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Abstract
Numerous studies have revealed strong relationships between COVID-19 and inflammation. However, the imminent link between diet-related
inflammation and the COVID-19 risk has not been addressed before. So, we explored the capability of the Energy-AdjustedDietary Inflammatory
Index (E-DII) to predict the inflammatory markers, incidence and severity of COVID-19. We conducted a case-control study consisting of 120
adults; they had been admitted for COVID-19 at hospital during June and July, 2020. The E-DII score was calculated based on the dietary intake,
which was evaluated by a 138-item semi-quantitative food frequency questionnaire. Serum levels of inflammatory markers including the
Erythrocyte sedimentation rate (ESR), C-reactive protein (CRP) and White blood cells (WBCs) differential were measured. Severity of disease
was assessed by chest radiology criteria. Patients with themaximumpro-inflammatory energy adjusted E-DII score had 7·26 times greater odds of
developing COVID-19, as compared to those in tertiles 1 (E-DII T3 v. E-DII T1: OR= 7·26; 95 % CI 2·64 to 9·94, P< 0·001). Also, a positive asso-
ciation between E-DII and C-reactive protein (CRP) was observed (BE-DII = 1·37, 95 % CI 0·72, 2·02), such that with each unit increase in E-E-DII,
the CRP levels were increased by 1·37 units. Furthermore, a significant association was found between E-DII and the severity of disease
(BE-DII = 0·03, 95 % CI 0·01, 0·06. 0·024). Patients consuming a diet with a higher pro-inflammatory potential were at a greater risk of
COVID-19 occurrence; also, the severity of disease was elevated with a high score inflammatory diet.
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The outbreak of the novel coronavirus disease, also named
‘COVID-19’, has led to a devastating pandemic, threatening all
humans throughout the world.(1) Currently, the number of con-
firmed cases is rising very quickly globally; it is an immense
threat to the public health.(2) Similar to the Middle East respira-
tory syndrome corona virus (MERS-CoV) and severe acute respi-
ratory syndrome corona virus (SARS-CoV), COVID-19 is
characterised by the lower respiratory infection, causing acute
respiratory distress syndromes.(3) Typical clinical symptoms of
the confirmed patients with COVID-19 include dry cough, fever,
fatigue and diarrhoea.(4) Patients who have received intensive
care unit (ICU) care, in particular, have many laboratory

abnormalities, showing that the proposed COVID-19 might be
related to the cellular immune deficiency, coagulation activation
and elevated inflammatory factors.(5) However, the immune
mechanism potentially orchestrating the acute mortality among
COVID-19 patients is still unidentified. There has been much
interest in the study of immune systems as an adjustable risk fac-
tor for the prevention of lung functional disability and quickmor-
tality.(6,7) Some studies have proposed a link between some
nutrient intakes such as vitaminD and stimulation of the immune
system by vitamin D3 therapy.(8,9)

The relations between nutritional status, immunity and infec-
tious diseases have been documented; numerous nutrients are
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recognised to play vital roles in the immune function.(10,11)

Likewise, it has been postulated that the subclinical immune dys-
function initiated by micronutrient deficiencies may impact the
rate of the human COVID-19 disease progression.(12) Aberrant
immune responses lead to the long-term pulmonary damage
and fibrosis, ultimately leading to acute respiratory distress
and increased mortality.(13,14)

Like common viral agents (such as norovirus, adenovirus and
influenza), COVID-19 has been revealed to cause a more severe
disease and worse outcomes in the immunosuppressed sub-
jects.(15) Since the flaw of the immune system is one of the main
causal factors leading to some infections due to such viruses, and
inflammation is amain causative factor leading to themortality of
COVID-19 subjects, improvement of the immune system and/or
anti-inflammatory properties may decrease the incidence and
mortality of COVID-19.(5,7) Therefore, a wide range of dietary
interventions have been identified to boost the immune
response and/or reduce inflammation.(16,17)

The Energy-Adjusted Dietary Inflammatory Index (E-DII®) is
a population-based scoring system established to calculate the
inflammatory potential of diets in various populations.(18) A
greater E-DII indicates a higher pro-inflammatory diet, whereas
a lower one represents a more anti-inflammatory pattern.(19) The
E-DII score has been confirmed by inflammatory markers, such
as IL-1 and IL-2, C-reactive protein (CRP) and TNF-α.(20) Hence,
evaluating the potential effect of the diet on the inflammation
might help to update dietary approaches for the purpose of
decreasing the levels of inflammation markers and the risk of
COVID-19.

To the best of our knowledge, there has been no study exam-
ining the relation between E-DII and COVID-19 risk, and its
severity in a COVID-19-infected population. These data are sig-
nificant because, along with the study of the effects of the
nutrient defects on the immune parameters, the impact on clini-
cal outcomes and also, inflammatory markers, if available,
should be investigated.

Methods

This research study was a hospital-based case–control study
conducted during June and July 2020. To determine the sample
size, the type I error of α= 5 %, power= 80 % (type II error of
β= 20 %) and the groups ratio of 1 was assumed. Based on
the study conducted by Abdollahpour et al.(21) in which the pro-
portion of E-DII> 1 in the control groupwas estimated at 13·5 %,
and considering the expected proportion of E-DII> 1 in the case
group equal to 35 % based on the expert opinion, the minimal
required sample size was estimated as 60 cases in each groups.
Stata software version 13 (StataCorp) was used to determine the
sample size. To conduct a retrospective case–control investiga-
tion, totally, 120 participants (60 patients with COVID-19 and 60
healthy controls) were included. Patients with positive testing for
COVID-19 without any levels of unconsciousness, who had
been hospitalised to the Emam Reza Hospital, in Tabriz city,
Azerbaijan province, andGolestanHospital, in Kermanshah city,
Kermanshah province, both in Iran, were considered for the case

group, from June to July 2020. Patients were requested to con-
tribute to the study after recovery if they wished. In cases they
could not answer that question fairly, we asked the close family
members of the patients to help the subjects to complete the
questionnaires. Patients were considered suitable for registration
if they were appropriate for enrolment criteria based on a pos-
itive PCR test result; their agreement to keep to the study visit
plan and laboratory testing was also obtained. The diagnosis
of COVID-19 was done based on clinical evaluation, chest com-
puted tomography and PCR testing, according to the WHO pro-
visional guidance.(22) Further, all patients were categorised into
mild, moderate and severe cases based on the results obtained
from both clinical examinations, laboratory findings and the
chest radiology data. As for controls, 60 patients were enrolled
from the same hospitals. They had referred to the outpatient
ward for various medical issues (skin diseases, for trauma and
injuries, fractures and sprains). Participants in the control group
were asymptomatic and negative as tested for COVID-19.
Exclusion criteria for both groups were the prior diagnosis of
inflammatory diseases such as multiple sclerosis, rheumatoid
arthritis, cancer and liver diseases, endocrine disorders, renal
or CVD, pregnancy, incomplete answers to questionnaires,
dietary under- and/or over-reporting (energy intake outside
the range of 3347–17572·8 kJ per d), and those adhering to some
special diets including weight loss or a vegetarian diet. To avoid
recall biases, the research methodologies were parallel in the
two centres. The clinical data were obtained by a standardised
questionnaire in the patients’ rooms.

Contributors were assessed by a research nurse and/or a
physician at the registration visit, following the study visits.
The dietitian completed the FFQ survey during the disease.
Demographic information, laboratory tests, medical history,
chest computed tomography findings and in-hospital mortality
were all recorded. Blood sampling and computed tomography
examinations were performed within 24 h of admission.
Co-morbidity was established by the patients’ self-report of
history, physician-documented history or diagnosis during
hospitalisation.

This study was approved by the Ethics Board of Kermanshah
and Tabriz Universities of Medical Sciences IR.KUMS.
REC.1399·444 and IR.TBZMED.REC.1399·225, respectively. All
patients signed their written consent after it was explained
to them.

Outcomes measurement

Weight and height were measured upon admission or according
to the patients’ self-reporting. BMIwas computed by dividing the
subjects’ weight by the square of height.

Baseline questionnaires including demographic information,
socio-economic status, physical activity, smoking status, dietary
habits, medical history and FFQ were completed in face-to-face
interviews by a trained interviewer for all participants. A struc-
tured questionnaire was then designed to collect other outcomes
such as the length of stay in the hospital and ICU, and unspecific
symptoms including fever, dyspnoea and gastrointestinal
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symptoms (vomiting, nausea and diarrhoea); this was done by a
physician blinded to the study.

Depression

The Beck Depression Inventory II (BDI-II), which is a self-
assessment questionnaire with 21 items, was applied to measure
the presence and severity of depressive symptoms. The total
score was calculated, following some cut-off criteria: 0 to 13,
no depression, 14 to 19, mild depression, 20 to 28, moderate
depression and 29 to 63, severe depression.

Dietary Inflammatory Index

E-DII was calculated based on a 138-item semi-quantitative FFQ
consisting of a list of foodswith standard serving sizes commonly
consumed by Iranians.(23,24) Participants were asked to report
how often they consumed each of the food items listed as the
number of times per d, per week, per month or per year during
the previous year. Then the reported frequency for each food
item was converted to a daily intake. Portion sizes of the con-
sumed foodswere converted to grams using the householdmea-
sures. The questionnaire had been previously validated for
healthy Iranian population.

This interviewer-administered FFQ consisted of 138 food items
with typical serving sizes; participants were requested to identify
their intake frequency for each food item.Nutrient intakewas then
measured using the revised Nutritionist IV software (Nutritional
Database Manager 4·0·1, First Data Bank). FFQ-derived dietary
data were applied to compute DII for the participants. Subjects
who reported an energy intake outside the range of 3347–
17572·8 kJ/d were omitted from analysis. We obtained the dietary
information of this questionnaire; then the E-DII score was calcu-
lated based on themethod developed by Shivappa et al.(18) In this
method, forty-five food items were introduced, which played a
role in the decrease or increase of inflammation. In this study,
among these food items and nutrients, we only accessed thirty-
one; these included: onion, garlic, coffee, tea, energy, protein, car-
bohydrates, fibre, vitamins C, D, A, E, B6, B12, B1, B2, B3, folate,
β-carotene, SFA, total fat, MUFA and PUFA,n-3 and 6, cholesterol,
Mg, Fe, Se and Zn. These food items intakes were linked to the
world databasemean; their standard deviationwas obtained from
eleven studies conducted worldwide.(18) A Z-score was deter-
mined for each of these mentioned items and participants by sub-
tracting the standard global mean from the participants’ dietary
intake, as reported; after that, it was divided by standard deviation.
We transformed this value to the centred percentile score to min-
imise the right skewing effect. For this purpose, we multiplied the
Z-score in 2 and subtracted it by one unit. Finally, all food items
specified for the E-DII score were summed, creating the E-DII
score. A higher E-DII was associated with the pro-inflammatory
diet, while a low one was related to the anti-inflammatory diet.

Biochemical variables

After fasting for 12 h, blood samples were drawn from the ante-
cubital vein. CRP concentration was assessed via immunotur-
bidimetry. Erythrocyte sedimentation rate (ESR) was also

assayed. ESR was considered high when it was more than 20
mm in women and 20 in men. The complete blood count test
and the leucocytes differential were examined according to stan-
dard haematological methods, via Coulter S.

Statistical analysis

Statistical tests were done via SPSS (version 16.0. Chicago, SPSS
Inc.); all P-values were according to the two-sided tests.
Continuous data with normal or non-normal distribution were
described using mean and standard deviation or median
(25th, and 75th percentile), respectively. Mann–Whitney U test
and independent-samples t test were used to compare continu-
ous variables. Comparison of the case and controls was done in
terms of features through the independent-samples t test
designed for continuous variables and categorical variables by
applying the χ2 tests. E-DII was then analysed as tertiles across
the dietary intakes. And 95 % CI and β estimates for some related
clinical factors including ESR and CRP were assessed by linear
regression. OR and 95 % CI for the risk of COVID-19 as the out-
come were expected via logistic regression models, adjusting
only for the confounding factors.

Results

Participant characteristics

Of all individuals who joined this study, ten patients in the
COVID-19 group and ten in the controls were excluded
because of lacking data and diagnosis of additional specific dis-
eases (Fig. 1). Finally, 120 patients (60 cases and 60 controls)
were kept for the final analysis.

Table 1 shows the distribution of some features across case
and control groups. There were no statically significant
differences in terms of age, BMI, sex and medical history among
the two groups. E-DII scores in the current study ranged from –

2·5 (extreme anti-inflammatory score) to þ4·1 (maximum pro-
inflammatory score). Also, the case group had higher values
of E-DII, as compared with the control groups (1·64 v. −0·66,
P= 0·001). Also, Table 1 compares the data on some inflamma-
tory markers including CRP and ESR. The analysis did confirm
significant differences between two groups in terms of CRP
and ESR (P< 0·001). Diabetes was present in 30 % and 21 % of
the patients in the case and control groups, respec-
tively (P= 0·604).

Comparison of the dietary intake in the case and control
groups is presented in Table 2. Except for carbohydrates
(P= 0·034), there were no significant differences in the
dietary intake of the two groups, based on the FFQ record
(P> 0 05).

Demographic and clinical information, including laboratory
parameters, symptoms and signs, and inflammatory markers,
are summarised Table 3. The results of Table 3 were limited
to only COVID-19 participants. More than half of the COVID-
19 patients (69 %) had an elevated body temperature≥ 37·5°C.
Elevated CRP and ESR were noted in 60 % of the patients
(median 9·0, IQR: 3·0–31·0, and median 10, IQR: 4·0–45·5,
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respectively). Hb levels were within the normal range. The
median duration hospital stay ranged from 2 to 15 d (median
5·0, IQR: 4·4–5·4). The average length of the stay in the ICU
was 2·9 IQR: 0·0–5·5 d. The most common symptoms were loss
of appetite (57 %), GI symptoms (67 %), dyspnoea (73 %) and
fever (70 %). One patient (patient 6) remained asymptomatic
during the whole course. In our study, there were 35 % mild,
45 % moderate and 20 % severe cases according to the criteria
indicated above.

Association of Energy-Adjusted Dietary Inflammatory
Index and risk of COVID-19

OR and 95 % CI for COVID-19 across tertiles of E-DII are pre-
sented in Table 4. In the unadjusted models, subjects with higher
E-DII scores were at a higher risk of COVID-19 (E-DII T3 v. E-DII

T1) (OR: 7·26, P< 0·001); and this association remained to be sig-
nificant after adjustment for the confounding factors in themodel
3 (OR: 11·86, P< 0·001). After multivariable adjustment, subjects
with E-DII> 2 were 11·86 times more likely to have COVID-19,
as compared with those with E-DII≤ –0·8.

Association of Energy-Adjusted Dietary Inflammatory
Index with inflammatory and clinical markers in the
patients with COVID-19

As the controls were not admitted in ICU, the data in Table 5
were limited to only COVID-19 participants. E-DII score was
positively associated with CRP (B= 1·40, P< 0·001), ESR
(B= 1·02, P= 0·018) and BDI (B= 1·10, P= 0·025), after adjust-
ing for all confounders-; this means that for each unit rise in
E-DII, the CRP levels were increased by 1·40 units. However,
no significant trend across tertiles of E-DII was observed for
hospital and ICU stay (Table 5). Furthermore, a significant asso-
ciation was found between E-DII and the severity of disease
(B= 0·03, P= 0·024).

Discussion

Increased inflammatory markers including ESR and CRP levels
are typically associated with the severity of the COVID-19 dis-
ease. Cytokine storms and a series of immune responses induced
by COVID-19 have also been observed. The current study was
designed to assess the association between the inflammatory

Agreed to participant (n 166)

Assessed for eligibility (n 150)

Not assessed for eligibility (n 16)

Excluded (n 10)

Diagnosis of specific disease (n 5)

Have weight loss diet (2)

Incomplete data (n 3)

n 70

Control

n 70

Case

Biochemical variables and dietary intake measures

n 60

Analysed 

n 60

Analysed 

Excluded 
(n 10):

Diagnosis of 
specific disease 
(n 8)

Incomplete date 
(2)

Excluded 
(n 10):

Diagnosis of 
specific disease 
(n 10)

Fig. 1. Flow chart.
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potential of the diet as measured by the E-DII score and the bio-
marker of inflammation, incidence and severity of COVID-19;
we found that the patients with a greater E-DII (i.e. representing
a pro-inflammatory diet) were at the amplified odds of having
COVID-19 and its severity, thus showing that the intake of amore
pro-inflammatory diet was related to the increased risk of
COVID-19. It was also revealed that for each one-unit rise in
the E-DII score, there was a subsequent increase of CRP and
ESR levels, which was by 1·40 and 1·02 units, respectively.
Furthermore, compared with the patients in tertiles 1, those in
tertiles 3 were 11·86 times more likely to have COVID-19. This
may support the hypothesis that the low E-DII score is associated
with a lesser amount of severe COVID-19 (as demonstrated for
CRP, ESR, etc.)

A number of studies have already recognised that the hyper
inflammatory syndrome, triggered by COVID-19, is one of the
main causes of disease severity in the infected subjects.(5)

Among various factors promoting the setting of an inflammatory
milieu in the background of COVID-19, dietary intakes may play
a vital role, as they contribute to the onset of various chronic dis-
eases.(10,11) Although there are numerous studies in the literature
that have addressed the interactions between nutrients and
inflammation,(9,17) no study had yet specified the association
between the DII score and the COVID-19 risk. In our sample,
the association of E-DII with increased COVID-19 was observed,
which was consistent with the previous results obtained for DII
and many clinical settings.(19,20) Effect sizes for the diseases risk
have generally been in the range of nearly OR 1·5 to 5, which is

Table 1. Characteristics of study subjects*
(Mean values and standard deviations; median values and percentiles)

Case (n 60) Control (n 60)

Variable Mean SD Mean SD P

Age (years)† 59·3 11·8 56·03 8·8 0·107
Weight (kg)† 77·4 14·1 74·2 14·8 0·227
BMI (kg/m2)† 27·3 4·8 26·51 5·8 0·310
E-DII† 1·64 0·66 –0·66 0·4 0·001
CRP (mg/l)‡
Median 9·0 2·85 < 0·001
Range 3·0–31·0 1·3–4·45

ESR (mm/h)‡
Median 10·0 5·0 < 0·001
Range 4·0–45·5 2·5–13·5

BDI† 20·1 9 14·1 4 < 0·001
Death 5 8·03 0 0 < 0·001
Sex Male 43 70 42 70 0·555

Female 18 30 18 30
Activity Low 37 60·0 40 66 0·156

Moderate 20 35·0 18 30
High 3 5·0 2 4

Smoking Yes 18 30·0 10 17·0 0·523
No 43 70·0 50 83·0

Diabetes Yes 18 30 13 21 0·604
No 42 70 47 78

Hypertension Yes 29 48 21 34 0·203
No 31 52 39 66

E-DII, Energy-Adjusted Dietary Inflammatory Index, CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; BDI, Beck Depression Inventory.
* Values are expressed as frequency (%) and P-value based on χ2 test.
† Values are expressed as mean (SD) and P-value based on Independent-samples t test.
‡ Values are expressed as median (percentile 25 to 75) and P-value based on Mann–Whitney U test.

Table 2. Comparison of dietary intake in case and control groups*
(Mean values and standard deviations; 95 % confidence intervals)

Case (n 60) Control (n 60)

Variable* Mean SD Mean SD MD 95% CI P

Energy (kJ) 8602 857 8196 820 –406·12 –16·38, 836·78 0·055
Carbohydrates (g/d) 304·20 65 283·10 59 –21·58 1·59, −42·78 0·034
Proteins (g/d) 68·20 0·12 65·20 11 –3·30 –1·2, 7·2 0·134
Fat (g/d) 70·10 16 68·20 13 –1·48 –3·90, 6·78 0·586
SFA (g/d) 28·80 7 26·20 6 –1·65 –6·1, 4·2 0·672
Vitamin A (IU) 614·70 123 660·20 150 –48·20 –160·1, 61·1 0·423
Zinc (mg/d) 9·94 3·4 9·98 1·3 –0·04 –1·1, 0·78 0·884

MD: Mean difference.
* Values are expressed as mean (SD) and P-value based on Independent-samples t test.
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comparable to our results.(19,25) By comparing these with the
results obtained from this study, we hope to define the associ-
ation between E-DII and COVID-19. The E-DII scores in the
current population were comparable to those of the earlier
studies(18,26–28). The development of the pro-inflammatory
condition could be well correlated with COVID-19; this, in turn,
could increase the nitrogen species and reactive oxygen levels,

thus playing a vital role in the aetiology and severity of the
COVID-19 disease.(7,29) In such a way, the DII score of the diet
could be a robust modulator or stimulator of chronic inflamma-
tion.(18) Many publications have confirmed that having a
healthy diet, which includes high vegetables and fruits, is asso-
ciated with the lower levels of inflammatory factors.(19,20)

Additionally, a particular diet may change the gut microbiota,
thus increasing the unsuitable immune function (e.g. modifica-
tion of the T-helper cell, T-regulatory cell and type 17 and its
balance), thus activating the systemic autoimmune diseases.(30)

Another plausible explanation of DII and COVID-19 associa-
tion is that diet can change the expression of different immun-
ity-related genes using epigenetic modification, thus leading to
increasing the severity of COVID-19.(31,32) Furthermore, spe-
cific dietary factors, such as α-linolenic acid and micronutrients
with the antioxidant capacity (vitamins E, A and C; Zn, Se),
which are included in the DII score,(33) can modulate
inflammation.(34)

The study also revealed a positive association between fol-
lowing a pro-inflammatory dietary pattern (increase in the E-
DII score) and the inflammatory markers. There was a strong
association between the inflammatory biomarkers used to com-
pute the DII score (CRP, IL-6, IL-1β and TNF-α)(35) and the
severity of COVID-19. In other words, the increased serum levels
of several inflammatory cytokines have been associatedwith dis-
ease severity and death(36–38). Uncontrolled inflammatory cell
infiltration via the excessive secretion of reactive oxygen species
and proteases can itself mediate the damage in the lung, which is
the primary cause of death in the COVID-19 disease.(7) Specially,
the higher levels of CRP were associated with the lung func-
tion.(39) On the other hand, the association between DII and lung
function has been reported in a previous study, where DII score
and IL-6 were found to be the negative predictors of the pulmo-
nary function, as indexed by FEV1 (forced expiratory volume in
1s).(25) This inflammation could cause micro-thrombotic immu-
nopathology, leading to pulmonary stress and contributing to
mortality.(40) In addition, the massive release of cytokines by
the immune system in response to the viral infections can lead
tomulti-organ failure, especially in the renal, cardiac and hepatic
systems.(41) So, controlling the inflammatory response through a
low inflammatory diet may be as essential as targeting the virus.
Given that themorbidity andmortality seen in COVID-19 is asso-
ciated with extreme inflammation, a low DII score is useful to
develop rationale-based therapeutic strategies.

Table 3. Summary of clinical information of patients with COVID-19
(Numbers and percentages, n 60)

Symptoms and signs n %

Body temperature≥ 37·5°C 39 69%
Loss of appetite 34 57%
GI symptoms 40 67%
Dyspnoea 44 73%
Severity classification
Mild 21 35%
Moderate 27 45%
Severe 12 20%

Day with fever above 38°C
Median 2·0
IQR 0·0–3·0

Day of hospital stay
Median 9·0
IQR 6·0–11·0

Day of ICU stay
Median 2·9
IQR 0·0–5·5

Hb, (g/dl)
Median 12·0
IQR 11·0–12·5

Platelet count (×109/l)
Median 188·0
IQR 167·0–199·0

Leucocytes count (×103/l)
Median 6·6
IQR 5·1–9·4

Neutrophil (%) 71·6
Lymphocyte (%) 17·7
Creatinine (mg/dl) 2·9
Median 0·0–5·5
IQR

CRP (mg/l)
Median 9·0
IQR 3·0–31·0

ESR (mm/h)
Median 10·0
IQR 4·0–45·5

ICU, intensive care unit; CRP, C-Reactive protein; ESR, erythrocyte sedimentation
rate.

Table 4. OR and 95% CI of the association between E-DII and COVID-19
(Odd ratio and 95 % confidence intervals)

E-DII tertile 2 (–0·8 to 2·0) E-DII tertile 3 (> 2·0)

Variable E-DII tertile 1 (< –0·8) OR 95% CI OR 95% CI Pfor trend*

COVID-19
Model 1† Ref 3·41 1·31, 8·86 7·26 2·64, 9·94 < 0·001
Model 2‡ Ref 2·97 1·07, 8·19 10·74 3·41, 13·84 < 0·001
Model 3§ Ref 3·06 1·07, 8·72 11·86 5·38, 18·74 < 0·001

E-DII, Energy-Adjusted Dietary Inflammatory Index.
* Pfor trend based on logistic regression.
† Unadjusted.
‡ Adjusted for age, sex.
§ Adjusted for model 2þBMI, diabetes, blood pressure.
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Previous research has also revealed an inverse association
between healthy diets and markers of inflammation, as well as
a direct association with Western dietary patterns.(20,42)

Specifically, a lower CRP concentration has been associated with
a higher intake of vegetables and fruits, although it is not yet
known which degree of inflammation could be attributed to
diet.(19) While a complete picture of the effect of nutrition on
COVID-19 is far from complete, much development has
occurred. Indeed, diet appears to exert a beneficial or detrimen-
tal effect via inflammation. Currently, evidence suggests that the
usage of DII has numerous unique benefits over other dietary
measures, as specially calculated, thus showing the inflamma-
tory potential of diet.(28) Several studies have also revealed that
a higher DII score is associatedwith the elevated levels of inflam-
matory markers and many diseases including cancer and
CVD.(26,27) We showed that the severity of COVID-19 could be
partly explained by the high DII score. Chronic inflammation
is commonly considered as the explanation for the direct asso-
ciation between DII and COVID-19, which may be via the effect
of a pro-inflammatory diet on the systemic inflammation.

Dietary components with a mainly high anti-inflammatory
capacity include vitamin E, vitamin C and carotenoids, as
indexed by low DII scores, which can interact with transcription
factors such as NF-κB, which are related to anti-inflammatory
effects.(19,43) These properties are even more serious in view
of the exaggerated inflammatory and pro-thrombotic setting
associated with COVID-19 severe illness.(44) In addition, dietary
fibre, fermented by the gut microbiota into SCFA, has also been
displayed to produce anti-inflammatory effects.(16) To summa-
rise, according to the low DII score, having high antioxidant,
anti-inflammatory, and potentially antimicrobial and immuno-
modulatory properties is an encouraging and reasonably easy
method to temper the severity of COVID-19 infection.

Another encouraging finding was that a high DII score (i.e.
individuals who had the maximum pro-inflammatory diets)
could be associated with the severity of COVID-19 (CRP level
and severity variable). A similar conclusion was proposed by
Phan et al.,(43) displaying the relationship between the
Mediterranean diet and the severity of psoriasis. As shown, this
study was the first one reporting the association of DII with the
severity of COVID-19, which could be considered a promising

aspect of DII. The mechanisms by which DII might affect
COVID-19 remain uncertain. One of the important mechanisms
for the detected straight relationship of DII with COVID-19 is
through the effect of the pro-inflammatory diet on the levels
of various inflammatory cytokines, such as CRP, which, in turn,
seem to be significant components in the development and
severity of COVID-19.(7,41) A diet including high pro-inflamma-
tory properties (e.g. trans-FA, processed meat) and low anti-
inflammatory items (e.g. fibres, fruits and vegetables), as
indexed by highDII,(18) may play an imperative role in the devel-
opment of COVID-19.

COVID-19 patients are also likely to suffer from stress and
depression as the general population.(45) In the present study,
a larger statistically significant difference was observed in the
mean BDI values (20·9 v. 14·1, respectively, P< 0·001) of the
COVID-19 patients, as compared with the control group. Our
analyses also showed a linear association between E-DII and
depression, as measured by self-reported questionnaires.
Inflammatory diets represent a target for behavioural interven-
tions to reduce the health impacts of COVID-19. DII may act
as a suitable tool to appraise the impacts of diet and dietary inter-
ventions among COVID-19 patients. Interventions to reduce the
chronic physiological risk among COVID-19 patients should
combine several vital lifestyle changes (e.g. healthy diet and
proper sleep). Overall, these results suggest that the inflamma-
tory potential of diet, as assessed by E-DII, was the enhancement
of the inflammatory and clinical markers in the patients with
COVID-19.

A closer look at the association of the DII score with
COVID-19, however, revealed a number of gaps and limitations.
First, the number of subjects in this study was relatively small; as
such, it is hard to draw a firm conclusion. Second, we did not
measure some other cytokine levels including IL-1β, TNF-α
and IL-6. Further, we did not quantity the socio-economic status,
which is an important factor in the food intake and consequently,
the DII index, as well as those infected with COVID-19, which
serves as a potential limitation. Finally, most patients included
in this study were still hospitalised at the time of data collection.
So, there might have been some information bias and/or prog-
nosis of the patients. Apart from that, this study was the first one
inspecting the association between DII scores and COVID-19.

Table 5. Association of E-DII with inflammatory and clinical markers in patient with COVID-19 (n 60)†

Variable

Model 1‡ Model 2§ Model 3||

B 95% CI P* B 95% CI P* B 95% CI P*

CRP (mg/dl) 1·37 0·72, 2·02 < 0·001 1·38 0·69, 2·08 < 0·001 1·40 0·61, 2·22 < 0·001
ESR (mm/h) 1·41 0·52, 2·30 0·002 1·25 0·30, 2·21 0·011 1·02 0·19, 1·98 0·018
Hospital time (d) 0·17 –0·04, 0·39 0·112 0·13 –0·10, 0·05 0·264 0·13 –0·05, 0·31 0·155
ICU time (d) 0·006 –0·14, 0·15 0·931 –0·02 –0·18, 0·14 0·784 –0·06 –0·20, 0·12 0·562
Severity¶ 0·04 0·01, 0·07 0·005 0·03 0·01, 0·06 0·020 0·03 0·01, 0·06 0·024
BDI 2·35 1·25, 5·50 < 0·001 1·30 0·85, 3·21 0·015 1·10 0·50, 2·50 0·025

E-DII, Energy-Adjusted Dietary Inflammatory Index; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; ICU, intensive care unit; BDI: Beck Depression Inventory.
* P based on linear regression.
† Analysis limited to case group.
‡ Unadjusted.
§ Adjusted for age and sex.
|| Adjusted for Model 1þBMI, diabetes and blood pressure.
¶ Severity of disease were assessed by chest radiology criteria.
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These results, therefore, propose the significance of promoting
dietary intake with a low DII score for the subjects at the risk of
COVID-19. Future studies, including intervention trials, are,
however, required to explore this association more precisely.

Conclusion

To conclude, the present study proposed an inverse association
between E-DII score (high in the pro-inflammatory diet) and the
risk and severity of COVID-19. In addition, these findings pro-
vided additional information regarding chronic inflammation
in the development and severity of COVID-19. If these results
could be repeated in the next research, an adjusted diet would
be one of the multidimensional approaches of COVID-19.
Overall, our findings indicated that the intake of more anti-
inflammatory dietary items such as n-3 fatty acids, β-carotenes,
phytochemicals, and plant-based foods rich in fibre, and the
decrease in the consumption of pro-inflammatory food, such
as red and processed meat, trans-FA or acids saturated fat,
may be an approach to decrease the risk and severity of
COVID-19. This work is of major importance for public health-
care planners, since it could test the low inflammatory diet
suggestion at the population basis, offering additional, non-
pharmacological lines for the prevention and control of
COVID-19.
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