
Focus on Women’s Mental Health 

Relationships Between Body Composition 
and Mental Health During Pregnancy Are 
Moderated by Physical Activity and Diet 
Yali Huang, PhD; Chary Akmyradov, PhD; Matthew T. Keene, BS; Sabrina L. Chambers, BS; Trevor D. Durey, BS; 
Xiaoxu Na, MS; Jayne Bellando, PhD; and Xiawei Ou, PhD 

Abstract 
Objective: This study examined the 
relationships between body fat mass 
percentage and mental health 
(depression and anxiety symptoms) 
during pregnancy, while assessing the 
moderating effects of physical activity and 
diet quality. 

Methods: A prospective cohort of 
219 pregnant women was recruited for a 
longitudinal study of maternal health 
during pregnancy and offspring 
outcomes. Pregnant participants were 
assessed at ∼12 and ∼36 weeks of 
pregnancy. Body composition was 
measured using air displacement 
plethysmography, physical activity was 

measured with ActiGraph wearables, 
and diet was measured using the 
National Institute of Health Diet History 
Questionnaire-III. Depression and 
anxiety symptoms were also evaluated 
using the Beck Depression Inventory-II 
and State-Trait Anxiety Inventory, 
respectively, at each study visits. 
Multivariable mixed linear models 
adjusted for demographic and 
socioeconomic factors were used to 
analyze relationships among these 
parameters. The study period is from 
October 2019 to August 2024. 

Results: Higher body fat mass percentage 
was significantly associated with 
increased depression (β = 0.246, P= .014) 
and anxiety scores (β = 0.241, P = .002). 

Physical activity moderated the effect of 
body fat on depression (interaction 
β = –0.001, P = .017), while diet quality 
moderated the effect of body fat on 
anxiety (interaction β = –0.002, P= .047). 

Conclusion: Higher body fat mass during 
pregnancy is associated with more 
symptoms of depression and anxiety. 
However, increased physical activity 
and adherence to high-quality diets 
can attenuate these effects, indicating 
that lifestyle interventions during 
pregnancy may improve mental health 
of pregnant women, particularly for 
those with obesity. 
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O besity during pregnancy is a growing public 
health concern worldwide. The prevalence of 
pre-pregnancy obesity has risen sharply over the 

last few decades, which has significant implications for 
maternal and fetal health outcomes.1 The latest report 
from the National Health and Nutrition Examination 
Survey shows that approximately one-third of women of 
childbearing age in the United States are obese (body 
mass index [BMI] ≥ 30), and more than half of pregnant 
women are overweight or obese. Obesity during 
pregnancy has been linked to various health 
complications, including gestational diabetes, 
hypertensive disorders such as preeclampsia, increased 
rates of emergency cesarean delivery, and a higher 
likelihood of preterm birth.2,3 Maternal obesity during 
pregnancy is also a significant risk factor for childhood 
obesity and is associated with an increased risk of 

diabetes, metabolic syndrome, and adverse cardio 
metabolic conditions in children.4–8 These findings 
suggest that obesity during pregnancy may have negative 
impacts on both pregnancy and offspring outcomes. 

Meanwhile, mental health issues such as depression 
and anxiety are also highly prevalent among pregnant 
women, affecting up to 20% of pregnancies globally.9 

Using data from the National Health Interview Survey 
(2010–2019) of pregnant women aged 18–44, prenatal 
depression prevalence was 40.6% in White, 28.5% in 
Black, and 27.2% in other racial groups. It was 58.1% for 
those without regular prenatal care and 46.9% for those 
without paid sick leave.10 Similarly, anxiety disorders 
during pregnancy have been reported in approximately 
15% to 20% of pregnant individuals.11 Existing literature 
has consistently reported associations between obesity 
and increased mental health issues during pregnancy. 
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Higher pre-pregnancy BMI has been linked to increased 
risks of prenatal depression and anxiety, which may 
persist into the postpartum period, leading to long- 
lasting mental health issues. Early interventions, such as 
psychological support and behavioral modifications, are 
crucial to alleviate symptoms during pregnancy and 
prevent postpartum mental health sequelae.12 The 
associations between obesity and increased prevalence 
of anxiety and depression during and after pregnancy 
warrant targeted mental health support for women with 
obesity.13,14 

It is important to consider the potential 
bidirectional relationship between body weight and 
mental health. Existing evidence suggests that higher 
body mass index or body fat percentage is significantly 
associated with an increased risk of depression and 
anxiety. Epidemiological and longitudinal studies 
have shown that individuals with overweight or 
obesity are more likely to experience depressive 
symptoms, while depression itself may contribute to 
subsequent weight gain, thus creating a reinforcing 
cycle.15,16 Moreover, specific components of body 
composition—such as the ratio of fat mass to lean 
mass—may influence neurobiological processes via 
metabolic and endocrine mechanisms, including 
chronic inflammation, insulin resistance, and 
hormonal dysregulation, all of which may affect 
emotional regulation and mental well-being.17 

Most existing studies have utilized BMI as the 
primary measure of obesity to examine the 
relationships between obesity and mental health 
during pregnancy. However, this approach may not be 
ideal, as BMI does not sufficiently account for the 
unique physiological changes occurring during 
pregnancy. For instance, even women with a normal 
pre-pregnancy weight typically experience substantial 
gestational weight gain, potentially differing in fluid 
retention, fat mass, and lean mass changes compared 
to women with obesity. Such variations may confound 
the true relationships between obesity and mental 
health—particularly if BMI is measured only at later 
stages of pregnancy.18 In contrast, body composition 
parameters (eg, body fat mass percentage) may more 
accurately capture changes in adiposity during 

pregnancy. By differentiating between fat mass, lean 
tissue, and fluid compartments, these measures offer 
a more nuanced understanding of how obesity evolves 
throughout pregnancy and how it might impact mental 
health. Therefore, assessing body composition rather 
than relying solely on BMI could be better suited to 
elucidate the potential effects of obesity on mental 
health in pregnant populations. 

Physical activity and diet interventions are both 
common, effective, and noninvasive intervention 
strategies for obesity. Physical activity during 
pregnancy is an important modifiable factor that can 
influence both physical and mental health of pregnant 
women. Regular exercise has been shown to reduce 
symptoms of anxiety and depression in this 
population, potentially through mechanisms such as 
enhanced endorphin release, improved circulation, 
and stress reduction.19 In addition, adherence to 
dietary guidelines during pregnancy, characterized by 
nutrient-rich and balanced eating patterns, has been 
associated with improved mental health in pregnant 
women. For instance, diets high in omega-3 fatty acids, 
antioxidants, and micronutrients have been linked to 
lower risks of depressive symptoms.20 Studies have 
also shown that the Mediterranean diet helps reduce 
stress, improve well-being, and enhance sleep quality 
of pregnant women.21 While previous studies have 
explored the relationships between physical activity, 
body composition, and mental health in some 
populations,22–24 there is a paucity in literature 
regarding how physical activity and diet interact with 
body composition to influence mental health during 
pregnancy. 

In this study, we hypothesized that body 
composition during pregnancy significantly impacts 
mental health in pregnant women, and these effects 
are moderated by physical activity and diet during 
pregnancy. Specifically, we hypothesized that higher 
body fat mass percentage in pregnant women is 
associated with poorer mental health outcomes as 
reflected by higher depression and anxiety symptom 
scores. Furthermore, these relationships are 
attenuated by greater physical activity level measured 
by wearable devices and better adherence to dietary 
recommendations such as those outlined in the 
Dietary Guidelines for Americans. To test this 
hypothesis, we utilized pregnancy data from the 
ongoing Maternal Obesity and Offspring 
Neurodevelopment (MOON) study, which includes 
comprehensive measurements of body composition, 
physical activity, diet, and mental health throughout 
pregnancy in a cohort of healthy pregnant women. We 
aim to identify the relationships between body fat 
percentage and depression/anxiety symptoms scores, 
as well as the moderating effects by physical activity 
level and diet quality. 

Clinical Points 
• Mental health in pregnant women with obesity may be 

impacted by physical activity and diet, but more studies are 
needed to delineate relationships between these factors. 

• Higher body fat was associated with increased depression 
and anxiety symptoms. Physical activity moderated the 
effect of body fat on depression, while diet quality 
moderated the effect of body fat on anxiety. 
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METHODS 

Study Participants 
A total of 219 pregnant women were enrolled in the 

MOON study during the first trimester of pregnancy and 
completed assessments of body composition, physical 
activity, diet, and mental health throughout pregnancy 
and were included for this study. Among them, 
120 participants were normal weight (BMI 18.5–25), 
and 99 participants were obese (BMI 30–50) at the time 
of enrollment. Participants were recruited using 
established methods at the Arkansas Children’s 
Nutrition Center. The inclusion criteria were singleton 
pregnancy, 11–13 weeks of gestation, ≥18 years of age, 
and BMI ≤25 or ≥30. The exclusion criteria were 
BMI <18.5 or >50, pre-existing medical conditions or 
medications known or suspected to influence fetal growth 
(eg, hypertension, diabetes), medical complications 
developed during pregnancy known or suspected to 
influence fetal growth (eg, gestational diabetes, 
preeclampsia), family history of psychological or 
neurogenetic disorders, use of substances (eg, 
recreational drugs, nicotine, alcohol) during pregnancy, 
and preterm delivery at <37 weeks of gestation. The 
demographic information of the study participants is 
listed in Table 1. Each participant had an onsite study 
visit at ∼12 weeks and again at ∼36 weeks of 
pregnancy for the measurements of body composition, 
physical activity, and mental health. In addition, each 
participant was asked to complete a dietary 
assessment online at ∼12, ∼24, and ∼36 weeks of 
pregnancy. The mean ± SD of their gestational age at 
the three visits were 12.40 ± 0.87, 24.29 ± 1.27, and 
36.19 ± 0.62 weeks. 

Measurement of Body Composition 
Body composition of the pregnant women was 

assessed at approximately 12 and 36 weeks of gestation 
using air displacement plethysmography (ADP) via a 
BodPod system (Cosmed, Concord, CA). ADP is a 
noninvasive, reliable technique based on whole-body 
densitometry. The method estimates body volume by 
measuring air displacement while the subject is seated in 
a closed chamber and subsequently calculates body 
density from body mass and volume. Fat mass and fat- 
free mass are then derived using a 2-compartment 
model. This technique provides accurate assessments of 
obesity-related parameters such as body fat mass 
percentage. Previous studies have demonstrated that 
ADP is a valid method for assessing body composition in 
pregnant women, even in the presence of gestational 
physiological changes such as increased plasma volume 
or amniotic fluid fluctuations.25,26 To complement body 
composition assessment, standardized anthropometric 
measurements were also conducted, including weight 
(using a digital standing scale), height (using a wall- 

mounted stadiometer), and waist and hip 
circumferences (using a flexible tape measure). 

Measurement of Physical Activity 
Physical activity of the pregnant women was 

measured at ∼12 weeks and ∼36 weeks of pregnancy 
using an ActiGraph watch (Pensacola, FL), which the 
participants wore on their wrist for 1 week following 
each study visit. The ActiGraph watch recorded daily 
movement activity and provided an objective estimate of 
physical activity levels of the subjects. After the watches 
were returned, the data were downloaded; recorded 
parameters included daily steps, activity counts, 
sedentary time, time spent in light and moderate 
activity, and maximum step count per minute. 

Measurement of Diet 
Dietary intakes of the pregnant women were 

measured at ∼12 weeks, ∼24 weeks, and ∼36 weeks of 
pregnancy using the National Institute of Health (NIH) 
web-based Diet History Questionnaire, Third Edition 
(DHQ-III). The DHQ-III is a freely available food 
frequency questionnaire for use with adults 19 years or 
older. The version assessing food intake “in the past 
month with portion size” was used. It consists of 135 food 
and beverage line items and 26 dietary supplement 
questions. After completion, a healthy eating index 
(HEI) score was calculated based on subject responses. 
The HEI score is a measure of diet quality, specifically, 
how well the set of foods the participants consumed 
aligns with key recommendations and dietary patterns 
published in the Dietary Guidelines for Americans. A 
higher HEI score represents better alignment with the 
dietary guidelines. In addition to the composite total HEI 
score, component scores were calculated for vegetables, 
greens and beans, fruits, grains, dairy, plant protein, 
total protein, fatty acids, saturated fats, seafood, sodium, 
and added sugar. 

Measurement of Mental Health 
Mental health of the pregnant women, specifically, 

their depression and anxiety symptoms, was assessed at 
∼12 weeks and ∼36 weeks of pregnancy by trained 
psychological examiners. Using the Beck Depression 
Inventory-II (BDI-II) and the State-Trait Anxiety 
Inventory (STAI), participants’ symptoms were 
evaluated in a standardized manner. The BDI-II is a 
validated and commonly used tool to measure 
depression symptoms and was used in this study.27 It 
is a 21-item self-report questionnaire, and each 
question is scored 0–3. The total BDI score ranges from 
0 to 63, and a higher BDI score indicates greater 
depression symptoms. The STAI is a validated and 
commonly used tool to measure anxiety symptoms and 
was used in the study.28 It is a 20-item self-report 
assessment device which includes separate measures 
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Table 1. 
Demographic Information of the Study Participantsa 

Variables 
Normal weight 

N = 120 
Obese 
N = 99 

Total 
N = 219 P value 

Age, mean (SD), y 28.8 (4.3) 29.5 (4.6) 29.1 (4.4) .271 
Ethnicity 

Missing 1 (0.83%) 00 (0.00%) 1 (0.46%) .051 
Hispanic or Latino 5 (4.17%) 11 (11.11%) 16 (7.31%) 
Not Hispanic or Latino 114 (95.00%) 88 (88.89%) 202 (92.24%) 

Race 
American Indian/Asian/unknown 2 (1.67%) 4 (4.04%) 6 (2.74%) .241 
Black/African American 14 (11.67%) 17 (17.17%) 31 (14.16%) 
White 104 (86.67%) 78 (78.79%) 182 (83.11%) 

Married 
No 20 (16.67%) 28 (28.28%) 48 (21.92%) .039 
Yes 100 (83.33%) 71 (71.72%) 171 (78.08%) 

Highest education level 
High school graduate/GED 14 (11.67%) 6 (6.06%) 20 (9.13%) .384 
Specialized training 5 (4.17%) 4 (4.04%) 9 (4.11%) 
Partial college (≥ 1 year) 11 (9.17%) 4 (4.04%) 15 (6.85%) 
Associate’s degree 16 (13.33%) 18 (18.18%) 34 (15.53%) 
College graduate (Bachelor’s) 46 (38.33%) 44 (44.44%) 90 (41.10%) 
Graduate training/degree 28 (23.33%) 23 (23.23%) 51 (23.29%) 

Spouse’s education level 
Missing 1 (0.83%) 00 (0.00%) 1 (0.46%) .146 
High school graduate or less 16 (13.33%) 20 (20.20%) 36 (16.44%) 
Partial college (≥1 y) 16 (13.33%) 23 (23.23%) 39 (17.81%) 
Associate’s degree 18 (15.00%) 12 (12.12%) 30 (13.70%) 
College graduate (Bachelor’s) 48 (40.00%) 29 (29.29%) 77 (35.16%) 
Graduate training/degree 21 (17.50%) 15 (15.15%) 36 (16.44%) 

Annual income from current occupation, median (IQR) in $1,000s $40 ($22, $60) $45 ($23.5, $55.5) $43.5 ($22, $60) .653 
Household gross income 

Missing 1 (0.83%) 00 (0.00%) 1 (0.46%) .051 
<$20,000 4 (3.33%) 1 (1.01%) 5 (2.28%) 
$20,000–$30,000 6 (5.00%) 8 (8.08%) 14 (6.39%) 
$30,000–$40,000 6 (5.00%) 6 (6.06%) 12 (5.48%) 
$40,000–$50,000 7 (5.83%) 9 (9.09%) 16 (7.31%) 
$50,000–$60,000 6 (5.00%) 14 (14.14%) 20 (9.13%) 
$60,000–$70,000 8 (6.67%) 6 (6.06%) 14 (6.39%) 
$70,000–$80,000 14 (11.67%) 12 (12.12%) 26 (11.87%) 
$80,000–$90,000 4 (3.33%) 7 (7.07%) 11 (5.02%) 
$90,000–$100,000 18 (15.00%) 5 (5.05%) 23 (10.50%) 
$100,000–$150,000 29 (24.17%) 23 (23.23%) 52 (23.74%) 
$150,000–$200,000 14 (11.67%) 6 (6.06%) 20 (9.13%) 
>$200,000 3 (2.50%) 2 (2.02%) 5 (2.28%) 

Number of children before 
0 49 (40.83%) 37 (37.37%) 86 (39.27%) .267 
1 43 (35.83%) 32 (32.32%) 75 (34.25%) 
2 21 (17.50%) 17 (17.17%) 38 (17.35%) 
3–5 7 (5.83%) 13 (13.13%) 20 (9.13%) 

Government assistance 
No 100 (83.33%) 79 (79.80%) 179 (81.74%) .500 
Yes 20 (16.67%) 20 (20.20%) 40 (18.26%) 

Child support 
Missing 2 (1.67%) 1 (1.01%) 3 (1.37%) .759 
No 113 (94.17%) 93 (93.94%) 206 (94.06%) 
Yes 5 (4.17%) 5 (5.05%) 10 (4.57%) 

aData shown as n (%) unless otherwise noted. 
Abbreviation: IQR = interquartile range. 
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of state and trait anxiety. Each item is scored 1–4, so 
the total STAI score ranges from 20 to 80. A higher 
STAI score indicates greater anxiety symptoms. 

Statistical Analysis 
We first examined the extent and patterns of missing 

data across primary outcome variables (BDI-II, STAI-S, 
STAI-T) and relevant covariates (body fat %, steps max 
count, age, and total HEI). Descriptive statistics were 
first computed to determine the proportion of missing 
values. To investigate the mechanism of missing data, 
we performed logistic regression analyses (Type 
3 analysis of effects), modeling the probability of 
missing data as a function of relevant observed 
variables. Across all models, none of the predictors 
were significantly associated with missing data (all 
P > .05), suggesting that the data were missing 
completely at random. Given this result, the 
subsequent analyses were considered unbiased by the 
observed patterns of missing data. 

Continuous variables were summarized as mean and 
standard deviation (SD) or median and interquartile 
range, depending on the normality of their distribution, 
which was assessed using the Shapiro-Wilk test. 
Categorical variables were described using frequency 
counts and percentages. Influential outliers were 
identified through diagnostic plots such as Cook D and 
excluded if they were determined to exert undue influence 
on model estimates. As a result, only 3 participants were 
excluded from the analyses. Univariate mixed linear 
models were employed to analyze repeated measures of 
depression and anxiety scores at ∼12 and ∼36 weeks, 
with careful assessment of model assumptions, including 
normality, homogeneity of variances, and appropriate 
specification of random effects. Variables with a P 
value < .2 in univariate analyses and no evidence of 

multicollinearity were included in the multivariable mixed 
models, adjusting for baseline fat mass percentage as a 
covariate. Individual differences at baseline were 
controlled with random intercept model. Intercept is used 
as a random effect. Body fat mass percentage, baseline 
body fat mass percentage, body fat mass percentage and 
physical activity (maximum steps count) interaction, and 
time variables were used as fixed effects. Statistical 
significance was determined using a 2-sided α level of 
0.05. All analyses were performed using SAS version 9.4 
(SAS Institute Inc, Cary, NC). 

RESULTS 

Participants classified as obese exhibited substantially 
greater adiposity than their nonobese counterparts (BMI 
33.5 vs 22.4 kg m−2, P < .0001). The two groups were 
otherwise demographically comparable: mean age was 
virtually identical (29.5 vs 28.8 years, P = .27), and 
median household income did not differ (USD 45,000 vs 
40,000, P = .65). Mental health status was also similar, 
with no significant between-group differences in 
depressive symptoms (BDI 8.7 vs 7.6, P = .16) or anxiety 
scores (STAI-State 26 vs 25; STAI-Total 30.5 vs 29; both 
P > .36). In contrast, lifestyle-related metabolic indices 
diverged: obese participants demonstrated higher daily 
energy expenditure (2,536 vs 1,492 kcal, P < .0001) and 
greater metabolic equivalents (1.566 vs 1.357, P < .0001), 
accompanied by modestly poorer diet quality as reflected 
by total HEI scores (60.6 vs 64.1, P = .006). Light and 
moderate physical-activity durations were comparable 
(1,107 vs 1,114 minute week−1 and 308 vs 315 minute 
week−1, respectively; both P > .53). Thus, apart from 
expected differences in body composition, diet quality, 
and energy metabolism, the study cohorts were well 

Figure 1. 
Depression and Anxiety Symptom Scores at 12 and 36 Weeks of Pregnancya 
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aFor depression symptoms, the highest level in this cohort was “mild depression” (BDI ≤ 19); for anxiety, the highest level in this cohort was “moderate anxiety” (STAI-S or STAI-T≤44). 
*Significant difference (P < .05) between the two time points. 
Abbreviations: BDI = Beck Depression Inventory; STAI-S = State-Trait Anxiety Inventory – State; STAI-T = State-Trait Anxiety Inventory – Trait. 
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matched on sociodemographic and mental health 
characteristics, providing a balanced foundation for 
subsequent analyses. Details are shown in 
Supplementary Table 1. 

Depression and anxiety symptom scores of all 
participants are presented in Figure 1. It depicts the mean 
and SD of depression (BDI) and anxiety (STAI-S, STAI-T) 
symptom scores for all participants, categorized by 
weight status (normal weight vs obese) and gestational 
time points (12 weeks vs 36 weeks). The bar plots 
compare the changes in symptom scores within each 
weight group over time. Notably, a significant 
difference (P < .05) is observed in STAI-S scores 
between 12 and 36 weeks among obese participants, 
indicating a change in state anxiety during pregnancy. 

No other significant differences are detected across 
time points within either weight group for BDI or 
STAI-T scores. 

Univariate Analysis 
The results of the univariate mixed linear model 

analyses for factors associated with depression and 
anxiety symptom scores are presented in Tables 2 and 
3, respectively. These analyses identify potential 
demographic, socioeconomic, dietary, and 
physiological factors that may contribute to 
variations in mental health outcomes among 
pregnant women. 

Specifically, the univariate mixed linear model 
analyses results for relationships with the depression 

Table 2. 
Univariate Mixed Linear Model Parameter Estimates of 
Relationships With Depression Symptom Scores 

Depression symptom score 

Effect 
Parameter 

estimate (95% CI) P valuea 

Demographics 
Age −0.220 (−0.364 to −0.075) .003 
Income from current occupation (per $1,000 increment) −0.018 (−0.035 to −0.001) .039 
Number of children before −0.689 (−1.316 to −0.061) .032 

Diet quality 
Total healthy eating index −0.051 (−0.112 to 0.009) .098 
Total vegetables −0.373 (−0.814 to 0.068) .097 
Greens and beans −0.307 (−0.641 to 0.028) .072 
Total fruits −0.194 (−0.550 to 0.162) .285 
Whole fruits −0.306 (−0.704 to 0.092) .131 
Whole grains −0.095 (−0.363 to 0.173) .486 
Dairy −0.153 (−0.374 to 0.069) .176 
Total protein foods −0.989 (−1.688 to −0.291) .006 
Seafood plant protein −0.277 (−0.638 to 0.084) .132 
Fatty acids −0.017 (−0.219 to 0.184) .865 
Sodium 00.213 (0.017 to 0.410) .034 
Refined grains 00.142 (−0.101 to 0.385) .252 
Saturated fats −0.022 (−0.207 to 0.162) .813 
Added sugars −0.156 (−0.354 to 0.042) .122 

Body composition 
BMI 00.058 (−0.028 to 0.144) .185 
Weight 00.020 (−0.011 to 0.051) .208 
Height −0.010 (−0.097 to 0.077) .820 
Fat free mass % −0.080 (−0.145 to −0.015) .016 
Fat free mass 00.011 (−0.072 to 0.093) .801 
Fat % 00.081 (0.016 to 0.146) .015 
Fat mass 00.043 (0.001 to 0.085) .047 

Daily physical activity 
Energy expenditure 00.000 (−0.001 to 0.001) .657 
Steps count 00.000 (0.000 to 0.000) .167 
Steps max counts −0.052 (−0.091 to −0.012) .011 
Light activity time 00.001 (−0.004 to 0.006) .680 
Moderate activity time −0.004 (−0.010 to 0.002) .219 
Metabolic equivalents 00.397 (−2.439 to 3.232) .784 
Number of Freedson bouts −0.094 (−0.238 to 0.050) .200 
Total time of Freedson bouts −0.005 (−0.013 to 0.003) .186 
Total activity counts of Freedson bouts 00.000 (0.000 to 0.000) .170 

aBoldface indicates statistical significance. 
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symptom scores are presented in Table 2. A number of 
parameters showed significant relationships with 
depression symptom scores during pregnancy. These 
include demographic and socioeconomic factors such 
as age, number of children before, and income from 
current occupation; diet measures such as total protein 
intake and total sodium intake; body composition 
parameters such as fat mass percentage and fat free 
mass percentage; and physical activity measures such 
as maximum steps count. 

The univariate mixed linear model analyses results 
for the relationships with the anxiety symptom scores 
are presented in Table 3. Again, a number of 
parameters (many overlapping with findings in 
Table 2) showed significant relationships with anxiety 

symptom scores during pregnancy. These include 
demographic and socioeconomic factors such as age 
and income from current occupation; body composition 
parameters such as fat mass percentage and fat free 
mass percentage; and diet quality measures such as 
total HEI, total fruit and whole fruit intake, total dairy, 
and total added sugar. 

Multivariate Analysis 
Parameters with P < .2 in the univariate analyses 

were further examined in the multivariable mixed model 
analyses, as presented in Table 4. 

Specifically, the multivariable analysis showed that 
the effect of body fat mass percentage on the BDI score 
was significant, with a positive association observed 

Table 3. 
Univariate Mixed Linear Model Parameter Estimates of Relationships With Anxiety Symptom Scores 

State anxiety symptom score Trait anxiety symptom score 
Effect Estimate (95% CI) P valuea Estimate (95% CI) P valuea 

Demographics 
Age 00.240 (−0.435 to −0.045) .016 −0.362 (−0.601 to −0.122) .003 
Income from current occupation (per $1,000 increment) −0.019 (−0.042 to 0.003) .094 −0.043 (−0.071 to −0.015) .003 
Number of children before −0.544 (−1.391 to 0.303) .207 −0.816 (−1.860 to 0.228) .125 
Number of children in household −0.557 (−1.380 to 0.266) .184 −0.684 (−1.697 to 0.329) .185 
Number of people in household −0.479 (−1.285 to 0.327) .243 −0.660 (−1.653 to 0.333) .192 

Diet quality 
Total healthy eating index −0.126 (−0.211 to −0.040) .004 −0.069 (−0.164 to 0.026) .155 
Total vegetables −0.185 (−0.829 to 0.459) .573 −0.429 (−1.110 to 0.252) .216 
Greens and beans −0.408 (−0.890 to 0.074) .097 −0.165 (−0.684 to 0.354) .531 
Total fruits −0.860 (−1.377 to −0.344) .001 −0.255 (−0.801 to 0.292) .360 
Whole fruits −0.916 (−1.490 to −0.342) .002 −0.358 (−0.973 to 0.258) .254 
Whole grains 00.035 (−0.352 to 0.421) .860 00.236 (−0.177 to 0.648) .263 
Dairy −0.220 (−0.544 to 0.103) .182 −0.342 (−0.683 to −0.001 ) .049 
Total protein foods −0.573 (−1.597 to 0.451) .272 −0.753 (−1.848 to 0.343) .178 
Seafood plant protein −0.238 (−0.766 to 0.290) .376 00.092 (−0.463 to 0.647) .744 
Fatty acids 00.042 (−0.251 to 0.335) .779 −0.070 (−0.382 to 0.242) .660 
Sodium −0.026 (−0.317 to 0.264) .859 00.245 (−0.055 to 0.544) .110 
Refined grains −0.204 (−0.553 to 0.146) .252 −0.086 (−0.461 to 0.290) .654 
Saturated fats −0.158 (−0.426 to 0.111 ) .250 −0.012 (−0.294 to 0.271 ) .935 
Added sugars −0.154 (−0.443 to 0.134) .293 −0.347 (−0.653 to −0.040) .027 

Body composition 
BMI 00.080 (−0.036 to 0.196) .176 00.049 (−0.093 to 0.192) .497 
Weight 00.019 (−0.024 to 0.061) .387 00.002 (−0.050 to 0.054) .939 
Height −0.107 (−0.222 to 0.008) .068 −0.139 (−0.282 to 0.005) .058 
Fat free mass % −0.097 (−0.187 to −0.007) .034 −0.113 (−0.220 to −0.005) .040 
Fat free mass −0.053 (−0.169 to 0.062) .365 −0.090 (−0.222 to 0.043) .185 
Fat % 00.098 (0.008–0.189) .033 00.110 (0.002–0.218) .045 
Fat mass 00.045 (−0.013 to 0.103) .125 00.039 (−0.031 to 0.109) .269 

Daily physical activity 
Energy expenditure 00.000 (−0.001 to 0.001) .989 00.000 (−0.001 to 0.001) .600 
Steps count 00.000 (−0.001 to 0.000) .167 00.000 (−0.001 to 0.000) .220 
Steps max counts −0.020 (−0.081 to 0.041) .530 −0.042 (−0.104 to 0.020) .184 
Light activity 00.004 (−0.003 to 0.011 ) .297 00.001 (−0.006 to 0.009) .719 
Moderate activity −0.009 (−0.018 to 0.001 ) .067 −0.005 (−0.015 to 0.006) .377 
Metabolic equivalents −1.248 (−5.500 to 3.004) .564 −1.508 (−6.126 to 3.109) .521 
Number of Freedson bouts −0.153 (−0.361 to 0.056) .150 −0.129 (−0.360 to 0.103) .275 
Total time of Freedson bouts −0.009 (−0.020 to 0.003) .135 −0.009 (−0.022 to 0.004) .185 
Total activity counts of Freedson bouts 00.000 (0.000–0.000) .126 00.000 (0.0000–0.000) .161 

aBoldface indicates statistical significance. 

Posting of this PDF is not permitted. | For reprints or permissions, contact 
permissions@psychiatrist.com. | © 2025 Physicians Postgraduate Press, Inc. 

J Clin Psychiatry 86:4, December 2025 | Psychiatrist.com 7 

Prenatal Body Composition and Mood Moderated by Activity and Diet 

mailto:permissions@psychiatrist.com
https://www.psychiatrist.com/jcp
https://www.psychiatrist.com


(β = 0.246, 95% CI, [0.051 to 0.441], P = .014), 
indicating that higher fat percentage was associated with 
an increase in the BDI score. Notably, this relationship 
was moderated by physical activity (ie, maximum steps 
count), as evidenced by a significant interaction between 
fat percentage and physical activity (β = −0.001, 95% 
CI, [–0.003 to 0.000], P = .017). Specifically, the 
negative estimate for the interaction term suggests that 
the effect of fat percentage on the BDI score decreases 
as the maximum steps count increases. Interaction plot 
of body fat percentage and maximum steps count on BDI 
scores is shown in Supplementary Figure 1. These 
findings highlight the potential modifying role of 
physical activity, as measured by maximum steps count, 
in mitigating the impact of fat percentage on the BDI 
score. 

Similar as with depression, the results showed that 
body fat mass percentage was significantly associated with 
state anxiety scores, with higher fat percentage 
corresponding to an increase in state anxiety scores 
(β = 0.241, 95% CI, [0.088 to 0.395], P = .002). Age also 
demonstrated a significant negative association with 
state anxiety scores (β = −0.261, 95% CI, 
[0.467 to −0.054], P = .014), indicating that older 
individuals tended to have lower state anxiety scores. 
The interaction between fat percentage and total HEI 
was also significant (β = −0.002, 95% CI, [−0.005 to 
0.000], P = .047). The negative estimate suggests that as 
total HEI increases, the effect of fat percentage on state 
anxiety scores diminishes, highlighting the potential 
moderating role of diet quality in mitigating the impact 
of body fat percentage on state anxiety levels. Interaction 
plot of body fat percentage and HEI on state anxiety 
scores (stratified by age) is shown in Supplementary 
Figure 2. Analogous to the moderating role of physical 
activity on the BDI scores, these findings indicate that diet 
quality appears to moderate the role of body fat on state 
anxiety score. 

DISCUSSION 

This study investigated the relationships between 
body composition and mental health during pregnancy, 
measured by depression and anxiety symptom scores, 
while evaluating the moderating roles of physical activity 
and diet quality. Two key findings resulted from the 
analysis: First, higher fat mass percentage was positively 
associated with higher depression symptom scores, 
indicating that increased body fat (ie, as a result of 
obesity) may lead to increased risk of depression during 
the prenatal period. Notably, physical activity level 
(particularly as measured by maximum steps count) 
attenuated this relationship, suggesting that higher 
levels of physical activity may mitigate the potential 
adverse effects of fat mass on depressive symptoms. 
Second, higher fat percentage was also positively 
associated with higher anxiety scores, indicating that 
increased body fat (ie, as a result of obesity) may also lead 
to increased risk of anxiety. Notably, diet quality (as 
measured by the HEI) moderated the relationship 
between fat percentage and anxiety scores, with higher 
diet quality reducing the potential adverse impacts of fat 
mass on anxiety symptoms. 

The associations between increased fat mass and 
elevated depression scores align with existing literature 
emphasizing the negative impact of excess fat on mental 
health. Obesity and high fat mass are thought to 
influence depression symptoms through systemic 
inflammation and hormonal dysregulation, including 
changes in cortisol and leptin levels.29 Furthermore, the 
protective role of physical activity observed in this study 
concurs with prior research, which highlights that 
exercise enhances mental health by improving 
endorphin release and reducing inflammation.19 Other 
studies have also underscored the role of physical 
activity in alleviating depressive symptoms, further 
supporting our findings.30 Collectively, these studies and 
our results suggest that lifestyle interventions targeting 
physical activity may effectively reduce the psychological 
burden imposed by depression in patients with high fat 
mass during pregnancy. 

Similar to its effect on depression, obesity also 
increases the incidence of anxiety due to the degree of 
metabolic dysfunction. A diet high in saturated fats and 
added sugar may lead to metabolic dysfunction, 
neuroinflammation, and consequently mental health 
disorders. Neuroinflammation alters the structure, 
excitability, and connectivity of the corticolimbic 
network, which controls mood, motivation, and 
emotion.31 While sugar may have a short-term positive 
effect on anxiety, its long-term impact is generally 
negative, suggesting the need for moderation and 
balanced dietary habits.32 Diet quality may be a critical 
moderating factor in this relationship. High-quality 
diets, characterized by nutrient-dense foods, have been 

Table 4. 
Multivariable Model Predicting Depression and 
Anxiety Symptom Scores 
Effect Beta (95% CI) P valuea 

Depression 
Intercept 5.331 (2.500 to 8.162) <.001 
Fat percent 00.246 (0.051 to 0.441 ) .014 
Fat percent × steps max count −0.001 (−0.003 to 0.000) .017 
Week 12 vs 36 −0.472 (−1.303 to 0.358) .263 

Anxiety 
Intercept 31.410 (24.651 to 38.168) <.001 
Fat percent 00.241 (0.088 to 0.395) .002 
Age −0.261 (−0.467 to −0.054) .014 
Fat percent × total HEI −0.002 (−0.005 to 0.000) .047 
Week 12 vs 36 00.368 (−0.809 to 1.545) .538 

aBoldface indicates statistical significance. 
Abbreviation: HEI = healthy eating index. 
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shown to reduce inflammation and promote mental well- 
being. A previous study has demonstrated a significant 
inverse association between diet quality and anxiety 
levels, underscoring the protective effects of a healthy 
diet on psychological outcomes.33 Another study 
reported that dietary improvements, such as increasing 
fruit, vegetable, and whole grain intake, can alleviate 
anxiety symptoms, possibly by improving gut-brain 
interactions and reducing systemic inflammation.34 These 
findings resonate with our results, highlighting that 
improved diet quality may mitigate the adverse impacts 
of fat mass on anxiety symptoms during pregnancy. 

The findings of this study are consistent with existing 
research on the mental health benefits of physical activity 
and specific dietary patterns. Previous evidence has 
shown that moderate and regular exercise, along with a 
healthy diet—rich in high-quality proteins, unsaturated 
fatty acids, and a variety of fruits and vegetables—can 
help prevent and alleviate symptoms of depression and 
anxiety.35–37 During pregnancy, a unique physiological 
stage, women face an increased risk of mental health 
challenges. However, research suggests that physical 
activity and a balanced diet remain effective interventions 
during this period.38–40 Our findings further indicate that 
despite substantial changes in weight and body 
composition during pregnancy, appropriate exercise and 
nutritional intake are still associated with reduction of 
depressive and anxiety symptoms, suggesting their 
potential as preventive strategies. Therefore, 
incorporating appropriate physical activity and 
nutritional guidance into routine maternal health 
management as a supplementary approach to prevent 
perinatal and postpartum mental health problems may 
be important. Future research may explore the specific 
mechanisms by which different types of exercise or 
dietary patterns influence mental health during 
pregnancy, in order to refine and optimize personalized 
intervention strategies. 

While our study has many strengths such as its 
longitudinal and prospective design and comprehensive 
evaluation of body composition, physical activity, diet, 
and mental health, several limitations warrant 
consideration. First, despite its longitudinal design, causal 
relationships cannot be demonstrated based on its 
observational nature. Second, self-reported dietary data 
are subject to recall bias, particularly when assessing 
intake over a month-long period. While alternative 
methods such as multiday dietary record may offer 
improved accuracy, the NIH Food Frequency 
Questionnaire in this study has been validated across 
diverse populations and is widely applied in large-scale 
epidemiological research.41,42 Additionally, we 
acknowledge that pregnancy-related factors at different 
trimesters, such as nausea or concerns about fertility and 
pregnancy loss, could influence dietary patterns, mental 
health, and physical activity. Although we did not collect 

direct measures of these variables, the consistency of 
HEI scores across gestational weeks (12, 24, and 36) and 
similar trajectories between BMI groups suggests that 
their potential confounding effects may be limited. Our 
focus was on evaluating the moderating role of diet in the 
relationship between body composition and mental 
health, rather than identifying the determinants of 
dietary change. Third, the study population was relatively 
homogeneous in terms of demographic characteristics 
and was also relatively healthy with minimal to mild/ 
moderate mental health symptoms, which may limit the 
generalizability of the findings. Fourth, potential 
collinearity among body composition, physical activity, 
and diet variables may have influenced the interpretation 
of moderation effects. In addition, the study did not 
include data on pre-pregnancy mental health symptoms 
or body composition, which limits our ability to assess the 
directionality of the associations observed. The 
relationships may be bidirectional, and future research 
with preconception data is needed to clarify these 
dynamics. 

CONCLUSIONS 

In summary, our findings on a prospective and 
longitudinal study cohort indicate that body composition 
properties—specifically high fat mass percentage—are 
associated with high depression and anxiety symptoms 
scores during pregnancy. However, these relationships 
may be modifiable, as higher levels of physical activity 
and better diet quality may mitigate the potential 
negative impacts of fat mass on mental health during 
pregnancy. These results underscore the importance of 
promoting healthy lifestyle behaviors, including regular 
exercise and adherence to high-quality dietary patterns, 
as effective strategies for promoting mental health 
during pregnancy, particularly for women with obesity. 
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Supplementary Materials 
 

Supplementary Table 1. Baseline characteristics of not obese vs obese groups. 

Variables Not obese obese p-value 

BMI Median (IQR) 22.4 (20.45, 23.65) 33.5 (31.5, 37.9) <.0001 

Age Mean (SD) 28.8 (4.3) 29.5 (4.6) 0.2713 

Current Income Median (IQR) in 

thousands 

40 (22, 60) 45 (23.5, 55.5) 0.6531 

BDI scores Mean (SD) 7.6 (4.8) 8.7 (5.6) 0.1561 

STAI State Median (IQR) 25 (21, 31) 26 (22, 32) 0.3670 

STAI Total Median (IQR) 29 (24, 37) 30.5 (25, 38) 0.3671 

Total HEI Mean (SD) 64.1 (9.6) 60.6 (8.1) 0.0062 

Energy Expenditure (kcal) Mean 

(SD) 

1491.7 (434.9) 2536.3 (778.5) <.0001 

Light Activity Time Mean (SD) 1113.7 (81.5) 1106.6 (88.1) 0.5539 

Moderate Activity Time Mean (SD) 315.2 (79.0) 308.2 (78.6)) 0.5311 

Metabolic Equivalent Mean (SD) 1.357 (0.121) 1.566 (0.183) <.0001 
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Supplementary Figure 1. Interaction plot of Fat % and Steps Max Count on the BDI Score 

gradients. This is the interaction plot of body fat percentage and steps max computed at week 

12th Fat percentage of 35.38, Week36. The gradient lines show the BDI Scores. As physical 

activity (y axis) increases the effect of body fat percent on BDI reduces. 
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Supplementary Figure 2. Interaction plot of Fat % and Total HEI on State Anxiety Score, sliced 

by ages. As total HEI increases the effect of fat percentage reduces its effect on Anxiety scores 

(gradient lines).  Overall anxiety score reduces as age increases. 
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