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Background & aims: Only a few studies have assessed the association between a proinflammatory diet
and the risk of depression in older adults, and they have rendered weak results. The present study
analysed the association between the Dietary Inflammatory Index (DII) and incident self-reported
diagnosis or symptoms of depression in two cohorts of community-dwelling older adults in Spain.
Methods: We used data from the Seniors-ENRICA-I (SE-I) and Seniors-ENRICA-II (SE-II) cohorts. In both
cohorts, the baseline DII was calculated from habitual food consumption estimated with a validated
computer-based diet history. The incidence of both physician self-reported diagnosis of depression and
mild-to-major depressive symptoms (�3 on the 10-item Geriatric Depression Scale) was analysed. Lo-
gistic regression models were adjusted for the main potential confounders, such as sociodemographics,
lifestyles, and comorbidities. The results of both cohorts were pooled using a random effects model.
Results: Among the 1627 participants in SE-I (mean age 71.5 ± 5.5 y, 53.1% women) and the 1579 in SE-II
(mean age 71.4 ± 4.2, 46.7% women), 86 (5.3%) and 140 (8.9%) incident cases of depression were iden-
tified after a mean 3.2-y and 2.3-y follow-up, respectively. The fully adjusted odds ratio (95% confidence
interval) of incident depression for the highest (the highest proinflammatory diet) versus the lowest
quartile of DII was 2.76 (1.25e6.08, p-for-trend ¼ 0.005) in the SE-I, 1.90 (1.04e3.40, p-for-trend ¼ 0.005)
in the SE-II and 2.07 (1.01e3.13) in the pooled cohorts. The results were consistent across strata defined
by sex, age, physical activity, loneliness/poor social network, and morbidity.
Conclusions: A proinflammatory dietary pattern is associated with depression risk in older adults. Future
research should evaluate whether reducing the inflammatory component of diet leads to reduced
depression symptoms in this population.

© 2022 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
1. Introduction

Mental disorders were the seventh leading cause of burden of
diseaseworldwide in 2019 [1]. Among them, depression is themost
common [1], with approximately 280 million people suffering from
depression every year [2]. Projections support a continuous
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increase in the prevalence of depression in the coming years,
mainly because some determinants of poor mental health, such as
lack of social support, have intensified due to the COVID-19
pandemic [3]. Older age is also one of the main risk factors for
depression [2]. Therefore, there is an urgent need for public health
strategies to prevent depression or reduce the severity of symp-
toms as well as its health-related consequences in older adults [4].

Although the causes of depression remain unclear, a complex
interaction of genetic, social, psychological, behavioural, environ-
mental, and biological factors has been proposed [5e8]. Evidence
suggests that inflammatory processes contribute to depression
lism. All rights reserved.
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through different pathways, such as exposure to psychosocial stress
or a processed-food diet, increasing the activation of proin-
flammatory cytokines or inflammasomes that drive inflammatory
responses relevant to depression [9]. Accordingly, nutrition has
received more attention in the last decade as a modifiable lifestyle
risk factor for depression [10], with a particular focus on the con-
sumption of specific foods that might modulate inflammatory
factors [11,12].

Several prospective cohort studies have investigated the asso-
ciations between the potential inflammatory effects of diet and the
incidence of self-reported diagnosis of depression [13,14] or
depressive symptoms [15e19] throughout adulthood. However,
only a few of these studies have examined this association specif-
ically in older people [19] or stratified by older adult age subgroup
[16,17]. Their findings showed a weak nonsignificant [16,17] or null
[19] association between the highest versus the lowest inflamma-
tory diet scores and the risk of depression in older adults from
Australia, France and Italy [16,17,19]. However, in these studies, the
analyses did not account for relevant confounders in the diet-
depression relationship, such as loneliness [16,17,19], functional
disability [16,17], or a wide range of chronic diseases [16,17,19]. To
address these limitations, the present study assessed the associa-
tion between the inflammatory potential of diet and the risk of
depression, defined as a self-reported physician diagnosis of
depression or mild-to-major depressive symptoms, adjusting for
many risk factors for depression in older adults from Spain.

2. Materials & methods

2.1. Study design and participants

We used data from two cohorts of older adults with very similar
designs and the same methods of data collection and variable
measurement that have been published in detail elsewhere [20,21].
The first cohort was the Seniors-ENRICA-I (SE-I), established in
2008e2010 with 3289 individuals selected through stratified
random sampling of the noninstitutionalized Spanish population
aged �60 years [20,22]. Of these, 1627 individuals free of self-
reported physician diagnosis of depression were followed-up dur-
ing a mean time of 3.2 years. The second cohort was the Seniors-
ENRICA-II (SE-II), established in 2015e2017 through stratified
random sampling of all community-dwelling individuals aged �65
years holding a national healthcare card and living in Madrid
(Spain) [21,23]. Of the 3273 individuals who completed the baseline
interviews, we excluded 583 individuals who suffered from a self-
reported physician diagnosis of depression or mild-to-major
depressive symptoms. After a mean of 2.3 years, 1579 of these
participants provided answers in the follow-up.

Both Seniors-ENRICA cohorts were registered on Clinical-
Trials.gov (SE-I identifier: NCT02804672; SE-II identifier:
NCT03541135) and approved by the Clinical Research Ethics Com-
mittee of the La Paz University Hospital in Madrid. Participants
provided informed written consent.

2.2. Study variables

2.2.1. Exposure variable: dietary inflammatory index (DII)
The participant's regular diet in daily grams of foodwas assessed

and estimated with a validated computer-based diet history, rep-
resenting the average intake during a typical week of the previous
year [24]. The questionnaire was administered by a trained inter-
viewer and includes 880 foods that can be cooked in 29 different
ways and 184 recipes for dishes commonly eaten in Spain or typical
of each region. More details about the dietary information collec-
tion can be found elsewhere [24]. No missing values were observed
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because all data were checked for completeness during data
collection, and if any datawas lacking, a new visit was performed to
the house of the participants to obtain the required information
[20,21].

The inflammatory potential of the diet was estimated with the
Dietary Inflammatory Index (DII) according to Shivappa’s proced-
ure [25]. The DII is a scoring algorithm based on a robust review of
the literature published up to 2010, involving 1943 articles that
analysed the effect of dietary components on inflammation [25]. A
total of forty-five food parameters, includingwhole foods, nutrients
and other bioactive compound components, were scored based on
their effects on six inflammatory biomarkers (interleukin-1b,
interleukin-4, interleukin-6, interleukin-10, tumour necrosis fac-
tor-a, and C-reactive protein) [25].

For the present analyses, 32 of the 45 original DII components
(daily amounts of food or nutrients) were available in both Seniors-
ENRICA cohorts and were used to calculate the DII by multiplying
the overall inflammatory effect score for each component by its
normalized intake using the global daily mean intakes and stan-
dard deviations provided by Shivappa et al. [25] and summing them
(Table S1). A higher DII score (positive) indicates a proinflammatory
diet, whereas a lower DII score (negative) indicates an anti-
inflammatory diet. Participants in both cohorts were classified
into quartiles of the DII scores.

2.2.2. Outcome variable: depression
For the SE-I, baseline depression was defined with a positive

answer to the question ‘Did a physician tell you if you currently
have, or have had in the past year, depression (in need of treat-
ment)?’ For the SE-II, baseline depressionwas defined as in the SE-I,
or additionally if the participant reported �3 depressive symptoms
(which indicate mild-to-major depressive symptoms) [26] in the
10-item version of the Geriatric Depression Scale (GDS-10). All
participants with depression at baseline according to these cohort-
specific criteria were excluded from the analytical sample. In the
follow-up, in both cohorts, data were collected on both self-
reported physician diagnosis of depression and on depressive
symptoms with the GDS-10. Therefore, incident cases of “self-re-
ported physician diagnosis or mild-to-major depressive symptoms”
were identified when at least one of the two criteria (i.e., self-
reported physician diagnosis of depression and GDS-10 score �3)
was met in the follow-up among individuals free of depression at
baseline.

2.2.3. Covariates
Covariates were selected based on recent research on the po-

tential determinants of depression and their associations with diet
[27e32].

At baseline, for both SE-I and SE-II cohorts, self-reported infor-
mation was obtained on sex (female vs. male), age (continuous,
years), household economy (difficult vs. easy to make ends meet),
education (no studies or primary studies vs. secondary or university
studies), marital status (married vs. single, widowed or separated),
smoking (never or former vs. current smoker), time watching TV
(continuous, hours per week), night-time sleep duration (contin-
uous, hours per night), and the number of physician-based di-
agnoses of the following chronic conditions: diabetes mellitus,
cardiovascular disease (ischemic heart disease, stroke, or heart
failure), hypertension, chronic respiratory disease (asthma or
chronic bronchitis), cancer at any site, musculoskeletal disorder
(osteoarthritis, rheumatoid arthritis, or hip fracture) and neuro-
degenerative disease (Parkinson's disease or dementia).

Physical activity in occupational, leisure and household domains
was assessedwith the validated EPIC-cohort questionnaire [33] and
categorized into two groups: less active (inactive or moderately



B. Bizzozero-Peroni, R. Ortol�a, V. Martínez-Vizcaíno et al. Clinical Nutrition 41 (2022) 2614e2620
inactive) and more active (moderately active or active) [34]. Addi-
tionally, we assessed disability in activities of daily living with the
Katz scale [35] and loneliness with a short 3-item scale [36] in the
SE-II cohort. Moreover, body mass index (BMI) was calculated as
weight divided by the square of the height (kg/m2), both objectively
measured under standardized conditions.

Finally, inflammatory biomarker levels, such as C-reactive pro-
tein, interleukin-6, growth differentiation factor-15, troponin T, and
pro-brain natriuretic peptide, were obtained from biological blood
samples to assess whether higher DII was associated with high-
grade inflammation.

2.3. Statistical analysis

The following analyses were performed separately in each co-
hort's database. First, we described the baseline characteristics of
cohort participants according to the quartiles of DII. Second,
bivariate correlation coefficients were calculated to examine the
baseline relationship between the DII scores and the following
covariates: sex, age, household economy, education level, marital
status, smoking, BMI, physical activity, time watching TV, night's
sleep duration, chronic conditions, loneliness, and depressive
symptoms. In addition, bivariate correlations were calculated to
analyse the baseline association between DII scores and the level of
some inflammatory biomarkers available in each database. Third,
logistic binary regression models were used to estimate the odds
ratio (OR) (as estimators of the relative risk) and the 95% confidence
interval (95% CI) for the association between the overall baseline
quartiles of the DII score and the incidence of self-reported physi-
cian diagnosis of depression or mild-to-major symptoms of
depression over the follow-up period. We built three models:
model 1, a crude model; model 2, adjusted for sex, age, household
economy, education level, marital status, smoking status, BMI,
physical activity, time watching TV and night-time sleep duration;
and model 3, additionally adjusted for loneliness (only for the SE-II
cohort), functional disability (only for the SE-II cohort), diabetes
mellitus, cardiovascular disease, hypertension, chronic respiratory
disease, cancer at any site, musculoskeletal disorder and neurode-
generative disease. To explore possible multicollinearity between
independent variables such as physical activity, time spent
watching TV, and BMI, bivariate correlations were computed.
Table 1
Baseline characteristics of the SE-I study sample by Dietary Inflammatory Index quartile

Baseline characteristics Total (n ¼ 1627) Quartiles of Dieta

Q1: anti-inflamm
(n ¼ 407)

Dietary Inflammatory Index, score 0.8 ± 1.9 �1.7 ± 0.8
Female, n (%) 864 (53.1) 170 (41.8)
Age, years 71.5 ± 5.5 70.9 ± 5.2
Difficult to make ends meet, n (%) 23 (1.5) 5 (1.3)
No studies/primary education, n (%) 934 (57.4) 213 (52.3)
Single/widowed/separated, n (%) 504 (31.4) 102 (25.3)
Current smoking status, n (%) 159 (9.8) 37 (9.1)
C-Reactive Protein, mg/L 3.8 ± 7.1 3.3 ± 4.9
Body Mass Index, kg/m2 28.6 ± 4.3 28.6 ± 4.6
Less physical active, n (%) 1308 (80.4) 308 (75.7)
Time watching TV, h/wk 19.1 ± 11.6 18.0 ± 10.7
Night's sleep duration, h/d 6.8 ± 1.4 6.9 ± 1.4
One or more chronic conditionsa, n (%) 1486 (94.6) 372 (94.7)

Values are means ± standard deviations or n (%). Abbreviations: Q, quartile; SE, Seniors-E
household economy, 20 for marital status, 1 for alcohol intake, 1 for total energy intake,
watching TV, 19 for night's sleep duration, 14 for diabetes, 8 for cardiovascular disease
disorder.

a Chronic condition diagnosed by a physician includes diabetes mellitus, cardiovascu
respiratory disease (asthma or chronic bronchitis), cancer at any site, musculoskeletal di
disease (Parkinson or dementia/Alzheimer).
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Potential multicollinearity involving two variables was considered
if the correlation coefficient was >0.70 [37].

Stratified analyses were performed to identify potential modi-
fiers of the study association, and p values were calculated using the
log-likelihood ratio test to assess interactions between the main
covariates (i.e., sex, age, physical activity, loneliness/poor social
network, and morbidity) and DII scores on self-reported diagnosis
or mild-to-major symptoms of depression. Additionally, to test the
robustness of our results, sensitivity analyses were performed us-
ing an alternative cut-off value (�5) in the GDS-10 score that
specifies only major depressive symptoms [26] for the SE-II cohort.
The KolmogoroveSmirnov test was applied to the GDS-10 score
and confirmed that its distribution did not deviate from normality
in the analytical sample (p ¼ 0.376). Furthermore, the relationship
between the continuous DII score and the number of incident
depressive symptoms (GDS-10 score) was summarized with b co-
efficients (95% CI) obtained from linear regression models for the
SE-II cohort.

Finally, we combined the fully adjusted OR (95% CI) of each
cohort to estimate the pooled OR with a DerSimonian and Laird
random effects model [38]. Heterogeneity was measured using the
I2 statistic and was considered not important (I2 < 40%), substantial
(I2: 30%e60%), important (I2: 50%e90%), or considerable (I2 > 75%)
[39].

Statistical analyses were performed using STATA SE software,
version 15 (StataCorp, College Station, TX, USA).

3. Results

A total of 1627 participants (mean age 71.5 ± 5.5, 53.1% female)
from the SE-I cohort and 1579 participants (mean age 71.4 ± 4.2,
46.7% female) from the SE-II cohort were included in the analyses.

Slightly more than 55% of the individuals included had no
studies or primary education level, 31% were single, widowed or
separated, 66% were less physically active, and 49% had two or
more chronic diseases. Tables 1, 2 and S1 present the main baseline
characteristics of the study participants in the SE-I and SE-II co-
horts, respectively. Bivariate correlations showed that the DII score
was directly correlated with female sex, age, difficult household
economy, education level (no studies or primary studies), marital
status (single, widowed or separated), less physical activity and
s.

ry Inflammatory Index

atory diet Q2 (n ¼ 407) Q3 (n ¼ 407) Q4: proinflammatory diet
(n ¼ 406)

0.1 ± 0.4 1.5 ± 0.4 3.2 ± 0.7
198 (48.6) 225 (55.3) 271 (66.7)
71.2 ± 5.4 71.5 ± 5.4 72.2 ± 6.0
1 (0.3) 5 (1.4) 12 (3.2)
228 (56.0) 231 (56.8) 262 (64.5)
102 (25.1) 133 (33.1) 167 (42.2)
39 (9.6) 41 (10.1) 42 (10.3)
3.6 ± 6.9 3.6 ± 4.7 4.8 ± 1.0
28.5 ± 3.9 28.4 ± 4.2 29.1 ± 4.3
328 (80.6) 324 (79.6) 348 (85.7)
18.6 ± 6.5 19.1 ± 11.1 20.9 ± 13.6
6.9 ± 1.3 6.8 ± 1.4 6.9 ± 1.5
378 (95.2) 371 (93.9) 365 (94.6)

NRICA. The numbers of participants who were missing data were as follows: 137 for
6 for C-reactive protein, 24 for body mass index, 21 for physical activity, 13 for time
, 17 for hypertension, 3 for neurodegenerative disease, and 16 for musculoskeletal

lar disease (ischemic heart disease, stroke, or heart failure), hypertension, chronic
sorder (osteoarthritis, rheumatoid arthritis, or hip fracture), and neurodegenerative



Table 2
Baseline characteristics of the SE-II study sample by Dietary Inflammatory Index quartiles.

Baseline characteristics Total (n ¼ 1579) Quartiles of Dietary Inflammatory Index

Q1: anti-inflammatory diet
(n ¼ 395)

Q2 (n ¼ 395) Q3 (n ¼ 395) Q4: proinflammatory diet
(n ¼ 394)

Dietary Inflammatory Index, score 0.3 ± 1.6 �1.7 ± 0.7 �0.3 ± 0.3 0.9 ± 0.3 2.5 ± 0.7
Female, n (%) 738 (46.7) 153 (38.7) 164 (41.5) 201 (50.9) 220 (55.8)
Age, years 71.4 ± 4.2 70.8 ± 4.2 71.6 ± 4.2 71.1 ± 4.1 72.2 ± 4.4
Difficult to make ends meet, n (%) 181 (11.5) 34 (8.6) 46 (11.7) 45 (11.4) 56 (14.2)
No studies/primary education, n (%) 929 (58.9) 212 (53.7) 226 (57.2) 234 (59.2) 257 (65.4)
Single/widowed/separated, n (%) 485 (30.7) 115 (29.1) 110 (27.8) 108 (27.4) 152 (38.6)
Current smoking status, n (%) 138 (8.7) 27 (6.8) 28 (7.1) 37 (9.4) 46 (11.7)
Interleukin-6, pg/ml 3.3 ± 5.0 3.4 ± 7.4 3.0 ± 2.7 3.3 ± 4.4 3.5 ± 4.1
Growth Differentiation Factor-15, pg/ml 1336.4 ± 782.5 1236.8 ± 575.6 1307.3 ± 755.5 1324.2 ± 677.6 1481.5 ± 1036.7
Troponin T, pg/ml 10.49 ± 5.3 10.4 ± 4.7 10.4 ± 4.6 10.2 ± 5.0 10.9 ± 6.9
Pro-Brain Natriuretic Peptide, pg/ml 111.9 ± 138.9 112.0 ± 133.2 105.5 ± 140.8 107.4 ± 104.2 123.1 ± 170.2
Body Mass Index, kg/m2 27.7 ± 4.3 28.0 ± 4.6 27.6 ± 4.2 27.6 ± 4.1 27.7 ± 4.3
Less physical active, n (%) 817 (52.4) 185 (47.3) 207 (52.8) 202 (52.1) 223 (57.6)
Time watching TV, h/wk 21.9 ± 10.5 20.7 ± 9.6 21.8 ± 10.2 22.6 ± 10.9 22.2 ± 11.2
Night's sleep duration, h/d 6.8 ± 1.3 6.9 ± 1.2 6.9 ± 1.2 6.8 ± 1.4 6.8 ± 1.3
One or more chronic conditionsa, n (%) 1221 (77.3) 299 (75.7) 320 (81.0) 292 (73.9) 310 (78.7)
Loneliness, scale score 3.4 ± 1.1 3.3 ± 0.9 3.4 ± 1.0 3.4 ± 1.0 3.6 ± 1.3
Depressive symptoms, GDS-10 0.3 ± 0.5 0.2 ± 0.5 0.3 ± 0.5 0.3 ± 0.6 0.4 ± 0.6

Values are means ± standard deviations or n (%). Abbreviations: Q, quartile; GDS-10, 10-item Geriatric Depression Scale; SE, Seniors-ENRICA. The numbers of participants who
were missing data were as follows: 2 for household economy, 1 for education level, 1 for marital status, 3 for alcohol intake, 101 for interleukin-6, 100 for growth differ-
entiation factor-15, troponin T and pro-brain natriuretic peptide, 6 for body mass index, 21 for physical activity, 9 for time watching TV, 2 for cardiovascular disease, 160 for
hypertension, 1 for chronic respiratory disease, 43 for musculoskeletal disorder disease, 3 for functional disability, and 128 for depressive symptoms.

a Chronic condition diagnosed by a physician includes diabetes mellitus, cardiovascular disease (ischemic heart disease, stroke, or heart failure), hypertension, chronic
respiratory disease (asthma or chronic bronchitis), cancer at any site, musculoskeletal disorder (osteoarthritis, rheumatoid arthritis, or hip fracture), neurodegenerative
disease (Parkinson or dementia/Alzheimer), and functional disability (Katz scale).
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time watching TV in the two baseline samples, and with current
smoking status, loneliness and depressive symptoms in the SE-II
sample. Moreover, the DII score was directly correlated with C-
reactive protein (r ¼ 0.080) in the SE-I sample and with growth
differentiation factor-15 in the SE-II sample (r¼ 0.090). None of the
covariates used in the logistic models had coefficient correlation
with other independent variables higher than 0.2, meaning that
Table 3
Prospective associations between a proinflammatory diet and the incidence of depressio

Quartiles of Dietary Inflammatory Index

Q1: anti-inflammatory diet Q2

SE-I, n 407 407
DII, score range �4.562, �0.641 �0.629, 0.816
Incidence of depressionb, n (%) 10 (0.6) 18 (1.1)
Model 1 e crude model 1.00 (ref) 1.84 (0.84, 4.03)
Model 2 e adjusted model 1.00 (ref) 1.22 (0.52, 2.83)
Model 3 e adjusted model 1.00 (ref) 1.37 (0.57, 3.29)
SE-II, n 395 395
DII, score range �4.403, �0.839 �0.838, 0.286
Incidence of depressionc, n (%) 24 (6.1) 27 (6.8)
Model 1 e crude model 1.00 (ref) 1.13 (0.64, 2.00)
Model 2 e adjusted model 1.00 (ref) 1.01 (0.55, 1.85)
Model 3a e adjusted model 1.00 (ref) 0.95 (0.49, 1.87)
Pooled cohorts
Model 1 e crude model 1.00 (ref) 1.09 (0.45, 1.73)
Model 2 e adjusted model 1.00 (ref) 1.06 (0.49, 1.63)
Model 3 e adjusted model 1.00 (ref) 1.04 (0.42, 1.65)

Values are odds ratios (95% CI) for logistic regression models. * p < 0.05. Abbreviations:
Model 2: adjusted for sex (female, male), age (y), household economy (difficult to mak
secondary/university), marital status (married or single/widowed/separated), smoking sta
or more active), time watching TV (h/wk), and night's sleep duration (h/d); Model 3: M
mellitus (yes, no), cardiovascular disease (yes, no), hypertension (yes, no), chronic respira
and neurodegenerative disease (yes, no). Model 3a: Model 3 adjusted for functional disa

a p value for linear association between the continuous score of the Dietary Inflamm
variable).

b Incident cases of depression were defined as those participants free of depression at
the 3.2-year follow-up.

c Incident cases of depression were defined as those participants free of depression at
symptoms in the Geriatric Depression Scale-10 during the 2.3-year follow-up.
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there would be no multicollinearity in entering them simulta-
neously in the models.

The associations between DII and the incidence of self-reported
physician diagnosis of depression and mild-to-major symptoms of
depression are presented in Table 3. The overall incidence of self-
reported diagnosed depression was 5.3% (n ¼ 86) in the 3.2-year
follow-up for SE-I. The overall incidence of self-reported diagnosis
n (diagnosed or �3 symptoms) in the SE-I and SE-II cohorts.

p-for-trenda

Q3 Q4: proinflammatory diet

407 406
0.817, 2.231 2.233, 5.404
25 (1.5) 33 (2.0)
2.60 (1.23, 5.48)* 3.51 (1.71, 7.23)* <0.001
2.11 (0.97, 4.57) 2.27 (1.06, 4.84)* 0.015
2.24 (0.99, 5.08) 2.76 (1.25, 6.08)* 0.005
395 394
0.293, 1.501 1.503, 4.860
39 (9.9) 50 (12.7)
1.69 (0.99, 2.87) 2.25 (1.35, 3.73)* <0.001
1.58 (0.90, 2.75) 1.83 (1.06, 3.14)* 0.007
1.38 (0.74, 2.58) 1.90 (1.04, 3.40)* 0.005

1.84 (0.98, 2.70) 2.45 (1.35, 3.54)*
1.69 (0.87, 2.51) 1.93 (1.02, 2.84)*
1.52 (0.69, 2.36) 2.07 (1.01, 3.13)*

DII, Dietary Inflammatory Index; Q, quartile; SE, Seniors-ENRICA.
e ends meet or easy to make ends meet), education level (no studies/primary or
tus (never/former or current), body mass index (kg/m2), physical activity (less active
odel 2 adjusted for chronic conditions diagnosed by a physician, including diabetes
tory disease (yes, no), cancer at any site (yes, no), musculoskeletal disorder (yes, no),
bility (yes, no) and loneliness (scale score). All covariates were from baseline.
atory Index (main independent variable) and incidence of depression (dependent

baseline assessment and who self-reported physician-diagnosed depression during

baseline assessment and who self-reported physician-diagnosed depression or �3
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ormild/major symptomsof depressionwas 8.9% (n¼ 140) at the 2.3-
year follow-up for SE-II. Of the 226 individuals who developed
depression during follow-up in both cohorts, 72.6% (n ¼ 164) were
female. In crude regression models (model 1), direct associations
between the highest versus the lowest quartile of DII and incidence
of self-reporteddiagnosis or symptomsof depressionwereobserved
both in the SE-I (OR ¼ 3.51; 95% CI: 1.71e7.23, p-for-trend < 0.001)
and in the SE-II (OR ¼ 2.25; 95% CI: 1.35e3.73, p-for-trend < 0.001).
When covariateswere added to the adjustedmodels, the association
remained statistically significant (SE-I model 3, OR ¼ 2.76; 95% CI:
1.25e6.08, p-for-trend ¼ 0.005; SE-II model 3, OR ¼ 1.90; 95% CI:
1.04e3.40, p-for-trend¼ 0.005). Finally, when combining the results
of both cohorts, the pooled fully adjusted OR for the association
between the highest versus the lowest quartile of DII and incidence
of self-reported diagnosis or symptoms of depressionwas 2.07 (95%
CI: 1.01e3.13; I2: 0%, p ¼ 0.53) (Table 3). Additionally, in the pooled
cohorts, the resultswere consistent across strata defined by sex, age,
loneliness, and morbidity (all first-order interaction coefficients
were p > 0.05) (Fig. S1).

Additionally, sensitivity analysis using �5 depressive symptoms
as the cut-off value (major depressive symptomatology) on the
GDS-10 score for the SE-II cohort showed similar results (4th
quartile compared with 1st quartile, OR ¼ 2.01; 95% CI: 1.03e3.93,
p-for-trend¼ 0.002) to themain analysis in the fully adjustedmodel
(Table S2). Last, an increasing DII score was associated with an
increasing number of incident depressive symptoms in the unad-
justed and adjusted models for the SE-II cohort (Table S3).

4. Discussion

This study analysed the prospective association between the
potential inflammatory effects of diet and the risk of self-reported
diagnosis or symptoms of depression in national (SE-I) and
regional (SE-II, region of Madrid) representative samples of Spanish
older adults. The main finding was that in both cohorts, the in-
dividuals in the highest quartile of the DII score (indicating a high
proinflammatory diet) at baseline had a greater incidence of self-
reported diagnosis or symptoms of depression than those in the
lowest quartile (indicating an anti-inflammatory diet) over a mean
of 3.2- (SE-I) and 2.3-year (SE-II) follow-up. These associations
remained significant after adjustment for several key confounders,
such as socioeconomic factors, lifestyle habits and chronic diseases.
The prospective results of both SE-I and SE-II cohorts were syn-
thesized and confirmed in a pooled analysis. Specifically, older
adults in the highest quartile of DII were twice as likely to develop
self-reported diagnosis or symptoms of depression than those in
the lowest quartile after two to three years of follow-up. Our results
emphasize the key role of diet in the inflammatory pathway that
may lead to depression in older adults.

Previous prospective cohort studies specifically in older adults
[19] or analysing older population subgroups are scarce [16,17]. Of
these, studies reporting the number of incident cases of depression
showed similar (i.e., 8%) [16] or slightly higher (i.e., 13%) [17] results
to ours; however, the number of incident cases of depressive
symptoms was not reported specifically for older adults. In one
study, French individuals�60 years in the highest quartile of DII did
not have a significantly increased risk of developing depressive
symptoms (OR: 1.22, 95% CI: 0.91 to 1.64) during ~5-year follow-up
[16]. In another study with Australian participants �65 years, no
significant association was observed across quartiles of DII and the
risk of depressive symptoms during ~5-year follow-up [17]. More-
over, no significant association was found between higher inflam-
matory dietary patterns and depressive symptoms in Italian
subjects �65 years over a period of nine years [19]. Conversely, the
results from both the SE-I and SE-II cohorts showed that older
2618
adults consuming a highly inflammatory diet were more prone to
develop self-reported diagnosis or symptoms of depression than
those with the lowest inflammatory diet score. Several differences
could be behind these apparently inconsistent findings. First, the
other studies analysed changes in depressive symptoms. Our study
used a more comprehensive definition of depression, including
self-reported physician-diagnosed depression or many (�3 or �5)
depressive symptoms. Second, the longitudinal studies were
adjusted for socioeconomic and lifestyle factors, but their analyses
did not consider the role of some relevant confounders, such as
loneliness [16,17,19], functional disability [16,17] or a broad range of
morbidities [16,17,19]. Last, our study adjusted for these main risk
factors for depression and examined its influence on the association
between the highest proinflammatory diet and the incidence of
self-reported depression.

Several mechanisms underlying the potential damaging role of a
proinflammatory diet in the risk of depression in older ages can be
suggested, such as oxidative stress, alterations in brain immune and
neuronal function, and the crosstalk between the gut microbiome
and brain health [31,40e42]. Moreover, chronic inflammation in
older adults is influenced by a complex process of cellular senes-
cence, which is characterized by the detention of cell proliferation
and the development of a multifaceted senescence-associated
secretory phenotype [43]. This senescent phenotype turns senes-
cent fibroblasts into proinflammatory cells (secretion of proin-
flammatory cytokines, chemokines and other proinflammatory
molecules) [42,43], with its clinical consequences, including an
increased risk of depression [44]. From the nonendogenous con-
tributors, diet has been conceived as a major component in
increasing inflammatory response system activation in older adults
[45]. Evidence suggests that the activation of the innate immune
system through proinflammatory nutrients releases proin-
flammatory cytokines, promoting depressive-like behaviours [46].
Furthermore, the impact of the highest proinflammatory diet on
the risk of depression may be based on the synergistic combination
of certain main risk factors for depression, including health con-
ditions (obesity, chronic status) [32], poor social network (loneli-
ness) [47], individual determinants (sex, age) [30], and lifestyle-
related behaviours (physical activity) [48]. However, in this study,
there were no consistent findings to establish which specific
components significantly influenced this association. Further in-
vestigations assessing the multifactorial nature of the mechanisms
by which diet-related inflammatory activity is associated with the
risk of depression are needed for a deeper understanding.

The increased frequency of depression in older age and its clin-
ical, economical, and socioemotional implications represent a
crucial public health challenge. The results of this study, which
include longitudinal prospective analyses of two cohorts of Spanish
older adults and a pooled-analysis approach, have significant clin-
ical and public health implications. A healthy diet aiming to disrupt
the depressioneinflammation cycle should consider the favourable
nutrient intake and the anti-inflammatory dietary components,
such as high contents of polyunsaturated fatty acids, carotenoids,
dietary fibre, vitamins, and minerals, mostly reported in this study
with Spanish older adults. These nutrients and foods have been
consistently associated with major pathophysiologic pathways of
depression, such as oxidative stress, inflammation, and the gut
microbiome [27,44]. Therefore, limiting a proinflammatory diet
(e.g., lowering the intake of carbohydrates, cholesterol, total fat,
saturated fat, and trans-fat) and promoting an anti-inflammatory
diet (e.g., increasing the intake of fibre, n-3 fatty acids, n-6 fatty
acids, vitamins A, B, C, D and E, and minerals such as selenium and
zinc) should be considered among the preventive and non-
pharmacological intervention approaches for depression in older
adults.
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Our study has some limitations that should be noted. First, di-
etary variables were collected through a questionnaire, which
might have some degree of measurement errors due to recall and
information biases. Second, although the DII score was calculated
with a larger number of food parameters (32 of the 45 proposed),
compared to previous studies [13e15,17,18], the unavailability of
data on the remaining 13 food components may be a potential
limitation. Third, due to the small number of participants in the
prospective stratified analyses, wewere unable to report consistent
findings in the association between the proinflammatory diet and
the risk of depressive disorder. Fourth, although individuals with
depression at baseline were excluded, we cannot rule out the
possibility that emerging depressive symptoms themselves could
alter the food choices of participants. Previous studies [49,50]
indicated that depressive symptoms may lead to increased in-
flammatory diet choices. Therefore, since a bidirectional associa-
tion between DII and depressive symptoms may exist, well-
designed, long-term clinical trials are needed to demonstrate
consistent causal relationships. Fifth, this study did not assess
depression as a structured clinical diagnostic interview conducted
by a physician, which may affect prevalence and incidence esti-
mates. Finally, unmeasured factors related to the association be-
tween diet and depression, such as xenobiotic exposure or early-life
stress [42], might have led to potential residual confounding.

5. Conclusions

Our findings indicate that Spanish older adults consuming a
high proinflammatory diet (i.e., a higher Dietary Inflammatory In-
dex score) are more likely to develop self-reported diagnosis or
symptoms of depression than those with an anti-inflammatory
dietary pattern. Since diet is a modifiable lifestyle factor, future
long-term clinical trials should test whether reducing the intake of
proinflammatory foods (e.g., ultra-processed meat products or
pastries) and nutrients (e.g., cholesterol or saturated fat) and
encouraging an anti-inflammatory diet (rich in unsaturated fatty
acids or dietary fibre) is an effective strategy to prevent depression
in older ages. Moreover, additional prospective studies are needed
to provide evidence on the biological and environmental mecha-
nisms underlying the association between the potential inflam-
matory effect of diet and the risk of depression in older adults.
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