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ABSTRACT
Context: Increased intake of fruits and vegetables (FV) may be
useful for weight loss.
Objective: This study was designed to evaluate the effects of
changes in FV intake on the overall diet and to determine if selfregulation affects the association between changes in FV intake
and weight.
Methods: Women with obesity (N = 74, mean age = 47.7 years)
participating in a year-long behavioral weight-loss treatment
were assessed regarding changes in consumption of various
food groups, physical activity, and eating self-regulation over 6,
12, and 24 months.
Results: FV intake change significantly predicted changes in
weight and consumption of dairy and bread products and sweets.
The only other notable relationships were among changes in
sweets, bread, and dairy consumption over 24 months. Over 6, 12,
and 24 months, changes in self-regulation significantly mediated
the FV intake-weight change relationship. The overall mediation
models were significant (R2 values = 0.19, 0.13, and 0.32, respectively). A reciprocal relationship between changes in FV intake and
self-regulation also was found. Significant increases in physical
activity outputs did not influence weight changes.
Conclusion: Findings supported a relationship between FV
intake and weight loss occurring through self-regulatory skills.
Associations between FV intake and reduced consumption of other
food groups provided data useful for improving the architecture
of behavioral weight-loss treatments and the foci of medical
practitioners’ helping methods.

INTRODUCTION

Obesity is a medical condition with considerable effects on
health risks and quality of life. Although the popular focus on
targeting proportions of diet macronutrients (ie, proteins, fats,
and carbohydrates) for weight loss has proved ineffective,1 fruit
and vegetable (FV) intake has been associated with weight loss.2,3
Although FV intake can influence consumption of other food
groups,1 this has been an understudied area. Targeting as few behavioral changes as possible may serve as a therapeutic advantage
when designing weight-loss treatments.4
Because it takes considerable self-control to eat more healthy
food and less unhealthy food such as sweets, self-regulation
instruction has become a focus of behavioral weight-loss treatments that is based on accepted behavior-change theories such

as social cognitive theory.5,6 It is possible that the increased use
of self-regulation methods (eg, goal setting/progress tracking,
restructuring unproductive self-talk, environmental [stimulus]
control) mediates the FV-weight loss relationship and, further,
has a symbiotic, mutually reinforcing relationship with FV intake.
Women with obesity who participated in a community-based
behavioral weight-loss program were assessed over 6, 12, and
24 months. It was expected that increased FV intake would be
significantly associated with reduced weight and reduced consumption of other food groups. Investigators also predicted that
the relationship between increased FV intake and reduced weight
would be significantly mediated by treatment-associated changes
in dietary self-regulation, and that relationships between changes
in FV intake and self-regulation would be reciprocal.

METHODS

Participants

Participant (N = 74) data were derived from a longitudinal test
of treatment-associated changes in emotional eating.7 The volunteers were required to be at least age 21 years with a body mass
index (BMI) of 30 kg/m2 to 40 kg/m2 and not be participating
in a weight-loss program or taking a psychotropic medication.
Women with physical contraindications to participation (such
as pregnancy) also were excluded. The mean age was 47.7 years
(standard deviation [SD] = 8.0), and the mean BMI was 34.9
kg/m2 (SD = 3.2). The racial/ethnic makeup was approximately
two-thirds white and one-third African American; several participants represented other racial categories. Nearly all were from
households in the middle family income range of $50,000 to
$100,000 yearly. University institutional review board approval
and written informed consent were obtained.

Measures
Eating Behaviors

Daily servings of vegetables (eg, 118 mL [4 ounces] of peas);
fruits (eg, 118 mL [4 ounces] of an orange); dairy products (eg,
236 mL [8 ounces] of yogurt); meats, beans, nuts, and other proteins (eg, 59 mL [2 ounces] of boneless chicken); bread products
(eg, 59 mL [2 small slices] of whole-grain bread); and sweets (eg,
118 mL of a small brownie) as indicated by US Department of
Agriculture sources8 were summed using a brief survey. FV intake
was then aggregated. Response scores demonstrated significant
correspondences (β values = 0.45-0.83, all p values < 0.001) with
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the scores of more comprehensive and extensively validated food
frequency recalls, and test-retest reliabilities over 3 weeks ranged
between 0.77 and 0.83.9,10
Eating Self-Regulation

To assess the use of self-regulation skills related to eating, responses to 10 items (1 = never to 5 = often) such as “I say positive
things to myself about eating well” and “I keep a record of my
eating” were summed.11 The internal consistency was Cronbach
α = 0.81, and test-retest reliability over 2 weeks was 0.74.11 For
the data within this study, Cronbach α = 0.80.
Physical Activity

The number of physical activity sessions per week of at least 15
minutes’ duration was recalled using the Leisure-Time Physical
Activity Questionnaire (Section 1).12 Activity types corresponded
to metabolic equivalents (MET) equating O2 /kg/hour ranging
from 3 MET (eg, easy walking) to 9 MET (running) and were
summed.12 Previous research13,14 found significant relationships
(β values = 0.38-0.57, all p values < 0.001) between the LeisureTime Physical Activity Questionnaire and accelerometer, weight
change, and maximal oxygen uptake results. Test-retest reliability
over 2 weeks was 0.74.14
Weight

Body weight was measured using a recently calibrated digital
scale. The mean of two consecutive measurements was recorded
(in kg) after removal of heavy outer clothing.

Figure 1. Mediation analyses diagram.

Procedure

The treatment consisted of components of physical activity support and eating-behavior change based on tenets of
social cognitive theory,5 especially the emphasis on use of selfregulatory skills to effectively deal with lifestyle barriers.6 The
treatment was administered by trained wellness staff members
at a community wellness center.
The Coach Approach protocol15 supported physical activity
via six 45-minute 1-on-1 meetings. Assimilation of self-regulation methods such as goal setting, thought-stopping/cognitive
restructuring, relapse prevention, dissociation, and stimulus
control was the central focus. After 10 weeks of physical activity
support alone, instruction in food logging was added, and group

Table 1. Descriptive statistics, change scores, and intercorrelations between changes in food group consumption
and weight over 6, 12, and 24 months (N = 74)
Category
Assessment month 6
1. Fruit/vegetable intake/d
2. Dairy product intake/d
3. Meat/protein intake/d
4. Bread product intake/d
5. Sweets intake/d
6. Weight (kg)
Assessment month 12
1. Fruit/vegetable intake/d
2. Dairy product intake/d
3. Meat/protein intake/d
4. Bread product intake/d
5. Sweets intake/d
6. Weight (kg)
Assessment month 24
1. Fruit/vegetable intake/d
2. Dairy product intake/d
3. Meat/protein intake/d
4. Bread product intake/d
5. Sweets intake/d
6. Weight (kg)

Baseline,
mean (SD)

Assessment
month, mean (SD)

ΔBaseline-assessment
month, mean (SD)

3.73 (1.53)
1.69 (1.02)
2.93 (0.98)
3.05 (1.50)
1.86 (1.14)
94.77 (12.19)

5.65 (1.93)
1.69 (0.93)
2.86 (1.16)
2.12 (1.17)
1.01 (1.03)
88.77 (12.26)

1.92a (1.79)
0.00 (1.09)
-0.33 (0.520)
-0.93a (1.50
-0.86a (1.20)
-6.00a (4.87)

-0.11

0.22
0.31c

-0.26b
0.22
0.00

-0.28b
0.21
-0.12
0.52c

-0.28b
0.06
-0.13
0.18
0.17

3.73 (1.53)
1.69 (1.02)
2.93 (0.98)
3.05 (1.50)
1.86 (1.14)
94.77 (12.19)

5.59 (2.01)
1.65 (1.02)
2.74 (0.93)
2.01 (1.06)
0.92 (0.78)
89.30 (12.79)

1.86a (1.880
-0.04 (1.10)
-0.18 (1.05)
-1.04a (1.53)
-0.94a (1.36)
-5.48a (5.97)

-0.38c

0.17
0.01

-0.39c
0.27b
0.08

-0.27b
0.21
0.01
0.33c

-0.30c
0.17
-0.01
0.13
0.09

3.73 (1.53)
1.69 (1.02)
2.93 (0.98)
3.05 (1.50)
1.86 (1.14)
94.77 (12.19)

5.87 (2.07)
1.64 (0.98)
2.83 (0.99)
2.04 (1.35)
1.09 (1.05)
89.35 (12.6)

2.14a (2.08)
-0.05 (1.20)
-0.09 (1.21)
-1.01a (1.95)
-0.78a (1.51)
-5.43a (6.41)

-0.31c

0.14
0.03

-0.34c
0.23
0.12

-0.24b
0.27b
-0.08
0.34c

-0.51c
0.22
0.04
0.04
0.15

1

2

Category intercorrelations
3
4
5

6

p < 0.001.
p < 0.05.
c
p < 0.01.
SD = standard deviation.
a
b

2

The Permanente Journal/Perm J 2018;22:17-143

ORIGINAL RESEARCH & CONTRIBUTIONS
Effects of Treatment-Associated Increases in Fruit and Vegetable Intake on the Consumption of Other Food Groups and Weight Through Self-Regulatory Processes

nutrition sessions were held every 2 weeks using the Weight
Loss For Life protocol.16 Sessions adapted self-regulatory skills
learned in the context of supporting physical activity to control
eating. For example, restructuring unproductive statements that
could lead to missing a planned evening physical activity session would be adapted to address self-talk about circumventing
dietary goals for the day. Along with self-regulation and maintaining regular physical activity, increasing FV consumption was
a major emphasis of the 56-week treatment. Fidelity checks on
approximately 15% of treatment sessions indicated few protocol
deviations that were easily remedied.

was established when the bias-corrected and accelerated 95%
confidence intervals did not include 0. Change in physical activity was tested for its significance as a covariate.
On the basis of previous suggestions,21 the presence of a
reciprocal (bidirectional) relationship between changes in FV
intake and self-regulation also was tested by reversing the position of the predictor and mediator variables in paired equations.
If significant mediation was found in both equations, then a
reciprocal relationship had been detected.

Data Analyses

Physical activity significantly increased (all p values < 0.001)
from a baseline mean of 6.50 (SD = 7.89) to a mean of 35.16
(SD = 19.69) at month 6, a mean of 29.59 (SD = 16.63) at month
12, and a mean of 30.06 (SD = 17.41) at month 24. Self-regulation
for eating at baseline (mean = 22.09, SD = 5.85) demonstrated
a significant increase to month 6 (meanchange = 9.79, SD = 7.13,
p < 0.001), month 12 (meanchange = 6.25, SD = 9.12, p < 0.001),
and month 24 (meanchange = 8.03, SD = 8.49, p < 0.001). Table 1
details all other score changes.

Because there was no systematic bias detected within the 8%
of missing cases, the intention-to-treat approach incorporated
the expectation-maximization algorithm17 for imputation. For
the primary analyses, a moderate effect of f 2 = 0.15 at the conservative statistical power level of 0.90 (α < 0.05) necessitated
a minimum sample size of 71.18 SPSS Statistics version 22.0
(IBM, Armonk, NY ) was used for the statistical analyses.
Linear bivariate relationships first were calculated across
changes in daily consumption of food groups and weight, separately from baseline to months 6, 12, and 24, at which statistical
significance was set at α < 0.05 (2-tailed). Considering previous
research and suggestions19 and an absence of floor and ceiling
effects, change (gain) scores were unadjusted for their baseline
value. Mediation of the relationship of changes in FV intake and
weight by change in self-regulation for eating over 6, 12, and 24
months was computed next using a bootstrapping method with
20,000 resamples.20 Because directionality within the incorporated relationships was already established, 1-tailed analyses
(α < 0.05) were used to evaluate statistical significance. R2 was
calculated to determine significance of the overall models, and
path a (predictor→mediator), path b (mediator→outcome), and
path c’ (predictor→outcome, controlling for the mediator) were
also calculated as β values (Figure 1). Mediation significance

RESULTS

Score Changes

Bivariate Relationships

FV intake changes from baseline to months 6, 12, and 24 served
as significant predictors of changes in weight and bread and sweets
consumption over 12 and 24 months and dairy consumption at
24 months (Table 1).

Mediation Analyses

When eating self-regulation was entered as a mediator of the
relationships of change in FV intake and weight over 6, 12, and
24 months, change in physical activity did not demonstrate a
significant effect on the prediction of weight change (β = -0.02,
SE = 0.03; β = -0.04, SE = 0.04; and β = -0.07, SE = 0.04, respectively). As a result, this variable was removed from further
analyses. The overall mediation models were each significant

Table 2. Mediation and reciprocal effects analyses (N = 74)a
Predictor
Mediator
Changes from baseline to month 6
Fruit/vegetable intake Self-regulation
Self-regulation for
Fruit/vegetable
eating
intake
Changes from baseline to month 12
Fruit/vegetable intake Self-regulation
Self-regulation for
Fruit/vegetable
eating
intake
Changes from baseline to month 24
Fruit/vegetable intake Self-regulation
Self-regulation for
Fruit/vegetable
eating
intake

Outcome

Path a
β (SE)
p value

Path b
β (SE)
p value

Path c’
β (SE)
p value

Indirect effect
through the mediator
β (SE)
95% CI

Weight
Weight

1.26 (0.45)
0.08 (0.03)

0.003
0.003

-0.24 (0.08)
-0.45 (0.31)

0.001
0.073

-0.45 (0.31)
-0.24 (0.08)

0.073
0.001

-0.31 (0.20)
-0.04 (0.03)

-0.695, -0.052
-0.116, -0.002

Weight
Weight

1.57 (0.44)
0.10 (0.03)

< 0.001
< 0.001

-0.18 (0.09)
-0.67 (0.38)

0.031
0.042

-0.67 (0.38)
-0.18 (0.09)

0.042
0.031

-0.28 (0.21)
-0.07 (0.04)

-0.753, -0.033
-0.136, -0.015

Weight
Weight

1.75 (0.41)
0.12 (0.03)

< 0.001
< 0.001

-0.22 (0.09)
-1.19 (0.34)

0.008
< 0.001

-1.19 (0.34)
-0.22 (0.09)

< 0.001
0.008

-0.38 (0.18)
-0.14 (0.06)

-0.792, -0.153
-0.262, -0.055

Analyses were based on a 1-tailed bootstrapping method to assess mediation that incorporated 20,000 resamples of the data (path a [predictor→mediator], path b
[mediator→outcome], and path c’ [predictor→outcome, controlling for the mediator]).20
CI = confidence interval; SE = standard error.
a

The Permanente Journal/Perm J 2018;22:17-143

3

ORIGINAL RESEARCH & CONTRIBUTIONS
Effects of Treatment-Associated Increases in Fruit and Vegetable Intake on the Consumption of Other Food Groups and Weight Through Self-Regulatory Processes

(R2 = 0.19, p = 0.001; R2 = 0.13, p = 0.006; and R2 = 0.32,
p < 0.001). Change in self-regulation demonstrated significant
mediation in each of the 3 equations (Table 2).

Reciprocal Relationship Analyses

In models in which the predictor and mediator variables were
reversed, there were significant mediations (Table 2). This indicated reciprocal, bidirectional relationships between changes in
self-regulation and FV intake.

DISCUSSION

Findings supported relationships between both short- and
long-term increases in FV intake and reduced weight loss and
reductions in consumption of other food groups. This finding is
consistent with previous suggestions that increased FV intake
will reduce consumption of other food types and overall energy
intake.22 However, additional analyses within the present research
suggest that the significant relationship between increased FV
consumption and weight loss was achieved through (ie, significantly mediated by) increased self-regulation. Increasing positive
(targeted) behaviors associated with eating more FV likely required
participants to use more of their self-regulatory skills. As these
skills were bolstered and used more effectively, improved eating
behaviors emerged. Duplicating this scenario could advance the
mutually reinforcing relationship that was documented through
the reciprocal interaction between increases in FV intake and selfregulation. Both theory and systematic reviews strongly suggest
the importance of self-regulation as a key mediator of weight-loss
treatment effects.6,23,24
Although this study was limited by a single-group design with
a volunteer sample that may have been especially motivated, it
provides new analyses and a basis for further research into the
dynamics of treatment-associated changes in diet, self-regulation,
and weight loss. Extensions of this research should strengthen
measurement instrumentation by incorporating validated food
recall surveys that differentiate within food groups (eg, starchy vs
nonstarchy vegetables) and accelerometers that can more objectively
measure physical activity outputs. After implementing these measures and completing replications involving more ethnicities and
sample types, a continued focus on FV intake and self-regulatory
skills development can help increase the effectiveness of behavioral
weight-loss programs that primarily are unreliable beyond the
very short term.25 Ultimately, medical professionals’ support of
patients’ weight-management efforts will be enhanced. v
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