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Ambient Light Exposure and Changes in Obesity
Parameters: A Longitudinal Study of the HEIJO-KYO
Cohort

Kenji Obayashi*, Keigo Saeki*, Norio Kurumatani

Department of Community Health and Epidemiology, Nara Medical University School of Medicine, Nara,
Japan. *Drs. Obayashi and Saeki contributed equally to this work.

CONTEXT: Previous epidemiological studies have suggested an association between nighttime
light levels and the prevalence of obesity, although evidence is limited to cross-sectional studies.

OBJECTIVE: To evaluate the longitudinal association between ambient light exposure and the
subsequent changes in obesity parameters.

DESIGN AND PARTCIPANTS: Data from 1,110 elderly participants at baseline (mean age, 71.9 years)
and data from 766 at follow-up (median, 21 months) were included in this prospective population-
based study.

MEASURES: Time-dependent ambient light exposure based on objective measurements and
changes in the waist-to-height ratio (WHtR) and body mass index (BMI) were measured.

RESULTS: Multivariable mixed-effect linear regression models showed a significant association
between light exposure and the %WHtR gain; this was independent of potential confounders (e.g.,
caloric intake, physical activity, and sleep/wake parameters). Nighttime or evening exposure to
higher light intensity was significantly associated with subsequent %WHtR gain. Morning expo-
sure to a longer time �500 lux or nighttime exposure to a longer time �3 lux was significantly
associated with subsequent %WHtR loss. These association trends were nearly consistent when the
BMI was used as an obesity parameter. Increased nighttime light exposure (mean �3 vs. �3 lux) was
estimated to correspond to a 10.2% WHtR gain and 10.0% increase in BMI over 10 years.

CONCLUSIONS: Ambient light exposure, such as increased nighttime or evening light exposure and
decreased morning light exposure, was independently associated with subsequent increases in
obesity parameters. Further interventional studies are warranted to establish an optimal con-
trolled lighting environment as a preventive option against obesity.

The prevalence of obesity has increased over time in
most countries and now reached epidemic propor-

tions (1–4). Obesity is widely recognized as one of the
leading health threats worldwide and a major risk factor
for hypertension, diabetes, cardiovascular diseases, can-
cer, and early mortality (5–9). Although obesity is primar-
ily caused by overeating and physical inactivity, existing
diet and physical exercise programs have failed to prevent
this epidemic (10), warranting novel innovative
approaches.

Energy homeostasis is fundamentally maintained by
the endogenous circadian timing system under the control
of the suprachiasmatic nucleus of the hypothalamus (the
master biological clock) (11). Clock gene mutations in-
duced obesity in mice (12), and circadian misalignment
between the internal and environmental rhythms de-
creased daily energy expenditure and leptin levels in hu-
man experimental studies (13, 14) These findings agree
with previous epidemiological findings of obesity being
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induced by shiftwork, which is associated with chronic
circadian misalignment (15).

The solar 24-hour cycle has led to the evolution of the
human circadian timing system, which is crucially influ-
enced by light information. Light exposure at an inappro-
priate timing against the solar cycle can desynchronize the
internal rhythms from the environmental rhythms, result-
ing in circadian misalignment (16). Modern societies have
developed with the widespread use of electrical lighting at
night (17). Recent experimental studies using mice (18,
19) demonstrated that an 8-week exposure to nighttime
light significantly increased body mass, even at a low in-
tensity (5 lux), and 5-week exposure to a shorter nighttime
dark period dose-dependently increased fat mass. In epi-
demiological studies (20, 21), a higher prevalence of obe-
sity was observed in individuals with a higher nighttime
bedroom light intensity measured objectively and subjec-
tively; however, evidence is limited to cross-sectional stud-
ies (22). The purpose of this study is to evaluate the hy-
pothesis whether objectively measured ambient light
exposure are longitudinally associated with the subse-
quent changes in obesity parameters.

Materials and Methods

Study Participants and Design
Baseline data collection of the HEIJO-KYO cohort was con-

ducted between September and April 2010–2014, which in-
cluded 1127 community-dwelling elderly individuals aged � 60
years. Of these, we excluded participants who did not complete
measurements of light exposure and obesity parameters. As a
result, we evaluated the primary outcomes from 1110 partici-
pants at baseline and from 766 at follow-up (median duration,
21 months). Follow-up was conducted between August and Sep-
tember. All participants provided written informed consent. The
study protocol was approved by Nara Medical University’ ethics
committee.

The baseline study protocol was reported in our previous
study (23). In brief, the homes of participants were visited pre-
dominantly on weekdays and demographic and medical infor-
mation was collected during face-to-face interviews by trained
interviewers using a standardized questionnaire. Waist circum-
ference, body weights, and heights were measured and venous
blood samples were collected. Then, light exposure measure-
ments were performed for 48-hour from noon of the first day to
noon of the third day and participants were instructed to main-
tain a standardized sleep diary for the first and second night.
Overnight urine for the second night was collected. Finally, the
instruments, sleep diaries, and urine samples were collected from
the homes of the participants. All participants did not receive any
instruction on their eating, activity or sleep behavior, except for
drinking. They were instructed not to consume alcohol during
the designated monitoring period.

Measurements of Light Exposure
Morning (4 hours after rising time), evening (4 hours before

bedtime), daytime (rising time to bedtime), and nighttime (bed-
time to rising time) were defined using data from the sleep diary.

Light exposures in the morning, evening, and daytime, were
measured for two consecutive days at 1-minute intervals using a
wrist light meter (Actiwatch 2; Respironics Inc., Murrysville, PA)
worn on the nondominant wrist. The device has a photodiode
with a spectral sensitivity approximating that of the human eye
(illuminance sensitivity, 0–150 000 lux). All participants were
given special rubber bands to prevent their shirtsleeves from cov-
ering the device. Daytime values of � 1 lux were considered
artifact data because of the sensor coverage and were not con-
sidered for calculating mean values (24). If light data for more
than half of the daytime period were interpreted as artifacts, the
data were considered missing. Mean light intensities were used as
parameters of exposed light amplitude. Times above the thresh-
old intensities were the total minutes above the thresholds, which
were based on the values of 500 and 1000 lux during daytime
used in the previous observational studies (23–25). The thresh-
olds of 50 and 100 lux on evening light exposure were based on
our previous data showing that median intensity of evening light
exposure was approximately 1/10 of that of daytime (26). Data
were analyzed after base 10 logarithmic transformation.

Light exposures during the nighttime and in the first (1 hour
after bedtime) and last hour of the night (1 hour before rising
time) were measured for two consecutive nights at 1-minute in-
tervals using a portable light meter (LX-28SD; Sato Shouji Inc.,
Kanagawa, Japan) placed facing the ceiling by the head of the
subject’s bed at 60 cm above the floor (illuminance sensitivity,
0–100 000 lux). Light meter measurements were synchronized
to those of the wrist light meter. Mean light intensities were used
as parameters of exposed light amplitude. Times below the
threshold intensities (3 and 10 lux) were the total minutes below
the thresholds. Since normalizing the distribution of nighttime
light was difficult, we conducted categorical analysis by tertile
value or the predefined threshold (3 and 10 lux) which were
based on the values that have minimal effects on human physi-
ology (16).

Measurements of the Obesity Parameters
Waist circumference at the umbilicus level, height, and body

weight were measured in the standing position. The waist-to-
height ratio (WHtR) was calculated as the waist circumference
(m) divided by height (m), and the body mass index (BMI) was
calculated as body weight (kg) divided by height (m2). WHtR is
more accurate than the BMI or waist circumference for evalu-
ating fat distribution and accumulation, and determining the
cardiometabolic risk (27, 28). Abdominal obesity was defined as
WHtR � 0.6, as clinical significance increases beyond this value
in the elderly (29).

Measurements of the Covariates
The current smoking, drinking, and socioeconomic statuses

were surveyed using a questionnaire. The caloric intake was as-
sessed by a validated food frequency questionnaire, containing
29 food groups and 10 kinds of cookery; the weekly intake of
each food group was estimated by commonly used units or por-
tion sizes (30). Physical activity was assessed using the Interna-
tional Physical Activity Questionnaire (Japanese version), con-
taining questions on the amount of time spent performing
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moderate and vigorous activities, and walking per week (31). A
standardized sleep diary was used to estimate bedtimes and rising
times. Subjective sleep quality was assessed using the Pittsburgh
Sleep Quality Index (PSQI) questionnaire, and sleep distur-
bances were defined as PSQI score � 6 (32). As an index of
melatonin secretion, urinary 6-sulfatoxymelatonin excretion
(UME) was measured from urine samples collected overnight as
described in our previous publication (23). The day length (sun-
rise to sunset), based on the measurement days in Nara, Japan
(latitude 34°N), was extracted from the National Astronomical
Observatory of Japan’s website (33).

Statistical Analysis
Averages of data for the light exposure, sleep diary, and day

length on two measurement days were used for analysis. Means
were compared between the dichotomous groups using the un-
paired t test, and the �2 test was used to compare categorical data.
The mean, median, or proportion was substituted for missing
data of independent variables. Data of total participants (n �
1110) were used in cross-sectional analysis of the association
between light exposure and abdominal obesity. In longitudinal
analysis, using data of 1110 participants at baseline and 766
participants at follow-up, the association between light exposure
and changes in the obesity parameters was evaluated by the
mixed-effect linear regression analysis consisting of the individ-
ual-level variables (light exposure, age [�70 vs. �70 years], sex
[male vs. female], follow-up duration [�2 vs. �2 years], current
smoking status [yes vs. no], alcohol consumption [�30 vs. �30
g/d], household income [�4 vs. �4 million Japanese Yen/y],
education [�13 vs. �13 years], caloric intake [per 100 kcal/d],
physical activity [per log MET-h/wk], sleep disturbances [yes vs.
no], bedtime [per 1 hour delay], duration in bed [per 1 hour],
UME [per log �g], and day length [per quartile]), and the day-
level variables (WHtR and BMI). Regression coefficients were
estimated by the maximum likelihood method. All analyses were
performed using SPSS, version 19.0 for Windows (IBM SPSS
Inc., Chicago, IL). Statistical significance was set at a two-sided
P value � 0.05. Time-dependent changes in exposed light inten-
sity were smoothed by the generalized additive model, minimiz-
ing the generalized cross-validation score (34) using the R sta-
tistics package (35).

Results

Baseline Characteristics
The participants’ mean age at baseline was 71.9 � 7.1

year (Table 1). The mean WHtR was 0.536 � 0.057.
WHtR correlated better with waist circumference than
height (r � 0.85 vs. –0.31, respectively). The median of
mean light intensities in the morning, evening, daytime,
and nighttime were 345.9, 24.0, 337.2, and 0.7 lux, re-
spectively (Table 2). The median time � 500 lux in the
morning, �100 lux in the evening, �500 lux during the
daytime, and � 3 lux during the nighttime were 24, 6, 74,
and 467 minutes. These baseline characteristics stratified
by the follow-up status are summarized in tables.

Figure 1 shows time-dependent changes in exposed

light intensity between the groups with (n � 138) and
without (n � 972) abdominal obesity at baseline. The
abdominal obesity group was exposed to a lower light
intensity from rising time to near the beginning of the
evening than the no abdominal obesity group. Thereafter,
the former was mostly exposed to higher light intensity
throughout the night.

Longitudinal Association between Light Exposure
and Obesity Parameters

The mean follow-up WHtR was 0.550 � 0.059 and the
mean WHtR difference (follow-up minus baseline) was
0.016 (95% CI, 0.014 to 0.019), respectively.

Morning exposure to higher light intensity was signif-
icantly associated with subsequent %WHtR loss in the
unadjusted model over a median follow-up of 21 months
(P � .002; Table 3), but this was insignificant in the min-
imally adjusted model (P � .07; model 1). A longer time �

500 lux in the morning was significantly associated with
subsequent %WHtR loss in the unadjusted model; the
association remained significant in the fully adjusted
model (P � .022; model 2), whereas there was a marginal
association between a longer time � 1,000 lux in the
morning and %WHtR loss (P � .06; model 2).

Regarding evening light, no parameter was signifi-
cantly associated with change in %WHtR in the unad-
justed models. After adjusting for confounders, evening
exposure to higher light intensity and a longer time � 100
lux were significantly associated with subsequent
%WHtR gain (P � .045 and P � .032, respectively; model
2).

Daytime light, including morning and evening light,
was significantly associated with subsequent %WHtR
loss in the unadjusted models, and the only association
between a longer time � 500 lux during the daytime and
subsequent %WHtR loss remained significant in the ad-
justed model (P � .021; model 2).

Nighttime exposure to higher light intensity (mean � 3
lux) was significantly associated with subsequent
%WHtR gain in each statistical model (P � .010, model
2). A longer time � 3 lux during the nighttime was sig-
nificantly associated with subsequent %WHtR loss in
each statistical model (P � .021, model 2). These results
were consistent when a higher cutoff intensity of 10 lux
was used. Regarding light intensity in the first hour of the
nighttime period, no significant association with %WHtR
change was observed in any statistical model; however,
higher light intensity in the last hour of the night (the
highest vs. lowest tertiles) was significantly associated
with subsequent %WHtR gain in each statistical model
(P � .030; model 2).

When using BMI as the obesity parameter, the associ-
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ation trends between light exposure and change in BMI
were mostly consistent. In the fully adjusted models, BMI
gain was significantly associated with evening or night-
time exposure to higher light intensity and evening expo-
sure to a longer time above the thresholds. BMI loss was
significantly associated with daytime exposure to a longer
time � 500 lux and nighttime exposure to a longer time
below the thresholds. Additionally, daytime exposure to a
longer time � 500 lux and nighttime exposure to higher
light intensity (�3 lux) were independently and signifi-
cantly associated with both WHtR and BMI changes in the
same model (model 2, data not shown).

Additional Analysis
Sensitivity analysis using light data during the actual

sleep period, as defined by actigraphy (moderate thresh-
old: 40 counts/min), showed consistently significant as-
sociations of nighttime exposure to a longer time � 3 lux

(per min) with subsequent losses in WHtR and BMI (�,
–0.009; 95% CI, –0.014 to –0.005; P � .001; and �,
–0.005; 95% CI, –0.007 to –0.002; P � .001; model 2;
respectively). In addition, similar results were observed in
the sensitivity analysis excluding the participants with pre-
vious history of shiftwork (n � 74) (data not shown).
Furthermore, in the additional analysis adjusted for sleep
disturbances or UME, results were consistent with those in
Table 3 (data not shown).

Independent variables, eg, the duration in bed and bed-
time (Pearson’s coefficient, 0.69), duration in bed and
time � 3 lux (0.72), and duration in bed and time � 10 lux
(0.77) were moderately correlated. The categorical data of
duration in bed (�8 or � 8 hours) had lower correlations
with nighttime times � 3 and � 10 lux than the continuous
data (Pearson’s coefficient, 0.57 and 0.62, respectively). A
significant association between WHtR loss and nighttime

Table 1. Baseline Characterisctics

Variables All Follow-up status P§

Yes No

No. of participants 1110 766 344
Basic parameters

Age, mean (SD), years 71.9 (7.1) 71.0 (6.7) 73.7 (7.6) �0.001
Gender, number, male 520 (46.8%) 355 (46.3%) 165 (48.0%) 0.62
Current smoker, number 56 (5.0%) 40 (5.2%) 16 (4.7%) 0.96
Alcohol consumption
(�30 g/day), number

159 (14.3%) 113 (14.8%) 46 (13.4%) 0.58

Household income (�4
million JPY/year),
number

440 (42.9%) 319 (44.3%) 121 (39.5%) 0.59

Education (�13 yr),
number

295 (26.6%) 228 (29.8%) 67 (19.5%) 0.014

Caloric intake, mean
(SD), kcal/day

1991.1 (484.6) 1997.4 (534.1) 1973.8 (534.1) 0.28

Physical activity, median
(IQR), MET-hr/week

22.3 (7.7, 46.2) 23.1 (8.8, 46.7) 18.8 (5.1, 40.9) 0.007†

Sleep disturbances (PSQI
�6), number

388 (35.2%) 260 (33.9%) 128 (37.3%) 0.17

Obesity parameters
Waist-height ratio, mean
(SD)

0.536 (0.057) 0.534 (0.057) 0.541 (0.057) 0.28

Body mass index, mean
(SD), kg/m2

23.1 (3.0) 23.1 (3.0) 23.1 (3.2) 0.43

Circadian rhythm
parameters
Bedtime, mean (SD),
clock time

22:29 (1:10) 22:34 (1:08) 22:17 (1:14) 0.050

Duration in bed, mean
(SD), min

497 (76.8) 491.2 (74.7) 511.5 (79.7) 0.030

UME, median (IQR), �g 6.8 (4.0, 10.6) 7.0 (4.2, 11.2) 5.9 (3.7, 9.1) 0.003†
Day length, median
(IQR), min

654 (623, 682) 649 (614, 682) 657 (634, 682) 0.053‡

SD, standard deviation; IQR, interquartile range; MET, metabolic equivalent; PSQI, Pittsburgh Sleep Quality Index; UME, urinary 6-
sulfatoxymelatonin excretion.

§ test (yes vs. no) after adjustment for age and gender. † test after log-transformation. ‡ test after quartile-transformation.
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exposure to a longer dark exposure was observed in the
models adjusted for the categorical data of duration in bed
(�, –0.007; 95% CI, –0.012 to –0.002; P � .007; and �,
–0.007; 95% CI, –0.013 to –0.002; P � .006; model 2;
respectively).

Discussion

We found independent associations between ambient light
exposure, such as increased nighttime or evening light ex-

posure and decreased morning or daytime light exposure,
and subsequent increases in obesity parameters. To our
knowledge, this is the first longitudinal study reporting a
significant association between time-dependent ambient
light levels and obesity risk in a large general population.

Nighttime exposure to higher light intensity was sig-
nificantly associated with WHtR and BMI gain; con-
versely, a longer dark exposure during the nighttime was
significantly associated with WHtR and BMI loss. Al-
though the nighttime light levels we observed were low,
our findings were consistent with previous experimental
studies. Fonken et al showed that exposure to nighttime
light for 8 weeks significantly increased the body mass of
mice, even at a low intensity (5 lux), independently of
caloric intake and physical activity (18). Kooijman et al
suggested that exposure to a shorter nighttime dark period
for 5 weeks increased the fat mass of mice dose-depend-
ently through a decrease in energy expenditure by the in-
activation of brown adipose tissue (19). Additionally,
minimizing light exposure just before rising may be im-
portant to prevent obesity. Although median light inten-
sity and variation were similar between the first and last
hour of the nights, the obesity parameter changes were
more strongly associated with light exposure during the
last hour of the night than the first hour of the night.
According to the phase–response curve to light (PRC)
(36), early morning light advances the internal circadian
phase, suggesting that light exposure during the last part
of the night may cause circadian misalignment between
the internal and environmental rhythms.

In the evening, increased light exposure was signifi-

Table 2. Baseline Light Exposure Characteristics

Follow-up status

Variables All Yes No P§

No. of participants 1110 766 344
Mean light intensity median (IQR), lux

Morning (4 h) 345.9 (121.5, 796.3) 352.9 (123.9, 828.3) 315.2 (110.5, 771.1) 0.40†
Evening (4 h) 24.0 (15.9, 37.0) 23.8 (15.9, 37.1) 24.6 (16.0, 35.4) 0.32†
Daytime (All) 337.2 (165.4, 719.2) 336.9 (167.2, 702.9) 348.2 (156.9, 784.7) 0.91†
Nighttime (All) 0.7 (0.1, 3.3) 0.6 (0.1, 2.9) 1.0 (0.2, 4.4) 0.017‡
First night (1 h) 1.3 (0, 9.5) 1.2 (0, 8.3) 1.7 (0, 13.6) 0.46‡
Last night (1 h) 1.1 (0, 8.0) 0.8 (0, 6.7) 1.6 (0.02, 11.0) 0.007‡

Time below/above threshold median (IQR), min
Morning (4 h) �500 lux 24 (9, 46) 24 (9, 46) 22 (8, 45) 0.65†

�1000 lux 15 (5, 34) 16 (5, 35) 13 (5, 33) 0.58†
Evening (4 h) �50 lux 28 (12, 53) 29 (12, 54) 28 (12, 51) 0.97†

�100 lux 6 (1, 19) 6 (1, 19) 6 (1, 18) 0.83†
Daytime (All) �500 lux 74 (40, 129) 76 (43, 128) 70 (34, 132) 0.35†

�1000 lux 50 (25, 96) 50 (27, 97) 51 (22, 94) 0.55†
Nighttime (All) �3 lux 467 (420, 516) 465 (417, 509) 473 (430, 526) 0.13

�10 lux 473 (427, 521) 470 (421, 515) 481 (437, 537) 0.18

SD, standard deviation; IQR, interquartile range.

§ test (yes vs. no) after adjustment for age and gender. † test after log-transformation. ‡ test after tertile-transformation.

Figure 1. Cross-sectional associations between time-dependent
changes in exposed light intensities and abdominal obesity at baseline.
Solid line, no abdominal obesity group; dotted line, abdominal obesity

group; abdominal obesity (the waist-to-height ratio � 0.6); morning, 4
hours after rising; evening, 4 hours before bedtime; the first hour of
the night, 1 hour after bedtime; the last hour of the night, 1 hour
before rising.
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cantly associated with both WHtR and BMI gain, which
may have resulted from the circadian phase delay or the
shortened biological night. Although this association was
insignificant in the unadjusted models, after adjusting for
important confounders (ie, age and gender), this associa-
tion became significant. The PRC indicated that the mag-
nitude of phase delay is greater in the evening than in the
other period (36). Moreover, previous studies suggested
that evening exposure to room light � 200 lux suppressed
the onset of melatonin synthesis (37) and prolonged sleep
initiation (38), indicating that evening light shortened the
melatonin-organized biological night and sleep duration.
In our present study, the associations between light expo-
sure and obesity parameters were independent of the total
amount of nighttime melatonin secretion and subjective
sleep quality.

Morning or daytime exposure to a longer time � 500
lux significantly reduced the obesity parameters, which
was possibly associated with the circadian alignment and
enhanced sleep quality and melatonin levels. This moder-
ate light intensity measured using wrist light meters gen-
erally originates in sunlight and would contribute to syn-
chronization of the internal rhythms to the environmental
rhythms. A previous cross-sectional study suggested that
early daytime exposure to moderate light intensity � 500
lux was significantly associated with lower BMI (26).

Midday bright light intervention of 2500 lux enhanced
nocturnal melatonin secretion and improved sleep quality
among elderly patients with insomnia (39). In our previ-
ous study (22), higher daytime ambient light exposure was
associated with greater nocturnal melatonin levels, which
relate to circadian alignment and may regulate energy ex-
penditure through growing and activating brown adipose
tissue (40, 41).

Cumulative effects of light exposure on the obesity risk
can be estimated from our results. Higher nighttime light
intensity (�3 vs. �3 lux) and increased evening light in-
tensity from the twenty-fifth to seventy-fifth percentiles
(15.9–37.0 lux) corresponded to 10.2% and 4.5% for
WHtR gain, and 10.0% and 9.1% for BMI gain, respec-
tively, over 10 years. Conversely, increased daytime ex-
posure to time � 500 lux and increased nighttime expo-
sure to time � 3 lux from the twenty-fifth to seventy-fifth
percentiles (40–129 minutes and 420–516 minutes, re-
spectively) corresponded to 5.3% and 6.1% for WHtR
loss, and 6.7% and 7.1% for BMI loss, respectively, over
10 years. In our study, nighttime light intensity and day-
time light exposure had mutually independent effects on
the obesity parameters. Additionally, increased nighttime
light and decreased daytime light are common exposures
in modern society, suggesting high population attribut-

Table 3. Longitudinal Association between Light Exposure and Obesity Risk using the Mixed-Effect Linear
Regression Analysis

Light exposure parameters % WHtR change BMI change

Unadjusted Adjusted Model 1 Adjusted Model 2 Adjusted Model 2

� 95% CI P � 95% CI P � 95% CI P � 95% CI P
Morning (4 h)

Mean light intensity continuous (log lux) �0.898 �1.472, �0.325 0.002 �0.534 �1.106, 0.039 0.07 �0.393 �0.972, 0.186 0.18 �0.143 �0.456, 0.170 0.37
Time above �500 lux continuous (log min) �1.275 �1.918, �0.631 �0.001 �0.897 �1.536, �0.258 0.006 �0.970 �1.798, �0.143 0.022 �0.257 �0.605, 0.091 0.15
Time above �1000 lux continuous (log min) �1.003 �1.607, �0.398 0.001 �0.644 �1.244, �0.044 0.035 �0.699 �1.428, 0.030 0.06 �0.148 �0.474, 0.178 0.37

Evening (4 h)
Mean light intensity continuous (log lux) 0.325 �0.851, 1.501 0.59 1.202 0.038, 2.365 0.043 1.209 0.026, 2.392 0.045 1.046 0.410, 1.682 0.001
Time above �50 lux continuous (log min) �0.034 �0.741, 0.673 0.93 0.436 �0.262, 1.134 0.22 0.506 �0.195, 1.207 0.16 0.467 0.089, 0.846 0.015
Time above �100 lux continuous (log min) 0.253 �0.327, 0.833 0.39 0.598 0.028, 1.167 0.040 0.626 0.055, 1.196 0.032 0.452 0.145, 0.760 0.004

Daytime (All)
Mean light intensity continuous (log lux) �1.176 �1.902, �0.450 0.002 �0.451 �1.120, 0.293 0.23 �0.350 �1.107, 0.408 0.37 �0.274 �0.683, 0.135 0.19
Time above �500 lux† continuous (log min) �1.800 �2.597, �1.003 �0.001 �1.067 �1.881, �0.252 0.010 �0.980 �1.810, �0.151 0.021 �0.540 �0.988, �0.093 0.018
Time above �1000 lux† continuous (log min) �1.469 �2.169, �0.769 �0.001 �0.813 �1.528, �0.098 0.026 �0.706 �1.436, 0.024 0.06 �0.432 �0.826, �0.038 0.032

Nighttime (All)
Mean light intensity �3 vs. �3 lux 0.783 0.033, 1.533 0.041 0.919 0.190, 1.649 0.014 0.959 0.230, 1.687 0.010 0.405 0.011, 0.799 0.044

�10 vs. �10 lux 1.091 0.066, 2.116 0.037 1.073 0.076, 2.070 0.035 0.999 0.004, 1.993 0.049 0.391 �0.143, 0.932 0.15
Time below �3 lux‡ continuous (per min) �0.006 �0.012, �0.001 0.029 �0.006 �0.012, �0.0005 0.034 �0.006 �0.012, �0.001 0.023 �0.003 �0.006, �0.00 002 0.048
Time below �10 lux‡ continuous (per min) �0.008 �0.014, �0.001 0.018 �0.007 �0.014, �0.001 0.023 �0.007 �0.013, �0.001 0.021 �0.003 �0.007, 0.00 004 0.053

First night (1 h)
Mean light intensity T1 (low) ref ref ref ref

T2 (intermediate) 0.151 �0.660, 0.963 0.71 0.270 �0.521, 1.062 0.50 0.219 �0.564, 1.002 0.58 �0.048 �0.472, 0.375 0.82
T3 (high) 0.375 �0.437, 1.187 0.37 0.408 �0.382, 1.199 0.31 0.219 �0.576, 1.013 0.59 �0.067 �0.497, 0.362 0.76

Last night (1 h)
Mean light intensity T1 (low) ref ref ref ref

T2 (intermediate) 0.534 �0.275, 1.344 0.20 0.411 �0.379, 1.200 0.31 0.423 �0.368, 1.215 0.29 0.288 �0.140, 0.717 0.19
T3 (high) 0.935 0.125, 1.746 0.024 0.842 0.050, 1.635 0.037 0.898 0.089, 1.707 0.030 0.367 �0.071, 0.804 0.10

CI, confidence interval; WHtR, waist-to-height ratio; BMI, body mass index.

Model 1: Adjusted for age, gender, and follow-up duration.

Model 2: Adjusted for age, gender, follow-up duration, smoking and drinking status, household income, education, caloric intake, physical
activity, bedtime, duration in bed, and day length.

† Adjusted for duration out of bed (continuous). ‡ Adjusted for duration in bed (continuous).
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able risks. Thus, changing daily light exposure patterns
may be clinically significant for reducing the obesity risk.

Previous epidemiological studies have indicated that
short sleep duration increases risk of obesity (42). In fact,
inadequate sleep decreases leptin levels and increases ghre-
lin levels, resulting in increased appetite and obesity risk
(43); however, our main results were independent of base-
line caloric intake. Whereas nighttime light is a potential
sleep disruptor even at low light intensity (44). Addition-
ally, previous population-based studies suggested that the
late chronotype was associated with obesity in adult and
children (45, 46), and showed the late chronotype was
exposed to a higher light intensity in evening and short
sleep duration (47, 48). Thus, light exposure may be the
potential upstream factor of this previous epidemiological
evidence. Longitudinal studies investigating the associa-
tions of light exposure with sleep duration and chrono-
types are needed.

This study has several limitations. First, participants
were not randomly selected, possibly leading to selection
bias. However, the parameters of BMI and the estimated
glomerular filtration rate (GFR) were similar to the cor-
responding national data for Japan (49). Second, the fol-
low-up data on obesity parameters were only available
from 766 participants (69%), possibly affecting the va-
lidity of the statistical results. As shown in Table 1 and 2,
participants lost to follow-up were significantly older, had
lower education levels, engaged in less physical activity,
spent longer durations in bed, had lower UME levels, and
were exposed to higher nighttime light levels. These fac-
tors may lead to an underestimation of the detected influ-
ence because of exposure to higher nighttime light inten-
sity and poor lifestyles leading to obesity. Third, the
present cohort only included elderly participants; there-
fore, the generalizability of our findings to a younger pop-
ulation remains undetermined. Age-related cloudiness of
the crystalline lens causes decreased light reception to the
retina, even before cataract diagnosis, and the capacity for
light reception in a 70-year-old is one-fifth of that in a
teenager (50), possibly implying that light exposure has
greater effects in younger individuals. Studies on the
younger population are warranted. In addition, we had no
information related to the incidence of chronic diseases
associated with a loss of WHtR and BMI in our elderly
population, so some residual confounding effect of the
chronic diseases may exist. Fourth, light levels were mea-
sured only over 2 days without eye-level light meters, pos-
sibly leading to misclassification of the ambient light sta-
tus. A previous study reported significant correlations
between illumination at the cornea level and the wrist level
(r � 0.76) (51). The day-to-day reproducibility of light
exposure parameters were reported in our previous study

where both daytime and nighttime light intensity were
moderately correlated (r � 0.61–0.70) (22). The intersea-
sonal reproducibility was fair (r � 0.45–0.47) (39); how-
ever, the present statistical models were adjusted for day
length. Furthermore, future studies measuring wave
lengths would reveal more appropriate associations be-
cause shorter wave lengths are mostly sensitive to align-
ment of circadian biological rhythms (50).

In conclusion, ambient light exposure, such as in-
creased nighttime or evening light exposure and decreased
morning or daytime light exposure, was independently
associated with subsequent increases in obesity parame-
ters in a general elderly population. Return to a natural
light exposure pattern may help prevent obesity. Further
interventional studies are warranted to establish an opti-
mal controlled lighting environment as a preventive op-
tion against obesity.

Acknowledgments

We would like to thank Sachiko Uemura, Naomi Takenaka,
Keiko Nakajima, Maiko Kitagawa, Naoto Otaki, and Nobuhiro
Tone for their valuable help with data collection.

Address all correspondence and requests for reprints to: Kenji
Obayashi, MD, PhD, 840 Shijocho, Kashiharashi, Nara, 634–
8521, Japan, Department of Community Health and Epidemi-
ology, Nara Medical University School of Medicine, Nara, Ja-
pan, E-mail: obayashi@naramed-u.ac.jp, Phone: �81–744–29–
3051, Fax: �81–744–29–5053.

This work was supported by research funding from Depart-
ment of Indoor Environmental Medicine, Nara Medical Univer-
sity; JSPS KAKENHI (grant numbers: 24 790 774, 22 790 567,
25 860 447, 25 461 393, 15H04776, and 10 124 877); Mitsui
Sumitomo Insurance Welfare Foundation; Meiji Yasuda Life
Foundation of Health and Welfare; Osaka Gas Group Welfare
Foundation; Japan Diabetes Foundation; Daiwa Securities
Health Foundation; Japan Science and Technology Agency;
YKK AP Inc.; Ushio Inc.; Nara Prefecture Health Promotion
Foundation; Nara Medical University Grant-in-Aid for Collab-
orative Research Projects; Tokyo Electric Power Company; En-
viroLife Research Institute Co., Ltd.; and Sekisui Chemical Co.,
Ltd. The funders had no role in the study design, data collection
and analysis, decision to publish, and preparation of the
manuscript.

Conflict of Interest: KO and KS received research grant from
YKK AP Inc., Ushio Inc., Tokyo Electric Power Company; En-
viroLife Research Institute Co., Ltd.; and Sekisui Chemical Co.,
Ltd.

References

1. Kopelman PG. Obesity as a medical problem. Nature. 2000;404:
635–643.

2. Flegal KM, Carroll MD, Ogden CL, Johnson CL. Prevalence and

doi: 10.1210/jc.2015-4123 press.endocrine.org/journal/jcem 7

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 13 July 2016. at 14:44 For personal use only. No other uses without permission. . All rights reserved.

mailto:obayashi@naramed-u.ac.jp


trends in obesity among US adults, 1999–2000. JAMA. 2002;288:
1723–1727.

3. Yoshiike N, Seino F, Tajima S, Arai Y, Kawano M, Furuhata T,
Inoue S. Twenty-year changes in the prevalence of overweight in
Japanese adults: the National Nutrition Survey 1976–95. Obes Rev.
2002;3:183–90.

4. Misra A, Khurana L. Obesity and the metabolic syndrome in devel-
oping countries. J Clin Endocrinol Metab. 2008;93:S9–30.

5. Franklin SS, Pio JR, Wong ND, Larson MG, Leip EP, Vasan RS, Levy
D. Predictors of new-onset diastolic and systolic hypertension: the
Framingham Heart Study. Circulation. 2005;111:1121–1127.

6. Meigs JB, Wilson PW, Fox CS, Vasan RS, Nathan DM, Sullivan LM,
D’Agostino RB. Body mass index, metabolic syndrome, and risk of
type 2 diabetes or cardiovascular disease. J Clin Endocrinol Metab.
2006;91:2906–2912.

7. Wilson PW, D’Agostino RB, Sullivan L, Parise H, Kannel WB. Over-
weight and obesity as determinants of cardiovascular risk: the Fra-
mingham experience. Arch Intern Med. 2002;162:1867–1872.

8. Calle EE, Kaaks R. Overweight, obesity and cancer: epidemiological
evidence and proposed mechanisms. Nat Rev Cancer. 2004;4:579–
591.

9. Adams KF, Schatzkin A, Harris TB, Kipnis V, Mouw T, Ballard-
Barbash R, Hollenbeck A, Leitzmann MF. Overweight, obesity, and
mortality in a large prospective cohort of persons 50 to 71 years old.
N Engl J Med. 2006;355:763–778.

10. Ford ES, Maynard LM, Li C. Trends in mean waist circumference
and abdominal obesity among US adults, 1999–2012. JAMA. 2014;
312:1151–1153.

11. Asher G, Schibler U. Crosstalk between components of circadian
and metabolic cycles in mammals. Cell Metab. 2011;13:125–137.

12. Turek FW, Joshu C, Kohsaka A, Lin E, Ivanova G, McDearmon E,
Laposky A, Losee-Olson S, Easton A, Jensen DR, Eckel RH, Taka-
hashi JS, Bass J. Obesity and metabolic syndrome in circadian Clock
mutant mice. Science. 2005;308:1043–1045.

13. McHill AW, Melanson EL, Higgins J, Connick E, Moehlman TM,
Stothard ER, Wright KP Jr. Impact of circadian misalignment on
energy metabolism during simulated nightshift work. Proc Natl
Acad Sci USA. 2014;111:17302–17307.

14. Scheer FA, Hilton MF, Mantzoros CS, Shea SA. Adverse metabolic
and cardiovascular consequences of circadian misalignment. Proc
Natl Acad Sci USA. 2009;106:4453–4458.

15. Suwazono Y, Dochi M, Sakata K, Okubo Y, Oishi M, Tanaka K,
Kobayashi E, Kido T, Nogawa K. A longitudinal study on the effect
of shift work on weight gain in male Japanese workers. Obesity.
2008;16:1887–1893.

16. Zeitzer JM, Dijk DJ, Kronauer R, Brown E, Czeisler C. Sensitivity
of the human circadian pacemaker to nocturnal light: melatonin
phase resetting and suppression. J Physiol. 2000;526:695–702.

17. Fonken LK, Nelson RJ. The effects of light at night on circadian
clocks and metabolism. Endocr Rev. 2014;35:648–670.

18. Fonken LK, Workman JL, Walton JC, Weil ZM, Morris JS, Haim
A, Nelson RJ. Light at night increases body mass by shifting the time
of food intake. Proc Natl Acad Sci USA. 2010;107:18664–18669.

19. Kooijman S, van den Berg R, Ramkisoensing A, Boon MR, Kuipers
EN, Loef M, Zonneveld TC, Lucassen EA, Sips HC, Chatzispyrou
IA, Houtkooper RH, Meijer JH, Coomans CP, Biermasz NR,
Rensen PC. Prolonged daily light exposure increases body fat mass
through attenuation of brown adipose tissue activity. Proc Natl
Acad Sci USA. 2015;112:6748–6753.

20. Obayashi K, Saeki K, Iwamoto J, Okamoto N, Tomioka K, Nezu S,
Ikada Y, Kurumatani N. Exposure to light at night, nocturnal uri-
nary melatonin excretion, and obesity/dyslipidemia in the elderly: a
cross-sectional analysis of the HEIJO-KYO study. J Clin Endocrinol
Metab. 2013;98:337–344.

21. McFadden E, Jones ME, Schoemaker MJ, Ashworth A, Swerdlow
AJ. The relationship between obesity and exposure to light at night:
cross-sectional analyses of over 100,000 women in the Break-
through Generations Study. Am J Epidemiol. 2014;180:245–250.

22. Cho Y, Ryu SH, Lee BR, Kim KH, Lee E, Choi J. 2015 Effects of
artificial light at night on human health: A literature review of ob-
servational and experimental studies applied to exposure assess-
ment. Chronobiol Int. (in press).

23. Obayashi K, Saeki K, Iwamoto J, Okamoto N, Tomioka K, Nezu S,
Ikada Y, Kurumatani N. Positive effect of daylight exposure on
nocturnal urinary melatonin excretion in the elderly: a cross-sec-
tional analysis of the HEIJO-KYO study. J Clin Endocrinol Metab.
2012;97:4166–4173.

24. Scheuermaier K, Laffan AM, Duffy JF. Light exposure patterns in
healthy older and young adults. J Biol Rhythms. 2010;25:113–122.

25. Reid KJ, Santostasi G, Baron KG, Wilson J, Kang J, Zee PC. Timing
and intensity of light correlate with body weight in adults. PLoS
One. 2014;9:e92251.

26. Obayashi K, Saeki K, Iwamoto J, Ikada Y, Kurumatani N. Inde-
pendent associations of exposure to evening light and nocturnal
urinary melatonin excretion with diabetes in the elderly. Chronobiol
Int. 2014;31:394–400.

27. Ashwell M, Cole TJ, Dixon AK. Ratio of waist circumference to
height is strong predictor of intra-abdominal fat. BMJ. 1996;313:
559–560.

28. Ashwell M, Gunn P, Gibson S. Waist-to-height ratio is a better
screening tool than waist circumference and BMI for adult cardio-
metabolic risk factors: systematic review and meta-analysis. Obes
Rev. 2012;13:275–286.

29. Ashwell M, Mayhew L, Richardson J, Rickayzen B. Waist-to-height
ratio is more predictive of years of life lost than body mass index.
PLoS One. 2014;9:e103483.

230. Takahashi K, Yoshimura Y, Kaimoto T, Kunii D, Komatsu T,
Yamamoto S. Validation of a food frequency questionnaire based
on food groups for estimating individual nutrient intake. Jpn J
Nutr. 2001;59:221–232. (in Japanese)

31. Craig CL, Marshall AL, Sjöström M, Bauman AE, Booth ML, Ain-
sworth BE, Pratt M, Ekelund U, Yngve A, Sallis JF, Oja P. Interna-
tional physical activity questionnaire: 12-country reliability and va-
lidity. Med Sci Sports Exerc. 2003;35:1381–1395.

32. Buysse DJ, Reynolds CF 3rd, Monk TH, Berman SR, Kupfer DJ. The
Pittsburgh Sleep Quality Index: a new instrument for psychiatric
practice and research. Psychiatry Res. 1989;28:193–213.

33. National Astronomical Observatory of Japan; available at: http://
eco.mtk.nao.ac.jp/koyomi/index.html.en (accessed on November.
30, 2015)

34. Wood SN. 2006 Generalized additive models: an introduction with
R. Chapman and Hall/CRC.

35. Wood SN. Package ‘mgcv’; available at: https://cran.r-project.org/
web/packages/mgcv/ (accessed on November. 30, 2015)

36. Khalsa SB, Jewett ME, Cajochen C, Czeisler CA. A phase response
curve to single bright light pulses in human subjects. J Physiol. 2003;
549:945–952.

37. Gooley JJ, Chamberlain K, Smith KA, Khalsa SB, Rajaratnam SM,
Van Reen E, Zeitzer JM, Czeisler CA, Lockley SW. Exposure to
room light before bedtime suppresses melatonin onset and shortens
melatonin duration in humans. J Clin Endocrinol Metab. 2011;96:
E463–472.

38. Obayashi K, Saeki K, Iwamoto J, Okamoto N, Tomioka K, Nezu S,
Ikada Y, Kurumatani N. Effect of exposure to evening light on sleep
initiation in the elderly: a longitudinal analysis for repeated mea-
surements in home settings. Chronobiol Int. 2014;31:461–467.

39. Mishima K, Okawa M, Shimizu T, Hishikawa Y. Diminished mel-
atonin secretion in the elderly caused by insufficient environmental
illumination. J Clin Endocrinol Metab. 2001;86:129–134.

40. Brzezinski A. Melatonin in humans. N Engl J Med. 1997;336:186–
195.

41. Cipolla-Neto J, Amaral FG, Afeche SC, Tan DX, Reiter RJ. Mela-
tonin, energy metabolism, and obesity: a review. J Pineal Res. 2014;
56:371–381.

42. Patel SR, Hu FB. Short sleep duration and weight gain: a systematic
review. Obesity. 2008;16:643–653.

8 : Light Exposure and Obesity Risk J Clin Endocrinol Metab

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 13 July 2016. at 14:44 For personal use only. No other uses without permission. . All rights reserved.

http://eco.mtk.nao.ac.jp/koyomi/index.html.en
http://eco.mtk.nao.ac.jp/koyomi/index.html.en
https://www.researchgate.net/publication/258066947_Effect_of_exposure_to_evening_light_on_sleep_initiation_in_the_elderly_A_longitudinal_analysis_for_repeated_measurements_in_home_settings?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/258066947_Effect_of_exposure_to_evening_light_on_sleep_initiation_in_the_elderly_A_longitudinal_analysis_for_repeated_measurements_in_home_settings?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/258066947_Effect_of_exposure_to_evening_light_on_sleep_initiation_in_the_elderly_A_longitudinal_analysis_for_repeated_measurements_in_home_settings?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/258066947_Effect_of_exposure_to_evening_light_on_sleep_initiation_in_the_elderly_A_longitudinal_analysis_for_repeated_measurements_in_home_settings?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/261326068_Timing_and_Intensity_of_Light_Correlate_with_Body_Weight_in_Adults?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/261326068_Timing_and_Intensity_of_Light_Correlate_with_Body_Weight_in_Adults?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/261326068_Timing_and_Intensity_of_Light_Correlate_with_Body_Weight_in_Adults?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/260994391_Melatonin_Energy_Metabolism_and_Obesity_a_Review?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/260994391_Melatonin_Energy_Metabolism_and_Obesity_a_Review?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/260994391_Melatonin_Energy_Metabolism_and_Obesity_a_Review?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/232766214_Exposure_to_Light_at_Night_Nocturnal_Urinary_Melatonin_Excretion_and_ObesityDyslipidemia_in_the_Elderly_A_Cross-Sectional_Analysis_of_the_HEIJO-KYO_Study?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/232766214_Exposure_to_Light_at_Night_Nocturnal_Urinary_Melatonin_Excretion_and_ObesityDyslipidemia_in_the_Elderly_A_Cross-Sectional_Analysis_of_the_HEIJO-KYO_Study?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/232766214_Exposure_to_Light_at_Night_Nocturnal_Urinary_Melatonin_Excretion_and_ObesityDyslipidemia_in_the_Elderly_A_Cross-Sectional_Analysis_of_the_HEIJO-KYO_Study?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/232766214_Exposure_to_Light_at_Night_Nocturnal_Urinary_Melatonin_Excretion_and_ObesityDyslipidemia_in_the_Elderly_A_Cross-Sectional_Analysis_of_the_HEIJO-KYO_Study?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/232766214_Exposure_to_Light_at_Night_Nocturnal_Urinary_Melatonin_Excretion_and_ObesityDyslipidemia_in_the_Elderly_A_Cross-Sectional_Analysis_of_the_HEIJO-KYO_Study?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/260120862_Obesity_and_the_Metabolic_Syndrome_in_Developing_Countries_Focus_on_South_Asians?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/260120862_Obesity_and_the_Metabolic_Syndrome_in_Developing_Countries_Focus_on_South_Asians?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/49801902_Crosstalk_between_Components_of_Circadian_and_Metabolic_Cycles_in_Mammals?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/49801902_Crosstalk_between_Components_of_Circadian_and_Metabolic_Cycles_in_Mammals?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/7403826_A_Phase_Response_Curve_to_Single_Bright_Light_Pulses_in_Human_Subjects?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/7403826_A_Phase_Response_Curve_to_Single_Bright_Light_Pulses_in_Human_Subjects?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/7403826_A_Phase_Response_Curve_to_Single_Bright_Light_Pulses_in_Human_Subjects?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/11223246_Twenty-year_changes_in_the_prevalence_of_overweight_in_Japanese_adults_The_National_Nutrition_Survey_1976-95?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/11223246_Twenty-year_changes_in_the_prevalence_of_overweight_in_Japanese_adults_The_National_Nutrition_Survey_1976-95?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/11223246_Twenty-year_changes_in_the_prevalence_of_overweight_in_Japanese_adults_The_National_Nutrition_Survey_1976-95?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/11223246_Twenty-year_changes_in_the_prevalence_of_overweight_in_Japanese_adults_The_National_Nutrition_Survey_1976-95?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/14413029_Ratio_of_waist_circumference_to_height_is_strong_predictor_of_intra-abdominal_fat?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/14413029_Ratio_of_waist_circumference_to_height_is_strong_predictor_of_intra-abdominal_fat?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/14413029_Ratio_of_waist_circumference_to_height_is_strong_predictor_of_intra-abdominal_fat?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/47395660_Light_at_night_increases_body_mass_by_shifting_the_time_of_food_intake?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/47395660_Light_at_night_increases_body_mass_by_shifting_the_time_of_food_intake?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/47395660_Light_at_night_increases_body_mass_by_shifting_the_time_of_food_intake?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/259314083_Independent_associations_of_exposure_to_evening_light_and_nocturnal_urinary_melatonin_excretion_with_diabetes_in_the_elderly?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/259314083_Independent_associations_of_exposure_to_evening_light_and_nocturnal_urinary_melatonin_excretion_with_diabetes_in_the_elderly?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/259314083_Independent_associations_of_exposure_to_evening_light_and_nocturnal_urinary_melatonin_excretion_with_diabetes_in_the_elderly?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/259314083_Independent_associations_of_exposure_to_evening_light_and_nocturnal_urinary_melatonin_excretion_with_diabetes_in_the_elderly?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/303443970_Overweight_and_obesity_as_determinants_of_cardiovascular_risk_The_Frammingham_experience?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/303443970_Overweight_and_obesity_as_determinants_of_cardiovascular_risk_The_Frammingham_experience?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/303443970_Overweight_and_obesity_as_determinants_of_cardiovascular_risk_The_Frammingham_experience?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/271342976_Validation_of_a_Food_Frequency_Questionnaire_Based_on_Food_Groups_for_Estimating_Individual_Nutrient_Intake?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/271342976_Validation_of_a_Food_Frequency_Questionnaire_Based_on_Food_Groups_for_Estimating_Individual_Nutrient_Intake?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/271342976_Validation_of_a_Food_Frequency_Questionnaire_Based_on_Food_Groups_for_Estimating_Individual_Nutrient_Intake?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/271342976_Validation_of_a_Food_Frequency_Questionnaire_Based_on_Food_Groups_for_Estimating_Individual_Nutrient_Intake?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/42611163_Light_Exposure_Patterns_in_Healthy_Older_and_Young_Adults?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/42611163_Light_Exposure_Patterns_in_Healthy_Older_and_Young_Adults?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/265419424_Waist-to-Height_Ratio_Is_More_Predictive_of_Years_of_Life_Lost_than_Body_Mass_Index?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/265419424_Waist-to-Height_Ratio_Is_More_Predictive_of_Years_of_Life_Lost_than_Body_Mass_Index?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/265419424_Waist-to-Height_Ratio_Is_More_Predictive_of_Years_of_Life_Lost_than_Body_Mass_Index?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/299822741_Generalized_additive_models_an_introduction_with_R?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/299822741_Generalized_additive_models_an_introduction_with_R?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/268787419_Impact_of_circadian_misalignment_on_energy_metabolism_during_simulated_nightshift_work?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/268787419_Impact_of_circadian_misalignment_on_energy_metabolism_during_simulated_nightshift_work?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/268787419_Impact_of_circadian_misalignment_on_energy_metabolism_during_simulated_nightshift_work?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/268787419_Impact_of_circadian_misalignment_on_energy_metabolism_during_simulated_nightshift_work?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/261182225_The_Effects_of_Light_at_Night_on_Circadian_Clocks_and_Metabolism?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/261182225_The_Effects_of_Light_at_Night_on_Circadian_Clocks_and_Metabolism?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/8009611_Predictors_of_New-Onset_Diastolic_and_Systolic_Hypertension_The_Framingham_Heart_Study?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/8009611_Predictors_of_New-Onset_Diastolic_and_Systolic_Hypertension_The_Framingham_Heart_Study?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/8009611_Predictors_of_New-Onset_Diastolic_and_Systolic_Hypertension_The_Framingham_Heart_Study?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/262786988_The_Relationship_Between_Obesity_and_Exposure_to_Light_at_Night_Cross-Sectional_Analyses_of_Over_100000_Women_in_the_Breakthrough_Generations_Study?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/262786988_The_Relationship_Between_Obesity_and_Exposure_to_Light_at_Night_Cross-Sectional_Analyses_of_Over_100000_Women_in_the_Breakthrough_Generations_Study?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/262786988_The_Relationship_Between_Obesity_and_Exposure_to_Light_at_Night_Cross-Sectional_Analyses_of_Over_100000_Women_in_the_Breakthrough_Generations_Study?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/262786988_The_Relationship_Between_Obesity_and_Exposure_to_Light_at_Night_Cross-Sectional_Analyses_of_Over_100000_Women_in_the_Breakthrough_Generations_Study?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/20407007_The_Pittsburgh_Sleep_Quality_Index_-_A_New_Instrument_For_Psychiatric_Practice_And_Research?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/20407007_The_Pittsburgh_Sleep_Quality_Index_-_A_New_Instrument_For_Psychiatric_Practice_And_Research?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/20407007_The_Pittsburgh_Sleep_Quality_Index_-_A_New_Instrument_For_Psychiatric_Practice_And_Research?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/10627652_International_Physical_Activity_Questionnaire_IPAQ_12-country_reliability_and_validity?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/10627652_International_Physical_Activity_Questionnaire_IPAQ_12-country_reliability_and_validity?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/10627652_International_Physical_Activity_Questionnaire_IPAQ_12-country_reliability_and_validity?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/10627652_International_Physical_Activity_Questionnaire_IPAQ_12-country_reliability_and_validity?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/265692752_Trends_in_Mean_Waist_Circumference_and_Abdominal_Obesity_Among_US_Adults_1999-2012?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/265692752_Trends_in_Mean_Waist_Circumference_and_Abdominal_Obesity_Among_US_Adults_1999-2012?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/265692752_Trends_in_Mean_Waist_Circumference_and_Abdominal_Obesity_Among_US_Adults_1999-2012?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/12398236_Zeitzer_JM_Dijk_DJ_Kronauer_R_Brown_E_Czeisler_CSensitivity_of_the_human_circadian_pacemaker_to_nocturnal_light_melatonin_phase_resetting_and_suppression_J_Physiol_526_695-702?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/12398236_Zeitzer_JM_Dijk_DJ_Kronauer_R_Brown_E_Czeisler_CSensitivity_of_the_human_circadian_pacemaker_to_nocturnal_light_melatonin_phase_resetting_and_suppression_J_Physiol_526_695-702?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/12398236_Zeitzer_JM_Dijk_DJ_Kronauer_R_Brown_E_Czeisler_CSensitivity_of_the_human_circadian_pacemaker_to_nocturnal_light_melatonin_phase_resetting_and_suppression_J_Physiol_526_695-702?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/5611530_Short_Sleep_Duration_and_Weight_Gain_A_Systematic_Review?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/5611530_Short_Sleep_Duration_and_Weight_Gain_A_Systematic_Review?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/5321106_A_Longitudinal_Study_on_the_Effect_of_Shift_Work_on_Weight_Gain_in_Male_Japanese_Workers?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/5321106_A_Longitudinal_Study_on_the_Effect_of_Shift_Work_on_Weight_Gain_in_Male_Japanese_Workers?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/5321106_A_Longitudinal_Study_on_the_Effect_of_Shift_Work_on_Weight_Gain_in_Male_Japanese_Workers?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/5321106_A_Longitudinal_Study_on_the_Effect_of_Shift_Work_on_Weight_Gain_in_Male_Japanese_Workers?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/230797673_Positive_Effect_of_Daylight_Exposure_on_Nocturnal_Urinary_Melatonin_Excretion_in_the_Elderly_A_Cross-Sectional_Analysis_of_the_HEIJO-KYO_Study?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/230797673_Positive_Effect_of_Daylight_Exposure_on_Nocturnal_Urinary_Melatonin_Excretion_in_the_Elderly_A_Cross-Sectional_Analysis_of_the_HEIJO-KYO_Study?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/230797673_Positive_Effect_of_Daylight_Exposure_on_Nocturnal_Urinary_Melatonin_Excretion_in_the_Elderly_A_Cross-Sectional_Analysis_of_the_HEIJO-KYO_Study?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/230797673_Positive_Effect_of_Daylight_Exposure_on_Nocturnal_Urinary_Melatonin_Excretion_in_the_Elderly_A_Cross-Sectional_Analysis_of_the_HEIJO-KYO_Study?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/230797673_Positive_Effect_of_Daylight_Exposure_on_Nocturnal_Urinary_Melatonin_Excretion_in_the_Elderly_A_Cross-Sectional_Analysis_of_the_HEIJO-KYO_Study?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/8422839_Calle_EE_Kaaks_ROverweight_obesity_and_cancer_Epidemiological_evidence_and_proposed_mechanisms_Nat_Rev_Cancer_4_579-591?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/8422839_Calle_EE_Kaaks_ROverweight_obesity_and_cancer_Epidemiological_evidence_and_proposed_mechanisms_Nat_Rev_Cancer_4_579-591?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/8422839_Calle_EE_Kaaks_ROverweight_obesity_and_cancer_Epidemiological_evidence_and_proposed_mechanisms_Nat_Rev_Cancer_4_579-591?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/12099766_Diminished_melatonin_secretion_in_the_elderly_caused_by_insufficient_environmental_illumination?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/12099766_Diminished_melatonin_secretion_in_the_elderly_caused_by_insufficient_environmental_illumination?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/12099766_Diminished_melatonin_secretion_in_the_elderly_caused_by_insufficient_environmental_illumination?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/7891525_Turek_F_W_et_al_Obesity_and_metabolic_syndrome_in_circadian_Clock_mutant_mice_Science_308_1043-1045?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/7891525_Turek_F_W_et_al_Obesity_and_metabolic_syndrome_in_circadian_Clock_mutant_mice_Science_308_1043-1045?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/7891525_Turek_F_W_et_al_Obesity_and_metabolic_syndrome_in_circadian_Clock_mutant_mice_Science_308_1043-1045?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/7891525_Turek_F_W_et_al_Obesity_and_metabolic_syndrome_in_circadian_Clock_mutant_mice_Science_308_1043-1045?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/282041293_Effects_of_artificial_light_at_night_on_human_health_A_literature_review_of_observational_and_experimental_studies_applied_to_exposure_assessment?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/282041293_Effects_of_artificial_light_at_night_on_human_health_A_literature_review_of_observational_and_experimental_studies_applied_to_exposure_assessment?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/282041293_Effects_of_artificial_light_at_night_on_human_health_A_literature_review_of_observational_and_experimental_studies_applied_to_exposure_assessment?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/282041293_Effects_of_artificial_light_at_night_on_human_health_A_literature_review_of_observational_and_experimental_studies_applied_to_exposure_assessment?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/51820603_Ashwell_M_Gunn_P_Gibson_S_Waist-to-height_ratio_is_a_better_screening_tool_than_waist_circumference_and_BMI_for_adult_cardiometabolic_risk_factors_systematic_review_and_meta-analysis?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/51820603_Ashwell_M_Gunn_P_Gibson_S_Waist-to-height_ratio_is_a_better_screening_tool_than_waist_circumference_and_BMI_for_adult_cardiometabolic_risk_factors_systematic_review_and_meta-analysis?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/51820603_Ashwell_M_Gunn_P_Gibson_S_Waist-to-height_ratio_is_a_better_screening_tool_than_waist_circumference_and_BMI_for_adult_cardiometabolic_risk_factors_systematic_review_and_meta-analysis?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/51820603_Ashwell_M_Gunn_P_Gibson_S_Waist-to-height_ratio_is_a_better_screening_tool_than_waist_circumference_and_BMI_for_adult_cardiometabolic_risk_factors_systematic_review_and_meta-analysis?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/276209172_Prolonged_daily_light_exposure_increases_body_fat_mass_through_attenuation_of_brown_adipose_tissue_activity?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/276209172_Prolonged_daily_light_exposure_increases_body_fat_mass_through_attenuation_of_brown_adipose_tissue_activity?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/276209172_Prolonged_daily_light_exposure_increases_body_fat_mass_through_attenuation_of_brown_adipose_tissue_activity?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/276209172_Prolonged_daily_light_exposure_increases_body_fat_mass_through_attenuation_of_brown_adipose_tissue_activity?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/276209172_Prolonged_daily_light_exposure_increases_body_fat_mass_through_attenuation_of_brown_adipose_tissue_activity?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/276209172_Prolonged_daily_light_exposure_increases_body_fat_mass_through_attenuation_of_brown_adipose_tissue_activity?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/49716713_Exposure_to_Room_Light_before_Bedtime_Suppresses_Melatonin_Onset_and_Shortens_Melatonin_Duration_in_Humans?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/49716713_Exposure_to_Room_Light_before_Bedtime_Suppresses_Melatonin_Onset_and_Shortens_Melatonin_Duration_in_Humans?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/49716713_Exposure_to_Room_Light_before_Bedtime_Suppresses_Melatonin_Onset_and_Shortens_Melatonin_Duration_in_Humans?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/49716713_Exposure_to_Room_Light_before_Bedtime_Suppresses_Melatonin_Onset_and_Shortens_Melatonin_Duration_in_Humans?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/49716713_Exposure_to_Room_Light_before_Bedtime_Suppresses_Melatonin_Onset_and_Shortens_Melatonin_Duration_in_Humans?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==


43. Spiegel K, Tasali E, Penev P, Van Cauter E. Sleep curtailment in
healthy young men is associated with decreased leptin levels, ele-
vated ghrelin levels, and increased hunger and appetite. Ann Intern
Med. 2004;141:846–850.

44. Cajochen C, Zeitzer JM, Czeisler CA, Dijk DJ. Dose-response re-
lationship for light intensity and ocular and electroencephalo-
graphic correlates of human alertness. Behav Brain Res. 2000;115:
75–83.

45. Yu JH, Yun CH, Ahn JH, Suh S, Cho HJ, Lee SK, Yoo HJ, Seo JA,
Kim SG, Choi KM, Baik SH, Choi DS, Shin C, Kim NH. Evening
chronotype is associated with metabolic disorders and body com-
position in middle-aged adults. J Clin Endocrinol Metab. 2015;100:
1494–1502.

46. Arora T, Taheri S. Associations among late chronotype, body mass

index and dietary behaviors in young adolescents. Int J Obes. 2015;
39:39–44.

47. Staples VS, Archer SN, Arber S, Skene DJ. Daily light exposure
profiles in older non-resident extreme morning and evening types. J
Sleep Res. 2009;18:466–471.

48. Koo YS, Song JY, Joo EY, Lee HJ, Lee E, Lee SK, Jung KY. Outdoor
artificial light at night, obesity, and sleep health: Cross-sectional
analysis in the KoGES study. Chronobiol Int. 2016;33:301–314.

49. The National Health and Nutrition Survey Japan 2010; available at:
http://www.mhlw.go.jp/bunya/kenkou/eiyou/h22-houkoku.html
(in Japanese; accessed on November. 30, 2015).

50. Turner PL, Van Someren EJ, Mainster MA. The role of environ-
mental light in sleep and health: effects of ocular aging and cataract
surgery. Sleep Med Rev. 2010;14:269–280.

51. Okudaira N, Kripke DF, Webster JB. Naturalistic studies of human
light exposure. Am J Physiol. 1983;245:R613–615.

doi: 10.1210/jc.2015-4123 press.endocrine.org/journal/jcem 9

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 13 July 2016. at 14:44 For personal use only. No other uses without permission. . All rights reserved.

http://www.mhlw.go.jp/bunya/kenkou/eiyou/h22-houkoku.html
https://www.researchgate.net/publication/297593497_Outdoor_artificial_light_at_night_obesity_and_sleep_health_Cross-sectional_analysis_in_the_KoGES_study?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/297593497_Outdoor_artificial_light_at_night_obesity_and_sleep_health_Cross-sectional_analysis_in_the_KoGES_study?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/297593497_Outdoor_artificial_light_at_night_obesity_and_sleep_health_Cross-sectional_analysis_in_the_KoGES_study?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/288142184_Sleep_curtailment_in_healthy_young_men_is_associated_with_decreased_leptin_levels_elevated_ghrelin_levels_and_increased_hunger_and_appetite?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/288142184_Sleep_curtailment_in_healthy_young_men_is_associated_with_decreased_leptin_levels_elevated_ghrelin_levels_and_increased_hunger_and_appetite?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/288142184_Sleep_curtailment_in_healthy_young_men_is_associated_with_decreased_leptin_levels_elevated_ghrelin_levels_and_increased_hunger_and_appetite?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/288142184_Sleep_curtailment_in_healthy_young_men_is_associated_with_decreased_leptin_levels_elevated_ghrelin_levels_and_increased_hunger_and_appetite?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/274400088_Evening_Chronotype_Is_Associated_With_Metabolic_Disorders_and_Body_Composition_in_Middle-Aged_Adults?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/274400088_Evening_Chronotype_Is_Associated_With_Metabolic_Disorders_and_Body_Composition_in_Middle-Aged_Adults?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/274400088_Evening_Chronotype_Is_Associated_With_Metabolic_Disorders_and_Body_Composition_in_Middle-Aged_Adults?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/274400088_Evening_Chronotype_Is_Associated_With_Metabolic_Disorders_and_Body_Composition_in_Middle-Aged_Adults?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/274400088_Evening_Chronotype_Is_Associated_With_Metabolic_Disorders_and_Body_Composition_in_Middle-Aged_Adults?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/16571276_Naturalistic_studies_of_human_light_exposure?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/16571276_Naturalistic_studies_of_human_light_exposure?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/264902321_Associations_among_late_chronotype_body_mass_index_and_dietary_behaviors_in_young_adolescents?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/264902321_Associations_among_late_chronotype_body_mass_index_and_dietary_behaviors_in_young_adolescents?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/264902321_Associations_among_late_chronotype_body_mass_index_and_dietary_behaviors_in_young_adolescents?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/26752231_Daily_light_exposure_profiles_in_older_non-resident_extreme_morning_and_evening_types?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/26752231_Daily_light_exposure_profiles_in_older_non-resident_extreme_morning_and_evening_types?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/26752231_Daily_light_exposure_profiles_in_older_non-resident_extreme_morning_and_evening_types?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/12327609_Cajochen_C_Zeitzer_J_Czeisler_C_Dijk_D-J_Dose-response_relationship_for_light_intensity_and_ocular_and_electroencephalographic_correlates_of_human_alertness_Behav_Brain_Res_115_75-83?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/12327609_Cajochen_C_Zeitzer_J_Czeisler_C_Dijk_D-J_Dose-response_relationship_for_light_intensity_and_ocular_and_electroencephalographic_correlates_of_human_alertness_Behav_Brain_Res_115_75-83?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/12327609_Cajochen_C_Zeitzer_J_Czeisler_C_Dijk_D-J_Dose-response_relationship_for_light_intensity_and_ocular_and_electroencephalographic_correlates_of_human_alertness_Behav_Brain_Res_115_75-83?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/12327609_Cajochen_C_Zeitzer_J_Czeisler_C_Dijk_D-J_Dose-response_relationship_for_light_intensity_and_ocular_and_electroencephalographic_correlates_of_human_alertness_Behav_Brain_Res_115_75-83?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/40894445_The_role_of_environmental_light_in_sleep_and_health_Effects_of_ocular_aging_and_cataract_surgery?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/40894445_The_role_of_environmental_light_in_sleep_and_health_Effects_of_ocular_aging_and_cataract_surgery?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==
https://www.researchgate.net/publication/40894445_The_role_of_environmental_light_in_sleep_and_health_Effects_of_ocular_aging_and_cataract_surgery?el=1_x_8&enrichId=rgreq-350e24c1d0295835f3d7af6948af08d1-XXX&enrichSource=Y292ZXJQYWdlOzMwNDk5Mjk0MztBUzozODM1NDE5Mzk1ODkxMjBAMTQ2ODQ1NDkzMjUyNg==

