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Abstract

Background On March 11, 2020, the WHO declared the outbreak of the infectious disease COVID-19 as a pandemic.
The health strategies of nations lead to possible changes in lifestyle and increase poor eating habits. Hence, the pur-
pose of this study is to compare food consumption during COVID-19 pandemic in Iran.

Methods This cross-sectional study used secondary data from the Households Income and Expenditure Survey
(HIES) conducted annually by the Statistical Centre of Iran. Food cost data of HIES included the amount of all food
items in household food baskets during the last month. Then, they were classified into six food groups to evaluate
their energy intake. The consequence of food consumption was analyzed as a function of socioeconomic status (SES)
variables and residence pre- and post-COVID-19 pandemic.

Results In total, 75,885 households (83.5% male) were included in the study. Among the population of urban and
rural areas as well as in different SES categories, people tended to increase the consumption of meat (P<0.05) and
fresh foods, especially vegetable groups (P<0.001) and decrease the consumption of fruit (P <0.001), fat and sweets
groups (P<0.05) and also in energy intake (P <0.05). Macronutrient changes were different in the category of SES,
urban and rural.

Conclusion Our study indicated that the COVID-19 pandemic had different effects on food groups, energy and
macronutrients consumption, which could be due to possible changes in food patterns as a result of the pandemic.

Keywords Food consumption, COVID-19, Household income and expenditure data, Iran

Introduction
In December 2019, an infectious disease of deadly pneu-
monia instances of then unknown etiology in Wuhan,
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Health strategies of nations to prevent the spread of
coronavirus without effective and safe vaccines included
quarantine and social distancing [4]. Control measures
(including staying at home, social distancing, and closing
public places) are very effective in reducing the spread of
infections. However, this control measures limited access
to vital services [3].

Restrictions during the pandemic changed the lifestyle
of communities and had major impacts on physical and
mental health, as well as on social and economic aspects
[5]. Also, the implementation of health strategies induced
restrictions on the movement of workers, roads, and food
production, on the other hand, the increase in consumer
demand caused a decrease in available food [6]. A pos-
sible consequence of restrictions is a change in lifestyle
and eating habits that cause changes in food intake. This
change is due to the reduced availability of goods, limited
working hours of stores, and a switch to unhealthy food
[7]. A current study on the psychological impact of quar-
antine reported negative psychological effects such as
post-traumatic stress, confusion, and anger [8]. The psy-
chological effects of changing food choices could have led
to irregular eating and more frequent snacking [9, 10].

During the restrictions and quarantine, the disruption
in the production system (due to decreased the num-
ber of workers and work capacity) and in the consumer
system (due to reduced demand and lack of purchasing
power due to reduced employment and income), caused
problems in the food and nutrition system [11]. On the
other hand, consumer concerns about food supply can
be associated with increased food demand such as food
hoarding and panic buying, which can have devastating
consequences on diet quality and malnutrition [12, 13].
The effects of this consequence include increasing the
consumption of low-calorie foods (such as starchy foods
and processed and unhealthy grains), reducing food rich
in nutrients, and reducing the number of meals, which
lead to insufficient food intake and an increase in under-
nutrition or overweight/obesity [14].

According to a recent study conducted in the world, it
was found that the environment created by the COVID-
19 pandemic had adverse effects on physical activity, diet,
and sleep [15]. The consumption of fresh food (including
fruits and vegetables) was reduced due to reduced shop-
ping frequency. In contrast, the consumption of food
with a longer shelf life (including frozen foods, canned
foods, and sweets) increased. Also, bread and dairy prod-
ucts were with the lowest rate of change in consumption,
but studies on alcohol were conflicting [16, 17]. In addi-
tion, it has been seen unhealthy diets and reduced physi-
cal activity could negatively affect health status and lead
to obesity [5, 18] and risk of cardiovascular disease [18]
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Which, in turn, relates to an increased risk of mortality
among patients with COVID-19 [19, 20].

In Iran, studies reported significant changes in die-
tary habits and consumption of supplements due to the
COVID-19 pandemic. These dietary changes included
consuming more fruits, vegetables, rice, bread, and nutri-
tional supplements and less fish, dairy, and fast foods, but
studies were conflicting on meat and protein-rich foods
[21-23]. To resolve this controversy in the studies, our
study used secondary data from the Households Income
and Expenditure Survey (HIES) of the Statistical Centre
of Iran (SCI) (including 75,885 populations, as a large
sample size) to identify the possible effects of COVID-
19 on household food intake through different mecha-
nisms. In addition, coverage of energy and macronutrient
intake can make the distinction between this study and
other studies. To the best of our knowledge, there was
no study to compare food consumption before and after
the COVID-19 pandemic in Iranian households, there-
fore the present study aimed to evaluate changes in food
intake at two time points in Iran.

Methods

Participants

This cross-sectional study used secondary data from
the Households Income and Expenditure Survey (HIES)
that is yearly carried out by the Statistical Centre of Iran
(SCI). There were 38,328 respondents at the national level
in 2019 (before the COVID-19 pandemic) and 37,557
respondents in 2020 (after the COVID-19 pandemic). All
private and collective settled households in urban and
rural areas are the target population of HIES. A three-
stage cluster sampling method with strata was used in
the survey. The samples were equally distributed between
the months of the year to obtain estimations more repre-
sentative of the whole year. The HIES, which aims to esti-
mate the average income and expenditure for urban and
rural households, included demographics, consumable
(e.g., expenditures on foods) and nonconsumable costs,
and household income information. Available socioeco-
nomic variables in HIES data were as follow: (1) house-
hold’s head variables: age, gender (male/female), and
occupational category status; (2) household variables:
education level, living area (rural/urban), annual income,
house area, and size of the family (number of household
members) [24].

All participants gave written informed consent and
provided assent to participate. The protocols of this study
were approved by the Research Ethics Committees of
school of Medicine affiliated with the Mashhad Univer-
sity of Medical Sciences. The approval ID of the present
study was IRMUMS.MEDICAL.REC.1400.404.
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Food data

HIES collected comprehensive data on the total amount
of food purchased during the previous month, as well as
food items received as gifts or donations, and any food
produced by household members. Data from household
food baskets were converted into daily amounts. In light
of the differences in age, gender, and energy needs, fam-
ily members do not receive the same share of the food
available [25]. As a result, Adult Male Equivalent units
(AMEs) were calculated for each member of the house-
hold instead of the per capita amount [25]. According to
the FAO and WHO, AMEs represent the ratio between
an adult male 18 to 30 years old with moderate physical
activity and the energy requirement of a household mem-
ber of that age. [26]. This study calculated the amount of
total AME of the household based on the age and sex of
household members. In order to determine the equiva-
lent daily intake for an adult male of each food item, the
amount of each food item was divided by the total num-
ber of AMEs in the household. In fact, we converted all
members in this study to AME, therefore, this method
would help us to do all calculations in the easiest way
[27].

The FAO estimated waste percentages for each food
group were used in the consumption step, "In steps from
supply to consumption,” to estimate the amount of food
consumed, since this amount was purchased, received as
gifts or donations, or produced by household members
[28].

Energy intakes were then assessed using NUTRI-
TIONIST IV software adapted to Iranian foods. Energy
and nutrient contents of food items were analyzed using
the USDA food composition table (FCT), and for tradi-
tional Iranian foods that were not provided by the USDA
FCT, the Iranian FCT was used. Iranian FCT was added
to Nutritionist IV, therefore for both foods which either

Table 1 Category of food items
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supported or don’t support USDA FCT, energy and nutri-
ent were calculated. Food items were categorized into
six categories based on the USDA food pyramid “Bread,
cereal, rice, and pasta,” “Vegetables,” “Fruits,” “Dairy,’
“Meat, poultry, fish, eggs, legumes, and nuts” and “Fats,
Oils, Sugars, and Sweets” [29, 30]. Category of Food
items were shown in Table 1 [31]. Furthermore, our food

frequency questionnaire (FFQ) had 194 food items.

Other factors

According to our previous systematic review study [27],
we detected factors which influence in household food
consumption. Among these potential factors, we used
factors which are available in our dataset. Therefore, this
study modeled food consumption outcomes as a function
of household head age, socioeconomic variables, house-
hold size, place of residence, and household head sex
(which were available in the present study).

A socioeconomic status (SES) variable was extracted
using Principal Component Analysis (PCA). Educa-
tion, occupational status, and income status of house-
holds were used to define SES in this study. To determine
socioeconomic status, one variable for household head
occupation (managed, professional, technician, associ-
ate professional, clerk, services worker, skilled agricul-
tural, forestry, and fishing worker, craft worker, plant and
machine operator and assembly, elementary occupations,
armed forces occupations), household income, education
level, and house area were included in PCA. As a soci-
oeconomic variable, we chose the factor with the high-
est eigenvalue. In this factor, all imputed items scored at
least 0.40. Overall, 54.3% of the variance was explained
by this factor. Households were classified based on their
socioeconomic status.

As above mentioned, we used PCA to extract the SES
variable and then categorized it into quartiles using

Food groups Food items

Bread, cereal, Breads, noodles, pasta, rice, barley, starch, popcorn, rice, and pasta cornflakes, wheat germ, bulgur

Vegetables

Potatoes, cabbage, cauliflower, Brussels sprouts, broccoli, mixed vegetables, spinach, lettuce,

cucumbers, eggplant, green peas, green beans, green peppers, turnips, corn, squash, celery,
mushrooms, onions, garlic, tomatoes, carrots, olives

Fruits

Pears, apricots, cherries, apples, raisins or grapes, bananas, cantaloupe, watermelon, oranges,

grapefruit, kiwi, grapefruits, strawberries, peaches, nectarines, tangerines, mulberries, plums,
persimmons, pomegranates, lemons, pineapples, fresh figs, natural fruit juices, dried figs, dried
dates, dried mulberries, other dried fruits

Milk, yogurt, and cheese
Meat, poultry, fish, eggs, legumes, and nuts

Milk, yogurt, flavored milk, cream, cheese, ice cream, dough
Processed meats, red meats, organ meats, poultry, fish, shrimp, eggs, beans, peas, lima beans,

broad beans, lentils, soy, peanuts, almonds, pistachios, hazelnuts, roasted seeds, walnuts

Fats, oils, sugars, sweets

Hydrogenated fats, animal fats, mayonnaise, vegetable oils, chocolates, candies, tamarisk,

honey, artificial juice, jam, jelly, cookies, cakes, confections
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IBM SPSS statistics version 26. The quartiles were
interpreted as follows: SES 1 represented the category
of the poorest, SES 2 represented the lower middle
class, SES 3 represented the upper middle class, and
SES 4 represented the highest category. We considered
SES 1 and SES 4 as the lowest and highest quartiles
in our study population, respectively. Therefore, SES
1 and SES 4 represent the lowest and highest levels of
socioeconomic status, respectively, based on our study
population.

In this study trained and experienced questionnaire
conducted face-to-face interviews with the heads of
households and asked them a series of questions about
their household for the purposes of the study (refer-
ence [24] provides more comprehensive and detailed
information).

Statistical analysis

A dichotomization of baseline characteristics was con-
ducted for two years (2019 and 2020). Data were pre-
sented as mean+standard deviation for continuous
variables, and as percentages for discrete variables.
Categorical variables were compared using chi-square
tests, and continuous variables were analyzed using
independent-samples T-tests and Mann—Whitney tests.
Version 26 of SPSS software was used for the statistical

Table 2 General characteristics of participants
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analysis. Levels of statistical significance were set at
0.05.

Results

A total of 75,885 households were included in our study,
48.3% (n=36,681) of these lived in urban areas. The par-
ticipants were classified into two groups (urban and rural
areas). Their characteristics are shown in Table 2. In each
group, the participants were divided into 4 categories in
terms of SES SES 1 and SES 4 were the lowest and high-
est quartiles in our study population, respectively. Thus,
SES 1 and SES 4 had the lowest and the highest status
(based on our population), respectively. The majority of
households (83.5%) were male and 14.3% were female.
Most of our participants were illiterate. Further, marital
status was divided into 4 categories: married, widow, sin-
gle and divorced. The significant difference was observed
in literacy (P-value<0.001) among urban population at
two time points. Also, among rural population there were
significant differences in age (P-value<0.001) and mate-
rial status (P-value=0.013) before and after COVID-19
pandemic (Table 2).

Table 3 demonstrated the changes in food group con-
sumption (% of energy) before and after COVID-19
pandemic. In the urban area, the consumption of grains
group (%A=2.09%) and vegetables group (%A=4.38%)
significantly increased. In contrast, the consumption
of fruits group (%A=-— 6.93%), dairy (%A=-— 4.22%),

Variables Urban Rural
2019 mean +SD or 2020 mean=+SD or P-value 2019 mean +SD or 2020 mean=+SD or P-value
number (%) number (%) number (%) number (%)
Age 52.14+16.25 5226+15.75 0.459 5093 +14.96 51.50+14.80 <0.001
SES category 1.00 1.00
SES 1 4607 (25.0) 4562 (25.0) 4974 (25.0) 4826 (25.0)
SES 2 4607 (25.0) 4563 (25.0) 4974 (25.0) 4827 (25.0)
SES3 4608 (25.0) 4563 (25.0) 4975 (25.0) 4827 (25.0)
SES 4 4607 (25.0) 4562 (25.0) 4974 (25.0) 4826 (25.0)
Literacy <0.001 0.199
Uneducated 12,384 (67.2) 12,726 (69.7) 16,566 (83.3) 16,167 (83.7)
Primary or higher 6045 (32.8) 5524 (30.3) 3331 (16.7) 3139(16.3)
education
Marital status 0.364 0.013
Married 15,385 (83.5) 15,151 (83.0) 16,926 (85.1) 16,221 (84.0)
Widow 2629 (14.3) 2640 (14.5) 2345(11.8) 2421 (12.5)
Single 192 (1.0) 215(1.2) 350(1.8) 399 (2.1)
Divorced 223(1.2) 244(13) 276 (1.4) 265 (1.4)

Data were presented as N (%) for categorical variables and mean + SD for continuous variables

SES Socioeconomic status

The significant level is considered as P-value < 0.05
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Table 3 The comparison of food group (% of energy) consumption between urban and rural at two time points (2019 and 2020)

Variables Urban

Rural

2019 mean+SD 2020 mean+SD

Difference (%) P-value

2019 mean+SD 2020 mean+SD Difference (%) P-value

1. Grain Group 54.16+£13.67 552941351 2.09
Bread 3341+£19.12 3408 +£19.66 2.01
Cereal 8.10+18.02 856+1833 5.68
Rice and pasta 12.64+10.20 12.64+1047 0.00
2.Vegetables 457271 4.77 +£2.66 4.38
Group

Starchy roots 1.53+1.34 172131 1242
Cruciferous veg- 0.03+0.12 0.03+0.13 0.00
etables

Leafy green 0.26+0.31 0.25+0.30 —3.85
vegetables

Other vegetables 2.77+1.95 2794188 0.72
3. Fruits Group 2.74+£2.64 2554259 —693
Fresh fruits 2584255 2364248 —853
Dried fruits 0.16+0.57 0.18£0.64 12.50
4. Dairy 4.74+3.54 454+335 —4.22
5. Meat Group 11.07+6.07 10.92+5.88 —-1.36
Red meat 081+£278 089+276 9.88
Processed meat 0.12+043 0.12+040 0.00
Poultry 431276 4.28+2.70 —-0.70
Fish 0.28+0.86 0.27+0.75 —357
Eggs 1.88+1.59 1.95+£1.55 3.72
Legumes 3214387 2.85+3.49 —-11.21
Nuts 043+142 0.53+1.56 23.26
6. Fats, oils, sugars, 23.01+10.12 22314992 —3.04
and sweets

Hydrogenated 6.86+9.56 534+883 —-22.16
fats*

Vegetable oils 7.66+7.63 8.86+£7.90 15.67
Sugar 7604539 7.31+497 —382
Sweets desserts 0.87+1.66 0.79+1.66 —-9.20

<0001 53.16+1348 526841323 ~0.90 0001
0001 382941560 380441568 ~065 0122
0021 131+680 160+7.13 2214 <0001
0999 1354+11.07 13.03+10.80 -377 <0001

<0001 4.99+293 5354271 7.21 <0001

<0001 166+1.17 1814122 9.04 <0001
0190 005+0.15 005+0.13 0.00 0836
0013 035+035 032+£032 - 857 <0001
0340 298+226 32119 7.72 <0001
<0001 3534285 3194254 -963 <0001
<0001 3374271 2954239 — 1246 <0001
0006 0.16+068 0234068 4375 <0001

<0001 4.99+344 505+3.06 120 0063
0016 11584596 12304579 6.22 <0001
0005 078182 0904201 1538 <0001
0192 010+£047 0.17+048 70.00 <0001
0182 484+300 4544270 ~620 <0001
0530 038+089 0374085 -263 0448

<0001 2474173 2554155 324 <0001

<0001 2414362 2924345 21.16 <0001
<0001 057+187 0894197 56.14 <0001

<0001 2254+1027 22214951 — 146 0,001

<0001 494+879 3924761 — 2065 <0001

<0001 9374819 1018781 864 <0001

<0001 7.03+568 6.99+4.92 - 057 0446

<0001 1.18+224 110£1.99 -678 <0001

*Hydrogenated fats (also called trans-fatty acids) are manufactured fats created during a process called hydrogenation whereby hydrogen units are added to
polyunsaturated fatty acids to prevent them from becoming rancid and to keep them solid at room temperature

Statistics are expressed as mean +SD

P-value was reported by t-test for a comparison of food group consumption (% of energy) between urban and rural at two time points (2019 and 2020s)

The significant level is considered as P-value < 0.05

meat group (%A=— 1.36%), and fats and sweets group
(%A=— 3.04%) significantly decreased, although
the consumption meat on its own (not meat group)
(%A =9.88%) significantly increased. In the rural area, the
consumption of all food groups significantly decreased
except meat group (%A=6.22%) and vegetable group
(%A =7.21%). Table 4 presents the comparison of energy
and macronutrient consumption between urban and
rural in 2019 and 2020. Remarkably, in the urban area,
we found a significant decrease in the consumption of
energy (%A=— 3.67%) and fat (%A=— 1.40%). In con-
trast, we found a significant increase in the consumption

of protein (%A =0.38%) and carbohydrate (%A =0.56%).
In rural areas, we found a significant decrease in the con-
sumption of carbohydrate (%A =— 0.71%). However, we
found a significant increase in the consumption of pro-
tein (%A =0.52%) and fat (%A =1.24%).

The comparison of food group (% of energy) con-
sumption between the category of SES score is summa-
rized in Table 5 in two time points. The consumption
of grains groups significantly increased in SES 3 and
4 (WA=0.73%, %A=1.21%; respectively), as regards
the consumption of rice and pasta in SES 3 and 4
(%A =— 2.70%, %A =— 2.80%; respectively) decreased. In
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Table 4 The comparison of energy and macronutrients consumption between urban and rural at two time points (2019 and 2020)

Variables Urban Rural

2019 mean+SD 2020 mean+SD Difference (%) P-value 2019 mean+SD 2020 mean+SD Differences(%) P-value
Total energy (kcl) 2956.95+1143.68 2848.51+1088 —367 <0001  2664.16+1033.56 2683.69+1008.58 0.73 0.068
Protein* 13.16+2.29 1321+221 0.38 0.036 13344233 1341+215 0.52 0.007
Carbohydrate* 60.87+7.83 6121+7.72 0.56 <0.001 60.67+7.69 60.24+7.34 —-071 <0.001
Fat* 27904845 27514835 - 140 <0.001 2827+8.19 2862+7.77 1.24 <0.001

*Presented as % of total energy
Statistics are expressed as mean +SD

P-value was reported by t-test for a comparison of energy and macronutrients consumption between urban and rural at two time points (2019 and 2020)

The significant level is considered as P-value < 0.05

all of SES categories, the consumption of vegetable group
(%A=10.57%, %A=5.08%, %A=4.18%, %A=3.43%;
respectively) and meats group (%A =2.53%, %A =3.89%,
%A=2.18%, %A=1.81%; respectively) significantly
increased. In contrast, the consumption of fruits group
and fats, oils, sugars, and sweets group decreased in
all of SES categories. In addition, changes in dairy con-
sumption were only significant in SES 3 (%A =— 2.59%).
Table 6 shows the changes in energy and macronutri-
ents consumption between the category of SES score
before and after the COVID-19 pandemic. The changes
in total energy intake were significantly decrease only in
SES 1 (A%=-— 1.96%), SES 2 (A%=— 1.70%) and SES 4
(A%=— 1.37%). In addition, changes in macronutrient
consumption were significant only in protein consump-
tion in SES 2 (A% =0.69%).

Discussion

The present study has examined the changes between
food groups, energy and macronutrients consumption
before and after COVID-19 pandemic among urban and
rural population and also in different SES categories.

In urban area, the consumption of grains and vegeta-
bles had increased, however, the consumption of fruits,
dairy, meat group, and fats and sweets were decreased.
In addition, we observed increase in consumption of pro-
tein and carbohydrate, however decrease in consumption
of energy and fat. In rural area, the consumption of all of
food groups was decreased except meat and vegetables.
Moreover, our results indicated an increase in consump-
tion of protein and fat, in contrast, a decrease in con-
sumption of carbohydrates.

Since the unexpected outbreak of the COVID-19 pan-
demic, food shopping and consumption habits among
consumers have been disrupted [32—34]. Chung-Cheng
Yang et al. showed that the COVID-19 pandemic has
increased the overall food consumption of the Chinese
people due to a strong economy, a high level of popula-
tion savings, and positive actions by food companies to

improve consumption [35]. In contrast, some studies
show that food consumption may have decreased due to
declining incomes, loss of businesses and use of more of
the income for medical care [11, 36]. In addition, during
the pandemic, due to the reduction of food production
and the disruption of the food supply chain, food groups
faced shortages and increased prices [37]. This shock in
low- and middle-income countries leads to the inability
to afford healthy and nutritious food group [38]. Further-
more, almost all countries implemented health strate-
gies including quarantine and social distancing to delay
disease transmission [4]. These health strategies reduced
the labor force (to harvest and transfer food from farm
to distributors), and thus increased delivery times [6, 39,
40]. As well, consumers do not have sufficient access to
healthy food because of the limited amount of travel and
working hours in stores [6, 11]. Further, consumers are
reluctant to go to markets and supermarkets due to the
possibility of contracting COVID-19 in stores [41]. As
well as, households’ access to food decreased, especially
among low-income groups and rural area due to job loss
or reduced household income during the pandemic [11,
42].

In addition to the COVID-19 pandemic, a study in Iran
showed that the economic recession at the same time as
COVID-19 can lead to food insecurity due to financial
losses and price increases [43]. Iran, even before COVID-
19, has been affected by macroeconomic problems (such
as inflation and high exchange rates) and a decrease in
per capita income. These factors can lead to an increase
in production costs and, in turn, an increase in the price
of all kinds of food. In addition, the excess supply of
some food items caused a decrease in prices and finan-
cial damage for producers, which can threaten our food
security [43]. Besides the economic recession, environ-
mental restrictions (such as climate change, severe soil
erosion, deforestation, etc.) that are expanding in Iran
can cause problems by disrupting the agricultural sec-
tor in the economy and food security [43-46]. Hence,
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the COVID-19 pandemic, besides directly affecting food
consumption, can worsen this situation by disrupting the
production cycle and ignoring environmental protection
policies. [43, 44]. Therefore, COVID-19 can be one of the
main influencing factors in the household food basket.

Rural areas of Iran are at risk of food insecurity due to
social inequalities and limited access to health care [47].
Hence, we decided to divide our population into two
urban and rural groups. Regarding to our results, peo-
ple in rural areas tended to increase their consumption
of fresh food during the quarantine, especially vegeta-
bles and meat, which is inconsistent with Meike Janssen’s
et al. findings based on a cross-sectional online survey
of 2680 residents of Denmark, Germany and Slovenia
[16]. This could be because people in rural areas used
their livestock to prepare meat and had gardens in their
fields to supply their vegetables [48, 49]. On the other
hand, fruit consumption decreased due to the possible
reduction of labor force for harvesting and storage, and
the increase in the price of agricultural pesticides [40,
50]. In contrast, people in urban areas tended to increase
vegetable and grains consumption, which is consistent
with the findings of Celia Rodriguez-Pérez et al. [51] and
Bahareh Nikooyeh et al. [22]. This may be because people
believe that consuming vegetables is good for health and
boosts the immune system, which in turn leads to more
consumption [52]. Also, grains are one of the cheap and
staple foods that are the main source of energy in Irani-
ans’ diet, which causes more consumption [22].

Based on our findings, the COVID-19 pandemic
could have different effects on energy and macronutri-
ent intake, which could be due to changes in food con-
sumption patterns as a result of the pandemic [53]. Since
meat and grains are sources of protein and carbohydrates
in the diet of Iranians [22, 54], protein consumption
increased due to the increase in meat consumption in
urban and rural areas, and changes in carbohydrate con-
sumption were due to changes in grain consumption in
urban and rural areas. Also, the increase in the consump-
tion of meat group in rural areas can lead to an increase
in consumption of fat.

Regarding the comparison of food groups, energy and
macronutrient consumption between category of SES
score at two time points (before and after COVID-19),
the consumption of grains increased in SES 3 and 4. In
all of SES categories, the consumption of vegetables and
meats increased, in contrast the consumption of fruits,
fats, oils, sugars, and sweets decreased. In addition, the
total energy intake decreased only in SES 1, SES 2 and
SES 4.

According to a study in Iran, SES of households was
the most important determinant of food insecurity in
poor areas [55]. Also, the coincidence of the COVID-19
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epidemic with the economic crisis could aggravate pov-
erty and food insecurity [43, 55]. Hence, we decided to
stratify our population by SES. This study found that all
SES groups could suffer negative consequences in food
group consumption from the COVID-19 pandemic. The
possible reason for the increase in grains consumption
in SES 3 and SES 4 is that the income of the upper SES
category has decreased compared to before the COVID-
19 [11], while grains consumption remained low in the
low SES category before COVID-19, so we did not wit-
ness any significant changes. Since meat is a rich source
of zinc and is effective in boosting the immune response
[56], it can be a good food choice for people in the face
of an epidemic. Therefore, this is an explanation for the
increase in meat consumption in all SES categories. Our
study reported an increase in vegetable consumption
and a decrease in fruits, fats, oils, sugars, and sweets
consumption in all SES categories, while some studies
reported a decrease [34, 57] and others an increase [1,
58] in fruit and vegetable consumption. Also, a study in
Iran reported an increase in fruits and vegetables in the
adult population, which was against our results [21]. This
can be due to WHO and government recommendations
to increase the consumption of legumes, fruits and veg-
etables and reduce fats, oils, sugars, and sweets during
the pandemic [59, 60]. These recommendations were also
presented in Iran [21], which led to an increase in inter-
est in the consumption of vegetables due to their posi-
tive effectiveness in COVID-19 [52], while this opinion
was not about fruits. Furthermore, the decrease in fruit
consumption in our study can be due to disruption in
agricultural productivity, reduction in labor force and
increase in price [5, 61], which is the result of the possible
effects of COVID-19. In contrast, another study in Teh-
ran, Iran reported a decrease in fruit and vegetable con-
sumption, which could be due to food factories closing
due to the virus outbreak. As a result, it led to a decrease
in food availability and an increase in food prices [62].

Our findings showed that the pandemic could have
different effects on energy and macronutrient intake in
SES categories, which could be due to changes in food
consumption patterns as a result of the pandemic [53].
Also, studies reported that food consumption decreased
during the pandemic [16, 53], which could explain the
decrease in energy in different SES categories. In addi-
tion, a study in Iran, like our study, showed that the situa-
tion of food consumption was affected by the epidemic of
COVID-19, which could be due to the limitation of trans-
portation, disruption in the cycle of food production and
supply [47].

The present study had some limitations. Firstly, ask-
ing about participants’ past consumption depended
on memory which was related to recall bias. Secondly,
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cross-sectional design of our study was another impor-
tant limitation. Thirdly, lack of investigation of food
waste was a further limitation. Despite these limita-
tions, our study had some points of strength, includ-
ing a high sample size and consideration of urban and
rural areas and SES separately for food consumption.
In addition, the coverage of energy and macronutrient
intake can be a strong point to differentiate the study
from other studies. Also, our data were based on the
total amount of food purchased, food items received,
and any food produced by household members.

Conclusion

In general, among the population of urban and rural
areas as well as in different SES categories, people
tended to increase their consumption of meat and
fresh food, especially vegetable groups. In contrast, we
observed a decrease in the consumption of fruit, fat,
and sweets groups. In addition, studies have shown that
food consumption has declined during the pandemic,
which could explain the decline in energy in different
categories of SES. Since fruits and vegetables are good
sources of vitamins, antioxidants, and phytochemicals,
they can be effective in boosting the immune system.
Hence, reducing the consumption of these substances
can be considered a risk factor for COVID-19 diseases,
which can disrupt the body’s immunity against the
virus. Consequently, the impact of COVID-19 on nutri-
ent intake and predicting health outcomes at the public
health level are important.
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