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Background & aims: Evidence on the association between nut consumption and depression is mainly
based on cross-sectional studies. This study aims to analyse whether nut consumption is prospectively
associated with the risk of depression in adults.

Methods: This study was conducted using the United Kingdom (UK) Biobank resource. Data from middle-

Keywords: aged and older UK adults who participated in this cohort between 2007—2012 (baseline) and 2013—2020
‘:Ii‘;;thoo‘j (follow-up) were analysed. Baseline information on nut consumption was obtained with the Oxford

WebQ 24-h questionnaire. Depression, defined as a self-reported physician diagnosis of depression or
antidepressant use, was assessed at baseline and follow-up. Hazard regression models estimating the
predictive ability of nut consumption for the risk of developing depression were adjusted for socio-
demographic, lifestyle, and health confounders.
Results: A total of 13,504 participants (mean age 57.5 + 7.2 years, 50.7% female) free of depression at
baseline were included in the analyses. After a mean follow-up of 5.3 + 2.4 years, 1122 (8.3%) incident
cases of depression were identified. Compared with no nut consumption, the daily consumption of >0 to
1 serving of 30 g of nuts was associated with a lower risk of depression (hazard ratio, HR = 0.83; 95%
confidence interval, CI: 0.71—0.97) regardless of all potential confounders considered. In stratified ana-
lyses, a decreased risk of depression was more clearly observed in UK adults with adequate weight
control, a healthy lifestyle, and better health status than in their counterparts (p < 0.05).
Conclusions: Low-to-moderate nut consumption (>0 to 1 serving of 30 g/day) was associated with a 17%
lower risk of depression during a 5.3-year follow-up compared with no nut consumption in a large
sample of middle-aged and older UK adults. This protective association is enhanced in the absence of
other known risk factors for depression.

© 2023 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
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1. Introduction

Depression is among the most common mental disorders,
affecting 279.6 million people worldwide in 2019, with a lifetime
prevalence ranging from 3.4 to 4.2% [1]. These are probably
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conservative estimates since the complex clinical picture of
depression leads to a high proportion of undiagnosed cases [2].
Although treatments based on antidepressant use may mitigate
depressive symptoms [3], not all patients with depression can
sustain symptom remission with antidepressant use alone [4,5].
This could be explained because depression pathophysiology in-
volves psychosocial, behavioral, and environmental factors, in
addition to genetic and biological interactions [6]. In this sense,
complementary lifestyle-oriented approaches have shown
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promising effects in preventing depression and alleviating
depressive symptoms [7,8]. Therefore, it is recommended that
mental health systems emphasize a multidimensional framework
focused on lifestyle strategies to prevent depression [9].

Dietary behaviors have received special attention as one of the
most feasible and robust strategies to contribute to healthy adult
life [10], and specifically, as a modifiable lifestyle risk factor for
depression [11]. Scientific evidence from observational studies [12]
and clinical trials [7] supports the role of optimal dietary patterns
and specific food sources in modulating depression risk and
symptom management. In particular, nuts are frequently included
in current dietary guidelines [13] and healthy dietary patterns [14]
as a food with potential preventive and supportive antidepressant
activity [15]. Based on the nutritional research definition [16] nuts
are nutrient-dense foods that include a wide variety of types, such
as walnuts, almonds, Brazil nuts, cashews, hazelnuts, and pista-
chios. Peanuts, which are legumes, are also integrated among nuts
because they share a similar nutrient profile [16]. Despite their
diversity, nuts share essential nutritional properties (i.e., bioactive
substances such as phenols or phytosterols, essential micro-
nutrients, fiber, high-quality protein, monounsaturated and poly-
unsaturated fatty acids, and vitamins) [16,17] that could play a
beneficial role in mental health [18]. Specifically, nuts provide a rich
variety of bioavailable phytochemicals that might be associated
with various mechanisms, such as anti-inflammatory or antioxi-
dant activities, involved in the progression of pathogenic processes
[19].

A recent review by our research group synthesized observa-
tional and randomized controlled trial studies endorsing that
higher nut consumption could be associated with a lower risk of
depression and fewer depressive symptoms [18]. However, most of
the studies had a cross-sectional design. In the only prospective
cohort in the general population with an adequate follow-up period
available thus far, low-to-moderate nut consumption was associ-
ated with a reduced risk of depression [20]. The objective of this
study was to assess the prospective association between nut con-
sumption and depression, defined as a self-reported physician
diagnosis of depression or antidepressant use, in a large sample of
middle-aged and older adults from the United Kingdom (UK).

2. Materials & methods

This community-based cohort study (Project Application Num-
ber 72061) was conducted using the UK Biobank (UK-B) resource
[21]. The UK-B project was approved by the North West Multi-
Centre Research Ethics Committee (Ref: 16/NW/0274), in accor-
dance with the principles of the Declaration of Helsinki. All par-
ticipants provided signed consent forms.

2.1. Study design and participants

The study design and methods of the UK-B are reported in detail
elsewhere [21]. Briefly, the UK-B is a large-scale epidemiological
study established in 2006—2010 with a large sample of middle-
aged and older UK adults recruited (i.e., eligible and consenting)
from 22 assessment centres. A total of ~9.2 million individuals
registered with the UK National Health Service were invited, and
~5.5% participated in the initial assessment [22]. The sampling
population is volunteer-based and is not representative of the UK
population [22]. The UK-B dataset for this study included 502,366
adults aged 37—73 years. Of these, 110,977 participants had valid
baseline data for nut consumption and depression. After the
exclusion of 13,151 individuals who at baseline had a self-reported
physician diagnosis of depression or were taking antidepressant
medication, 4312 who die during the time-at-risk period, an
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additional 79,715 individuals with missing data for any of the study
variables (only baseline information), and 295 adults with less than
one year of follow-up data on depression, a total of 13,504 partic-
ipants were followed for a mean of 5.3 + 2.4 years (ranging from 1.0
to 10.7 years) (Figure 1). According to the percentage method [23],
the follow-up rate was 13.8%.

2.2. Study variables

The variables and criteria used for defining nut consumption,
depression, and covariates based on the UK-B data fields are
detailed in Supplementary Tables 1—3. The data for the variables
were obtained through May 2021 (the latest withdrawal of par-
ticipants was updated on May 1, 2023). Baseline assessments (nut
consumption, depression, and covariates) were performed between
2007 and 2012 (mean date: 06-08-2011), and longitudinal assess-
ments (depression) were conducted between 2013 and 2020 (mean
date: 05-12-2016).

2.2.1. Exposure: nut consumption

The UK-B applied the Oxford WebQ questionnaire, which is a
validated online 24-h dietary recall that assesses self-reported nut
consumption on the previous day [24]. Participants completed di-
etary assessments at the end of the recruitment phase (i.e., be-
tween 2009 and 2010) and four additional rounds of questionnaires
between 2011 and 2012. This dietary assessment tool was designed
to be used on multiple occasions to reduce the potential mea-
surement error, which usually occurs when the diet is measured
only once [24]. The quantity of each food consumed was calculated
by multiplying a portion size assigned for each specific food by the
amount consumed [25]. Consistent with recommendations for the
use of the Oxford WebQ questionnaire [24], baseline nut con-
sumption was averaged across the five time points to estimate
usual consumption. The Oxford WebQ obtained information on nut
consumption by asking participants ‘Did you eat any crisps, nuts, or
savoury snacks yesterday?’ with responses of (i) no or (ii) yes. For
those who reported yes to the previous question, a list of different
types of snack foods and nuts was presented, and the respondents
were asked to specify the type and frequency of portion size (~40 g)
of nuts consumed daily [25]. Therefore, the mean frequency of nut
consumption across the dietary assessment time points was
calculated from the original response options (i.e., 1/2, 1, 2, or >3
handfuls per day) and multiplied by the original estimate of serving
size (40 g) [25].

For the present study, the answers for ‘unsalted nuts (e.g., al-
monds, cashews, pistachios)’, ‘salted/roasted nuts (e.g., almonds,
cashews, pistachios), ‘peanuts, unsalted (monkey nuts), and
‘peanuts, salted/roasted (monkey nuts)’ were considered valid for
the estimation of total nut consumption [25]. Nuts were considered
to include both nuts and peanuts based on a nutritional research
definition [16]. For the analyses in this study, nut consumption
categories were estimated using the standard conversion of 1
serving equals 30 g [26] because it aligns with the estimated
amount supported by scientific evidence [27] and is more
commonly used compared to a 40 g serving size [26,28,29].
Therefore, regarding the portions of nuts consumed, the original
response options (i.e., 1/2, 1, 2, or >3 handfuls of 40 g/day) were
combined into three categories: (i) no consumption (reference
category), (ii) >0 to 1 serving of 30 g/day (low-to-moderate con-
sumption), and (iii) >1 to 4 servings of 30 g/day (high consump-
tion). This conversion of the categories was proposed because, in
addition to facilitating the interpretation of the results, previous
evidence supports the recommendation of daily consumption of
one serving or less (~12—30 g) of nuts to reduce the risk of adverse
cardiovascular and metabolic health outcomes [27,30].
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n=502,366
Consenting participants in the UKB at baseline
assessments (2007-2012)
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A 4

A 4

n=391,389 adults excluded due to missing data on both

exposure (nut consumption) and outcomes (self-reported

physician diagnosis of depression and use of antidepressants)

n=110,977
Participants with valid data for both nut

consumption and depression at baseline

n=13,151 adults excluded due to self-reported physician

diagnosis of depression or use of antidepressants at baseline

Y

n=13,504
Sample for complete case analysis
Participants free of depression included in the
prospective analysis (2013-2020) with exposure,

outcome, and covariate data available at follow-up

A4

n=4,312 adults die during the time-at-risk period
n=295 adults excluded due to follow-up of depression <1 year
n=79,715 adults excluded due to missing follow-up data on:
* Depression (n=79,702)
*  Sleep (n=13)

Figure 1. Diagram flow of the study participants in the current study, from the original UK-B cohort.

2.2.2. Outcome: depression

In the UK-B baseline assessments, information on depression
was provided through a touchscreen questionnaire and a face-to-
face interview conducted by a trained nurse. For the present
study, depression was defined with at least one of the following
criteria: (i) self-reported physician diagnosis of depression or (ii)
use of antidepressants. First, individuals were asked, ‘Has a doctor
ever told you that you have had any serious medical conditions or
disabilities?” with responses of (i) no or (ii) yes (touchscreen
questionnaire). Next, those who responded positively were asked
in a face-to-face interview to specify the type of medical condition
or disability, with depression being a response option. Similarly,
individuals were asked, ‘Do you regularly take any prescription
medications?’ with responses of (i) no or (ii) yes (touchscreen
questionnaire), and those taking prescription drugs were asked to
indicate in a face-to-face interview the type of medication in use,
among which one option was antidepressants.

2.2.3. Covariates

Covariates were selected based on recent evidence on the po-
tential determinants of depression and their associations with nut
consumption [18,20]. Information on potential confounders of the
study associations was derived from the touchscreen questionnaire,

the Oxford WebQ questionnaire, and physical measurements
assessed at baseline. Self-reported information was obtained for
sex (female; male), age (<60 years; >60 years), educational or
professional qualification (higher level, e.g., university degree or
professional qualification; lower level, e.g., high school grade or
none of the above), tobacco use (never smoked or former smoker;
current smoker), frequency of alcohol consumption (never or oc-
casionally; daily/almost daily), major dietary changes in the last five
years (yes; no), diet (healthy diet, i.e., compliance with fruit and
vegetable consumption guidelines, >5 portions/day; unhealthy
diet, i.e.,, noncompliance with fruit and vegetable consumption
guidelines, <5 portions/day) [31,32]; physical activity (sufficiently
active, i.e., energy expenditure >600 MET-minutes/week; insuffi-
ciently active, i.e., energy expenditure <600 MET-minutes/week)
[33], sleep duration (low risk, i.e., sleep 7—8 h/day; high risk, i.e.,
sleep <6 or >9 h/day) [34], loneliness (lonely feelings, i.e., feels
lonely and never, almost or occasionally confide in someone; no
lonely feelings), and medical conditions (nonmedical condition; >2
medical conditions, e.g., angina, anxiety, cancer, dementia, dia-
betes, heart attack, hypertension, multiple sclerosis, osteoporosis,
Parkinson's disease). Total energy intake was estimated based on
the answers to the online 24-h dietary data [24] and determined in
total calories (kcal) per day. Moreover, body mass index (BMI) was
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calculated as weight divided by the square of the height (kg/m?),
both objectively measured under standardized conditions. The
criteria to define the UK-B covariates used in the present study are
detailed in Supplementary Table 3.

2.3. Statistical analysis

First, we examined the baseline characteristics of all the study
participants and according to the categories of nut consumption in
terms of absolute (n) or relative (%) frequency for categorical vari-
ables and mean + standard deviation for continuous variables.

Second, Cox proportional hazard regression models were used
to estimate the hazard ratios (HRs) and their 95% confidence in-
tervals (95% Cls) for incident depression (outcome) across the nut
consumption categories (exposure, with no consumption as the
reference category = 1) in complete-case analysis with the person-
years of follow-up as the timeline variable. Participants were fol-
lowed from UK-B baseline assessments to the date of their first self-
reported depression or the end of follow-up, whichever occurred
first. Cox regression analyses were performed with the exclusion of
events in the first one year (one-year landmark). Three models
were built with the aim of progressively assessing the confounding
influence of the following blocks of covariates: model 1, adjusted
for sociodemographic characteristics (i.e., sex, age, and educational
or professional qualification); model 2, previous model adjusted
for BMI and lifestyle behaviours (i.e., tobacco use, alcohol con-
sumption, dietary changes in the last five years, diet —fruit and
vegetable consumption—, physical activity, sleep duration, and total
energy intake); and model 3: previous model adjusted for loneli-
ness and the number of medical conditions.

Third, the likelihood ratio test was used to explore the possible
first-order interactions between nut consumption and covariates in
the association with depression, and stratified analyses aimed at
identifying potential moderators of the study association were
performed. For this purpose, the cross-products between nut con-
sumption and age (<60 and > 60 years), sex (male and female),
educational or professional qualification (high and low), BMI
(obese, BMI >30 and nonobese, BMI <30 kg/m?), major dietary
changes in the last five years (yes and no), and loneliness (lonely
and not lonely) were individually included in hazard regression
models, i.e., a unique model was constructed for each interaction
covariate tested. Regarding lifestyle habits, a dichotomous variable
was created to differentiate individuals with healthy lifestyle be-
haviours (i.e., nonsmokers or ex-smokers, abstainers or occasional
alcohol drinkers, consumers of 5 or more portions of fruits and
vegetables, sufficiently physically active individuals, and with
7—8 h' sleep per day) from those with unhealthy behaviours (i.e.,
smokers, frequent alcohol drinkers, consumers of less than 5 por-
tions of fruits and vegetables, insufficiently physically active in-
dividuals, and with <6 or >9 h' sleep per day). To test for
interaction by health status, the presence of two or more medical
conditions (e.g., angina, anxiety, cancer, dementia, diabetes, heart
attack, hypertension, multiple sclerosis, osteoporosis, Parkinson's
disease) versus none or one medical condition was the criterion
adopted to differentiate those with worse or better health status,
respectively. Due to the small number of incident cases of depres-
sion in the high nut consumption, stratified analyses were per-
formed collapsing the two categories of nut consumption into a
single category.

Fourth, complementary analyses were conducted according to
the mode of nut preparation (i.e., unsalted or salted/roasted).
Moreover, to test the robustness of our results, the analyses were
repeated after excluding individuals with at least one other self-
reported mental health disorder (i.e., anxiety or panic attacks,
schizophrenia, bipolar disorder, anorexia, bulimia, other eating
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behaviour disorder, posttraumatic stress disorder, obsessive-
compulsive disorder, and insomnia). Finally, sensitivity analysis of
censored proportional hazards models including 5.3-year cumula-
tive mortality (n = 4312) was performed. In each hazard regression
model, individuals who died during the time-at-risk period were
treated as censored [35]. Therefore, we used a composite end point
of the first confirmed depression, death, or the conclusion of the
follow-up assessments, whichever occurred first.

All statistical analyses were performed using IBM SPSS Statistics
software (Version 28.0; IBM Corp., Armonk, NY, USA), and p < 0.05
was considered to indicate statistical significance. SPSS codes for
the statistical analyses are presented in the Supplementary Table 4.

3. Results

A total of 13,514 participants (mean age 57.5 + 7.2 years, 50.7%
female) were included in the analyses. Slightly more than 20% of
the included individuals had obesity, 19.2% were insufficiently
physically active, and 65% had two or more medical conditions.
Table 1 presents the main baseline characteristics of all included
participants according to nut consumption categories.

The prospective associations between nut consumption and
depression are presented in Table 2. The overall incidence of self-
reported depression (physician diagnosis or antidepressant use)
was 8.3% (n = 1122 new cases) for a mean follow-up of 5.3 years. In
the minimally adjusted model (Model 1), low-to-moderate con-
sumption of nuts (>0 to 1 serving of 30 g/day) was significantly
associated with a reduced risk of depression (HR = 0.82; 95% CI:
0.70—0.97) when compared with no nut consumption. This pro-
tective association remained statistically significant when the other
two blocks of covariates were added to the hazard regression
models. Specifically, low-to-moderate nut consumption was asso-
ciated with a significantly lower incidence of depression in the fully
adjusted analysis (Model 3) (HR = 0.83; 95% CI: 0.71-0.97). No
significant association was observed between high nut consump-
tion (>1 to 4 servings of 30 g/day) and incident depression
compared to nonnut consumption. However, the corresponding
HRs were lower than one in all models analysed, which indicates a
nonsignificant trend toward a lower risk of depression among those
who consume more nuts compared to nonconsumers.

Interactions with p-values <0.05 were observed between nut
consumption and the covariates BMI, lifestyle behaviours, and
health status for the association with risk of depression (Figure 2).
As shown in stratified analyses, participants who consumed nuts
classified as nonobese, with healthier lifestyle behaviours, with no
feelings of loneliness, or with fewer than two medical conditions
had a significantly lower risk of depression than nonconsumers
(Figure 2). Conversely, no significant associations were observed in
those with obesity, unhealthy behaviours, feelings of loneliness, or
two or more medical conditions.

Additionally, the results of complementary analyses did not vary
when considering the mode of nut preparation (unsalted or salted/
roasted) (Supplementary Table 5). Likewise, proportional hazards
models that excluded individuals with other self-reported mental
disorders (Supplementary Table 6) and included cumulative mor-
tality at 5.3 years (Supplementary Table 7) showed that the HRs for
the incidence of depression were similar to those observed in the
main analyses.

4. Discussion

This study analysed the prospective association between nut
consumption and the risk of depression in a large sample of
middle-aged and older adults in the UK. The main finding is that
regular low-to-moderate consumption of nuts (>0 to 1 serving of
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Table 1
Baseline characteristics of the UK Biobank cohort by nut consumption categories.
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Baseline characteristics Total (n = 13,504)

Nut consumption categories

0 servings per day >0 to 1 serving per day >1 to 4 servings per day

(n =9687) (n =2812) (n = 1005)
Nut consumption, g/d + SD (range) 7.1 + 15.6 (0—160.0) — 15.3 + 7.1 (4.0-30.0) 52.0 + 21.2 (32.0-160.0)
Female, n (%) 6850 (50.7) 4844 (50.0) 1567 (55.7) 439 (43.7)
Age, years + SD 57.5 + 7.2 (40.0—70.0) 574 +72 582 +7.0 564 + 7.3
Age over 60 years, n (%) 6,296 (46.6) 4440 (45.8) 1455 (51.7) 401 (39.9)
Low educational/professional qualification, n (%) 3622 (26.8) 2733 (28.2) 641 (22.8) 248 (24.7)
Current smoking status, n (%) 661 (4.9) 491 (5.1) 111 (3.9) 59 (5.9)
Daily/almost daily alcohol intake, n (%) 3190 (23.6) 2211 (22.8) 706 (25.1) 273 (27.2)
Major dietary changes-5 years, n (%) 5379 (39.8) 3869 (39.9) 1092 (38.8) 418 (41.6)
Unhealthy diet?, n (%) 5262 (39.0) 3965 (40.9) 933 (33.2) 364 (36.2)
Total energy intake, kcal/d + SD 2122.2 + 590.5 20674 + 575.8 21715 £ 537.7 2512.8 £ 701.2
BMI, kg/m? + SD 27.0 +43 272 +44 264 + 4.1 270 +43
Obesity (BMI >30.0 kg/m?), n (%) 2819 (20.9) 2152 (22.2) 472 (16.8) 195 (19.4)
Free-time physical activity, MET-min/week + SD 2320.8 + 2271.5 2298.0 + 2280.1 2389.9 + 2249.9 2347.5 + 2246.3
Insufficiently active (<600 MET-min/week), n (%) 2587 (19.2) 1927 (19.9) 476 (16.9) 184 (18.3)
High-risk sleep duration®, n (%) 3718 (27.5) 2667 (27.5) 767 (27.3) 284 (28.3)
Loneliness, n (%) 634 (4.7) 456 (4.7) 118 (4.2) 60 (6.0)
Number of medical conditions®, mean + SD 24+15 24+15 24+15 23+16
Two or more medical conditions®, n (%) 8776 (65.0) 6270 (64.7) 1868 (66.4) 638 (63.5)

Values are means + standard deviations (SD) or n (%).

¢ Unhealthy diet was based on eating less than 5 portions of a variety of fruit and vegetables every day, i.e., not complying with fruit and vegetable guidelines [31,32].

b High-risk sleep duration was defined as <6 or >9 h/day [34].

¢ Self-reported medical condition diagnosed by a doctor including cancer and other serious medical conditions or disabilities (e.g., angina, anxiety, dementia, diabetes, heart
attack, hypertension, multiple sclerosis, osteoporosis, or Parkinson's disease, detailed in data-coding 6 of UK-B data-field 20002, Supplementary Table 3).

Table 2
Prospective (5.3-year follow-up) associations between nut consumption and incident depression.
Total, n (incident cases of depression?) Model 1 Model 2 Model 3
Total 13,480 (1122)
Nut consumption
0 servings/day 9687 (840) 1.00 1.00 1.00
>0 to 1 serving of 30 g/day 2812 (193) 0.82 (0.70, 0.97) 0.83 (0.71, 0.97) 0.83 (0.71, 0.97)
>1 to 4 servings of 30g/day 1005 (89) 0.97 (0.78, 1.21) 0.93 (0.75, 1.17) 0.94 (0.75, 1.17)

Values are hazard ratios (95% confidence interval) for incident depression, estimated from Cox regression models. Bold values indicate statistically significant association

(p < 0.05).

Model 1: adjusted for sex (female or male), age (<60 years or >60 years), and educational or professional qualification (high or low); Model 2: previous model adjusted for BMI
(normal weight/overweight or obese), tobacco use (never/former or current), alcohol consumption (never/occasionally or daily/almost daily), major dietary changes in the last
five years (yes or no), dietary pattern (fruit and vegetable consumption, >5 or <5 portions/day), physical activity (sufficiently active or insufficiently active), sleep duration
(7—-8 or <6 and > 9 h/day), and total energy intake (kcal/day); and Model 3: previous model adjusted for loneliness (lonely or not lonely) and self-reported medical conditions

diagnosed by a doctor (nonmedical condition or >2 medical conditions).

¢ Incident cases of depression were defined as those participants free of self-reported depression (physician diagnosis or antidepressant use) at baseline assessment and
who self-reported depression (physician diagnosis or antidepressant use) during the 5.3-year follow-up.

30 g/day) is associated with a 17% lower risk of depression
compared to nonnut consumption after a 5.3-year follow-up,
regardless of relevant sociodemographic, lifestyle, and health
confounders. In addition, our results highlight the potential role of
nut consumption as a healthy dietary behaviour to prevent
depression in those free of other known risk factors for depression,
such as obesity, unhealthy lifestyle behaviours (smoking, frequent
alcohol consumption, low intake of fruits and vegetables, insuffi-
ciently active, and inadequate sleep duration), loneliness, and
medical conditions such as cardiovascular, metabolic, or mental
comorbidities.

In agreement with our results, the authors of a previous cohort
study with the general population found that a low-to-moderate
(>30 g/month to 150 g/week) consumption of mixed nuts signifi-
cantly reduced the risk (23%) of self-reported depression in 15,980
middle-aged Spanish adults followed for 10.4 years [20]. Further-
more, recent pooled analysis from two cohorts with representative
samples of older adults from Spain and the Madrid region reported
that a low-to-moderate mixed nut consumption (>3 servings of
30 g/week) was associated with a lower incidence of depression
(self-reported or antidepressant use) during a follow-up between

2.3 and 3.2 years [36]. Our study shares more methodological as-
pects with the SUN cohort [20] than the ENRICA cohorts [36], i.e., a
large sample size and a suitable follow-up period, in addition to a
mixed nut consumption and similar criteria used to define
depression that were identified in both previous studies [20,36].
As an outstanding difference between the SUN and the UK-B
cohorts, while in the Spanish cohort the low-to-moderate cate-
gory of nut intake ranged from 1 serving per month to 5 servings per
week [20], our findings in adults from the UK support a daily con-
sumption of >0 to 1 serving of 30 g/day of nuts to reduce the inci-
dence of depression. Thus, considering the recommendation of low-
to-moderate and regular nut consumption (1 serving/day or
~12—30 g/day), as presented in dietary guidelines [28,29,37,38],
healthy dietary indices [11], and previous studies on the prevention
of several health outcomes [27,39,40], our study supports that a
daily serving of nuts may reduce the risk of depression. Although
previous evidence indicated that the impact of nut consumption on
health outcomes could be dose-dependent (the higher the con-
sumption, the greater the benefit) [41], our results are consistent
with previous studies [27], indicating that the potential benefits of
nuts are achieved only at a certain threshold of nut intake.
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Nut consumption vs. non-consumption
Total, n (incident

Covariates Lower risk of depression Higher risk of depression HR LL UL  p-for-interaction depression 1)
Biological sex
Female Py 0.85 0.72 1.01 6,850 (709)
0.882
Male ° 0.87 0.69 1.09 6,654 (413)
Age group
<60 years Y 0.83 0.66 1.00 7,208 (729)
0.504
260 years PY 0.91 0.73 1.16 6,296 (393)
BMI status?
Obesity °® 1.14 0.86 1.50 2,819 (278)
S 0.022
on-obesity ) 0.79 0.68 0.93 10,865 (844)
Lifestyle behaviours?
Unhealthy [ ] 0.93 0.80 1.09 9,703 (844)
Healthy 0.048
L] 0.70 0.53 0.93 3,801 (278)
Dietary changes
Non-major (last 5-y) Y 0.95 0.79 115 0.201 8,125 (603)
Major (last 5-y) ° 0.82 066 1.01 ' 5,379 (519)
Loneliness
Lonely ® 1.24 0.79 1.95 634 (102)
0.177
Not lonely Y 0.83 0.72 0.97 12,870 (1,020)
Health status
>2 medical conditions e 0.96 0.81 1.13 8,784 (762)
. - 0.047
<2 medical conditions ® 0.68 0.52 0.88 4,735 (364)
0 0.5 1 1.5 =

Non-consumption
(reference category = 1)

Figure 2. Risk of depression for nut consumption vs. nonconsumption, stratified by the covariates of the fully adjusted hazard regression model. Values are hazard ratios (95%
confidence interval) for incident depression, estimated from Cox regression model number 3. Bold values indicate a statistically significant association (p < 0.05). ! Incident cases of
depression were defined as those participants free of self-reported depression (physician diagnosis or antidepressant use) at baseline assessment and who self-reported depression
(physician diagnosis or antidepressant use) during the 5.3-year follow-up. > BMI >30.0 kg/m? was categorized as obesity and BMI between 18.5 and 29.9 kg/m? was categorized as
normal weight or overweight. > Lifestyle behaviours (tobacco use, alcohol consumption, diet, physical activity, and sleep duration) were defined as unhealthy (smoker, frequent
alcohol drinker, consumers of less than 5 portions of fruits and vegetables, insufficiently active, and with <6 or >9 h' sleep per day) or healthy (nonsmoker or ex-smoker, abstainer
or drink alcohol only occasionally, consumers of 5 or more portions of fruits and vegetables, sufficiently active, and with 7—8 h sleep per day). 4 Self-reported medical conditions
diagnosed by a doctor including cancer and other serious medical conditions or disabilities (e.g., angina, anxiety, dementia, diabetes, heart attack, hypertension, multiple sclerosis,
osteoporosis, or Parkinson's disease, detailed in data-coding 6 of UK-B data-field 20002, Supplementary Table 3). Model 3: adjusted for sex (female or male), age (<60 years or >60
years), educational/professional qualification (high or low), tobacco use (never/former or current), alcohol intake (never/occasionally or daily/almost daily), major dietary changes in
the last five years (yes or no), diet (fruit and vegetable consumption, >5 or <5 portions/day), total energy intake (kcal/day), BMI (normal weight/overweight or obese), physical
activity (sufficiently active or insufficiently active), sleep duration (7—8 or <6 and > 9 h/day), loneliness (lonely or not lonely), and self-reported medical conditions diagnosed by a
doctor (nonmedical condition or >2 medical conditions).

Therefore, the associations between high nut consumption of these amino acids have been associated with depression [47].
(32—160 g/day) and depression risk remain inconclusive, and future The metabolites produced along the tryptophan-kynurenine
research is certainly warranted to address the dose—response hy- pathway (i.e., kynurenic acid as neuroprotective and quinolinic
pothesis in this association. Furthermore, no differences in the risk acid or 3-hydroxykynurenine as neurotoxic) [48] are vital neuro-
of depression were observed according to the mode of nut prepa- biological mediators in depression [47]. Furthermore, previous
ration. Understanding the optimal amount of consumption and studies have reported beneficial associations between a Mediter-
mode of preparation of nuts to promote mental health benefits is ranean diet enriched with nuts and brain-derived neurotrophic
crucial information to guide the development of more specific di- factor [42], a molecule highly expressed in the hippocampus that

etary recommendations for reducing the risk of depression [16]. Our engages in synaptic plasticity and cellular metabolism, playing a
prospective study establishes associations, not causality, and key role in mood [49]. Finally, the gut microbiota, a mediating
therefore, long-term clinical trials are needed to provide conclusions pathway between diet and brain health that can partially modulate

regarding optimal nut consumption for preventing depression. inflammatory activities, serves as another mechanism of action
Several mechanisms underlying the potential impact of nuts on implicated in depression [50].
mental health have been suggested, such as reducing inflammation Additionally, the impact of specific foods on the risk of depres-

and oxidative stress, increasing brain-derived neurotrophic factor sion may be based on the synergistic combination of certain risk
levels and tryptophan metabolism, and stimulating the crosstalk factors for depression [51]. In stratified analyses, the association
between the gut microbiome and brain health [19,42,43]. The anti- between nut consumption and incident depression changed ac-
inflammatory (downregulation of proinflammatory cytokine cording to lifestyle behaviours, loneliness and the presence of
expression) and antioxidant (neutralization of reactive oxidative obesity or other chronic comorbidities. Previous evidence on the
species and enhancement of endogenous antioxidant defences) diet—depression relationship suggests that combining a healthy
effects associated with the nutritional composition of nuts (e.g., dietary pattern [52] or specific healthy foods [51] with the simul-
dietary fibre, omega-3 fatty acids, phenols, polyphenols, and taneous presence of healthy lifestyle-related behaviours such as
vitamin E) [44,45] could play an important role in reducing the risk regular physical activity could enhance protection against depres-
of depression [15]. Moreover, nuts are rich in amino acids, including sion. Furthermore, considering the common co-occurrence of
arginine, glutamine, serine, and tryptophan [46], and lower levels depression with obesity [53], loneliness [54] or other diseases [55],
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it is reasonable to consider that individuals with these conditions
are less likely to benefit from the reduced risk of depression due to
the consumption of a particular food such as nuts. Despite our
findings highlighting a relevant role of lifestyle and health condi-
tions on the nut consumption and depression relationship, further
long-term clinical trials evaluating the multifactorial nature of the
mechanisms by which nut consumption is associated with a lower
risk of depression in individuals with varied lifestyles and health
profiles are needed to draw solid conclusions.

Some limitations of the study should be noted. First, UK-B is not
representative of the sampling population, which could affect the
magnitude, direction, and generalizability of the results. Compared
with the general population, there is evidence of a “healthy
volunteer selection bias” in UK-B participants [22]. Second, the high
proportion of participants lost to follow-up could lead to selection
bias. Third, nut consumption data were self-reported, and some
degree of measurement error is expected. Fourth, because we
lacked data on nut varieties (e.g., almond, cashew, monkey nut,
pistachio, walnut), we were unable to examine the influence of nut
types on depression. Fifth, the highest nut consumption category
only includes a few cases of depression; therefore, the lack of as-
sociations may be due to limited statistical power. Likewise, a small
number of participants reported high nut consumption, making
them unable to conduct stratified analyses according to nut intake
categories. Sixth, although we excluded individuals with depres-
sion at baseline (and during the first year of follow-up) and per-
formed sensitivity analyses excluding participants with other
mental health disorders, we cannot rule out the possibility that
emerging depressive status could alter participants' food choices.
Seventh, although our analyses were adjusted for relevant cova-
riates, residual confounding cannot be completely ruled out.
Finally, this study assessed self-reported depression, which may
affect the prevalence and incidence estimates.

The strengths of this study comprise its prospective design, a
large sample size, an adequate time of follow-up and the repeated
assessment of nut consumption with a previously validated dietary
questionnaire. In addition, to the best of our knowledge, this is the
first study to provide evidence on potential moderators between nut
consumption and the risk of developing depression according to the
mode of preparation of this food. Apart from these, we were able to
control for several confounding variables and performed comple-
mentary analyses that confirmed the robustness of our results.

5. Conclusions

Our findings indicate that a large sample of middle-aged and
older adults from the UK consuming a low-to-moderate and regular
frequency of nuts (>0 to 1 serving of 30 g/day) are less likely to
develop depression than nonconsumers after a 5.3-year follow-up
period, regardless of relevant sociodemographic, lifestyle, and
health confounders. This large-scale cohort study shows potential
moderators of this association, such as BMI status, lifestyle be-
haviours (tobacco use, alcohol consumption, diet quality, physical
activity, and sleep duration), loneliness, or health status. Since diet
is a modifiable lifestyle factor, future long-term clinical trials should
evaluate whether nut consumption is an effective strategy to pre-
vent depression in adults. Specifically, understanding the optimal
dose and mode of preparation of nuts to promote the greatest
mental health benefits will guide the development of more specific
dietary recommendations for reducing the risk of depression.
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