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Introduction + supplemental content

Increasing evidence suggests that diet may influence risk of depression." Despite extensive data Author affiliations and article information are
linking ultraprocessed foods (UPF; ie, energy-dense, palatable, and ready-to-eat items) with human listed at the end of this article.

disease,* evidence examining the association between UPF consumption and depression is scant.

Prior studies have been hampered by short-term dietary data’? and a limited ability to account for

potential confounders."* Additionally, no study has identified which UPF foods and/or ingredients

that may be associated with risk of depression or how the timing of UPF consumption may be

associated. Therefore, we investigated the prospective association between UPF and its components

with incident depression.

Methods

This cohort study was approved by the institutional review board (IRB) at the Brigham and Women's
Hospital and the Harvard T.H. Chan School of Public Health. The return of a completed questionnaire
was accepted by the IRB as implied informed consent. The study adhered to the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline.

We conducted a prospective study in the Nurses' Health Study Il between 2003 and 2017
among middle-aged females free of depression at baseline. Diet was assessed using validated food
frequency questionnaires (FFQs) every 4 years. We estimated UPF intake using the NOVA
classification,? which groups foods according to the degree of their processing. In secondary
analyses, we classified UPF into their components, including ultraprocessed grain foods, sweet
snacks, ready-to-eat meals, fats and sauces, ultraprocessed dairy products, savory snacks, processed
meat, beverages, and artificial sweeteners.* We used 2 definitions for depression: (1) a strict
definition requiring self-reported clinician-diagnosed depression and regular antidepressant use and
(2) a broad definition requiring clinical diagnosis and/or antidepressant use.

We estimated hazard ratios (HRs) and 95% Cls for depression according to quintiles of UPF
intake using Cox proportional hazards models, with adjustment for known and suspected risk factors
for depression, including age, total caloric intake, body mass index (BMI; calculated as weight in
kilograms divided by height in meters squared), physical activity, smoking status, menopausal
hormone therapy, total energy intake, alcohol, comorbidities (eg, diabetes, hypertension,
dyslipidemia), median family income, social network levels, marital status, sleep duration, and pain.
In an exploratory analysis, we examined the association between changes in UPF consumption
updated every 4 years with incident depression. All analyses were performed using 2-sided tests
from SAS (version 9.4). Data were analyzed from September 2022 to January 2023.

Results

Our cohort included 31712 females, aged 42 to 62 years at baseline (mean [SD] age, 52 [4.7] years;
30190 [95.2%] non-Hispanic White females). Participants with high UPF intake had greater BMI,
higher smoking rates, and increased prevalence of comorbidities like diabetes, hypertension, and

ﬁ Open Access. This is an open access article distributed under the terms of the CC-BY License.
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dyslipidemia and were less likely to exercise regularly. We identified 2122 incident cases of depression
using the strict definition and 4840 incident cases using the broad definition. Compared with those
in the lowest quintile of UPF consumption, those in the highest quintile had an increased risk of
depression, noted for both strict definition (HR, 1.49; 95% Cl, 1.26-1.76; P < .001) and broad
definition (HR, 1.34; 95% Cl, 1.20-1.50; P < .001) (Table). Models were not materially altered after
inclusion of potential confounders. We did not observe differential associations in subgroups defined
by age, BMI, physical activity, or smoking. In a 4-year lag analysis, associations were not materially
altered (strict definition: HR, 1.32; 95% Cl, 1.13-1.54; P < .001), arguing against reverse causation.
Next, we examined the association of specific UPF components with risk of depression.
Comparing extreme quintiles, only artificially sweetened beverages (HR, 1.37; 95% Cl, 1.19-1.57;
P < .001) and artificial sweeteners (HR, 1.26; 95% Cl, 1.10-1.43; P < .001) were associated with greater
risk of depression and after multivariable regression (Figure). In an exploratory analysis, those who
reduced UPF intake by at least 3 servings per day were at lower risk of depression (strict definition:

Table. Ultraprocessed Food Intake is Associated With Increased Risk of Depression in the Nurses' Health Study I

Multivariate HR (95% CI)

Quintile Cases, No. with diet quality adjustment®©

Strict definition of depression?

Person-years Age-adjusted HR (95% CI)? Multivariate HR (95% CI)®

1 (<4 servings/day) 351 86100 1 [Reference] 1 [Reference] 1 [Reference]

2 (4-5.3 servings/day) 397 86623 1.10 (0.95-1.27) 1.11 (0.96-1.29) 1.10(0.95-1.28)
3 (5.3-6.8 servings/day) 419 85495 1.20 (1.04-1.38) 1.22 (1.05-1.41) 1.20(1.04-1.40)
4 (6.8-8.8 servings/day) 429 86273 1.20(1.04-1.39) 1.23 (1.06-1.44) 1.22 (1.04-1.42)
5 (>8.8 servings/day) 526 86101 1.49 (1.30-1.71) 1.52 (1.30-1.79) 1.49 (1.26-1.76)
P value for trend® NA NA <.001 <.001 <.001

Broad definition of depression®

1 (<4 servings/day) 851 85613 1 [Reference] 1 [Reference] 1 [Reference]

2 (4-5.3 servings/day) 912 86109 1.05 (0.96-1.15) 1.06 (0.96-1.17) 1.06 (0.96-1.16)
3 (5.3-6.8 servings/day) 953 84972 1.14(1.04-1.25) 1.15(1.05-1.27) 1.14 (1.04-1.26)
4 (6.8-8.8 servings/day) 995 85702 1.17 (1.07-1.28) 1.20(1.08-1.32) 1.18(1.07-1.31)
5 (>8.8 servings/day) 1129 85509 1.34(1.22-1.46) 1.37(1.23-1.52) 1.34(1.20-1.50)
P value for trend® NA NA <.001 <.001 <.001

Abbreviations: HR, hazard ratio; NA, not applicable.

@ Adjusted for age.

b Additionally adjusted for body mass index (calculated as weight in kilograms divided by

€ Additionally adjusted for overall diet quality (defined by prudent diet pattern score).

d Depression diagnosis by clinician and use of antidepressants.

height in meters squared), physical activity, smoking status, menopausal hormone
therapy, total caloric intake, alcohol intake, comorbidities (history of diabetes,
hypertension, dyslipidemia), median family income, social network levels, marital
status, sleep duration, and pain.

regression model.

€ Tests for linear trend (P value trend) were performed using the median value of each
quintile of ultraprocessed foods consumption as a continuous variable in the

f Depression diagnosis by clinician and/or use of antidepressants.

Figure. Ultraprocessed Foods (UPF) Components and Risk of Incident Depression

UPF components OR (95% Cl)

Sugar-sweetened beverages 0.89(0.73-1.08) ——

Dairy-based desserts 0.93(0.78-1.10) —a

Condiments 0.95(0.82-1.10) — .

Meat products 1.02(0.87-1.18) ——

Breakfast items 1.02 (0.88-1.19) —

Savory snacks 1.03 (0.88-1.20) —

Frozen foods 1.04 (0.86-1.25) —

Sweet snacks 1.06 (0.91-1.25) —

Other artificial sweeteners 1.26 (1.10-1.43) —
Artificially sweetened beverages  1.37 (1.19-1.57) —
UPF 1.49 (1.26-1.76) — &

0.5

OR indicates odds ratio. Comparing extreme quintiles
of intake, artificially sweetened beverages, and
artificial sweeteners were associated with greater risk
of depression (strict definition) after multivariable

OR (95% CI) regression.
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