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Abstract

influence of Eat-SE and Ex-SE on PA, HES and BMI.

overcoming barriers to weight management.

Objective: Overweight and obesity is a major public health in the U.S. Self-efficacy plays a significant role in
health behavior (exercise and diet) and lack of could contribute to obesity. Our purpose was to evaluate perceived
self-efficacy as it relates to eating, exercise and BMI in individuals with overweight and obesity.

Methods: 99 employees from 4 nursing-homes in Northeast U.S. participated, all with a body mass index
(BMI)>25.0 kg/m2. Eating and exercise self-efficacy (Eat-SE, Ex-SE), Healthy Eating Scores (HES), and physical
activity (PA) were assessed using questionnaire responses. Correlation and mediation analysis examined the

Results: Higher HES predicted higher Eat-SE (p=0.02) and in turn, a lower BMI (p=0.02). Increased frequencies
of moderate and vigorous PA predicted higher Ex-SE (p=0.01, p=0.00). Moderate PA further predicted lower BMI
(p=0.05). 44% of the total effect of vigorous PA on BMI was mediated by Ex-SE (p=0.01).

Conclusion(s): Our models combining self-efficacy and behavioral variables captured variations in BMI in
overweight and obese individuals. Future obesity interventions should incorporate improvement in self-efficacy for
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Introduction

Obesity is a growing epidemic in the United States, with more than
two-thirds of U.S. adults currently overweight or obese [1]. It is
predicted that by 2030, 51% of the U.S. population will be obese (a 33%
increase in obesity and 130% increase in severe obesity) [2]. Obesity
leads to comorbidities such as Type 2 Diabetes, cardiovascular disease
and hypertension, further contributing to increased morbidity,
mortality and healthcare costs across the nation [3,4]. Obesity and its
related health consequences are significant factors driving healthcare
spending. In 2008, obesity-related medical care costs were estimated to
have risen to $146 billion dollars per year, accounting for almost 10%
of all medical spending [5]. If these trends continue, it is estimated that
by 2030, the costs of obesity in the U.S. could reach up to 18% of all
U.S. health expenditures annually [5]. The economic burden of obesity
is not only a major public health concern for the U.S., but is also
becoming a global health crisis [6]. There is a critical need to stop or
slow the progression of this epidemic.

The obesity epidemic involves a complex interaction of biological,
environmental, sociocultural, behavioral, cognitive, and motivational
factors. Socio-environmental lifestyle patterns have shifted in recent
years, contributing to an increased sedentary lifestyle. Improvements
in technology has increased the prevalence of sedentary jobs to 83%
since 1950, while physically active jobs make up less than 20% of the
current workforce [5]. In addition, the average workweek is longer,
with full time US workers averaging 47 hours of work per week,

accounting for over 350 more hours of sedentary activity over the
course of a year [5]. 40% of Americans also report no leisure time
physical activity, which is for most people the greatest opportunity for
affording exercise outside of normal daily routines [7]. Less than 4% of
US adults meet the recommended minimum amounts of physical
activity, and most consume well in excess of their caloric needs [8].

Increasing physical activity and improving healthy eating habits can
lower the risk of obesity. Individuals with obesity who lose even
relatively small amounts of weight are likely to experience health
benefits, such as improvements in diabetes control, reduction of CVD
risk factors, and improved psychosocial functioning [9,10]. It is well
established that health behaviors, such as regular exercise, healthy
dietary habits and maintaining an appropriate body weight, are
associated with lower morbidity and mortality [11]. Despite this
knowledge, most Americans fall short of such health behaviors.

Self-regulation of health behaviors involves many psychological and
behavioral factors [12]. The ability to make positive lifestyle behavior
changes is strongly rooted in intrinsic factors such as motivation,
readiness to change, and confidence, all of which are involved in the
construct of self-efficacy. Self-efficacy refers to an individual’s belief in
his or her capacity to execute behaviors necessary to produce specific
performance attainments [13]. An individual’s perceived self-efficacy
reflects his or her confidence in their ability to exert control over their
own behavior, motivation and environment. The amount of effort an
individual is likely to invest towards achieving an outcome, despite
challenges along the way, may be explained by the individuals
perceived self-efficacy to regulate a behavior. Self-efficacy plays a
strong role in individuals’ perceived skills, perceived barriers, and
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weight management practices, and is thought to be a central
psychosocial factor underpinning weight management practices [14].

Previous research has shown self-efficacy to be a strong predictor of
health behaviors and weight control, including physical activity and
dietary intake [9,12]. Current research states that higher levels of self-
efficacy in behaviors such as healthy eating and exercise have been
associated with lower BMI [15] and improved health outcomes [7].
However, individuals with obesity tend to have less perceived self-
efficacy regarding health behaviors [9] like exercise [7] and dietary
intake [9,16]. Higher BMI is also associated with greater perceived
barriers to physical activity implementation and maintenance [7].
Perceived barriers to obesity management are associated with lower
levels of motivation and perceived ability to manage overweight and
obesity in adults [14]. Overall, self-efficacy appears to be a major factor
impacting health behaviors related to eating behaviors and physical
activity therefore, body weight.

With the significant increases in the rate of obesity, it is pertinent to
identify psychological factors that may affect health-related behaviors
including dietary and physical activity habits and weight control.
Identifying mediators in the relationship between health behaviors and
BMI is a critical step in the process of facilitating positive lifestyle and
behavior changes. There is a clear need to develop and examine
methods to improve individuals’ beliefs in their ability to lose weight
and maintain the weight loss, especially for those who are already
overweight or obese. This could facilitate the weight loss process and
increase likelihood of achieving and maintaining weight loss goals.
More investigation is needed in identifying cognitive variables
affecting health behavior, such as self-efficacy. The primary purpose of
the present study was to evaluate the relationship between perceived
self-efficacy, eating and exercise behaviors, and BMI in individuals
with overweight and obesity who are at risk for Type 2 Diabetes.

Methods

Design

This study used a cross-sectional design using a self-report
questionnaire. University institutional review board approval was
granted and participants’ informed consent was obtained prior to data
collection.

Sample

The study sample was 99 full or part-time employees at 4 long-term
care facilities in the Northeastern United States who participated in a
weight loss program. All of the participants were overweight or obese
according to CDC recommendations (WHO, 2014), and were at risk
for Type II Diabetes. Participants were required to be at least 18 years
of age.

Measures

Participants completed a questionnaire to self-report their
demographic information, and respond to questions regarding their
health and health-related behaviors. Trained health educators
measured participant height and weight to calculate BMI. A calibrated
Seca 700 physician balance beam scale was used to measure weight to
the nearest 0.1 kg and height was measured the nearest mm. Body
mass index (BMI) was calculated as weight in kilograms divided by
height in meters squared and categorized based on CDC

recommendations of overweight (25-29.99 kg/m?), obese class I
(30-34.99 kg/m?), obese class II (35-39.99 kg/m?), and (>40 kg/m?).

To measure eating behavior, a frequency-based Healthy Eating
Score (HES) consisted of nine questions was used. The HES asked
respondents to answer how often on a 4-point Likert scale, they
consume unhealthy foods (fried food, red meat, processed meat, oily
food, high fat diary, and high fat sweets) and healthy foods (whole
grains, fruits, vegetables). The Likert scale ranged from “never to <1
time/week (1), 1-4 times/week” (2), “5-7 times/week” (3), “2 times/
day” (4). The scores were reverse coded when needed. A one global
scale was then generated with the highest possible score of 36 (9 x 4).

Eating self-efficacy (Eat-SE), was defined in terms of a summary
score consisting of 20 questions, which asked participants to rate their
confidence that they could motivate themselves to resist eating in
certain situations, consistently, for at least six months. Rating was
performed using a 4 point Likert-type scale, “not confident” (1),
“somewhat confident” (2), “moderately confident” (3), and “very
confident” (4). The situational factors consisted of: Negative Emotions
(ex: eating when anxious/sad), Availability (ex: eating when food is
readily available, such as at a party), Social Pressure (ex: eating food
when others encourage eating), Physical Discomfort (eating when in
pain or fatigued), and Positive Activities (ex: eating while watching
television). The scale provides one global scale with the highest
possible score of 80 (20 x 4). The confidence-based Exercise Self-
Efficacy Score (Ex-SE), was defined in terms of a summary score
consisting of 11 questions, which asked participants to rate their
confidence that they could motivate themselves to keep up with certain
exercise behaviors and activities consistently for at least six months.
Rating was performed using a 4 point Likert-type scale, “not
confident” (1), “somewhat confident” (2), “moderately confident” (3),
and “very confident” (4). The scale provides one global scale with the
highest possible score of 44 (11 x 4). These scales have been previously
tested and show evidence of reliability and validity [17].

The frequency-based Physical Activity Scores were defined using
three questions, which obtained information on self-reported
performance of mild, moderate, or vigorous physical activity for a 30
minute a day during a typical 7 day week. Individuals were provided
with intervals of days for responses, including: 0 days, 1-2 days, 3-4
days, or 5 days or more [18,19].

Analysis

Frequency and means tests were run among different variables of
the sample population using the Statistical Analysis Software program
(SAS). These variables included gender, age, anthropometric
measurements, race, and highest education level. Descriptive results
were compiled and analyzed to assess overall population health,
participant characteristics, distributions of variables of interest (self-
efficacy, barriers to physical activity, obesity class). BMI normality was
tested in SAS. Latent variables were created for HES, Eat-SE and Ex-SE
using sum scores, where higher scores were indicative of a more
healthful diet and higher perceived SE. Missing values were imputed
using the Multivariate Imputation by Chained Equations (MICE)
package in R. Bivariate correlations were run among variables in the
Statistical Package for Social Sciences (SPSS). Mediation models were
run in R Studio using the Mediation package (Figure 1).
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Results

Sample demographics

The majority of participants were middle-aged females of white or
black ethnicities with at least a high school diploma (12 years). All
participants were overweight and obese, with the greatest number of
participants classified in BMI Class 2 (Obese). Pearson’s correlation
tests revealed that age had no significant correlation with BMI
(r=0.022, p=0.837), eating self-efficacy (r=0.112, p=0.306), or exercise
self-efficacy (r=-0.023, p=0.823). BMI normality followed a slightly
non-normal distribution, as expected since all participants were
overweight or obese. Table 1 shows Demographic analysis results.

Gender Male 9.09% (n=9)
Female 88.89% (n=88)
Age Years + SD 46.98 + 11.36
Anthropometrics Weight (Ibs) £ SD 203.84 +40.93
BMI + SD 35.33+6.91
Weight Classification Overweight 19.79%
Obese 34.38%
Severe Obesity 22.92%
Morbid Obesity 17.71%
Super Obesity 5.21%
Race White 48.48%
Black 40.00%
Hispanic 5.05%
Asian 3.03%
American Indian 1.01%
Education 10 years (high school/secondary) | 4.12%
11 years (high school/secondary) | 3.09%
12 years (high school/secondary) | 40.21%
13 years (college/professional) 12.37%
14 years (college/professional) 12.37%
15 years (college/professional) 10.31%
16 years (college/professional) 10.31%
17 (post-graduate) 7.22%

Table 1: Demographic and anthropometric Variables (n=99).

General health, health behavior, and self-efficacy

The majority of participants reported their current general health as
‘good’ (45.8%), followed by ‘very good’ (28.1%), ‘fair’ (17.7%), and
‘excellent’ (7.3%). General health had a significant negative correlation
with current level of physical activity (r=-0.284, p=0.006). General
health also had a negative correlation with eating self-efficacy
(r=-0.130, p=0.227) and exercise self-efficacy (r=-0.124), p=0.254),

although not significant. Current level of physical activity was
positively correlated with eating self-efficacy (r=0.268, p=0.011) and
exercise self-efficacy (r=0.300, p=0.005). Physical activity was
negatively correlated with BMI (r=-0.301, p=0.003). BMI was
negatively correlated with moderate physical activity (r=-0.313,
p=0.002) and vigorous physical activity (r=-0.233, p=0.026), as well as
eating self-efficacy (r=-0.262, p=0.013) and exercise self-efficacy
(r=-0.284), p=0.008). The top four reasons reported for not exercising
include ‘never persisting’ (39.4%), ‘no time’ (32.3%), ‘lazy’ (28.3%), and
‘no energy’ (23.2%). Table 2 shows for Descriptive analysis results.

General Poor 1.00% Healthy Eating Score (max 36)
Health
Fair 17.20% <20 9.50%
Good 44.40% 20-25 60.00%
Very 27.30% 26-30 26.00%
Good
Excellen | 7.10% >30 4.50%
t
Physical Mild
Activity
0 days 24.20% Self-Efficacy
1-2 days | 36.40% Eating
3-4 days | 26.30% Not Confident 0.00%
25days | 11.10% Somewhat Confident | 4.00%
Moderate Moderately 32.30%
Confident
0 days 31.30% Very Confident 63.70%
1-2 days | 39.40% Exercise
3-4 days | 19.20% Not Confident 0.00%
25 days | 3.00% Somewhat Confident | 13.00%
Vigorous Moderately 42.40%
Confident
0 days 64.60% Very Confident 44.40%
1-2 days | 18.20%
3-4 days | 9.10%
25 days | 1.00%

Table 2: Descriptive statistics (general health, health behavior, self-
efficacy).

Mediation models

Higher Healthy Eating Score (HES) predicted higher Eat-SE
(B=0.73, p=0.02) and higher Eat-SE further predicted a lower BMI
(B=-0.15, p=0.02). Eat- SE marginally mediated the relation of HES on
BMI, at 40% mediated (f=-0.115, p=0.06) (Figure 1).
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Figure 1: Path diagram for HES, Eat-SE and BMI.

More frequent mild PA was associated with higher Ex-SE (B=1.2,
p=0.15) and lower BMI (B=-0.23, p=0.09), and higher Ex-SE was
associated with lower BMI (p=-1.19, p=0.09) (Figure 2).
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Figure 2: Path diagram for mild PA, Ex-SE and BMI.

More frequent moderate PA predicted higher Ex-SE (f=4.2, p=0.00)
and lower BMI (B=-0.17, p=0.06). Higher Ex-SE further predicted
lower BMI (B=1.77, p=0.05). Thirty percent of the total effect of
Moderate PA on BMI was mediated by Ex-SE, with marginal
significance (f=-0.72, p=0.07) (Figure 3).
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Indirect Effect:
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Figure 3: Path diagram for moderate PA, Ex-SE and BML

More frequent vigorous physical activity predicted higher exercise
self-efficacy (B=4.56, p=0.00) and lower BMI (p=0.02). Forty four
percent of the total effect of vigorous PA on BMI was significantly
mediated by Ex-SE (f=-0.98, p=0.01) (Figure 4).

Figure 4: Path diagram for vigorous PA, Ex-SE and BMI.

Discussion

Eating behavior

With the decline in diet quality in recent decades, the prevalence of
Americans adults with overweight and obesity has risen to 69% [5]. In
the present study, mediation analysis revealed that a higher healthy
eating score was associated with higher eating self-efficacy (p=0.02),
and a higher eating self-efficacy further predicted a lower BMI
(p=0.02). Furthermore, self-efficacy was a marginally significant
mediator of healthy eating score (40%, p=0.06). Previous studies have
shown self-efficacy to be a strong predictor of dietary intake and
weight control [9,12,20].

Inappropriate eating habits are common among women with Type 2
Diabetes and have been shown to be associated with lower self-efficacy
for diet and exercise self-management, and higher BMI [21]. Poor
eating habits are often viewed as negative contributors in weight
control and are associated with more perceived barriers to weight loss
[22].

Reasons for lower self-efficacy regarding eating healthy could also
be due to socioeconomic factors, including education, job type,
income, access to healthy foods, lack of cooking skills, and knowledge
of eating healthy (such as benefits and what constitutes “healthy”). Our
sample of nursing home employees are at lower socioeconomic status.
Lower income has been recognized as a limiting factor in eating
healthy, as foods high in calories, fats and sugars are generally more
affordable [23]. Lower diet quality is reflected by lower consumption of
vegetables, fruits and whole grains, and higher consumption of refined
grains, fat and added sugars [24,25]. Individuals of a lower SES have
been shown to have an elevated risk of developing chronic diseases
such as Diabetes and CVD [24,25]. An increased dependence on
westernized diets has largely contributed to weight gain and associated
chronic diseases [26]. Higher healthy-eating self-efficacy have been
associated with greater intention to make healthier food choices and
participate in physical activity [26].

Exercise behavior

The American Heart Association (AHA) and the American College
of Sports Medicine recommend at least thirty minutes of moderate
activity (at least 5 days/week, or weekly total of 150 minutes) or at least
twenty-five minutes of vigorous activity (at least 3 days/week, or a
weekly total of 75 minutes) [5]. The 2008 Physical Activity Guidelines
for Americans states that adults should engage in 2.5 hours of
moderate or 1.25 hours of vigorous activity per week in order to
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achieve substantial health benefits, in addition to muscle-strengthening
activities at least 2 days per week [27]. Examples of such intensity levels
include brisk walking or gardening (moderate) to jogging or
kickboxing (vigorous).

Our participants fell short of these recommendations. A majority of
participants reported only 0-4 days of mild or moderate physical
activity per week. 64.7% reported zero days of vigorous activity per
week, while only 27.4% reported engaging in any vigorous physical
activity at all. Current level of physical activity was significantly
negatively correlated with general health (r=-0.284, p=0.006), which
the majority of participants rated as ‘good. The top four reasons
reported for not exercising include: ‘never persisting’ (39.4%), ‘no time’
(32.3%), ‘lazy’ (28.3%), and ‘no energy’ (23.2%).

Gender-associated roles that have become the social-norm play an
important role in women’s physical inactivity [28]. Several gender-
based barriers to physical activity exist for women compared to men:
less time to dedicate to regular exercise due to care-giver
responsibilities; hobbies and leisure activities, which are typically less
active than those of men; and women’s' image-expectations in their
community [28]. This may be one factor causing the study sample to
be more physically inactive.

The present study reveals that more frequent moderate and vigorous
physical activity is significantly predictive of higher exercise self-
efficacy (p=0.00, p=0.00). These findings are consistent with previous
studies which also found moderate and vigorous exercise to be
positively influenced by intrinsic motivation and self-efficacy [29-31].
Mediation analysis also reveals that more frequent physical activity
further predicted a lower BMI (p=0.05). Exercise self-efficacy was a
significant mediator of vigorous physical activity on BMI, accounting
for 44% of the total effect (p=0.01), and it was a marginally significant
mediator of moderate physical activity (30%, p=0.07) on BMI.

Leisure time physical activity has been shown to be predicted by
self-motivation, perceived barriers and benefits, and BMI. Exercisers
are more likely to possess lower BMIs body mass values, possess higher
self-motivation, perceive more benefits to exercise and perceive less
barriers to exercise than non-exercisers [32]. A relatively small
percentage of the present participants reported engaging in any
vigorous activity (27%). Those who are vigorous exercisers, had the
first-hand knowledge, experience and motivation to push themselves
to exercise regularly, had higher self-efficacy to continue their exercise
routines, believed they could perform future exercise behaviors (hence,
the significant mediation effect seen of self-efficacy between vigorous
activity and BMI).

Individuals with a strong sense of self-efficacy view challenges as
something to be mastered. They developed deeper interest and
commitment in activities in which they participate. Those with low
self-efficacy often avoid tasks they find challenging (physical activity).
There was a wide distribution of both physical activity levels and level
of exercise self-efficacy for the majority of the sample, which may be
why the models involving mild to moderate activity had more
variability in mediation significance.

Cognitive factors such as stress, anxiety, depression and self-image
can adversely affect self-efficacy and health behaviors. For example,
some people perceive their excess weight as emotionally distressing,
while others of similar weight are unaffected by it [33,34]. This could
potentially deter participants with low self-efficacy from attempting to
make changes, such as making time to go to the gym and/or initiating
exercise. On the other hand, the adoption of exercise and engaging in

regular physical activity is associated with decreased stress and anxiety,
and improved mood and self-image, which can all improve ones
quality of life and facilitate the process of making healthier lifestyle
choices. These changes could lessen perceived barriers and thus
improve self-efficacy for performing activities. Exercise also may
contribute to improved compliance with a healthy diet [35]. By
learning how to minimize stress and elevate mood when faced with
difficult or challenging tasks, individuals can improve their sense of
self-efficacy and thus, achieve improved health behaviors and
outcomes [13].

As the obesity epidemic continues to grow, so do the struggles of
interventions combatting it. Recent research has provided evidence to
suggest that cognitive factors, such as self-efficacy, play a major role in
individual engagement of health behaviors. Findings from this study
agree that self-efficacy is a promising factor affecting health behaviors,
and could be a focus of improvement in future obesity interventions.
Identifying mediators in the relationship between health behaviors and
BMI is a critical step in the process of facilitating positive lifestyle and
behavioral changes.

Cognitive and psychological factors interact with our physical
environment in highly complex ways. There is a large heterogeneity in
the way individuals physiologically and cognitively respond, which
largely contributes to body mass and weight. All individuals with
overweight and obesity are not the same, meaning a “one size fits all”
approach is ineffective when attempting weight loss. It is inappropriate
to assume that giving all individuals with obesity for example, the same
treatment will produce similar outcomes [22]. Prior studies have
indicated that factors such as personal preference, outcome
expectancies, attitudes towards physical activity and exercise, body
image, emotional distress and depression should be considered when
determining appropriate treatment strategies [22].

Improving individuals’ perceived self-efficacy and belief in their
ability to make healthful lifestyle changes would likely facilitate weight
loss and desired health outcomes. The results of our study indicate that
future interventions should focus on improving participants’ perceived
self-efficacy to achieve greater weight loss. Educational interventions
which recognize and address individuals’ perceived barriers and
personal beliefs, and work to improve their readiness to change
towards healthful behaviors, are more likely to achieve greater success
in weight loss outcomes. Once individuals become more autonomous
and self-motivated, they are more likely to successfully maintain
weight status after weight loss. Laying a foundation of improved self-
efficacy relating to health behaviors may be a pre-requisite for weight
loss management.

Future interventions can also improve outcomes by first identifying
other factors contributing to weight change, by examining alternative
methods such as causal mediators of health behaviors affecting body
weight for individuals who have lower self-efficacy and are less likely to
succeed.

Limitations

It should be noted that a high pretreatment self-efficacy may
indicate overconfidence and/or lack of experience with the difficulties
associated with weight loss efforts 36, which is a possible limitation of
the current sample of individuals. This sample of nursing-home
employees were aware that they would soon be participating in a
weight-loss program, which could have led to a sense of heightened
self-efficacy. Individuals’ perception that the weight loss program
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would help make them lose weight could have swayed their perception
of their own abilities, aside from the intervention they were about to
undergo. However, this seems to be excessively optimistic expectations
and is the norm in American obesity-treatment-seeking individuals
[37].

The cross-sectional design of this analysis only captures a glimpse of
the population at a specific point of time, and doesn’t capture the scope
of these individuals over time. Longitudinal follow up study of the
study population might have offered a better measure of factors
contributing to weight change over time. The small sample size of
ninety-nine individuals may also pose a limitation. Additionally, since
the questionnaire was self-reported, perception of measures and
response may differ from one individual to the next.

Limitations aside, findings from this analysis conclude that self-
efficacy appears promising as a cognitive factor that is involved as a
mediator between health behaviors and body mass index. Higher
eating self-efficacy is predictive of more healthful diet, and higher
exercise self-efficacy is predictive of engaging in more frequent
physical activity. Higher self-efficacy involving these health behaviors
may further predict a lower BMI, as is the case in the present study.

Conclusion

In conclusion, our findings further support previous research that
higher self-efficacy in eating and exercise is predictive of more optimal
health-related behaviors, such as healthy eating, regular exercise and
lower BMI. The concept that self-efficacy as a cognitive factor can be
improved upon to facilitate positive lifestyle and behavior changes is an
intriguing notion in the pursuit of weight loss interventions and
obesity prevention efforts. Approaches focusing on individual behavior
change remains an important topic of interest in obesity research.
Testing of causal mediation in the quest of behavior modification and
lifestyle change is a critical step in improving future weight
management interventions. This may offer the greatest possible
inference for the identification of intervention variables responsible for
desired health outcomes.
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