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Background: Depression is a mood disorder characterized by a high rate of resistance to 
pharmacological treatments, which has often been linked to chronic inflammation. This can 
be influenced by different environmental factors, in particular pro-inflammatory diets. 
However, a mediating role of circulating inflammation has never been observed.
Aim: To test the association between a dietary inflammatory index (DII®) and continuous 
depressive symptoms (adapted version of PHQ9) in an Italian population cohort (N=13,301), 
along with potential explanatory effect of a composite index (INFLA-score) based on four 
circulating inflammatory biomarkers: C-reactive protein, granulocyte-to-lymphocyte ratio, 
platelet and white blood cell counts.
Results: Significant positive associations were observed between DII and total depressive 
symptoms (standardized β (SE) = 0.038 (0.005), p < 0.001), and with two factors tagging 
somatic (0.012 (0.003), p < 0.001) and cognitive symptoms (0.012 (0.003), p < 0.001), after 
adjustment for different potential confounders (socioeconomic status, chronic health condi
tions and lifestyles). These associations were about twice as strong in women than in men. 
INFLA-score explained a small but significant proportion of the association with total 
depressive symptoms (0.90–2.30%, p < 0.05), which was mainly driven by granulocyte-to- 
lymphocyte ratio (1.18–1.65%). This effect was even stronger for the somatic (2.66–4.66%) 
but not for the cognitive factor (0%).
Conclusion: These findings support a strong link between inflammatory diet and depres
sion, especially with somatic symptoms and within women. Moreover, they provide novel 
evidence for a potential explanatory role of circulating inflammation in this association, 
suggesting new paths for prevention and treatment of major and atypical depression.
Keywords: dietary inflammatory index, depressive symptoms, atypical depression, 
circulating inflammation, granulocyte-to-lymphocyte ratio, white blood cells

Introduction
Depression is one of the most disabling chronic disorders, affecting over 
300 million people worldwide,1 with a lifelong prevalence of about 20% in the 
United States.2 While the etiology of this disease has been classically associated 
with the disruption of several neurotransmitters like serotonin, dopamine and 
glutamate,3 conventional treatments targeting these neurotransmitter pathways – 
such as selective serotonin reuptake inhibitors – are effective only in one-third of 
the cases, with frequent relapsing episodes.4 This applies especially to “atypical” 
depression, which is characterized by somatic/neurovegetative symptoms like 
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fatigue, psychomotor retardation, altered sleep and 
appetite.5–7 This subtype of depression has often and 
robustly been linked to systemic inflammation by indepen
dent lines of evidence,7–10 underlining the importance of 
healthy lifestyles to reduce the risk of this disease and to 
possibly treat it.11 In particular, dietary habits and nutri
tional patterns have shown a prominent influence on the 
risk of depression,12,13 as well as on circulating 
inflammation.14–16 For this reason, dietary interventions 
promoting the intake of anti-inflammatory compounds 
has been suggested to prevent depression.13

A handful of studies have specifically tested the asso
ciation between the inflammatory potential of diet – often 
assessed through Dietary Inflammatory Index (DII®)17 - 
and depression risk, quite consistently revealing a direct 
association.12,13 Most of these studies also reported sig
nificant associations of pro-inflammatory diets and circu
lating levels of a number of inflammation markers such as 
C-reactive protein (CRP), interleukin-6 (IL-6) and other 
cytokines like Tumor Necrosis Factor α (TNF-α),18–20 

although results are inconsistent.21 Only a few studies 
have tested a potential mediating role of circulating 
inflammation in this link (reviewed in17). Akbaraly et al18 

reported a positive association of high DII scores (indicat
ing a pro-inflammatory diet) with higher circulating IL-6 
and CRP levels, as well as with a higher risk of recurrent 
depressive symptoms, in middle-aged women of the 
Whitehall II study (35–55 years). However, this latter 
association was not significantly explained by the 
former.18 Phillips et al analyzed a broader outcome, mental 
health, assessing depression, anxiety and wellbeing scales, 
in an Irish cohort (50–69 years), again finding no evidence 
of changes in the magnitude of associations when further 
adjusting for CRP, TNF-a and IL6 concentrations.19 

Jorgensen et al20 observed that depressed subjects from 
the NHANES 2007–2012 cohort (age > 18 years) had 
higher CRP concentrations, which was in turn positively 
associated with dietary inflammation. Although they 
reported a significant explanatory effect for 
a cardiovascular risk score in the link between depression 
and DII, they did not provide evidence for a formal med
iation of CRP.20 Vermeulen et al reported Italian elders (≥ 
65 years) in the highest quartile of a specific inflammatory 
dietary pattern to have higher TNF-α and CRP circulating 
levels; however, they concluded that such a link was not 
explained by the association between this dietary pattern 
and circulating inflammatory markers.21

Because no study so far reported robust evidence 
supporting a role of circulating inflammation in the link 
between dietary inflammation and depression,17 this 
study was designed to test this hypothesis within a large 
Italian population cohort, the Moli-sani study.22 To this 
end, we first tested cross-sectional association between 
the inflammatory content of diet and a continuous score 
of depressive symptoms, and then quantified potential 
explanatory effects of a composite index of circulating 
inflammation – the INFLA-score - based on cytokine- 
related, hemostatic and cellular components of 
inflammation.23 Finally, we repeated the same analysis 
with two factors tagging cognitive and somatic depressive 
symptoms, so to possibly detect domain-specific associa
tions. This study represents an advance compared to our 
previous analysis of symptoms-specific associations with 
circulating inflammation in the Moli-sani study,7 since 
here we add a further piece to the puzzle, namely the 
relation between dietary inflammation and DII, and then 
investigate the role of circulating inflammation in this 
link, using both an overall scale of depressive symptoms 
and a factor-based approach. Moreover, we investigate 
associations stratified by gender and chronic health 
conditions.

Materials and Methods
Population of Study
The study population consisted of adult subjects partici
pating to the Moli-sani project (N = 24,325; 48.11% men), 
a cohort of Italian residents who were randomly recruited 
from the general population of Molise Region (Central- 
Southern Italy) in two centers (Termoli and Campobasso), 
between March 2005 and April 2010. Exclusion criteria 
were pregnancy at the time of recruitment, inability to 
understand terms of participation, current poly-traumas 
(ie, simultaneous injury to several organs or body sys
tems), coma, or refusal to sign the informed consent.22 

The Moli-sani Study was approved by the ethical commit
tee of the Catholic University of Rome (approval nr: 
A-931/03-138-04/CE 2004) and all the participants pro
vided written informed consent. For this study, no formal 
approval was required by the steering committee since an 
internal researcher was leading the analyses and all the 
members of the committee were contributing to the study. 
Further details on the implementation procedure of the 
whole project are reported on the Moli-sani website (see 
URLs).
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Participants with complete questionnaire data on depres
sion symptoms were retrieved (N = 13,776). Then, subjects 
with unreliable medical or dietary questionnaires were 
removed (n= 355), as well as individuals with missing 
data for at least one of the low-grade inflammation biomar
kers tested (n=58) and those with unreliable blood marker 
levels (sum of leukocyte fraction <99% or >101%, n=49). 
Lastly, participants with missing information in at least one 
of basic socio-demographic covariates (age, sex and educa
tion) were filtered out (n=13). This resulted in a final ana
lyzed sample size of 13,301 subjects with evaluable data.7

Psychometric Assessment
To assess depressive symptoms, the Patient Health 
Questionnaire 9 (PHQ9) was administered to a subset of 
the Moli-sani participants, as in.7,11,24 The PHQ9 scale 
assesses the severity of depression by scoring the frequency 
of nine specific domains, typically affecting depressed sub
jects, in the two weeks before the interview. These include 
anhedonia, low mood, alteration of sleeping patterns or eat
ing behaviors, feeling of failure/low self-estimate, fatigue, 
troubles in mental concentration, hypo-/hyperactivity beha
viors, and suicidal ideation.25 However, we used a reduced 
version of PHQ9 with 8 items (hereafter called PHQ9-6), 
because of unavailable information about feeling of failure. 
This score, ranging from 0 (indicating no depressive symp
toms at all) to 24 (suggestive of severe depression), was 
validated for the screening of different depression severity 
forms in the Moli-sani study, showing a performance com
parable with the gold-standard (PHQ9).24,26

Inflammatory Markers
We tested circulating inflammation as a variable possibly 
explaining the association between dietary inflammation 
and depressive symptoms. Specifically, we used 
a composite blood-based inflammation index, called 
INFLA-score, based on four circulating biomarkers - 
C-reactive protein levels (CRP), blood platelet count 
(Plt), white blood cell count (WBC), and granulocyte-to- 
lymphocyte ratio (GLR) – and capturing both serum and 
cellular-circulating inflammation.23 This score has been 
already validated as a comprehensive index of circulating 
inflammation, since it includes cytokine-related, hemo
static and immune components of the inflammatory 
response,11 and has been previously associated with the 
inflammatory potential of diet (assessed as below) within 
the Moli-sani study.14 Of note, blood samples were col
lected after overnight fasting, which reduced the potential 

inflammatory influence of meals consumed immediately 
prior to the blood draw.

Dietary Inflammatory Index (DII®)
DII is a dietary score indicating the pro- and anti- 
inflammatory potential of the overall diet.17 This was 
designed and validated to evaluate whole-diet inflamma
tory capacity, according to the pro- and anti-inflammatory 
efficacy of different dietary components on various circu
lating inflammatory biomarkers.18 More specifically, this 
tool scores diets based on up to 45 food components and 
compares individual self-reports to comparative data from 
11 food consumption data sets from Countries around the 
world. This produces a more appropriate tool for determin
ing dietary inflammatory potential,17 with a higher DII 
score indicating greater proinflammatory potential of the 
diet.

For the present study, dietary information derived from 
the Italian EPIC Food Frequency Questionnaire was used 
to calculate scores for all subjects, as described in.14 

Briefly, dietary data for each participant were first linked 
to a regionally representative global database, which pro
vides a robust estimate for each dietary intake analyzed 
(mean and standard deviation). A z-score was derived by 
subtracting the “standard global mean” from the amount 
reported and then dividing this value by the standard 
deviation. To minimize the effect of “right skewing”, this 
value was converted to a centered proportion, which was 
then multiplied by the respective food parameter inflam
matory effect score (derived from a literature review and 
scoring of 1943 “qualified” articles), to obtain the subject’s 
food parameter-specific score. All resulting scores were 
then summed up to create the overall DII score for every 
subject in the study. For the current study, data were 
available for a total of 33 food parameters, including 
carbohydrate, protein, total fat, alcohol, fiber, cholesterol, 
saturated fat, monounsaturated fat, polyunsaturated fat, 
omega-3, omega-6 fatty acid, niacin, thiamin, riboflavin, 
vitamin B12, vitamin B6, iron, magnesium, zinc, vitamin 
A, vitamin C, vitamin D, vitamin E, folic acid, β-carotene, 
anthocyanidins, flavanol, flavones, flavonols, flavonones, 
isoflavones, garlic/onion and tea. A classification of these 
parameters in pro- and anti-inflammatory foods is reported 
in Table S1.

Statistical Analyses
Statistical analyses were carried out inR27 to test the 
association between DII (dietary exposure) and 
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standardized PHQ9-6 (psychometric outcome, divided by 
its standard deviation), through linear regression models 
(lm() function). While all models were adjusted for 
recruiting center, two main incremental models were 
built, one adjusting for age and sex (Model 1) and one 
further adjusting for additional variables which may act as 
a confounders in the relationship between systemic inflam
mation and depression, including socioeconomic status 
(proxied by completed education level), lifestyles (drink
ing and smoking habits, leisure-time physical activity) and 
prevalent chronic conditions (cancer, diabetes and cardio
vascular disease).28–32 Sensitivity models were built 
further adjusting for psychological resilience assessed 
through the Connor-Davidson Resilience Scale (CD- 
RISC;33 Model 3); adherence to Mediterranean Diet34 

and daily caloric intake (Model 4); adiposity assessed 
through Relative Fat Mass35 (Model 5) and self-reported 
use of antidepressants (Model 6). This was done with the 
aim of partialling out further potential confounding (eg, 
antidepressants, resilience, Mediterranean diet and caloric 
intake) or overlapping mediating effects on the observed 
associations (eg, resilience, fat mass). Indeed, in the Moli- 
sani study adherence to Mediterranean Diet was positively 
associated with psychological resilience,36 defined as the 
ability to cope with stress, which acts as a sort of buffering 
capacity to lower depression and anxiety under stressful 
situations. While a confounder effect of Mediterranean 
Diet or use of antidepressants can be hypothesized in the 
association between DII and depressive symptoms, it is 
unclear whether resilience plays a confounder or 
a mediation role in this relationship. Still, here we aimed 
to identify specific associations of DII with psychological 
domains strictly related to depressive symptoms, which 
prompted us to perform sensitivity analyses adjusting for 
resilience. Similarly, adiposity may play a mediator role 
since it can be clearly influenced by fat-rich (pro- 
inflammatory) diets and adipose tissues contribute to the 
secretion of inflammatory cytokines,37 hence we included 
RFM adjustment in sensitivity models to detect potential 
fat-independent associations. A detailed description of 
these variables is reported in Supplementary Methods. 
Association analyses were also performed stratifying the 
available samples by gender, use of antidepressants and 
prevalent health conditions (CVD, cancer, diabetes and 
multimorbidity), classified into binary categories (Yes/No).

Finally, through the mediate() function of the media
tion package (see URLs), we estimated the proportion of 
total effect (PTE) of dietary inflammation on depressive 

symptoms which was explained by the INFLA-score and 
by each single component biomarker. To define the exact 
percentage of the association which could be specifically 
ascribed to inflammation, we performed two distinct ana
lyses for each biomarker tested: a basic model adjusted for 
age and sex (Model 1), and one that further adjusted for 
education, lifestyles and health conditions (Model 2).

Factor Analysis of Depressive Symptoms
To determine whether dietary inflammation associated 
more strongly with specific domains of depression – repre
senting cognitive and neurovegetative symptoms - we 
carried out a polychoric factor analysis of all depressive 
symptoms assessed in the population of study, through the 
psych package (see URLs). Specifically, we first computed 
a polychoric correlation matrix (Figure S1), then we 
applied the fa() function to compute two factors (applying 
oblimin rotation) and analyzed the loadings of each 
depressive domain assessed (see Results below). Each of 
the two factors resulting from the analysis was then ana
lyzed as above, first testing linear associations with DII 
and then estimating the proportion of total effect explained 
by INFLA-score and its component biomarkers in these 
associations. For each of the factors tested, all models 
were adjusted as above, and for the other factor not used 
as an outcome to detect associations which were not dri
ven by the shared variance between the depressive 
domains they represented. Similarly, PTEs and stratified 
associations were tested as for overall depressive 
symptoms.

Results
The characteristics of the population under study are 
reported in Table 1. The analyzed subjects were more 
prevalently men (49.3% vs 46.7%; p < 0.001), younger 
(mean (SD) age: 53.2 (10.9) vs 59.0 (12.4) years; p < 
0.001) and more educated (p < 0.001), compared to those 
removed from the analysis. Prevalent health conditions 
were less frequent in the analyzed subset (p < 0.001), 
which showed also a less frequent use of drugs with 
potential anti-inflammatory action (eg, antihyperlipidemic, 
antihypertensive and anticoagulant drugs, p < 0.001). 
However, no significant difference in the use of antide
pressants or in the self-reported history of depression or 
other psychiatric disorder was observed. Similarly, there 
was no difference in the average INFLA-score and WBC, 
but a lower CRP, a higher Plt and GLR in the analyzed 
subset (p < 0.001; Table 1).
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In this cohort, we observed a significant association 
between PHQ9-6 and the DII (Table 2), both in the basic 
model (Model 1; β (SE) = 0.043 (0.005), p < 0.01) and in 
a model further adjusted for socioeconomic status, 

lifestyles and chronic health conditions (Model 2; β (SE) 
= 0.038 (0.005), p < 0.01). The observed association 
survived correction for psychological resilience (Model 
3; β (SE) = 0.027 (0.006), p < 0.01), adherence to 

Table 1 Characteristics of the Population Under Study (After QC, N=13,301) vs Participants Removed from the Analysis (N=11,024) 
and vs the Whole Moli-Sani Cohort (N=24,325)

Variable Population Under 
Study

Removed 
Participants

Moli-Sani 
Cohort

P for 
Difference

N 13,301 11,024 24,325 –

Sex (males) 49.3% 46.7% 48.1% ***, *

Age (y; mean, sd) 53.2 (10.9) 59.0 (12.4) 55.8 (12.0) ***, ***

Education
Primary 15.1% 38.6% 25.8% ***, ***
Lower secondary 29.7% 25.3% 27.7%

Upper secondary 40.2% 26.4% 34.0%
Post-secondary 14.9% 9.3% 12.4%

Unknown Removed 0.4% 0.2%

Health conditions

CVD 4.5% 7.5% 5.9% ***, ***

Cancer 2.9% 3.6% 3.2% ***, ***
Diabetes 3.9% 6.3% 5.0% ***, ***

Self-reported depression or other psychiatric 

disorder

11.5% 11.8% 11.6% ns, ns

Lifestyle factors

Current Smokers 24.2% 21.5% 27.4% ***, ***
Regular Drinkers 62.5% 57.4% 60.2% ***, ***

Energy intake (Kcal/d; mean, sd) 2139 (631) 2006 (703) 2079 (668) ***, ***

MeDi score (mean, sd) 4.4 (1.7) 4.3 (1.6) 4.3 (1.6) ns, ns
Physical activity (meth/d; mean, sd) 3.4 (3.8) 3.6 (4.3) 3.5 (4.0) ***, **

Obesity (RFM; mean, sd) 34.80 (7.59) 36.34 (8.01) 35.50 (7.82) ***, ***

Inflammation (mean, sd)
INFLA-score −0.12 (5.96) −0.05 (6.12) −0.09 (6.03) ns, ns

CRP (mg/L) 2.44 (3.10) 2.78 (3.44) 2.59 (3.26) ***, ***

Plt (x109 platelets/L) 252.07 (63.31) 244.86 (64.99) 248.92 (64.15) ***, ***
WBC (x109 leukocytes/L) 6.23 (1.73) 6.23 (1.84) 6.23 (1.78) ns, ns

GLR 1.96 (0.78) 2.04 (1.08) 2.02 (0.93) ***, *

Anti-inflammatory medications use

Antidepressant 3.0% 3.0% 3.0% ns, ns

Antihyperlipidemic 6.5% 9.4% 7.9% ***, ***
Antihypertensive 24.0% 34.4% 28.7% ***, ***

Anticoagulant 4.7% 8.5% 6.4% ***, ***

Respiratory anti inflammatory 0.3% 0.6% 0.4% **, ns

Notes: P-values resulting from statistical comparisons of the analysed vs non-analysed participants and vs the whole Moli-sani cohort are reported (***p < 0.001; **p < 0.01; 
*p < 0.05; ns = non-significant). Chi-squared test was applied to education levels, CVD, cancer, smoking and drinking classes, Fisher Exact Test to sex, diabetes, and use of 
anti-inflammatory medications, unpaired t-test to age, INFLA-score, Plt, GLR, MeDi score and caloric intake, and Wilcoxon signed rank test to CRP, WBC, RFM and physical 
activity levels (see Supplementary Methods for further details on the definition of these covariates). 
Abbreviations: CVD, cardiovascular disease; MeDi, adherence score to Mediterranean Diet (MeDi);34 CRP, C-reactive protein; Plt, platelets count; WBC, white blood cells 
count; GLR, granulocyte-to-lymphocyte ratio; RFM, Relative Fat Mass.35.
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Mediterranean Diet and caloric intake (Model 4; β (SE) = 
0.031 (0.006), p < 0.01), relative fat mass (Model 5; β (SE) 
= 0.039 (0.005), p < 0.01) and use of antidepressants 
(Model 6; β (SE) = 0.037 (0.005), p < 0.01). Gender- 
stratified analysis revealed a consistently stronger associa
tion between DII and depressive symptoms in women 
compared to men, both in raw models (see Figure 1A 
and B) and in models adjusted for age, lifestyles and 
health conditions (Table S2A). Similarly, analyses strati
fied by health conditions and use of antidepressants 
showed an almost null association for subjects with pre
valent CVD and multimorbidity, while those affected by 
cancer and diabetes and antidepressant users showed asso
ciations consistent with the whole population under study 
(Figure 1C and Table S2B).

A small but significant proportion of the association 
between PHQ9-6 and DII was explained by INFLA- 
score (Table 3), both in a basic (PTE = 2.30%; p < 
0.01) and in a full model adjusted for socioeconomic, 
lifestyle and health conditions (PTE = 0.90%; p = 0.04). 
Among single component biomarkers of INFLA-score, 
WBC and GLR showed the most significant contribution 
to this effect, explaining 0.99% and 1.65% of the asso
ciation in the basic model (p ≤ 0.01), while CRP and Plt 
did not reveal significant explanatory effects. In the full 
model, proportions of association explained by WBC 
and GLR were milder - 0.008% and 1.18%, respectively 

- and still significant only for GLR (p = 0.01; see 
Table 3).

A polychoric factor analysis of single PHQ9-6 items 
revealed two main factors, explaining 35.9% and 17.1% 
of the variance shared among all depressive symptoms 
(Figure S2), tagging neurovegetative/somatic and cogni
tive/affective domains, respectively (see loadings in 
Figure S3). When we modelled each of these factors as 
a function of DII (reciprocally adjusting for the other 
factor), the “somatic” factor showed a stably significant 
association (Model 1: β (SE) = 0.013 (0.003), p < 0.01; 
Model 2: β (SE) = 0.012 (0.003), p < 0.01), which held 
across all tested models (Table 2). INFLA-score 
explained a significant proportion of this association, 
both with (PTE = 2.66%, p = 0.02) and without adjust
ment for lifestyles and prevalent health conditions (PTE = 
4.66%, p < 0.01; Table S3A). Associations with the “cog
nitive” factor were milder but still significant (Model 1: β 
(SE) = 0.011 (0.003), p < 0.01; Model 2: β (SE) = 0.009 
(0.004), p = 0.01), although not across all sensitivity 
models (Table 2). In this case, INFLA-score did not 
show significant explanatory proportions of association, 
nor did any other inflammation marker (Table S3B). 
Gender- and condition-stratified associations between 
DII and the somatic symptoms factor were concordant 
with those observed for the overall (PHQ9-6) symptoms 
score (Figure S4A–C and Table S2A and B), while the 

Table 2 Associations Between Dietary Inflammatory Index (DII) and Depressive Symptoms in the Analyzed Cohort (N=13,301)

Model Covariates Overall Symptoms (PHQ9- 
6) β (SE), p-value

Somatic Factor β 
(SE), p-value

Cognitive Factor β 
(SE), p-value

1 Age + sex 0.043 (0.005), < 2.0 × 10−16 0.013 (0.003), 3.2 × 
10−4

0.011 (0.003), 0.003

2 Model 1 + education + PA + smoking + drinking + 

diabetes + cancer + CVD

0.038 (0.005), 2.0 × 10−14 0.012 (0.003), 8.8 × 
10−4

0.009 (0.004), 0.01

3 Model 2 + resilience 0.027 (0.006), 1.6 × 10−6 0.011 (0.004), 
0.009

0.004 (0.004), 0.29

4 Model 2 + MeDi + daily energy intake 0.031 (0.006), 3.0×10−7 0.010 (0.043), 0.02 0.007 (0.004), 0.13

5 Model 2 + RFM 0.039 (0.005), 4.2 × 10−15 0.012 (0.003), 7.3 × 
10−5

0.004 (0.001), 0.006

6 Model 2 + antidepressants 0.037 (0.005), 4.2 × 10−14 0.036 (0.005), 1.3 × 
10−12

0.035 (0.005), 6.8 × 
10−12

Notes: All models were adjusted for recruiting center, in addition to the above mentioned covariates (see Supplementary Methods for detailed definitions). When factors 
were modelled as outcome, the factor other than the outcome was also included among covariates. Beta coefficients and Standard Errors (SE) are reported for standardized 
PHQ9-6 and factor scores associated to unitary increase of DII, along with relevant p-values. Significant associations (p<0.05) are highlighted in bold. 
Abbreviations: PA, leisure-time physical activity; CVD, cardiovascular disease; MeDi, adherence score to Mediterranean Diet;34 RFM, Relative Fat Mass.35.
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cognitive symptoms factor showed a positive linear rela
tion with DII within multimorbid subjects (Figure S5A–C 
and Table S2A and B), although this was not significant 
due to the small sample size of the stratum (see 
Table S2B).

Discussion
In the present study, we analyzed the link between the DII, 
a quantitative measure of dietary inflammatory potential, 
and depressive symptoms, as well as the role of circulating 
inflammation biomarkers in this relationship, in a large 
Italian population cohort.

We identified a significant positive association between 
DII and depressive symptoms, in line with previous meta- 
analyses supporting a link of dietary inflammation with 
depression status, both in a cross-sectional and in 

a longitudinal setting.12,13 Indeed, most of the studies 
published so far analyzed this association comparing 
extremes of depressive symptoms scores distribution (eg, 
lower and upper tertile, quartile or quintile), or alterna
tively testing prediction of the incident risk of depression 
(reviewed in12,13). Here, we provide evidence of associa
tion between interindividual (continuous) variation in DII 
and a validated alternative version of PHQ9. Of note, 
a small but significant proportion of this association was 
explained by INFLA-score, a composite marker of circu
lating inflammation based on different components of the 
systemic inflammatory response. CRP is the most com
monly used marker to evaluate circulating inflammation in 
humans, since it is relatively stable and easy to measure;38 

increased Plt and WBC have been frequently studied as 
cellular inflammation indicators at the epidemiological 

A

Figure 1 Continued.
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level,39 as well as neutrophil–to-lymphocyte ratio40 which, 
in this study, was represented by the proxy measure GLR 
since neutrophils represent the majority of granulocytes 
(~95%) and showed a high missing rate in our cohort.11 

Therefore, INFLA-score is supposed to represent a more 
complete marker of circulating inflammation, compared to 
isolated CRP or other common inflammatory cytokines 
like IL-6 and TNF-α. The proportion of association 
explained by INFLA-score in the link between dietary 
inflammation and depressive symptoms ranged between 
>2% in a basic model adjusted for age and sex and <1% 
in a model further adjusted for socioeconomic, lifestyle 
and health conditions. On the one hand, this suggests that 
these factors share part of the explanatory role of inflam
mation in the link between diet and depression, and on the 
other hand points towards a specific – possibly genetic - 

role of inflammation in this link. Indeed, a significant co- 
heritability based on common genetic variants has been 
reported for CRP levels with both major depression and 
single depressive symptoms.41 In keeping with these find
ings, polygenic scores influencing higher CRP levels were 
positively associated with increasing altered appetite and 
fatigue (along with TNF-α), suggesting that genetic pre
disposition to higher systemic inflammatory markers are 
primarily associated with somatic/neurovegetative symp
toms of depression.42 This evidence was supported by 
a multi-sample network analysis in depressed and general 
population cohorts, and is also consistent with previous 
observational studies on circulating inflammation markers 
in population cohorts.7,43 Moreover, Mendelian randomi
zation analyses suggested a causal effect of increased CRP 
on somatic symptoms (appetite alterations, tiredness/

B

Figure 1 Continued.
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fatigue and psychomotor changes), and of IL-6 on cogni
tive symptoms (suicidality).41

In the present work, immunity-related components, pro
minently GLR, largely explained the association between 
depressive symptoms and dietary inflammation. This evi
dence supports for the first time a role of systemic inflam
mation – and in particular of the innate immunity 
component - in potentially mediating the hypothesized 
effect of nutritional patterns on depression (Figure 2), 
although longitudinal data will be needed to substantiate 
this hypothesis. Indeed, previous studies in the field identi
fied significant associations of DII with both depression and 
circulating inflammatory markers like CRP, IL-6 and TNF- 
α, but none of them found evidence for significant direct 
effects of these markers in the link between depression and 
dietary inflammation.17 This lack of evidence has been 

explained through the possibility that the direct effect of 
diet-related inflammation is not entirely mediated by CRP or 
IL-6.18 Alternative pathways partly explaining the link 
between dietary inflammation and depressive symptoms 
may involve metabolic dysregulation, since it has been 
suggested that immune and metabolic factors may represent 
separate risk factors in depression, influencing partly over
lapping symptoms.41 Moreover, more direct biomarkers of 
platelet activation – which is part of the thrombo- 
inflammatory response – and related platelet parameters 
may represent another potential linking pathway, also in 
view of recent epidemiological and genomic findings impli
cating them in neuropsychiatric risk, in particular 
depression.44,45 Another potential pathway playing such 
a role may be represented by gut microbiota, which has 
increasingly been implicated in modulating immune 

C

Figure 1 Scatter plot of overall depressive symptoms (PHQ9-6) score vs DII. Linear interpolation of data is reported for (A) the total sample (N=13,301), (B) separate 
genders and (C) prevalent health conditions or use of antidepressants, along with their 95% confidence interval (grey shade). Multimorbidity was defined as meeting two or 
more of the other conditions.
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response and brain functions.46 Indeed, an altered micro
biota – also known as dysbiosis, a phenomenon strictly 
dependent on nutritional patterns - has been observed in 
depressed patients compared to controls (see47,48 for 
a review). This may contribute to the etiopathogenesis of 
depression through different mechanisms like i) modulating 
the inflammatory/immune response (eg, gut TNF-α secre
tion) and ii) regulating the metabolism of macronutrients 
(protein and carbohydrates) which are indirectly linked to 
these systems, iii) producing micronutrients influencing 
depressive symptoms (eg, folate, thiamine) and iv) regulat
ing neurotransmitter pathways directly implicated in depres
sion, like dopamine and serotonin.47–49 Experimental 
studies of fecal transfer in mice and of probiotics 

administration in humans have further supported the effi
cacy of microbiome modulation to regulate behavioral and 
cognitive traits.50,51 Overall, this evidence support the 
microbiome as a lens to disentangle the underlying biology 
of depression and as a promising target for its treatment.46

When depressive symptoms were dissected into factors 
representing somatic and cognitive domains, we observed 
significant associations in the basic and in the full model 
for both factors, although the somatic one showed some
what stronger effect sizes, which survived all adjustments 
in sensitivity analyses. Interestingly, INFLA-score only 
explained a significant proportion of the association 
between DII and the somatic factor, suggesting that circu
lating inflammation may play an important role solely in 

Table 3 Proportion of Total Effect (PTE) Explained by INFLA-Score23 and Its Component Biomarkers in the Association Between 
Dietary Inflammatory Index (DII) and Depressive Symptoms (PHQ9-6)

Model INFLA-Score CRP Plt WBC GLR

N 2.30% 
[1.01–4.00]% 
(< 2.0×10−16)

0.67% 

[0.00–2.00]% 

(0.08)

0.03% 

[0.00–1.00]% (0.91)

0.99% 
[0.19–2.00]% 

(0.01)

1.65% 
[0.66–3.00]% 
(< 2.0×10−16)

Y 0.90% 
[0.03–2.00]% 

(0.04)

0.10% 

[0.00–1.00]% 
(0.61)

0.05% 

[0.00–1.00]% 
(0.84)

0.00% 

[0.00–0.00] (0.88)

1.18% 
[0.00–3.00]% (0.01)

Notes: PTE 95% confidence interval (95CI) and p-values are reported for INFLA-score, c-reactive protein (CRP, log scale), platelet count (Plt), white blood cell count 
(WBC, log scale) and granulocyte-to-lymphocyte ratio (GLR). Significant PTEs (p<0.05) are highlighted in bold. Model “N” was adjusted for recruiting center, sex and age, 
whilst model “Y” was also adjusted for education, leisure-time physical activity, smoking status, drinking habits, diabetes, cancer and cardiovascular disease (see 
Supplementary Methods for a description of variables). PTEs and their confidence intervals were rounded to the second decimal place, therefore some of the limits may 
equal zero.

Figure 2 Hypothetical relationship between dietary inflammation and depression. In this study we report a significant association of inflammatory diet with two factors 
tagging somatic and cognitive symptoms of depression, in addition to a total symptom score (PHQ9-6).24,26 Circulating inflammation – in particular white blood cell count 
(WBC) and granulocyte-to-lymphocyte ratio (GLR) - explained part of the associations with total and somatic depressive symptoms, but not with cognitive symptoms.
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the link between pro-inflammatory diet and somatic 
depressive symptoms, independent of cognitive symptoms 
(Figure 2). To our knowledge, this is the first time such 
evidence has been reported. The lack of a significant 
explanatory effect of INFLA-score in the association 
between DII and the cognitive factor may be explained 
by the hypothesis that dietary inflammation may influence 
cognitive symptoms by affecting concentrations of several 
neurotransmitters or neuropeptides, which is only partly 
intertwined with circulating inflammation. In other words, 
accounting for circulating inflammatory markers may not 
be sufficient for identifying the diet–inflammation–depres
sion relation without considering other interface mediators 
like neurotransmitters, neurotrophins, or neuropeptides.17 

In this view, the path between inflammatory diet and 
depression would be diluted by the presence of different 
correlated pathways, with different extent of overlap with 
circulating inflammation, which would include multiple 
neurobiological factors like serotonin, norepinephrine, cor
ticotropin-releasing and brain-derived neurotrophic factor. 
However, the molecular mechanisms linking an inflamma
tory diet with the biochemical or neurochemical mechan
isms involved in the pathogenesis of depression remain 
largely unknown.17 Because no other study so far has 
examined the relationship between inflammatory diet and 
specific depressive domains at such a fine-grained resolu
tion, further studies are needed to investigate this hypoth
esis, possibly exploiting measures of circulating 
neurotransmitters and validating these findings in func
tional in vitro and in vivo models.

Similarly, there is a need to clarify the reason why the 
association between dietary inflammation and depressive 
symptoms is stronger in women compared to men, and 
null in CVD and comorbid patients compared to appar
ently healthy subjects. While the former finding may be 
explained by an increased susceptibility of women to 
inflammation, its causes and its mood effects,52 to explain 
non-associations we may hypothesize that CVD and 
comorbid cases have reached a “plateau” inflammatory 
response to external stimuli, which acts as a sort of buffer 
against external pro-inflammatory stimuli like nutritional 
habits. Few is known on the complex relationship among 
CVD and its comorbidities, depression and inflammation, 
and further studies are warranted to enlighten this aspect.

Strengths and Limitations
To our knowledge, this study represents one of the largest 
investigations analyzing the association between the 

inflammatory potential of diet and depression, the largest 
and most comprehensive analyzing the role of circulating 
inflammation in this link, and the richest in terms of 
biomarkers tested. In particular, we analyzed a composite 
inflammation index conceived to capture both plasma and 
cellular circulating inflammation,23 which has been pre
viously associated with both dietary inflammatory 
content14 and with mortality and hospitalization risk in 
the Moli-sani study.24,53 This choice was further supported 
by the significant proportion of associations explained by 
immunity-related component biomarkers in the link 
between dietary inflammation and depressive symptoms, 
which once again underlines the importance of capturing 
different components of inflammation, not only those 
related to the most commonly used markers (eg CRP and 
IL-6). Moreover, for the first time we tested associations 
with factors representing two main depressive domains, 
namely somatic and cognitive symptoms.

Despite its strengths, some limitations apply. First, the 
lack of one of the items (feeling of failure) in the self- 
reported assessment of depressive symptoms, which however 
was partly counterbalanced by the moderate to strong cross- 
item correlations, by previous validation of the resulting 
deprived PHQ9-6 score in predicting depression 
severity24,26 and by the factor-based approach used here to 
investigate relationships with specific domains. Similarly, the 
DII was computed over 33 out of 45 food intakes of the 
original version, due to the unavailability of the other foods 
in our nutritional assessment. This approach is quite common 
since it is very difficult to have complete assessment of all 
food intakes across different cohorts16,19,54–56 and the DII 
score can be calculated using >20 items from the desired list 
of food parameters.16 Second, the cross-sectional design of 
the study does not allow us to establish temporal components 
of the causal links in the association between DII and depres
sive symptoms scores. For the same reason, although part of 
these associations was explained by circulating inflamma
tion, we cannot formally claim a mediation role and further 
longitudinal investigations will be needed to support it. In 
this perspective, reverse causality bias cannot be ruled out, 
since it is known that mental health may affect circulating 
inflammation through lifestyles11 and the link between 
depression and inflammation is likely bi-directional.57 

However, here we focused on the known influence of dietary 
inflammation on depression, which has been robustly sup
ported by several longitudinal studies.12,13 Third, any dietary 
self-report is associated with errors of various kinds.58
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Conclusions
In light of the known link between atypical depression and 
resistance to pharmacological antidepressant treatments,5–7 

if future analyses will confirm our findings in 
a longitudinal setting, these may suggest an alternative 
way to treat this depression subtype, through promoting 
healthy lifestyles and in particular healthy nutritional 
habits. In the future, this approach may be used not only 
for the prevention of depression onset, but also for co- 
adjuvant treatment. This may lead to potential benefits 
both for national health/welfare systems and for patients, 
who will less likely experience side effects typically 
encountered in the use of psychoactive drugs.6
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