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Abstract
Objective

Previous studies have shown the association between diet quality and sleep quality. the objective of this
study was to observe the association between modi�ed Nordic diet with sleep quality and circadian
rhythm in overweight and obese woman.

Methods

We enrolled 399 overweight and obese women (body mass index (BMI): 25-40 kg/m2) aged 18-48 years
in cross-sectional study. For each participant anthropometric measurements, biochemical test and food
intake were evaluated. Sleep quality and circadian rhythm was measured by Pittsburgh Sleep Quality
Index (PSQI) and Morning Evening Questionnaire (MEQ) questionnaire. Modi�ed Nordic diet score was
measured using a validated 147-item food frequency questionnaire (FFQ).

Results

Among all participants, Overall, 51.7% of the subjects were good sleepers (the Pittsburgh Sleep Quality
Index (PSQI) < 5) while 48.3% were poor sleepers (PSQI ≥ 5). Moreover, participants were divided into 5
groups of MEQ namely, completely morning 8(2.4%), rarely morning 82(24.8%), normal 196(59.2%), rarely
evening 43(13%), completely evening 2(0.6%). After controlling for confounder there was a signi�cant
association between the poor sleep quality and modi�ed Nordic diet (OR=0.80, %95 CI=0.66-0.98,
P=0.01). Moreover, a signi�cant positive association was observed between the completely morning and
modi�ed Nordic diet (OR=1.80, %95 CI=0.54-6.00, P=0.03) and also a signi�cant reverse association was
observed between completely evening type and modi�ed Nordic diet (OR=0.16, %95 CI=0.002-5.41,
P=0.02).

Conclusions

The present study indicate that higher adherence to a modi�ed Nordic diet decreases poor sleep quality.
Also, the completely morning type associated with higher adherence to a modi�ed Nordic diet and
completely evening type associated with lower adherence to a modi�ed Nordic diet.

Levels of Evidence

 Level IV, evidence obtained from with multiple time series analysis.

Introduction
The prevalence of obesity has progressively risen in all parts of the world during the last decades and has
become a main public health concern, in the last two decades, a signi�cantly increasing trend in obesity
was observed (1). According to the National Health and Nutrition Examination and Survey in 2017–2018,
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the age-adjusted prevalence of obesity in adults was 42.4%, and there were no signi�cant differences
between men and women among all adults or by age group (1).

The global epidemic of obesity results from a combination of genetic susceptibility, increased availability
of high-energy foods and decreased requirement for physical activity in modern society (2). Obesity is
reported to be related to impaired mental health such as anxiety, stress, depression and low quality of
sleep (3, 4). Over the past 60 years, sleep duration was reported to reduce from 9 h per day to 7 h per day
(5) and also insomnia is a common clinical condition, characterized by di�culty initiating or maintaining
sleep, with a prevalence of 10%-20% (6). Some studies have reported that lower sleep quality can be
related with the higher rate of obesity and this phenomenon has become more common over the past
decade.in addition, it was reported that sleep de�ciency and lower diet-quality are related with chronic
diseases including diabetes mellitus and metabolic syndrome (7–9). The Nordic diet is a dietary pattern
referring to consumption of traditional foods from the Nordic countries (the Scandinavian region),
including whole grains, fruits (such as apples, pears, and berries), low-fat dairy products, fatty �sh such
as salmon, cabbage and root vegetables (10). Studies have reported that the Nordic diet can decreases
the weight (11–14). Almost all living organisms have evolved autoregulatory transcriptional-translational
feedback loops that produce oscillations with a period of approximately24-h. These endogenous time
keeping mechanisms are called circadian clocks. The main function of these circadian clocks is to drive
overt circadian rhythms in the physiology of the organisms to ensure that main physiological functions
are in synchrony with the external environment. Disruption of circadian rhythms caused by genetic or
environmental factors has long-term consequences for metabolic health. Of relevance, host circadian
rhythmicity and lipid metabolism are increasingly recognized to cross-regulate and the circadian clock-
lipid metabolism interplay may involve in the development of obesity (15). Sleep problems are considered
an emerging global epidemic (16, 17). Studies have reported an association between sleep problems and
obesity (18, 19) and sleep problems contribute to obesity, as changes that lead to weight gain shorter
duration and poorer quality of sleep lead to behavioral, metabolic, and endocrine (20, 21) and also
disturbing circadian rhythms were associated with elevated risk for obesity (15, 22). Some studies have
reported diets were positively associated with sleep quality (23, 24) however a study has reported the
Nordic diet has no association with sleep quality (25). Thus, this study was performed to assed the
association between modi�ed Nordic diet with sleep quality and circadian rhythm in overweight and
obese woman.

Method

Study population
This cross-sectional study was conducted in 399 women who were referred to health centers in Tehran,
Iran in 2017 to 2019 years. All subjects were randomly recruited from individuals referring to health
centers in Tehran during. Inclusion criteria were age 18–48 years, being overweight or obese (body mass
index (BMI): 25–40 kg/m2) without any change in weight in recent year, absence of any acute or chronic
infection, no alcohol or drug or supplement abuse, no history of hypertension, and not being pregnant.
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Based on exclusion criteria, subjects that consumed less than 800 kcal and more than 4200 kcal were
excluded from the study. Written informed consent was obtained from all participants before taking part
in the study. The study protocol was approved by the local ethical committee of Tehran University of
Medical Sciences (Ethics number: IR.TUMS.MEDICINE.REC.1399.637).

Evaluation of food intake
To assess the dietary intake of participants, a semi-quantitative food frequency questionnaire) FFQ) with
147 Iranian food items, containing a list of foods with standard serving sizes was used. FFQ assesses
the usual food intake over the previous year. The high reliability and validity of the FFQ have been
con�rmed previously (26). All FFQ and demographic questionnaires were completed by trained
nutritionists. The energy of food consumed was evaluated using Nutritionist 4 software. The Nordic diet
is a dietary pattern referring to consumption of traditional foods from the Nordic countries (the
Scandinavian region), including whole grains, fruits (such as apples, pears, and berries), low-fat dairy
products, fatty �sh such as salmon, cabbage and root vegetables. The modi�ed Nordic diet score was
based on: (1) rye and wholegrain breads with a median of 90, (2) oatmeal (chickpea, lentil, bean, oat,
frumenty, soybean, split pea, vicia faba and mung bean) with a median of 20, (3) cabbages and
vegetables (cucumber, lettuce, celery, tomato, zucchini, raw and boiled spinach, bell pepper and leafy
vegetables) with a median of 132, (4) apples, pears and high antioxidant fruits (apple, apple juice, peach,
strawberry, nectarine, pear, persimmon, apricot, dry apricot, mulberries, dry mulberries, plum and dry plum)
with a median of 97, (5) root vegetables (potato, raw and boiled carrot, garlic, onion, and turnip) with a
median of 41 and (6) �sh (�sh conserved in salt and oil and other �sh) with a median of 2. We calculated
the median consumption of these food groups according to the FFQ. Consumption above and below
median intake were given 1 and 0 points, respectively. The score of each group was summed and were
classi�ed: 0–1 point for low adherence, 2–3 points for medium adherence and 4–6 points for high
adherence (10).

Assessment of sleep quality
The Pittsburgh Sleep Quality Index (PSQI) was applied to subjectively measure the sleep quality of
participants. It evaluates usual sleep habits during the past month. Total scores could range from 0 to 21,
with a global sum of “5” or greater indicates poor sleep quality (27).

Assessment of circadian rhythm
The morning evening questionnaire (MEQ) was applied to asses circadian rhythm. The sum gives a score
ranging from 16 to 86; scores of 41 and below indicate "evening types", scores of 59 and above indicate
"morning types", scores between 42–58 indicate "intermediate types (28).

Assessment of other variables
Demographic questionnaire including job status, educational level, marital status, economic status was
completed by trained nutritionists.

Assessment of physical activity
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Physical activity levels were assessed using a 7-item International Physical Activity Questionnaire (IPAQ)
and the results recorded as metabolic equivalent hours per week (MET.h week − 1) (29).

Assessment of anthropometric measurement
The weight of the individuals was measured with the use of a digital scale (Seca, Hamburg, Germany) in
light clothing and without shoes with precision near to 0.1 kg. The height of participants was evaluated
by a seca stadiometer, with exactness close to 0.1 cm. BMI was calculated as weight (kg)/hieght2 (m).
Waist (WC) and hip circumference (HC) were measured in the smallest girth and the largest girth,
respectively, with accuracy nearest to 0.1 cm.

Statistical analysis
A normal distribution of data was established by the Kolmogorov-Smirnov test. We divided the modi�ed
Nordic diet score into three tertiles and general characteristics across tertiles of the modi�ed Nordic diet
score were indicated as mean ± standard deviations (SD) for continuous variables and categorical
variables were expressed as numbers and percentages. One-way analysis of variance and chi-square test
was used for quantitative and qualitative variables respectively. Post-Hoc Multiple Comparison analysis
by Bonferroni was used to demonstrate the signi�cant differences mean between groups: analysis of
covariance (ANCOVA) was used to identify dietary intake differences between tertiles of the modi�ed
Nordic diet score and all values were adjusted for energy intake, BMI, age, physical activity. Moreover, we
used Multinomial logistic regressions to calculate odds ratio (OR) and 95% CI for circadian rhythm and
sleep quality across tertile of modi�ed Nordic diet score in crude and multivariable-adjusted models
(adjusted for BMI, age, physical activity, energy intake, economic status, marital status, occupation,
education, housing status, supplement consumption). All statistical analyses were done by using the
Statistical Package for Social Sciences (version 22; SPSS Inc.). P < 0.05 was considered to be statistically
signi�cant and P = 0.06 was considered to be statistically marginal signi�cant.

Results

Study population characteristic
A total of 399 women aged 18–48 years, participated in this study. The quantitative and qualitative
characteristics of the study subjects were shown across the tertiles modi�ed Nordic diet shown in
Table 1. At this study population the mean and standard deviation (SD) age and BMI of participants were
36.61 ± 9.11year and 31.25 ± 4.30 kg/m2 respectively. Moreover, participants were divided into 5 groups
of MEQ namely, completely morning 8(2.4%), rarely morning 82(24.8%), normal 196(59.2%), rarely
evening 43(13%), completely evening 2(0.6%), respectively. Sleep quality was classi�ed into two groups:
good sleep quality 166(51.7%), and poor sleep 155(48.3%). The economic status of the study population
in upper tertile was better than lower tertile, also in top tertile, more people get married than lower.

Study population characteristic among tertiles of modi�ed
Nordic diet score
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After controlling potential confounders (age, physical activity (PA), total energy intake, and BMI) with
ANCOVA analysis a signi�cant mean difference was observed among tertiles of the modi�ed Nordic
score in terms of physical activity (P = 0.03) this means difference was between T1 and T2 according to
Bonferroni post hoc analysis so that physical activity mean was more in T2 than T1 and terms of HDL (P 
= 0.04) this mean difference was between T1 and T3 according to Bonferroni post hoc analysis so that
HDL mean was more in T3 than T1.There were marginally signi�cantly for economic status variable (P = 
0.05).

Dietary intake of study subject across tertiles of modi�ed
Nordic diet score
modi�ed Nordic diet components, macronutrient, and micronutrient across tertiles of modi�ed Nordic diet
score were presented in Table 2. After adjustment with potential confounders (total energy intake,
physical activity, BMI, and age) there have shown the participant with high modi�ed Nordic diet
adherence (T3) than low modi�ed Nordic diet adherence (T1) consumed a signi�cantly higher amount of
protein, Eicosapentaenoic acid (EPA), Docosahexaenoic acid (DHA), Potassium, Magnesium, Zinc, Iron,
vitamin B6, vitamin C, Caffeine (P < 0.001), fat (P = 0.002), calcium (P = 0.003) but carbohydrate was
marginally signi�cant (P = 0.05) in modi�ed Nordic diet components. As we expected, across tertiles,
signi�cantly higher consumption of �sh, root vegetable, cabbages, whole grain, oatmeal, rye bread, apple
pear, vegetables (P < 0.001), red meat (P = 0.01), legumes (P < 0.001), fruits and Sugar-sweetened
beverages (P = 0.09) were presented in highest levels of adherence to the modi�ed Nordic diet.

Circadian rhythm and sleep quality across tertiles of
modi�ed Nordic diet score
The relationship between circadian rhythm and sleep quality with modi�ed Nordic diet in crude and
adjusted models was shown in Table 3. Model 1 was adjusted for energy intake, BMI, age, physical
activity. Model 2 was further adjusted for economic status, job status, marital status, education. Model 3
was adjusted for homeownership, supplement consumption, caffeine consumption. After adjusting for
homeownership, supplement consumption, caffeine, a marginally signi�cant difference was observed
between the T1 and T3 according to Bonferroni post hoc in terms of sleep quality in model 3 (P = 0.05) so
that sleep quality mean was more in T1 than T3. Moreover, the signi�cant difference was not observed
between tertiles in model 1 and model 2 in sleep quality and any models in circadian rhythm.

The association between sleep quality and circadian rhythm
with modi�ed Nordic diet score
The association between sleep quality and circadian rhythm with modi�ed Nordic diet was shown in the
crude and adjusted regression models in Table 4. A signi�cant reverse association was observed between
the poor sleep quality and modi�ed Nordic diet in the crude model (OR = 0.81, %95 CI = 0.68–0.98, P = 
0.02) that remained signi�cant after controlling confounders (economic status energy intake, BMI, age,
physical activity) in the adjusted model (OR = 0.80, %95 CI = 0.66–0.98, P = 0.01). A signi�cant positive
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association was observed between the completely morning type and modi�ed Nordic diet in the adjusted
model (OR = 1.80, %95 CI = 0.54-6.00, P = 0.03), and also a signi�cant reverse association was observed
between completely evening type and modi�ed Nordic diet in the adjusted model (OR = 0.16, %95 CI = 
0.002–5.41, P = 0.02).

Discussion
The objective of this study was to observe the association between modi�ed Nordic diet with sleep
quality and circadian rhythm in overweight and obese woman. Our hypothesis was that a higher
adherence to the modi�ed Nordic diet score, which represents a healthy dietary pattern, is connected with
better sleep quality over time. This result adds a new insight into the relationship and possible pathways
between sleep and diet.

 In present study, the results showed a reverse association between adherence to modi�ed Nordic diet and
poor sleep quality status. Moreover, a signi�cant positive association was observed between the
completely morning and modi�ed Nordic diet. also, a signi�cant reverse association was observed
between completely evening type and modi�ed Nordic diet.

 Previous �nding on the correlation of diets with sleep quality and circadian rhythm has been obtained
mostly from cross sectional studies. One study shows short sleep duration combined with poor sleep
quality is associated with low adherence to a Mediterranean diet and Nordic diet (25).

Melatonin could modulate circadian rhythm and improve sleep disorders (30-32). The interpretation is
that melatonin weakens the circadian signal from the suprachiasmatic nuclei (SCN), promoting heat loss
which induces sleepiness via the preoptic area of the anterior hypothalamus (33). It has been proved that
the melatonin concentration in human serum could signi�cantly increase after consumption of melatonin
containing food like fruits and vegetable (34). In animal foods, melatonin concentrations were found
higher in �sh than those in meat (35). Other research showed calcium along with magnesium and
potassium act neuromodulators in the sleep/wake cycle and may play an important role in melatonin
production through the activation of tryptophan hydroxylase (36, 37). Many micronutrients play a role in
sleep and circadian regulation, including those that support melatonin synthesis (folate, vitamin B6, zinc)
(38). a study shows a greater percentage of all adults reporting short sleep had inadequate intake of
copper, folate, iron, magnesium, ribo�avin, zinc, and vitamins A, C and K (39). Intracellular magnesium
concentration acts as a cell-autonomous timekeeping component to determine key clock properties in
human cell lines and unicellular alga (40). In addition, magnesium has an essential role in ion transport
and electrical conductivity, which facilitate N-methyl-D-aspartic acid (NMDA) receptor function, an
important sleep regulator (41). Magnesium may also play a role in melatonin synthesis as a cofactor for
serotonin N acetyltransferase (arylalkylamone-N-acetyltransferase; AANAT), which facilitates the
conversion of serotonin to N-acetylserotonin, the rate limiting step in melatonin synthesis (42). In one
study shows less calcium intake associated with greater di�culty falling asleep and less carbohydrate
intake associated signi�cantly with greater di�culty maintaining asleep and less potassium intake
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associated with greater daytime sleepiness and less calcium and vitamin C intake associated
signi�cantly with greater non-restorative sleep (43). Fewer sleep di�culties associated with increased
calcium may have been a result of the effects of calcium on lowering blood pressure (44). Animal models
of melatonin-pro�cient (C3H) and melatonin-de�cient (C57BL) mice are often used to investigate the role
of melatonin in circadian rhythms. In one study, a study was performed on three clock gene proteins,
PER1, BMAL1 and CRY2, in the adrenal cortex of mice and medulla, and the results showed that C3H,
PER1 and CRY2 mice reached a maximum in the light phase while BMAL1 peaked in the dark phase,
these three clock gene protein levels showed day / night changes in both the adrenal and medullary
cortex. Similar patterns were shown in the adrenal cortex of C57BL mice, but in the adrenal cortex of
C57BL mice, the clock gene protein level was consistently lower than that of C3H mice and did not
change over time (45). The effect of polyphenols on sleep measures may be through their antioxidant
content reducing oxidative stress and improving sleep quality (46). St-onge suggested that plant based
diets may improve sleep quality (47). In one study, polyphenol-rich food supplement was able to
signi�cantly improved sleep quality by 43% (48). A study shows inverse association between fruits and
vegetable consumption and poor sleep quality (49). A study shows low intake of vegetables and �sh,
high intake of confectionary and noodles and unhealthy eating habits were independently associated
with poor sleep quality (50). The �rst potential mechanism of how polyphenols from fruits and
vegetables consumption may affect sleep measures is through the gut–brain axis via serotonin and γ-
aminobutyric acid (GABA) receptors, consequently affecting nocturnal secretion of melatonin (51).
Polyphenols in red cabbage extracts decreased sleep onset latency (SOL) and increased sleep duration
via γ aminobutyric acid GABA receptors in mice (52). Low protein intake (<16 % of energy from protein)
was associated with poor quality of sleep and marginally associated with di�culty initiating sleep,
whereas high protein intake (>19 % of energy from protein) was associated with di�culty maintaining
sleep. low carbohydrate intake (<50 % of energy from carbohydrate) was marginally associated with
di�culty maintain sleep and when strati�ed by sex, these association were signi�cant in men not in
women (53). Higher consumption of meat was also associated with incidence of snoring and poor
general sleep quality (50). An increase in �sh intake in associated with further improvement the quality of
sleep (54). Dietary fat and protein and too much smaller carbohydrate stimulate the release of
cholecystokinin (CCK) in duodenum and jejunum (55). Post prandial release of CCK induce sleepiness in
healthy adult 2 to 3 hours after high fat and low carbohydrate meal (56). Finally, we can say that in this
study, the reason for the effect of modi�ed Nordic diet to increase the quality of sleep due to more
signi�cant consumption of �sh, root vegetable, cabbages, apple pear, vegetables, fruits, Eicosapentaenoic
acid (EPA), Docosahexaenoic acid (DHA), potassium, magnesium, calcium, zinc, iron, B6, vitamin C, fat,
carbohydrate.

What is already known on this subject?

Recent studies show that modi�ed Nordic diet has emerged as a healthy eating option. Before present
study, very limited studies conducted the association between modi�ed Nordic diet and sleep. The reason
we conduct the association between the modi�ed Nordic diet and sleep is the reduction of sleep duration
over the past 60 years (5) and also insomnia is a common clinical condition, characterized by di�culty
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initiating or maintaining sleep, with a prevalence of 10%-20% (6). Data from current study suggest those
who had good quality sleep had higher adherence to a modi�ed Nordic diet.

What does this study add?

No previous studies have been conducted relating modi�ed Nordic diet and sleep in the Iranian
population. We provide evidence that it may be one of the better predictors of the relationship between
diet and sleep.

Limitations and strengths

It was cross-sectional; hence causality cannot be evaluated. Small population and the same-sex sample
also limit the statistical power. Dietary assessment by FFQ questionnaire can result over- or under-
reporting food intake. Due to low adherence to Nordic diet in Iranian population, we could not use the
original Nordic diet scored and we replaced the modi�ed Nordic diet score. Due to the different culture
and dietary intakes, our results are not possible to generalize through the country. No previous studies
have been conducted association between modi�ed Nordic diet with sleep quality and circadian rhythm
in the Iranian population. We provide evidence that it may be one of the better predictors of association
between diet and sleep quality.

Conclusion
We found that lower odds of poor sleep quality were associated with higher adherence to a modi�ed
Nordic diet. Also, in circadian rhythm we found that the completely morning type associated with higher
adherence to a modi�ed Nordic diet and completely evening type associated with lower adherence to a
modi�ed Nordic diet. Our results suggest that the modi�ed Nordic diet plays a role in poor sleep quality
and circadian rhythm in overweight and obese women. Clinical trials should be conducted to clarify the
impact of higher adherence of modi�ed Nordic diet on better quality of sleep. Since this is the �rst study
that considered modi�ed Nordic diet as a diet-quality tool measurement, further studies are required to
establish these �ndings through replication in more diverse populations and at last to con�rm this
correlation.

Abbreviations
PSQI: Pittsburgh sleep quality Index, MEQ: Morning evening questionnaire

FFQ: Food frequency questionnaire, IPAQ: International Physical Activity Questionnaire

WC: Waist circumference, HC: hip circumference, EPA: Eicosapentaenoic acid, DHA: Docosahexaenoic
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GABA: γ-aminobutyric acid, SOL: sleep onset latency, CCK: cholecystokinin
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