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Increased fruit intake is associated
with reduced risk of depression:

evidence from cross-sectional and
Mendelian randomization analyses
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!Graduate School, Jiangxi University of Traditional Chinese Medicine, Nanchang, Jiangxi, China,
2Department of Respiratory and Critical Care Medicine, Hospital of Jiangxi University of Traditional
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Background: The association between dietary patterns and depression has gained
significant attention, but the relationship between fruit intake and depression
remains unclear. This study aimed to investigate the role of fruit intake in the
risk of depression using data from the National Health and Nutrition Examination
Survey (NHANES) and Mendelian randomization (MR) analysis, and further explore
the causal relationship between them.

Materials and methods: Cross-sectional analysis was conducted using the
2005-2018 NHANES data. Specialized weighted complex survey design analysis
software was used for multivariate logistic analysis. Additionally, genetic variants
for fruit intake and depression, as well as its related neuroticism traits, from the
GWAS were used as instrumental variables in MR analysis. The inverse variance
weighted (IVW) method was employed as the primary analysis method to evaluate
the causal relationship between them. MR-Egger regression, MR-PRESSO test, and
leave-one-out analysis were conducted to assess heterogeneity and pleiotropy.

Results: In NHANES, compared to the lowest quartile (Q1, <0.12 cup], the
highest quartile (Q4, >1.49 cups) of fruit intake showed a significant reduction
in the risk of depression after adjusting for relevant covariates. Model 3, after
rigorous adjustment for multiple covariates, demonstrated improved predictive
performance in both Receiver operating characteristic (ROC) curve and Decision
curve analysis (DCA). In Model 3, the proportion of reduced depression risk
associated with fruit intake reached 31% (OR=0.69, 95% CI: 0.50-0.95). This
association remained significant in the MR analysis (OR=0.92, 95% Cl =0.87—-
0.96; p=5.09E-04). Fruit intake was also associated with a decreased risk of
neuroticism traits related to depression, including feeling lonely (OR=0.82,
95% Cl=0.74-0.90; p =2.91E-05), feeling miserable (OR=0.79, 95% Cl=0.72-
0.87; p=2.35E-06), feeling fed-up (OR=0.75, 95% Cl=0.68-0.83; p=2.78E-
08), irritable mood (OR=0.89, 95% Cl=0.79-0.99; p =0.03), and neuroticism
(OR=0.85, 95% Cl=0.76-0.96; p=9.94E-03). The causal relationship between
feeling lonely and fruit intake was bidirectional.

Conclusion: Increased fruit intake has a causal effect in reducing the risk of
depression and is beneficial for related psychological well-being.

KEYWORDS

depression, fruit intake, the National Health and Nutrition Examination Survey,
Mendelian randomization, causal relationship
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Introduction

Approximately one-fourth of the global population experiences a
mental disorder at some point in their lives, with depression being a
common condition. In fact, depression is now the third leading cause
of disability worldwide (1). The causes of depression are complex, with
reduced neurogenesis, chronic inflammation, and increased oxidative
stress being potential mechanisms. In recent years, the association
between diet and depression has received widespread attention, with
studies suggesting that a Mediterranean diet reduces the risk of
depression (2), while a Western diet (high in sugar and fat) increases
the risk (3). Fruits, due to their anti-inflammatory and antioxidant
properties, are considered beacons in the prevention of various
diseases. As early as 2015, the US Dietary Guidelines Advisory
Committee (DGAC) report highlighted the importance of fruit intake
in preventing certain chronic diseases (4). However, little is known
about the effects of fruit intake on mental disorders. Additionally,
assessing the role of a single element in a specific dietary pattern is
unreliable due to the synergistic effects of different foods (5).
Generally, reccommending the consumption of food groups is more
consistent between dietary guidelines and research results than
focusing on individual nutrients (6). Furthermore, studies on food
groups are often a prerequisite for nutrient research. Therefore, the
meta-analyses by Liu (7) and Saghafian (8), the review by Tuck (9) all
aim to explore the benefits of consuming fruits and similar foods for
mental health. However, there is some controversy surrounding these
studies (10, 11). To date, the relationship between fruit and depression
remains a novel and interesting area of research, but there is limited
and challenging research available. Since the intervention involves
food, it is difficult to conduct double-blind and placebo-controlled
trials (12), making certain aspects of the typical randomized controlled
trial (RCT) design unsuitable for exploring the long-term relationship
between diet and disease.

The aim of this study is to investigate the correlation between
fruit intake levels and the risk of depression using cross-sectional
data from the National Health and Nutrition Examination Survey
(NHANES). The NHANES study is a multi-stage, stratified, and
nationally representative study of the US population conducted by
the National Center for Health Statistics of the Centers for Disease
Control and Prevention. It aims to assess the nutrition and health
status of Americans and includes demographic, dietary, examination,
laboratory, and questionnaire data. To avoid the potential for reverse
causation, i.e., higher levels of mental health promoting better diets,
including higher fruit intake (13), it is necessary to explore the
causal relationship between fruit intake and depression. To date,
there is a lack of intervention studies supporting a causal relationship
between the two (14). Therefore, this study will also incorporate
Mendelian randomization (MR) analysis to validate the conclusions
of the NHANES cross-sectional study from a genetic variation
perspective and further assess the causal relationship, which is
difficult to achieve with traditional observational studies. MR is an
analytical method that investigates how certain behaviors,
environments, or other factors lead to specific health outcomes by
utilizing human genetic variation to study the causal effects of
modifiable disease exposures (15). Due to the random segregation
of the two alleles of a single nucleotide polymorphism (SNP)
according to Mendel’s law, MR has a natural advantage over
traditional cohort study methods in terms of being less susceptible
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to confounding factors, which will help detect the causal effect of
fruit intake on the risk of depression (16).

Materials and methods

Study population in NHANES

For this study, we analyzed data collected between 2005 and 2018
from NHANES. Subjects were excluded from the study if they had
missing depression data, missing fruit intake data, were under 20 years
old, or had missing covariate data (such as hypertension,
hyperlipidemia, diabetes, etc.) (Figure 1A).

Diagnosis of depression

The diagnosis of depression was determined based on the Patient
Health Questionnaire-9 (PHQ-9). The PHQ-9 is a self-administered
version of the PRIME-MD diagnostic instrument for common mental
disorders, with the ninth section specifically designed for depression.
The PHQ-9 questionnaire consists of 9 items that assess the severity
of depressive symptoms experienced by the respondent in the past
2 weeks or more. Each item is scored from “0” (not at all) to “3” (nearly
every day), with a maximum score of 27. A score greater than 5 is
indicative of depression (17).

Fruit intake

Data on fruit intake were obtained from the Food Portion and
Edible Portion Database (FPED), which provides information on
food portion sizes and edible portions. In this study, data on fruit
intake were obtained from dietary interviews conducted as part of
the FPED. Fruit intake was recorded for 2 days for each participant,
and the average was taken as the daily fruit intake. Fruit intake
included whole fruits, fruit slices, and fruit juice, and covered
categories such as citrus fruits, melons, berries, other fruits, and fruit
juice. The unit of measurement for assessing fruit intake is defined
as one cup, which is equivalent to a standardized amount of fruit.
The equivalent weight is determined by aggregating similar types of
fruits and rounding it to the nearest 0 or 5 g. This standardized
measurement method was used for food intake assessment and
research purposes. For example, berries such as blackberries,
blueberries, raspberries, and strawberries have weights ranging from
140 to 145 g with most weighing 145 g. Therefore, one cup of fresh
or raw berries was designated as 145 g.

Covariates

Our covariates included age, sex, race/ethnicity (Mexican
American, other Hispanic, non-Hispanic white, non-Hispanic black,
non-Hispanic Asian, other race), body mass index (BMI), marital
status, education level (less than 9th grade, 9-11 grade, high school
graduate, some college/AA degree, and college graduate), poverty
income ratio (PIR), hypertension, Hyperlipidemia, and diabetes. BMI
was divided into three categories: Normal (<25kg/m?), Overweight
(>25kg/m? <30kg/m?), and Obese (>30kg/m?). PIR was divided into
three categories: Low (<1.39), Medium (>1.39, <=3.49), and High
(>3.49). Hypertension was defined according to the American Heart
Association/American College of Cardiology (AHA/ACC) 2017
guidelines as systolic blood pressure > 130 mmHg or diastolic blood
pressure>80mmHg and self-reported diagnosis or use of
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FIGURE 1
(A) Sampling flow during NHANES data analysis. Poverty income ratio (PIR), Body mass index (BMI) (B) Causal relationships between fruit intake and
depression and its related neuroticism traits based on Mendelian randomization with three fundamental assumptions: (1) Hypothesis 1: Single
nucleotide polymorphisms (SNPs) are strongly associated with fruit intake; (2) Hypothesis 2: The selected SNPs are not influenced by other
confounding factors; (3) Hypothesis 3: SNPs affect the outcome risk by influencing the level of fruit intake, without involving any other pathways.

antihypertensive medication. As per the guidelines set by the Adult
Treatment Panel III (ATP 3) of the National Cholesterol Education
Program (NCEP), hyperlipidemia is defined by the following criteria:
total cholesterol levels equal to or exceeding 200 mg/dL, triglyceride
levels equal to or exceeding 150 mg/dL, HDL cholesterol levels below
40mg/dL for men and below 50 mg/dL for women, or LDL cholesterol
levels equal to or exceeding 130 mg/dL (18). Additionally, diabetes
mellitus (DM) as any of the following: (1) HbAlc levels equal to or
greater than 6.5%; (2) serum glucose levels exceeding 200mg/dL at 2h
after a 75 g glucose load (OGTT); (3) fasting glucose levels equal to or
greater than 126 mg/dL; (4) self-reported diagnosis of diabetes; (5)
self-reported use of insulin or other diabetes medication. The duration
of diabetes was determined by subtracting the participantss current age
from the self-reported age at diagnosis, or zero for individuals
diagnosed during the NHANES examination.

NHANES analysis

Fruit intake was divided into four categories (Q1, Q2, Q3, and
Q4) using quartiles, with Q1 as the reference category. Continuous
variables were reported as mean + standard deviation (SD), while
categorical variables were presented as counts (N) and percentages
(%). Weighted t-tests or weighted chi-square tests were used to assess
differences between depression and non-depression subjects.
Kruskal-Wallis tests or weighted chi-square tests were used to
evaluate differences among the four groups based on fruit intake
exposure levels. Three models were fitted: Model 1 adjusted for age,
sex, and race; Model 2 further adjusted for PIR, BMI, marital status,
and education level; Model 3 additionally adjusted for hyperlipidemia,
hypertension, and DM. Odds ratios (OR) with 95% confidence
intervals (95% CI) were calculated. Subgroup analyses were
conducted for significant results. Logistic regression models were
used to assess the interaction between fruit intake and covariates
on depression.
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In addition, Nomogram diagram were used to assess the
magnitude of the risk of depression associated with covariates. To
further evaluate the sensitivity of the constructed models, the
performance of the models was assessed using the area under the
receiver operating characteristic (ROC) curve (AUC). Decision curve
analysis (DCA) was conducted to estimate the net benefit at different
threshold probabilities, determining the clinical utility of the bar
charts we developed (19).

Mendelian randomization analysis

Under the framework of two-sample Mendelian randomization
studies, this study utilizes SNPs as instrumental variables (IVs) for MR
analysis, and adheres to the three fundamental assumptions of MR
analysis. Assumption I posits that genetic variations are robustly
associated with exposure (Fruit intake). To minimize bias, it is
important to use IVs with strong correlations (p<5x107%), and the
F-statistic of the genetic tool should be above 10. Assumption II states
that any confounding factors that influence the relationship between
genetic variation and the outcome of exposure are not relevant. To
address this issue, we restricted the sample population to Europeans.
Additionally, we obtained phenotype information for each SNP from
Phenoscanner' and manually excluded any SNPs that were found to
have an impact on outcome-related phenotypes. Assumption III
asserts that the impact of genetic variation on the outcome can only
be achieved through its association with the exposure. To address this
issue, we utilized MR-Egger regression and the Mendelian
Randomization Pleiotropy RESidual Sum and Outlier (MR-PRESSO)
method to minimize the potential for horizontal pleiotropy and
conducted sensitivity analyze (Figure 1B).

1 http://www.phenoscanner.medschl.cam.ac.uk/

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1276326
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
http://www.phenoscanner.medschl.cam.ac.uk/

Yan et al.

Selection of genetic instruments

Depression is defined as seeking help for psychological health
difficulties through self-reported behavior. It is diagnosed if the
individual answers affirmatively to either of the following questions:
“Have you ever seen a general practitioner (GP) for treatment of
nerves, anxiety, tension, or depression?” or “Have you ever seen a
psychiatrist for nerves, anxiety, tension, or depression?” A total of
113,769 depression patients and 208,811 healthy controls were
included in the study (20). As depression manifests in various forms,
it is typically driven by multiple underlying neuroticism-related
factors. Therefore, data on 12 binary neuroticism items from Nagel’s
study (21) were obtained. These items were derived from the revised
Eysenck Personality Questionnaire and have a high genetic correlation
with depression. Neuroticism is considered an important phenotype
in psychiatric genetics research and can also serve as a detection tool
for depression (22).

Data on fresh fruit consumption were obtained from the UK
Biobank, the largest biomedical sample database (23). A total of
446,462 participants were asked the question: “About how many pieces
of FRESH fruit would you eat per DAY? (Count one apple, one
banana, 10 grapes etc. as one piece; put ‘0’ if you do not eat any).”

Statistical power

The strength of the SNPs used as instruments was assessed using
the F-statistic. Only SNPs with an F-statistic greater than 10 were
considered to minimize weak instrumental bias. The F-statistic was
calculated using the equation: F=[R* (N-K-1)/K (1- R?]. (N denotes
the sample size of the exposure factor, k denotes the number of SNPs
in each instrument, and R* denotes the variance explained by the
instrument. R*=2 x EAFx (1-EAF) x Beta?).

Statistical analysis

Exposure’ [Vs were selected based on a threshold of p<5x107~*
and LD 7 <0.001. The primary analysis used the inverse variance
weighting (IVW) method, supplemented by weighted median,
weighted mode, MR-Egger, and simple mode.

Pleiotropy and sensitivity analysis

MR-Egger regression was used to assess the possibility of
horizontal pleiotropy, with the intercept term representing the average
pleiotropic effect of the IVs. MR-PRESSO was used as a supplement
to detect and correct for horizontal pleiotropy by removing outliers.
Cochrans Q statistic was used to quantify heterogeneity. A leave-
one-out analysis was performed to assess the influence of each
peripheral SNP on the results.

The statistical analyses were conducted using R (version 4.2.2),
and the MR analysis utilized the R package “TwoSampleMR” A
two-tailed p-value <0.05 was considered statistically significant.

Results

The baseline characteristics of the
participants

A total of 6,769 individuals were included in this study. Among

them, 1,559 participants were classified as having depression based on
the exclusion criteria. Compared to non-depression participants
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(5,210 individuals), those with depression had a higher proportion of
females, higher BMI, higher prevalence of hypertension and diabetes,
lower proportion of individuals with higher education, and lower
household income. Additionally, individuals with depression were
more likely to have comorbidities of hypertension and diabetes.
Importantly, it was found that individuals with depression had
significantly lower fruit intake compared to non-depression
participants (Table 1). Fruit intake was categorized into four quartiles
using the quartile method: Q1 (<0.12 cup], Q2 (0.12-0.71 cup], Q3
(0.71-1.49 cups] and Q4 (>1. 49 cups). It was observed that the
proportion of individuals with depression decreased with increasing
fruit intake (Supplementary Table S1). Nomogram diagram was also
used to illustrate the associations between risk factors for depression
and gender, BMI, marital status, education, income, hypertension, and
diabetes (Figure 2A).

Associations between fruit intake and
depression outcomes

Using multiple logistic regression models, it was found that in
the Crude Model, all three quartile groups (Q2, Q3, and Q4) were
significantly negatively associated with the risk of depression
compared to the reference group (Q1) (p <0.05). After adjusting for
multiple covariates (age, sex, race, education, marital status, PIR,
hypertension, hyperlipidemia, and diabetes), only the Q4 group
remained robustly associated with a lower risk of depression
(Table 2). This suggests that when daily fruit intake exceeds 1.49
cups, the average risk of depression decreases by 31%. Interaction
analysis was conducted to examine the potential effect modification
of fruit intake by gender, education, BMI, PIR, hypertension, and
diabetes, which were significant covariates associated with
depression and non-depression (P for interaction >0.05, Table 2).
This further confirms the robustness of the findings. The ROC curve
showed an AUC of 0.66 for Model 3, indicating good predictive
ability (Figure 2B). The DCA demonstrated that Model 3 consistently
had a net benefit probability of 0 to 50%, which was always higher
than the assumption of no intervention (represented by the black
solid line None group) (Figure 2C). These results indicate that all
constructed models can provide additional benefits for predicting
the risk of depression reduction in fruit intake without any
side effects.

MR estimates

When fruit intake was used as an exposure instrument and
depression as an outcome instrument, the genetic instrument strength,
indicated by a Total-F-statistic of 46.3 (Supplementary Table S2),
suggested no statistical bias due to weak instrument bias. In the IVW
analysis, a significant inverse association between fruit intake and the
risk of depression was observed (OR=0.92, 95% CI=0.87-0.96;
p=>5.09E-04). All alternative analysis methods yielded directional
amplitudes consistent with the IVW analysis. No evidence of
heterogeneity or horizontal pleiotropy was observed, as indicated by
non-significant Cochran’s Q test and MR-Egger intercept/MR-Presso
p-values >0.05 (Table 3). Leave-one-out analysis demonstrated the
stability of the results, showing consistent findings even when
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TABLE 1 Characteristics of participants by depression or non- depression.

10.3389/fpubh.2023.1276326

Characteristic Overall, I\i =1?,769 No, N = 51,2210 Yes, N°= :li,2559
(100%)* (78%)* (22%)*
Age (years) 47.2 (16.7) 47.2 (16.8) 47.2 (16.6) >0.9
Sex <0.001
Female 3,586 (53%) 2,628 (51%) 958 (60%)
Male 3,183 (47%) 2,582 (49%) 601 (40%)
Race 0.11
Non-Hispanic White 3,072 (70%) 2,358 (71%) 714 (68%)
Non-Hispanic Black 1,563 (11%) 1,202 (10%) 361 (12%)
Mexican American 1,046 (7.2%) 826 (7.3%) 220 (6.7%)
Other race - including multi-racial 703 (7.1%) 545 (6.9%) 158 (8.0%)
Other Hispanic 385 (4.7%) 279 (4.4%) 106 (5.6%)
Body mass index (BMI) <0.001
Normal(<25) 1,882 (30%) 1,498 (30%) 384 (27%)
Obese(>30) 2,670 (39%) 1,919 (36%) 751 (49%)
Overweight(>25,<30) 2,217 (31%) 1,793 (33%) 424 (24%)
Education <0.001
9-11th Grade (Includes 12th grade with no diploma) 846 (8.5%) 599 (7.7%) 247 (11%)
College graduate or above 1,600 (30%) 1,362 (33%) 238 (19%)
High school grad/GED or equivalent 1,613 (25%) 1,209 (24%) 404 (29%)
Less than 9th grade 545 (3.8%) 401 (3.6%) 144 (4.7%)
Some college or AA degree 2,165 (32%) 1,639 (31%) 526 (35%)
Marital <0.001
Divorced 3,664 (57%) 2,968 (60%) 696 (47%)
Living with partner 492 (5.1%) 355 (4.7%) 137 (6.8%)
Married 724 (11%) 513 (9.9%) 211 (13%)
Never married 221 (2.5%) 140 (1.9%) 81 (4.5%)
Separated 1,078 (16%) 800 (16%) 278 (19%)
Widowed 590 (8.4%) 434 (8.0%) 156 (10%)
Poverty income ratio (PIR) <0.001
High(>3.49) 2,295 (46%) 1,946 (50%) 349 (32%)
Low(<1.39) 1,890 (19%) 1,290 (16%) 600 (29%)
Medium(>1.39,<=3.49) 2,584 (35%) 1,974 (34%) 610 (39%)
Hypertension 2,857 (37%) 2,108 (35%) 749 (44%) <0.001
Hyperlipidemia 4,658 (67%) 3,551 (67%) 1,107 (70%) 0.2
Diabetes 1,233 (14%) 887 (13%) 346 (18%) 0.002
Fruit-total 0.94 (1.10) 0.98 (1.12) 0.80 (1.00) <0.001

(NHANES 2005-2018, N=6,769).
"Mean + SD for continuous; n (%) for categorical.

*t-test adapted to complex survey samples; chi-squared test with Rao & Scott’s second-order correction.
Values in bold represent statistically significant differences (p <0.05).

individual SNPs were excluded. These findings provide robust
statistical evidence supporting the inverse association between fruit
intake and the risk of depression. Additionally, symptoms related to
depression such as feeling lonely, feeling miserable, feeling fed-up,
irritable mood, and neuroticism were also inversely associated with
fruit intake (Figure 3A; Supplementary Table S3). Sensitivity analysis
showed heterogeneity in feeling nervous but no horizontal pleiotropy

Frontiers in Public Health

(Table 3). The stability of the results was also confirmed in the leave-
one-out analysis (Supplementary Figures S1-54).

Reverse MR analysis showed no association between depression
and fruit intake. However, feeling lonely (IVW, OR: 0.85, 95% CI:
0.74-0.97, p=0.02) and mood swings (IVW, OR: 0.9, 95% CI: 0.86—
0.94, p=2.05E-05) among the twelve neuroticism traits were inversely
associated with fruit intake (Figure 3B; Supplementary Table S4).
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FIGURE 2
(A) Nomogram diagram used to predict the risk of depression, evaluating Age, Sex, Race, Education, Marital, Poverty income ratio (PIR), Body mass
index (BMI), Hypertension, Hyperlipidemia, and Diabetes as risk factors. Each predictive factor has a scoring point, and the total score of these factors
may indicate the risk of depression. For example, a 45-year-old female who is obese, has a low PIR level, and also suffers from hypertension and
diabetes would have a depression score of 75.5 (15 +42.5+52.5+ 90 + 40 + 20), corresponding to a depression risk of approximately 30%. (B) Receiver
Operating Characteristic (ROC) curves showing the area under the curve (AUC) for the Crude model, Model 1, Model 2, and Model 3, which are 0.58,
0.55, 0.65, and 0.66, respectively. (C) Decision curve analysis showing the net benefit curve of the line graph model. The X-axis represents the
threshold probability of depression, and the Y-axis represents the net benefit. The red, orange, sky blue, and yellow lines represent the improved
predictive line graphs of the Crude model, Model 1, Model 2, and Model 3, respectively. The gray line represents the assumption that all patients use
the line graph model. The black line represents the assumption that no patients use the line graph model to predict depression risk. Our study suggests
that all constructed models can provide additional benefits for predicting a reduction in depression risk through fruit intake and do not produce any
side effects.

Sensitivity analysis also confirmed the reliability of the results
(Supplementary Table S5; Supplementary Figures S4-S7).

Discussion

This study is the first to investigate the impact of fruit intake on
depression from a cross-sectional and genetic perspective, and it is
also the first to apply MR analysis to examine the association between
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fruit intake and depression. The cross-sectional results from NHANES
support a strong correlation between higher levels of fruit intake
(>1.49 cups) and a reduced risk of depression, which has been
validated by ROC and DCA. Meanwhile, the MR analysis indicates
only a positive causal association between fruit intake and depression.
For the 12 neuroticism items related to depression, there is a positive
causal association between fruit intake and loneliness, miserableness.
Fed-upness, irritability, and neuroticism, with bidirectional causality
observed for loneliness.
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TABLE 2 Weighted multivariate adjusted logistic regression and subgroup analysis of depression risk with different fruit intake levels in NHANES from

2005 to 2018.

Crude model
OR (95% Cl)

Regression model

Model 1
OR (95% ClI)

Model 2
OR (95% ClI)

Model 3
OR (95% ClI)

Fruit-total (cup)

Q1(<0.12] Reference

Reference

Reference Reference

Q2(0.12-0.71] 0.77 (0.60, 0.98) *

0.72 (0.56, 0.91) **

0.83 (0.62, 1.11) 0.83 (0.60, 1.14)

Q3(0.71-1.49] 0.70 (0.57, 0.87) **

0.67 (0.54, 0.83) **

0.75 (0.57,0.98) * 0.75 (0.56, 1.00)

Q4 (>1.49) 0.58 (0.47, 0.73) ¥ 0.56 (0.44, 0.71) *#%* 0.69 (0.52,0.91) * 0.69 (0.50, 0.95) *
Fruit- Fruit-total-Q3 Fruit- .

Subgroup total-Q2(0.12-071]  (0.71-149] total-Q4(>1.49) Interaction p
OR(95%Cl) OR(95%Cl) OR(95%Cl) value

Sex p=047

Female 0.70(0.44, 1.12) 0.69(0.48, 0.99) * 0.62(0.42, 0.90) *

Male 1.04(0.70, 1.56) 0.79(0.56, 1.13) 0.75(0.51, 1.11)

Education p=045

9-11th grade (Includes 12th grade with no diploma) 0.91(0.56, 1.48) 0.79(0.45, 1.40) 1.22(0.53, 2.82)

College graduate or above 0.81(0.30, 2.20) 0.93(0.42, 2.09) 0.56(0.21, 1.48)

High school grad/GED or equivalent 0.78(0.47, 1.32) 0.65(0.42, 1.01) 0.82(0.43, 1.56)

Less than 9th grade 1.66(0.59, 4.69) 0.98(0.33, 2.90) 1.67(0.68, 4.11)

Some college or AA degree 0.85(0.59, 1.22) 0.74(0.49, 1.11) 0.60(0.36, 1.00)

BMI (Kg/m?) p=0.46

Normal(<25) 0.96(0.73, 1.28) 0.92(0.66, 1.29) 0.75(0.53, 1.06)

Obese(>30) 0.83(0.53, 1.30) 0.66(0.38, 1.15) 0.60(0.36, 1.00)

Overweight(>25,<30) 0.68(0.34, 1.36) 0.64(0.35, 1.16) 0.69(0.40, 1.19)

PIR p=048

High(>3.49) 0.88(0.46, 1.68) 0.71(0.40, 1.26) 0.64(0.31, 1.31)

Low(<1.39) 0.91(0.63, 1.31) 0.97(0.67, 1.39) 0.81(0.56, 1.17)

Medium(>1.39,<=3.49) 0.73(0.47, 1.13) 0.69(0.47, 1.00) 0.66(0.44, 1.00)

Hypertension p=043

Yes 0.88(0.59, 1.32) 0.68(0.48, 0.96)* 0.62(0.44, 0.87)*

No 0.71(0.50, 1.02) 0.81(0.55, 1.20) 0.78(0.51, 1.18)

Diabetes p=048

Yes 0.83(0.59, 1.16) 0.70(0.51, 0.96)* 0.65(0.47, 0.90)*

No 0.86(0.48, 1.55) 1.05(0.66, 1.66) 1.00(0.48, 2.07)

#p<0.05; *#p<0.01; ¥*#p<0.001.

Multiple logistic regression model: Model 1: Adjusted for Age, Sex, Race, Model 2: Adjusted for Age, Sex, Race, Education, Marital, Poverty income ratio (PIR), Body mass index (BMI), Model
3: Adjusted for Age, Sex, Race, Education, Marital, PIR, BMI, Hypertension, Hyperlipidemia, Diabetes.
Subgroup Analysis Adjustment Factors: Age; Sex; Race; Education; Marital; PIR; BMI; Hypertension; Hyperlipidemia; Diabetes, excluding sub-group variables, and the reference object in the

sub-group is Q1 of Fruit-total intake level.

Previous systematic reviews have also indicated the benefits of
fruit consumption on various aspects of mental health (24), including
some neuroticism items (loneliness, miserableness, fed-upness,
irritability, and neuroticism) that are causally associated with fruit
consumption. These symptoms are common in depression, further
confirming that fruit consumption can prevent a wide range of
depressive states, which are often precursors to major depression. This
provides us with some insights, suggesting that individuals at risk of
depression due to family history, dysfunctional cognitions, stressful
life events and circumstances, and interpersonal relationship
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difficulties should be recommended to consume more than 1.49 cups
of fruit daily. For example, daily consumption of 210.25g of fresh
berries, 268.25g of citrus fruit or oranges, and 362.5g of 100% fresh
fruit juice (recommended fruit intake amounts are shown in
Supplementary Table S6).

The subgroup analysis of this study suggests that fruit
consumption has a more significant effect on female depression
patients compared to males. Females are more susceptible to the
effects of hormonal changes in the menstrual cycle on
neurotransmitters in the brain, and postpartum depression is also a
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TABLE 3 Causal relationship and sensitivity analysis of fruit intake and depression and its related neuroticism traits in a two-sample Mendelian
randomization analysis.

Exposure Outcome Cochran Q- p. value B R HIRERR S0 o,
p. value value
Depression 0.10 0.58 0.12
Feeling nervous 7.49E-11 0.94 0.05
Feeling worry 0.64 0.72 0.63
Irritable mood 0.11 0.53 0.12
Feeling lonely 0.52 0.10 0.12
Feeling tense 0.41 0.33 0.30
Fruit intake Feeling guilty 0.24 0.95 0.10
Feeling hurt 0.17 0.63 0.18
Feeling fed-up 0.46 0.34 0.15
Neurociticism 0.31 0.34 0.35
Feeling miserable 0.68 0.98 0.29
Worry too long after an
embarrassing experience 099 092 099
Experiencing mood swings 0.53 0.11 0.29

The MR-Egger intercept and MR-PRESSO p-values in the table are used to investigate the presence of horizontal pleiotropy. A p-value>0.05 indicates the absence of horizontal pleiotropy,
suggesting that the study aligns with the basic assumptions of Mendelian randomization. On the other hand, the p-value of Cochran’s Q test explores the presence of heterogeneity.
A p-value>0.05 indicates no significant heterogeneity, indicating an association between the instrumental variables and phenotype.

A B
Outcomes OR (95% CI) N-SNP P.value Exposure OR (95% Cl) N-SNP P.value
Depression (broad) 0.92(0.87,0.96) u 39 5.09E-04 Depression (broad) 1.00(0.88,1.13) - i 0.97
Feeling lonely 0.82(0.74,0.90) - 36 2.91E-05 Feeling lonely 0.85(0.74,0.97) - 5 0.02
Feeling miserable 0.79(0.72,0.87) = 33 2.35E-06 Feeling miserable 0.98(0.93,1.04) ] 10 0.52
Experiencing mood swings 0.93(0.84,1.02) - 31 0.13 Experiencing mood swings 0.90(0.86,0.94) L] 15 2.05E-05
Feeling guilty 0.96(0.87,1.07) - 31 0.48 Feeling guilty 0.93(0.85,1.00) 4 0.06
Worrytoolong after 4 g9 g5 1.29) - 20 026 Worry too long after 4 55 g 4 43 7 04
an embarrassing experience an embarrassing experience
Feeling nervous 0.94(0.80,1.11) - 37 0.46 Feeling nervous 0.99(0.93,1.04) 9 0.62
Feeling worry 1.09(0.97,1.22) - 22 0.13 Feeling worry 1.01(0.95,1.08) L 4 23 0.73
Feeling tense 0.95(0.85,1.05) -+ 26 0.33 Feeling tense 0.98(0.93,1.04) b 10 0.56
Feeling fed-up 0.75(0.68,0.83) o 31 2.78E-08 Feeling fed-up 0.95(0.89,1.01) 1 19 008
Feeling hurt 0.93(0.84,1.04) - 32 0.2 Feeling hurt 0.98(0.94,1.04) { 13 0.54
Irritable mood 0.89(0.79,0.99) - 28 0.03 Irritable mood 1.02(0.97,1.07) 12 04
Neurociticism 0.85(0.76,0.96) - 25 0.01 Neurociticism 0.98(0.96,1.01) 39 0.16
—_— —_—
o 1 2 0 ' 2
FIGURE 3
(A) Two-sample Mendelian randomization analysis with inverse-variance weighted (IVW) as the primary method, where exposure is fruit intake and the
outcome is depression and its 12 related neuroticism traits. The blue color represents causal associations where exposure has a protective effect on
the outcome, while the orange color represents no causal association between exposure and the outcome. (B) Reverse Mendelian randomization
analysis with IVW as the primary method, where exposure is depression and its 12 related neuroticism traits, and the outcome is fruit intake. The blue
color represents causal associations where exposure has a protective effect on the outcome, while the orange color represents no causal association
between exposure and the outcome.

significant concern (25). Additionally, the social roles that females
play, such as career, family, and social interactions, may increase their
risk of depression due to the pressures and expectations associated
with these roles. Furthermore, females generally have poorer
psychological resilience (26). Hypertension and diabetes are often
accompanied by increased rates of complications and rising healthcare
costs, which significantly reduce quality of life for patients and lead to
heavy economic and psychological burdens. As a result, the
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individual’s happiness index will decrease significantly over time,
leading to the development of depression (27, 28). Therefore, these
adults often have comorbid depression. However, the differences
observed in the subgroup analyses did not have a decisive impact on
the relationship between fruit intake and depression (interaction
p-values were all greater than 0.05, Table 2), but they only suggest that
populations with these factors may need to pay more attention to
our conclusions.
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Fruits are a valuable source of dietary nutrition, rich in complex
carbohydrates, various vitamins, and polyphenolic antioxidants (29).
It is known that some nutritional imbalances can increase the risk of
depression, including but not limited to macronutrients (dietary sugar,
fat, and protein) and micronutrients (polyphenol, minerals and
vitamins). As an illustration, a deficiency in any B vitamin or folate
can lead to homocysteine accumulation and harmful cellular effects,
which negatively affect the central nervous system (30). Vitamins C,
E, and D play important roles in endothelial cells in signaling cascades
and are also crucial for regulating neurotrophic factors,
neuroprotection, neuroplasticity, brain development, and
neuroimmune regulation (31, 32). Fruits rich in polyphenolic
compounds, such as berries, have been substantiated through various
randomized controlled trials to effectively reduce the risk of
depression (33, 34). This is attributed to their antioxidative and anti-
inflammatory properties (35), as well as their ability to elevate BDNF
(brain-derived neurotrophic factor) levels (36). Trace metals abundant
in fruits also have profound significance for the nervous system,
similar to antioxidants (such as vitamins and polyphenols). For
example, magnesium not only participates in maintaining the flow of
neurons in the brain and various biological processes but also reduces
the concentration of plasma C-reactive protein (37). Iron and zinc
deficiencies induce neurological and physical symptoms and
psychiatric symptoms related to depression (38), which may be related
to BDNF and oxidative stress levels (39). Zinc supplementation is also
a treatment option for alleviating symptoms related to depression (38).
Future research should delve deeper into exploring the differences
among various types of fruits in reducing the risk of depression. For
example, fruits with high polyphenol content, represented by berries,
fruits rich in vitamins, exemplified by oranges, and fruits with high
sugar and water content, symbolized by melons, warrant
further investigation.

In conclusion, the possible regulatory mechanisms of fruits in
depression may involve neural signal transduction, chronic
inflammation, and oxidative stress. The reason why consuming fruits
has a good effect is that naturally occurring trace elements are more
beneficial to health. For instance, folate consumed from fortification
and dietary supplements has been shown to be unrelated to
depression, while folate in natural foods can reduce the risk of
depression (40). Currently, there is no research on the relationship
between fruit intake and individuals with a sense of loneliness, but a
small amount of research has confirmed that a sense of loneliness can
lead to eating disorders, including anorexia nervosa and binge eating
disorder (41). A sense of loneliness and emotional fluctuations may
be due to changes in neurotransmitters and neuropeptides in the body,
which may further affect individual eating habits and genetic
variations related to fruit intake. Such as dopamine, which is involved
in controlling movement, cognition, emotion, neuroendocrine
function, and reward systems. Specifically, dopamine is closely related
to the food reward properties in the mesolimbic system and drives us
to seek food (13). The secretion of endorphins is also related to social
interaction, and a lack of endorphins can lead to food deprivation
(42). These mechanisms, such as dopamine and endorphin regulation,
may be potential explanations for the bidirectional causal association
between loneliness and fruit intake observed in this study.

However, this study has some limitations. Firstly, fruit intake
was assessed using questionnaires, and a few days of fruit intake
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may not represent an individual’s long-term intake level. Secondly,
for individuals with depression, there may be cognitive
impairments that result in poor recall of actual food consumption.
However, due to our large sample size, we were able to minimize
the impact of these issues. Furthermore, in the cross-sectional
study of NHANES, fruit intake was measured in a specific unit
(cup), while the UKB study assessed fruit intake in “pieces,” which
may lead to some differences in the specific values of the degree
of risk reduction for depression. This needs to be further
investigated in future studies. Finally, considering that NHANES
and MR data mainly come from participants of non-Hispanic and
European ancestry, it is still unclear whether the same results
apply to other racial/ethnic groups. However, Table 1 shows that
there is no statistically significant difference in race between the
depression and non-depression groups (p=0.11), and race was
also adjusted for as a covariate in the study, yielding robust results.
This indicates that race/ethnicity does not affect the conclusions
of this study.

Conclusion

The daily consumption of fruits (>1.49 cups) may contribute to a
reduced risk of depression and help alleviate psychological
characteristics such as loneliness, miserableness, mood swings,
irritability, and neuroticism. These conclusions demonstrate a positive
causal relationship, with loneliness also showing a bidirectional causal
relationship with fruit intake. Although our study results support
existing public health guidelines that encourage fruit consumption as
part of a healthy diet to reduce the risk of depression, further research
is needed to validate our findings and explore potential
underlying mechanisms.
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