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Abstract

Background: Low fruit and vegetable (FV) intake has been linked to depression, a growing public
health concern. However, few studies have examined whether this relationship differs by urban and
rural residence, despite geographic disparities in diet and mental health. This study investigates
whether the association between FV intake and depression varies by area of residence among U.S.
adults. Methods: We conducted a cross-sectional analysis using 2021 Behavioral Risk Factor
Surveillance System (BRFSS) data, a nationally representative survey of adults aged >18 years (n =
156,256,279). FV intake was categorized as <1 time/day or 21 time/day. Depression was based on self-
reported diagnosis. Multivariable logistic regression estimated adjusted odds ratios (OR) and 95%
confidence intervals (CI), including interaction terms for FV intake and residence (urban vs. rural).
Results: Low FV intake was associated with higher odds of depression (fruit: OR = 1.17; vegetables:
OR = 1.10). Significant interactions by residence were observed. Low fruit intake was linked to
depression in both urban (OR =1.15) and rural (OR =1.21) areas. Low vegetable intake was significant
only in urban residents (OR = 1.10). Conclusions: Low FV intake is associated with higher odds of
depression disorder, with differences by geographic context. Higher fruit intake was protective
across areas, while vegetable intake was only associated with depression in urban residents. Public
health strategies should prioritize interventions that reflect the unique characteristics of each
community to address both dietary behaviors and the broader structural factors influencing mental
health.

Keywords: fruit intake; vegetable intake; depression; mental health; urban; rural; BRFSS

1. Introduction

Depressive disorder is a common mental health condition affecting millions of people globally.
In the United States, the National Institute of Mental Health (NIMH) reported that 21 million adults
(8.3% of the US adult population) had at least one major depressive episode in 2021.! Depressive
disorder is a complex condition that develops from an interplay of multiple factors, such as biological
mechanisms, psychological influences, and social determinants.2*

In addition to individual-level determinants, there is evidence that risk for depressive disorder
may include community-based factors such as socioeconomic and environmental exposures.>
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Although treatment for mental health is generally considered effective, only about 23% of adults aged
18 y and older (approximately 59.2 million) received any mental health treatment, such as inpatient
or outpatient care, prescription medication, or telehealth services.” The most common type of
treatment reported was prescription medication, used by 16.3% of adults (approximately 41.9
million), followed by telehealth services, used by 12.1% (approximately 31.3 million people),
according to the 2023 National Survey on Drug Use and Health.” Common reasons people reported
not receiving mental health treatment included worrying about what others would think or say
(43.9%), concerns about cost being too high (42.4%), not having enough time (41.0%), and not
knowing how or where to get help (38.7%). Others reported being afraid that their information would
not stay private (34.8%) or thought there would be negative consequences to receiving treatment,
such as losing their job, home, or custody of children (33.5%). Others reported that health insurance
would not cover enough of the costs (31.9%).” Thus, there remains an urgent need to identify scalable
and modifiable factors that impact depressive symptoms among adults beyond pharmacological
treatment.

Diet has been shown to play an important role, impacting onset, severity, and progression of
depression.80 In particular, fruit and vegetables, rich in essential vitamins, minerals, fiber,
phytochemicals and antioxidants, have been associated with better mental health outcomes,
including a lower risk of depression in epidemiologic studies.!'* However, the relationship between
fruit and vegetable intake and depression may vary across population groups due to cultural factors,
dietary behaviors, socioeconomic status, and genetic and environmental influences.!>-18 Higher fruit
and vegetable intake has been associated with better cognitive measures (memory (3 = 0.031, 95%CI:
0.014-0.049), verbal fluency ( = 0.030, 95%CI: 0.004-0.056), and global cognition (p = 0.035, 95%CI:
0.015-0.055) in urban, but not rural adults, suggesting that area of residence may modify this
relationship.®

Much of the existing literature has examined dietary influences on depressive disorders without
accounting for potential geographic or environmental differences, such as urban versus rural
residence, which may influence both dietary behavior and mental health outcomes.’32021 To our
knowledge, no nationally representative epidemiologic study has examined whether the relationship
between fruit and vegetable intake and depression disorder differs by urban versus rural residence.
To address this gap, this study aims to incorporate geographic areas of residents into the investigation
of fruit and vegetable intake on mental health using nationally representative data.

2. Methods
2.1. Study Population

This cross-sectional study utilized data from the 2021 Behavioral Risk Factor Surveillance
System (BRFSS), an ongoing, nationally representative, health-related telephone survey conducted
annually among non-institutionalized adults aged 18 y and older in the US. BRFSS collects self-
reported data on a wide range of health topics, including chronic medical conditions, healthcare
access, health behaviors, and use of preventative services. Data are collected via landline and cellular
telephone interviews from randomly selected adults (one per household) across all 50 states, the
District of Columbia, Guam, Puerto Rico, and the U.S. Virgin Islands. Verbal informed consent is
obtained from all participants prior to the interview.

Compared to other national datasets, BRFSS uses a complex sampling design and iterative
proportional fitting (raking) weighting methods to adjust for nonresponse and demographic
discrepancies, including age, sex, race/ethnicity, education, marital status, geographic region,
telephone source, and homeownership status. These techniques produce both national and state-
representative estimates, making BRFSS well-suited for population-level surveillance and subgroup
analyses by demographics, region, and area of residence. BRESS includes responses from over 400,000
adults annually and provides urban-rural classification variables and geographic indicators,
enabling examination of spatial disparities in health outcomes. This level of detail supports
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investigation into whether associations, such as fruit and vegetable intake and depression, differ by
urban versus rural residence, a distinction not possible with smaller-sample surveys. A more detailed
description of the BRFSS sampling methodology is available elsewhere.?2 The 2021 BRFSS is the most
recent dataset that includes information on fruit and vegetable intake.

In the 2021 BRESS, 241,694,953 individuals responded to the question on depressive disorder.
After excluding missing and refused responses for confounding variables, the final analytic sample
included 156,256,279 individuals. BRFSS data are available as a de-identified, publicly available
dataset, and therefore, Institutional Review Board (IRB) approval is not required. Reporting of our
findings adhered to the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines.

2.2. Primary Exposure: Fruit and Vegetable Intake

Fruit and vegetable intake was assessed based on self-reported daily median frequency of intake.
BRESS respondents reported their intake as times per day, week, or month. The following questions
were included: “Now think about the foods you ate or drank in the past month (the last 30 days),
including meals and snacks. You can tell me times per day, times per week or times per month:

100% fruit (not including juices): Not including juices, how often did you eat fruit?

100% fruit juice (not including fruit-flavored drinks or juices with added sugar): Not including
fruit-flavored drinks or fruit juices with added sugar, how often did you drink 100% fruit juice, such
as apple or orange juice?

Dark green vegetables: How often did you eat a green leafy or lettuce salad, with or without
other vegetables?

Fried potatoes: How often did you eat any kind of fried potatoes, including home fries, or hash
browns?

Other potatoes: How often did you eat any other kind of potatoes, or sweet potatoes, such as
baked, boiled, mashed potatoes, or potato salad?

Other vegetables: Not including lettuce salads and potatoes, how often did you eat other
vegetables?”

Respondents provided a numerical answer along with a specified time frame. These responses
were then standardized to a daily frequency. Frequency of total fruit intake was calculated by
combining responses for both 100% fruit juice and fruit, while frequency of total vegetable intake
included responses for fried potatoes, other kinds of potatoes, dark green vegetables, and other
vegetables. A total vegetable group without fried potatoes was also calculated and included other
kinds of potatoes, dark green vegetables, and other vegetables. BRESS reported the median frequency
of intake (times per day) instead of the mean due to the historically skewed distribution of the data.

a7

Participants who answered, “Don’t know/not sure,” “refused to answer,” or had missing responses
were excluded from the analysis (n=40,732,203). The median daily intake of fruit and vegetables was
calculated by first converting weekly and monthly intake frequencies into daily values (by dividing
weekly intake by 7 and monthly intake by 30) and then summing the frequency of all fruit and
vegetable variables to determine total frequency of fruit and vegetable intake. The median frequency
of total daily fruit and vegetable intake was calculated as a continuous variable and dichotomized as
<Ix/day (lower intake) or >1x/d (higher intake) More details can be found in the BRFSS Data User

guide for fruit and vegetable questions: how to analyze consumption of fruit and vegetables.?

2.3. Primary Outcome: Self-Reported Depressive Disorder

Depression was assessed based on participants’ self-reported answers to the following: “(Ever
told) (you had) a depressive disorder (including depression, major depression, dysthymia, or minor
depression)?” (Yes/No).

2.4. Covariates
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Covariates included age (y), sex (male or female), race/ethnicity (non-Hispanic White (NHW),
non-Hispanic Black (NHB), non-Hispanic other race (American Indian, Alaska Native only, Non-
Hispanic Asian or Pacific Islander Race only, non-Hispanic Multiracial or Hispanic), household
income (< $15,000, $15,000 to < $25,000, $25,000 to < $35,000, $35,000 to < $50,000, $50,000 to < $100,000,
$100,000 to < $200,000, or = $200,000), smoking (have smoked at least 100 cigarettes in entire life [Note:
5 packs = 100 cigarettes (Yes/No)], alcohol use (had at least one drink of alcohol in the past 30 d
Yes/No), exercise (during the past month, other than regular job, participated in any physical
activities or exercises such as running, calisthenics, golf, gardening, or walking for exercise (Yes/No)),
having health insurance (Yes/No), self-reported diabetes ((Yes), (Yes, but only during pregnancy),
(No), (No, but borderline diabetes)), self-reported cardiovascular disease (CVD: heart attack, angina,
coronary heart disease, or stroke), and urban-rural area of residence based upon 2013 NCHS Urban-
Rural Classification Scheme for Counties. Individuals who responded with “Don’t know/not sure,”
“refused to answer,” or provided a missing response were excluded (n= 44,706,471). Marital status
and adverse childhood experiences were considered as potential confounders, but were not retained
in final models, as inclusion did not substantially impact results.

2.5. Statistical Methods

Analyses were conducted using SAS version 9.4 software. All analyses were adjusted using
survey weights, stratum, and cluster. Descriptive analyses were presented as percentages for
categorical variables by rural or urban areas and differences between groups were determined using
chi-square analyses. Multivariable logistic regression models examined associations between each
fruit (reference group: >1x/day vs. <lx/day) and vegetable group (reference group: >1x/day vs.
<Ix/day) and self-reported depression adjusting for age, sex, race/ethnicity, household income,
smoking, alcohol use, exercise, health insurance status, self-reported diabetes, and self-reported
CVD. Interaction terms for each fruit and vegetable group and area of residence (categorized as urban
or rural) for depression were examined in separate final models. A sensitivity analysis was conducted
excluding fried potatoes. Models with an interaction of P < 0.01 were stratified by area of residence.

3. Results

3.1. Participant Characteristics

Of the 156,256,279 participants available for analyses the majority were female (51.5% vs. 48.5%
male), NHW (63.8% vs. 11.1% NHB vs. 16.1% Hispanic/Latino vs. 7.5% non-Hispanic another race vs.
1.5% non-Hispanic Multiracial). Of the participants, 124,046,746 (79.4%) reported not being
diagnosed with a depressive disorder, while 32,209,533 (20.6%) reported a diagnosis of depressive
disorder. Compared to urban counties, rural counties had a higher proportion of older adults and
NHW participants (Table 1). Rural residents were more likely to be male, NHW, older, lower income,
smoke, report consuming fruit <Ix/day, and self-report having diabetes (all P < 0.001). Additionally,
rural respondents were less likely to have health insurance, consume alcohol, exercise or self-report
having CVD (all P <0.001).

Table 1. Characteristics of study participants (n = 156,256,279).

Urban Counties  Rural Counties

P-
(n=146,360,390)  (n =9,895,889) value

18-24 101 7.62
25-34 185 145
35-44 17.9 15.0

Age,y (%) 45-54 16.2 15.8 <0.001
55-64 17.1 195
65+ 202 275

Sex (%) Male 488 50.9 0.003
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Female 51.2 49.1
White, non-Hispanic 62.5 82.2
Black, non-Hispanic 114 6.64
Race (%) Other race, non-Hispanic 7.81 3.23 <0.001
Multiracial, non-Hispanic 1.50 1.04
Hispanic/Latino 16.7 6.86
Fruit consumption  Consumed fruit >= 1x/day 60.5 56.9 <0.001
(%) Consumed fruit < 1x/day 39.5 43.1 ’
d tables >=
Vegetables Consumed vegetables > 80.5 81.1
consumption (%) Lx/day 034
P *’ Consumed vegetables < 1x/day 19.5 18.9
Health Insurance Have health insurance 92.3 91.1 0.015
(%) Do not have health insurance 7.73 8.94 '
<$15,000 6.70 8.06
$15,000 to < $25,000 9.66 13.3
$25,000 to < $35,000 11.8 15.2
Income (%) $35,000 to < $50,000 12.5 16.9 <0.001
$50,000 to < $100,000 29.9 30.6
$100,000 to < $200,00 21.9 13.5
> $200,000 7.58 2.40
Yes 35.2 49.3
i % <0.001
Smoking (%) No A8 507 0.00
Yes 56.1 46.8
Alcohol % .001
cohol use (%) No 439 53.2 <0.00
) Yes 78.5 72.2
% <u.
Exercise (%) No 15 78 0.001
Yes 11.1 14.1
Yes, bu.t female told only 1.09 0.87
Self-reported during pregnancy <0.001
diabetes (%) No 85.3 82.7 '
No, but pre-diabetes or
4 2
borderline diabetes 245 2.29
- Y 92.1 88.0
Self-reported CVD es <0.001
(%) No 791 12.0
Yes 79.4 78.9
D ion (% .
epression (%) No 206 1 0.33

3.2. Association of Fruit and Vegetable Consumption with Depressive Disorder

After adjusting for confounding variables, low fruit (<1x/d) and vegetables (<1x/d) consumption
was associated with higher odds of depressive disorder compared with greater consumption
(>1x/day) (OR=1.17, 95%CI: 1.12-1.22, P <0.001 and OR =1.10, 95%CI 1.04-1.16, P <0.001, respectively)
(Model 2, Table 2). There were interactions between fruit intake and area of residence, and between
vegetable intake and area of residence, in relation to self-reported depressive disorder (both
interaction P <0.001). In stratified analyses, low fruit intake was associated with higher odds of self-
reported depressive disorder for participants living in urban and rural areas (OR =1.15, 95%CI: 1.10-
1.21, P<0.001 and OR =1.21, 95%CI: 1.07-1.37, P <0.001, respectively). However, low vegetable intake
was associated with higher likelihood of depressive disorder for participants living in urban areas
only, but not rural areas (OR = 1.10, 95%Cl: 1.04-1.16, P = 0.002 and OR = 1.15, 95%ClI: 0.98-1.35, P =
0.09, respectively) (Figure 1). Sensitivity analyses, excluding fried potatoes from the total vegetable
category, resulted in similar associations (Supplemental Figure S1).
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Odds Ratios with 95% CI for Fruit and Vegetable Intake by Location
Location < Rural € Urban
Rural - Vegetable Intake (<1x/day vs >= 1x/day) E o=
Rural - Fruit Intake (<1x/day vs >= 1x/day) E =
Urban - Vegetable Intake (<1x/day vs >= 1x/day) E I_@_I
Urban - Fruit Intake (<1x/day vs >= 1x/day) E —]
0.9 10 1.1 1.2 13 1.4
Odds Ratio (95% Cl)
Figure 1. Odds ratios for fruit and vegetable intake on depressive disorders by location.
Table 2. Association between frequency daily fruit and vegetable consumption and depression (n =
156,256,279).
Fruit consumption .
P Vegetable consumption
OR (95% CI
(55% CI) P-value OR (95% CI) P-value
Model 1
1.29 (1.24-1.35) <0.001 1.25 (1.19-1.32) <0.001
Model 2
1.17 (1.12-1.22) <0.001 1.10 (1.04-1.16) <0.001

Model 1: Adjusted for age, sex, race, and Urban/Rural status. Model 2: Adjusted for Model 1 plus household
income, smoking, exercise, alcohol use, health insurance, diabetes, and CVD.

4. Discussion
4.1. Main Findings of This Study

This study found that lower fruit and vegetable intake was associated with higher odds of self-
reported depressive disorder among U.S. adults, using a large, nationally representative sample from
the 2021 Behavioral Risk Factor Surveillance System (BRFSS). Notably, this association differed by
area of residence. Low fruit intake (<1x/day) was linked to higher odds of depression among both
urban and rural residents, whereas low vegetable intake was associated with increased odds of
depression only among urban residents. This study provides important findings on relationships
between fruit and vegetable intake and depressive disorder between rural and urban areas, providing
further support for the challenges faced by people living in different areas.

4.2. What Is Already Known on This Topic

In the total sample, low fruit and vegetable intake (<1x/day) was associated with higher odds of
self-reported depressive disorder. This finding aligns with previous epidemiological research
showing that fruit and vegetable consumption is an important aspect of dietary quality that should
be considered in the prevention of poor mental health outcomes like depression disorder.#2+?> Fruits
and vegetables are rich in vitamins (e.g., folate, vitamin C), minerals, fiber, and phytochemicals with
powerful antioxidant and anti-inflammatory properties. These nutrients are likely to impact
depression by reducing oxidative stress and inflammation, supporting neurotransmitter synthesis,
and promoting a healthy gut microbiome.?* Antioxidants reduce oxidative stress, which has been
linked to neuronal damage and the pathophysiology of depression.” Many fruits and vegetables
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contain anti-inflammatory compounds (e.g., polyphenols, carotenoids, magnesium) that reduce
chronic low-grade inflammation, a state increasingly linked with depressive symptoms.282
Additionally, nutrients like folate and vitamin B6 are essential in neurotransmitter synthesis (e.g.,
serotonin, dopamine), which regulate mood.® Dietary fiber also supports a healthy gut microbiome
impacting mental health outcomes through the gut-brain axis.?® Collectively, these mechanistic
pathways support our findings of protective associations between fruit and vegetables and
depressive disorder, which remained after adjusting for sociodemographic and health-related
confounders, underscoring the potential mental health benefits of higher fruit and vegetable intake.
While a growing body of literature supports the protective role of diet in mental health, few studies
have considered how these associations may vary by geographic factors such as urban versus rural
residence.

4.3. What This Study Adds

Our findings extend current epidemiologic work to also include the potential impact of urban-
rural differences on these associations. To our knowledge, this is the first large-scale, nationally
representative epidemiologic study to examine whether the association between fruit and vegetable
intake and depressive disorder differs by urban-rural status in the U.S.

Rural participants in our study differed from their urban counterparts in several ways including
that they were more likely to be older, NHW, male, have lower income, and to report poorer health
behaviors (e.g., low fruit/vegetable intake, higher prevalence of smoking) and greater chronic disease
burden (e.g., diabetes), while being less likely to engage in physical activity. Stratified analysis
showed that low fruit intake was associated with higher odds of depression in both urban and rural
residents, suggesting a link between low fruit consumption and poor mental health outcomes,
regardless of geographic location.

In contrast, low vegetable intake was associated with depression only among urban participants,
but not in those living in rural areas. This urban-specific association may reflect contextual differences
in lifestyle behaviors and access to food. In urban communities, the increased cost of fresh vegetables
often limits affordability for residents.?®> Additionally, in urban neighborhoods, those with lower
socioeconomic status tend to have less access to high-quality produce, especially vegetables, due to
limited availability in local stores.3? Vegetables sold in corner and convenience stores are often of
lower quality and less fresh compared to those found in larger supermarkets, which may influence
both consumption and nutritional benefits.?! These factors collectively may contribute to the inverse
association between vegetable intake and depression in urban areas. Rural populations also may have
better access to home-grown or locally sourced produce, or stronger community ties that mitigate the
mental health consequences of dietary inadequacies.® In rural areas, other aspects of dietary quality
such as higher intake of minimally processed foods or prepared home-cooked meal may be protective
for mental health** and may obscure the impact of vegetable consumption on depressive symptoms.

4.4. Strengths and limitations

The study has several limitations, including its cross-sectional design, which limits causal
inferences between fruit and vegetable intake and depression disorder. The reliance on self-reported
data introduces potential biases, such as inaccurate recall or social desirability bias, particularly with
measures like fruit and vegetable consumption and depression disorder diagnosis. While the study
adjusted for several covariates, there may be residual confounding present. Additionally, the
interaction between rural and urban residence in relation to dietary intake and depression is complex,
with weaker associations observed in rural areas, which warrants further exploration. Despite these
limitations, the study offers important contributions to literature. To our knowledge, it is one of the
first large-scale, population-based studies to examine whether the relationship between fruit and
vegetable intake and depression differs by urban versus rural residence. This study provides insight
into potential environmental impacts on diet and mental health and lays the groundwork for future
longitudinal or intervention-based research aimed at reducing risk of depression through dietary
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behavior change, particularly in communities with lower socioeconomic status. This study has
several strengths including a large, diverse sample size of over 156 million participants to support
power and generalizability across different demographic groups. The inclusion of both urban and
rural populations allows for meaningful regional comparisons and offers valuable insights into how
fruit and vegetable consumption may impact depression disorders differently in urban versus rural
areas.

5. Conclusions

Differences in the relationship between vegetable intake on depression between urban and rural
areas may be due to multiple factors such as cost, access to and quality of vegetables available across
communities. While dietary quality is important for mental health, additional factors, such as lack of
mental health resources and economic stress may contribute and require further investigation. Future
research should further explore specific factors contributing to these regional differences to inform
tailored interventions to address mental health disparities in both urban and rural settings.
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