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Study Objectives: To investigate relationships between sleep duration and adherence to healthy diets, but also associations with meal patterns, in a large
population-based cohort.
Methods:Participants (n = 23,829,males and females, aged 45 to 75 years) from theSwedish EpiHealth cohort studywere included in a cross-sectional analysis.
The participants filled out an extensive Internet-based questionnaire, and also visited a test center for anthropometric measurements and blood sampling. Sleep
duration was classified as short (< 6 h/night; n = 1,862), normal (6 to less fewer than 9 h/night; n = 19,907) and long sleep (≥ 9 h/night; n = 858). In addition, a
combination variable of sleep duration (short/normal/long) and sleep quality (good/poor) was constructed, giving six categories. Adherence to a healthy diet was
assessed using the modified Mediterranean diet (mMED) score and the Healthy Nordic Food Index (HNFI) score based on food groups from a food frequency
questionnaire. A regular meal pattern was considered if the participant had breakfast, lunch and dinner on a daily basis.
Results: Compared with normal sleepers, short sleepers displayed lower adherence to a healthy diet when using both the mMED score (adjusted odds ratio = 0.70;
95% confidence interval 0.56-0.88) and the HNFI score (0.70; 0.56–0.88). When combining sleep duration and sleep quality, short sleepers with poor sleep quality
showed an independent relationship with low adherence to a healthy diet (0.67; 0.52–0.86) compared with normal sleepers with good sleep quality. In addition, both
short sleepers (0.71; 0.62–0.82) and long sleepers (0.75; 0.62–0.91) showed low adherence to regular meal patterns, compared with normal sleepers.
Furthermore, short sleepers with poor sleep quality had reduced odds of having a regular meal pattern (0.67; 0.57–0.79) as compared with normal sleepers
with good sleep quality.
Conclusions: Short sleep duration combined with poor sleep quality is associated with low adherence to a healthy diet and regular meal patterns.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Although sleep duration has been associated with dietary intake, knowledge relating to the relationship between
sleep duration and adherence to a healthy diet as a whole, is lacking. In addition, knowledge on the relationship between sleep duration and meal patterns
is still sparse. This large population-based study aimed to investigate relationships between sleep duration and adherence to healthy diets, as well as
associations with meal patterns, in a large population-based cohort.
Study Impact: The study showed that short sleepers with poor sleep quality had low adherence to a healthy diet and regular meal patterns, whereas this was
not seen in short sleepers with good sleep quality. Future studies therefore need to examine the effect of the combination of short sleep with poor sleep quality
on diet and metabolic disease.

INTRODUCTION

Several studies have reported associations between sleep du-
ration and a number of metabolic disturbances.1–6 Compared
with people sleeping 6 to fewer than 9 h/night, thosewith shorter
or longer sleep duration have more obesity and central obesity
and they also have higher morbidity and mortality rates.1–5

Longitudinal studies have further revealed that both short
and long sleepers gain more weight as compared to normal
sleepers.7 Some data also indicate that short and long sleep
duration is more closely related to metabolic disturbances
among individuals who display concurrent sleep problems.8

In addition, to identify short sleep duration as a risk factor for
the development of obesity and metabolic disease (such as the
metabolic syndrome), both experimental and some epidemio-
logical studies have investigated the association between sleep
duration and dietary intake.9–11 In relation to normal sleepers
(7 to 8 hours), short sleepers (5 to 6 hours) report higher intakes
of absolute protein, carbohydrate, and total fat but a lower intake
of dietary fiber.9–11 In small experimental studies, sleep dep-
rivation or sleep restriction has been shown to affect levels of
ghrelin and leptin but also to affect dietary choices, in particular
a higher carbohydrate intake.11–14 To date, the studies that have
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been conducted have been relatively small or restricted to
specific groups of people, such as students or workers. In ad-
dition, knowledge of the relationship between sleep and ad-
herence to a healthy diet as a whole, rather than specific
components of a diet, is lacking.

Dietary risk, such as a low consumption of fruit, vegetables,
and whole grains, but also meal patterns have been identified as
important factors in the burden of disease. As a result, high
adherence to a healthy diet has the potential to prevent disease.15

The most studied healthy dietary pattern is the Mediterranean
diet, where high adherence shows a decrease in the risk of
chronic metabolic disease and lower cardiometabolic risk
markers.16,17 Moreover, the Healthy Nordic Food Index (HNFI)
has been linked to reduced cardiovascular risk18,19 but not to
all-cause and cardiovascular mortality independent of the
Mediterranean diet.20 To date, there are no studies assessing the
relationship between sleep duration and adherence to healthy
diets. In addition, knowledge relating to the connection be-
tween sleep duration and dietary patterns is still sparse, al-
though a cohort study in nonobese Japanese male workers
(aged 40–59years) showed that the effect of short sleep duration
on the incidence of obesity was only partially explained by
regular meal patterns.21 Large population-based studies also
comprising women are still lacking.

Hypothesis and aims
We hypothesized that both short and long sleepers would have
a lower adherence to a healthy diet. In addition, we hypothesized
that sleep duration is associatedwithmeal patterns. The primary
aimwas to investigate relationships between sleep duration and
adherence to healthy diets in a large population-based sample
of men and women. A secondary exploratory aim was to
assess whether short and long sleepers show differences in
meal patterns compared with normal sleepers. We also wanted
to assess whether sleep quality affects these relationships.

METHODS

Cohort description
The current study used data from the Swedish EpiHealth cohort
study (https://www.epihealth.se/).22 In short, the EpiHealth
study started in 2011 with the primary aim of studying how
interactions between lifestyle factors and genotypes contribute
to the development of common disorders, such as cardiovas-
cular and respiratory diseases, but also quality of life. Partici-
pants (males and females; aged 45 to 75 years) were randomly
selected between 2011 and 2016 from the population registry in
theSwedish cities ofMalmö andUppsala. Theparticipantsfilled
out an extensive internet-based questionnaire, aswell as visiting
one of two Swedish test centers (located inMalmö andUppsala,
Sweden) for anthropometric measurements and blood sam-
pling. For the current study, all the participants who were not
pregnant, physically able to prepare food themselves, and
had answered the questions on sleep duration, sleep quality,
diet (nmMED = 21,339; nHNFI = 22,627), and eating pattern
questions (n = 22,476) were included.

Sleep duration and other sleep-related variables
Sleep duration was assessed by the question “How many hours
do you normally sleep a day (24 hours)?” and answers were
indicated as 4 hours or less; 5 hours; 6 hours; 7 hours; 8 hours;
9 hours; or 10 or more hours. Short sleepers were defined as
sleeping fewer than 6 h/night, normal sleepers as sleeping 6 to
less than 9 h/night and long sleepers as sleeping more than
9 h/night.

One question assessed sleep quality. The participants
were asked to indicate on a five-point scale from “very poor” to
“very good” how they perceived the quality of their
sleep. Answers were dichotomized into good (“good” to “very
good”) and poor (“very poor” to “neither poor nor good”)
sleep quality.

Insomnia was indicated by the Minimal Insomnia Symptom
Scale.23 This questionnaire assesses insomnia using the ques-
tions “Do you have difficulty falling asleep?” “Do you wake
up several times a night and cannot fall back to sleep?” and
“Do you not feel rested?” Indicating having problems more
than four times per week one or more of these three question
was regarded as indicating symptoms of insomnia.

Snoringwas assessed by indicating on a four-point scale how
often the participant snored loudly (never-rarely, one to three
times amonth, one to three times aweek, and four times ormore
a week) and snoring was affirmed by answering one to three
times a week or four times or more per week. The participants
further indicated if they had a diagnosis of obstructive sleep
apnea (yes/no).

Dietary measurements
The Internet-based questionnaire included an extensive food
frequency questionnaire called MiniMealQ.24 The question-
naire includes common Swedish foods, dishes and beverages
and covers diet during the past few months. All dietary items
were reported on an ordinary scale using five or eight levels,
depending on the food. The five-level frequency scale ranged
from one to three times amonth tomore than seven times aweek
(information on fruits, vegetables, bakery products, and dif-
ferent dishes). The eight-level frequency scale ranged from one
to two times a week to five or more times a day (for example,
information on bread and dairy products). In addition, a six-
level ordinal scale ranging from never to four or more times a
week was used to collect information on alcohol consumption.
To assess diet, the modified Mediterranean diet (mMED) score
and the HNFI score, based on the answers to the food frequency
questionnaire, were used. The Mediterranean diet score was
developed by Trichopoulou et al25 and the mMED score, range
0 to 8, was used.20,26 The mMED score includes intake of
eight groups of food/drink: fruit and vegetables, legumes and
nuts, nonrefined or high-fiber grains, fermented dairy products,
fish, red or processed food, use of olive or rapeseed oil and
moderate alcohol consumption. One point was given for intakes
above the median for each food group except for red or pro-
cessed food, where one point was given for intakes below the
median. For alcohol, one point was given for moderate intake
(5 to 15 grams per day). A score of six to eight points was
considered to indicate high adherence.27
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TheHNFI (range 0 to 6)was calculated according to previous
literature.20,28,29 The HNFI score assesses intake of six food
groups: apples and pears, root vegetables, cruciferous vegeta-
bles, whole-grain bread, oatmeal/porridge, and fish. One point
was given for intakes above the median for each food group
and a score of five to six points was considered to indicate
high adherence.20

Meal patterns were assessed using three questions assessing
breakfast, lunch, and dinner frequency. The dietary pattern
variable was dichotomized to indicate having breakfast, lunch
and dinner every day versus not, where indicating having
breakfast, lunch and dinner on a daily basis was regarded as
having healthy meal patterns.

Anthropometric measurements and lifestyle factors
Weight and height were measured at the test center. The body
mass index (BMI) was calculated as weight divided by height
squared (kg/m2).

From the questionnaire, the participants’ civil status (married/
living together versus single/living alone), educational level, in-
formation on shiftwork (working shifts versus notworking shifts),
physical activity during leisure time, frequency of alcohol con-
sumption, and smoking status (nonsmoker, former smoker, and
current smoker) were assessed.

Educational level was categorized into three categories:
primary and elementary school (amaximumof 9 years of formal
schooling); secondary high school (a maximum of 12 years of
formal schooling) and university.

Physical activity was assessed on a seven-level scale
assessing physical activity during leisure time. For the statistical
analysis, answerswere categorized into four groups.A low level
of physical activity was defined as watching television, reading
and being sedentary for most of their leisure time. A medium-
low level was defined as performing light physical activity, such
as walking, dancing, ordinary gardening 2 to 4 hours a week. A
medium-high physical activity was defined as performing more
intense physical activity, such as walking and cycling, for at
least 1 to 2 hours a week and also including doing all household
work. Last, a high physical activity level was defined as per-
forming strenuous exercise for at least 3 hours a week.30

To assess alcohol consumption and behavior, the three-item
screening tool, Alcohol Use Disorders Identification Test, or
AUDIT-C, was used. The AUDIT-C is a short version of the
10-question AUDIT (screening tool developed by the World
Health Organization to assess alcohol consumption, drinking
behaviors and alcohol-related problems).31

Depressive symptomswere assessed by indicating having been
sador empty all day formore than2weeks or having lost interest in
normally engaging activities for more than 2 weeks during life but
not being related to a traumatic event. Stress/anxiety was
assessed by the question “How often (over the past month)
have you felt nervous or stressed?” and the answers were: never-
rarely-sometimes-often-very often. Stress/anxiety was consid-
ered if “often” or “very often” was indicated.

Medical disease and medication
In the questionnaire, the participants were asked to in-
dicate if they had received a diagnosis of hypertension,

hyperlipidemia/hypercholesterolemia, or diabetes and, from
information gathered at the test center visit, there was in-
formation on medication for hypertension, hyperlipidemia/
hypercholesterolemia, or diabetes.

Statistical analyses
Univariate analysis was performed and differences between
groups were compared with the χ2 test for categorical variables
and t test for continuous variables. Relationships between study
variables and the minimal required set of variables to adjust
were evaluated through a Directed Acyclical Graph (DAG)
using DAGitty (www.dagitty.net) and subject matter knowl-
edge (Figure S1 in the supplemental material).

The main outcome variables were adherence to a healthy diet
(dichotomous variable) and regular meal patterns (dichotomous
variable) respectively. The independent variables were sleep
duration and sleep duration in combination with sleep quality.
The combination variable was used as there was a signifi-
cant interaction between sleep duration and sleep quality
(Pnteraction < .0001) and it contained six categories. The cate-
gories were normal sleepers with good sleep quality (reference
group [n = 13,114]), normal sleepers with poor sleep quality
(n = 6,793), short sleepers with good sleep quality (n = 270),
short sleepers with poor sleep quality (n = 1,592), long sleepers
with good sleep quality (n = 675), and long sleepers with poor
sleep quality (n = 183). Covariates in the final adjusted models
were lifestyle and social factors, psychological distress, and
medical comorbidities.

The overall relationship between sleep duration and adher-
ence to the mMED and HNFI respectively, as well as meal
patterns, was assessed using logistic regression analysis. To
assess linear or curvilinear relationships between sleep duration
and the outcome variables, the regression models were per-
formed unadjusted, with sleep duration as a linear term, and also
adjusted for the quadratic term for sleep duration. This analysis
generated a P for trend or a P for curve for the relationship
between sleep duration and diet and meal pattern variables.

The independent relationship between short and long sleep
duration, as well as the combination of sleep and sleep quality,
with adherence to the mMED and HNFI respectively, as well as
meal patterns, was assessed using multivariable logistic re-
gression analysis. The analyses were performed unadjusted,
adjusted for age andBMI, and adjusted for all the variables in the
DAG. In addition, a sensitivity analysis was performed
adjusting for all variables in the DAG and BMI and total energy
intake. The results are presented as the odds ratio with 95%
confidence intervals (95% CI). Statistical analyses were per-
formed using Stata 14 (StataCorp, College Station, Texas,
USA).Avalue ofP< .05was considered statistically significant.

Ethics
The Ethical ReviewBoard (Etikprövningsnämnden) inUppsala
(Dnr 2010/402, decision date December 1, 2010 and November
17, 2011) approved data collection within EpiHealth. The study
was reported to and inspected by the Swedish Data Protection
Authority and was found to be clear of any objections (Dnr 307-
2011, March 3, 2011). The current study was approved by the
Ethical Review Board in Uppsala (Dnr 2017/487, decision date
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December 13, 2017) and data extraction was approved by the
EpiHealth steering committee.

RESULTS

Table 1 shows a description of the population. Overall, the
participants were 60.9 years (8.5 standard deviation), mildly
overweight, and most often married/living with someone. Al-
most half of the participants had a university degree. In addition,
1 in 10 was a smoker. Most participants reported sleeping 7 to 8
hours a night. Both short and long sleepers were older and
somewhatmore overweight than normal sleepers,whereas short
sleepers were more often smokers. In the short sleeping group,
more individuals reported poor sleep quality than amongnormal
and long sleepers. Women were more prevalent in all the sleep
duration groups, but there was a larger numerical difference
between sexes in the short sleeping group than among normal or
long sleepers. In general, both short and long sleepers were less
adherent to a healthy diet using the mMED or the HNFI score.
Most participants indicated a regular meal pattern, although
both short and long sleepers reported less regular meal patterns
than normal sleepers (Table 1).

There was a significant curvilinear relationship between
sleep duration and adherence to both diet scores (Figure 1 and
Figure 2). Sleep duration also showed a curvilinear relationship
with a regular meal pattern, with the highest prevalence of a
daily regular meal pattern (breakfast, lunch and dinner) in the
groups sleeping 7 to 9 h/night (Figure 3).

The multivariable analysis showed that short sleepers dis-
played poorer adherence to a healthy diet when defined by both
the mMED and the HNFI score. The relationships remained
significant in the fully adjusted model, as well as after adjusting
for BMI and total energy intake in the sensitivity analysis
(Table 2 and Table 3). It was further observed that participants
with short sleep duration combined with poor sleep quality had
lower odds for adherence to a healthy diet. In contrast, short
sleepers with good sleep quality did not have low adherence to a
healthy diet (Table 4 and Table 5).

When assessing the association between sleep duration and
regular meal patterns, the multivariable analysis showed that
both short and long sleepers had lower odds of having a healthy
dietary pattern. This result remained significant after adjusting
for potential confounders (Table 6). In addition, when com-
bining sleep duration with sleep quality, both short and long
sleepers, regardless of sleep quality, had reduced odds of having
healthy meal patterns independent of confounders. However,
when also adjusting for BMI and total energy intake, short sleep
with good sleep quality did not remain significant (Table 7).

DISCUSSION

The main result of this study is that there is a curvilinear re-
lationship between sleep duration and adherence to a healthy
diet but also with regular meal patterns. Moreover, there was an
interaction between sleep time and sleep quality and short and
long sleepers with poor sleep quality displayed lower adherence

to a healthy diet and healthymeal patterns, even after adjustment
for confounders. In contrast, there was no association between
short sleep time and adherence to a healthy diet among those
with good sleep quality.

Observational studies of sleep duration and
dietary intake
In line with previous studies, we saw the strongest relationships
in the short sleeping group. Previous observational studies show
a higher total energy intake,32–37 a higher intake of fats and
cholesterol,32,34,38–40 higher carbohydrates and sugar,32,35,39,41 a
smaller amount of energy from protein,35,41 and lower
dietary fiber32,35 in short sleepers. In addition, short sleep du-
ration has been associated with fewer servings of fruits,35,42,43

vegetables,43,44 whole grains,35 and beans,35 and overall poorer
dietary quality.33,35 As high adherence to theMediterranean diet
and the Healthy Nordic diet respectively includes a higher
intake of fruits and vegetables, as well as whole grains, the
results of the current study are well in line with previous re-
search. It could be argued that not only does unhealthy food
intake lead to a smaller intake of healthy micronutrients and
bioactive molecules (from fruit, vegetables, whole grains, and
fish) but also that sleep deprivationmay aggravate themetabolic
effects of this unhealthy eating and also that a higher energy
intake further adds to this.

The current study shows that short sleep duration is as-
sociated with low adherence to a healthy diet but only in
combination with poor sleep quality. This result adds a new
insight into the relationship and possible pathways between
sleep and metabolism. Previous studies have mainly focused
on short sleep duration and have not assessed the combination
of sleep duration and sleep quality, as we have done. A recent
study showed that short sleep duration was only related to
obesity in those with concurrent insomnia.45 In addition,
a Mediterranean diet is associated with fewer insomnia
symptoms46 and adequate sleep duration and is less likely to be
associated with insomnia accompanied by short sleep.47 It
is plausible that there are genetic differences in sleep re-
quirements, where those sleeping too little due to sleep dis-
turbances (thereby getting too little sleep in relation to their
sleep needs) will experience an effect on diet and dietary intake,
as shown in the present study. Moreover, previous genetic
studies have shown that some short sleepers require con-
siderably less sleep than others do. Data from Drosophila
melanogaster show a clear genetic component for sleep dura-
tion but no difference in lifespan between Drosophila mutants
with an extremely short or long sleep time and control subjects.
This suggests that there are few physiologic consequences from
being an extremely long or short sleeper.48

Experimental studies of sleep duration and
dietary intake
Several experimental studies have assessed sleep restriction and
dietary intake. Spiegel et al13 showed that short sleep pro-
motes an increase in the intake of unhealthy foods.Most studies
show a higher total energy intake49–53 with sleep restriction
and, in addition, sleep restriction has been associated with
a higher intake of fat,49,51,52,54 snacks,55 and desserts.51 From a
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Table 1—Description of the population.

All
n = 22,627

Short Sleep
(< 6 h/night)
n = 1,862

Normal Sleep
(6 to < 9 h/night)

n = 19,907

Long Sleep
(≥ 9 h/night)
n = 858

P

Sex < .0001
Male 9,633 (43.7) 703 (38.7) 8,592 (44.3) 338 (41.4)
Female 12,413 (56.3) 1,114 (61.3) 10,821 (55.7) 478 (58.6)

Age (years) 60.9 ± 8.5 61.3 ± 8.2 60.6 ± 8.5 64.2 ± 8.0 < .0001
BMI (kg/m2) 26.3 ± 4.0 27.1 ± 4.5 26.2 ± 3.9 26.6 ± 4.2 < .0001
Sleep duration (hours) < .0001
≤ 4 332 (1.5) 332 (17.8) N/A N/A
5 1,530 (6.8) 1,530 (82.2) N/A N/A
6 5,567 (24.6) N/A 5,567 (28.0) N/A
7 9,346 (41.3) N/A 9,346 (46.9) N/A
8 4,994 (22.1) N/A 4,994 (25.1) N/A
9 728 (3.2) N/A N/A 728 (84.4)
≥10 130 (0.6) N/A N/A 130 (15.2)

Sleep quality < .0001
Good 14,059 (62.1) 270 (14.5) 13,114 (65.9) 675 (78.7)
Poor 8,568 (37.9) 1,592 (85.5) 6,793 (34.1) 183 (21.3)

Mediterranean diet score 3.7 ± 1.7 3.6 ± 1.6 3.7 ± 1.7 3.6 ± 1.6 < .0001
High adherence to Mediterranean diet 3,350 (15.7) 220 (12.4) 3,021 (16.0) 109 (13.8) .001
HNFI score 2.5 ± 1.6 2.6 ± 1.4 2.7 ± 1.5 2.6 ± 1.5 < .0001
High adherence to Healthy Nordic Food diet 2,724 (12.0) 187 (10.0) 2,444 (12.3) 93 (10.8) .009
Healthy dietary pattern < .0001
No 6,296 (28.0) 709 (38.5) 5,297 (26.8) 290 (21.9)
Yes 16,180 (72.0) 1,134 (61.5) 14,487 (73.2) 559 (65.8)

Educational level < .0001
Maximum 9 years 3,553 (15.7) 420 (22.6) 2,968 (14.9) 165 (19.3)
Maximum 12 years 5,795 (25.7) 544 (29.2) 5,036 (25.3) 215 (25.1)
University 10,698 (47.4) 641 (34.5) 9,668 (48.6) 389 (45.4)

Physical activity level < .0001
Low 1,186 (5.3) 163 (8.8) 939 (4.8) 84 (9.9)
Medium-low 7,590 (33.9) 711 (38.5) 6,557 (33.3) 322 (38.0)
Medium-high 9,437 (42.2) 733 (39.7) 8,381 (42.6) 323 (38.1)
High 4,172 (18.6) 239 (12.9) 3,815 (19.4) 118 (13.9)

Marital status < .0001
Single 5,905 (26.1) 657 (35.3) 4,980 (25.1) 268 (31.3)
Married/living together 16,687 (73.9) 1,203 (64.7) 14,895 (74.9) 589 (68.7)

Smoking status .0003
Never 6,163 (32.9) 482 (30.1) 5,454 (33.2) 227 (29.9)
Former 10,848 (57.8) 918 (57.7) 9,467 (57.7) 463 (60.9)
Current 1,745 (9.3) 191 (12.0) 1,484 (9.0) 70 (9.2)

Alcohol consumption score (AUDIT) 3.6 ± 1.8 3.6 ± 2.0 3.6 ± 1.8 3.8 ± 2.1 .01
Hypertension 5,719 (25.3) 528 (28.4) 4,926 (24.7) 265 (30.9) < .0001
Hypertension medication 4,970 (22.0) 461 (24.8) 4,263 (21.5) 246 (28.8) < .0001
Diabetes 829 (3.7) 87 (4.7) 685 (3.4) 57 (6.6) < .0001
Diabetes medication 658 (2.9) 72 (3.9) 533 (2.7) 53 (6.2) < .0001
Hyperlipidemia 4,191 (18.5) 375 (20.1) 3,612 (18.1) 204 (23.8) < .0001
Meds for high cholesterol 2,528 (11.2) 230 (12.4) 2,166 (10.9) 132 (15.5) < .0001
Snoring 7,950 (38.1) 694 (42.2) 6,917 (37.5) 339 (43.1) < .0001
Depressive symptoms 2,966 (13.4) 277 (15.2) 2,555 (13.1) 134 (15.9) .003
Stress/anxiety symptoms 3,163 (14.0) 443 (23.8) 2,583 (13.0) 137 (16.0) < .0001

The results are presented as themean ±standard deviation or n (%). AUDIT =Alcohol UseDisorders Identification Test, BMI = bodymass index, HNFI =Healthy
Nordic Food Index.
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mechanistic point of view, Greer et al have shown that insufficient
sleep through sleep deprivation negatively affects the brain
mechanisms involved in foodevaluationand selection, resulting in
the selection of foods most capable of triggering weight gain.56

Taken together, these findings could also further support the
link between short sleep duration and metabolic effects.7,8

Two studies have assessed objectively measured sleep in
relation to diet.57,58 Mossavar-Rahmani et al found that an in-
crease in sleep duration and sleep efficiencywas associatedwith
healthier diet quality,57 a result in line with the current study.
Spaeth et al showed that sleep restriction affected both dietary
intake and dietary patterns and behavior where sleep-restricted
subjects increased their daily caloric intake by eating late at
night and consuming more fat.58

Sleep and dietary patterns
Both short and long sleep with poor sleep quality were asso-
ciatedwith irregular meal patterns in the current study. Previous

studies, mostly of selected individuals, have shown that short
sleep is associated with more irregular eating (not eating three
times a day at defined times),44,59 reduced adherence to healthy
eating patterns,13 a lower frequency of main meals,41,60 and
irregular meal times,44 all in line with the current study.
Moreover, short sleep duration has been related to poorer food
variety,32,59 greater snacking41,44,60 and more eating out.44 In
addition, Hogenkamp et al showed that sleep deprivation in-
creased portion size61and the timings of food intake.51,58 Fur-
thermore, Chapman et al showed that sleep-deprived men
purchased significantly more calories and grams of food than
they did after 1 night of sleep.62

This studywas performed in a large, population-based cohort
of men and women and assessed the not previously studied
relationship between U-shaped sleep duration in combination
with sleep quality and the adherence to healthy dietary patterns,
as well as meal patterns. Nonetheless, there are some limita-
tions to consider when interpreting the results. All the data are

Figure 1—Modified Mediterranean Diet score by sleep duration.

The results are presented as the mean ± standard error.

Figure 2—The Healthy Nordic Food Index score by sleep duration.

The results are presented as the mean ± standard error.
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Figure 3—Prevalence of having a healthy meal pattern (ie, eating breakfast, lunch and dinner on a daily basis) by sleep duration.

The results are presented as prevalence (%) with 95% confidence interval.

Table 2—The results of the multivariable logistic regression analysis using high adherence to a healthy diet defined as a modified
Mediterranean diet score of ≥ 6 as the outcome variable; exposure variable is sleep duration.

Model 1 Model 2 Model 3 Model 4

Normal sleep (6 to < 9 h/night) Reference Reference Reference Reference

Short sleep (< 6 h/night) 0.78a (0.67–0.90) 0.69a (0.60–0.81) 0.71a (0.58–0.86) 0.70b (0.56–0.87)

Long sleep (≥ 9 h/night) 0.84 (0.68–1.03) 0.75b (0.60–0.93) 0.83 (0.65–1.07) 0.89 (0.68–1.16)

Observations 21,339 20,807 15,190 14,052

Model 1 is unadjusted, model 2 is age and sex adjusted, model 3 is the fully adjusted model (adjusted for age, sex, marital status, educational level, shift work,
physical activity, smoking, alcohol consumption, snoring, depression, stress, snoring, hypertension medication), and model 4 is the sensitivity analysis
(adjusted for model 3 + body mass index and total energy). The results are presented as the odds ratio (95% confidence interval). aP < .001. bP < .01.

Table 3—The results of the multivariable logistic regression analysis using high adherence to a healthy diet defined as a Healthy
Nordic Food Index score ≥ 5 as the outcome variable; exposure variable is sleep duration.

Model 1 Model 2 Model 3 Model 4

Normal sleep (6 to < 9 h/night) Reference Reference Reference Reference

Short sleep (< 6 h/night) 0.80b (0.68–0.93) 0.73a (0.62–0.86) 0.72b (0.58–0.89) 0.74c (0.58–0.93)

Long sleep (≥ 9 h/night) 0.87 (0.70–1.08) 0.74c (0.60–0.93) 0.89 (0.68–1.16) 0.95 (0.71–1.26)

Observations 22,627 22,046 15,190 14,052

Model 1 is unadjusted, model 2 is age and sex adjusted, model 3 is the fully adjusted model (adjusted for age, sex, marital status, educational level, shift work,
physical activity, smoking, alcohol consumption, snoring, depression, stress, snoring, hypertension medication), and model 4 is the sensitivity analysis
(adjusted for model 3 + body mass index and total energy). The results are presented as the odds ratio (95% confidence interval). aP <.001. bP <.01. cP <.05.

Table 4—The results of the multivariable logistic regression analysis using high adherence to a healthy diet defined as a modified
Mediterranean diet score of ≥ 6 as the outcome variable; exposure variable is sleep duration in combination with sleep quality.

Model 1 Model 2 Model 3 Model 4

Normal sleep + good quality Reference Reference Reference Reference

Normal sleep + poor quality 1.11c (1.02–1.20) 1.03 (0.95–1.12) 1.04 (0.92–1.16) 1.06 (0.94–1.20)

Short sleep + good quality 0.93 (0.65–1.33) 0.99 (0.68–1.44) 1.11 (0.70–1.77) 1.10 (0.66–1.83)

Short sleep + poor quality 0.79b (0.67–0.92) 0.66a (0.56–0.79) 0.70a (0.54–0.84) 0.67b (0.52–0.86)

Long sleep + good quality 0.91 (0.72–1.14) 0.80 (0.63–1.02) 0.86 (0.65–1.14) 0.92 (0.68–1.25)

Long sleep + poor quality 0.72 (0.45–1.17) 0.59c (0.36–0.98) 0.78 (0.45–1.36) 0.85 (0.47–1.53)

Observations 21,339 20,807 15,190 14,052

Model 1 is unadjusted, model 2 is age and sex adjusted, model 3 is the fully adjusted model (adjusted for age, sex, marital status, educational level, shift work,
physical activity, smoking, alcohol consumption, snoring, depression, stress, snoring, hypertension medication), and model 4 is the sensitivity analysis
(adjusted for model 3 + body mass index and total energy). The results are presented as the odds ratio (95% confidence interval). aP <.001. bP <.01. cP <.05.
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J Theorell-Haglöw, EW Lemming, K Michaëlsson, et al. Sleep duration, healthy diet, and dietary patterns



self-reported and thereby associated with measurement errors.
However, measurement errors are partially reduced by a large
sample size. In addition, because the study is cross-sectional,
causality is difficult to infer.

CONCLUSIONS

In conclusion, the current study shows that short sleep duration
combined with poor sleep quality, but not good sleep quality, is

associated with poor adherence to a healthy diet and regular
meal patterns. This implies a need to study the combination
of short sleep and poor sleep quality further in relation to
metabolic disease.

ABBREVIATIONS

AUDIT, alcohol use disorders identification test
BMI, body mass index

Table 5—The results of the multivariable logistic regression analysis using high adherence to a healthy diet defined as a Healthy
Nordic Food Index score ≥ 5 as the outcome variable; exposure variable is sleep duration in combination with sleep quality.

Model 1 Model 2 Model 3 Model 4

Normal sleep + good quality Reference Reference Reference Reference

Normal sleep + poor quality 1.03 (0.94–1.12) 0.97 (0.88–1.06) 0.98 (0.86–1.12) 0.95 (0.83–1.10)

Short sleep + good quality 0.80 (0.54–1.20) 0.81 (0.53–1.24) 0.90 (0.52–1.55) 0.86 (0.47–1.54)

Short sleep + poor quality 0.81c (0.68–0.96) 0.71a (0.59–0.84) 0.68b (0.53–0.87) 0.70b (0.53–0.91)

Long sleep + good quality 0.91 (0.72–1.17) 0.80 (0.62–1.03) 0.90 (0.66–1.22) 0.95 (0.69–1.32)

Long sleep + poor quality 0.74 (0.45–1.22) 0.50c (0.28–0.89) 0.81 (0.44–1.50) 0.85 (0.45–1.62)

Observations 22,627 22,046 15,190 14,052

Model 1 is unadjusted, model 2 is age and sex adjusted, model 3 is the fully adjusted model (adjusted for age, sex, marital status, educational level, shift work,
physical activity, smoking, alcohol consumption, snoring, depression, stress, snoring, hypertension medication), and model 4 is the sensitivity analysis
(adjusted for model 3 + body mass index and total energy). The results are presented as the odds ratio (95% confidence interval). aP <.001. bP <.01. cP <.05.

Table 6—The results of the multivariable logistic regression analysis using regular meal pattern (having breakfast, lunch, and
dinner on a daily basis) as the outcome variable; exposure variable is sleep duration.

Model 1 Model 2 Model 3 Model 4

Normal sleep (6 to < 9 h/night) Reference Reference Reference Reference

Short sleep (< 6 h/night) 0.59a (0.53–0.65) 0.56a (0.51–0.62) 0.68a (0.60–0.78) 0.71a (0.62–0.82)

Long sleep (≥ 9 h/night) 0.71a (0.61–0.82) 0.66a (0.57–0.77) 0.79b (0.64–0.93) 0.75b (0.62–0.91)

Observations 22,476 21,903 15,112 13,978

Model 1 is unadjusted, model 2 is age and sex adjusted, model 3 is the fully adjusted model (adjusted for age, sex, marital status, educational level, shift work,
physical activity, smoking, alcohol consumption, snoring, depression, stress, snoring, hypertension medication), and model 4 is the sensitivity analysis
(adjusted for model 3 + body mass index and total energy). The results are presented as the odds ratio (95% confidence interval). aP < .001. bP < .01.

Table 7—The results of the multivariable logistic regression analysis using regular meal pattern (having breakfast, lunch, and
dinner on a daily basis) as the outcome variable; exposure variable is sleep duration in combination with sleep quality.

Model 1 Model 2 Model 3 Model 4

Normal sleep + good quality Reference Reference Reference Reference

Normal sleep + poor quality 0.87a (0.82–0.93) 0.85a (0.79–0.90) 0.94 (0.86–1.04) 0.93 (0.84–1.03)

Short sleep + good quality 0.50a (0.39–0.64) 0.50a (0.39–0.64) 0.68c (0.50–0.94) 0.76 (0.54–1.07)

Short sleep + poor quality 0.57a (0.51–0.63) 0.53a (0.48–0.60) 0.66a (0.57–0.77) 0.67a (0.57–0.79)

Long sleep + good quality 0.76b (0.65–0.90) 0.72a (0.60–0.85) 0.79c (0.64–0.97) 0.78c (0.63–0.98)

Long sleep + poor quality 0.44a (0.32–0.59) 0.39a (0.29–0.53) 0.64c (0.44–0.95) 0.59b (0.40–0.88)

Observations 22,476 21,903 15,112 13,978

Model 1 is unadjusted, model 2 is age and sex adjusted, model 3 is the fully adjusted model (adjusted for age, sex, marital status, educational level, shift work,
physical activity, smoking, alcohol consumption, snoring, depression, stress, snoring, hypertension medication), and model 4 is the sensitivity analysis
(adjusted for model 3 + body mass index and total energy). The results are presented as the odds ratio (95% confidence interval). aP <.001. bP <.01. cP <.05.
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DAG, directed acyclical graph
HNFI, Healthy Nordic Food Index
mMED, Modified Mediterranean diet
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