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Abstract
Background: The study explored potential mediation by executive
functions (behavioral regulation index [BRI] and metacognition index
[MI]) in association between perceived stress, prenatal distress, emotional
control, and dietary intake (total calorie, total fat, added sugar, fruits, and
vegetables).
Methods: 70 overweight or obese pregnant women completed validated
online surveys and two 24-hour dietary recalls. Path analyses were
performed.
Results: Increased perceived stress was associated with increased BRI
both directly (p < 0.001) and indirectly through increased MI (perceived
stress to MI: p < 0.001, MI to BRI: p < 0.001). Subsequently, increased
BRI was associated with increased total fat intake (p = 0.01). Two-stage
mediation was found in the association of prenatal distress with total
fat intake. Increased prenatal distress was associated with increased MI
(p < 0.001). Higher MI was associated with higher BRI (p < 0.001), and
higher BRI was associated with increased total fat intake (p = 0.01).
Conclusions: Future intervention studies for overweight or obese pregnant
women might focus on stress management to alleviate perceived stress
and prenatal distress or on strategies to boost executive functions, each of
which might ultimately help to reduce total fat intake.
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Introduction
Maternal dietary intake during pregnancy plays a crucial role in prenatal
development, a critical time for establishing health outcomes in offspring later
in life [1, 2]. Higher maternal total fat intake during pregnancy is associated
with impaired glucose tolerance and gestational diabetes in the mother [3], and
higher waist circumference and body mass index (BMI) among male offspring
at age 19-21 years [4]. Increased intake of added sugar has been identified as
a strong predictor of gestational weight gain [4, 5]. Higher prenatal intake
of fruits and vegetables is also associated with decreased risk for adverse
maternal outcomes (such as gestational diabetes [6] and preeclampsia [7])
and birth and child outcomes (such as restriction of fetal and infant growth
at age of 6 months [8, 9] and developmental delays in offspring aged 2 years
[10]). Thus, promotion of healthy eating among pregnant women, especially
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those who are overweight or obese is imperative, because
they are at risk for adverse maternal outcomes [11, 12] and
tend to have high total fat but less fruit and vegetable intake
[13, 14].
Executive functions, a set of higher order cognitive
processes, enables goal-directed action, planning, behavior
monitoring, inhibitory control, updating (applying
information or strategies), and shifting (cognitive flexibility)
to re-prioritize activities and plans [15]. Executive function
deficits are more likely to occur in overweight or obese than
normal weight women [16-19]. When investigating executive
functions as a global concept, executive function deficits are
associated with intake of high fat [20] and unhealthy foods
[21]. When examining distinct components of executive
functions, researchers have reported inverse associations
between inhibitory control and higher saturated fat intake
[22], increased energy intake [23], percent calories from fat
[24, 25], snacking and food intake [26, 27]. Other aspects of
executive functions have also been associated with eating
behaviors. For example, high levels of task monitoring are
positively associated with fruit and vegetable intake [22];
less cognitive flexibility is associated with unhealthy eating
behaviors [28]. Executive functions have traditionally been
identified as composing 2 broad categories: behavioral
regulation and metacognition, both of which interact with
each other [15]. Behavioral regulation is referred to as the
ability to apply cognitive skills to behavior (inhibitory control,
shifting, emotional control, and self-monitoring [29]) and is
associated with success in dietary intake modification [30].
Metacognition involves cognitive knowledge (e.g., working
memory) and regulation (e.g., planning, task monitoring
[31]). The associations between dietary intake, behavior
regulation, and metacognition remain under investigation.
Obese adults tend to have difficulties in emotional control
[32-34], defined as the use of emotion regulation strategies,
such as cognitive reappraisal (reappraisal, changing the way
individuals think about potentially emotion-eliciting events)
and expressive suppression (suppression, changing the way
individuals behaviorally respond [e.g., facial expression] to
emotional-eliciting events) [35]. Whereas individuals apply
reappraisal to experience more positive emotions, individuals
utilize suppression to express fewer facial expressions and
positive and negative emotion [36]. Suppression is associated
with intake of high fat and calorie foods [37]. Laboratory
research has shown that reappraisal and suppression are
associated with executive functions [38]. However, it is
unclear whether these results reflect relations in a real-world
setting.
High levels of perceived stress are highly prevalent
in pregnant women [39, 40], partially due to pregnancyrelated concerns (prenatal distress) such as fetal health and
impending parenthood [41-43]. These can be exacerbated by
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women’s coexisting stress (e.g., due to their family role, job
related stressors, or parenting older children). High levels
of perceived stress can increase unhealthy dietary intake
(increased intake of energy-dense foods that are high in fat
and added sugar, leading to weight gain [44, 45]). Strong
evidence has shown that high levels of perceived stress
impair executive functions [46-49] and are associated with
unhealthy eating behaviors in women [37, 39].
In summary, American overweight or obese pregnant
women are likely to have poorer dietary intake, executive
function deficits, challenges in emotional control, and higher
levels of perceived stress and prenatal distress than healthy
weight women. Although there are direct associations among
dietary intake, executive functions, emotional control, and
perceived stress including prenatal distress, the mechanisms
impairing dietary intake in relation to those concepts remains
unknown. Using baseline data of a randomized controlled
lifestyle behavior intervention for overweight or obese
pregnant women, we explored whether executive functions
(behavior regulation and metacognition) might mediate the
associations between dietary intake and emotional control,
perceived stress, and prenatal distress. We hypothesized
that decreased emotional control (less use of reappraisal and
greater use of suppression), higher levels of perceived stress,
and higher levels of prenatal distress would be associated
with worse behavior regulation and metacognition. We
further hypothesized that poor behavior regulation and
metacognition would each be associated with increased
caloric, fat, and added sugar intake as well as decreased fruit
and vegetable intake.

Methods and Materials
Setting and Participants
Participants were recruited from 5 prenatal care clinics
affiliated with The Ohio State University Wexner Medical
Center through clinician referral. Inclusion criteria included
≤ 13 week-gestation with a singleton fetus as assessed by
ultrasound, pre-pregnancy BMI of 25.0-45.0 kg/m2 (computed
using self-reported height and weight), ability to read and
speak English, age of 18-45 years, access to a working smart
phone with unlimited text messaging, and receiving prenatal
care in a collaborating clinic. Participants agreed to commit
to the entire 20-week intervention. We excluded women with
self-reported history of ≥ 3 miscarriages, multiple gestation,
planned termination of the pregnancy, diagnosed hypertension
and type 1 or 2 diabetes, history of or current diagnosis of an
eating disorder, serious current physical disease (e.g., renal
disease or cancer), past bariatric surgery, current or history
of substance abuse in the past 6 months, current treatment
for a serious psychological disorder (e.g., schizophrenia and
bipolar disorder), or contraindications to walking.
Potential participants were screened over the phone
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using the study criteria. Qualified participants provided
demographic information and received informed consent
via email to review prior to attending the scheduled Zoom
1 meeting. During the scheduled meeting, the research
assistants highlighted the key study requirements and
answered questions. Then participants signed an electronic
consent form via REDCap. After that, they learned how to
complete an online survey via REDCap and 24 dietary recall
and wear Actigraph accelerometer on the wrist, followed by
scheduling a Zoom 2 meeting. Women who completed the
baseline data collection attended the Zoom 2 meeting to be
randomized to an intervention or usual care group (1: 1 ratio).
In this paper, we focus on baseline online survey and dietary
recall data. The study procedure was approved by the Ohio
State University Institution Review Board.

Measures
Demographic characteristics: Women self-reported age,
race/ethnicity, education, marital status, employment, and
participation in government assistance program(s) (e.g., The
special Supplemental Nutrition Program for Women, Infants,
and Children, Medicaid).
Emotional control: We used the Emotion Regulation
Questionnaire (10 items) with previously established validity
and reliability to assess emotional control [50]. This survey
assesses the emotional regulatory process using reappraisal
(6 items) and suppression (4 items) [50]. There were 7
response categories, ranging from 1 = strongly disagree to 7
= strongly agree. We summed responses of all 6 reappraisal
items to yield the final reappraisal composite score, ranging
from 6 to 42. A higher score indicates the greater use of
reappraisal to control negative emotion. After reversing the
coding, we summed responses of all 4 suppression items to
yield the final suppression composite score, ranging from 4 to
28. A higher score indicates less use of suppression to control
negative emotion. Finally, we summed the final scores of
reappraisal and suppression to create a total score ranging
from 7 to 49. Higher scores mean better emotional control.
Perceived stress: We used the Perceived Stress Scale
(10 items) that measures the degree to which situations
in one’s life are appraised as stressful to assess perceived
stress [51]. Participants were asked about their feelings
and thoughts during the past month. There were 5 response
categories, ranging from 0 = never to 4 = very often. We
summed responses of all 10 items to yield the final composite
score, ranging from 0 to 40. Higher scores indicate higher
levels of perceived stress.
Prenatal distress: We used the validated Prenatal Distress
Questionnaire (17 items) that measures prenatal stress,
relating to pregnancy related symptoms [42, 52]. There were
3 response categories, ranging from 0 = not at all to 2 = very
much. We averaged responses of all 17 items to yield the final
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composite score ranging from 0 to 2. Higher scores indicate
higher levels of prenatal distress.
Executive functions: We used 75 items from the
Behavior Rating Inventory of Executive Function-Adults
to access executive functions [53]. This survey with
previously established reliability and validity measures
executive functions in the everyday environment using 8
components: inhibitory control, shifting, emotional control,
self-monitoring, initiative, working memory, planning/
organization, and task monitoring. There were 3 responses,
ranging from 0 = never to 2 = often. We summed scores from
4 components with 30 items (inhibitory control, shifting,
emotional control, and self-monitoring) to yield behavioral
regulation index scores, ranging from 0 to 60. Higher scores
mean worse behavioral regulation. We also summed scores
from 4 components with 45 items (initiate, working memory,
planning/organization, and task monitoring) to yield a
metacognition index score, ranging from 0 to 90. Higher
scores mean worse metacognition.
Dietary intake: We used National Institute of Cancer
Automated Self-Administered 24-hour Dietary Recall (ASA
24) to collect dietary intake data. Participants completed two
24-hour dietary recalls. The variables of interest included
calories, total fat, added sugar, fruit, and vegetable intakes.

Statistical Analysis
Descriptive statistics were used to summarize the
sample demographics and study measures (emotion control,
perceived stress, prenatal distress, executive functions, and
dietary intake). To examine the potential role of executive
functions in helping to explain the associations of emotional
control, perceived stress, and prenatal distress with dietary
intakes, we first calculated Pearson correlation coefficients
and then followed these with mediation analyses. The
Pearson correlation coefficients examined the associations
of our hypothesized mediators (behavioral regulation and
metacognition) with both the predictors (perceived stress and
prenatal distress) and outcome variables (dietary intakes: total
caloric, total fat, added sugar, fruit, and vegetable). Next, we
conducted path analysis to examine potential mediation by
the 2 executive function indices (behavior regulation and
metacognition) in the path from perceived stress or prenatal
distress to total fat intake. The predictors (perceived stress
and prenatal distress) and outcomes (dietary fat intake) were
chosen for the path analysis because they were significantly
associated with behavioral regulation and metacognition
in the Pearson correlation analysis. Due to the correlation
between perceived stress and prenatal distress (r = 0.47), they
were analyzed using separate path models. For each of the
predictors (perceived stress and prenatal distress), we started
with a full path model based on the hypothesis and Pearson
correlation statistics, then derived a reduced final model by
removing non-significant paths from the full model. Model
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fit was assessed using Chi-square statistics, the Comparative
fit index (CFI), Tucker-Lewis index (TLI), and root mean
squared error of approximation (RMSEA). We used MPlus7
for the path models and SAS 9.4 for all other statistical
analysis.

Results
The mean age of the study participants (N =70) was
32.2 years (SD = 4.0). A majority were non-Hispanic White
(77.1%), had a bachelor or higher degree (90.0%), were
married (90.0%), and employed full-time (80.6%). Of 70
participants, 3 women (4.3%) reported receiving government
financial assistance (Table 1).
Table 2 summarizes the potential predictors (emotional
control, perceived stress, and prenatal distress), outcome
measures (dietary intakes) and their associations with
executive function indices of behavior regulation and
metacognition. Among the predictors, perceived stress
and prenatal distress were significantly associated with
both behavior regulation and metacognition (r = 0.475 to
Table 1: Sample Characteristics (N = 70).
Mean ± SD
Age

32.2 ± 4.0
N (%)

Race
Asian

3 (4.3)

Non-Hispanic Black

10 (14.3)

Non-Hispanic White

54 (77.1)

Non-Hispanic Multi-race

3 (4.3)

Education
High school or GED graduated

1 (1.4)

Some college or technical school, no degree

2 (2.9)

Associate degree

4 (5.7)

Bachelor degree

27 (38.6)

Master degree

23 (32.9)

Professional degree

11 (15.7)

Doctoral degree

2 (2.9)

Marital Status
Single/Never married
Married
In a domestic partnership

6 (8.6)
63 (90.0)
1 (1.4)

Employment
Employed full-time

56 (80.6)

Employed part-time

6 (8.6)

Unemployed

2 (2.9)

Self-employed

1 (1.4)

Homemaker

3 (4.3)

Student
Receiving Government Financial Assistant
Program
Yes

2 (2.9)

No

3 (4.3)
67 (95.7)
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0.594, all p values < 0.001). Neither the emotional control
subscales (reappraisal and suppression) nor total scales
were associated with behavior regulation or metacognition.
Among the outcome measures of dietary intake, only total
dietary fat intake was significantly associated with behavioral
regulation (r = 0.288, p = 0.016), but was not associated with
metacognition (r = 0.050, p = 0.683). All other dietary intake
(total calorie, added sugar, fruits, and vegetables) were not
associated with behavior regulation or metacognition. As
expected, behavioral regulation and metacognition were
highly correlated (r = 0.707, p < 0.001).
Figure 1 shows the path models for the mediation analyses
involving executive functions (behavior regulation and
metacognition) in the association between perceived stress
and total fat intake. The full model (Figure 1A) suggested
that there were no significant direct effects of perceived stress
(standardized coefficient [β] = -0.12, SE = 0.14, p = 0.40) and
metacognition (β = -0.11, SE = 0.16, p = 0.49) on total fat
intake. Therefore, these paths were deleted to derive the final
reduced model (Figure 1B). The final path model suggested
2 potential mediation pathways between perceived stress and
total fat intake: (i) increased perceived stress scores were
associated with higher behavioral regulation index scores (β
= 0.32, SE = 0.09, p < 0.001), and higher behavioral regulation
scores were associated with increased total fat intake (β =
0.29, SE = 0.11, p = 0.01); and ii) increased perceived stress
scores were associated with higher metacognition index
scores (β = 0.50, SE = 0.09, p <0.001). Subsequently higher
metacognition index scores were associated with higher
behavioral regulation index scores (β = 0.55, SE = 0.08, p
<0.001) and then to increased total fat intake (β = 0.29, SE
=0.11, p = 0.01). The reduced model fit very well with Chisquare statistic of 1.32 (p = 0.51), both CFI and TLI of 1.00,
and RMSEA of 0.00.
Figure 2 shows the path models for the mediation
analyses involving behavioral regulation and metacognition
in the association between prenatal distress and total fat
intake. The full model (Figure 2A) suggested that there
were no significant direct effects of prenatal distress
(β = -0.19, SE = 0.13, p = 0.16) and metacognition (β =-0.06,
SE = 0.17, p = 0.72) on total fat intake. There was also no
significant direct effect of prenatal distress on behavioral
regulation (β =0.15, SE = 0.10, p = 0.14). Therefore, these
paths were deleted to derive the final reduced model (Figure
2B). The final path model suggested that increased prenatal
distress was associated with worse metacognition (β = 0.52,
SE = 0.09, p < 0.001). Subsequently, worse metacognition
was associated with worse behavioral regulation (β = 0.71, SE
= 0.06, p < 0.001), and worse behavioral regulation was then
associated with increased total fat intake (β = 0.29, SE = 0.11, p
= 0.01). The reduced model had acceptable fit with Chi-square
statistic of 4.75 (p = 0.19), CFI of 0.977, and TLI of 0.954,
whereas an RMSEA of 0.09 suggested a marginal fit.
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Table 2: Correlations of Executive Functions with Emotional Control, Perceived Stress, Prenatal Distress, and Dietary Intake (N = 70).
Mean ± SD
Emotional Control
Reappraisal
Suppression
Total score
Perceived Stress
Prenatal Distress
Executive Functions
Behavior regulation index
Metacognition index
Dietary Intake
Total calorie (Kcal)
Total fat (grams)
Total fruit (cups)
Total vegetable (cups)
Added sugar (grams)

Pearson Correlation Coefficient, r (p value)
Executive Functions –
Executive Functions –
Behavior Regulation Index
Metacognition Index

28.6 ± 5.3
19.8 ± 4.9
48.5 ± 6.5
17.0 ± 5.2
0.7 ± 0.4

-0.032 (p = 0.792)
0.034 (p = 0.780)
-0.000 (p = 0.998)
0.594 (p < 0.001)
0.475 (p < 0.001)

-0.003 (p = 0.980)
0.069 (p = 0.569)
0.050 (p = 0.683)
0.500 (p < 0.001)
0.522 (p < 0.001)

47.5 ± 9.3
55.0 ± 17.7

̶
0.707 (p < 0.001)

0.707 (p < 0.001)
̶

1964 ± 545.4
83.6 ± 28.7
1.1 ± 0.8
1.9 ± 1.0
11.3 ± 9.4

0.130 (p = 0.283)
0.288 (p = 0.016)
-0.145 (p = 0.230)
-0.018 (p = 0.880)
-0.008 (p = 0.950)

0.012 (p = 0.920)
0.139 (p = 0.252)
-0.187 (p = 0.122)
0.004 (p = 0.973)
0.099 (p = 0.416)

Note: Higher scores of reappraisal and suppression indicate greater use of reappraisal and less use of suppression to control negative emotion,
respectively. The higher emotional control scores reflect better emotional control. The higher behavior regulation index scores mean the worse
behavior regulation. The higher metacognition index scores indicate worse metacognition.

Note: The higher perceived stress scores mean higher levels of perceived stress. The higher behavior regulation scores indicate worse behavior
regulation. The higher metacognition scores refer to worse metacognition. The higher total fat intake scores mean higher total fat intake.
*p < 0.05, **p < 0.01 ***p < 0.001.

Figure 1: Mediation Analysis of Perceived Stress to Executive Functions to Total Fat Intake.
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Note: The higher prenatal distress scores mean higher levels of prenatal stress. The higher behavior regulation scores indicate worse behavior
regulation. The higher metacognition scores refer to worse metacognition. The higher total fat intake scores mean higher total fat intake.
*p < 0.05, **p < 0.01 ***p < 0.001.

Figure 2: Mediation Analysis of Prenatal Distress to Executive Functions to Total Fat Intake.

Discussion
The present study goes beyond prior research focusing
on investigating the direct associations between emotional
control, perceived stress, prenatal distress, distinct
components of executive functions, and dietary intake. We
explored whether executive functions (behavior regulation
and metacognition) might help to explain the associations
between dietary intake, emotional control, perceived stress,
and prenatal distress using mediation analyses. Results of
this study partially supported our hypotheses (see discussion
below).
Contradictory to our hypothesis, we did not find the
mediation by executive functions in the association between
emotional control and dietary intake. We also failed to detect
associations between emotional control and dietary intake.
The non-significant associations between emotional control
and the executive functions (behavioral regulation and
metacognition) were not supported by previous laboratory
results [38]. This might have occurred because the prior
research manipulated emotional control followed by using
fMRI to measure executive functions in college students [38].
Our study was conducted in a real world setting and used
self-reported executive functions. Also, our participants were

pregnant and were enrolled during the COVID pandemic.
Future research with a large sample size involving pregnant
women in a natural setting is needed to further evaluate
the associations between emotional control and executive
functions, and the association between emotional control and
dietary intake.
We found that behavior regulation potentially mediated
the association between perceived stress and total fat intake,
a finding consistent with our hypothesis. This means that
higher levels of perceived stress were associated with
worsening behavioral regulation, and that association might
help to account for associations between perceived stress
and total fat intake. We also found an association between
perceived stress and metacognition (which is also associated
with behavior regulation, leading to a potential sequential
mediation). Higher levels of perceived stress were associated
with worsened metacognition, and worsened metacognition
was associated with worsened behavioral regulation, which
was associated with increased total fat intake. Similarly, we
found that higher levels of prenatal distress were negatively
associated with metacognition, which potentially then related
to total fat intake indirectly through worsened behavior
regulation. This finding was generally supportive of our
hypothesis, though we did not anticipate the sequential
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mediation per se, only a role for executive functions in
helping to explain relations between stress or prenatal distress
and dietary outcomes. Our findings suggest the importance
of helping individuals promote metacognition, for example,
increased knowledge about strategies for goal attainment,
why and when to use a given strategy, and being aware of task
performance) [54]. Also, it is crucial to include behavioral
regulation, for example, how to resist temptation of high fat
foods when available.

found that higher levels of perceived stress and prenatal
distress were associated with worse behavior regulation
and metacognition, and these relations might help to
explain associations between stress or prenatal distress and
increased total fat intake. Especially if these patterns are
replicated in future research, dietary interventions aiming
to reduce total fat intake in pregnant women might consider
focusing on strategies boosting executive functions and stress
management, reducing perceived stress and prenatal distress.

We did not find behavior regulation or metacognition to
be associated with other dietary intake (total caloric, added
sugars, fruit, and vegetable intakes), and neither perceived
stress nor prenatal distress was associated with other dietary
intakes. Future studies with a larger sample size should seek
to validate the negative findings in overweight or obese
pregnant women.
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