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A B S T R A C T

Objective: Individuals experiencing higher stress levels tend to consume fewer fruits and vegetables
compared to their less stressed counterparts. Thus, to promote fruit and vegetable (FV) consumption, action
planning has been proven effective in translating behavioral intentions into actual dietary behaviors. This
study aims to evaluate a 7-day intervention designed to improve FV planning and intake, while also examining
the role of stress.
Methods: The trial employed a 3 (time: pretest, post-test, and follow-up) * 2 (group: intervention vs. control)
between-participant factorial design. A total of 99 young Chinese adults (age = 23.84 years § 4.63, 26 men)
who had formed an explicit intention to consume more fruit and vegetables, participated in a 7-day online
randomized controlled trial.
Results: The intervention successfully enhanced FV planning as well as FV intake. Furthermore, a moderated
mediation model revealed that FV planning mediated the relationship between experimental conditions and
FV intake, with stress moderating this mediation. Specifically, planning facilitated FV intake for individuals
with low stress levels, while this effect was not observed for those with high stress levels.
Conclusion: These findings confirm the positive impact of the planning intervention on improving FV intake,
particularly for individuals with low stress levels, and highlight stress as a barrier to health behavior change
that warrants further attention in future studies.
© 2024 Elsevier Inc. All rights are reserved, including those for text and data mining, AI training, and similar

technologies.
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Introduction

Fruits and vegetables (FV) are essential components of a
healthy diet. The World Health Organization (WHO) recommends
a daily intake of at least 400 g of fruit and vegetable (equivalent to
approximately five fists in size; WHO, 2003). Embracing a habit of
adequate FV intake can significantly promote overall health. Epide-
miological studies and systematic reviews have indicated that
insufficient intake of vegetables and fruits may elevate the risk of
various health conditions, such as cancer, cardiovascular disease
[1], diabetes, metabolic syndrome [2], chronic respiratory disease,
intestinal disease, fractures, and cognitive impairment [3].
Regrettably, inadequate FV consumption continues to rank among
the top five global dietary risk factors [4].

As China experiences rapid economic development, it also faces
challenges to national health due to the prevalence of material
wealth, leading to excessive consumption of high-fat and delicious
foods while neglecting FV intake. A survey conducted on a large
sample of Chinese adults (N = 170,847), revealed that only 53.2%
met the WHO’s-recommended levels of fruit and vegetable con-
sumption [5]. In China, the consumption of fresh fruit is low, and
most vegetables are consumed after being cooked, resulting in
distinct FV intake patterns compared to Western countries [6].
Therefore, increasing the intake of FV is an important goal for
global public health, including in China [5].

Adherence to dietary recommendations necessitates positive
intentions and the development of self-regulatory skills and
behaviors, such as creating a plan to translate dietary goals into
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action [7].The Health Action Process Approach (HAPA; [8]) suggests
that planning plays a crucial mediating role in the relationship
between intention and behavior. While many individuals acknowl-
edge the importance of health behaviors and form dietary inten-
tions, they often fail to engage in actual health behaviors.
However, when individual strategically plan the “when,” “where,”
and “how” of implementing a health behavior, the likelihood of
successfully translating the intention into action significantly
increases. Planning goes beyond mere intention; it encompasses
specifying the context (timing and location) and outlining a
sequence of actions (how, [8]). Specific contexts can automatically
induce behaviors and sequences of actions; that is, detailed plans,
can be more easily remembered, and therefore, thereby serving as
predictors of health behaviors [9]. Although most existing studies
have confirmed that planning interventions improve health behav-
iors [10], the precise mechanism by which these interventions
operate remain poorly understood [11�13]. The relationship
between planning and health behaviors involves complex pro-
cesses, suggesting the contribution of additional factors. Further
exploration of the mechanisms by which planning facilitates the
implementation of health behaviors is needed to improve the
effectiveness of interventions. Barriers and resources can have an
impact on the implementation and maintenance of health behav-
iors [14,15]. For example, social support resources have a facilita-
tive effect on healthy eating behaviors [16,17], whereas perceived
barriers have a debilitating effect [14,15]. Most health behavior
change studies have focused only on individual self-regulation
(e.g., planning) and have less often considered both barriers and
resources. In this study, stress is considered as one barrier in the
volitional phase, where intentions need to be translated into actual
behaviors. Empirical evidence suggests that individuals with
higher levels of stress mostly consume more foods high in fat and
sugar and fewer vegetables as compared to those with less stress
[2,18]. A possible explanation for this, based on psychological
resource theory [19], is that stress depletes individuals’ psychologi-
cal resources, impairing the higher executive functions of self-reg-
ulation such as working memory and behavioral monitoring
supported by the brain’s prefrontal lobe, and disrupting self-regu-
lated cognitive processes [20,21]. Specifically, recurrent negative
emotions during stress deplete self-management resources, which
are important for controlling eating behaviors [22]. What is less
known is how stress regulates the self-regulatory processes in the
volitional phase. Specifically, the mechanism of how stress and
planning may interact with healthy eating behaviors remains
unclear.

This study uses an online randomized controlled approach to
examine the effect of a dietary planning intervention on FV intake
in a Chinese adult population. Based on the results of previous
studies [23], Hypothesis 1 is proposed: the FV planning group will
display higher FV planning and intake as compared to the control
group. Moreover, this study explored a mediating model consisting
of intervention manipulation, FV planning, and intake. Based on
psychological resource theory [19], Hypothesis 2 proposes a mod-
erating effect of perceived stress: stress may compromise the facili-
tating effect of FV planning on FV intake.

Methods

Participants

To recruit young adults for the study (mainly undergraduate
students in continuing education and company employees) a
combination of whole-group random sampling and social random
sampling was used. Specifically, whole-group random sampling
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was used to randomly select participants from groups of students
in continuing education programs, ensuring the representativeness
of the student sample. Social random sampling involved recruiting
company employees through random sampling methods on social
platforms and within companies, ensuring the diversity and repre-
sentativeness of the employee sample. For sample size calculations,
the following procedures were applied. Previous studies on the
effect of action planning on dietary change have reported a partial
eta square of 0.18 [24]. Based on this effect size, we first trans-
formed it to Cohen’s f (0.47) and selected the minimum Cohen’s
f as the prior effect size to calculate the minimum required sample
size. For the between-participant factorial design of a 3 (time: pre-
test, post-test, and follow-up) * 2 (group: intervention vs. control),
with an alpha of .05, power of 0.80, and correlations among
repeated measures of 0.5, we calculated the sample size as 48 using
the G*Power software (Faul et al., 2009). Considering the attrition
rate of daily diary methods, this study set the attrition rate at 40%.
We will set 80 participants (calculated as 48 / [1 - 40%], accounting
for a 40% expected dropout rate) as the minimum sample size for
this study, with each experimental condition group having 40
participants.

Inclusion criteria: Selection of motivated participants. Consider-
ing that the purpose of this study was to explore the effect of an
intervention on FV planning and FV intake, individuals should be
in the postintentional stage of change (having formed an intention
but without having planned actual FV intake). To assess whether
participants were in the postintentional (volitional) stage of
healthy eating, two questions were asked: “Do you plan to increase
your intake of fruit and vegetable?” and “Do you have a detailed
plan to increase your intake of fruit and vegetable (e.g., when and
where you will allow yourself to eat more fruit and vegetable)?” If
they answered “yes” to the first question and “no” to the second
question; that is, they had the intention to eat more fruit and vege-
table, but did not have a specific plan, they were in the postinten-
tional (volitional) phase in which they still had to translate their
intention into actual behaviors (e.g., by planning their diet).

A total of 757 questionnaires from 27 Chinese provinces were
collected. Owing to the inclusion criteria, 142 young adults were
recruited who had stated an intention to consume more fruit and
vegetables. They were randomly divided into two groups: n = 77 in
the FV intake planning group and n = 65 in the passive control
group. More participants were intentionally assigned to the inter-
vention group because prior experience indicated a higher with-
drawal rate among participants from the intervention group in
randomized controlled trials [25,26]. The randomization of partici-
pants was carried out using a computer-generated random num-
ber sequence. After confirming their eligibility, participants were
assigned a unique identification number. These identification num-
bers were then input into a random number generator, which allo-
cated participants to either the FV intake planning group or the
passive control group.

After all the intervention and follow-up tasks were completed,
the validity of questionnaire responses was verified by bogus test
questions, and participants who completed the assessments at all
time points were included in the final analysis. In the end, 99 valid
cases were obtained. The Consolidated Standards of Reporting Tri-
als (CONSORT; Schulz et al., 2010) diagram depicting participant
flow through the study is shown in Figures 1-3.

Experimental procedure

Participants provided demographic information and completed
the baseline questionnaire on day 1. Further, during days 1 to 7
(June 5 to 11, 2020), every evening from 20:00�23:00 hours,
 of Health and Social Security de ClinicalKey.es por Elsevier en enero 23, 
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Fig. 1. Consolidated Standards of Reporting Trials (CONSORT) diagram depicting participant flow through the study.
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participants in the intervention group answered questions related
to the planning of FV intake, and they planned for the next day’s
FV intake. The passive control group received no treatment compo-
nents. On day 14 (June 18, 2020), all participants completed a fol-
low-up questionnaire about perceived stress and their FV intake
during the week after the intervention.
Ethics approval and consent to participate

This study was conducted according to the guidelines of the
Declaration of Helsinki, and has been approved by the Committee
for Protecting Human and Animal Subjects at the School of Psycho-
logical and Cognitive Sciences in Peking University (the approval
number is #2020-04-11). Before participating in the study, all par-
ticipants in each study were informed of the project contents, risks
Fig. 2. Changes in FV intake (A) and planning (B) over three points in time. Notes: FV = fru
bar =§ 1 SE.
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and benefits, and could withdraw at any time. The informed con-
sents were obtained from all participants.

Materials

Questionnaire
Stress. The Perceived Stress Scale (PSS, [27]): comprises 10

questions such as “How often do you get upset about unexpected
things for the past one week?” Responses were made on a four-
point scale from 1 “never” to 4 “always.” The internal consistency
was Cronbach’s alpha = 0.90.

All other measures were adopted from Schwarzer [8], and for
their Chinese versions, we referred to Zhou [24].

Fruit and vegetable intake: The healthy eating behavior scale
consisted of two questions: “I eat about ____ servings of fruit per
day” and “I eat about ____ servings of vegetables per day,” with 0.5
it and vegetable; T1 = Time 1 (day 1), T2 = Time 2 (day 7), T3 = Time 3 (day 14); Error
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Fig. 3. The moderated mediation model. Notes: FV = fruit and vegetable, T1 = Time 1 (day 1), T2 = Time 2 (day 7), T3 = Time 3 (day 14); FV planning (T2-T1) was calculated by
the change from T2 (day 7) to T1 (day 1); *P < 0.05, ***P < 0.001.
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representing half a serving and 1 representing one serving. The
internal consistency was Cronbach’s alpha = 0.88 (T1), 0.82 (T2),
and 0.88 (T3).

Fruit and vegetable planning: This scale included six items
(please see the Supplementary File for details), such as “I have
made plans of what a particular fruit or vegetable to eat.” The
scores of FV planning were calculated using the mean of these six
items. The internal consistency was Cronbach’s alpha = 0.91 (T1),
0.91 (T2), and 0.95 (T3).
Intervention material
Planning intervention material: Participants reported the spe-

cific time and the amount of fruits and vegetables they planned to
consume on the next day, as well as possible difficulties and solu-
tions to enact the dietary plan, as described below.

To better help you improve your eating habits, please plan your
vegetable and fruit intake for tomorrow. If you set a time point to
increase your fruit and vegetable intake, when would you choose
to increase your fruit and vegetable intake tomorrow? (Multiple
time points are allowed, separated by commas). If you set a loca-
tion to increase your fruit and vegetable intake tomorrow, which
location would you choose? (e.g., home, cafeteria (specify which
window), a fast-food restaurant (specify the name of the restau-
rant), etc.; Multiple locations may be filled in, separated by com-
mas). In the process of implementing the above healthy eating
plan, what difficulties and obstacles might you encounter? (Please
fill in more than 15 words). What do you do to keep yourself from
increasing your fruit and vegetable intake when you encounter the
above difficulties and obstacles? (Please fill in 15 words or more)

Control group: No intervention content.
Statistical analysis

This study used SPSS (IBM, Armonk, NY, USA) 23.0 and its PRO-
CESS Macro (Hayes, 2018) to analyze the data. The significance of
differences was first tested using t-tests for baseline demographic
variables and key variable scores. Then, the intervention effect was
Descargado para Irene Ramírez (iramirez@binasss.sa.cr) en National Library
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tested for significance using a multivariate analysis of covariance
(MANCOVA). Bias-corrected percentile bootstrapping was also
employed, with the expectation that planning would play a medi-
ating role between the intervention and the FV intake at follow-up.
Besides, Johnson�Neyman analysis was conducted using the inter-
actions package (https://www.rdocumentation.org/packages/inter
actions/versions/1.1.5) of R software [28,29], which could identify
the specific range of the moderation effect.
Results

Demographic and descriptive statistical results

First, we conducted a randomization check on the pretest
results of demographics, daily stress level, and FV intake of the two
groups. Table 1 showed participants’ basic characteristics, Body
Mass Index (BMI) scores, and BMI group [30] by intervention
groups. The results showed that the differences between the pre-
test scores of the two groups on the demographic variables
(psex = .103, page = .236, peducation level = .488, and pmonthly

income = .137) and the key variables (pBMI = .820, pperceived stress = .544,
p

FV plan
= .697, and pFV intake = .616) were not significant. Besides, the

level of BMI (pFV planning = .797, pFV intake = .160) and the interaction
between BMI and group (pFV planning = .992, pFV intake = .290) had no
effect on the FV planning and intake. The mean, the variance of the
key variables, and the partial correlations among the key variables
after controlling for demographic variables are shown in Table 2.
Changes in fruit and vegetable intake and planning at three
measurement points in time

After controlling for demographic variables (sex, age, education
level, and monthly income), a multivariate analysis of covariance
(MANCOVA) was conducted on FV planning as well as for FV intake
for experimental conditions at three points in time: before and
after the intervention as well as at follow-up. The mean and SD of
FV intake and FV planning for each group at each time point are
shown in Table 3.
 of Health and Social Security de ClinicalKey.es por Elsevier en enero 23, 
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Table 1
Basic characteristics and BMI results by intervention groups

Intervention (N = 58) Control (N = 41) Total (N = 99)
Age

Mean (SD) 24.2 (4.92) 23.2 (3.53) 23.8 (4.41)
Median (Min, Max) 23.0 (18.0, 42.0) 22.0 (18.0, 39.0) 23.0 (18.0, 42.0)
BMI
Mean (SD) 21.0 (2.91) 20.9 (2.45) 21.0 (2.72)
Median (Min, Max) 20.5 (16.5, 31.1) 20.7 (16.8, 26.7) 20.7 (16.5, 31.1)
BMI Group
Underweight (�18) 14 (24.1%) 8 (19.5%) 22 (22.2%)
Normal range (18.5�25) 39 (67.2%) 31 (75.6%) 70 (70.7%)
Overweight (25�30) 4 (6.9%) 2 (4.9%) 6 (6.1%)
Obese (�30) 1 (1.7%) 0 (0%) 1 (1.0%)
Sex
Female 46 (79.3%) 27 (65.9%) 73 (73.7%)
Male 12 (20.7%) 14 (34.1%) 26 (26.3%)
Employee
Student 42 (72.4%) 33 (80.5%) 75 (75.8%)
Working full-time 16 (27.6%) 8 (19.5%) 24 (24.2%)
Education
High school or lower 2 (3.4%) 0 (0%) 2 (2.0%)
Undergraduate 41 (70.7%) 29 (70.7%) 70 (70.7%)
Master degree or above 15 (25.9%) 12 (29.3%) 27 (27.3%)
Income per month
Less than 3000 4 (6.9%) 4 (9.8%) 8 (8.1%)
3000�5000 8 (13.8%) 13 (31.7%) 21 (21.2%)
5000�10000 25 (43.1%) 11 (26.8%) 36 (36.4%)
10000�20000 16 (27.6%) 11 (26.8%) 27 (27.3%)
More than 20000 5 (8.6%) 2 (4.9%) 7 (7.1%)

Note. BMI = Body Mass Index.

Table 2
Descriptive results and partial correlations

Variables Mean SD 1 2 3 4 5 6 7
1 Stress_T7 30.22 5.06 0.90

2 FV Intake_T1 1.50 0.98 0.10 0.88
3 FV Intake_T2 1.89 1.39 0.14 0.65*** 0.82
4 FV Intake_T3 2.27 1.48 �0.05 0.54*** 0.61*** 0.88
5 FV Planning_T1 11.65 4.93 0.01 0.13 0.16 0.14 0.91
6 FV Planning_T2 14.32 5.33 �0.23* 0.15 0.35*** 0.37*** 0.34** 0.91
7 FV Planning_T3 14.55 5.76 �0.19 �0.02 0.19 0.25* 0.39*** 0.79*** 0.95

Notes. FV = Fruit and vegetable; T1 = Time 1 (day 1), T2 = Time 2 (day 7), T3 = Time 3 (day 14); the value on the diagonal is the internal consistency of Cronbach’s alpha for the
scale; *P < 0.05, **P < 0.01, ***P < 0.001.

Table 3
Intake and planning of fruit and vegetable at three points in time

Time T1 (pre) T2 (post) T3 (follow-up) Cohen’s d

Groups Mean SD Mean SD Mean SD T1-T2 T1-T3 T2-T3

Fruit and vegetable Intake Intervention 1.54 1.04 2.20 1.49 2.50 1.58 0.51 0.72 0.20
Control 1.44 0.90 1.46 1.13 1.95 1.26 0.01 0.46 0.41
Total 1.50 0.98 1.89 1.39 2.27 1.48 0.33 0.62 0.27

Fruit and vegetable Planning Intervention 11.48 5.28 16.07 5.52 15.32 5.68 0.85 0.70 �0.13
Control 11.88 4.45 11.85 4.56 13.46 5.78 �0.01 0.31 0.31
Total 11.65 4.93 14.32 5.53 14.55 5.76 0.51 0.54 0.04
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Fruit and vegetable intake
The results showed a main effect of group membership (F(1,

87) = 4.28, P = 0.041, partial h2 = 0.04) with a significantly higher
total fruit and vegetable intake in the intervention group than in
the control group (1.61 to 2.09 cups, respectively; Cohen’s
d = 0.97). However, the main effect of time on fruit and vegetable
intake was not significant (F(2, 87) = 0.05, P = 0.948, partial
h2 = 0.00).

The interaction effect of time by group on FV intake was signifi-
cant (F(2, 87) = 4.02, P = 0.020, partial h2 = 0.04). The results of the
Descargado para Irene Ramírez (iramirez@binasss.sa.cr) en National Library of
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simple effects analysis were as follows: for the intervention group,
the differences in FV intake at the pretest, post-test, and follow-up
were significant (T1�T2: 1.54 to 2.20, respectively; Cohen’s
d = 0.51, P < 0.001; T1�T3: 1.54 to 2.50, respectively; Cohen’s
d = 0.71, p < .001; T2�T3: 2.20 to 2.50, respectively; Cohen’s
d = 0.20, P < 0.001). Whereas for the control group, the differences
between the pre- and post-tests were not significant (Cohen’s
d = 0.01, P = 1.00) but significant between the pretest and follow-
up (Cohen’s d = 0.46, P = 0.029) and the post-test and follow-up
(Cohen’s d = 0.41, P = 0.022).
 Health and Social Security de ClinicalKey.es por Elsevier en enero 23, 
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Fruit and vegetable planning
The results showed a group’s main effect for FV planning (F(1,

87) = 4.02, P = 0.048, partial h2 = 0.04), with the intervention group
scoring significantly higher on FV planning than the control group.
The main effect of time on FV planning was not significant (F(2,
87) = 0.30, P = 0.685, partial h2 = 0.00). A pairwise comparison
revealed a significant increase in participants’ FV planning com-
pared to baseline at both the post-test (Cohen’s d = 0.51, P = 0.001)
and follow-up (Cohen’s d = 0.54, P < 0.001), with no significant dif-
ference between FV planning at follow-up or post-test (Cohen’s
d = 0.04, P = 0.777).

There was a significant time by group interaction effect for the
level of FV planning (F(2, 87) = 8.03, P = 0.001, partial h2 = 0.08), and
the results of the simple effects analysis were as follows: for the
intervention group, planning differed significantly between the pre-
test and post-test (Cohen’s d = 0.85, P < 0.001) and the pretest and
Fig. 4. Simple slope analysis: stress levels moderate the effect of FV planning (T2-
T1) on FV intake (T3). Notes: FV = fruit and vegetable, FV planning (T2-T1) was cal-
culated by the change from T2 (day 7) to T1 (day 1), high and low stress were cre-
ated by splitting the sample with §1 SD of stress scores measured at T2, curved
lines indicate 95% confidence intervals.

Fig. 5. Johnson�Neyman region of significance for the conditional effect of delta FV plann
intervals—red region indicate significant and blue nonsignificant conditional effects, P
stress = (30.43, 46.00).
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follow-up (Cohen’s d = 0.70, P < 0.001), but not between the post-
test and follow-up (Cohen’s d = -0.13, P = 0.338). For the control
group, planning did not differ significantly between the pretest and
post-test (Cohen’s d = -0.01, P = 1.00); however, planning differed
significantly between the pretest and follow-up (Cohen’s d = 0.31,
P = 0.232) and post-test and follow-up (Cohen’s d = 0.31, P = 0.019).

Mediating effects with moderation: The mechanism of planning and
stress in fruit and vegetable intake following a dietary intervention

The mediating role of planning in the effect of experimental
conditions (intervention vs. control) on fruit and vegetable intake
and the moderating role of chronic stress were examined after
controlling for baseline FV intake. For the chronic stress score, the
average of stress over seven days during the one-week interven-
tion period was used for measurement); for the planning score, the
change from day 1 to day 7 (day 7�day 1) was used; and for the
fruit and vegetable intake, participants’ score at follow-up (T3, day
14) was used.

Bias-corrected percentile bootstrapping (5,000 resamples) was
employed to estimate the mediating effect of planning and the
moderating effect of chronic stress (Figs. 4 and 5). The calculated
predictive effect of planning on fruit and vegetable intake was sig-
nificant at lower chronic stress levels (b = .37, P = 0.011, (95% CI
[0.08, 0.59]) but did not reach significance at higher chronic stress
levels (b = -.04, P = 0.755), (95% CI [-0.28, 0.20]). The mediating
effect of planning was significant at lower levels of chronic stress
(b = -.25, (95% CI [-0.49, -0.02]) but not at higher levels of chronic
stress (b = .03, (95% CI [-0.26, 0.10]). Moreover, the index of moder-
ated mediation was .14, (95% CI [0.01, 0.31]).

Furthermore, the Johnson�Neyman technique was used to
investigate the moderation effect [31]. As shown in Figure 5, when
the stress score was less than 30.42, the effect of FV planning (T2-
T1) on FV intake (T3) was significantly positive, whereas when the
stress score was greater than 30.42, the correlation between FV
planning (T2-T1) and FV (T3) intake was nonsignificant.

Discussion

A dietary planning intervention has been developed and evalu-
ated within a randomized controlled trial incorporating three
ing on FV intake. Notes: FV = fruit and vegetable, color bands depict 95% confidence
value was significant when stress = (18.00, 30.43), and was not significant when
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rización. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.



Q. Ju et al. / Nutrition 129 (2025) 112581 7
assessment points in time. This intervention contained a 7-day
planning treatment to improve FV planning as well as FV intake.
Further, this study explored the putative moderating role of
chronic stress levels.

It was found that participants in the intervention group had
higher FV planning and FV intake levels than did the control group
at post-test and at follow-up. This is consistent with prior results
[7,32].

One feature of this study is the continued treatment over a
7-day period. The online daily diary method compensates for the
limitations of traditional interventions by capturing the extent that
participants change their fruit and vegetable planning and intake,
reducing retrospective bias and ensuring data accuracy [33]. When
used as an intervention, the diary method is effective in increasing
the intensity of the intervention, prompting participants to moni-
tor and adjust the implementation of the FV plan and FV intake
daily, and improving the effectiveness of the intervention.

A positive predictive effect of fruit and vegetable planning on
fruit and vegetable intake was found in a Chinese population,
which is consistent with previous results in a HAPA-related study
[34]. Further, this study points to the role of chronic stress levels as
a barrier when it comes to translating a dietary intention into
actual behaviors. Stress hinders the positive effect of FV planning
on FV intake. In the case of low perceived stress, the higher the
fruit and vegetable planning, the higher the fruit and vegetable
intake; however, in the case of high perceived stress, although the
individual has formed an action plan, planning does not promote
the final fruit and vegetable intake.

Numerous studies have identified the relationship between
stress and health behaviors. Stress can affect health directly
through autonomic and neuroendocrine responses or indirectly
through health behavior changes [35�37]. This study validated the
latter through a moderated mediation model, whereby stress indi-
rectly affects individuals’ healthy eating behaviors and physical
and mental health by influencing the process between individuals’
fruit and vegetable planning to fruit and vegetable intake.

The fruit and vegetable intervention designed in this study was
effective in promoting fruit and vegetable eating behaviors in peo-
ple with low chronic stress, which could reduce other health risks
associated with inadequate FV intake. However, the mechanisms
by which individuals adopt health behaviors in high- and low-
stress states differ, making the investigation of how to facilitate
the transition from developing a health plan to adopting health
behaviors in high-stress individuals a focus for future research.
Thus, future studies could further design experiments to explore
whether interventions designed to alleviate individuals’ stress
could also promote their health behaviors, as well as the possible
synergistic effects of stress and action-planning interventions. In
addition to stress, future research could also consider additional
hindering factors, such as an individuals’ executive control func-
tion [38,39], to further promote healthy behaviors.

There are several limitations to this study. First, this study
found a hindering effect of chronic stress in the relationship
between planning and health behaviors; however, this finding was
limited to FV intake under a healthy diet, and future studies could
replicate this result for other dietary behaviors such as fat con-
sumption, and snacking. Second, the results should be viewed as
preliminary because the indicators of FV intake were self-reported,
and the data may have been affected by self-consistency that
inflated the observed correlations. Future studies could consider
more objective behavioral indicators, such as having participants
take pictures of the fruit and vegetable they consumed that day
and weigh the amount of FV intake based on the photos. Third, the
intervention effect was only measured seven days after the end of
Descargado para Irene Ramírez (iramirez@binasss.sa.cr) en National Library of
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the intervention and at follow-up. Future studies could extend the
follow-up to examine the long-term effects of healthy eating inter-
ventions. Moreover, daily real-time assessments could be analyzed
in a more fine-grained matter, using multilevel methods. Fourth,
the findings are limited to a sample of Chinese young adults.

In sum, this randomized controlled study used a daily interven-
tion method to examine the effectiveness of a dietary planning
program and to identify the role of chronic stress in compromising
the behavioral change process from fruit and vegetable planning to
fruit and vegetable intake.
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