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Abstract

Background Follow-up of COVID-19 recovered patients to discover important adverse effects on other organs is
required. The psychological health of COVID-19 patients may be affected after recovery.

Aim We aimed to evaluate the association between adherence to the Nordic diet (ND) and psychological symptoms
caused by COVID-19 after recovery.

Method Dietary data on 246 qualified adults (123 cases and 123 controls). The dietary intake in this case-control
study was calculated by a reliable and valid food frequency questionnaire (FFQ). Depression Anxiety Stress Scale
(DASS), Pittsburgh Sleep Quiality Index (PSQI), Insomnia Severity Index (ISI), and Short-Form Health Survey (SF-36) were
used to analyze participant’s anxiety, stress, depression, sleep quality, insomnia, and quality of life of participants.

Results There was a significant inverse relationship between total anxiety, stress, and depression scores and the
intake of whole grains (P<0.05). Furthermore, there was a significant inverse association between depression and
fruit intake (P<0.05). A significant negative correlation was found between insomnia and sleep quality and the intake
of root vegetables (P <0.05). In the multinomial-regression model, a significant association between the Nordic diet
and anxiety, stress, and depression was found only in the case group (OR=0.719, 95% Cl 0.563-0.918, p-value =0.008;
OR=0.755, 95% Cl 0.609-0.934, P-value=0.010, and, OR=0.759, 95% Cl 0.602-0.956, P-value=0.019 respectively).

Conclusion Adherence to the Nordic diet might reduce anxiety, stress, and depression in recovered COVID-19
patients.
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Introduction

Coronavirus disease 2019 (COVID-19) is an infectious
disease that caused patients a wide range of physical
and psychological problems [1]. Some studies noticed
COVID-19 patients experience psychological and psychi-
atric problems after infection such as insomnia, anxiety,
depression, delirium, memory loss, and loss of concentra-
tion [2, 3]. These psychological symptoms may continue
after convalescence from COVID-19 and harm the men-
tal health of recovered patients. Impaired mental health
reduces the quality of life [4], so it should be considered
during hospitalization and recovery. These patients suf-
fer from psychological sequelae after COVID-19, so
it is essential to follow up patients that recovered from
COVID-19 [5]. Li et al. reported that 35% of COVID-19
patients have severe to moderate psychological symp-
toms [6]. A systematic review found anxiety and insom-
nia to occurred in 35.7% and 41.9% of patients with acute
SARS, falling to 12.3% and 12.1% at follow-up [4].

Dietary interventions with relatively moderate effect
sizes can significantly reduce the mental and neuro-
logical disease burden through food and nutrient-based
approaches [7, 8]. ND is a “plant-based” dietary pattern
that recommends protein intake from plant sources. It
also recommends consumption of fruits and vegetables,
whole grains, seeds, and nuts [9]. To increase protein
intake, ND recommends increased the consumption of
legumes and fish [9]. Along with all these recommen-
dations, there is a limit on the use of red meat and pro-
cessed foods [10]. Some studies have shown that ND has
beneficial effects on psychological symptoms [10, 11].
Therefore, it is essential to assess the diet of COVID —19
recovered patients based on their symptoms. Nutraceu-
tical interventions are increasingly being used in psychi-
atric practice [5]. Jacka et al. demonstrated impressive
effects of a 3-month dietary intervention on moderate-
to-severe depression with a 32% remission in the inter-
vention group [12]. Another study of the Nordic diet
reported better improvement in depression in the ND
group compared to the control group [13].

Recovered COVID-19 patients faced a severely stress-
ful experience that challenged their psychological health.
It is necessary to follow up these people and control their
diet to improve their impaired mental health. Consider-
ing a healthy diet can improve psychological symptoms
after COVID-19. Few studies have been performed to
analyse the Nordic diet on psychological disorders. In
this case-control study, we attempted to investigate the
association between adherence to the ND and psycholog-
ical responsibility in both recovered COVID-19 patients
and healthy people.
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Method

Study design

The present case-control study was performed between
November 2020 to January 2021 at the clinic of Qaem
Hospital, Mashhad, Iran. Adult subjects aged>30 years
old who were affected by COVID-19 within the last 1
month. Participants had a negative CT scan or PCR test
for COVID-19 when the interview was started. Also, we
randomly selected the control group from adults>30
years who did not have a COVID-19 history. These par-
ticipants were referred to the nutrition clinic of the Qaem
Hospital. Subjects who had a history of depression treat-
ment in the last 6 months, autoimmune diseases, cancer,
renal or hepatic failure, and metabolic bone disease were
excluded. Adherence to a special dietary pattern such as a
vegetarian diet was another exclusion criteria.

In the control group, subjects with a history of COVID-
19 according to CT scan or PCR test, renal or hepatic
failure, autoimmune diseases, having a history of depres-
sion treatment in the last 6 months, cancer, and adher-
ence to a special diet were excluded. We enrolled one
matched control subject for every case. Also, the case
and control groups corresponded according to age and
gender (%5 years). In the present study, 246 subjects who
had the eligibility criteria were recruited, of which a total
of 240 subjects (120 cases and 120 controls) were encom-
passed in the last analysis. The mean energy of two cases
and four controls were outside £3 standard deviation
(SD), so they were excluded. All cases and control filled
out noticed written agreement, and all methods were
performed based on related guidelines and regulations or
the Helsinki affirmation.

General and anthropometric characteristics

Demographic and anthropometric features, such as age,
gender, height, weight, and education level were carried
out by an expert nurse. Weight was measured by a cali-
brated personal scale. the fixed measuring tape was used
to find out the height. Body weight (kg)/ (body height
(m))? was applied for calculating body mass index (BMI).

Dietary intake assessment

The food intake of patients was determined by a reliable
and valid 68-item semi-quantitative food frequency ques-
tionnaire (FFQ) [14, 15]. The FFQ was completed through
face-to-face interviews. Food analysis was undertaken
using Nutritionist IV software (N-Squared Comput-
ing, Cincinnati, OH, USA). Healthy Nordic Food Index
(HNFI) scores were assessed based on the method of
Olsen et al. [16]. To calculate the HNFI, we consider six
groups with the same micronutrient amount. Daneshzad
et al. [17] validated the modified ND score for the Iranian
population, including (a) fish (fish conserved in oil and
salt and other fish), (b) legumes (soybeans, beans, and
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lentils), (c) whole grains, (d) fruit (fresh and dried fruits,
fruit juice) (e) root vegetables (onion, garlic, and potato)
and (f) cabbages and vegetables (lettuce, tomato, cucum-
ber, spinach, and leafy vegetables), We calculated below-
and above-average intake for every item. Each group was
classified based on the score obtained (scoring 0—1 points
shows “low adherence’, scoring 2-3 points “medium
adherence’; and scoring 4-6 points “high adherence”).
ND was not given to any individuals and agreement to
ND was assessed.

Depression anxiety stress scales (DASS)

Depression anxiety stress scales (DASS) are among the
most valid and exact tools to analyze mental conditions
[18]. It is a questionnaire that generally includes three
subscales, seven questions, and 21 items. Each ques-
tion score ranges from O to 3 on a four-point scale to
recognize the severity of mental disorders, consisting of
depression, anxiety, and stress. In DASS, a lower score
reveals a lower degree of negative mood, and a higher
score indicates a more severe degree of negative emo-
tion. In the Iranian population, the validity and reliabil-
ity of the used version of DASS in this study, have been
reported formerly [19]. The anxiety, stress, and depres-
sion scores were separated into two categories: No or
minimal scores and some degree of mental disorder.
According to the scores obtained from each item decided
as follows: (<7, No), (>7, some degree of anxiety), (<14,
No), (>14 some degree of stress), (<9, No), (>9, some
degree of depression)

Pittsburgh sleep quality index (PSQI)

The sleep quality of the patients was analyzed using a
19-item self-reported PSQI questionnaire that evaluates
sleep quality during the last 30 days [20]. It consists of
19 objects combined for 7 component scores, contain-
ing sleep duration, sleep latency, subjective sleep quality,
sleep disturbances, use of sleep medication, daytime dys-
function, and habitual sleep competence. The responses
are scored on a 3-point scale, ranging from 0 to 3. The
total score for sleep quality is measured by combining the
7 component scores, which range from 0 to 21. Subjects
were categorized into two groups according to their PSQI
score: the good-sleeper group (PSQI<5) and the poor-
sleeper group (PSQI>5). Also, the validity of the PSQI
Persian version has been confirmed in 2012 [21].

Insomnia severity index (ISI)

The Insomnia Severity Index (ISI) is a seven-item self-
report tool for determining patients’ insomnia symp-
toms and their outcomes. The aspects measured included
severeness of sleep onset, interference of sleep diffi-
culties with daytime functioning, sleep dissatisfaction,
early morning awakening problems, sleep preservation,
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distress caused by sleep difficulties, and noticeability of
sleep problems by others [22]. According to severeness,
each item scored on a 0—4 scale with a full scale rang-
ing from O to 28. The scoring system reports as follows:
severe insomnia [22-28], mild insomnia [15-21], sub-
threshold insomnia [8—14], and no insomnia (0-7). In the
Iranian population the reliability and validity of the Per-
sian version of this questionnaire have been confirmed
(Cronbach’s a>0.8 and intra-class correlation coeffi-
cient>0.7) [23].

Quality of life questionnaire

We used the Short-Form Health Survey (SF-36) validated
questionnaire to analyze the general quality of life. SF-36
calculated the overall healthy quality of life based on
Mental Health, General Health, Vitality, Role Emotional,
Social Functioning, Body Pain, Role Physical, and Physi-
cal Functioning. Scores of this questionnaire range from
0 to 100 and the higher score shows a higher quality of
life. The SF-36 was assessed in the Iranian population in a
prior study and revealed construct validity and good reli-
ability [24].

Statistical analysis

The Kolmogorov-Smirnov test was used to analyze the
normality of variables. Descriptive statistics, such as
SD and mean, were determined for all variables and
expressed as meantSD for normally distributed vari-
ables and median and interquartile range (IQR) for non-
normally distributed variables. Also, categorical indices
were indicated by percent. We used Chi-square test and
independent sample t-test to compare variables between
case and control groups. For food intake comparison
among two groups besides tertiles of HNFI score, a Mul-
tivariate Analysis of Variance (MANOVA) test was per-
formed. Pearson correlation test was used to show an
association between components of the Nordic diet and
psychological scores. Eventually, we used multinomial
logistic regression to evaluate the correlation between
the classification of the adherence ND and psychological
scores. Statistical package for social sciences (SPSS) ver-
sion 18 (IBM Inc. Chicago, IL, USA) was used to perform
statistical analyses, and rpart package in R version 4.1.2
(R Core Team. 2020). Statistical significance was consid-
ered as p-value<0.05.

Results

Demographic and anthropometric characteristics of
the participants in case and control groups are shown
in Fig. 1. The case and control group mean age was
60.38+13.61 and 57.4317.71 years, respectively (Fig. 1c).
The case group had 45% females and the control group
had 45.6% females (Fig. 1a). There were no significant dif-
ferences in gender, age, weight, and BMI between case
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Fig.1 Demographic and clinical characteristics of the participants between groups. (a) Gender, (b) Education, (c) Age, (d) Anthropometric measurements

Table 1 Comparison of energy-adjusted dietary intakes in Nordic diet adherence between groups

Variable Nordic diet adherence in case group (n=120) Nordic diet adherence in control group (n=120) P-val-
Low Medium High Low Medium High ue’

tEnergy and dietary macronutrient intake (g/day)

Energy 2973.18+1097.11  281840+1040.73  2569.72+859.49 206159+882.10 224528+77043 1716.94+52143*  0.036

Carbohydrate 186.91+113.94 232.79+57.70 24063+79.81* 255.85+79.03 26532+76.24 256.30+42.78 0.180

Protein 8348+32.74 72.86+19.25 77.77+20.87 7547+1642 83.92+1545 80.51+9.27* 0576

Fat 117.62+47.40 107.84+£23.05 103.10£30.72 97.03+2858 89.87+28.79 94.61+17.06 0.199

tComponents of Nordic (g/day)

Whole grains 52.86 83.68 97.22 105.48 174.06 142.71 0.640
(10.76-101.72) (27.01-167.50) (53.97-167.29)* (59.67-184.65) (60.86-330.13) (115.53-192.07)

Legumes 7.8 (3.04-12.30) 9.39 (2.89-22.29) 14.17 9.55(4.18-16.19) 13.52 19.33(13.13- 0419

(11.38-30.73)** (6.96-20.51) 28.71)**

Fruits 329432+37396  3550.99+399.64  366158+414.26** 334842472792 3370.99+337.17 3427.69+179.10%* 0.168

cabbages and 78.60 117.13 169.80 67.96 102.13 140.35 0.290

vegetables (42.79-145.21) (57.59-220.12) (108.90-236.76)**  (42.93-101.28) (51.54-170.98) (117.34-181.73)**

Root vegetables 2527 (16.77-51.32 35.04 46.33(29.61-65.64) 2123 2334 36.95 0.562

(18.36-47.38) (12.16-30.18) (12.29-41.92) (27.86-54.84)**
Fish 2.33(0.28-5.44) 5.34(2.53-841) 8.00(4.83-10.20**  4.19(2.28-6.28) 597 (4.05-7.70) 633 (2.51-8.05**  0.930

Obtained from Multivariate analysis of variance (MANOVA) test

Data presented as Median (IQR) or Mean+SD

1The parameters are adjusted based on the energy intake

*p<0.05 and **p<0.001 within classification of Nordic diet adherence

# p-value for differences between case and control group

and control groups (p>0.05). Nevertheless, there was
a significant difference in educational level and height
between the two groups (p<0.05) (Fig. 1b).

Table 1. demonstrates the comparison of the mean
energy, macronutrients, and components of the HNFI

score in classification of adherence ND between both
groups. There was a significant difference in energy
consumption between the case and control groups
(p=0.036). Regarding components of the HNFI score,
there were significant differences between fruits,
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legumes, cabbage and vegetables, fish intakes, and clas-
sification of HNFI score in both groups (p<0.05). There
was a significant difference in carbohydrate and whole
grain intakes between classification of adherence HNFI
score in case subjects (p<0.05).

Heat map (Fig. 2) demonstrates that there was a signifi-
cant opposite association between total anxiety, stress,
and depression scores and the consumption of whole
grains (r=-0.35; P<0.05, r=—0.36; P<0.05, r=—0.33;
P<0.05 respectively). Furthermore, there was a sig-
nificant opposite relation between depression and fruit
intake (r = -0.29; P<0.05). A significant negative asso-
ciation was observed between insomnia and sleep qual-
ity and the consumption of root vegetables (r=-0.26;
P<0.05, r=—0.28; P<0.05, respectively).

Multinomial logistic regression analyses were applied
to evaluate the relationship between psychological func-
tion and the Nordic diet in crude and adjusted models.
As observed in Table 2, the odds ratio was adjusted for
gender, age, educational levels, and energy intake in
the adjusted model. High adherence to the ND was sig-
nificantly related to anxiety, stress, and depression in
the adjusted model (OR=0.759, 95% CI 0.602-0.956,
P-value=0.019; OR=0.719, 95% CI 0.563-0.918,
p-value=0.008; OR=0.755, 95% CI 0.609-0.934,
P-value=0.010, respectively) only in the case group.

Discussion

This case-control study evaluated the relationship
between adherence to the ND and psychological role
in 240 adults aged>30 years old who were healthy and
recovered from COVID-19. In this study, we found that
more adherence to ND was related to lower odds of
anxiety, stress, and depression in recovered COVID-19

Correlation plot for control group

Root Vegetables -0.01
Cabbage and Vegetables 0.11 >-0.01 .
Fruits 0.02 7-0408. 0.04
Legumes | 0.08 | 017 ‘-0.12 '-0.06. o=
Whole Grains 01 027 -018|-003|-0.15 . %9
Quality of Life 005 -003| 0.1 -0.01 -0.02 009‘ L 4::
Sleep Quality ‘-0.34 -0.08 -0.09 -0.02 -0.03 012 0.07

N,

-1.0

Insomnia -0.23 -0.07 0.01 | 0.06 -0.02  0.02 0.05

|
Stress 0.19 024 -0& -003 0.06 | 0.08 -009 -002 -018

Anxiety 0.27‘033 -0.44 -0.02 -0.01|-0.1 |-0.06 0.02 -0.08
Depression 03 ‘0.31 |-0.39 -0.11/-0.09 0.11 -0.07 0.12 |-0.15

Wy s o
< & O 30 \Pg
s® &

~
§° @&"

5
&

Page 5 of 8

patients. Regarding components of the Nordic style, only
in the case group, we found a significant opposite corre-
lation between total anxiety, stress, and depression scores
and the consumption of whole grains. Also, there was a
significant opposite relation between depression and
fruit consumption in this group.

The relationship between dietary patterns and psycho-
logical health has been considered an important issue
[25]. Multiple studies recommended consuming food
sources of vitamins and fibre during COVID-19, that are
rich in the Nordic diet [26—28]. Choosing food like fruits,
vegetables, and whole grains which are rich in fibre, anti-
oxidant, and anti-inflammatory constituents might be
important in COVID-19 [29]. Brown et al. found that
a diet containing mostly whole grains, vegetables, and
fruits with low amounts of foods with animal sources
decreased the severity of COVID-19 [30]. Another study
showed that increasing the intake of fruits, vegetables,
and whole grains and decreasing the consumption of red
meat, processed meat, sweets, refined cereals, fried food,
and sugary drinks have antidepressant effects [31]. In line
with our study, a randomized controlled trial performed
in 2021 showed that a healthy Nordic diet improves
depressive symptoms [13]. Also, a cross-sectional study
with 181 subjects, aged between 18 and 25 years old,
showed that adherence to a Nordic diet with a high intake
of fruits and vegetables reduces stress and anxiety scores
[11]. A plant-based diet rich in fibre, resistant starch, and
carbohydrates appears to be advantageous because it fills
the host’s intestinal with beneficial microbes that have
health benefits for COVID-19 patients [29]. Enhanc-
ing diet quality improved mood. Dietary patterns rich in
omega-3 and fibre may be related to decreased symptoms
of anxiety, stress, and depression [32].

Correlation plot for case group

Root Vegetables -0.12 ‘
Cabbage and Vegetables -0.07 . 0.05 ‘
Fruits 037 i 0.03 'vo2
Legumes ‘02 044 017 -0.17
Whole Grains 0.14 | 002 |0.13 | ;l; . L&
Quality of Life 008 -0.06 0.1 -0.04 -0.03 0.19 L ::
Sleep Quality -024 -0.07 -0.04 |-0.01 0.01 -0.28 0.07 o 05

Insomnia -026 023
Stress
Anxiety

Depression

o\)
¥ & 3\@@0 o

o® o s &

Fig. 2 Correlation between components of Nordic diet and psychological tests in case and control groups
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Table 2 Multiple-adjusted odds ratio (OR) and 95% confidence intervals (Cl) for OR between classification of adherence the Nordic

diet

Nordic diet adherence in case group (n=120) Nordic diet adherence in control group (n=120)

Low Medium High Low Medium High
Anxiety
Crude Ref. 0.986 (0.862-1.128) 0.839 (0.723-0.973) Ref. 0.988 (0.921-1.059) 0.980(0.916-1.050)
Adjusted model Ref. 0.997 (0.838-1.185) 0.719 (0.563-0.918) * Ref. 1.002 (0.927-1.083) 0.972 (0.898-1.053)
Stress
Crude Ref. 1.006 (0.902-1.123) 0.849 (0.742-0.972) Ref. 0.984 (0.940-1.030) 0.962 (0.919-1.007)
Adjusted model Ref. 1.000 (0.863-1.158) 0.755 (0.609-0.934) ** Ref. 0.992 (0.941-1.045) 0.950(0.901-1.002)
Depression
Crude Ref. 0.994 (0.884-1.117) 0.985 (0.734-0.994) Ref. 0.993 (0.943-1.047) 0.044 (0.961-1.045)
Adjusted model Ref. 0.979 (0.841-1.139) 0.759 (0.602-0.956) * Ref. 1.005 (0.950-1.063) 0.982(0.927-1.041)
Sleep Quality
Crude Ref. 1.063 (0.892-1.266) 0.964 (0.815-1.139) Ref. 1.024 (0.949-1.105) 1.017 (0.945-1.095)
Adjusted model Ref. 1.130 (0.850-1.501) 0.869 (0.634-1.192) Ref. 1.045 (0.958-1.140) 1.049 (0.965-1.139)
Insomnia
Crude Ref. 1.134(1.005-1.279) 1.064 (0.943-1.200) Ref. 0.956 (0.872-1.048) 1.000 (0.918-1.090)
Adjusted model Ref. 1.109 (0.953-1.289) 1.087 (0.915-1.291) Ref. 0.981 (0.885-1.087) 1.076 (0.976-1.185)
Quality of Life
Crude Ref. 0.988 (0.956-1.021) 1.029 (0.999-1.059) Ref. 1.015(0.971-1.062) 0.995 (0.954-1.038)
Adjusted model Ref. 0.969 (0.921-1.020) 1.056 (1.008-1.106) Ref. 1.005 (0.955-1.057) 0.990 (0.942-1.041)

Obtained from multinomial logistic regression based on adherence the Nordic diet

Model 1: Adjusted for age, gender, education stage and energy intake
*»<0.05
**p<0.01

People suffer from mental problems after contract-
ing COVID-19 due to the fear of losing people and
social rejection. A dietary pattern rich in vegetables and
fruits plays a role in improving mental distress [33]. In
this study, we revealed that more adherence to ND was
associated with less odds of anxiety, stress, and depres-
sion score through recovered COVID-19 patients. Our
results were in line with the findings of prior studies [11,
13]. We concluded that depression scores were inversely
associated with the consumption of fruit. Also, root veg-
etable consumption was correlated with insomnia and
sleep quality among recovered COVID-19 patients. Root
vegetable and Fruit intake improve life satisfaction and
mental health. A meta-analysis consisting of 446,551 sub-
jects, revealed that vegetable and fruit intake may play an
essential function in reducing the depression risk [34].
Some studies estimated that the consumption of fruits
can negatively affect mental health [35, 36]. Liu et al. in
their meta-analysis indicated that fruit intake lowered
depression and anxiety symptoms [37]. Various possible
mechanisms could link fruit and vegetable intake with
psychological symptoms. Oxidative stress has negative
effects on mental health. A large number of antioxidants
in vegetables and fruits, such as beta-carotene, folic acid,
vitamin E, and vitamin C reduce the harmful oxidative
stress effects on mental well-being and improve depres-
sion [38]. Fruits and vegetables are rich in different min-
erals and vitamins like folate. Folate and vitamin B12

deficiency increase the levels of homocysteine and the
risk of depression [39]. Also, magnesium deficiency may
increase inflammatory factors like C-reactive protein
which helps the development of depression [40].

A healthy diet and lifestyle could affect symptoms of
mood disorder in recovered COVID-19 patients [5, 41].
Inflammation caused by COVID-19 can affect neuro-
logical mechanisms, so having a healthy diet should be
prioritized to prevent long-term neurological symp-
toms from COVID-19 [11]. Therefore, consumption of
fibre and whole grains is recommended [42]. Our results
revealed a significant relationship between whole grains
anxiety, stress, and depression which confirms previ-
ous studies [43-45]. A cohort study found that regu-
lar consumption of whole grains, fruits, and vegetables
is inversely related to anxiety and depression risk in
elderly persons [6]. Mohammadi et al. in their random-
ized clinical trial study recognized a positive associa-
tion between stress and anxiety and whole grains [44].
A previous study revealed that a greater intake of non-
refined grains concluded to decrease depression and
anxiety severeness [45]. A dietary pattern identified by
high whole grain consumption was significantly con-
nected with decreased depression risk [46]. In contrast,
high consumption of refined grains was related to more
depression risk [47]. Nutritional factors also have a direct
and potent effect on neurophysiology [48, 49]. Berk et
al. recognized inflammation as a mediating pathway for
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the development of depression [50]. Evidence suggests
that frequent consumption of magnesium-rich foods
may improve COVID-induced inflammation. A healthy
diet provides sources of magnesium. For example, whole
grains are identified as one of the best sources of food
due to their magnesium content [51-53]. Also, a previous
study revealed that a dietary pattern with higher intake
of whole grains, fruits, and vegetables reduces inflamma-
tion by decreasing IL-6 and CRP in plasma [3]. Whole
grains are a rich source of B vitamins like Thiamine, nico-
tinic acid, pyridoxine, and pantothenic acid but they are
not rich in folates unless fortified with folic acid. These
vitamins can positively affect mental health [54]. For
instance, folate and pyridoxine deficiency are effective
in mental health due to their function in the synthesis of
neurotransmitters for example serotonin, as well as their
coenzyme role in one-carbon metabolism pathways [55].

Conclusion

Our study suggests that adherence to the ND may reduce
anxiety, stress, and depression in patients recovered from
COVID-19. A dietary pattern rich in fruit and whole
grains might be beneficial in treating depressive symp-
toms in patients who have recovered from COVID-19.
Additional large-scale longitudinal studies are essential
to substantiate.

Tables.
Abbreviations
ND Nordic diet
FFQ food frequency questionnaire
DASS Depression anxiety stress scales
PSQl Pittsburgh Sleep Quality Index
ISI Insomnia Severity Index
SF-36 Short-Form Health Survey
COVID-19  Coronavirus disease 2019
SD standard deviation
BMI body mass index
HNFI Healthy Nordic Food Index
IQR interquartile range
MANOVA Multivariate Analysis of Variance
SPSS Statistical package for social sciences

Acknowledgements
We sincerely thank all patients participating in this study.

Author contributions

MGH, and ZKH initially conceptualized and designed the study. MGH
contributed to obtaining the initial funding. The manuscript was written by
AA, ZKH, KMH, and MVF and was reviewed by all members. PSH, NT and RAD
were responsible for the design optimization and statistical analysis. EH, ML,
PAS, MKHB, MSHFM, and AGH contribute sampling. GF performed English
editing. All authors read and approved the final manuscript.

Funding
This study is supported by Mashhad University of Medical Sciences (grant nu:
981873).

Data availability

The datasets collected and/or analyzed during the present study are not
publicly accessible due to ethical concerns but the corresponding author may
provide datasets upon request.

Page 7 of 8

Declarations

Ethics approval and consent to participants

was obtained from the ethics committee of Mashhad University of Medical
Sciences (code: IRMUMS.REC.1399.237). Informed consent was obtained
from all study participants. All methods were performed based on related
guidelines and regulations or the Helsinki Affirmation.

Consent for publication
Not applicable as no personal data was used in this article.

Competing interests
The authors declare no competing interests.

Author details

'Department of Nutrition, School of Medicine, Mashhad University of
Medical Sciences, Mashhad, Iran

“Student Research Committee, faculty of Medicine, Mashhad University of
Medical Sciences, Mashhad, Iran

3BSc. in Nutrition Sciences, Varastegan Institute for Medical Sciences,
Mashhad, Iran

“Department of Nutrition, Food Sciences and Clinical Biochemistry,
School of Medicine, Social Determinants of Health Research Center,
Gonabad University of Medical Science, Gonabad, Iran

*International UNESCO Center for Health Related Basic Sciences and
Human Nutrition, Mashhad University of Medical Sciences, Mashhad, Iran
Department of Biostatistics, School of Health, Mashhad University of
Medical Sciences, Mashhad, Iran

’Departments of Biology, Faculty of Sciences, Mashhad Branch, Islamic
Azad University, Mashhad, Iran

8Brigh‘[on and Sussex Medical School, Division of Medical Education,
Brighton, UK

Received: 27 July 2023 / Accepted: 16 February 2024
Published online: 01 March 2024

References

1. World Health Organization. WHO coronavirus (covid-19) Dashbord [2022-12-
23]. Available from: https://covid19.who.nt/.

2. BalachandarV, Mahalaxmi I, Subramaniam M, Kaavya J, Senthil Kumar N,
Laldinmawii G, et al. Follow-up studies in COVID-19 recovered patients - is it
mandatory? Sci Total Environ. 2020;729:139021.

3. Barthorpe A, Rogers JP. Coronavirus infections from 2002 to 2021: neuropsy-
chiatric manifestations. Sleep Med. 2022,91:282-8.

4. Rogers JP, Chesney E, Oliver D, Pollak TA, McGuire P, Fusar-Poli P, et al. Psychi-
atric and neuropsychiatric presentations associated with severe coronavirus
infections: a systematic review and meta-analysis with comparison to the
COVID-19 pandemic. Lancet Psychiatry. 2020;7(7):611-27.

5. Khorasanchi Z, Ahmadihoseini A, Hajhoseini O, Zare-Feyzabadi R, Haghighi
M, Heidari M, et al. Adherence to dietary approaches to stop hypertension
(DASH) diet in relation to psychological function in recovered COVID-19
patients: a case—control study. BMC Nutr. 2022;8(1):130.

6. LiH, Xue Q Xu X. Involvement of the nervous system in SARS-CoV-2 infec-
tion. Neurotox Res. 2020;38:1-7.

7. Owen L, Corfe B. The role of diet and nutrition on mental health and wellbe-
ing. Proc Nutr Soc. 2017;76(4):425-6.

8. Khorasanchi Z, Vahedifard M, Mohammadhasani K, Sharifan Y, Dehnavi Z,
Naderian R, et al. Psychological function and serum vitamin D concen-
tration in COVID-19 patients: a cross-sectional study. Reviews Clin Med.
2023;10(3):6-12.

9. Mithril C, Dragsted LO, Meyer C, Tetens |, Biltoft-Jensen A, Astrup A. Dietary
composition and nutrient content of the New Nordic Diet. Public Health
Nutr. 2013;16(5):777-85.

10.  Hemler EC, Hu FB. Plant-based diets for Personal, Population, and Planetary
Health. Adv Nutr. 2019;10(Suppl4):275-583.

11.  Abbaszadeh A, Saharkhiz M, Khorasanchi Z, Karbasi S, Askari M, Hoseini ZS, et
al. Impact of a nordic diet on psychological function in young students. Nutr
Health. 2021;27(1):97-104.


https://covid19.who.int/

Araste et al. BMC Nutrition

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

(2024) 10:38

Jacka FN, O'Neil A, Opie R, Itsiopoulos C, Cotton S, Mohebbi M, et al. A
randomised controlled trial of dietary improvement for adults with major
depression (the 'SMILES trial). BMC Med. 2017;15(1):23.

Sabet JA, Ekman MS, Lundvall AS, Risérus U, Johansson U, Ostrom A et al.
Feasibility and acceptability of a healthy nordic Diet intervention for the
treatment of Depression: a Randomized Controlled Pilot Trial. Nutrients.
2021;13(3).

Ahmadnezhad M, Asadi Z, Miri HH, Ebrahimi-Mamaghani M, Ghayour-Mobar-
han M, Ferns GA. Validation of a short semi-quantitative food frequency
questionnaire for adults: a pilot study. J Nutritional Sci Dietetics. 2017:49-55.
Asadi Z, Yaghooti-Khorasani M, Ghazizadeh H, Sadabadi F, Mosa-Farkhany E,
Darroudi S, et al. Association between dietary inflammatory index and risk
of cardiovascular disease in the Mashhad stroke and heart atherosclerotic
disorder study population. IUBMB Life. 2020;72(4):706-15.

Olsen A, Egeberg R, Halkjeer J, Christensen J, Overvad K, Tjgnneland A.
Healthy aspects of the Nordic diet are related to lower total mortality. J Nutr.
2011;141(4):639-44.

Daneshzad E, Emami S, Mofrad MD, Saraf-Bank S, Surkan PJ, Azadbakht L.
Association of modified nordic diet with cardiovascular risk factors among
type 2 diabetes patients: a cross-sectional study. J Cardiovasc Thorac Res.
2018;10(3):153.

Henry JD, Crawford JR. The short-form version of the Depression anxiety
stress scales (DASS-21): construct validity and normative data in a large non-
clinical sample. Br J Clin Psychol. 2005;44(2):227-39.

Sahebi A, Asghari MJ, Salari RS. Validation of depression anxiety and stress
scale (DASS-21) for an Iranian population. 2005.

Buysse D, Reynolds C, Monk T, Berman SR, CF DJ lll. The Pittsburgh Sleep
Quality Index: a new instrument for psychiatric practice. Res Psychiatry Res.
1989;28(2):193-213.

Moghaddam JF, Nakhaee N, SheibaniV, Garrusi B, Amirkafi A. Reliability and
validity of the Persian version of the Pittsburgh Sleep Quality Index (PSQI-P).
Sleep Breath. 2012;16(1):79-82.

Morin CM, Belleville G, Bélanger L, Ivers H. The Insomnia Severity Index:
psychometric indicators to detect insomnia cases and evaluate treatment
response. Sleep. 2011;34(5):601-8.

Yazdi Z, Sadeghniiat-Haghighi K, Zohal MA, Elmizadeh K. Validity and reli-
ability of the Iranian version of the insomnia severity index. Malaysian J Med
Sciences: MJMS. 2012;19(4):31.

Montazeri A, Goshtasebi A, Vahdaninia M, Gandek B. The short Form Health
Survey (SF-36): translation and validation study of the Iranian version. Qual
Life Res. 2005;14(3):875-82.

Saharkhiz M, Khorasanchi Z, Karbasi S, Jafari-Nozad AM, Naseri M, Moham-
madifard M, et al. The association between adherence to a dietary
approaches to stop hypertension (DASH) diet and neuro-psychological func-
tion in young women. BMC Nutr. 2021;7(1):21.

Pal J, Sethi D, Taywade M, Pal R. Role of Nutrition and Diet during COVID-19
pandemic: a narrative review. J Family Med Prim Care. 2022;11(9):4942-8.
de Faria Coelho-Ravagnani C, Corgosinho FC, Sanches FFZ, Prado CMM,
Laviano A, Mota JF. Dietary recommendations during the COVID-19 pan-
demic. Nutr Rev. 2021;79(4):382-93.

Kiely K, Mase WA, Hansen AR, Schwind J. Association between the Health
Belief Model, Exercise, and Nutrition behaviors during the COVID-19 pan-
demic. Int J Environ Res Public Health. 2022;19(23).

Rishi B, Thakur K, Vij S, Rishi L, Singh A, Kaur IP, et al. Diet, Gut Microbiota and
COVID-19. Indian J Microbiol. 2020;60(4):420-9.

Brown RB. Low dietary sodium potentially mediates COVID-19 prevention
associated with whole-food plant-based diets. Br J Nutr. 2022:1-6.

Jacka FN, O'Neil A, Opie R, Itsiopoulos C, Cotton S, Mohebbi M, et al. Correc-
tion to: a randomised controlled trial of dietary improvement for adults with
major depression (the 'SMILES trial). BMC Med. 2018;16(1):236.

Taylor AM, Holscher HD. A review of dietary and microbial connections to
depression, anxiety, and stress. Nutr Neurosci. 2020;23(3):237-50.

Shabbir MA, Mehak F, Khan ZM, Ahmed W, Hag S, Khan MR, et al. Delving the
role of nutritional psychiatry to mitigate the COVID-19 pandemic induced
stress, anxiety and depression. Trends Food Sci Technol. 2022;120:25-35.

Liu X, Yan 'Y, Li F, Zhang D. Fruit and vegetable consumption and the risk of
depression: a meta-analysis. Nutrition. 2016;32(3):296-302.

Adams TB, Colner W. The association of multiple risk factors with fruit and
vegetable intake among a nationwide sample of college students. J Am Coll
Health. 2008;56(4):455-61.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

5T

52.

53.

54.

55.

Page 8 of 8

Allgower A, Wardle J, Steptoe A. Depressive symptoms, social support,

and personal health behaviors in young men and women. Health Psychol.
2001;20(3):223-7.

Liu MW, Chen QT, Towne SD Jr, Zhang J, Yu HJ, Tang R, et al. Fruit and
vegetable intake in relation to depressive and anxiety symptoms among
adolescents in 25 low- and middle-income countries. J Affect Disord.
2020;261:172-80.

Kaur C, Kapoor HC. Antioxidants in fruits and vegetables—the millennium'’s
health. Int J Food Sci Technol. 2001,36(7):703-25.

Kim JM, Stewart R, Kim SW, Yang SJ, Shin IS, Yoon JS. Predictive value of folate,
vitamin B12 and homocysteine levels in late-life depression. Br J Psychiatry.
2008;192(4):268-74.

King DE, Mainous AG lll, Geesey ME, Woolson RF. Dietary magnesium and
C-reactive protein levels. J Am Coll Nutr. 2005;24(3):166-71.

Khorasanchi Z, Jafazadeh Esfehani A, Sharifan P, Hasanzadeh E, Shadmand
Foumani Moghadam MR, Ahmadi O, et al. The effects of high dose vitamin D
supplementation as a nutritional intervention strategy on biochemical and
inflammatory factors in adults with COVID-19: study protocol for a random-
ized controlled trial. Nutr Health. 2022,28(3):311-7.

Mazloom Z, Ekramzadeh M, Hejazi N. Efficacy of supplementary vitamins
Cand E on anxiety, depression and stress in type 2 diabetic patients:

a randomized, single-blind, placebo-controlled trial. Pak J Biol Sci.
2013;16(22):1597-600.

Tsai AC, Chang TL, Chi SH. Frequent consumption of vegetables predicts
lower risk of depression in older Taiwanese - results of a prospective
population-based study. Public Health Nutr. 2012;15(6):1087-92.
Mohammadi MR, Mostafavi S-A, Khalkhali A. Nutrition Bio Shield (NBS)
supplement effects on depression, anxiety, stress and food craving in women
with depression and obesity: a double-blind randomized controlled trial.
Nutrition & Food Science. 2022(ahead-of-print).

Gibson-Smith D, Bot M, Brouwer IA, Visser M, Giltay EJ, Penninx B. Associa-
tion of food groups with depression and anxiety disorders. Eur J Nutr.
2020;59(2):767-78.

LiY, Lv MR, Wei YJ, Sun L, Zhang JX, Zhang HG, et al. Dietary patterns and
depression risk: a meta-analysis. Psychiatry Res. 2017,253:373-82.

Moludi J, Moradinazar M, Hamzeh B, Najafi F, Soleimani D, Pasdar Y. Depres-
sion relationship with dietary patterns and dietary inflammatory index

in women: result from Ravansar Cohort Study. Neuropsychiatr Dis Treat.
2020;16:1595-603.

Gomez-Pinilla F. Brain foods: the effects of nutrients on brain function. Nat
Rev Neurosci. 2008;9(7):568-78.

Lyles E, Banks S, Ramaswamy M, Ismail S, Leidman E, Doocy S. Acute malnutri-
tion recovery rates improve with COVID-19 adapted nutrition treatment
protocols in South Sudan: a mixed methods study. BMC Nutr. 2023;9(1):1-9.
Berk M, Williams LJ, Jacka FN, O'Neil A, Pasco JA, Moylan S, et al. So depression
is an inflammatory disease, but where does the inflammation come from?
BMC Med. 2013;11:200.

Al Alawi AM, Majoni SW, Falhammar H. Magnesium and Human Health:
perspectives and research directions. Int J Endocrinol. 2018;2018:9041694.
McCarty MF. Magnesium may mediate the favorable impact of whole grains
on insulin sensitivity by acting as a mild calcium antagonist. Med Hypoth-
eses. 2005;64(3):619-27.

Fung TT, Hu FB, Pereira MA, Liu S, Stampfer MJ, Colditz GA, et al. Whole-grain
intake and the risk of type 2 diabetes: a prospective study in men. Am J Clin
Nutr. 2002;76(3):535-40.

Fardet A. New hypotheses for the health-protective mechanisms of whole-
grain cereals: what is beyond fibre? Nutr Res Rev. 2010;23(1):65-134.
Hindmarch I. Beyond the monoamine hypothesis: mechanisms, molecules
and methods. Eur Psychiatry. 2002;17(Suppl 3):294-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Adherence to the nordic diet is associated with anxiety, stress, and depression in recovered COVID-19 patients, a case-control study
	﻿Abstract
	﻿Introduction
	﻿Method
	﻿Study design
	﻿General and anthropometric characteristics
	﻿Dietary intake assessment
	﻿Depression anxiety stress scales (DASS)
	﻿Pittsburgh sleep quality index (PSQI)
	﻿Insomnia severity index (ISI)
	﻿Quality of life questionnaire
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


