, preceding any other lifestyle change (i.e. increasing physical activity) 
[15,18-20]. In addition, interventions on dietary change such as caloric reduction [21] 
and low-fat diet [22] were found to have effects on significant weight loss or consequent 
improvement in cardiovascular risk factors, whereas interventions which focused on physical 
activity without the changes in diet were not effective in terms of obesity improvement 
[23,24]. Therefore, in the present study, we developed an intervention for the management of 
abdominal obesity. The proposed intervention focuses on modifying eating-related attitudes 
and dietary behaviors. We recruited abdominally obese people in Korea and implemented 
the intervention program for 6 mon. We reported program details and the assessment of 
its 3-mon effect elsewhere [25]. This study aimed to evaluate the long-term effect of the 
program—specifically, during a 12-mon period—as compared to the previously published 
paper. Along with identifying the amount of changes before and after the program, we also 
explored the pathway of improvements in abdominal obesity. Specifically, the focus was on 
investigating what changes in dietary cognition and dietary behavior lead to a reduction in 
waist circumference.

SUBJECTS AND METHODS

Participants
Abdominally obese adults with at least one cardiovascular risk factor were recruited at 
one of the 16 medical facility branches in South Korea from year 2013 to 2014. Abdominal 
obesity was defined as a waist circumference of ≥ 90 cm for men and ≥ 85 cm for women. 
Cardiovascular risk factors were defined as follows: 1) high-density lipoprotein (HDL) 
cholesterol < 40 mg/dL for men and < 50 mg/dL for women; 2) triglyceride (TG) ≥150 mg/dL; 
3) systolic blood pressure (SBP) ≥ 130 mmHg or diastolic blood pressure (DBP) ≥ 85 mmHg; 
and 4) fasting blood glucose ≥ 100 mg/dL. These criteria were defined by the United States 
(US) National Cholesterol Education Programme Adult Treatment Panel III criteria [26] and 
the Korean standard for abdominal obesity [27]. Exclusion criteria were as follows: being on 
medication or treatment for hypertension, diabetes, hyperlipidemia, or obesity, as well as not 
providing informed consent for participation.
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The effect size was determined based on the results of our previous studies on lifestyle 
interventions for improving obesity and MetS [28,29]. To achieve 80% statistical power at a 
5% significance level with an anticipated dropout rate of 30%, the required sample size was 
166 per group. Based on this estimate, a total of 609 participants were recruited; however, 
four people decided not to participate in the study at the final decision-making stage, leaving 
a total of 605 participants. Enrolled participants were randomized into 2 groups by using 
‘select cases’ function of SPSS 18.0 (SPSS Inc., Chicago, IL, USA). The selected participants 
were allocated to an intensive intervention group (IG), and the rest were allocated to a 
minimal intervention group (MG). Among 605 participants, 2 people were excluded from 
the analysis because they were identified as not abdominally obese at baseline. Another 20 
people were excluded because they failed to provide their eating control self-efficacy scores 
for both 6- and 12-mon follow-up, although they did not drop-out. Those people's data were 
considered suspicious to be included in further analysis because of the missing in the key 
variable for more than half of the follow-up. Therefore, a total of 583 people were included 
in the final sample, 291 of whom were allocated to the IG and 292 to the MG. A detailed 
flowchart is shown in Fig. 1. This study was conducted according to the guidelines specified 
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Randomly assigned (n = 583)

Assigned to intensive
intervention group at baseline

(n = 291)

Retained at 3-mon
follow-up (n = 214)

Retained at 6-mon
follow-up (n = 173)

Retained at 12-mon
follow-up (n = 150)

Retained at 3-mon
follow-up (n = 230)

Retained at 6-mon
follow-up (n = 196)

Retained at 12-mon
follow-up (n = 161)

Assigned to minimal information
intervention group at baseline

(n = 292)

Assessed for eligibility (n = 5,237)

Excluded (n = 4,654)
• Not meeting inclusion criteria initially (n = 4,628)
• Declined study participation (n = 4)
• Not meeting inclusion criteria,

identified at analysis stage (n = 2)
• Missing in the key variable (n = 20)

Dropped out (n = 62)
• Withdrawn voluntarily (n = 45)
• Lost to follow-up (n = 17)

Dropped out (n = 77)
• Withdrawn voluntarily (n = 52)
• Lost to follow-up (n = 25)

Dropped out (n = 41)
• Withdrawn voluntarily (n = 24)
• Lost to follow-up (n = 17)

Dropped out (n = 23)
• Withdrawn voluntarily (n = 10)
• Lost to follow-up (n = 13)

Dropped out (n = 34)
• Withdrawn voluntarily (n = 15)
• Lost to follow-up (n = 19)

Dropped out (n = 35)
• Withdrawn voluntarily (n = 21)
• Lost to follow-up (n = 14)

Fig. 1. Participants' flow chart.



in the Declaration of Helsinki, and all procedures involving research study participants 
were reviewed and approved by the Institutional Review Board of the Korea Association of 
Health Promotion (#KAHP-13-B-01).Written informed consent was obtained from all study 
participants. This study was registered in the Clinical Research Information Service by Korea 
Centers for Diseases Control and Prevention as KCT0000762.

Interventions
A single-blind, parallel-group RCT was conducted to compare the effectiveness of 2 types 
of interventions to manage abdominal obesity and cardiovascular risk factors. Participants 
in the IG received an intensive intervention named “Healthy Life Plan” for 6 mon. The 
intervention aimed to control abdominal obesity and other cardiovascular risk factors mainly 
by correcting poor quality diet and abnormal eating behaviors associated with obesity in 
everyday life. Target outcomes were defined as a 3-phase process: 1) initial outcomes, such 
as enhanced self-efficacy related to the management of eating behaviors; 2) intermediate 
outcomes, e.g. correction of abnormal eating behavior and improved diet; and 3) final 
outcomes, including the reduction in abdominal obesity and subsequent improvements of 
other cardiovascular risk factors. The components of the intervention program were designed 
based on the 2012 US Preventive Services Task Force recommendations for the management 
of obesity in adults. The program was developed as multiple behavioral intervention activities 
that combined individual counseling with education and monitoring. In order to facilitate 
the behavioral change process, social cognitive theory, transtheoretical model, and theory of 
self-regulation were applied to develop intervention strategies. Individual health counseling 
was the main strategy used to motivate the study participants, raise self-efficacy, and induce 
behavior changes. Trained clinical nutritionists provided 12 counseling sessions focusing on 
nutrition or healthy eating to each participant every other week, and telephone counseling 
was offered when face-to-face counseling was not possible. A health education booklet was 
given to provide tailored information according to the readiness of the study participants to 
change their behavior. Through counseling and reading of the booklet, the participants were 
provided with healthy meal options and healthy eating habits applicable to everyday life. 
Tips on how to deal with stressful and depressive situations, such as starting conversations 
with others, exercising, or meditating instead of engaging in unhealthy eating behaviors, 
were also offered. Other strategies proposed include seeking help from others, reminding 
oneself about the objectives, or reflecting on health improvement efforts and achievements. 
As mentioned earlier, the short-term effects of the program are described in a previously 
published article [25].

The participants in the MG were provided with brief information on their health examination 
results and the necessity of lifestyle change.

Measures
Eating control self-efficacy and dietary behavior
Health examinations and questionnaire interviews were conducted with all study participants 
at four times: baseline, and 3-, 6-, and 12-mon follow-up. The reliability of the variables 
measured by the questionnaires was evaluated by Cronbach's alpha. A survey of dietary 
awareness and behavior was conducted using previously validated tools. Self-efficacy for 
eating control was measured using the 20-item Weight Efficacy Lifestyle Questionnaire [30]. 
The participants were asked to rate their confidence of resisting the desire to eat when not 
hungry in 5 risky situations; negative emotions, food availability, social pressure, physical 
discomfort, and positive activities. Each item was measured on a 9-point scale, ranging from 
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1 “not confident” to 9 “very confident”. For each participant, the mean scores for each risky 
situation were calculated. Accordingly, the score in each risky situation could range from 1 to 
9, and the maximum total score was 45. The Cronbach's alpha value of self-efficacy for eating 
control was 0.939. To evaluate the overall dietary quality, the 10-item Mini Dietary Assessment 
(MDA) index [31] was used. This index measures the intake of food groups (the consumption 
of which should either be encouraged or limited), food variety, and frequency of consumption 
using the scale: “always” = 5, “generally” = 3, “seldom” = 1. The total score ranged from 10 to 
50 points. The overall diet quality of the participants was considered as “poor” (≤ 25 points), 
“moderate” (26–35 points), or “good” (≥ 36 points). The Cronbach's alpha value of overall 
dietary quality was 0.452. Obesity-related eating behaviors were assessed using the Dutch 
Eating Behavior Questionnaire (DEBQ) [32]. This questionnaire measures three categories of 
eating behaviors: 1) restrained eating (restricting food intake to control weight); 2) emotional 
eating (eating large quantities of food in response to an arousal state [such as anger, fear, or 
anxiety] instead of hunger); and 3) external eating (the tendency to eat in response to food-
related stimuli regardless of hunger). The DEBQ includes the measures of restrained eating 
(10 items), emotional eating (4 items), and external eating (10 items), which were evaluated 
on a 5-point scale: “never” = 1, “seldom” = 2, “sometimes” = 3, “often” = 4, and “very often” = 
5. The mean scores were calculated for each of the 3 categories. The Cronbach's alpha value 
was 0.896 for restrained eating, 0.867 for emotional eating, and 0.860 for external eating. For 
anthropometric and physiological parameters, height and weight were measured using the 
Fatness Measuring System (DS-102, Dong Sahn Jenix, Seoul, Korea).

Anthropometric measurements
Two trained researchers independently measured waist circumference of each study 
participant using a tape measure for anthropometry, at the midpoint between the top of the 
iliac crest and the lower margin of the last palpable rib. The value was cross-checked, and the 
mean value for 2-time-measured waist circumference was used. SBP and DBP were measured 
using an automatic sphygmomanometer (TM-2655P, A&D, Tokyo, Japan) after a 5-min 
rest. To estimate TG, HDL cholesterol, and fasting glucose levels, fasting blood samples 
were obtained and analyzed using an automated chemistry analyzer (HITACHI 7600-110, 
HITACHI, Tokyo, Japan) at the laboratories.

Statistical analysis
Baseline characteristics of the study participants are presented as mean values with 
standard deviations or frequencies with percentages. Independent t-tests and χ2 tests were 
performed to identify baseline differences between the 2 groups. Changes at 3-, 6-, and 
12-mon follow-up as compared with the baseline were calculated as mean differences for 
each group separately, and the significance of the change was analyzed using a paired t-test. 
Between-group comparison for the mean changes at each follow-up were evaluated by 
an independent t-test. In addition, possible time effects, group effects, and time × group 
interaction effects across a 12-mon period were assessed by repeated-measures analysis of 
variance. Furthermore, a path analysis was conducted to identify whether there was a process 
governing the changes in eating-related self-efficacy—behavior—and abdominal obesity, 
to identify which specific factors influenced the improvement of abdominal obesity, and 
to explore the pathway underlying the improvement. A total of 5 kinds of self-efficacy for 
eating control, 4 kinds of behaviors (restrained eating, external eating, emotional eating, 
and diet quality), and waist circumference were included in the model. Among the variables 
related to eating behaviors, restrained, emotional, and external eating were measured by 
questions asking about the intention to eat [33], and it is quite different from diet quality, 
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which is the actual act of eating. We also considered evidence that restrained, emotional, and 
external eating may affect dietary quality, such as sweet or fatty food intake and snacking 
[34-38]. Therefore, ‘behavior’ variables were divided into the following 2 steps: 1) restrained, 
emotional, and external eating and 2) overall diet quality. For the measurement points of the 
variable used in the analysis, self-efficacy was measured at 3-mon follow-up, the behavior 
of averaging points was assessed at 3- and 6-mon follow-up, and waist circumference was 
measured at 6-mon follow-up. The results of the path analysis were presented for each group 
separately with standardized regression weight (β), SE, and P-value. To test the model fit, we 
used the Tucker-Lewis Index (TLI), the comparative fit index (CFI), and the root mean square 
error for approximation (RMSEA). For TLI and CFI, the values > 0.90 indicate a good model 
fit [39], and an RMSEA value of < 0.10 can be considered a fair fit [40]. The initial model with 
all possible paths drawn contained statistically non-significant (P > 0.05) paths. Therefore, 
following a previously suggested way of refining the overall model for better fitting [41,42], 
we constructed a more parsimonious model by removing paths that were non-significant 
in the IG data. The significance of the mediating effect was assessed via the bootstrapping 
method, and the path effect difference between the two groups was evaluated via the cross-
group equality constraints method. Intention-to-treat analysis was used, meaning that 
variables for the participants who dropped-out were replaced with the most recently observed 
measures. SAS 9.4 (SAS Institute, Cary, NC, USA) and AMOS 23 (IBM Corp., Armonk, NY, 
USA) were used, and a P-value of < 0.05 was considered statistically significant.

RESULTS

The baseline characteristics
The baseline characteristics of the study sample are shown in Table 1. The mean age was 
53.68 years in the IG and 53.94 years in the MG. There were 118 (40.5%) and 106 (36.3%) men 
in the IG and MG, respectively. With regard to self-efficacy for eating control, the participants 
had a total score of 30.20 out of 45.00 in IG and 30.35 out of 45.00 in MG. The participants 
of both the groups were “seldom” to “sometimes” shown to exhibit restrained, emotional, 
and external eating behavior. They represented moderate quality of the overall diet. All 
participants exhibited abdominal obesity at baseline, with a waist circumference of 92.49 cm 
in IG and 92.22 cm in MG. For all variables used in the present study, no significant inter-
group differences were observed at baseline.

The effect of the interventions and the changes over 12-mon period
The effect of the interventions, determined using mean or proportion differences of 3-, 6-, 
and 12-mon follow-up compared to baseline measurements, is presented in Table 2. For 
the score of eating control self-efficacy, the IG showed a significant improvement at 3-mon 
follow-up for all of the five situations except for social pressure. At the same time, the MG 
showed a significant improvement for only two situations: ‘food availability’ and ‘positive 
activities’. At the 6-mon follow-up, the IG increased their self-efficacy for all five kinds of 
situations, while the MG increased their self-efficacy for the aforementioned 2 situations. At 
12-mon follow-up (six months after the end of the intervention), the IG participants showed 
a relapse for two situations (negative emotion and physical discomfort), but the overall 
improvements maintained. The IG participants became more prone to restrained easting 
and less prone to eat due to external factors. While people in the MG became more prone to 
restrained easting and less prone to eat due to external factors in 3-mon follow-up; however, 
from 6-mon follow-up, all three obesity-related eating behaviors improved. Dietary quality 
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was significantly improved only in the IG at 3- and 6-mon follow-up, but the effect was not 
maintained at 12-mon follow-up. In the obesity index, significant decreases in body mass 
index (BMI) and waist size were observed in both groups; however, the extent of this decrease 
was slightly larger in the IG as compared to the MG. At 12-mon follow-up, the reduced 
obesity index was maintained or even more reduced in both groups. We examined whether 
the change of each variable from baseline time point was significantly different between the 
two groups. The results showed that most of the changes through 12-mon of follow-up were 
not significantly different between the 2 groups.

The significance of the time effects, group effects, and time × group interaction effects 
over 12 months is reported in Table 2. There were significant time effects in many of the 
key variables. Among eating control self-efficacy score, overall (P < 0.001), food availability 
(P < 0.001), social pressure (P = 0.029), and positive activities (P < 0.001) had significant 
time effects; in both groups, the scores for eating control self-efficacy increased since 
baseline. Among the dietary behaviors, there were significant time effects for restrained 
(P < 0.001), emotional (P = 0.001), and external eating (P < 0.001). Compared to baseline, 
the participants of both groups became more restrained in their eating, less emotional 
about eating, and less prone to eat due to external factors. Among the variables related to 
health conditions, BMI, waist size, SBP, DBP, HDL cholesterol had significant time effects 

44https://doi.org/10.4162/nrp.2021.15.1.38

Effect of eating modification intervention

https://e-nrp.org

Table 1. The baseline characteristics of the study population
Variable IG (n = 291) MG (n = 292) P-value1)

Age (yrs) 53.68 ± 10.12 53.94 ± 10.18 0.759
Gender -

Men 118 (40.5) 106 (36.3)
Women 173 (59.5) 186 (63.7)

Health-related cognition and behaviors
Cigarette smoking 27 (9.3) 35 (12.0) 0.289
High-risk drinking 154 (52.9) 137 (46.9) 0.147
Eating control self-efficacy

Total (score, out of 45) 30.20 ± 8.50 30.35 ± 7.60 0.829
In negative emotions (score, out of 9) 6.74 ± 2.23 6.76 ± 2.07 0.939
In food availability (score, out of 9) 4.84 ± 2.29 4.88 ± 2.08 0.844
In social pressure (score, out of 9) 5.36 ± 2.45 5.39 ± 2.18 0.878
In physical discomfort (score, out of 9) 6.89 ± 2.11 6.87 ± 2.06 0.911
In positive activities (score, out of 9) 6.36 ± 2.02 6.45 ± 1.87 0.597

Restrained eating (score, out of 5) 2.92 ± 0.86 2.89 ± 0.81 0.696
Emotional eating (score, out of 5) 2.16 ± 0.96 2.23 ± 0.99 0.425
External eating (score, out of 5) 2.86 ± 0.75 2.86 ± 0.72 0.989
Dietary quality (score, out of 50) 34.32 ± 5.89 34.58 ± 6.13 0.603

Health conditions
Abdominal obesity2) 291 (100.0) 292 (100.0) -
Waist circumference (cm) 92.49 ± 5.79 92.22 ± 6.14 0.587

Men 95.46 ± 5.18 94.87 ± 4.77 0.379
Women 90.47 ± 5.31 90.72 ± 6.33 0.688

BMI (kg/m2) 28.03 ± 2.83 28.20 ± 3.15 0.482
SBP (mmHg) 125.08 ± 13.38 125.43 ± 13.47 0.754
DBP (mmHg) 79.11 ± 9.96 79.02 ± 9.49 0.908
Triglycerides (mg/dL) 157.01 ± 102.75 145.36 ± 73.32 0.116
HDL cholesterol (mg/dL) 47.61 ± 10.24 48.29 ± 13.03 0.480
Fasting glucose (mg/dL) 101.37 ± 16.19 100.12 ± 16.66 0.357

Data are presented as mean ± SD or n (%).
IG, intensive intervention group; MG, minimal information intervention group; BMI, body mass index; SBP, systolic 
blood pressure; DBP, diastolic blood pressure; HDL, high-density lipoprotein.
1)P-values from independent t-test or χ2 test. Values under 0.05 indicate a significant difference between the 
groups; 2)Abdominal obesity was defined as waist circumference of ≥ 90 cm for men and ≥ 85 cm for women.
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(for all, P < 0.001). Since baseline, obesity has improved, and both systolic and diastolic 
blood pressures decreased in the participants of both groups. For HDL cholesterol in the IG, 
the level decreased at 3-mon follow-up, increased sharply at 6-month follow-up, and then 
decreased at 12-mon follow-up; in the end, there was a slight increase. Furthermore, in the 
MG, HDL cholesterol slightly decreased at 3-mon follow-up, increased at 6-mon follow-up, 
but again decreased at 12-mon follow-up; overall, there was a slight decrease. As such, the 
different aspect was shown in HDL cholesterol between the 2 groups (P-value for time × 
group interaction = 0.031). Except for the significant time × group interaction effect in HDL 
cholesterol, no other significant group effects or time-group interaction effects were observed.

The effect of self-efficacy and behaviors regarding diet on waist size change
Fig. 2 shows the results of path analysis, which was separately performed for each group. The 
model was constructed by considering self-efficacy for eating control as the initial outcome, 
eating behaviors as an intermediate outcome, and waist circumference as the final outcome. 
As mentioned earlier, all possible paths were drawn at first; however, the paths that were 
not statistically significant in the IG data were removed to create a simple and clear model. 
The results for the model including all possible paths are shown in Supplementary Table 1. 
The analysis with data of IG revealed an acceptable model fit (TLI = 0.946, CFI = 0.969, and 
RMSEA = 0.058). Generally, the higher was the self-efficacy for eating control, the better 
were the restrained, emotional, or external eating behaviors. Also, the better was the dietary 
quality, the lower was the waist circumference. The only path that had an impact on the final 
outcome was self-efficacy for eating control in availability to restrained eating, to dietary 
quality, and then to waist circumference. This double mediating effect was statistically 
significant (P = 0.001). The MG data were also analyzed using the same model. The model 
fit (TLI = 0.823, CFI = 0.898, and RMSEA = 0.099) was lower as compared to that of IG. The 
path coefficients were similar as those of IG; however, some paths that were significant in IG 
were not significant in MG (namely, self-efficacy for eating control under social pressure to 
external eating, and self-efficacy for eating control in positive activities to emotional eating 
and to external eating). Specifically, while the path coefficients of dietary quality to waist 
circumference were β = −0.289, SE = 0.075, P < 0.001 in IG and β = −0.169, SE = 0.072, P = 
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IG: β = 0.189 (SE = 0.022), P = 0.001

MG: β = 0.151 (SE = 0.024), P = 0.009

IG: β = −0.240 (SE = 0.028), P < 0.001

MG: β = −0.322 (SE = 0.031), P < 0.001

IG: β = 0.334 (SE = 0.339), P < 0.001

MG: β = 0.314 (SE = 0.393), P < 0.001

IG: β = −0.289 (SE = 0.075), P < 0.001
MG: β = −0.169 (SE = 0.072), P = 0.004

IG: β = −0.226 (SE = 0.026), P < 0.001

MG: β = −0.128 (SE = 0.028), P = 0.029
IG: β = −0.387 (SE = 0.020), P < 0.001

MG: β = −0.475 (SE = 0.019), P < 0.001

IG: β = −0.141 (SE = 0.018), P = 0.016

MG: β = −0.010 (SE = 0.018), P = 0.862

IG: β 
= −0.15

0 (S
E = 0.031), 

P =
 0.021

MG: β 
= −0.10

8 (S
E = 0.035), P

 = 0.10
4

IG: β = −0.173 (SE = 0.022), P = 0.002

MG: β = −0.100 (SE = 0.020), P = 0.074
<Model fit>
IG: TLI = 0.946, CFI = 0.969, RMSEA = 0.058
MG: TLI = 0.823, CFI = 0.898, RMSEA = 0.099

Fig. 2. Effects of self-efficacy and eating behaviors on abdominal obesity. The presented model was reconstructed by removing statistically non-significant (P > 0.05) 
paths in the IG data, to make a more parsimonious model. The bolded arrow indicates significant differences between the effects of the two groups at P < 0.10. 
IG, intensive intervention group; MG, minimal information intervention group; TLI, Tucker Lewis Index; CFI, comparative fit index; RMSEA, root mean square error 
of approximation.



0.004 in MG, a significant group difference in this path effect was observed at a P-value of  
< 0.10 (P = 0.095).

DISCUSSION

In summary, the results of the present study revealed that the people who received the 
intensive intervention program focusing on eating behavior improvement for the management 
of abdominal obesity showed an improvement in self-efficacy for eating control and diet 
quality at the end of the program. Abdominal obesity improved not only in the group provided 
with an intensive intervention, but also in the group provided with minimal information. 
Both groups generally showed improvements in eating control self-efficacy, eating behaviors, 
and abdominal obesity until 6-month follow-up. Even after that time point, improvements 
persisted, and a better state as compared to that of baseline in both groups was observed. 
Waist circumference decreased through the path of “improved self-efficacy for eating control 
in food availability—more restrained eating—improved dietary quality”. Most of the changes 
occurring at each follow-up were not significantly different between the 2 groups.

The results of the path analysis revealed that, by undergoing the program, the participants 
with higher confidence to refrain from eating when food was right in front of them had a 
higher quality diet (regarding the type and diversity of diet, as well as eating regularity), 
which might have resulted in a significantly reduced waist circumference. In fact, the IG 
participants indicated that there would be risky situations that would prevent them from 
changing to health behaviors, and several coping strategies were provided through booklets 
and counseling. That is, in situations where unhealthy food is available (which is a risky 
situation), the IG participants could have applied “healthy alternative behaviors,” such as 
eating healthy food, exercising, and talking to others, rather than involving in unhealthy 
behaviors. The acquired coping skills might have improved related self-efficacy, which led to 
improved diets and abdominal obesity.

With regard to the effect of self-efficacy on dietary behaviors, some of the previously reported 
findings in the literature are consistent with our results. Enhanced self-efficacy for weight 
control was reported to have an effect on improved dietary habits [43]. Furthermore, self-
efficacy for eating resistance was reported to decrease binging or overeating behaviors [44]. 
In a study conducted with adolescent girls involving the investigation of self-efficacy to 
resist eating in a situation of food availability, results similar to those obtained in our study 
were noted, i.e. self-efficacy in availability and the total energy intake or consumption of 
snacks and desserts were inversely related to each other [45]. This result is analogous to 
our observation that those who believe in their ability to resist eating even though food is 
available appear to be less vulnerable to an environment abundant with unhealthy food. 
However, in other studies, self-efficacy was not found to have any effect on dietary behaviors 
such as low-sodium diet [46], fruit and vegetable intake [47], or overall dietary intake [48].

Among three kinds of eating behaviors, improvement in external or emotional eating 
behavior did not have any effect on waist circumference; however, an improvement in 
diet quality led to a reduction in waist circumference along the route of restrained eating. 
Moreover, the effect of diet quality on waist size was stronger in IG than in MG, which was 
different at a P-level of < 0.10. This might be because a significant improvement in dietary 
quality was observed only in the IG, and this improvement might have led to a reduction 
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in the waist sizes of the IG study participants as different from those in MG. This gives 
rise to a pertinent question of why external or emotional eating behavior did not affect 
waist circumference ere. One possible explanation is that, while there may have been an 
improvement in these eating behaviors (through improvements in self-efficacy) in both 
groups, this change may not be substantial to cause a reduction in waist circumference. 
Another explanation is that these behaviors may not have any effect on waist size reduction 
due to some potential interactions with other factors. In fact, slightly larger improvements 
in external eating and emotional eating were noted in MG, and we assumed this to be a result 
of factors not considered in this study. Therefore, in further research, it is necessary to use 
qualitative methods to understand factors related to dietary and obesity improvement.

During 6 mon of the intervention period and an additional 6-mon follow-up, improvements 
in dietary self-efficacy, behavior, and abdominal obesity occurred in both groups. Between-
group-comparison analysis showed that there was no significant difference in these changes 
between the two groups. The reason for the improvements in the MG, which was provided 
with a simple intervention consisting of regular health examinations and notification of 
examination results, can be explained as follows. The regular health check-up itself might 
have made people stay alert and led them to routine practicing of healthy behavior. According 
to a review of RCT studies that validated the effect of screening on health behavior [49], the 
trials on screening for risk factors suggested a positive effect on health behavior such as diet, 
physical activity [50], smoking [51], and adherence to guidelines for healthy living [52]. Being 
informed of the results after health check-ups might also have increased risk perception and 
led the study participants to increase the practice of healthy behavior. According to several 
previous studies, perceived health status is a factor that increases risk perception [53], and 
this “self-perceived health” is also closely related to health-related behavior [54]. The results 
of another meta-analysis study showed that increased risk perception is associated with the 
subsequent practice of health behavior [55]. Therefore, if it is not possible to provide intensive 
interventions, regular health check-ups with a brief consultation should be provided to induce 
people to increase practicing healthy behaviors.

Although the 12-mon change was not different between the two groups in most of the 
variables, the results of repeated-measures analysis of variance showed that there was 
a significant time × group interaction effect in HDL cholesterol. In IG, the level of HDL 
cholesterol fluctuated widely across 12 mon, as compared to that in the MG where a relatively 
moderate degree of change was observed. Lifestyle modification including dietary change, 
such as increasing intake of unsaturated fatty acids, is known as one of the factors that may 
increase HDL cholesterol levels [56-58]. Therefore, it can be assumed that the dietary change 
of the participants who were recommended to correct poor quality diet and abnormal eating 
behaviors through the intensive intervention might have induced a fluctuation in the level of 
HDL cholesterol.

The present study makes several important contribution to previous research on abdominal 
obesity. First, we used behavioral theories for the development of the program. Many 
related previous publications did not report the use of health behavior change theories as 
the basis for the strategies used to deliver the intervention content. This aspect should be 
considered in future studies, as lifestyle modification interventions for abdominal obesity 
or cardiovascular risk factors mostly aim to promote healthier diets and increased physical 
activity. These 2 are healthy behaviors for which there is a significant amount of evidence 
supporting the effectiveness of health behavior theories to promote behavior change [59,60]. 
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Second, since the aim of our intervention was to improve abdominal obesity by raising self-
efficacy, and given that the results showed that individuals with high self-efficacy in food 
availability had an improved diet quality which, in turn, improved abdominal obesity, this 
study contributes to the prevention and improvement of the obesity problem. In a modern 
day food environment where high-calorie and nutrient- poor foods are readily available 
[61], individuals are already aware of which food is good or bad for health, but have less 
control over their own food consumption. Third, the present study identified pathways 
through which specific eating-related attitudes and eating habits initiate an improvement in 
abdominal obesity. As our program aimed to improve abdominal obesity through increasing 
self-efficacy of eating control and through better eating behaviors, the effectiveness of the 
intervention was evaluated based on the framework created during the development stage.

The present study has several limitations. First, the participant dropout rate was higher 
than expected (23.8% from baseline to 3-mon follow-up; 26.5% for IG and 21.2% for MG, 
36.7% from baseline to 6-mon follow-up; 40.5% for IG and 32.9% for MG, and 46.7% from 
baseline to 12-mon follow-up; 48.5% for IG and 44.9% for MG). However, we also included 
the participants who dropped out on the basis of intention-to-treat (known to be one of the 
most conservative methods of estimating treatment effect) [62] and verified the effectiveness 
of the intervention. An additional analysis was conducted to evaluate whether there was 
a difference between 311 people who completed 12-mon follow-up and 272 people who 
dropped out. The results showed that the proportion of women (65.3% vs. 57.4%, P = 0.050), 
mean age (54.8 years vs. 52.7 years, P = 0.016), mean score of self-efficacy for eating control in 
positive activities at baseline (6.55 vs. 6.23 points), and mean score of overall dietary quality 
at baseline (35.13 vs. 33.68 points) were higher among the people who completed a 12-mon 
follow-up. In other key variables, no significant differences were observed. Generally, women 
[63-67] and older people [66] are known to have higher concerns about health. Also, people 
with higher concerns about health practice more healthy behaviors, such as having a quality 
diet, as compared to people with lower concerns about their health [68,69]. In subsequent 
research, the strategies to prevent dropouts of individuals such as men and relatively younger 
age groups should be developed and implemented. Second, owing to our selection of the 
participants from those individuals who visited medical facilities and who might have had a 
particular interest and motivation in improving their health (as opposed to those who did not 
volunteer to participate), there is a possibility of volunteer bias. Said differently, the effects 
of the program might not be the same among people with low health-related interest. Third, 
the magnitude of changes in the scores for eating control self-efficacy, dietary quality, or and 
eating behavior from baseline to each follow-up was not large. In particular, even there were 
statistically significant increases for dietary quality scores in the IG, the scores were still in 
the “moderate” dietary quality range at baseline and at subsequent follow-ups. However, 
those changes, despite their small magnitude, had a meaningful effect on the decrease in 
waist circumference. Moreover, the improved aspects of the dietary quality were consistently 
observed and compared with the baseline, and we could verify the effect of the intensive 
intervention on improved dietary quality.

The results of the present study demonstrated that an intensive intervention focusing on 
the changes in diet and eating habits helped to prevent and manage abdominal obesity and 
cardiovascular risk factors; this effect occurred through a step-by-step process of change in 
dietary self-efficacy, behavior, and health status. The effect was maintained even until six 
months after the intervention. Generally, improvements in dietary self-efficacy, behavior, and 
abdominal obesity were also observed in the participants who received regular health check-
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ups with minimal information. The results of the present study can be used as the basis for 
the development and implementation of more successful interventions to reduce abdominal 
obesity in order to combat MetS. Future programs should focus on increasing the domain-
specific self-efficacy by providing individuals with behavioral skills and training them to 
better deal with risk situations that prevent the implementation of healthy eating.

SUPPLEMENTARY MATERIAL

Supplementary Table 1
Effects of self-efficacy and eating behaviors on abdominal obesity, with all possible paths drawn

Click here to view
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