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a meta‑analysis
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Abstract 

The potential modifiable role of diet in common psychological disorders, including depression and anxiety, has 
attracted growing interest. Diet may influence the occurrence of mental disorders through its inflammatory charac-
teristics. The purpose of this meta-analysis was to explore whether dietary inflammatory potential is associated with 
the risk of depression and anxiety. A systematic literature search was conducted in PubMed, Web of Science, and 
Embase databases up to February 2021. Articles related to dietary inflammatory potential and risk of depression or 
anxiety were included. After the elimination of repetitive and irrelevant literature, we conducted quality assessment, 
publication bias, and sensitivity analysis. In total, 17 studies with a total of 157,409 participants were included in the 
final analysis. Compared with the lowest inflammatory diet group, the highest group was significantly associated with 
the incidence of depression and anxiety, with the following pooled odds ratios (ORs) and 95% confidence intervals 
(95% CIs): 1.45 (1.30 ~ 1.62) for depression and 1.66 (1.41 ~ 1.96) for anxiety. A subgroup analysis by gender showed 
that this association was more prominent in women. For depression, the increased risk was 49% in women (OR 1.49, 
95% CI 1.28 ~ 1.74) and 27% in men (OR 1.27, 95% CI 1.06 ~ 1.52). As for anxiety, the increased risk was 80% in women 
(OR 1.80, 95% CI 1.30 ~ 2.49) and 47% in men (OR 1.53, 95% CI 0.81 ~ 2.89). As a result, long-term anti-inflammatory 
eating patterns may prevent depression and anxiety, whereas pro-inflammatory eating patterns may promote these 
conditions. People should add more fish, fish oil, fresh fruit, walnuts, and brown rice to their diet.
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Introduction
Mental health disorders represent a major public health 
concern. More than 300 million people suffer from 
depression worldwide, and more than 70% of people 
experience anxiety in their lifetimes. Psychiatric disorders 
impose great societal burden on developed countries [1]. 
According to the World Health Organization, depressive 
and anxiety disorders cost the global economy $1 trillion 
in lost productivity each year [2]. Identifying modifiable 

risk factors is of potential value to intervention strate-
gies for preventing mood disorders and decreasing their 
severity.

Among the modifiable factors, diet is one of the main 
lifestyle-related factors for mental disorders that individ-
uals are exposed to daily. It is worth noting that experts 
from the International Society for Nutritional Psychia-
try Research state that “diet and nutrition are the central 
determinants of mental health” [3]. Recently, diet and 
circulating inflammation markers have been reported to 
be major contributors to the incidence of depression [4, 
5]. Diet affects the levels of inflammatory factors, such as 
IL-1β, IL-6, IL-10, and TNF-α, by regulating the immune 
system, intestinal flora, and macrophages. A diet that 
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can raise the level of inflammation in the body is called 
pro-inflammatory diet, and a diet that has an opposite 
effect is called an anti-inflammatory diet. To understand 
the inflammatory potential of diet, experts have devel-
oped the Dietary Inflammation Index (DII) to assess 
the inflammatory capacity of diet according to the pro-
inflammatory and anti-inflammatory efficacy of different 
dietary components [6]. A low DII score indicates anti-
inflammatory potential, whereas a high DII score reflects 
pro-inflammatory potential. Epidemiological studies have 
explored the association between dietary inflammatory 
potential and mental health disorders. Some reported 
increased risk associated with a pro-inflammatory diet, 
but others reported no association [7, 8].

The inconsistent findings of previous research and the 
lack of overview of other major mental health outcomes, 
such as anxiety, make it difficult to draw a reliable and 
universal conclusion. Therefore, the purpose of the pre-
sent meta-analysis was to summarize the evidence on the 
association between the inflammatory potential of diet 
and depression or anxiety.

Methods
This meta-analysis was conducted in accordance with the 
guidelines indicated in the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) pro-
tocols [9]. The PRISMA checklist is shown in Additional 
file 1: Table S1.

Definition and diagnosis of depression and anxiety
Depressive disorder, a mood disorder caused by multiple 
causes, has a variety of unique symptom combinations. 
This disorder is characterized by persistent low mood, 
loss of interest, difficulty in concentrating, sleep distur-
bance, and fatigue, and its severe form is characterized 
by functional impairment and suicidal tendency [10]. The 
main diagnostic methods for depression are scales and 
questionnaires, including the Center for Epidemiologic 
Studies Depression Scale (CES-D), Patient Health Ques-
tionnaire (PHQ) [11], Hospital Anxiety and Depression 
Scale (HADS) [12], and so on.

Anxiety is an unpleasant emotional experience of inner 
tension, fear, or anticipation of an adverse situation, and 
coping with it is difficult. Anxiety disorder can increase 
the risk of depression. The HADS is a common diagnos-
tic tool in clinics.

Search strategy
A systematic literature search was performed in Pub-
Med, Web of Science, and Embase from inception to 
February 2021 for the identification of relevant studies. 
The following search terms were used: (“dietary inflam-
matory potential” or “inflammatory diet” or “diet-related 

inflammation” or “pro-inflammatory diet” or “anti-
inflammatory diet” or “inflammatory potential of diet” 
or “dietary pattern” or “DII” or “dietary inflammatory 
index” or “dietary inflammatory score”) and (“depres-
sion” or “anxiety” or “psychological disease” or “melan-
cholia” or “depressive disorder” or “anxiety disorder”). 
Searches were limited to articles written in English. We 
also searched the references of related articles to obtain 
other potential studies. Two researchers (XLL and ZCY) 
searched independently with the same retrieval strategy. 
According to the inclusion and exclusion criteria, the 
included studies were screened out by eliminating dupli-
cate studies, reading the titles and abstracts of articles, 
and reading full texts. Disagreements were resolved by an 
experienced third researcher (ZNL).

Inclusion and exclusion criteria
The following inclusion criteria were used: (1) popu-
lation: adults; (2) intervention/comparison: dietary 
inflammatory index or blood inflammatory markers; (3) 
outcomes: clinical depression or anxiety assessed by the 
study staff or medical records; depressive symptoms or 
anxiety assessed by validated scales or questionnaires, 
and defined according to the validated cutoffs of these 
scales; the use of anti-depressive drugs considered only 
when it was combined to clinical depression or depres-
sive symptoms assessment; (4) Study design: observa-
tional studies (cohort, case–control, or cross-sectional 
studies). Exclusion criteria included: (1) population: 
non-adults; (2) intervention/comparison: not measured 
the inflammatory potential of the diet; (3) outcomes: any 
other outcome outside of the inclusion criteria; (4) study 
design: non-observational studies; (5) review articles, 
studies not published as a full article (e.g., conference 
abstracts), and studies lacking sufficient data.

Data extraction
Data and characteristics extracted from each study 
included: first author’s surname, year of publication, geo-
graphical location, study design, sample size, percentage 
of females, mean age, length of study follow-up (if appli-
cable), diagnosis of depression or anxiety, assessment tool 
of dietary inflammatory potential, risk estimates, the 95% 
CIs from the most fully adjusted models for the associa-
tion between a pro-inflammatory diet and the incidence 
of depression or anxiety, and adjustment factors. Since 
the majority of articles reported gender-specific effects, 
we extracted separate effect sizes for males and females.

Subjects were grouped differently in the included 
studies according to dietary inflammatory poten-
tial. Where studies had stratified subjects into groups 
(tertiles, quartiles, and quintiles), the pro-inflamma-
tory diet was defined as the highest grouping and the 
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anti-inflammatory diet was defined as the lowest group-
ing. The likelihood of depression or anxiety was obtained 
from a combination of hazard ratio (HR), odds ratio 
(OR), and relative risk (RR) effects.

Quality assessment
Quality of cohort and case–control studies was assessed 
using the Newcastle–Ottawa Quality Assessment Scale 
(NOS) [13], and quality of cross-sectional studies was 
assessed using the Agency for Healthcare Research and 
Quality (AHRQ) scale [14].

The total NOS score was nine points. Studies identi-
fied as having the NOS ≥ 7 are considered high quality, 
whereas studies with a total NOS score < 7 are considered 
low quality. AHRQ includes 11 items. An item would be 
scored “0” if it was answered “NO” or “UNCLEAR”; if 
it was answered “YES,” then the item scored “1.” Article 
quality was assessed as follows: low quality = 0–3; mod-
erate quality = 4–7; high quality = 8–11.

Statistical analysis
In the meta-analysis, the combined OR value and 95%CI 
were used to evaluate the relationship between dietary 
inflammation and the risk of depression and anxiety (the 
likelihood of depression or anxiety in the highest inflam-
matory diet group, compared with the lowest inflamma-
tory diet group). The associated effects include the OR, 
RR, and HR. Considering that depression with a low inci-
dence rate, the OR, HR, and RR can be directly combined 
with the effect sizes and expressed as OR. The most fully 
adjusted HRs and RRs with their 95% CIs from individual 
studies were extracted and transformed into their loga-
rithms for the stabilization of variances and normaliza-
tion of distributions.

We used the I2 metric to quantify the heterogeneity 
between studies. I2 > 50% indicated high heterogene-
ity, I2 = 25–50% indicated moderate heterogeneity, and 
I2 < 25% indicated low heterogeneity [15]. A random-
effects model was applied when I2 statistic > 50%, or a 
fixed-effects model was used otherwise. As a result of the 
heterogeneity of the results, the following factors were 
considered for subgroup analysis based on professional 
knowledge and previous reports in the historical studies: 
sex, study design, effect measure, average age at baseline, 
follow-up period, sample size, and diagnostic method.

We conducted a sensitivity analysis in which the meta-
analysis was repeatedly carried out after omitting each 
study in turn to observe the stability of the compre-
hensive results [16]. The potential publication bias was 
graphically represented by funnel plots, and the funnel 
plot asymmetry was evaluated with Egger’s linear regres-
sion test and Begg’s test [17, 18]. All statistical analyses 

were performed using STATA version 15. P values were 
considered significant at a level of < 0.05.

Results
Study selection
According to the search strategy, 1579 studies were col-
lected, including 695 PubMed, 729 Embase, and 155 Web 
of Science. After initial assessment, the remaining 736 
papers were included. After reading the title and abstract, 
43 articles were retained. Twenty-six publications were 
excluded after full-text screening for different reasons 
(Additional file 2: Table S2). The final selection yielded 17 
articles to be included for analysis [19–35]. The detailed 
selection process of selected studies is shown in Fig. 1.

Quality assessment
The mean quality score was 7.7 assessed by the NOS for 
cohort studies and 7.4 by the AHRQ for cross-sectional 
studies (Additional file 3: Tables S3a,b).

Study characteristics
A total of 157,409 subjects from eight prospective cohort 
studies [20, 21, 25, 29–32, 34] and nine cross-sectional 
studies [19, 22–24, 26–28, 33, 35] were included. Sev-
enteen studies reported the effect of dietary inflamma-
tory potential on depression, and four of these studies 
reported its effect on anxiety [22, 26–28]. Most studies 
involved both men and women, whereas four studies 
included women only [19, 25, 31, 32]. The basic char-
acteristics and quality evaluation results of studies are 
shown in Table 1.

The majority of these studies focused on gender-spe-
cific effects, whereas mixed sex effects were reported by 
four papers only [22, 24, 33, 34]. The diagnostic criteria 
for depression and anxiety, the dietary inflammation 
assessment scheme, the food parameters derived (the 
total number of dietary components investigated when a 
dietary survey is conducted), and the model adjustments 
used for each study can be found in Table  2. The stud-
ies mostly assessed dietary inflammatory potential with 
the DII or modified DII (E-DII, ADII, and FDII), whereas 
two studies assessed the potential by measuring blood 
cytokine level [25, 34]. Two studies [25, 29] diagnosed 
depression with either self-raised physician consultation 
or antidepressant use, and the other studies measured 
depression and anxiety disorders with various meth-
ods, including the CES-D [20, 21, 26, 30–32, 34], PHQ-9 
[22, 24, 35], HADS [23, 26–28], Depression Anxiety 
and Stress Scales (DASS-21) [33], and Zung Self-Rating 
Depression Scale [19]. We performed a subgroup analysis 
of different diagnostic methods (Table 3).
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Fig. 1  Flowchart demonstrating the search strategy for the meta-analysis

Table 1  Characteristics of studies included in the meta-analysis

Study Location (cohort) Design Follow-up, 
years

Subjects at 
baseline, n

Females, % Age at baseline Quality score

Açik et al. [19] Turkish Cross-sectional N/A 134 100 24 ± 5.1 7

Adjibade et al. [20] French Cohort 5.4 26,730 24 48.3 ± 11.2 9

Akbaraly et al. [21] UK Cohort 5 4246 25 60.9 ± 5.9 7

Bergmans et al. [22] USA Cross-sectional N/A 11,592 52 48.1 ± 7.8 7

Haghighatdoost et al. [23] Iran Cross-sectional N/A 3363 59 36.2 ± 9.2 8

Jorgensen et al. [24] USA Cross-sectional N/A 11,624 48 46.0 ± 0.34 7

Lucas et al. [25] USA Cohort 12 43,685 100 62.6 ± 7.0 8

Phillips et al. [26] Ireland Cross-sectional N/A 1992 51 59.7 ± 5.5 8

Salari-Moghaddam et al. [27] Iran Cross-sectional N/A 2016 59 35.7 ± 5.3 7

Salari-Moghaddam et al. [28] Iran Cross-sectional N/A 3363 58 36.3 ± 7.8 7

Sanchez-Villages et al. [29] Spain Cohort 8.5 15,093 59 38.3 ± 12.1 7

Shivappa et al. [30] Iran Cross-sectional N/A 300 100 16.2 ± 1.0 8

Shivappa et al. [31] Australia Cohort 12 6438 100 52.0 ± 1.4 8

Shivappa et al. [32] USA Cohort 8 3608 57 61.4 ± 9.2 8

Vermeulen et al. [33] Italy Cohort 9 827 58 73.8 ± 6.8 8

Wirth et al. [34] USA Cross-sectional N/A 18,875 51 46.9 8

Adjibade et al. [35] France Cohort 12.6 3523 58 49.5 ± 6.2 7
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Association between pro‑inflammatory diet 
and depression
We used a random-effects model to estimate the aggre-
gate OR and 95% CI of all studies. The meta-analysis 
showed a positive correlation between the pro-inflam-
matory diet and the risk of depression and anxiety 
(pooled OR = 1.36, 95% CI = 1.18 ~ 1.56) with high 
heterogeneity (I2 = 78.2%, P < 0.0001). Seventeen stud-
ies reported the effect of dietary inflammatory poten-
tial on depression disorders in 26 populations (9 males, 
12 females, and 5 mixed sex). The results of random-
effects model showed that the risk of depression in 
pro-inflammatory diet group individuals were elevated 
when compared to those in anti-inflammatory diets 
(pooled OR = 1.45, 95% CI 1.30 ~ 1.62, P < 0.00001) 
(Fig.  2). Since the majority of studies reported sepa-
rate effect sizes for males and females, results were also 
subgroups based on sex (Fig.  2). Effects were stronger 
in females (pooled OR = 1.49, 95% CI 1.28 ~ 1.74, 
P = 0.001), as opposed to males (pooled OR = 1.27, 95% 
CI 1.06 ~ 1.52, P = 0.001), and studies reporting mixed 
sex effects were significant (pooled OR = 1.61, 95% CI 
1.14 ~ 2.26, P = 0.002).

Since some studies showed substantial heterogeneity, 
subgroup analysis was also conducted based on the fol-
lowing categorical variables: study design, effect meas-
ure, follow-up period (cohort studies only), sample 
size, average age at baseline, and diagnostic methods 
(Table 3). Subgroup analysis suggested that the source 
of potential study heterogeneity may be applicable to 

the average age at baseline, sample size, effect measure, 
and diagnostic method of the studies.

Sensitivity analysis and publication bias to the analysis 
results of pro‑inflammatory diet and depression
Sensitivity analysis showed that no study had signifi-
cant influence on the overall results, indicating that 
the results were stable. Publication bias was exam-
ined using Begg’s rank correlation and Egger’s linear 
regression test. Egger’s test (P = 0.113) and Begg’s test 
(P = 0.142) were nonsignificant. The absence of publica-
tion bias was determined through funnel plot inspec-
tion (Fig.  4A). Little evidence of publication bias is 
evidenced by visual inspection of the plots.

Association between pro‑inflammatory diet and anxiety
The results of random-effects model showed that the 
risk of anxiety disorders in pro-inflammatory diet 
group individuals was elevated when compared to 
those in anti-inflammatory diets (pooled OR = 1.66; 
95% CI 1.41 ~ 1.96, P < 0.0001), as shown in Fig.  3. 
Subgroup analysis based on gender showed that the 
influence of dietary inflammatory potential on the 
incidence risk of anxiety disorders was more signifi-
cant in females (pooled OR = 1.80; 95% CI 1.30 ~ 2.49, 
P = 0.0003), as opposed to males (pooled OR = 1.53; 
95% CI 0.81 ~ 2.89, P = 0.012).

Table 3  Subgroup analysis

Subgroup factor Subgroup Studies OR (95% CI) Heterogeneity P
I2

Study design Cross-sectional 9 [19, 22–24, 26–28, 30, 34] 1.73 (1.53–1.95) 48% 0.02

Cohort 8 [20, 21, 25, 29, 31–33, 35] 1.25 (1.16–1.35) 43% 0.06

Effect measure RR 2 [25, 31] 1.33 (1.16–1.51) 32.2% 0.225

HR 3 [29, 32, 35] 1.09 (1.05–1.54) 55.5% 0.081

OR 12 [19–24, 26–28, 30, 33, 34] 1.30 (1.01–1.76) 86.7% 0.0002

Average age at baseline  < 50 years old 6 [21, 25, 26, 31–33] 1.29 (1.10–1.52) 52% 0.04

 ≥ 50 years old 11 [19, 20, 22–24, 27–30, 34, 35] 1.50 (1.31–1.72) 62% 0.0003

Follow-up period (longitudinal only)  < 10 years 3 [25, 31, 35] 1.29 (1.05–1.58) 54% 0.09

 ≥ 10 years 5 [20, 21, 29, 32, 33] 1.23 (1.12–1.35) 45% 0.08

Sample size  < 10,000 6 [20, 24, 25, 29, 34, 35] 1.30 (1.20–1.41) 40% 0.09

 ≥ 10,000 11 [19, 21–23, 26–28, 30–33] 1.63 (1.35–1.96) 66% 0.0001

Diagnostic method CES-D 7 [20, 21, 26, 30, 31, 33, 35] 1.19 (1.07–1.33) 9.6% 0.351

PHQ-9 3 [22, 24, 34] 1.62 (1.05–2.48) 84.7% 0.001

HADS 2[27, 28] 1.64 (1.30–2.08) 0.0% 0.383

Treated by antidepressants 3 [21, 25, 29] 1.40 (1.24–1.57) 0.0% 0.422

Other methods (Zung Self-Rating 
Depression Scale, GHQ, DASS-21)

4 [19, 23, 32] 1.05 (0.54–2.04) 53% 0.07
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Sensitivity analyses and publication bias to the analysis 
results of pro‑inflammatory diet and anxiety
Removal of each individual study from the overall 
model demonstrated the robustness of the analysis. 
Sensitivity analysis showed that none of the studies 
had a significant impact on overall results. Both  Egg-
er’s test (P = 0.743) and Begg’s test (P = 0.602) did not 
identify any potential publication bia. Funnel plot indi-
cated no publication bias (Fig. 4B).

Discussion
Depression and anxiety disorders are the most common 
mental illnesses that damage human health. They seri-
ously disrupt the lives and work of patients and impose 
heavy burden on families and society. Therefore, identify-
ing the risk factors for depression and anxiety disorders is 
of great significance to their prevention. In recent years, 
the influence of diet factors on mental illness has been 
widely concerned.

Fig. 2  Random-effects meta-analysis and forest plot for the association between a pro-inflammatory diet and depression. Results are also 
subgrouped by sex-specific populations
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Fig. 3  Random-effects meta-analysis and forest plot for the association between a pro-inflammatory diet and anxiety. Results are also subgrouped 
by sex-specific populations

Fig. 4  Funnel plot for the included study populations for the association between a pro-inflammatory diet with depression (A) and anxiety (B)
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The meta-analysis included 17 studies with 157,409 
participants. The results showed that individuals on pro-
inflammatory diets were 45% more likely to suffer from 
depression and 66% more likely to suffer from anxiety 
disorders than those on anti-inflammatory diets. These 
results are in agreement with a number of previous stud-
ies. Grooms et al. found that food ingredients with anti-
inflammatory properties (curcumin, fiber, allicin) can 
prevent mental disorders [36, 37]. In a cross-sectional 
study performed by Miki et  al., reduced incidence of 
depression was found among consumers of diets high 
in fruit and vegetable fiber [38]. The results from our 
analysis indicated a stronger association between the 
dietary sources of inflammation and the risk of devel-
oping depression and anxiety in females than in males. 
Although women’s mood and its susceptibility to dietary 
inflammatory potential have been proposed, further pro-
spective cohort research is required to establish the rela-
tionship between depression and anxiety incidence and 
gender-specific diet inflammation effects.

The mechanisms by which dietary inflammatory poten-
tial correlates with the incidence of depression and anxi-
ety are not fully clarified. Nevertheless, some studies 
showed that mental disorders are associated with circu-
lating inflammation markers [39, 40]. Pro-inflammatory 
nutrients may activate the innate immune system that 
can lead to chronic low-grade inflammation [41, 42]. On 
the other hand, dietary factors can affect the markers of 
neuronal function [43, 44]. Anti-inflammatory diet, when 
combined with exercise, was found to up-regulate genes 
that contribute positively to neuronal plasticity in mice 
[45].

The DII, a novel tool for dietary inflammation poten-
tial assessment exploited recently, was employed for the 
included studies [46]. In 2013, Nitin Shivappa et al. devel-
oped and verified the revised DII with 45 dietary com-
ponents and calculated the inflammatory effect index of 
each dietary component. A positive value represents the 
pro-inflammatory tendency of a diet, a negative value 
represents the anti-inflammatory tendency, and 0 repre-
sents neither pro-inflammatory nor anti-inflammatory 
tendency. DII is associated with various inflammatory 
markers, including C-reactive protein [47], interleukin-6, 
and homocysteine [48]. The high DII scores of dietary 
patterns (expressed as promoting inflammatory diet) are 
associated with the risk of many diseases, such as asthma 
[49], diabetes [50], obesity [51], and cancer [52].

Despite the strengths of the current analysis, there 
are certain limitations that should be noted. Firstly, 
different measurement methods and inclusion crite-
ria adopted in the included studies may generate het-
erogeneity. For example, different scales and thresholds 
were used for the diagnosis of depression and anxiety. 

Despite this, we utilized random-effects models and 
subgroup analyses to limit and detect such sources of 
variability. Further, there are only four studies on anxi-
ety; thus, more observational studies are needed to  
confirm this conclusion.

In addition, it shall seem plausible that dietary con-
sumption preferences are influenced by an individual’s 
mental health status. Papier et al. investigated the effect 
of stress and selection for foods. Their results suggested 
that mild-to-moderate degree of stress could drive stu-
dents toward three times higher consumption of pro-
cessed food rather than choosing fruit and vegetables 
as found in unstressed students [53]. The role of reverse 
causation should therefore be considered in research.

In summary, the positive association between pro-
inflammatory dietary style patterns with depression 
and anxiety found in this analysis can be useful in 
exploring strategies for the prevention and treatment 
of depression and anxiety. A scientific and healthy diet 
that includes a variety of anti-inflammatory food, such 
as fruit, vegetables, fish, whole grains, and olive oil, 
should be promoted, and pro-inflammatory food, such 
as red meat, processed food, and animal oils, should be 
avoided. Further well-designed prospective trials are 
needed to strengthen the evidence of the associations 
between the dietary inflammatory potential and mental 
health.
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