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Background: Coronavirus disease 2019 (COVID-19) is an infectious disease that put unprecedented sig-
nificant strain on clinical services and healthcare systems. The aim of the present research was to assess
dietary food groups and also food habits of patients with clinical symptoms of COVID 19 and healthy
controls.
Methods: This caseecontrol research was carried out on 505 participants (279 subjects with clinical
symptoms of COVID-19 and 226 controls), in age 18e65 years. Dietary food group's intake last year was
investigated by a food frequency questionnaire. Food habits were asked by a general information
questionnaire. The strength of the association between food group's intakes with the odds ratios (ORs) of
COVID-19 was assessed using Logistic regression models.
Results: After adjusting for physical activity in the logistic regression models, intake of dough and yogurt
had a significantly protective role on occurrence of COVID19 (OR ¼ 0.62; 95% confidence interval
(CI) ¼ 0.44e0.87; P ¼ 0.006) (OR ¼ 0.74; 95% CI ¼ 0.56e0.98; P ¼ 0.044), respectively. No significant
differences were seen in food habits between the two groups in the last year ago.
Conclusions: High risk population for COVID19, advised to consume enough amount of yogurt and dough
at the time of this pandemic.

© 2021 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights
reserved.
1. Background

Coronavirus disease 2019 (COVID-19), that puts unprecedented
significant strain on clinical services and healthcare systems, is an
infectious disease caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). The first human cases of COVID-19
were identified in China in late December 2019 [1]. The ongoing
pandemic has resulted in more than 17.5 million confirmed cases
and 677, 000 deaths worldwide and there have been almost 92, 000
deaths in the Asia Region up to 1 August 2020 [2,3]. Coronaviruses
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belong to b-coronaviruses and are transmitted through secretions
of infected people such as saliva and respiratory secretions or their
respiratory droplets [4,5]. The severity of clinical symptoms in
positive COVID-19 patients is varied, ranging from asymptomatic to
acute respiratory distress syndrome and multi-organ dysfunction
[6]. Previous researches reported male sex, older age, and chronic
diseases such as diabetes, hypertension, and obesity as the risk
factors for severe clinical symptoms of COVID-19 [7,8].

After infection with SARS-CoV-2, the uncontrolled response of
the immune system against the virus causes damage of pulmonary
tissue, functional impairment, and restricted lung capacity. Apart
from pneumonitis in the early phase, 10e14 days after the virus
infection, sudden reduction of lymphocytes like natural killer (NK)
cells in blood along with severe inflammatory reaction happened
that is called cytokine storm. In the critical condition, spleen and
y Elsevier Ltd. All rights reserved.
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lymph nodes are atrophied and number of lymphocytes decrease
drastically which leads the patient to hypercoagulability, throm-
bosis, and multi-organ damage [9].

Evidence demonstrated that appropriate nutrition plays a role in
the improvement of the immune system and malnutrition resulted
in increased rate of infections [10,11].Nutrients requirements are
provided by dietary sources or body stores. Subclinical deficiencies
of micro and macro nutrients may have a negative effect on body
immune responses [11]. It is proposed dietary intake of some
bioactive foods may enhance immune System to fight against
COVID19 [12]. A recent review has emphasized on optimum
nutrition status as important factor for a well-functioning of im-
mune system against viral infections [13] and another review study
has highlighted critical role of diet and relevant nutrients to
effectively diminish inflammation and oxidative stress, conse-
quently reinforcing the immune system during the COVID-19 crisis
[14]. A new invitro study that assessed the effects of coronavirus on
lung tissues suggested those nutrition recommendations have an
important role in reducing damages of coronavirus to the lungs
[15]. Up to now, no research study has been carried out to evaluate
the dietary intakes of COVID19 patients. Hence, the aim of the
present research was to assess and compare history of dietary food
group's intake and also food habits between patients with clinical
symptoms of COVID 19 and healthy controls.
2. Methods

2.1. Study design and participants

In the present retrospective caseecontrol research, totally 505
participants (279 patients with clinical symptoms of COVID-19 and
226 exposures to virus and healthy controls), in age 18e65 years,
were investigated. Participant with positive nasopharyngeal swab
testing for SARS-CoV-2, hospitalized and/or referring to the
outpatient clinic of Khatam Al-Anbia Hospital, in Shoushtar city and
Razi Hospital, in Ahvaz, Khuzestan province, in Iran, were consid-
ered for the case group, between June and August 2020. The
COVID19 clinical symptoms in the case group were confirmed by a
physician according to clinical symptoms and laboratory and
radiographic findings, by referring to patients' medical records. The
telephone number of the subjects was taken from the hospital and
contacted them. Patients were asked to participate in the study
after recovery if they wished. In cases that they may have not been
able to answer that questions honestly, we asked from near family
members of patients to assist the subjects in completing the
questionnaires.

Participants in the control group was exposure to the virus, but
asymptomatic and with negative nasopharyngeal swab testing for
SARS-CoV-2. Participants in both case and control groups were
selected from general populations, physicians, nurses, midwives
and staff working in hospitals and medical centers, from June to
August 2020. Both the case and the control groups werematched in
terms of gender, age, and body mass index (BMI), and job.

Inclusion criteria were the positive result of nasopharyngeal
swab testing of SARS-CoV-2, with known clinical symptoms of
COVID19, in recent months and, in cases, encounter with the SARS-
CoV-2, asymptomatic and with negative nasopharyngeal swab
testing for SARS-CoV-2 for the controls, and BMI <35. The exclusion
criteria included incomplete answers to questionnaires, dietary
under and/or over-reporting (energy intake outside the range of
800e4200 kilocalories per day), pregnancy, lactation, having dia-
betes, blood pressure, endocrine disorder, renal or cardiovascular
diseases, malignancies, using immunosuppressive medicines and
history of smoking.
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The protocol of study was approved, by the Medical Ethics
Committee at the Shoushtar faculty of medical science according to
the 2013 Helsinki Declaration (Registration No: IR.SHOUSHTAR.-
REC.1399.015). All participants read and signed the consent form
before their inclusion in the study.

2.2. Demographic measurements

Demographic data including gender, age, educational levels,
employment and economic status, marital status, history of
smoking, history of chronic diseases and history of nutritional
supplements intake were collected by questionnaire. Anthropo-
metric measurements including weight and height were also
measured with an accuracy of 0.5 kg and 0.1 cm, respectively. BMI
was calculated based on the following formula: body weight (ki-
logram) divided by squared height (meter2).

The physical activity level was investigated by the short form of
the international physical activity questionnaire (IPAQ).The total
metabolic equivalent (METs) calculated via usual physical activity
of participants. Then participants, based on the levels of activity,
were classified into three groups: 1- active, 2- minimally active and
3- inactive. The validity and reliability of IPAQ have been confirmed
in 12 countries [16]. Its reliability and validity have also been
confirmed in Iran [17].

2.3. Dietary assessment

A food frequency questionnaire (FFQ) which was designed and
validated for Iranian population [18] and used in Iranian studies,
previously [19,20] was used, and participants’ foods that were
consumed, in a last year asked by a trained interviewer. The portion
sizes for units of each food group were defined according to the
USDA portion sizes in the questionnaire [21]. The frequency of units
consumed from each food group (based on the food pyramid) was
recorded in forms of daily, weekly, monthly, yearly or never and
then converted to a unit per day. The groups of foods included:
cereals and breads (including rice, pasta and bread), dairy
(including milk, yogurt, fermented dairy drink (doogh), cheese and
ice cream), meat and alternatives (including all kinds of meat, le-
gumes, and eggs), fruits and vegetables. Also, the amount of con-
sumption of fatty foods, the type of dairy (low-fat dairy with less
than 1.5% fat, medium-fat dairy with 2.5% fat, high-fat dairy with
more than 2.5% fat), and the type of oils (Animal oil, olive, canola,
sunflower and corn, olive and frying oil) that were consumed were
asked. Amount of consumption of cakes and biscuits, soft drinks
and fast foods was also recorded in forms of daily, weekly, or
monthly in this questionnaire and then reported qualitatively (low,
medium, and high).

2.4. Statistical analysis

The KolmogoroveSmirnov test was used to the evaluate
normality distribution of all variables. Data with normal or non-
normal distribution were reported as mean ± standard deviation
(Mean ± SD) and median (25th, 75th percentiles), respectively.
Independent t-test in the data with normal distribution and
ManneWhitney U in the data with non-normal distribution were
used to compare the differences between the case and control
groups. The residual method was used for adjusting the total en-
ergy intake [22]. Categorical variables were also compared using
Chi-squared test. Logistic regression models were used to estimate
the strength of the association between food group intakes and the
odds ratios (ORs) of COVID19. The associations were assessed in
crud OR and then, were corrected with effects of factors, including
BMI, energy intake, taking nutritional supplements and physical
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activity in two additional models. The statistical analysis was car-
ried out using SPSS version 17.0 (SPSS Inc, Chicago, IL, U.S.A.). Two-
sided P-values with P < 0.05 was considered statistically significant.
3. Result

Of the 517 enrolled subjects, 7 subjects (4 in the control and 3 in
the case groups) were excluded from the study due to incomplete
reporting by the questioner. In addition, 2 subjects from the con-
trols and 3 from the cases were also excluded due to over-reporting
in food groups. Eventually, the data of 505 subjects (226 controls
and 279 cases) were analyzed.

The demographic characteristics are shown in Table 1. The
median age and BMI of all participants was 35.88 (range, 18e65
years) and 27.08 (17.30e34.14) kg/m2. 29.3% of the participants
were male and 70.7% were female. Cases had higher physical ac-
tivity than the controls (p ¼ 0.02).There were no significant dif-
ferences between the subjects with clinical symptoms of COVID-19
and asymptotic controls with the median age, weight and BMI,
mean height and also gender, educational level, marital status, in-
come and intake of nutritional supplements.

There was no significant difference in the median energy intake
between COVID19 and the control groups [2541.7 (1426.3, 3875.2)
kcal vs. 2653.7 (1185.7, 3976.4) kcal; respectively, p ¼ 0.47]. As
shown in Table 2, there were significant differences in the mean
dietary intakes of dough between the COVID19 and the controls
(P ¼ 0.012). Cases had lower doogh intake than the controls.

Table 3 described the results of the logistic regression models
about the relation between food intakes and COVID19, with OR and
Table 1
Comparison of basic characteristics and anthropometric measures between exposure to vi
groups.

Characteristics Exposure to virus and
asymptotic (Controls) n ¼ 226

Age (years)b 36.15 (19, 65)
Weight (kg)b 74.08 (47.50, 124.50)
Height (cm)a 166.12 ± 9.71
BMI (kg/m2)b 26.80 (17.30, 34.42)
BMI categoryc (kg/m2) n (%)
BMI<25 87 (38.5)
25 < BMI<29.9 85 (37.61)
BMI>30 54 (23.89)
Genderc n (%)
Female 158 (69.9)
Male 68 (30.1)
Physical activityc n (%)
Active 19 (8.4)
Minimally active 131 (58)
Inactive 76 (33.6)
Educational levelc n (%)
Elementary 11 (4.9)
Diploma 36 (15.9)
College 179 (79.2)
Incomec n (%)
Upper-middle 34 (15)
Middle 96 (42.5)
Lower-middle 96 (42.5)
Marital statusc n (%)
Married 152 (67.3)
Single 74 (32.7)
Nutritional supplement

consumption in last 6 month
No 96 (42.5)
Yes 130 (57.5)

P-value <0.05 was considered significant.*p < 0.05. BMI: body mass index.
a Data are expressed as mean ± standard deviation (mean ± SD), and measured by In
b Data are expressed as median (25 th, 75 th percentiles) and analyzed by ManneWhit
c Data are expressed as n (%), and analyzed by chi-squared test.
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95% confidence intervals (CI). Effect of BMI, nutritional supplement
and energy assessed in Model 1, and physical activity investigated
in Model 2. After entering physical activity by the logistic regres-
sion, in Model 2, intake of doogh and yogurt had a significant
protective role on the occurrence of COVID19 (OR ¼ 0.62; 95%
CI ¼ 0.44e0.87; P ¼ 0.006) (OR ¼ 0.74; 95% CI ¼ 0.56e0.98;
P ¼ 0.044), respectively. As indicates in Table 4, most participants
consumed low numbers of biscuits and cakes, soft drinks and fast
foods, and there were no significant differences between the pa-
tients with clinical symptoms of COVID19 and controls in the
consumption of these terms. Furthermore, there were no signifi-
cant differences between the dairy type, the amount of fat in foods
and usual types of used oils between the case and control groups
(Table 5).
4. Discussion

In the present study, we aimed to compare dietary food groups,
and nutritional habit in patients with clinical symptoms of COVID
19 and healthy controls. Moreover, we assessed the associations
between dietary intake of food groups and the incidence of clinical
symptoms of COVID 19. To the best of our knowledge, this is the first
caseecontrol study in this area.

We observed an effect for the adequate consumption of doogh
and yogurt, last year and occurrence of COVID19 clinical symptoms.
In the more population, due to lactose intolerance, milk con-
sumption is low and yogurt and fermented dairy are mainly used as
sources of dairy products. Dairy products are a good source of high
quality protein, B2 and probiotics. The probiotics in yogurt and
rus and asymptotic (Controls) and COVID-19 positive with clinical symptoms (Cases)

COVID-19 positive with clinical
symptoms (Cases) n ¼ 279

P-value

35.61 (18, 65) 0.44
75.96 (45.50, 120.0) 0.10
166.62 ± 9.94 0.26
27.31 (17.36, 34.12) 0.14

0.25
89 (31.89)
112 (40.16)
78 (27.95)

0.72
199 (71.3)
80 (28.7)

0.02a

35 (12.5)
178 (63.8)
66 (23.7)

0.24
24 (8.6)
40 (14.3)
215 (77.1)

0.58
47 (16.8)
126 (45.2)
106 (38)

0.52
195 (69.9)
84 (30.1)

0.26

122 (43.7)
157 (56.3)

dependent t-test.
ney U test.



Table 2
Comparison of daily food intake (per unit) from different food groups between exposure to virus and asymptotic (Controls) and COVID-19 positive with clinical symptoms
(Cases) groups.

Daily food intake (per unit) Exposure to virus and asymptotic
(Controls) n ¼ 226

COVID-19 positive with clinical symptoms
(Cases) n ¼ 279

P-valueb

Riceb 2.54 (0.10, 5.50) 2.48 (0.14, 4.51) 0.87
Pastab 0.21 (0.01, 2.57) 0.19 (0.01, 1.14) 0.31
Breadb 4.77 (1.0, 7.0) 4.65 (1.0, 7.0) 0.35
Milkb 0.28 (0.0, 3.0) 0.25 (0.0, 3.0) 0.74
Yogurta 1.702 ± 0.69 1.503 ± 0.57 0.08
Dooghb 0.486 (0.0, 3.6) 0.250 (0.0, 2.8) 0.046*
Cheeseb 0.88 (0.0, 4.5) 1.02 (0.0, 4.5) 0.06
Ice creamb 0.31 (0.0, 3.0) 0.25 (0.0, 3.0) 0.71
Fishb 0.23 (0.0,0.85) 0.27 (0.0,0.85) 0.89
Chickenb 0.53 (0.0, 2.0) 0.55 (0.0,2.0) 0.76
Red Meatb 0.75 (0.0, 6.0) 0.64 (0.0, 6.0) 0.23
Legumesb 0.24 (0.0, 2.0) 0.23 (0.0, 2.0) 0.41
Eggb 0.43 (0.0, 2.0) 0.48 (0.0, 2.0) 0.29
Fruitb 1.78 (0.0, 4.5) 1.76 (0.0,4.5) 0.84
Vegetables& 1.29 (0.0, 6.0) 1.15 (0.0,6.0) 0.25

P-value <0.05 was considered significant. *p < 0.05, **p < 0.01.
a Data are expressed as mean ± standard deviation (mean ± SD), and measured by Independent t-test.
b Data are expressed as median (25 th, 75 th percentiles) and analyzed by ManneWhitney U test.

Table 3
Odds ratios (ORs)a estimates and 95% confidence intervals (CIs) for COVID19 by intakes of food groups.

Crude OR P-value Adjusted OR Model 1 P-value Adjusted OR Model 2 P-value

Rice 0.96 (0.85, 1.09) 0.61 0.97 (0.85, 1.09) 0.64 0.96 (0.85, 1.09) 0.57
Pasta 0.57 (0.25,1.29) 0.18 0.65 (0.25, 1.64) 0.36 0.58 (0.25, 1.35) 0.21
Bread 0.94 (0.83, 1.06) 0.35 0.95 (0.83, 1.07) 0.43 0.95 (0.84, 1.08) 0.49
Milk 0.85 (0.57, 1.27) 0.44 0.84 (0.56, 1.25) 0.40 0.78 (0.52, 1.17) 0.78
Yogurt 078 (0.59, 1.03) 0.08 0.78 (0.58, 1.04) 0.10 0.74(0.56,0.98) 0.044*
Dough 0.65 (0.47, 0.90) 0.01* 0.68 (0.49, 0.94) 0.02* 0.62(0.44, 0.87) 0.006**
Cheese 1.18 (0.97, 1.44) 0.094 1.17 (0.96,1.43) 0.10 1.18 (0.97, 1.44) 0.094
Ice cream 0.74 (0.50, 1.08) 0.18 0.77 (0.52, 1.12) 0.17 0.76 (0.51, 1.11) 0.15
Fish 1.63 (0.85, 3.13) 0.13 1.55 (0.79, 3.00) 0.19 1.62 (0.84, 3.13) 0.14
Chicken 1.19 (0.69, 2.05) 0.52 1.22 (0.70, 2.11) 0.46 1.16 (0.67, 2.0) 0.59
Red Meat 0.82 (0.65, 1.04) 0.11 0.84 (0.66, 1.06) 0.15 0.82 (0.65, 1.04) 0.11
Legumes 0.80 (0.40, 1.60) 0.53 0.68 (0.33, 1.42) 0.31 0.79 (0.4, 1.59) 0.52
Egg 1.36 (0.85, 2.18) 0.18 1.27 (0.79, 2.05) 0.31 1.28 (0.80, 2.06) 0.29
Fruit 0.99 (0.86, 1.13) 0.87 0.99 (0.86, 1.13) 0.91 1.00 (0.87, 1.14) 0.99
Vegetables 0.92 (0.80, 1.05) 0.25 0.91 (0.79, 1.04) 0.19 0.92 (0.80, 1.05) 0.92

Model 1 Adjusted for BMI, energy intake and taking supplement. Model 2 Adjusted for physical activity as covariate; BMI, body mass index; *p < 0.05, **p < 0.01.
a OR calculated by logistic regression model. BMI, energy intake, taking supplement and physical activity was included in the model as covariate.
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doogh and fermented milk may play a role in modulating the im-
mune system against the virus. Some studies suggest the potential
role for probiotics in themodulation of the immune system that can
balance the inflammatory response and increase the response to
viruses [23,24]. Another study suggested bioactive peptides derived
from fermented milks with Lactobacillus plantarum strains disrupt
viral spike protein [24]. Although, most of the findings suggest that
Table 4
Comparison of cakes and biscuits, soft drinks and fast food consumed between exposur
(Cases) groups.

Index Total Number (%) Exposure to virus a
(Controls) n ¼ 226

Cakes and biscuits High 49 (9.7) 16 (7.1)
Medium 203 (40.2) 97 (42.9)
Low 253 (50.1) 113 (50)

Soft drinks High 46 (9.1) 23 (10.2)
Medium 131 (25.9) 54 (23.9)
Low 328 (65) 149 (65.9)

Fast foods High 16 (3.2) 4 (1.8)
Medium 141 (27.9) 66 (29.2)
Low 348 (68.9) 156 (69)

a Data are expressed as n (%), and analyzed by chi-squared test.
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SARS-Cov-2 virus is more likely transmitted through the respira-
tory route, but many data also suggest that the intestine could play
an appropriate role in the pathogenetic evolution of this viral dis-
ease [23].

Rozga et al. (2020), in a review study suggested probiotics may
improve clinical symptoms such as ventilator-associated pneu-
monia in patients infected with SARS-Cov-2 [25].
e to virus and asymptotic (Controls) and COVID-19 positive with clinical symptoms

nd asymptotic
Number (%)

COVID-19 positive with clinical symptoms
(Cases) n ¼ 279 Number (%)

P-valuea

33 (11.8) 0.16
106 (38)
140 (50.2)
23 (8.2) 0.54
77 (27.6)
179 (64.2)
12 (4.3) 0.25
75 (26.9)
192 (68.8)



Table 5
Comparison of fatty foods, dairy and oil type consumed between exposure to virus and asymptotic (Controls) and COVID-19 positive with clinical symptoms (Cases) groups.

Index Total Number (%) Exposure to virus and asymptotic
(Controls) n ¼ 226 Number (%)

COVID-19 positive with clinical
symptoms (Cases) n ¼ 279 Number (%)

P-valuea

Dairy type Low fat 193 (38.2) 81 (35.8) 112 (40.1) 0.66
Medium fat 129 (25.5) 59 (26.1) 70 (25.1)
High fat 183 (36.3) 86 (38.1) 97 (34.8)

The amount of fat in food High-fat and frying 59 (11.7) 25 (11.1) 34 (12.2) 0.75
Medium fat 376 (74.4) 167 (73.9) 209 (74.9)
Low-fat and steamed 70 (13.9) 34 (15) 36 (12.9)

The usual types of used oils Animal oil 11 (2.2) 7 (3.1) 4 (1.4) 0.75
Olive 18 (3.6) 8 (3.5) 10 (3.7)
Canola 17 (3.4) 8 (3.5) 9 (3.2)
Sunflower and corn 266 (52.6) 120 (53.2) 146 (52.3)
Olive and frying oil 193 (38.2) 83 (36.7) 110 (39.4)

a Data are expressed as n (%), and analyzed by chi-squared test.
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Although, further researches are needed to identify the mech-
anisms for our finding and assess the effect of yogurt and doogh on
the subject at risk of COVID-19, it is safe and secure to advise that
high risk population for COVID19, consume enough amount of
yogurt and doogh at the time of the COVID-19 pandemic.

Our research did not find a significant difference in nutritional
habit (consumption of biscuits, fast foods, soft drinks, fatty foods
and the usual types of used oils) between the two groups. While
dietary intake may have great promise for managing and pre-
venting COVID-19, however, up to now, studies are not enough to
recommend consumption of another food for the prevention of
COVID19. Strong clinical studies are required to confirm any such
claim. Otherwise, providing opinions and suggestions based on
hypotheses and without strong data can lead to harm to the
affected people.

In the present study, intake of meats, fruits and vegetables was
low in both patients with clinical symptoms of COVID 19 and
healthy controls. Inappropriate consumption of these groups as a
good source of micro and macro nutrients may have damaging
effects on the population at this time.

In our research, it remained uncertain that yogurt and doogh
can reduce the occurrence of COVID 19 clinical symptoms through
providing probiotics, calcium, B2, and/or high quality protein.
Hence, more researches are needed to investigate the mechanisms
of the effect of yogurt and doogh on the subject at risk of COVID19.

4.1. Strengths and limitations

To the best of our knowledge, this research was the first
caseecontrol study that assessed and compared history of food
intakes of patients with symptoms of COVID 19 and healthy con-
trols. Moreover, this research had a relatively large sample size.
There are also two limitations in our research. Firstly, however;
history of food group's consumption was asked by a validated FFQ,
recall bias may not be exactly excluded. Secondly, in the present
study the effects of potential confounders adjusted and minimized,
but unmeasured or residual confounding factors may still be
ignored. Finally, our study as a caseecontrol research, is not able to
strongly shown the causal relationship between dietary foods in-
takes and clinical symptoms of COVID19 and follow up study also
would be proposed.

5. Conclusion

This research indicated that intake of doogh and yogurt had an
effect on the occurrence of clinical symptoms of COVID19. While
dietary intake may have great promise for managing and pre-
venting COVID-19, however, up to now, studies are not enough to
284
recommend consumption of another food for the prevention of
COVID19.
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