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Background: The beneficial impact of adherence to a DASH diet on several metabolic
conditions and psychological well-being has been shown previously. Dietary modification
can affect sleep quality. Thus, the aim of this present study was to investigate the
correlation between adherence to the DASH diet and daytime sleepiness score in ado-
lescent girls.

Methods: A total of 535 adolescent girls aged between 12 and 18 years old were
recruited from different regions of Khorasan Razavi in northeastern of Iran, using
a random cluster sampling method. DASH scores were determined according to the
method of Fung et al. A Persian translation of the Epworth Sleepiness Scale (ESS-IR)
was used to assess of daytime sleepiness. To investigate the correlation between DASH-
style diet and daytime sleepiness score, we applied logistic regression analysis in crude
and adjusted models.

Results: As may be expected, participants with the greatest adherence to the DASH diet had
significantly higher intakes of fruits, vegetables, low-fat dairy products, fish and nuts, and lower
consumption of refined grains, red and processed meat, sugar-sweetened beverages and sweets.
There was an inverse correlation between adherence to the DASH-style diet and scores for
daytime sleepiness in crude model (= —0.12; P=0.005). These findings were remained signifi-
cant after adjustment for confounding variables (= —0.08 P=0.04).

Conclusion: There is an inverse correlation between adherence to DASH diet and daytime
sleepiness score. Further studies, particularly longitudinal studies, are required to determine
whether dietary intervention may improve daytime sleepiness.

Keywords: DASH diet, sleep, adolescents, daytime functioning

Introduction

Sleep disorders and poor sleep quality influence health, life quality and
productivity." Currently, one-third to one quarter of the people in developed coun-
tries report that they suffer from sleep disorders.” Daytime sleepiness is a highly
prevalent sleep problem that might lead to poor sleep quality, insufficient sleep,
circadian rhythm disorders and insomnia.** Several long-term adverse conse-
quences are attributed to the poor quality and quantity of sleep and sleep distur-
bances including cardiovascular diseases, obesity, neuroendocrine and metabolic
disorders, diabetes, hypertension and mental health problems such as affective
disorder, cognitive impairment, fatigue, daytime sleepiness and depression, and
this has an impact on work absenteeism.””
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Adolescence is an important period for physical and
psychological development, and optimal mental health dur-
ing this time is essential for the health and well-being of
adolescents. It is estimated that 20% of adolescents are
affected by mental disorders. '

A good quality of nutritional intake is related to good
mental health during adolescence,'' however there is evidence
that the quality of diet in young people has declined in recent
decades.'” Furthermore, dietary modification can directly
affect sleep quality.'>'> The DASH dietary pattern is charac-
terized by the consumption of a high intake of fruit and
vegetables, protein and fiber, low-fat dairy products, whole
grains, poultry, fish, and nuts, in addition to sufficient amounts
of other nutrient-rich foods containing minerals known to have
an effects on lowering blood pressure, including potassium,
magnesium and calcium.'®'” A DASH diet appears to have
a beneficial effect on hypertension, and several other condi-
tions including the presence of obesity, metabolic syndrome,
gestational diabetes, type 2 diabetes, stroke, and cardiovascu-
lar disease.'® Furthermore, metabolic conditions such as over-
weight and obesity are significant risk factors for impaired
sleep and insomnia.'” The DASH diet also has beneficial
effects on psychological disorders such as depression.'® We
hypothesized that adherence to DASH-style diet might have
potential benefits for daytime sleepiness.

To the best of our knowledge, there are no previous
studies that have investigated the relationship between
adherences to a DASH diet and sleep disorders. In this
study, we have investigated the correlation between adher-
ence to the DASH diet and the daytime sleepiness in
adolescent girls residing in the cities of Mashhad and
Sabzevar, in northeastern Iran.

Method and Material

Study Population

In this cross-sectional study that started in January 2015,
initially, 1026 individuals were invited to participate in the
study, and finally 535 adolescent girls were selected and
recruited using a random cluster sampling method from
several schools in different areas of Khorasan Razavi
region, of northeastern Iran to participate in the study.
Students who were between 12 and 18 years of age and
had no history of chronic diseases (colitis, diabetes, cardi-
ovascular diseases, cancer and hepatitis) were included in
our study. All of the subjects and their parents were asked
to provide written informed consent before the beginning
of the study. This study done according to the guidelines

of the Helsinki Declaration and all procedures involving
human patients were approved by the Ethics Committee of
Mashhad University of Medical Sciences (Code: 931188)
and supported by the Department of Nutrition, Faculty of
Medicine of this University.

Demographic and Anthropometric

Assessment

Demographic data including age, parent death, parent
divorce, passive smoking (the presence of a smoker in
their household), menstruation (yes or no), medical his-
tory, dietary supplements or drug use was collected by an
experienced interviewer. Physical activity information was
obtained by using the validated Modifiable Activity
Questionnaire (MAQ).?° Physical activity level was calcu-
lated based on metabolic equivalent task (MET) hour
per day. In addition, a validated Persian version of the
Beck Depression Inventory (BDI) was used for the assess-
ment of depression in the current study. Anthropometric
variables include weight, height and body mass index
(BMI) were obtained using standard protocol.

Assessment of Sleep Disorders

A Persian translation of the Epworth Sleepiness Scale
(ESS-IR) was used for the assessment of daytime
sleepiness,”’ and its reliability and validity has been pub-
lished previously.?® This questionnaire asks respondents to
rate their sleepiness in eight daily situations from 0 to 3
giving a total score of 0 (no daytime sleepiness) to 24 (the
most excessive daytime sleepiness).

Dietary Assessment

A food frequency questionnaire (FFQ) containing questions
about 147 food items was used to obtained dietary intake
data.” The assessment of the validity and reliability of this
has been previously reported.”>** The questionnaire was
completed by face-to-face interview. To estimate energy
and nutrient intakes, the reported portion size in FFQ were
converted to grams using household measures and then were
entered to the Nutritionist 4 software Nutritionist IV
software.”> The effect of energy intake was normalized by
calculating the food group intakes per 1000 Kcal.

Adherence to DASH-Style Diet

DASH scores were determined using the method of
Fung et al.?® DASH scores were based on foods and
nutrients emphasized or minimized in the DASH diet,
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focusing on eight components: high intake of fruits, vege-
tables, nuts and legumes, dairy products, and low intake of
grains, sugar-sweetened beverages and sweets, sodium,
and red and processed meats according to quintile cate-
gories (ie, lowest quintile is considered 1 point and highest
quintile is considered 5 points). Participants with lower
quintile of intake of sweetened beverages, sodium, and red
and processed meats were assigned higher points (ie, the
highest quintile received a score of 5 and the lowest
quintile received a score of 1). Finally, all component
scores were integrated to obtain the overall DASH score,
ranging from 8 to 40 points.

Statistical Methods

Participants were categorized into four groups based on
quartiles of their DASH-style dietary scores. To compare
the demographic characteristics of the study population,
one-way-ANOVA and chi-squared analyses were applied
across quartiles of DASH score for continuous (age, physi-
cal activity, depression score) and categorical variables (pas-
sive smoking, menstruation, parent death, parent divorce and
BMI percentiles), respectively. Energy-adjusted dietary
intakes of study participants were compared by linear regres-
sion across quartiles of DASH score. Univariate and multi-
variate regression was conducted in crude and adjusted
models to examine the correlation between adherence to
DASH-style diets and scores of daytime sleepiness. In the
adjusted models, we adjusted for age and energy intake in
Model 1. Additionally, adjustment was done for physical
activity and BMI in Model II. All statistical analyses were
performed using the SPSS v 15.0 (SPSS Corp, version 15,
Chicago, IL, USA). P-values less than 0.05 were defined as
being statistically significant.

Results
General Characteristics of Study

Population

General characteristics of the study participants across
quartile categories of DASH score are shown in Table 1.
There were no significant differences in physical activity,
passive smoking, menstruation status, parent death, parent
divorce and BMI percentiles of the study participants
between the quartiles of DASH score. However, indivi-
duals with higher DASH scores were significantly younger
than the fourth quartile (14.1+£1.6 in 1st year vs 14.8
+1.5 year in 4th; p=0.005). The subjects with lower

DASH scores were more likely to have a high depression
score (11.6£8.1 in 1st vs 8.6%7.1 in 4th; p=0.005).

As shown in Table 2, the participants with a greater
adherence to the DASH-style diet had a higher intake of
fruits, vegetables, low-fat dairy products, fish, nuts,
legumes and seeds (p < 0.001). Consumption of refined
grains, red and processed meat, sugar-sweetened bev-
erages (SSB), sweets and spices were significantly higher
among the subjects within the 4th quartile of DASH diet
category compared to the Ist quartile (p < 0.01). In addi-
tion, intakes of energy, carbohydrate, protein, dietary fiber,
vitamin C, vitamin D, vitamin A, calcium, magnesium,
potassium, and folate were significantly higher among
individuals who were categorized in the 4th quartile of
DASH diet in comparison to the 1st quartile (p < 0.05).
The subjects in the 1st quartile of DASH diet consumed
higher amounts of total fat and sodium compared with 4th
quartile (p < 0.001).

The
a DASH-diet style and daytime sleepiness is shown in

correlations between the compliance with
Table 3. There was an inverse correlation between adher-
ence to the DASH-style diet and daytime sleepiness score
0.005).

Likewise, this inverse relationship was significant after

in unadjusted model (f= —0.12; P value =

adjustment for confounding factors in Model 1 (f=
—0.12; P=0.005), Model II (= —0.08; P value = 0.04),
Model III (= —0.08; P=0.04).

Discussion

EDS is a common complaint, which is described as the
tendency to fall asleep during the day when subject means
to remain awake.”’ Deleterious outcomes of EDS include
physical and mental disorders that limit subject’s function
and quality of life.® In addition, irregular sleep patterns
can have adverse long-term clinical conditions which may
be associated with disability and mortality.?* The preva-
lence of EDS is increased in the adolescent period due to
hormonal changes-related to puberty and environmental
factors.>® With regard to important consequence of sleep
health on quality of life, it is necessary to identify major
factors, which may be effective on management or treat-
ment of sleep-related disorders.

We have found that a high adherence to a DASH-style
diet is associated with less daytime sleepiness in adoles-
cent girls. After adjustment for confounding variables, an
inverse correlation was observed between a greater adher-
ence to the DASH-style diet and lower scores for daytime
sleepiness. To the best of our knowledge, this report is the
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first study that investigated the correlation between adher-
ence to the DASH-dietary pattern and sleep disorders in
adolescents. The prevalence of depression is estimated as
at least twofold in adolescent girls in comparison to other
age and sex groups and hence these individuals are

a vulnerable disorders

31,32

group for psychological
development.

In one cross-sectional study conducted in women with
young children, although short duration of sleep was not
associated with quality of diet; a long duration of sleep
was related to a lower quality of diet.>* We have pre-
viously shown that following DASH diet reduces insomnia
in adolescents.>* However, in another study conducted
among young women, it has been shown that short sleep
duration was significantly associated with low quality of
diet.*® Another study found that following a diet with low
inflammatory index (such as DASH diet) improved sleep
quality.*®

Dietary modification may be a practical approach to
preventing sleep disorders. In line with our results, in

a previous study, it has been found that a sodium-

Table | Descriptive Characteristics of Study Participants by
Quartiles of DASH-Diet Style

Quartiles of DASH Score (Ranged
from 8 to 40)
Ql Q2 Q3 Q4 P for
Trend*
Age (y) 14.8 14.7 14.4 14.1 0.005
15 | 1.5 | 1.5 | 1.6
Physical activity (MET. | 6.4 6.4 6.4 6.4 0.89
h/day) +0.51 | +0.38 | £0.52 | +0.51
Passive smoker (%) 26.4 20.9 235 15.5 0.23
Menstruation (%) 90.5 90.7 86.9 8l 0.2
BMI <3 34 24 0.8 1.1 0.37
percentile
%) 3-85 | 822 |80 79.9 724
k 85-95 | 9.6 104 |97 17.2
>95 48 72 9.6 9.3
Depression score 1.6 10.7 9.4 8.6 0.01
8.1 7.8 +7.3 7.1
Parent death (%) 5.1 3.6 3.6 4 0.99
Parent divorce (%) 7 57 3.6 3 0.81

Note: *One-way ANOVA and chi-squared analyses were used to test the trend of
continuous and categorical variables, respectively, across the quartiles of DASH
score.

restricted diet (maximum intake of 3 g of sodium
per day) for one week improved the symptoms of obstruc-
tive sleep apnea compared with control group.’” Similarly,
Kasai et al showed that a high sodium intake plays an
important role in the pathogenesis of sleep apnea.>®

It has been hypothesized that free radicals may accu-
mulate in the cerebral tissues during wakefulness, are
removed during sleep, and that sleep deprivation can,
therefore, lead to increased cerebral oxidative stress.’’
Obstructive sleep apnea syndrome is associated with an
increase in oxidative stress that is produced by recurrent
episodes of ischemia—reperfusion.*” However, several
studies have also linked oxidative stress with insomnia.
In one study conducted on individuals with primary
insomnia significantly lower selenium-containing antiox-
idant enzyme activity (GSH-Px) and higher serum mal-
ondialdehyde (MDA) levels were found compared with
control group.*' It has also been shown that a DASH diet
could reduce the rate of oxidative stress,*> which may
also support the importance of our findings, following
DASH diet to prevent daytime sleepiness. Additionally,
DASH diet has been associated with inflammation,*
which in turn 1is associated with scarce sleep
medicine,* Up to date, only one study investigated the
correlation between inflammatory potential of the diet
and sleep, and showed that individuals adherent to a pro-
inflammatory diet report worse sleep quality.*®

Studies have shown that weight disorders such as over-
weight and obesity are usually associated with sleep
problems,* and some studies have shown that adherence
to DASH diet has helped to correct this trend;***’

fore, it is expected that adherence to DASH diet can

there-

improve some sleep disorders such as insomnia.

Interestingly, obesity has been demonstrated to be
a modifying factor of the correlation between higher
adherences to the Mediterranean diet and sleep features.
In particular, it has been shown that correlation between
higher adherence to Mediterranean diet and sleep quality is
only significant in normal-weight individuals.*®

In our study, individuals in a 4th quartile of adherence to
DASH-style diet consumed more protein and carbohydrate
than subjects in the 1st quartile. It has been previously
shown that individuals with a normal sleep pattern reported
consuming more protein compared to individuals with
insomnia.** Tanaka et al have shown that a low protein
intake was associated with difficulty initiating sleep (DIS),
and poor quality of sleep (PQS), while low carbohydrate
intake was also associated with difficulty maintaining sleep
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Table 2 Food and Nutrient Intakes of Adolescents According to
Quartiles of DASH-Type Diet

Quartiles of DASH Score (Ranged from 8
to 40)
Ql Q2 Q3 Q4 P for
Trend*
Components of | 20 23 26 29
DASH-diet
style
Fruits (serving/ 0.48 0.57 0.81 0.8 <0.001
1000K cal) +0.38 | 045 [ +0.57 | +0.42
Vegetables 0.57 0.73 0.76 0.94 <0.001
(serving/ +0.35 +0.57 +0.44 +0.48
1000K cal)
Nuts, legume, 0.32 0.47 0.55 0.59 <0.001
seed (serving/ +044 | +0.52 [ +0.56 | +0.58
1000Kcal)
Low fat dairy 0.23 0.34 0.4 0.44 <0.001
(serving/ +0.24 +0.27 +0.25 +0.29
1000Kcal)
Whole grain 22 25 29 35 <0.001
(serving/ 22 22 +2.04 +2.08
1000Kcal)
Red and 0.32 0.28 0.23 0.14 <0.001
processed meat +0.22 +0.31 +0.23 +0.09
(serving/
1000K cal)
Sweetened 0.17 0.14 0.12 0.04 <0.001
beverage +0.21 +0.21 +0.19 +0.06
(serving/
1000K cal)
Sodium 1692 I515 1493 1420 <0.001
(milligram/ +539 1449 516 332
1000K cal)
Foods intakes
Fish (g/1000 Kcal) | 2.8 23 2.9 4.1 0.01
£33 2.6 +4.03 152
Spices (g/ .17 1.07 0.96 0.79 0.007
1000K cal) 2115 | =1.21 1.2 +0.78
Eggs (g/1000Kcal) | 7.2 82 74 7.8 0.28
7.7 8.7 6.2 +5.9
Refined grains (g/ | 125.6 114.3 105.6 98.7 <0.001
1000 Kcal) +684 | +67.7 | 554 | +47.6
Dietary
nutrient
intakes
Total energy 2537 2563 2681 2672 0.04
(Kcal) +681 +659 +658 +766
Protein (%) 12.8 13.4 13.8 14.7 0.05
124 22 1.9 2.1
(Continued)

Table 2 (Continued).

Quartiles of DASH Score (Ranged from 8
to 40)
Ql Q2 Q3 Q4 P for
Trend*
Carbohydrate (%) | 52.7 54.3 55.5 57+6.7 | 0.04
7.9 7.6 6.7
Total fat (%) 36.2 34348 | 33+6.6 | 31£7 <0.001
+8.8
Sucrose (g/ 8.5 9.08 83 79 0.22
1000K cal) 5.6 +6.4 +4.1 +4.9
Dietary fiber (g/ 158 16.7 16.2 18.2 0.009
1000 Kcal) +6.4 6.5 +5.1 52
Vitamin C (mg/ 28.7 34.3 40.2 41.6 <0.001
1000 Kcal) +144 | +22.6 | +23.6 | #235
Folate (mcg/ 221.3 229.9 225.6 244.6 0.002
1000K cal) +48.3 +53.9 | 427 | +483
Vitamin A (mcg/ 184.5 213.1 220.5 258.1 <0.001
1000K cal) 845 | £120.1 | £95.7 | %119.1
Vitamin D (mcg/ | 0.74 0.82 0.83 1.06 <0.001
1000K cal) +0.63 +0.67 | +0.51 +0.77
Potassium (mg/ 1242 1362 1439 1539 <0.001
1000K cal) 242 273 +265 $252.5
Calcium (mg/ 380.3 428.6 453.6 477.6 <0.001
1000K cal) £130.1 | £141.9 | 1255 | 1415
Magnesium (mg/ 158.7 177.3 191.4 211.9 <0.001
1000K cal) +39.6 | +36.3 +348 | £344

Notes: Data reported as mean * SD; *Linear regression was used to test the trend
of continuous variables according to quartile.

(DMS).*° Altogether, these findings indicate that following
DASH style diet parallel to intake high amounts of protein
and carbohydrate might prevent sleep disorders.

We found that individuals with a greater adherence to
a DASH-style diet consumed lower amounts of swee-
tened beverages and fat, and had fewer sleep distur-
should be
mentioned that the quality of diet plays an important

bances. To explain these findings, it

Table 3 Linear Regression Analysis of the Correlations Between
DASH-Diet Style and Daytime Sleepiness

B P-value
Daytime sleepiness score
Crude -0.12 0.005
Model | —0.11 0.0l
Model Il -0.08 0.04

Notes: Model |, Adjusted for age, energy intake; Model Il, Additionally adjusted for
physical activity and BMI.
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role in determining the production of monoamines such
as serotonin and dopamine that can influence receptor
sensitivity and neurotransmitter transporters. Indeed, the
correlation between serotonin levels and duration of
sleep demonstrated in previous studies.’'>* In an animal
study, it has been reported that long-term consumption of
sugar had negatively influenced brain serotonin
(5-hydroxytryptophan (5-HT1A)) receptor sensitivity.53
Findings of another study conducted in Wistar rats indi-
cated that one week following a high fat, low carbohy-
drate diet there was a reduction in serotonin release in
the hypothalamus.’* Thus, it seems that a diet with low
amounts of sweetened beverages and fat might be effec-
tive in reducing sleep disorders.

The current study has some strength. To the best of our
knowledge, it is the first study, which has investigated the
relationship between adherence to DASH-style diet and
daytime sleepiness. Also, it must be kept in mind that
the acceptable sample size of girl adolescents and careful
assessment of confounding is strengths of our study.
Nevertheless, there are some limitations in our study that
should be considered. Firstly, the present study is a cross-
sectional study and the temporality of relationships cannot
be confirmed. Secondly, we used the FFQ for evaluating
dietary intakes; misclassification is another limitation in
our study, as is in any epidemiologic study. Thirdly,
Daytime sleepiness was assessed by self-reported ques-
tionnaires to be

and are probable susceptible to

misreporting.

Conclusion

We found an inverse correlation between adherences to
DASH diet and daytime sleepiness among adolescent girls.
It seems that following a healthy diet pattern may have
a beneficial effect on quality and duration of sleep. Further
studies, particularly longitudinal studies are required to
confirm these findings among larger population and
whether intervention by dietary change is a practical
solution.
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