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Abstract
The relationship of chronotype differences with dietary habits and health-related outcomes among elderly people is not fully understood, although sex and
generation differences are observed in human chronotype. Accordingly, we analysed the association of chronotype (as assessed by the midpoint of sleep)
with dietary intake and health-related quality of life (HRQoL) in elderly Japanese women. The subjects in this cross-sectional study were 1618 women aged
65 years and older who were grandmothers or acquaintances of dietetics students. The subjects were classified into quintiles with respect to the midpoint of
sleep, from the earliest to the latest quintile. HRQoL was assessed by the Japanese version of the short-form 36-item health survey score. Mental health was
assessed by the Center for Epidemiologic Studies Depression (CES-D) Scale. Dietary intake was assessed by a brief-type self-administered diet history
questionnaire. A later midpoint of sleep was associated with a lower intake of vitamin D and a higher intake of bread and caffeinated drinks. No correla-
tions were observed between chronotype and other nutrient and food intake. The subjects with a late midpoint of sleep (eveningness) showed poor general
health perception (GH) and high CES-D scores. Other HRQoL scores did not differ among groups with different midpoints of sleep. In conclusion,
chronotype as assessed by the midpoint of sleep is associated with poor GH and depressive tendencies in elderly Japanese women. Additionally, a few
associations were found between dietary intake and chronotype in elderly Japanese women.
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Many studies suggest that short or long sleep duration, evening
chronotype and shift work are related to body weight gain,
diabetes, obesity and related chronic diseases in adults and
children(1–7). A recent UK cohort study showed that adults
aged 38–73 years with a self-described evening chronotype
had an increased risk of morbidity and mortality(8).
Furthermore, recent reviews have shown an association
between dietary intake and chronotype(9,10). Overall, the
review showed that evening-type adults mostly engage in

unhealthy dietary habits(9). Another review revealed that an
evening chronotype is associated with lower intake of fruits
and vegetables and higher intake of energy drinks, alcoholic,
sugary, caffeinated beverages and energy from fat in adoles-
cents and adults(10). We also reported that a late chronotype
as assessed by the Morningness-Eveningness Questionnaire
score and midpoint of sleep is associated with poor dietary
intake in young Japanese women(11,12). However, there are
few studies of chronotype and dietary intake in elderly people.

Abbreviations: CES-D: Center for Epidemiologic Studies Depression; BDHQ: brief-type self-administered diet history questionnaire; HRQoL: health-related quality of life;
MET: metabolic equivalent; PSQI: Pittsburgh Sleep Quality Index; SF-36: short-form 36-item health survey
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Several reports have shown that generation may affect chron-
otype, and elderly people tend to have an earlier chronotype
than young people(13,14). Therefore, we investigated the associ-
ation between human chronotype and dietary intake in elderly
Japanese people. Furthermore, to clarify the association
between chronotype and health-related outcomes in elderly
Japanese people, we investigated the correlation between the
midpoint of sleep and health-related quality of life (HRQoL)
as assessed by the Japanese version short-form 36-item health
survey (SF-36)(15–17). The SF-36 has been validated and widely
used in the epidemiological studies of HRQoL(18). HRQoL
represents a comprehensive perception of physical and mental
health. Although a few studies have shown an association
between evening chronotype and low HRQoL in adoles-
cents(19) and adults aged 49–79 years(20), the association
between HRQoL and chronotype among elderly people
has not been investigated. Furthermore, some studies also
found an association between chronotype and mental
health(21,22). Early chronotypes had a modestly lower risk
of depression among middle-aged and elderly US women
in the Nurses’ Health Study(21). Moreover, the midpoint of
sleep on free days was significantly positively correlated
with insomnia, depression and anxiety among Korean
older adults(22). However, in elderly people, there are no
reports investigating the relationship between chronotypes
and detailed dietary intake or mental and physical health.
Therefore, we investigated the association of chronotype
with dietary intake, depression as assessed by the Center
Epidemiologic Studies Scale and HRQoL in elderly
Japanese women.

Subjects and methods

Study design

The data for this study were obtained from the
Three-generation Study of Women on Diets and Health. In
brief, the design of this study was as follows. The survey
was conducted from April to May in 2011 and 2012. A total
of 7016 first-year students from eighty-five institutions of
higher education in thirty-five of forty-seven prefectures in
Japan were asked to answer two questionnaires (dietary habits
and other lifestyle factors). The students were also required to
distribute these two questionnaires directly to their mothers
and grandmothers. If a student subject’s grandmother could
not participate in the study, a 65–89-year-old female acquaint-
ance was allowed in her place. The collaborators in the
Three-generation Study of Women on Diets and Health
explained the purpose and outline of the survey. Written
informed consent was acquired from all subjects. Other details
of the study design have been described in previous
reports(23,24).
The subjects of the study were the women of the grand-

mothers’ generation (response rate: 33⋅2 %, n 2332). Among
these subjects’ responses, we excluded the data gathered at
one institution with a low response rate (2 %). Because a
large earthquake occurred in March 2011 in the northeastern
part of Japan, it is suggested that the subjects in this region

might not have reported their usual diet and lifestyle during
that time. Thus, we excluded subjects who lived in eastern
Japan in 2011 (n 47). Furthermore, we selected only subjects
over 65 years old (n 2260). Other exclusion criteria for the sub-
jects in this study were as follows: energy intake of less than
0⋅5 times the energy requirement for the lowest physical activ-
ity (<775 kcal/d, n 27) or more than 1⋅5 times the energy
requirement for the highest physical activity (>3150 kcal/d,
n 44) according to the Dietary Reference Intakes for
Japanese, 2020 (25); eating a controlled diet as recommended
by a doctor or dietitian (n 316); a case history of mental
health-related diseases (n 65); use of a psychiatric prescription
(n 59); missing data on place of residence (n 9) and missing
information on height and weight (n 5), marital status (n 1),
number of people in the household (n 9), alcohol drinking
(n 19), physical activity (n 38), Pittsburgh Sleep Quality
Index, PSQI (n 52), Center for Epidemiologic Studies
Depression (CES-D) Scale (n 52), the Japanese version of
the SF-36 (n 26) and sleep-related factors (n 27), such as the
midpoint of sleep falling outside the range of 0:00–12:00
(n 23). After these exclusions, the final sample consisted of
1618 women.

Dietary intake

We assessed dietary intake over the previous month in terms
of energy, food groups, food items and nutrients using a vali-
dated instrument, the brief-type self-administered diet history
questionnaire (BDHQ)(26,27). The BDHQ has four pages
and has fixed portions of fifty-eight food and beverage
items. Measures of dietary intake were calculated using an ad
hoc computer algorithm for the BDHQ based on the
Standard Tables of Food Composition in Japan(28).
Additional details on the structure of the BDHQ are described
in another report(26,27).

Midpoint of sleep, sleep duration, sleep quality, and
depressive symptoms

Roenneberg et al. reported the midpoint of sleep on the
Munich ChronoType Questionnaire as an indicator of chron-
otype(29,30). In the present study, the midpoint of sleep was cal-
culated as the halfway point between sleep onset time and rise
time.
In this study, we used a lifestyle questionnaire booklet that

included the PSQI(31), the CES-D scale(32,33), the Japanese ver-
sion of the SF-36(15–17) and sleep-related variables for the pre-
vious month. The subjects’ self-reported bedtime, the time
spent in bed until falling asleep and the rise time were included
in the lifestyle questionnaire. The sleep onset time was calculated
by subtracting the time from bedtime to falling asleep. Sleep
duration was also calculated from sleep onset and rise time.
Sleep quality was assessed by the global PSQI score(31). A

higher PSQI score indicates poor sleep quality.
Depressive symptoms were assessed by the CES-D(32,33).

Subjects with a total CES-D score of ≥16 were defined as hav-
ing depressive symptoms.
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Health-related quality of life

The subjects’ HRQoL was estimated by the SF-36. The
36-item scale in the SF-36 provides a total of eight subscales:
four physical health-related scales (physical functioning (PF);
physical role (role-physical: RP); bodily pain (BP); general
health perception (GH)) and four mental health-related scales
(vitality (VT); social functioning (SF); role-emotional (RE);
mental health perception (MH)). A score from 0 to 100 is cal-
culated for each health scale, where a lower score indicates
poorer health status(15–17).

Other variables

The subjects self-reported other variables on the BDHQ or
the lifestyle questionnaire. The subjects reported their birth
date, body height and body weight on the BDHQ, and the
body mass index (BMI) was calculated as the current body
weight (kg) divided by the square of body height (m). The sub-
jects’ area of residence was reported in the lifestyle question-
naire. These areas were divided into six regions (Hokkaido
and Tohoku; Kanto; Hokuriku and Tokai; Kinki; Chugoku
and Shikoku; Kyushu) and into three categories according to
population size (city with a population ≥1 million; city with
a population <1 million; town or village). The subjects also
reported whether they lived alone, as well as their marital
status (single, married, widowed, or separated), education
(≤junior high school and others, high school, or ≥college),
current smoking status, alcohol consumption, dietary supple-
ment use, prescription use and history of chronic disease.
Physical activity was calculated as the average metabolic
equivalent (MET) hours, which is based on the self-reported
duration of five categorised activities (walking, bicycling, stand-
ing, running and high-intensity activities), sitting and sleeping.
The MET values were assigned each activity. The MET values
of each activity were 3⋅5 for walking, 7⋅5 for bicycling, 3⋅2 for
standing, 7⋅0 for running, 8⋅0 for high-intensity activities, 1⋅0
for sleeping and 1⋅3 for sitting(34).

Statistical analysis

The subjects in this study were divided into quintiles according
to the midpoint of sleep, from the earliest (Q1) to the latest
(Q5) quintile. The means of dietary intake, midpoint of
sleep, bedtime, rise time, sleep latency, sleep duration, PSQI
score, health-related SF-36 score and CES-D score were calcu-
lated for each midpoint of sleep quintile. The median values
for each midpoint of sleep quintile were tested as continuous
variables for linear trends. Macronutrients intake were pre-
sented as percentages of total energy intake. Energy-adjusted
intake of other nutrients and food groups intake were pre-
sented as the value per 1000 kcal. The means of dietary intake
were adjusted for potential confounding factors. The variables
that were significantly correlated with the midpoint of sleep,
such as body height, body weight, survey year, residential
block, size of residential area, education, physical activity and
depression symptoms, were included as confounding factors.
We analysed differences between the Q1 group and the

other groups using Dunnett’s test. A Mantel–Haenszel χ2

test was used to test for differences in proportions for categor-
ical variables.
All data were analysed using the statistical software SAS ver-

sion 9.4 (SAS Institute Inc., Cary, NC, USA).

Results

Subject characteristics by midpoint of sleep quintile are shown
in Table 1. The mean age (standard deviation, SD) of the sub-
jects was 74⋅6 (4⋅9) years, and the mean BMI (SD) was 22⋅7
(3⋅1). The group with a later midpoint of sleep was heavier
and taller than the group with an earlier midpoint. Survey
year, residential block, size of residential area, education and
physical activity differed in proportions between groups with
different midpoints of sleep. The group with a later midpoint
of sleep had higher CES-D scores and indicated more depres-
sive symptoms than the group with an earlier midpoint of
sleep.
Sleep status and total PSQI scores are shown in Table 2.

The subjects with a later midpoint of sleep had later bedtimes
and rise times than those with an earlier midpoint of sleep.
Sleep latency was longer and sleep duration was shorter in
the group with a later midpoint of sleep than in the group
with an earlier midpoint of sleep. The subjects with a later
midpoint of sleep had higher PSQI scores.
Total energy intake and specific nutrient and food group

intakes are presented in Table 3. A significant negative trend
from the earliest (Q1) to the latest (Q5) midpoint of sleep
was observed for the intake of vitamin D. A significant posi-
tive trend from the earliest (Q1) to the latest (Q5) midpoint of
sleep was observed for the intake of bread and caffeinated
drinks. Bread and caffeinated drinks significantly increased in
the Q5 group compared with the Q1 group. No statistically
significant association was observed between energy intake
and listed nutrients or other food groups.
The HRQoL results (SF-36 scores) are presented in Table 4.

A significant negative trend from the earliest (Q1) to the latest
(Q5) midpoint of sleep was observed for the GH score. There
were no statistically significant associations between other
SF-36 scores and the midpoint of sleep.

Discussion

There was little association between chronotype and dietary
intake in the elderly subjects in this study. The association
between the midpoint of sleep and the dietary intake in elderly
subjects differed from that in young women in a previous
study(11,12). Our two previous studies indicated significant
and independent associations. Both a late midpoint of sleep
and an evening chronotype as assessed by the MEQ score
were associated with an inadequate intake of several vitamins
and minerals, a low intake of vegetables or pulses and a
high intake of confections. Similarly, another study of a ran-
dom sample of the population aged 25–74 years in Finland
found that individuals with an evening chronotype as assessed
by the MEQ score had unfavourable dietary habits(35).
Furthermore, in the recent reviews, limited cross-sectional
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studies suggest that an evening chronotype is associated with a
low intake of vegetables and fruit and a high intake of several
beverages, e.g., energy, alcoholic, sugary and caffeinated
drinks, in adolescents and adults(9,10). However, there are
few such studies in young children and older adults. The eld-
erly subjects in this study with a late midpoint of sleep did not
have the same characteristics of dietary intake as the young
subjects in our previous study(11,12). A late midpoint of sleep
was associated with the intake of only a few nutrient and
food groups: lower intake of vitamin D and higher intake of
bread and caffeinated drinks (including green tea, black tea,
oolong tea, coffee and cola). In young women in our previous
study, a long sleep duration was associated with a late midpoint
of sleep(11). In contrast, a short sleep duration was associated
with a late midpoint of sleep in the elderly women in this
study. Reviews by cross-sectional studies revealed that a
short sleep duration was associated with inadequate dietary
habits in adults and children(36,37). On the other hand, one
Japanese study showed that sleep duration was associated
with dietary nutrient intake in middle-aged men but not in
women(38). A recent report also showed that the relationship
between diet and sleep duration differed between pre-/
perimenopausal and postmenopausal women(39). In this
study, the difference in sleep duration among chronotypes
was less than 1 h, and the mean sleep duration in all groups
was above 7 h. The National Sleep Foundation of the USA
reported that an adequate sleep duration is 7–8 h and that a
sleep duration of less than 5 h is insufficient for optimal health
in older adults(40). Therefore, although the subjects with a late
midpoint of sleep had short sleep duration, it might be suffi-
cient for them. On the other hand, the subjects with a late
midpoint of sleep also had poor sleep quality in this study.
A previous report of the Three-generation Study of Women
on Diets and Health Study Group showed that poor sleep
quality was associated with low intake of vegetables, high
intake of confectionary and unhealthy eating habits among
middle-aged female Japanese workers(41). Further research is
needed to clarify the relationship among generational and sex-
specific sleep characteristics, chronotypes and dietary intake.

Weak correlations were observed between HRQoL indica-
tors and chronotype in this study. One of the physical health
components of the SF-36, GH, was poor in subjects with a
late midpoint of sleep compared with subjects with an early
midpoint of sleep. No significant associations were observed
between other physical and mental health components and
the midpoint of sleep. Although GH includes physical health
components, it has been reported that this scale is valid for
assessing the combined effects of physical and mental condi-
tions in Japanese people(15,16). A recent study reported that
young adults’ sleep quality is more closely associated with
mental and physical health than their chronotype or sleep dur-
ation(42). It was also reported that lower self-reported sleep
quantity and quality were associated with poor HRQoL in chil-
dren, but device-measured sleep characteristics were not(43).
However, although elderly subjects with a late midpoint of
sleep had higher sleep scores, indicating poor sleep quality, a
late midpoint of sleep was associated only with low GH on
the SF-36 in the present study. On the other hand, the ratio
of depressive symptoms assessed by the CES-D and the
total CES-D score was higher in the group with a late mid-
point in the present study. Consistent with the present results,
several reports have shown that an evening chronotype is asso-
ciated with depression(44,45). Several reports also suggest a pro-
tective effect of coffee or caffeine drinks against the risk of
depression(46,47). A previous report of the Three-generation
Study of Women on Diets and Health Study Group also
showed an inverse association between depressive symptoms
and coffee intake, but not another caffeinated drink, green
tea, in elderly Japanese women(48). As mentioned earlier, an
association between a higher intake of caffeinated drinks and
a late midpoint of sleep was observed in our present study,
consistent with other studies(20,49). In the present study, as caf-
feinated drink intake categorised by the midpoint of sleep was
adjusted by depressive symptoms, a higher intake of caffeine
may be characteristic of a late midpoint of sleep. Another sys-
tematic review reported that poor sleep quality and short sleep
duration were associated with high coffee and caffeinated
drink intake, and the sleep of older adults may be more

Table 2. Sleep status and total PSQI score by the midpoint of sleep quintile (n 1618)

All (n 1618)

Midpoint of sleep quintile

Pa

Q1 (n 330;

earliest,

reference) Q2 (n 285) Q3 (n 361) Q4 (n 335)

Q5 (n 307;

latest)

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Midpoint of sleep (o’clock; h:min) 2:28 0:52 1:19 0:23 2:00 ** 0:07 2:26 ** 0:08 2:53** 0:08 3:41 ** 0:34 <0⋅0001
Bedtime (o’clock; h:min) 22:16 1:05 21:04 0:43 21:49 ** 0:43 22:20 ** 0:39 22:44** 0:40 23:25 ** 0:55 <0⋅0001
Rise time (o’clock; h:min) 6:13 0:57 5:12 0:42 5:52 ** 0:36 6:08 ** 0:32 6:36** 0:35 7:19 ** 0:46 <0⋅0001
Sleep latency (hours; h⋅min) 0⋅25 0⋅29 0⋅22 0⋅22 0⋅19 0⋅20 0⋅22 0⋅20 0⋅26 0⋅22 0⋅40 ** 0⋅49 <0⋅0001
Sleep durationb (hours; h⋅min) 7⋅31 1⋅10 7⋅47 1⋅07 7⋅44 1⋅13 7⋅25 ** 1⋅04 7⋅26 ** 1⋅08 7⋅15 ** 1⋅15 <0⋅0001
Total PSQI score 5⋅3 3⋅1 4⋅8 2⋅8 4⋅6 2⋅8 5⋅1 3⋅0 5⋅6 * 3⋅1 6⋅5 ** 3⋅4 <0⋅0001

PSQI, Pittsburgh Sleep Quality Index.

Data are presented as means and SDs.

Significance level compared with Q1 of the midpoint of sleep (Dunnett’s test): *P < 0⋅01; **P < 0⋅001.
a Tests for linear trends used the median value in each quintile as a continuous variable in linear regression.
b It is calculated with rise time and bedtime adjusted for sleep latency.
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affected than the sleep of younger adults(50). Our elderly sub-
jects with a late midpoint of sleep had both poor sleep quality
and a short sleep duration compared with subjects with an
early midpoint of sleep. Further research is needed to deter-
mine its protective effect on HRQoL except GH and the inter-
action of chronotype properties such as sleep quality and sleep
duration.
Fukuhara and Suzukamo reported Japanese population

norms during a validation of the Japanese version of the
SF-36(17). Although a late midpoint was associated with low
GH score in this study, the means of all eight SF-36 subscale
scores for elderly women older than 65 years in this study

exceeded the norms for the Japanese female population aged
70–79 years. These results revealed that HRQoL might be
maintained in the subjects in this study. It has been reported
that patients with several chronic diseases have poor
HRQoL as assessed by the SF-36(51,52). A recent randomised
controlled trial showed that a 6-month reduced-calorie diet
improved the HRQoL score in older adults with obesity(53).
A previous report of the Three-generation Study of Women
on Diets and Health Study Group showed that frailty assessed
using the PF and VT scales of the SF-36 was inversely asso-
ciated with the intake of protein, green tea, coffee, vegetables
and fruits(23). Furthermore, short or long sleep duration was

Table 3. Total energy, nutrients and food group intakes by the midpoint of sleep quintile (n 1618)

Midpoint of sleep quintile

All (n 1618)

Q1 (n 330;

earliest,

reference) Q2 (n 285) Q3 (n 361) Q4 (n 335)

Q5 (n 307;

latest)

Mean SD Mean SE Mean SE Mean SE Mean SE Mean SE Pa

Energy (kcal/d) 1737 457 1720 25 1782 27 1736 24 1745 24 1700 26 0⋅4203
Nutrients

Protein (% energy) 16⋅9 3⋅2 16⋅8 0⋅2 17⋅3 0⋅2 16⋅9 0⋅2 16⋅6 0⋅2 16⋅7 0⋅2 0⋅1194
Fat (% energy) 25⋅6 5⋅2 25⋅4 0⋅3 25⋅9 0⋅3 25⋅3 0⋅3 25⋅4 0⋅3 26⋅0 0⋅3 0⋅3195
Carbohydrates (% energy) 56⋅0 7⋅4 56⋅2 0⋅4 55⋅1 0⋅4 56⋅3 0⋅4 56⋅4 0⋅4 55⋅7 0⋅4 0⋅9057
Cholesterol (mg/1000 kcal) 230 76 229 4 236 5 227 4 229 4 230 4 0⋅7830
Sodium (mg/1000 kcal) 2564 508 2606 28 2588 30 2566 27 2517 28 2549 29 0⋅0525
Potassium (mg/1000 kcal) 1625 393 1617 21 1646 23 1637 20 1613 21 1612 22 0⋅6173
Calcium (mg/1000 kcal) 366 113 367 6 375 7 370 6 360 6 359 6 0⋅1948
Magnesium (mg/1000 kcal) 159 33 159 2 162 2 160 2 157 2 157 2 0⋅1443
Iron (mg/1000 kcal) 5⋅1 1⋅1 5⋅1 0⋅1 5⋅2 0⋅1 5⋅1 0⋅1 5⋅1 0⋅1 5⋅1 0⋅1 0⋅6400
Zinc (mg/1000 kcal) 4⋅8 0⋅6 4⋅8 0⋅0 4⋅9 0⋅0 4⋅8 0⋅0 4⋅8 0⋅0 4⋅7 0⋅0 0⋅1307
Retinol equivalent (μg/1000 kcal) 474 260 457 14 502 15 466 14 470 14 479 15 0⋅6297
Vitamin D (μg/1000 kcal) 11⋅1 6⋅2 11⋅3 0⋅30 11⋅8 0⋅4 11⋅1 0⋅3 10⋅7 0⋅3 10⋅7 0⋅4 0⋅0498
Vitamin E (mg/1000 kcal) 4⋅4 1⋅0 4⋅4 0⋅1 4⋅4 0⋅1 4⋅4 0⋅1 4⋅4 0⋅1 4⋅5 0⋅1 0⋅3455
Thiamin (mg/1000 kcal) 0⋅46 0⋅09 0⋅46 0⋅00 0⋅47 0⋅01 0⋅47 0⋅00 0⋅46 0⋅00 0⋅46 0⋅01 0⋅9215
Riboflavin (mg/1000 kcal) 0⋅81 0⋅19 0⋅79 0⋅01 0⋅83* 0⋅10 0⋅81 0⋅01 0⋅81 0⋅01 0⋅81 0⋅01 0⋅5611
Vitamin B6 (mg/1000 kcal) 0⋅8 0⋅2 0⋅8 0⋅0 0⋅8 0⋅0 0⋅8 0⋅0 0⋅8 0⋅0 0⋅8 0⋅0 0⋅3682
Vitamin B12 (μg/1000 kcal) 6⋅6 3⋅0 6⋅5 0⋅2 6⋅9 0⋅2 6⋅5 0⋅2 6⋅5 0⋅2 6⋅4 0⋅2 0⋅3978
Folate (μg/1000 kcal) 238 72 234 4 241 4⋅0 240 4 238 4 239 4 0⋅5034
Vitamin C (mg/1000 kcal) 85 30 83 2 84 2 86 2 86 2 85 2 0⋅1555

Food groups (g/1000 kcal)

Rice 167⋅4 69⋅7 167⋅6 3⋅7 166⋅7 4⋅0 172⋅8 3⋅5 170⋅4 3⋅6 158⋅4 3⋅9 0⋅2210
Noodlesb 30⋅1 23⋅4 30⋅1 1⋅3 28⋅5 1⋅4 29⋅5 1⋅2 29⋅1 1⋅3 33⋅5 1⋅3 0⋅0886
Bread 21⋅2 16⋅0 20⋅9 0⋅9 18⋅1 0⋅9 20⋅4 0⋅8 21⋅0 0⋅9 25⋅3* 0⋅9 0⋅0001
Confectionsc 32⋅9 22⋅4 34⋅0 1⋅2 32⋅8 1⋅3 31⋅5 1⋅2 34⋅0 1⋅2 32⋅1 1⋅3 0⋅4181
Potatoes 32⋅9 23⋅7 33⋅8 1⋅3 34⋅8 1⋅4 33⋅0 1⋅2 32⋅2 1⋅3 31⋅0 1⋅4 0⋅0686
Fruitsd 78⋅2 56⋅0 75⋅9 3⋅0 72⋅5 3⋅3 80⋅6 2⋅9 79⋅7 3⋅0 81⋅5 3⋅2 0⋅0722
Vegetablese 184⋅3 80⋅0 182⋅7 4⋅3 186⋅3 4⋅7 185⋅9 4⋅1 184⋅7 4⋅3 181⋅8 4⋅6 0⋅8645
Soya 41⋅6 25⋅1 41⋅8 1⋅4 44⋅9 1⋅5 41⋅1 1⋅3 41⋅0 1⋅4 39⋅4 1⋅4 0⋅0765
Fish and shellfishf 58⋅9 30⋅7 59⋅6 1⋅7 61⋅7 1⋅8 58⋅6 1⋅6 57⋅6 1⋅7 57⋅2 1⋅8 0⋅1369
Meatg 32⋅0 17⋅8 30⋅7 1⋅0 34⋅1 1⋅1 32⋅2 0⋅9 30⋅8 1⋅0 32⋅6 1⋅0 0⋅6915
Eggs 20⋅1 12⋅6 19⋅5 0⋅7 20⋅5 0⋅8 19⋅4 0⋅7 20⋅7 0⋅7 20⋅4 0⋅7 0⋅4080
Milk and milk products 73⋅1 56⋅4 71⋅7 3⋅1 74⋅2 3⋅4 74⋅7 3⋅0 72⋅3 3⋅1 72⋅4 3⋅3 0⋅9701
Caffeine drinksh 347⋅1 172⋅7 322⋅5 9⋅5 337⋅2 10⋅2 350⋅2 9⋅0 349⋅4 9⋅4 376⋅5** 9⋅9 <0⋅0001

‘All’ data are means and SDs. Q1–Q5 data are means and SEs. Data of Q1–Q5 were adjusted for body height, body weight, survey year (2011 or 2012), residential block (Hokkaido

and Tohoku, Kanto, Hokuriku and Tokai, Kinki, Chugoku and Shikoku, and Kyushu), size of residential area (city with population ≥1 million, city with population <1 million, or town and

village), education (junior high school or under and others, high school or some college or over), physical activity (total MET, h/d) and depression symptoms (yes or no).

Significance level compared with Q1 of midpoint of sleep (Dunnett’s test): *P < 0⋅01; **P < 0⋅001.
a Tests for linear trend used the median value in each quintile as a continuous variable in linear regression.
b Including Japanese noodles (buckwheat and Japanese wheat noodles), instant noodles, Chinese noodles and pasta.
c Including Western-style cake, cookies, Japanese-style cake, rice crackers, rice cakes, Japanese-style pancakes and ice cream.
d Including citrus fruits, persimmon, strawberry, kiwi fruit and other all fruits.
e Including coloured vegetables, other vegetables, mushrooms and sea vegetables.
f Including cuttlefish, octopus, lobster, shellfish, small fish, canned tuna, dried fish, salt fish, oily fish and non-oily fish.
g Including chicken, pork, beef, ham, sausage, bacon and liver.
h Including green tea, black tea, oolong tea, coffee and cola.
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independently associated with impairment of HRQoL in
adults with chronic diseases(54,55). In the present study,
although more than 60 % of the subjects had a history of
chronic disease, the details of their diseases were not investi-
gated. Further studies are needed to confirm the association
among chronotype, sleep characteristics (including sleep dur-
ation and sleep quality), HRQoL and dietary intake in elderly
people with specific chronic diseases.
The present study had several limitations. First, we did not

ask the subjects about their sleep habits on workdays and free
days separately. We calculated the midpoint of sleep using bed-
time and rise time on most days of the previous month. We
also did not ask whether the subjects had an occupation.
The midpoint of sleep differs between free days and workdays,
and the MEQ score on the Horne–Ostberg questionnaire
appears to correlate better with the midpoint of sleep on
free days than on workdays(29,30). Although it may be sug-
gested that the difference between free days and workdays
was small because the subjects were elderly women aged
above 65 years, it is possible that their occupation, or any
other regular schedule, affected their chronotype as assessed
by the midpoint of sleep. Second, we did not investigate sea-
sonable variables in the results. It was reported that chrono-
type, depression and dietary intake were affected by
season(56–58). Because our data were collected in spring, the
seasonal variability of these parameters may affect the results
in the present study. Third, it is possible that the elderly
women in the present study may not sufficiently reflect the
general population of elderly women in Japan, because most
subjects had grandchildren who were students at universities,
colleges or technical schools. Fourth, the subjects in the pre-
sent study were elderly women. Although a recent report sug-
gests that the difference in chronotype between men and
women diminishes with age, the results for men require fur-
ther confirmation(59). Finally, the present findings were
observed by a cross-sectional study. Longitudinal studies are
needed to confirm that chronotype directly affects dietary
intake, depression and HRQoL in elderly people.
In conclusion, a late midpoint of sleep was associated with a

lower intake of vitamin D and a higher intake of bread and

caffeinated drinks. No correlations were observed between
chronotype and other nutrient or food intakes. Subjects with
a late midpoint of sleep showed low GH and a high CES-D
score. Other HRQoL scores were not different between the
groups with different midpoints. In this study, the subjects
with a late midpoint of sleep had poor sleep quality and a
shorter sleep duration than those with an early midpoint of
sleep. These results suggest that it is necessary to consider
the relationship between chronotype and diet and health, tak-
ing into consideration sleep characteristics by age.

Acknowledgments

In this study, we used computing services of the Academic
Center for Computing and Media Studies (ACCMS), Kyoto
University, for statistical analysis. We thank the members of
the Three-generation Study of Women on Diets and Health
Study Group as co-authors. All members are listed in the pre-
vious report(23).
This study was supported by JSPS KAKENHI under Grant

No. 22240077 (to S.S.) from the Japan Society for the
Promotion of Science. The data analysis in the present study
was also supported in part by JSPS KAKENHI under
Grant No. 26350130 (to N.M.) from the Japan Society for
the Promotion of Science. The Japan Society for the
Promotion of Science had no role in the design of the study,
the analysis of the results or the writing of the manuscript.
N.M. collected the baseline data, analysed the data, designed

this study and wrote the manuscript. E.F. collected the base-
line data and edited and reviewed the manuscript. S.S. contrib-
uted to the data collection and management, designed the
Three-generation Study of Women on Diets and Health
Study Group, and edited and reviewed the manuscript.
This study was conducted according to the guidelines stated

in the Declaration of Helsinki, and all procedures for the
Three-generation Study of Women on Diets and Health
were approved by the Ethics Committee of the University of
Tokyo Faculty and Medicine (No. 3249). Written informed
consent was obtained from all subjects.
All authors declare that they have no conflicts of interest.

Table 4. HRQoL results by the midpoint of sleep quintile (n 1618)

SF-36 subscale Midpoint of sleep quintile

All (n 1618)

Q1 (n 330;

earliest, reference) Q2 (n 285) Q3 (n 361) Q4 (n 335)

Q5 (n 307;

latest)

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Pa

PF 76⋅1 21.3 75⋅9 22.3 77⋅8 21.1 77⋅5 19.3 75⋅2 21.6 73⋅8 22.0 0⋅11
RP 83⋅0 22.9 83⋅7 22.5 83⋅8 23.4 83⋅6 21.3 82⋅7 24.3 81⋅2 23.3 0⋅15
BP 68⋅5 22.3 68⋅8 22.3 69⋅3 21.9 67⋅9 21.2 68⋅1 22.5 68⋅3 23.9 0⋅62
GH 63⋅6 19.1 64⋅9 19.4 65⋅8 18.9 64⋅2 18.2 61⋅8 19.3 61⋅4 19.3 0⋅002
VT 67⋅1 19.9 67⋅7 21.3 68⋅0 19.9 68⋅1 19.0 65⋅5 19.6 66⋅1 19.6 0⋅13
SF 88⋅6 17.7 87⋅5 19.3 88⋅7 19.1 88⋅9 16.9 88⋅8 16.9 89⋅0 16.7 0⋅30
RE 86⋅8 21.1 86⋅6 22.0 89⋅0 19.8 87⋅2 20.6 86⋅1 22.5 85⋅1 20.5 0⋅15
MH 76⋅9 18.0 77⋅1 18.4 77⋅9 18.4 77⋅3 17.4 76⋅0 18.3 76⋅0 17.7 0⋅23

HRQoL, health-related quality of life.

PF, physical functioning. RP, role-physical. BP, bodily pain. GH, general health perception. VT, vitality. SF, social functioning. RE, role-emotional. MH, mental health perception.

Data are means and SDs.
a Tests for linear trend used the median value in each quintile as a continuous variable in linear regression.
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