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Relationship of dietary factors and habits with

sleep-wake regularity

Miwa Yamaguchi phD', Hirokazu Uemura MD PhD', Sakurako Katsuura-Kamano PhD',
Mariko Nakamoto PhD>, Mineyoshi Hiyoshi phD', Hidenobu Takami PhD',
Fusakazu Sawachika Msc', Tomoya Juta Msc', Kokichi Arisawa MD PhD'

'Department of Preventive Medicine, Institute of Health Biosciences, The University of Tokushima Graduate

School, Tokushima, Japan

’Department of Public Health and Applied Nutrition, Institute of Health Biosciences, The University of

Tokushima Graduate School, Tokushima, Japan

The purpose of this study was to evaluate the associations between dietary factors and sleep-wake regularity in
the Japanese population. We analyzed 1368 eligible subjects (931 men and 437 women) aged 35-69 years who
had participated in the baseline survey of a cohort study in Tokushima Prefecture, Japan. Information on indi-
vidual lifestyle characteristics, including dietary habits and sleep-wake regularity, was obtained by a self-
administrated questionnaire. Logistic regression analyses were performed to evaluate adjusted associations of the
intake energy ratios of macronutrients, as well as intake frequency, and the amount of staple foods with sleep-
wake regularity. The lowest quartile of protein intake as well as the highest quartile of carbohydrates showed
significantly higher multivariable-adjusted odds ratios of 2.1 (95% confidence interval, 1.3-3.3) and 2.1 (1.3-3.5),
respectively, for poor sleep-wake regularity compared with the respective second quartile that is thought to be
moderate intake. Regarding intake of staple foods, low weekly intake frequency at breakfast (<5 times/week),
the lowest intake amount (<1 bowl or slice/roll) at breakfast, and the highest intake amount (>2 bowls or slic-
es/rolls) at lunch and dinner exhibited significantly high adjusted odds ratios for poor sleep-wake regularity. Ad-
ditionally adjusting for sleep duration, these results did not substantially alter. Our results suggested that low in-
take energy ratio of proteins and high intake energy ratio of carbohydrates, skipping intake of the staple foods at
breakfast, and excessive intake amount of the staple foods at lunch and dinner may be associated with poor

sleep-wake regularity.
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INTRODUCTION

Sleep is defined as a natural periodic state of rest for the
body and the mind, in which the eyes usually close and
consciousness is completely or partially lost. During sleep,
there is a reduction in body movements and responsive-
ness to external stimuli. Approximately one-third of a
person’s life is spent in sleep; therefore, sleep is a physio-
logically essential behavior in our lives. Although the
functions of sleep are not fully elucidated, the most im-
portant ones are suggested to be the conservation of ener-
gy and restoration of body functions. Sleep is also recog-
nized to be vital for hormonal homeostasis and normal
cognitive functions."? During the recent decades, the
prevalence of obesity has been increasing in developed
countries, including Japan. Obesity is a major public
health concern and one of the key risk factors for numer-
ous chronic diseases such as type 2 diabetes and cardio-
vascular diseases.”* Recently, many epidemiologic stud-
ies have suggested that sleep disturbances such as short
sleep duration are linked to increased prevalence of obesi-
ty and type 2 diabetes in the general population.’ There-
fore, qualitatively good and sufficient sleep is crucial for

performing several daily life activities.

Extreme diet pattern has been suggested to affect sleep
architecture. It was reported that very-low-carbohydrate
diets increased slow wave sleep (SWS) and decreased
rapid eye movement (REM) sleep in adults.® In addition,
it has been reported that vitamin B-12 deficiency results
in poor sleep status.” Even though there may be a close
correlation between dietary factors and sleep architecture
which is linking to sleep quality, the associations of die-
tary factors such as macronutrient intake or intake fre-
quency and the amount of staple foods at meals with
sleep quality have not been fully elucidated. The purpose
of this study was to investigate the associations between
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dietary factors and sleep-wake regularity, which may be
one of the indicators of sleep quality, in the Japanese
population.

METHODS AND MATERIALS

Study subjects

A total of 1398 participants (952 men and 446 women),
aged between 35 and 69 years, were enrolled in the base-
line survey of a prospective cohort study in Tokushima
Prefecture in Japan, from April 2008 to March 2012. We
recruited the participants, who joined the National Health
Insurance in Japan, at a health checkup center. Persons
who join the National Health Insurance in Japan are en-
gaged in agriculture, self-employed, retired, or jobless
(housewives, househusbands, or students). We also re-
cruited employees of companies who were mostly office
workers and were not shift workers. This cohort study
was conducted as a part of the Japan Multi-Institutional
Collaborative Cohort (J-MICC) Study. The details of the
J-MICC Study have been described previously.® Briefly,
the purpose of the J-MICC Study was to examine the as-
sociations of lifestyle and genetic factors and their inter-
actions with lifestyle-related diseases. All participants in

the J-MICC Study had provided written informed consent.

The ethics committees of Nagoya University School of
Medicine (the affiliation of the former principal investiga-
tor Nobuyuki Hamajima), of Aichi Cancer Center (the
affiliation of the current principal investigator Hideo
Tanaka), and of the University of Tokushima Graduate
School approved the protocols of the J-MICC Study.

Lifestyle evaluation

Information on individual lifestyle characteristics, includ-
ing dietary habits and medical history of diseases, was
obtained from a structural self-administered questionnaire
and verified by trained staff at the start of the survey. In
this questionnaire, questions on sleep-wake regularity and
usual sleep duration were also included. We measured
subjective sleep-wake regularity for the past one year by
asking whether the time of falling asleep at night and
waking in the morning was mostly regular or irregular.
We also obtained the information on average duration of
sleep. Even if average sleep duration is equal, daytime
life thythm and health condition may be altered between
subjects whose timing of falling asleep and waking is
regular and irregular. The core questions in the question-
naire used in the current study is common among all co-
hort study areas, and these questions are common ques-
tions. Leisure-time physical activity was estimated by
multiplying the frequency and duration of light exercise
such as walking or hiking, moderate exercise such as light
jogging or swimming, and heavy exercise such as mara-
thon, combative sports and summed, and expressed as
metabolic equivalent (MET)hours/week.” In this estima-
tion, 3.4 METs were assigned for light exercise, 7.0
METs for moderate exercise, and 10.0 METs for heavy
exercise.

Dietary evaluation

A validated, short FFQ was used for dietary evaluations
in the baseline survey of the J-MICC Study.'*" This FFQ
included questions on the average intake frequencies of

47 varieties of foods and beverages (green tea, coffee, and
alcohol) over the past year. For the 3 staple foods (i.e.,
rice, bread, and noodles), information concerning the in-
take frequency and amount at breakfast, lunch, and dinner
was obtained. Intake frequency of the staple foods was
classified into 6 categories: almost none, 1-3 times/month,
1-2 times/week, 3-4 times/week, 5-6 times/week, and
every day; in the analyses, these 6 categories were signi-
fied by 0, 0.1, 0.2, 0.5, 0.8, and 1.0 times/day, respective-
ly. As for the intake amount of the staple foods, the num-
ber of bowls (of rice and noodles) or slices/rolls (of bread)
consumed at each meal was determined. Regarding con-
sumption of alcoholic beverages, including sake, beer,
shochu (a Japanese distilled beverage), chuhai (mixed
with shochu), whiskey, and wine, intake frequencies and
amount were determined. For the other 43 types of foods
and beverages, only the intake frequency was determined
and categorized into the following 8 categories: almost
none, 1-3 times/month, 1-2 times/week, 3-4 times/week,
5-6 times/week, once a day, twice a day, and >3
times/day. In the analyses, these categories were signified
by 0, 0.1, 0.2, 0.5, 0.8, 1.0, 2.0, and 3.0 times/day, respec-
tively. Daily intakes of total energy (kcal/day), proteins
(g/day), fat (g/day), and carbohydrates (g/day) were cal-
culated using a program developed at the Department of
Publilc(:) 1Il-Iealth, Nagoya City University School of Medi-
cine. ™

Statistical analyses
Among the 1398 participants, we excluded those with
missing data concerning their sleep-wake regularity (n=
16) and those who were taking medication concurrently
with an antidepressant, a sleeping pill, or a tranquilizer
(n=9). We further excluded participants whose daily total
energy intake was extremely high (>4000 kcal/day) or
low (<1000 kcal/day) (n=5)"". Finally, 1368 participants
(931 men and 437 women) were analyzed in this study.
Differences in the baseline clinical and dietary charac-
teristics between the subjects whose sleep-wake regulari-
ty was good and poor were evaluated by the chi-square
test or Wilcoxon rank sum test. Age- and sex-adjusted
means of the body mass index by sleep-wake regularity
were calculated using the general linear model. Logistic
regression analyses were applied for the purpose of eval-
uating univariate associations of clinical and lifestyle fac-
tors with sleep-wake regularity. We also used logistic
regression to evaluate adjusted associations of the daily
percentage energy (% energy) intake of the 3 macronutri-
ents with sleep-wake regularity. The first model (model 1)
was adjusted for age (35-39, 40-49, 50-59, and 60-69
years) and sex. The second model (model 2) was adjusted
for age, sex, body mass index (<18.5, 18.5-24.9, and >25
kg/m?), stress level (low, middle, and high), current
smoking (no/yes), current alcohol drinking (no/yes), and
physical activities (MET-hours/week) (quartile catego-
ries). Sleep duration (<6, 6 to <7, and >7 hours) was fur-
ther adjusted in model 3. Associations of weekly intake
frequency and intake amount of the staple foods at break-
fast, lunch, and dinner with sleep-wake regularity were
also evaluated using the similar logistic regression models
adjusting additionally total daily energy intake (models 2
and 3). In these analyses, weekly intake frequency was
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divided into 2 groups: >5 and <5 times/week. The daily
intake amount at each meal was calculated as the number
of bowls or slices/rolls consumed during a meal and was
divided into 3 categories; <1, 1 to <2, and >2 bowls or
slices/rolls at a meal. Categorical variables were convert-
ed into dummy variables in logistic regression analyses.
The SAS software package (version 8.2; SAS Institute

Inc., Cary, NC) was used for all calculations and analyses.

All p values are two-tailed and those less than 0.05 were
considered statistically significant.

RESULTS

Baseline and dietary characteristics

The baseline characteristics of the subjects are shown in
Table 1. There were no gender differences with respect to
sleep-wake regularity. Comparatively, men demonstrated
significantly higher age, body mass index, rates of current
smoking and alcohol drinking, and physical activities and
lower stress level. The subjects with poor sleep-wake
regularity showed significantly higher (p=0.003) age-
and-sex adjusted body mass indices than those with good
sleep-wake regularity (Figure 1). As shown in Table 2,
daily intake energy ratio of protein was significantly low-
er (p=0.043) in the subjects with poor sleep-wake regular-

Table 1. Baseline characteristics of the study subjects

ity than those with good sleep-wake regularity. Weekly
intake frequency of the staple foods by meals and daily
intake amount of the staple foods at each meal by sleep-
wake regularity are shown in Table 3. The skipping ratio
of breakfast was significantly higher (p<0.001) in the
subjects with poor sleep-wake regularity. Daily intake
amount of the staple foods at breakfast was significantly
smaller (p<0.001) and those at lunch and dinner were
significantly higher (p<0.001 and p=0.002, respectively)
in the subjects with poor sleep-wake regularity.

Associations of clinical and lifestyle factors with sleep-
wake regularity

As shown in Table 4, participants aged between 50-59
years and 60-69 years showed significantly lower odds
ratios (ORs) for poor sleep-wake regularity compared
with those aged between 35 and 39 years. High body
mass index (>25 kg/m?”) exhibited a marginally significant
higher odds ratio of 1.4 (95% confidence interval (CI),
0.99-1.9) for poor sleep-wake regularity compared with
normal body mass index. High stress level and current
smoking showed significantly higher ORs, while higher
physical activity levels showed significantly lower ORs
for poor sleep-wake regularity. Short sleep duration (<6

Men (n=931) Women (n=437)
" % " % p-value
Age (years)
35-39 143 154 78 17.8 <0.001
40-49 284 30.5 153 35.0
50-59 315 33.8 156 35.7
60-69 189 20.3 50 11.4
Body mass index (kg/m?)
<18.5 22 24 50 11.4 <0.001
18.5-24.9 584 62.7 317 72.5
>25 325 349 70 16.0
Sleep duration (hours)
<6 110 11.8 96 22.0 <0.001
6to <7 403 43.3 180 41.2
>7 418 44.9 161 36.8
Sleep-wake regularity
Good 806 86.6 375 85.8 0.702
Poor 125 13.4 62 14.2
Stress level
Low 158 17.0 59 13.5 <0.001
Middle 502 53.9 205 46.9
High 270 29.0 173 39.6
Unknown 1 0.1 - -
Current smoking
No 650 69.8 408 93.4 <0.001
Yes 281 30.2 29 6.6
Current alcohol drinking
No 255 27 260 59.5 <0.001
Yes 676 73 177 40.5
Physical activity (MET<hours/week)
<1.19 262 28.1 178 40.7 <0.001
1.20-4.78 162 17.4 75 17.2
4.79-15.30 249 26.7 106 24.3
>15.30 248 26.6 73 16.7
Unknown 10 1.1 5 1.1

MET, metabolic equivalent
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hours) showed a higher OR of 2.7 (1.9-4.0), while long
duration (>7 hours) showed a lower OR of 0.45 (0.30-
0.67) for poor sleep-wake regularity, compared with
moderate sleep duration (6 to <7 hours).

Association between percentage energy intake of mac-
ronutrients and sleep-wake regularity

The ORs and 95% CI of daily percentage energy intake of
the 3 macronutrients for prevalent poor sleep-wake regu-
larity are presented in Table 5. The subjects with the low-
est quartile of protein intake (<10.8% energy) had a sig-
nificantly higher multivariable-adjusted OR of 2.1 (95%
CI, 1.3-3.3) for poor sleep-wake regularity compared with
those with the moderate category (second quartile). The
subjects with the highest quartile of carbohydrates
(>70.7% energy) also had a significantly higher adjusted
OR of 2.1 (95% ClI, 1.3-3.5) for poor sleep-wake regulari-
ty compared with those with the second quartile. Further
adjustment with sleep duration (model 3) did not substan-

p=0.003
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Figure 1. Associations between sleep-wake regularity and age-
and sex-adjusted body mass index. The mean values (standard
errors) of body mass index adjusted for age and sex using the
general linear model are presented. The subjects with poor
sleep-wake regularity showed significantly higher (p=0.003)
adjusted body mass index than those with good sleep-wake
regularity.

tially alter these results.

Associations of intake frequency and mean amount of
staple foods at each meal with sleep-wake regularity
Table 6 presents the ORs and 95% CI of the weekly in-
take frequency of the staple foods by meals and the intake
mean amount of the staple foods at each meal for preva-
lent poor sleep-wake regularity. Fewer intake frequency
of breakfast (<5 times/week) showed a higher multivaria-
ble-adjusted OR of 3.2 (2.2-4.8) for poor sleep-wake reg-
ularity compared with the reference (>5 times/week). The
lowest intake amount of the staple foods at breakfast as
well as the highest intake amount at lunch and dinner
displayed significantly higher multivariable-adjusted ORs
for poor sleep-wake regularity. Further adjustment with
sleep duration (model 3) did not basically alter these find-
ings.

DISCUSSION

We investigated that daily intake of low percentage ener-
gy of proteins and high percentage energy of carbohy-
drates, skipping breakfast, and excessive intake amounts
of the staple foods at lunch and dinner may be associated
with poor sleep-wake regularity in the general Japanese
population.

Insomnia has become a major public health problem in
recent years. Sleep disturbance, such as short sleep dura-
tion and inferior sleep quality, has been suggested to be
associated with increased risk of obesity, metabolic syn-
drome, and diabetes.>'>'® In the current study, the sub-
jects with poor sleep-wake regularity, which is regarded
as one of the indicators of sleep quality, manifested high-
er age- and sex-adjusted body mass index than those with
better sleep-wake regularity. Therefore, it is vitally im-
portant to investigate the factors affecting sleep-wake
regularity for the purpose of preventing obesity-related
diseases.

Sleep quality is affected by various factors, including
environmental, psychophysiological, and pharmacologi-
cal factors. We observed that poor sleep-wake regularity
decreased with advancing age category. Doi et al. have
reported that, in men, younger age was in fact a risk fac-
tor for excessive daytime sleepiness, which might be
caused by an irregular sleep-wake schedule.'” Their find-
ing is in accordance with our observations presented in
this study. The subjects with higher body mass indices
(>25 kg/m?) had a marginally significant higher adjusted
odds ratio for poor sleep-wake regularity than those with

Table 2. Dietary characteristics of the subjects by sleep-wake regularity

Sleep-wake regularity

Good (n=1181) Poor (n=187) p-value
Median 25th 75th Median 25th 75th
Energy (kcal/day) 1740 1532 1927 1721 1464 1989 0.609
Protein (g/day) 51.5 45.5 58.0 53.0 42.2 58.5 0.066
Fat (g/day) 41.4 353 48.9 40.6 32.8 48.5 0.127
Carbohydrate (g/day) 247 209 286 247 201 300 0.937
Protein (% energy) 11.9 10.9 13.1 11.7 10.4 13.0 0.043
Fat (% energy) 22.1 18.2 26.0 21.5 17.6 26.1 0.414
Carbohydrate (% energy) 65.9 61.0 70.5 66.8 61.1 71.8 0.248

25th, 25 percentile; 75th, 75 percentile
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Table 3. Weekly intake frequency and mean intake
amount of the staple foods at each meal by sleep-wake
regularity

Sleep-wake regularity

Good Poor value
(n=1181) (n=187) p
n % n %
Frequency (times/week)
Breakfast
>5 1027  87.0 125  66.8
<5 154 13.0 62 332 0001
Lunch
>5 1102 933 170  90.9
<5 79 67 17 9.1 0.232
Dinner
>5 1028  87.0 167  89.3
<5 153 13.0 20 10.7 0.388
Amount (bowls or slices/rolls at a meal)
Breakfast
<1 354 30.0 93 49.7
1to<2 778 659 84 449
> 48 4.1 9 48 0001
unknown 1 0.0 1 0.5
Lunch
<1 350 29.6 61 326
1to<2 798  67.6 110 58.8
> 29 25 14 75 0001
unknown 4 0.3 2 1.1
Dinner
<1 343 29.0 45 241
1to<2 770 652 118 63.1
>2 66 5.6 23 123 0.002
unknown 2 0.2 1 0.5

normal body mass indices. It has been reported that obesi-
ty is commonly associated with daytime sleepiness,
which is a signal for insufficient sleep at night, even in
individuals without sleep apnea.' Altered sleep-wake
patterns have been demonstrated in genetic-induced mod-
els of obesity in mice."” Obesity should be an independent
risk factor for impaired sleep-wake regularity. Moreover,
we revealed that high stress levels and current smoking
were associated with higher rates of poor sleep-wake reg-
ularity, while higher physical activity was associated with
lower rates of poor sleep-wake regularity. A close associ-
ation between stressful conditions such as job stress and
sleep problems has been documented.” It has been re-
ported among Japanese workers that current smoking
status is linked to various types of sleep disturbances such
as difficulties in awakening and falling asleep.”' In con-
trast, regular physical activities have been shown to exert
favorable effects on sleep quality.”? Our findings did not
contradict these reports. We found a close relation be-
tween sleep duration and sleep-wake regularity, and sub-
jects with short sleep duration had a higher prevalence of
poor sleep-wake regularity. Therefore, we further adjust-
ed sleep duration in evaluating the adjusted associations
of the dietary factors and habits with sleep-wake regulari-
ty.

Dietary factors also may contribute to sleep quality. In
our estimation, the mean values of daily intake of total
energy, protein, fat, and carbohydrate were 1738 kcal/day,
51.4 g/day, 41.3 g/day, and 247 g/day, respectively. The
values reported by the National Health and Nutrition Sur-
vey 2009 in Japan, estimated in Japanese aged 20 years or

above, were 1876 kcal/day, 68.6 g/day, 52.5 g/day, and
263 g/day, respectively.”> In comparison, our estimated
values were relatively lower. Since our subjects were be-
tween 35 and 69 years of age, younger adults (20-34
years) who consumer greater amounts than older individ-
uals were not included in our estimation. Moreover, we
used a short FFQ and as a result, our estimated values
might be smaller. However, this FFQ has been validated
and the mean daily nutrient intake derived from this FFQ
tolerably correlates with that estimated from 3-day
weighed diet records. '

With respect to the association between the daily per-
centage energy intake of macronutrients and sleep-wake
regularity, our investigation revealed that the lowest quar-
tile of proteins and the highest quartile of carbohydrates
presented negative associations with sleep-wake regulari-
ty, compared with the respective moderate category.
Shaaban et al. suggested that protein-energy malnutrition
in infants seems to exert a negative impact on sleep-wake
cycle and disturbed serotonin levels may be one of its
causal factors.”* Lindseth ef al. have suggested that high-
protein diets were associated with significantly fewer
waking episodes.” The relation between percentage ener-
gy intake of carbohydrates and sleep remains controver-
sial. It was reported that a high quantity consumption of
carbohydrates before bedtime induced frequent arousals
and disturbed the sleep quality.? In contrast, Lindseth et
al. reported that high-carbohydrate diets were associated
with significantly shorter sleep latency.”> We did not find

Table 4. Crude odds ratios of clinical and lifestyle fac-
tors for poor sleep-wake regularity

Prevalence of poor

sleep-wake regularity ~ Crude OR (95% Cl)
(%)

Age (years)

35-39 19.9 1

40-49 15.8 0.75 (050, 1.1)
50-59 11.9 0.54 (0.35, 0.84)
60-69 7.5 0.33  (0.18, 0.59)
Body mass index (kg/m?)

<18.5 12.5 1.0 (048, 2.1)
18.5-24.9 12.5 1

>25 16.5 1.4 (099, 1.9
Sleep duration (hours)

<6 31.1 2.7 (1.9, 4.0
6 to <7 14.2 1

>7 6.9 0.45 (0.30, 0.67)
Stress level

low 10.1 1

middle 12.3 1.2 (0.77, 2.1)
high 17.6 1.9 (1.2, 3.2)
Current smoking

no 11.9 1

yes 19.7 1.8 (1.3, 2.5)
Current drinking

no 13.4 1

yes 13.8 0.96 (0.70, 1.3)
Physical activity (MET+hours/week)

<I1.19 17.7 1

1.20-4.78 14.4 0.78 (0.50, 1.2)
4.79-15.30 11.3 0.59 (0.39, 0.89)
>15.30 10.3 0.53  (0.34, 0.82)

OR, odds ratio; CI, confidence interval
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Table 5. Odds ratios of daily energy intake ratios of the macronutrients for poor sleep-wake regularity

Prevalence of Model 1 Model 2 Model 3 §

Quartiles pf:gruslﬁff’y”(vj‘l;e OR (95% CI) OR (95% CI) OR (95% CI)
Protein (% energy)

<10.8 18.4 2.0 (13,3.1) 2.1 (14,3.4) 2.1 (13, 3.3)

10.8-11.8 11.1 1 1 1

11.9-13.0 12.6 1.1 (0.68, 1.7) 1.1 (0.70, 1.8) 1.1 (0.68, 1.8)

>13.1 12.6 1.1 (0.67, 1.8) 1.2 (0.74, 2.0) 1.2 (0.71, 2.0)
Fat (% energy)

<18.1 15.5 1.4 (0.90, 2.2) 1.5 (0.97,2.4) 1.4 (0.90, 2.3)

18.1-22.0 13.2 1 1 1

22.1-25.9 12.0 0.85 (0.53, 1.3) 0.85 (0.53, 1.4) 0.86 (0.53, 1.4)

>26.0 14.0 0.91 (0.57, 1.4) 0.93 (0.58, 1.5) 0.89 (0.54, 1.5)
Carbohydrate (% energy)

<61.0 13.5 1.2 (0.72, 1.9) 1.2 (0.74, 1.9) 1.2 (071, 1.9)

61.0-66.0 10.8 1 1 1

66.1-70.6 14.0 1.5 (0.92, 2.4) 1.5 (0.92, 2.4) 1.5 (0.92, 2.5)

>70.7 16.4 2.1 (1.3,3.3) 22 (14,3.6) 2.1 (13, 3.5)

OR, odds ratio; CI, confidence interval
+ Model 1: adjusted for age and sex.

1 Model 2: adjusted for age, sex, body mass index, stress level, current smoking, current drinking, and physical activity.
§ Model 3: adjusted for the same covariates in model 2 and additionally sleep duration.

Table 6. Odds ratios of frequency and amount of the staple foods for poor sleep-wake regularity

Prevalence of Model 1 Model 2 Model 3 §
pf:;ﬁeig‘gzl;e OR (95% CI) OR (95% CI) OR (95% CI)

Frequency (times/week)
Breakfast

>5 10.9 1 1 1

<5 28.7 3.0 (2.1, 43) 32 (22,498 32 (21,48
Lunch

>5 134 1 1 1

<5 17.7 1.3 (0.76, 2.3) 1.5 (0.79, 2.6) 1.2 (0.64, 2.2)
Dinner

>5 14.0 1 1 1

<5 11.6 0.80 (047, 1.3) 0.84 (048, 1.4) 0.80 (045, 1.4)
Amount (bowls or slices/rolls at a meal)
Breakfast

<1 20.8 23 (L6, 3.1 2.5 (1.7, 3.5) 2.5 (1.7, 3.5)
1to<2 9.7 1 1 1

>2 15.8 1.7 (0.77, 3.5) 1.3 (0.56, 2.8) 1.2 (049, 2.6)
Lunch

<1 14.8 1.3 (0.90, 1.8) 1.2 (0.84, 1.8) 1.2 (0.79, 1.7)
1to<2 12.1 1 1 1

>2 32.6 3.8 (1.9, 7.3) 4.1 (1.8, 9.0 32 (14,72
unknown 333
Dinner

<1 11.6 0.84 (0.57, 1.2) 0.77 (0.51, 1.1) 0.76  (0.50, 1.1)
1to<2 13.3 1 1 1

>2 25.8 22 (13,37 2.6 (13,49 2.5 (13,49

OR, odds ratio; CI, confidence interval

1 Model 1: adjusted for age and sex.
1 Model 2: adjusted for age, sex, body mass index, stress level, current smoking, current drinking, physical activity, and total ener-

gy.
§ Model 3: adjusted for the same covariates in model 2 and additionally sleep duration.

any associations between percentage energy intake of fats
and sleep-wake regularity. According to some reports,
excessive fat intake may induce shorter sleep durations
and sleep disturbance.”’ In contrast, it was reported that
high-fat diets were not associated with waking episodes

and sleep latencies,” and this is in accordance with our
findings. Further studies such as interventional studies are
needed to clarify the associations between dietary carbo-
hydrates and fats with sleep.

An insufficient intake amount of the staple foods at
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breakfast as well as excessive intake amount at lunch and
dinner was associated with poor sleep-wake regularity in
this study. It was reported that nocturnal caloric intake
correlated positively with sleep latency and correlated
negatively with sleep efficiency in healthy women.™
Skipping breakfast is commonly accompanied by com-
pensatory intake of snacks or overeating in later meals.”
Therefore, we consider that skipping breakfast is proba-
bly linked to overeating and a more ferocious appetite at
lunch and dinner, and this vicious cycle may be associat-
ed with poor sleep-wake regularity.

The strength of this study lies in the fact that we ob-
tained detailed information on the intake frequency and
amount of the staple foods at each meal from the ques-
tionnaire. However, this study poses several limitations.
First, due to the nature of the cross-sectional study design,
causal relationships between dietary factors and sleep-
wake regularity should be interpreted with caution, and
reverse causation could be considered. We presume that
the relation between dietary factors and sleep quality,
including sleep-wake regularity, is likely to be bidirec-
tional. Second, information on diet and other lifestyle
factors was based on a self-reporting mechanism, and
non-differential misclassification may be inevitable. This
misclassification might attenuate the observed associa-
tions. Third, residual confounding by uncontrolled or un-
measured factors may have distorted genuine associations
between dietary factors and sleep-wake regularity. Finally,
the information on sleep-wake regularity was subjective
and can be considered as lacking in objectivity.

In conclusions, our results suggest that an unbalanced
intake of macronutrients such as a low intake energy ratio
of proteins and a high intake energy ratio of carbohy-
drates, skipping intake of the staple food at breakfast, and
excessive intake amount of the staple foods at lunch and
dinner may be closely associated with poor sleep-wake
regularity, independent of sleep duration. Further studies
by objective assessment of sleep quality, and desirably,
interventional studies, will be needed.
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