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Background and Aims. Inﬂammation is strongly associated with the severity and mortality rate of SARS-CoV-2 disease (COVID19). Dietary factors have a crucial role in preventing chronic and systemic inﬂammation. This study aimed to evaluate the
association between energy-adjusted dietary inﬂammatory index (E-DII) scores and body composition parameters in
COVID-19-infected patients compared to noninfected controls. Methods. A total of 133 COVID-19-infected patients and
322 noninfected controls were selected and enrolled from the Cohort Study of Employees of Shiraz University of Medical
Sciences. E-DII score was calculated based on a validated food frequency questionnaire (FFQ) and body composition was
measured using In-Body 770 equipment. Logistic regression models were utilized to estimate the odds ratio (OR). Results. In
the control group, the mean E-DII score was signiﬁcantly lower than the case group (−2.05 vs. −0.30, P ≤ 0.001), indicating
that the diet of COVID-19-infected subjects was more proinﬂammatory than the controls. For every 1 unit increase in E-DII
score, the odds of infection with COVID-19 was nearly triple (OR: 2.86, CI: 2.30, 3.35, P ≤ 0.001). Moreover, for each unit
increase in body mass index (BMI), the odds of infection to COVID-19 increased by 7% (OR: 1.07, CI: 1.01, 1.13, P � 0.02).
No signiﬁcant diﬀerence was observed for other anthropometric parameters. Conclusion. The ﬁndings revealed that obese
people and those consuming a more proinﬂammatory diet were more susceptible to coronavirus infection. Therefore,
maintaining ideal body weight and consuming a more anti-inﬂammatory diet can decrease the probability of COVID19 infection.
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1. Introduction
Coronavirus disease (COVID-19) was ﬁrst detected with
apparent pneumonia in Wuhan, China, in December 2019.
After about 1.5 years, the disease became pandemic and was
conﬁrmed by the World Health Organization (WHO) in
March 2020 as a major threat to global public health [1].
According to the latest WHO news, more than 267.86
million conﬁrmed cases and 5.28 million deaths from
COVID-19 have been reported by 10 December 2021 [2].
Given the high prevalence and the absence of a deﬁnite way
to eradicate the disease, scientists have looked for a way to
reduce mortality and prevent infection [3]. COVID-19
patients with elevated inﬂammatory cytokines were shown
to be more at the mortality risk [4].
The immune system is an important ﬂexible factor in
preventing and controlling respiratory viral infections and
mortality [5]. A weak immune system as a risk factor is
associated with disease severity and worse outcomes in
people with viral infections such as inﬂuenza, adenovirus,
and COVID-19 [5]. In COVID-19 patients, severe inﬂammation due to cytokine storm and impaired immune
function leads to multiple organ failure. Defect in the immune system is a risk factor for COVID-19 and inﬂammation is a major cause [6, 7] of death, so strengthening the
immune system and dealing with inﬂammatory factors may
reduce the incidence and mortality of this disease [5].
Nutrition and optimal diet play a crucial role in
strengthening the immune system and also in reducing
inﬂammation and lung tissue damage [8, 9]. Indeed, several
dietary factors were demonstrated to inﬂuence inﬂammation. More speciﬁcally, dietary patterns with low saturated
and trans-fatty acids intake and high consumption of high
omega-3, fruits, vegetables, nuts, and whole grains have been
associated with a lower level of inﬂammation [10,11]. To
determine the correlation between diet and inﬂammation,
the dietary inﬂammatory index (DII ) was developed that
can evaluate the inﬂammatory potential of a diet from
maximally anti-inﬂammatory to maximally proinﬂammatory levels [12]. The E-DII score has been veriﬁed by
such inﬂammatory markers, like tumor necrosis factor alpha
(TNFα), interleukin-1 (IL-1) and interleukin-2 (IL-2), and
C-reactive protein (CRP) [5].
Previous studies demonstrated that higher DII was associated with impaired lung function [13]. Moreover, subjects
with asthma or wheeze consumed a more proinﬂammatory
diet [14]. Furthermore, by increasing production of inﬂammatory mediators obesity leads to inﬂammation in the airways, which is directly related to asthma [14].
Our hypothesis was that subjects with COVID-19 infection have higher DII and and BMI, indicating the potential of a proinﬂammatory diet, than those of
noninfectious subjects. The aim of this study was to investigate the association between energy-adjusted dietary
inﬂammatory index (E-DII), body composition, and anthropometric parameters with COVID-19 in a case-control
study in southern Iran. Considering (i) the high prevalence
and mortality of COVID-19 and its relationship to the inﬂammatory state of the body and (ii) the impact of diet on
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the immune system and inﬂammatory status, the focused
clinical question we aim to address is whether the updated
dietary approaches would help reduce the risk of COVID-19
and its associated inﬂammation?

2. Materials and Methods
2.1. Participants. This is a retrospective case-control study
on participants nested within the Cohort Study of Shiraz
University of Medical Sciences (SUMS) for Employee
Health in southern Iran (SUMS EHCS, a branch of PERSIAN Cohort Study). From March 2020 to June 2020 in
SUMS EHCS, a total of 3000 male and female participants
aged 20–70 years were screened for a probable COVID-19
infection, while 133 cases were diagnosed as COVID-19infected patients. COVID-19 was assessed by quantitative
real-time polymerase chain reaction (qPCR). Moreover,
some of the participants had the results of chest computed
tomography scans and serologic tests. The control group
was randomly selected from 3,000 participants who were
not infected to COVID-19 veriﬁed by qPCR. To optimize
power, approximately 2.5 controls were included for each
case (n � 332). All participants provided written informed
consent and the study was approved by the Ethics Committee of Shiraz University of Medical Sciences (Code:
IR.SUMS.REC.1396.S441), undertaking ethical principles
for medical research involving human subjects of the
World Medical Association Declaration of Helsinki.
2.2. Inclusion and Exclusion Criteria. Individuals were excluded from the study if data on body composition, dietary
intake, and demographic information were incomplete or if
they were pregnant, breastfeeding, or on a speciﬁc diet at the
time of data collection.
2.3. Assessment of General Characteristics of Participants.
Trained interviewers were used in the study who utilized a
general questionnaire to complete demographic information
of participants such as age, sex, ethnicity, level of education
(under diploma, diploma degree, postdiploma, bachelor’s
degree, master’s, and Ph.D. degree), marital status, and
smoking habits.
2.4. Assessment of Dietary Intake. To assess dietary intake,
participants were asked to respond to a 116-item semiquantitative food frequency questionnaire (FFQ). The reliability and validity of the FFQ have been conﬁrmed in a
previous study [15]. Participants were requested to report
the amount and frequency of consumption of the food items
in the last year, on a daily, weekly, monthly, and yearly basis.
All information was collected from patients through face-toface interviews. The United States Department of Agriculture (USDA) nutrient database was used to compute
nutrient scores from consumed foods. Nutrient scores were
derived applying the Nutritionist IV diet analysis software
(version 7.0; Nsquared computing, Salem, OR, USA) to
determine energy and gram of nutrient intake.
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2.5. Assessment of Anthropometric and Body Composition.
Body composition parameters, including weight, body mass
index (BMI � weight (kg)/height (m) 2), fat-free mass
(FFM), skeletal muscle mass (SMM), body fat mass (BFM),
and visceral fat area (VFA), were determined using In-Body
770 equipment. Also, height (in cm), weight (in kg), waist,
hip, and waist circumferences (in cm) were measured based
on US National Institutes of Health protocols [16]. The
waist-to-hip ratio (WHR) was calculated by dividing the
waist circumference (cm) to hip circumference (cm). In
order to lessen the error, all measurements were taken in the
morning, when participants were fasting and emptied the
bladder.
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2.6. Assessment of E-DII. The DII is based upon up to 45
food parameters, which have been scored based on reported
proinﬂammatory or anti-inﬂammatory eﬀects on speciﬁc
inﬂammatory markers (IL-1β, IL-4, IL-6, IL-10, TNF-α, and
CRP) using 1943 peer-reviewed articles published until
December 2010. Details of the development and initial
testing of the DII have been described before [17]. Over 30
construct validation studies are available all over the world
using a variety of inﬂammatory biomarkers. Brieﬂy, the
scoring algorithm uses a global reference database (food
consumption from eleven populations globally) and food
parameter-speciﬁc inﬂammatory eﬀect scores to create an
overall DII score for an individual. The DII scored
individuals’ diets on a continuum from strongly antiinﬂammatory (−8.87) to strongly proinﬂammatory
(+7.98).
To calculate DII scores for the participants, dietary
intake data were used to calculate an individual’s intake of
food parameters and were compared to the global reference
database. For each participant, a Z-score for every food
parameter was calculated based on the global mean and
standard deviation; this was achieved by subtracting the
global mean from the amount reported and dividing this
value by the standard deviation. The Z-scores were converted to a proportion to minimize the eﬀects of outliers
(“right-skewing”). The standardized dietary intake data
(proportion) were centered by doubling and subtracting 1
and then multiplied by the inﬂammatory eﬀect score of each
food parameter and summed to obtain an overall DII score
for every participant in the study. A total of 29 food parameters were available from the food diaries to compute the
overall DII scores. These included energy, carbohydrate,
protein, total fat, ﬁber, cholesterol, saturated fat, monounsaturated fat, polyunsaturated fat, omega-3 fatty acids,
omega-6 fatty acids, niacin, thiamine, riboﬂavin, iron,
magnesium, zinc, vitamin C, vitamin E, folic acid, betacarotene, caﬀeine, garlic, onion, and tea. The energy-adjusted DII (E-DII ) scores were calculated by converting all
food parameters to the amount of consumed food per
1000 kcal [18]. To compute the E-DII score, procedures
identical to those utilized to develop the DII were used, and
an energy-adjusted global comparative database was applied;
as energy is in the denominator, only 28 food parameters
were used in the calculation of the E-DII scores.
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2.7. Statistical Analysis. Data analysis was performed using
SPSS software (version 18, Chicago, IL, USA). The Kolmogorov–Smirnov test was used to evaluate the distribution
of data. Continuous and categorical variables were expressed
as mean (standard deviation) and number (percent), respectively. An independent sample t-test was used to analyze
continuous data with normal distribution, and an independent Mann–Whitney U test was utilized for data with
nonnormal distribution. Also, Chi-square or Fisher’s exact
test was applied to compare categorical variables. Normally
distributed data were compared with the ANOVA test and
nonnormally distributed data were compared with the
Kruskal–Wallis test. Categorical variables were also compared with the Chi-square test. A logistic regression model
was carried out for COVID-19 as the outcome. For predicting the odds of COVID-19 infection in the case and
control groups, univariate logistic regression models were
used. In addition to being ﬁt as a continuous variable, the
E-DII was categorized into quartiles. To reduce the eﬀect of
confounding factors, variables with signiﬁcance level ≤0.20
were included in the multivariable regression model. Odds
ratios (OR) and associated 95% conﬁdence intervals (CI)
were computed from the logistic regression model. P values
less than 0.05 were considered statistically signiﬁcant.

3. Results
3.1. Evaluation of the Continuous and Categorical Variables of
Participants. The characteristics of continuous and categorical variables for cases (n � 133) and controls (n � 322)
were shown in Table 1. There were no signiﬁcant diﬀerences
in mean age and anthropometric parameters/body composition measures, including weight, height, BMI, FFM,
SMM, BFM, abdominal and hip circumferences, WHR, and
VFA between the case and control groups (Table 1). Furthermore, no signiﬁcant diﬀerences were observed between
cases and controls in terms of marital status, sex, smoking
habits, or ethnicity. Education diﬀered signiﬁcantly between
cases and controls (P ≤ 0.001).
3.2. E-DII Scores in Control and Case Groups. The E-DII
scores ranged from −4.47, as the most anti-inﬂammatory
score in the control group, to 3.46, as the most proinﬂammatory score in the case group. The mean E-DII score in
the control group was signiﬁcantly lower than the case group
(−2.05 (1.24) vs. −0.30 (1.38), P ≤ 0.001), indicating that diets
in COVID-19-infected patients were more proinﬂammatory
than those of controls (Figure 1).
3.3. Assessment of the Characteristics of Participants According
to Quartile of E-DII. When the E-DII was categorized into
quartiles (Table 2), the number of cases with COVID-19 was
signiﬁcantly (P ≤ 0.001) higher in quartile 4 (E-DII ≥−0.54),
while the number of controls was higher in quartile 1 (EDII ≤−2.76). Quartile 4 contained the highest proportion
of men. Also, signiﬁcantly decreasing trends were observed across quartiles for more anti-inﬂammatory nutrients such as omega-3 fatty acid (P ≤ 0.001), β-carotene
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Table 1: Characteristics of participants, COVID-19 case-control study nested within the Cohort Study of Shiraz University of Medical
Sciences (SUMS), 2017–2021.
Characteristics
Age, (year), mean (SD)
Weight (kg), mean (SD)
Height (cm), mean (SD)
BMI (kg/m2), mean (SD)
FFM, kg, mean (SD)
SMM, kg, mean (SD)
BFM, kg, mean (SD)
Circumference of abdomen, cm, mean (SD)
Circumference of hip, cm, mean (SD)
WHR, mean (SD)
VFA, mean (SD)
Gender, N (%)
Female
Male
Marital status, N (%)
Yes
No
Smoking habits, N (%)
Nonsmoker
Smoker
Educational level, N (%)
Under diploma and diploma degree
Postdiploma and bachelor’s degree
Master’s and Ph.D. degree
Ethnicity, N (%)
Fars
Lor
Turk
Others

Cases (n � 133)
40.13 (7.02)
74.30 (14.62)
164.74 (8.22)
27.27 (4.34)
47.96 (10.41)
26.53 (6.20)
25.79 (9.44)
94.32 (12.29)
100.10 (7.01)
0.93 (0.06)
125.09 (49.89)

Controls (n � 322)
40.36 (6.56)
73.46 (13.69)
165.64 (9.24)
26.72 (4.11)
48.15 (10.95)
26.62 (6.59)
25.01 (8.14)
93.66 (10.91)
99.51 (6.59)
0.93 (0.05)
121.11 (43.50)

78 (58.6)
55 (41.4)

171 (53.1)
151 (46.9)

112 (84.2)
21 (15.8)

265 (82.3)
57 (17.7)

116 (87.2)
17 (12.8)

272 (84.5)
50 (15.5)

7 (5.3)
28 (21.1)
98 (73.7)

46 (14.3)
91 (28.3)
185 (57.5)

106 (79.7)
9 (6.8)
9 (6.8)
9 (6.8)

262
20
30
10

P value
0.44
0.56
0.39
0.23
0.98
0.95
0.52
0.60
0.44
0.73
0.54
0.28

0.62
0.45

0.001

0.14
(81.4)
(6.2)
(9.3)
(3.1)

Independent sample t-test and independent Mann–Whitney U test were used for continuous variables, Chi-square or Fisher’s exact test were used for
categorical variables. SD: standard deviation; N: number; kg: kilograms; BMI: body mass index; FFM: fat-free mass; SMM: skeletal muscle mass; BFM: body fat
mass; WHR: waist-to-hip ratio; VFA: visceral fat area.

4.00

*

2.00

increasing trends were noted for PUFA (P � 0.01), omega6 (P � 0.02), and cholesterol (P � 0.03) (Table 2). No signiﬁcant changes were seen for age, weight, BMI, smoking
habits, and other nutrients across quartiles.

E-DII

.00
-2.00
-4.00
-6.00
control

case
Groups

Figure 1: Box-plot graph of E-DII scores in control and case
groups. Values are means (SE). ∗ P ≤ 0.001. E-DII: energy-adjusted
dietary inﬂammatory index.

(P ≤ 0.001), folic acid (P ≤ 0.001), vitamin D (0.01), iron
(P ≤ 0.001), magnesium (P ≤ 0.001), zinc (P � 0.002), selenium (P ≤ 0.001), and ﬁber (P ≤ 0.001) and signiﬁcant

3.4. Logistic Regression Models Analysis. A multivariable
logistic regression model as the outcome was ﬁt with cases
(COVID-19-infected individuals) versus controls (uninfected individuals) (Table 3). For every 1 unit increase in
E-DII score, the odds of being infected with COVID-19
increased by 186% (OR: 2.86, CI: 2.30, 3.53, P ≤ 0.001). Also,
for every 1 unit increase in BMI, the odds of getting
COVID-19 increased by 7% (OR: 1.07, CI: 1.01, 1.13,
P � 0.02). A signiﬁcant odds ratio was also seen for the
level of education. It was shown that an increase in the
educational level resulted in decreasing the odds of getting
COVID-19. The increase in the level of education from
under diploma and diploma level to postdiploma and
bachelor’s level led to a decrease in the odds of COVID-19
infection by 85% (OR: 0.15, CI: 0.05, 0.40, P ≤ 0.001) and
for master’s and Ph.D. levels, a decrease in the odds of
COVID-19 infection by 48% (OR: 0.52, CI: 0.29, 0.92,
P � 0.02) (Table 3).
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Table 2: Characteristics of participants according to quartile of E-DII, COVID-19 case-control study nested within the Cohort Study of
Shiraz University of Medical Sciences (SUMS), 2017–2021.
Variables
Gender, N (%)
Female
Male
COVID-19, N (%)
Yes
No
Smoking habits, N (%)
Nonsmoker
Smoker
Age, (year), mean (SD)
Weight, (kg), mean (SD)
BMI, (kg/m2), mean (SD)
Food parameters, mean (SD)
Vitamin A (μg/day)
Βeta-carotene (μg/day)
Vitamin D (μg/day)
Vitamin E (mg/day)
Vitamin C (mg/day)
Thiamin, B1 (mg/day)
Riboﬂavin, B2 (mg/day)
Niacin, B3 (mg/day)
Pyridoxine, B6 (mg/day)
Folate, B9 (μg/day)
Cobalamin, B12 (μg/day)
MUFA (g/day)
PUFA (g/day)
Omega-6 (g/day)
Omega-3 (g/day)
Iron (mg/day)
Zinc (mg/day)
Magnesium (mg/day)
Selenium (mg/day)
Fiber (g/day)
Total fat (g/day)
Cholesterol (mg/day)
Saturated fat (g/day)
Trans-fat (g/day)

1st quartile∗

2nd quartile∗∗

3rd quartile∗∗∗

4th quartile∗∗∗∗

78 (68.4)
36 (31.6)

61 (53.5)
53 (46.5)

52 (45.6)
62 (54.4)

58 (51.3)
55 (48.7)

6 (5.3)
108 (94.7)

18 (15.8)
96 (84.2)

33 (28.9)
81 (71.1)

76 (67.3)
37 (32.7)

100 (87.7)
14 (12.3)
41.54 (6.72)
71.91 (12.88)
26.84 (4.14)

97 (85.1)
17 (14.9)
40.75 (6.31)
73.95 (14.94)
26.94 (4.11)

93 (81.6)
21 (18.4)
39.68 (6.32)
75.94 (13.95)
27.12 (4.28)

98 (80.7)
15 (13.3)
39.97 (6.99)
73.02 (13.85)
26.61 (4.22)

0.16
0.07
0.74

758.38 (828.96)
4195.05 (3751.54)
1.61 (1.16)
22.49 (11.18)
184.45 (112.36)
2.67 (2.13)
2.75 (1.75)
28.95 (20.71)
2.36 (1.52)
734.36 (383.95)
4.13 (7.56)
29.13 (14.50)
22.96 (10.06)
20.52 (9.37)
1.03 (0.71)
43.16 (42.28)
14.91 (10.22)
512.65 (428.63)
134.30 (175.36)
59.15 (46.81)
79.49 (39.98)
245.29 (154.93)
19.05 (15.30)
00 (00)

792.26 (551.93)
3623.80 (3427.30)
1.65 (1.35)
23.86 (14.01)
196.3 (135.82)
2.52 (1.06)
2.49 (1.11)
28.18 (10.45)
2.36 (0.85)
719.10 (293.84)
5.87 (2.46)
28.83 (11.77)
23.59 (10.96)
21.15 (10.53)
1.00 (0.68)
39.77 (32.85)
13.27 (4.71)
452.20 (170.55)
109.93 (69.03)
60.99 (41.85)
79.69 (28.67)
261.50 (137.20)
19.07 (6.99)
00 (00)

1013.27 (981.08)
3346.71 (3190.90)
1.52 (1.88)
23.30 (13.80)
177.58 (99.82)
2.41 (1.16)
2.36 (1.27)
26.96 (11.56)
2.28 (0.93)
640.19 (306.29)
4.01 (4.37)
26.12 (11.31)
22.62 (11.03)
20.77 (10.62)
0.81 (0.50)
36.93 (32.51)
12.53 (4.91)
423.79 (187.68)
89.27 (82.70)
47.72 (26.17)
74.44 (28.31)
240.39 (177.10)
17.82 (7.12)
00 (00)

1062.02 (615.96)
1665.86 (1695.02)
1.43 (1.65)
26.34 (16.71)
181.61 (90.06)
2.20 (0.65)
2.08 (0.70)
25.61 (7.36)
2.17 (0.56)
498.97 (204.57)
4.30 (3.17)
26.19 (11.59)
27.29 (13.45)
24.41 (13.01)
0.65 (0.46)
25.78 (13.07)
11.64 (3.61)
362.69 (120.01)
40.29 (63.13)
31.55 (18.21)
82.10 (29.33)
263.85 (116.31)
18.97 (6.13)
00 (00)

≤0.001
≤0.001
0.01
0.28
0.94
0.23
0.001
0.37
0.64
≤0.001
0.28
0.10
0.01
0.02
≤0.001
≤0.001
0.002
≤0.001
≤0.001
≤0.001
0.23
0.03
0.33
0.43

P value
0.001
≤0.001

0.57

∗

Quartile 1 � ≤−2.76; ∗∗ Quartile 2 � −2.75 – (-) 1.65; ∗∗∗ Quartile 3 � −1.64 – (-) 0.55; ∗∗∗∗ Quartile 4 ≥ −0.54. ANOVA or Kruskal–Wallis test was used for
continuous variables and Chi-square was used for categorical variables. E-DII: energy-adjusted dietary inﬂammatory index; BMI: body mass index; BFM:
body fat mass; WHR: waist-to-hip ratio; FFM: fat-free mass; SMM: skeletal muscle mass; VFA: visceral fat area.

4. Discussion
Based on access to available data in the literature, this can
be a beginning to ﬁnd out the association between COVID19 and the E-DII. In this retrospective nested case-control
study, we found that participants with higher E-DII scores,
indicating a diet with proinﬂammatory potential, were
more at risk of being infected to COVID-19. Our results
supported our hypothesis that consuming a proinﬂammatory diet is associated with an increased risk of
COVID-19 infection. There was also a positive relationship
between BMI and increased risk of COVID-19, and educational level was inversely correlated with the risk of
COVID-19.
In previous research, a higher DII/E-DII score was
shown to be correlated with a wide variety of inﬂammationrelated diseases such as asthma [19], cancer [20], and

cardiovascular diseases [21]. Unbalanced diet and malnutrition may contribute to chronic low inﬂammatory status,
negatively impacting the immune system and making the
body susceptible to disease [22]. Studies on the association
between DII and respiratory diseases are rare with IL-6 and
forced expiratory volume 1 (FEV1) levels, suggesting a relationship between an inﬂammation-inducing diet and
impaired lung function [19]. Similarly, a cohort study in the
general population in Australia found a negative relationship between increased DII score and lung function. In this
study, IL-6 level and dietary fat intake were negative predictors of FEV1 [23].
Previous studies suggested that based on the absence of
the antioxidant content, the Western diet and diet with a low
amount of fruits and vegetables could increase the CRP and
systemic inﬂammation in asthmatic patients [24]. In fact, an
inﬂammatory diet was a predictor of systemic inﬂammation.
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Table 3: Univariate and multivariate logistic model for odds of COVID-19 infection, COVID-19 case-control study nested within the
Cohort Study of Shiraz University of Medical Sciences (SUMS), 2017–2021.
Variables
E-DII
Age
Weight
WHR
BFM
BMI
Gender
Male
Female
Educational level
Under diploma and diploma degree
Postdiploma and bachelor’s degree
Master’s and PhD degree
Smoking habits
No
Yes

OR
2.67
0.98
1.00
1.09
1.01
1.03

Univariate model
95% CI
Lower
Upper
2.18
3.27
0.95
1.01
0.99
1.01
0.04
29.79
0.98
1.03
0.98
1.08

P value

OR

≤0.001
0.46
0.55
0.95
0.37
0.20

2.86

Ref
0.79

0.53

1.20

0.28

Ref
0.28
0.58

0.12
0.35

0.66
0.94

0.003
0.03

Ref
1.25

0.69

2.26

0.45

Multivariate model
95% CI
Lower
Upper
2.30
3.55

P value
≤0.001

1.07

1.01

1.13

0.02

—
0.15
0.52

—
0.05
0.29

—
0.40
0.92

—
≤0.001
0.02

Univariate and multivariate logistic models were used. OR: odds ratio; CI: conﬁdence interval; Ref: reference; E-DII: energy-adjusted dietary inﬂammatory
index; WHR: waist-to-hip circumference rate; BFM: body fat mass; BMI: body mass index.

Individuals who consumed a high-DII diet showed a higher
level of IL-6, causing a greater risk of systemic inﬂammationrelated diseases among them [25]. In the case of COVID-19,
the production of inﬂammatory cytokines such as IL-6, IL-1,
TNF-α, and CRP [25] contributed to a storm of cytokines
resulting in an immune dysregulation induced by T cells and
inﬂammatory monocytes [11].
One potential explanation for the positive association
between E-DII and COVID-19 can be the role of the
proinﬂammatory diets in the production of inﬂammatory
mediators and cytokines, such as B and T lymphocytes, and
vascular cell adhesion molecules (VCAM). Moreover, a
proinﬂammatory diet can contribute to insulin resistance
that might lead to the induction of systemic inﬂammation.
The association between E-DII/DII scores and elevated IL-6
levels may indicate another possible mechanism associated
with impaired lung function, increased CRP levels, and
airway inﬂammatory cell counts [26]. Consistent with results
from the present study, several studies that have been
conducted up to now have found obesity to increase the risk
of COVID-19 and its severity [27–30]. Obesity can decrease
immune cells activity and cause intestinal microbiome
imbalance, thus triggering inﬂammatory cytokine phenotype and intensifying antiviral, antimicrobial, and anticoagulant resistance. One study has identiﬁed cytokines
present in both obese and coronavirus-infected patients with
an increasing prognosis and pathogenesis for COVID-19
[28]. As obesity weakens the immune system by disrupting
the equilibrium of T cells [30], the condition grows more
serious and causes the adipose tissue to accumulate
proinﬂammatory cells such as macrophages, dendritic cells,
cytotoxic T cells, and Th1 cells. Such changes in immune
cells and their concentration in adipose tissue are the major
cause of COVID-19 severity in obese people [31]. Furthermore, obesity and insulin resistance might result in a

chronic inﬂammatory state that triggers a cytokine storm,
thereby increasing susceptibility to COVID-19 infection.
Adipokines such as leptin, resistin, retinol-binding protein 4
(RBP4), and visfatin that are secreted by inﬂamed adipose
tissue can cause systematic increases in levels of proinﬂammatory cytokines such as TNF-α, IL-6, and IL-1 [32].
In the present study, we observed that the levels of
α-carotene, riboﬂavin, folate, iron, zinc, magnesium, selenium, omega-3, and ﬁber declined as the E-DII score increased. Moreover, the E-DII score was positively associated
with a higher risk of contracting COVID-19 infection. So,
these ﬁndings demonstrated the role of antioxidant and antiinﬂammatory nutrients in ensuring the optimal functioning
of the immune system [33]. It is important to note that
consumption of these nutrients was near to Recommended
Dietary Allowance (RDA) levels, but it was shown that
supplementing some micronutrients above RDA might be
required to suppress infection and coronavirus [34].
The above-mentioned nutrients have several roles in
improving immune function. They promote recovery from
prior inﬂammatory responses by acting as antioxidants or
decreasing certain cytokines [34]. They also play a role in
phagocytic and killing activities of neutrophils and macrophages, the development and preservation of physical
barriers, the synthesis and function of antimicrobial proteins, and even the growth, diﬀerentiation, and motility of
cells of the innate immune system [34, 35]. They develop
acquired immunity in several ways. For example, iron is
important in both health and infection due to its role in
epithelial tissue diﬀerentiation and growth [36], as well as
neutrophils that need iron to produce reactive oxygen
species (ROS) to kill pathogens [35].
Zinc is vital for the growth, diﬀerentiation, and activation of T lymphocytes [35] and an increase in the intracellular zinc concentration can eﬀectively impair the
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replication of many ribonucleic acid (RNA) viruses, including coronaviruses [37]. Selenium exerts antioxidant
activity through its role in glutathione, thus boosting immunity by reducing inﬂammation, particularly through
protecting neutrophils from oxidative stress by the promotion of glutamine peroxidase [38]. Also, omega-3 fatty
acids are powerful mediators of inﬂammation and thrombosis [39]. Omega-3 fatty acids improve B cells activity,
increase phagocytosis, and decrease cytokines as well as
inﬂammatory eicosanoids [40]. In contrast, Omega-6 fatty
acids appear to have proinﬂammatory and prothrombotic
characteristics. The high omega-6/omega-3 ratio is extremely proinﬂammatory, leading to increased expression of
CRP, leukotrienes, and ultimately high levels of cytokines
including IL-6 of TNF-α that could increase the susceptibility of COVID-19 [41]. On the other hand, ﬁber intake
reduces the risk of COVID-19; and such an eﬀect is attributed to its anti-inﬂammatory and immunostimulant
properties. The fermentation of dietary ﬁber by intestinal
bacteria results in the production of short-chain fatty acids
(SCFAs) that have been known to regulate host metabolism,
cell proliferation, and the immune system [42].
This study showed an inverse association between
educational level and the risk of COVID-19. Such a ﬁnding
was similar to a previous report [43] but diﬀerent from
another study [44]. The discrepancy between our study and
the study in Nigeria might be due to other risk factors that
have greater impacts on the incidence of COVID-19 in
Nigeria. It also is possible that poorer populations with low
literacy may have fewer foreign visitors and perform fewer
diagnostic tests. Moreover, the literacy rate of the poor
population in Nigeria was much lower [44] than that of the
present study. There is a link between educational level and
factors that increases the risk of COVID-19, including
unhealthy dietary habits that suppress the immune defense
[43]. The association between malnutrition and the inﬂammatory state has demonstrated that poor nutrition
increases the susceptibility of individuals to COVID-19
[22, 45]. Furthermore, education-related health awareness
can play an important role in the incidence and severity of
COVID-19. Eﬃcient coordination of public health activities is needed to respond appropriately during a pandemic
such as COVID-19 that is dependent on people’s ability to
access and interpret relevant information, while people
with insuﬃcient health literacy might be misled more by
false information [46].
The present study did not show any association between
DII score, body composition, and anthropometric indices, a
ﬁnding that is similar to that observed in another study [47];
but divergent from other reports [48, 49]. The discrepancy
between ﬁndings observed in our study and those of others
[48, 49] might be related to case and control group selection.
In our study, controls were randomly chosen from the same
population as the cases used an identical cohort as the
source. Several strong points should be considered in
evaluating the present study. COVID-19 is a new disease
with limited information and this study has been a pioneer
to investigate the E-DII/DII association with COVID-19.
Another strength can be the selection of the control group
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from a population with a common origin with the case
group, which did not diﬀer signiﬁcantly in terms of some
confounding parameters such as age, sex, ethnicity, working
conditions, and even anthropometric parameters. The use of
a veriﬁed and reproducible FFQ is another strength, which
provided a comprehensive assessment of the usual daily food
intake. However, there could be some inherent measurement errors in the FFQ, as we have shown previously
[50, 51]. Recall bias is a limitation [52]; however, due to the
nature of the study design, recall bias could not be ascribed
to the presence or absence of disease, as trained staﬀ administered the FFQ before any infection of the participants.
Another potential weakness is the assessment of lack of
physical activity, which should be considered in future researches as an important variable when evaluating inﬂammatory status. Also, the limited number of participants in
the case group was another weakness of the study. Thus, to
optimize the power of the study, approximately 2.5 controls
were included for each case.

5. Conclusion
In conclusion, people consuming a more proinﬂammatory
diet and those who were obese were more susceptible to
coronavirus infection. Thus, encouraging individuals to
maintain their ideal body weight and consume a diet with
more anti-inﬂammatory elements may help them to reduce
the probability of acquiring COVID-19 disease.
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