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Di Wu1, Wenjing Li1, Chang Su1, Jiajia Chen1 and Chunxiu Gong1*

1 Department of Endocrinology, Genetics and Metabolism, Beijing Children’s Hospital, Capital Medical University, National
Center for Children’s Health, Beijing, China, 2 Department of Pain Medicine, Peking University Third Hospital, Beijing, China

Objective: To investigate the associations of sleep duration, wake-up time, bedtime, and
childhood abdominal obesity, and to test whether there is a weekday/weekend difference
and the potential modifying role of sex.

Methods: This cross-sectional study was based on the Students’ Constitution and
Health Survey and included 9559 students (4840 boys and 4719 girls) aged 7–18 years
(7227 aged 7–12 years, 2332 aged 13–18 years). They were divided into two groups
(control group and group with abdominal obesity). The physical measurements included
children and youth body height, body weight, and waist circumference (WC). A parent-
report questionnaire was used to collect the information about parent characteristics as
well as lifestyle and sleep patterns (sleep duration, bedtime, and wake-up time of
weekdays and weekends) of children and youth.

Results: The prevalence of abdominal obesity was 30.57% and the percentages of sleep
duration <9 hours/day, wake-up time before 07:00 am on weekdays and weekends,
bedtime after 10:00 pm on weekends were significantly higher in the group with
abdominal obesity. After adjusting for confounders, sleep duration <9 hours/day on
weekends was inversely related to abdominal obesity in the overall subjects, regardless of
their sex and age, while bedtime after 10:00 pm on weekends was inversely related to
abdominal obesity only in the overall subjects, boys, and children aged 7–12 years.
Logistic regression models in all subjects showed that shorter hours of weekends sleep
duration were associated with greater risks of abdominal obesity, even after adjusting for
all confounders, including wake-up time and bedtime. The adjusted odds ratios and 95%
confidence intervals of abdominal obesity (with ≥10 hours/day as the reference group) for
children with 9–10 hours/day, 8–9 hours/day, and <8 hours/day of weekend sleep
duration were 1.23 (1.04–1.46), 1.59 (1.32–1.91) and 1.83 (1.42–2.36), respectively.
Specifically, after stratification by sex and age, this phenomenon was only observed in
boys and children aged 7–12 years.
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Conclusions: Sleep duration and bedtime onweekends were independently associated with
the risk of childhood abdominal obesity, particularly in boys and children aged 7–12 years.
Keywords: children, abdominal obesity, sleep duration, wake-up time, bedtime, weekend
INTRODUCTION

Childhood obesity has become a serious public health issue,
especially in developing countries, like China (1, 2). According to
data from the Report on Childhood Obesity in China in 2017, the
number of children and youth with overweight or obesity
increased from 6.15 million in 1985 to 34.96 million in 2014
(3, 4). Childhood obesity has serious short-and long-term
consequences for physical and psychosocial health, including
heart disease, hypertension, stroke, type 2 diabetes, metabolic
syndrome, low self-esteem, negative self-evaluation, decreased
self-image, social isolation, social discrimination, etc. (5). In
addition to the influences on the health of individuals,
childhood obesity also puts a major economic burden on
governmental health organizations (5). Importantly, abdominal
obesity, also known as central obesity is more harmful than
general obesity. The risk of hypertension, dyslipidemia, and
metabolic syndrome was significantly higher in patients with
abdominal obesity than in those with general obesity (6). Both
unmodifiable factors (e.g., genetic, endocrine disorders) and
modifiable factors (e.g., parental determinants, individual
lifestyle, socioeconomic status) influence the risk of childhood
obesity (7). Therefore, it is imperative to identify modifiable risk
factors to reduce the burden of childhood obesity and its
adverse consequences.

Sleep is one of the modifiable behaviors and plays an
important role in childhood obesity. Short sleep duration is
very common in modern society, with approximately one–
third to two–thirds of adolescents complain about insufficient
sleep (8–10). Although emerging evidences from both cross-
sectional and longitudinal studies have indicated the close
relationship between short sleep duration and obesity (11–13),
including in Chinese children (14–17), studies focusing on the
relationship between sleep duration and abdominal obesity are
still limited. Recently, several studies found that sleeping longer
on weekends may help ameliorate some of the effects of
insufficient sleep during the weekdays, which suggested that
weekday-weekend variability in sleep duration may play a role
in overweight and obesity (18, 19). Moreover, sex differences in
sleep duration have been reported among children and
adolescents (20–22). Therefore, examining the relationship
between sleep duration and abdominal obesity and exploring
the potential weekday/weekend and sex differences can assist
with developing more targeted interventions against abdominal
obesity. However, to our knowledge, few studies have focused on
weekday/weekend and sex differences in examining the
association between childhood abdominal obesity and
sleep duration.

In recent years, sleep timing, including wake-up time and
bedtime, is another important modifiable behavior, which is
n.org 2
closely related to childhood obesity. Although there were many
studies regarding the associations between wake-up time,
bedtime, and childhood obesity, the results were inconsistent
(11, 23, 24). Additionally, few studies on the associations of
wake-up time, bedtime with abdominal obesity among Chinese
children were available.

Therefore, this study aimed to investigate the associations
between sleep duration, wake-up time, bedtime, separately on
weekdays and weekends, and childhood abdominal obesity.
Moreover, since age-specific and sex-specific associations have
been reported in the literature between sleep duration and
childhood obesity (13, 23), these associations regarding sex and
age differences were also explored.
MATERIALS AND METHODS

Study Population
This was a cross-sectional, school-based study, which used data
from the survey on Students’ Constitution and Health that was
carried out in Beijing, the capital of China. In brief, a physical
examination and a questionnaire survey were conducted in
this study.

A total of 9559 students (4840 boys and 4719 girls) aged 7–18
years (3803 boys and 3424 girls aged 7–12 years, 1037 boys and
1295 girls aged 13–18 years) from nine primary schools and five
secondary schools were recruited in this study. They were
divided into two groups, the control group (n=6637) and the
group with abdominal obesity (n=2922). This study received
approval from the ethics committee of Beijing Children’s
Hospital, Capital Medical University. All subjects were
informed about the aims and procedures of the study and
written informed consents were received from all children’s
parents before they participating in the study.

Anthropometric Measurements
and Definitions
Children and youth height, body weight, and waist
circumference (WC) were measured by the well-trained
research staff. Height was measured to the nearest 0.1 cm with
subjects wearing no shoes, and weight was measured to the
nearest 0.1 kg with subjects wearing lightweight clothing. WC
was measured to the nearest 0.1 cm at the midpoint between the
inferior costal margin and the superior border of the iliac crest on
the midaxillary line. Two measurements (measurement error ≤ 1
mm) were obtained and the average was used for the analysis.
Body mass index (BMI) was calculated as weight (kg) divided by
height squared (m2). Abdominal obesity was defined as WC >
90–th percentile (25), which according to age- and sex-specific
WC cut-off points recommended by Ji et al. (26). Parental height
October 2021 | Volume 12 | Article 735952
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and weight were acquired from the questionnaires. Parental
obesity was defined as BMI ≥28 kg/m2, which was
recommended by the Working Group for Obesity in China
(WGOC) (27).

Questionnaire
The questionnaire information regarding each subject was
collected by the trained investigators through a face-to-face
interview with at least one parent. The questionnaire included
questions as follows: age, sex, parental height, parental weight,
parental education level (primary school or junior high school or
senior high school or college or graduate or above), gestational
diabetes mellitus (yes or no), infant breastfeeding (yes or no),
birth weight, having one or more siblings (yes or no), household
income (<20 ten thousand yuan/year or ≥20 ten thousand yuan/
year), watching TV (<2 hours/day or ≥2 hours/day), frequency of
exercise (≤3 times/week or >3 times/week), exercise time (<120
minutes/week or ≥120 minutes/week), wake-up time (before
06:00 am or 06:00-07:00 am or 07:00-08:00 am or 08:00-
09:00 am or after 09:00 am), bedtime (before 08:00 pm or
08:00-09:00 pm or 09:00-10:00 pm or 10:00-11:00 pm or 11:00-
12:00 pm or after midnight), number of nocturnal awakenings
(≤2 times/month or >2 times/month), and frequency of snoring
(≤2 times/month or >2 times/month). In this study, parental
education level was classified into two categories: below college
(primary/junior/senior high school), and college or more (college
or graduate or above). Wake-up time and bedtime were also
classified into two categories: before 07:00 am/after 07:00 am
and before 10:00 pm/after 10:00 pm, respectively. Sleep duration
was calculated by using parent’s reports of wake-up time
and bedtime and subsequently classified into two categories:
<9 hours/day and ≥9 hours/day. The sleep duration, bedtime,
and wake-up time were assessed separately for weekdays
and weekends.

Statistical Analysis
All values were expressed as mean ± standard deviation (SD) or
number (percentages), as appropriate. The comparisons of
continuous and categorical variables were analyzed by the
independent t-test and chi-square tests, respectively. Then, the
associations among the independent variable (abdominal
obesity) and dependent variables (age, sex/gender, parental
BMI, parental education level, gestational diabetes mellitus,
infant breastfeeding, birth weight, siblings, household income,
watching TV, frequency of exercise, exercise time, sleep duration,
wake-up time, bedtime, number of nocturnal awakenings, and
frequency of snoring) were examined using bivariate logistic
regression models. The odds ratios (ORs) and the 95%
confidence intervals (CIs) were obtained. Analyses were
repeated stratified by age groups (7–12 and 13–18 years) and
sex/gender, respectively. Finally, sleep duration was used as the
ordered categorical variable (<8 hours/day, 8–9 hours/day, 9–10
hours/day, >10 hours/day) and its association with abdominal
obesity was explored with univariate and multivariate logistic
regression analyses. Model 1 was the basic model, adjusted for
age and sex, while model 2 further adjusted for parental obesity,
parental education level, gestational diabetes mellitus, infant
Frontiers in Endocrinology | www.frontiersin.org 3
breastfeeding, birth weight, siblings, and household income.
The final model, model 3 further adjusted for watching TV,
frequency of exercise, exercise time, sleep duration (weekdays),
wake-up time (weekdays), bedtime (weekdays), wake-up time
(weekends), bedtime (weekends), number of nocturnal
awakenings, and frequency of snoring based on model 2.
Subgroup analyses by age groups (7–12 and 13–18 years) and
sex were also performed. All analyses were conducted using the
SPSS version 20.0 for Windows (SPSS Inc, Chicago, IL, USA) and
p-value <0.05 was statistically significant.
RESULTS

Baseline Characteristics of
Study Participants
The baseline characteristics of all children were presented in
Table 1. A total of 9559 children (50.6% boys, aged 10.7 ± 2.81
years) were included in the present study. The prevalence of
abdominal obesity was 30.57%. Children with abdominal obesity
were significantly older, with higher percentages of boys, parents
with obesity, low parental education (below college), gestational
diabetes mellitus, birth weight ≥4 kg, low household income (<20
ten thousand yuan), less frequency (≤3 times/week) and less time
of exercise (<120 minutes/week), snoring (>2 times/month), but
lower percentages of infant breastfeeding and having one or
more siblings, when compared with controls (p all <0.05).
Additionally, a larger proportion of children with abdominal
obesity had sleep duration<9 hours/day as compared to controls,
both on weekdays and weekends (p all <0.05). Moreover, the
proportions of children who used to sleep late on weekends (after
10:00 pm), but get up early on weekdays and weekends (before
07:00 am) were larger in children with abdominal obesity
(p all <0.05).

Bivariate Logistic Regression Analysis of
Sleep Duration, Wake-Up Time, Bedtime,
and Abdominal Obesity
The bivariate logistic regression analysis of sleep duration, wake-
up time, bedtime, and abdominal obesity was shown in Figure 1.
In all subjects, age, gender, father obesity, mother obesity,
gestational diabetes mellitus, birth weight ≥4 kg, frequency of
exercise ≤ 3 times/week, exercise time<120 minutes/week, sleep
duration <9 hours/day on weekends, bedtime after 10:00 pm on
weekends, and frequency of snoring>2 times/month were
independently positively associated with abdominal obesity,
whilst having one or more siblings was negatively associated
with abdominal obesity (p all <0.05) (Figure 1A).

As shown in Figures 1B, C, when data was split by sex and
analyzed again: age, father obesity, mother obesity, birth
weight ≥4 kg, frequency of exercise ≤ 3 times/week, exercise
time<120 minutes/week, sleep duration <9 hours/day on
weekends, frequency of snoring>2 times/month were also
positively associated with abdominal obesity, while having one
or more siblings was negatively associated with abdominal
obesity in both genders (p all <0.05). Bedtime after 10:00 pm
October 2021 | Volume 12 | Article 735952
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TABLE 1 | Baseline characteristics of study participants.

Control (n = 6637) Abdominal obesity (n = 2922) All (n = 9559) p*

Age (years) 10.6 ± 2.87 10.9 ± 2.67 10.7 ± 2.81 <0.01
Sex
Boy 3133 (47.2%) 1707 (58.4%) 4840 (50.6%) <0.01
Girl 3504 (52.8%) 1215 (41.6%) 4719 (49.4%)
Father obesity
Yes 1230 (18.5%) 945 (32.3%) 2175 (22.8%) <0.01
No 5407 (81.5%) 1977 (67.7%) 7384 (77.2%)
Father’s education
Below college 2896 (43.6%) 1382 (47.3%) 4278 (44.8%) <0.01
College or more 3741 (56.4%) 1540 (52.7%) 5281 (55.2%)
Mother obesity
Yes 411 (6.2%) 426 (14.6%) 837 (8.8%) <0.01
No 6226 (93.8%) 2496 (85.4%) 8722 (91.2%)
Mother’s education
Below college 2782 (41.9%) 1301 (44.5%) 4083 (42.7%) <0.05
College or more 3855 (58.1%) 2289 (56.5%) 5476 (57.3%)
Gestational diabetes mellitus
Yes 403 (6.1%) 237 (8.1%) 640 (6.7%) <0.01
No 6234 (93.9%) 2685 (91.9%) 8919 (93.3%)
Infant breastfeeding
Yes 4905 (73.9%) 2089 (71.5%) 6994 (73.2%) <0.05
No 1732 (26.1%) 833 (28.5%) 2565 (26.8%)
Birth weight ≥4 kg
Yes 825 (12.4%) 495 (16.9%) 1320 (13.8%) <0.01
No 5812 (87.6%) 2427 (83.1%) 8239 (86.2%)
Household income (year)
<20 ten thousand yuan 5020 (75.6%) 2296 (78.6%) 7316 (76.5%) <0.01
≥20 ten thousand yuan 1617 (24.4%) 626 (21.4%) 2243 (23.5%)
Having 1 or more siblings
Yes 2262 (34.1%) 838 (28.7%) 3100 (32.4%) <0.01
No 4375 (65.9%) 2084 (71.3%) 6459 (67.6%)
Watching TV
<2 hours/day 5902 (88.9%) 2516 (86.1%) 8418 (88.1%) 0.11
≥2 hours/day 735 (11.1%) 406 (13.9%) 1141 (11.9%)
Frequency of exercise
≤3 times/week 3717 (56.0%) 1881 (64.4%) 5598 (58.6%) <0.01
>3 times/week 2920 (44.0%) 1041 (35.6%) 3961 (41.4%)
Exercise time
<120 minutes/week 3685 (55.5%) 1839 (62.9%) 5524 (57.8%) <0.01
≥120 minutes/week 2952 (44.5%) 1083 (37.1%) 4035 (42.2%)
Sleep duration (weekdays)
<9 hours/day 5932 (89.4%) 2658 (91.0%) 8590 (89.9%) <0.05
≥9 hours/day 705 (10.6%) 264 (9.0%) 969 (10.1%)
Wake-up time (weekdays)
Before 07:00 am 6445 (97.1%) 2860 (97.9%) 9305 (97.3%) <0.05
After 07:00 am 192 (2.9%) 62 (2.1%) 254 (2.7%)
Bedtime (weekdays)
Before 10:00 pm 4245 (64.0%) 1811 (62.0%) 6056 (63.4%) 0.07
After 10:00 pm 2392 (36.0%) 1111 (38.0%) 3503 (36.6%)
Sleep duration (weekends)
<9 hours/day 3211 (48.4%) 1704 (58.3%) 4915 (51.4%) <0.01
≥9 hours/day 3426 (51.6%) 1218 (41.7%) 4644 (48.6%)
Wake-up time (weekends)
Before 07:00 am 1493 (22.5%) 793 (27.1%) 2286 (23.9%) <0.01
After 07:00 am 5144 (77.5%) 2129 (72.9%) 7273 (76.1%)
Bedtime (weekends)
Before 10:00 pm 2865 (43.2%) 1108 (37.9%) 3973 (41.6%) <0.01
After 10:00 pm 3772 (56.8%) 1814 (62.1%) 5586 (58.4%)
Number of nocturnal awakenings
≤2 times/month 5809 (87.5%) 2565 (87.8%) 8374 (87.6%) 0.75
>2 times/month 828 (12.5%) 357 (12.2%) 1185 (12.4%)
Frequency of snoring

(Continued)
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on weekends was independently positively associated with
abdominal obesity in boys (OR=1.17, 95% CI 1.01–1.38), but
not in girls (OR=1.08, 95% CI 0.90–1.31). Gestational diabetes
mellitus was independently positively associated with abdominal
obesity in girls (OR=1.36, 95% CI 1.04–1.77), but not in boys
(OR=1.16, 95% CI 0.91–1.48).

When the subgroup analysis was conducted between children
aged 7–12 years and children aged 13–18 years, as shown in
Figures 1D, E, abdominal obesity was positively associated with
Frontiers in Endocrinology | www.frontiersin.org 5
sex, father obesity, mother obesity, frequency of exercise ≤ 3
times/week, sleep duration <9 hours/day on weekends, frequency
of snoring >2 times/month, but negatively associated with having
one or more siblings in both children aged 7–12 years and
children aged 13–18 years (p all <0.05). It was observed that
gestational diabetes mellitus (OR=1.25, 95% CI 1.03–1.51), birth
weight ≥4 kg (OR=1.44, 95% CI 1.24–1.67), exercise time<120
minutes/week (OR=1.23, 95% CI 1.09–1.39), and bedtime after
22:00 on weekends (OR=1.18, 95% CI 1.02–1.37) were only
TABLE 1 | Continued

Control (n = 6637) Abdominal obesity (n = 2922) All (n = 9559) p*

≤2 times/month 5892 (88.8%) 2180 (74.6%) 8072 (84.4%) <0.01
>2 times/month 745 (11.2%) 742 (25.4%) 1487 (15.6%)
Octob
er 2021 | Volume 12 | Article 7
below college, primary/junior/senior high school; college or more, college or graduate or above; TV, television. The data were presented as the mean ± SD for continuous variables or as the
number (%) for categorical variables. *The p-values were obtained from the independent t-test for continuous variables and chi-square tests for categorical variables. Statistically significant
(p < 0.05) were marked in bold.
A

B

D E

C

FIGURE 1 | Bivariate logistic regression analysis of sleep duration, sleep timing, and abdominal obesity. (A) all children; (B) boys; (C) girls; (D) children aged 7–12
years; (E) children aged 13–18 years). Variables that were significantly positively associated with abdominal obesity risk were shown in red color (p < 0.05). Variables
that were significantly negatively associated with abdominal obesity risk were shown in green color (p < 0.05). OR, odds ratio; CI, confidence interval; TV, television.
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independently positively associated with abdominal obesity in
children aged 7–12 years.

Associations Between Weekend Sleep
Duration and Abdominal Obesity
As mentioned above, weekend sleep duration was independently
associated with childhood abdominal obesity, whether in the
overall analysis or stratified by age or sex. We further explored
its relationship with abdominal obesity when sleep duration was
used as the ordered categorical variable (<8 hours/day, 8–9 hours/
day, 9–10 hours/day, >10 hours/day). As shown in Table 2, we
found that shorter weekend sleep duration was associated with an
increased risk of abdominal obesity. In the univariate model, the
odds of being abdominal obesity increased by 24.3%, 66.8%,
106.5% in children with weekend sleep duration 9–10 hours/
day, 8–9 hours/day, <8 hours/day, respectively, in comparison
with children with weekend sleep duration>10 hours/day (p all
<0.05). This association remained significant even after various
adjustments were made (Supplementary Table 1). Even after
adjusting all variables in Model 3, including wake-up time and
bedtime, the decreasing weekend sleep duration was still
associated with increased risk of abdominal obesity, as children
who had short weekend sleep duration (9–10 hours/day, 8–9
hours/day, <8 hours/day) were at greater risk of developing
abdominal obesity (OR=1.23, 95% CI 1.04–1.46; OR=1.59, 95%
CI 1.32–1.91; OR=1.83, 95% CI 1.42–2.36, respectively).

Additionally, subgroup analysis was performed according to
sex. We found that after adjusting all variables in Model 3, the
increased risk of abdominal obesity with decreasing weekend sleep
duration was revealed in boys (OR=1.28, 95% CI 1.01–1.63;
OR=1.84, 95% CI 1.41–2.39; OR=2.24, 95% CI 1.57–3.20 for 9–
10 hours/day, 8–9 hours/day, <8 hours/day, respectively), but was
much weaker in girls. Specifically, children with weekend sleep
duration 8–9 hours/day and <8 hours/day were associated with
Frontiers in Endocrinology | www.frontiersin.org 6
higher risks of abdominal obesity in both genders, when compared
to the reference group (>10 hours/day), even after adjusting all
variables in Model 3 (OR=1.84, 95% CI 1.41–2.39; OR=2.24, 95%
CI 1.57–3.20 for boys, OR=1.38, 95% CI 1.06–1.79; OR=1.51, 95%
CI 1.05–2.17 for girls, respectively) (Table 2).

Moreover, we also performed subgroup analysis according to
age (7–12 years, 13–18 years). After including all variables in
Model 3, the phenomenon that the odds of abdominal obesity
steadily increased with the decreasing weekend sleep duration
was observed in children aged 7–12 years (OR=1.25, 95% CI
1.03–1.51; OR=1.60, 95% CI 1.29–1.99; OR=2.11, 95% CI 1.54–
2.91 for 9–10 hours/day, 8–9 hours/day, <8 hours/day,
respectively), but was much weaker in children aged 13–18
years (Table 2).
DISCUSSION

In this cross-sectional study with a large sample of Chinese
children aged 7–18 years, we found that short sleep duration (<9
hours/day) and late bedtime (after 10:00 pm) were associated
with an increased risk of childhood abdominal obesity, although
this was only significant at weekends, not weekdays. This study
also found that the decreasing weekend sleep duration was
associated with an increased risk of abdominal obesity, when
sleep duration was analyzed as the ordered categorical variable
(<8 hours/day, 8–9 hours/day, 9–10 hours/day, >10 hours/day).
Noteworthy, this phenomenon was more prominent for boys
and children aged 7–12 years than for girls and children aged
13–18 years, respectively. To our knowledge, this is one of the
few studies that investigated not only the sleep duration but
also wake-up time and bedtime on weekdays and weekends
in association with childhood abdominal obesity, with a special
emphasis on age and sex differences.
TABLE 2 | Unconditional logistic regression analysis of associations between weekend sleep duration and abdominal obesity.

weekend sleep duration, hours

Measurement <8 hours/day OR (95% CI) 8–9 hours/day OR (95% CI) 9–10 hours/day OR (95% CI) >10 hours/day OR (95% CI)

Overall
Univariate 2.07 (1.73–2.47) 1.67 (1.43–1.95) 1.24 (1.03–1.46) 1.00 (reference)
Model 3 1.83 (1.42–2.36) 1.59 (1.32–1.91) 1.23 (1.04–1.46) 1.00 (reference)
Boys
Univariate 2.21 (1.72–2.84) 1.76 (1.41–2.20) 1.22 (0.97–1.52) 1.00 (reference)
Model 3 2.24 (1.57–3.20) 1.84 (1.41–2.39) 1.28 (1.01–1.63) 1.00 (reference)
Girls
Univariate 1.77 (1.36–2.29) 1.45 (1.16–1.81) 1.24 (0.99–1.54) 1.00 (reference)
Model 3 1.51 (1.05–2.17) 1.38 (1.06–1.79) 1.20 (0.95–1.52) 1.00 (reference)
7–12 years old
Univariate 2.53 (2.03–3.16) 1.71 (1.43–2.04) 1.27 (1.06–1.52) 1.00 (reference)
Model 3 2.11 (1.54–2.91) 1.60 (1.29–1.99) 1.25 (1.03–1.51) 1.00 (reference)
13–18 years old
Univariate 1.53 (1.10–2.13) 1.54 (1.12–2.12) 1.17 (0.84–1.62) 1.00 (reference)
Model 3 1.54 (1.00–2.41) 1.59 (1.10–2.29) 1.23 (0.86–1.76) 1.00 (reference)
October 2021
Multivariate ORs and 95% CIs from unconditional logistic regression models were used in the analysis.
Model 3: full model, adjusted for age, gender, parental obesity, parental education, gestational diabetes mellitus, infant breastfeeding, birth weight, siblings, household income, watching
TV, frequency of exercise, exercise time, sleep duration (weekdays), wake-up time (weekdays), bedtime (weekdays), wake-up time (weekends), bedtime (weekends), number of nocturnal
awakenings, frequency of snoring.
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A series of studies have provided strong evidence of an
association between sleep duration and obesity in children
(12–16, 23). Our study found that short weekend sleep
duration (OR for less than 9 hours) was associated with
childhood abdominal obesity, even after adjusting for all
confounders, including sleep timing wake-up time and
bedtime. This association remained after the subgroup analyses
of sex and age were conducted. Consistent with our findings, a
cross-sectional study conducted by Yu et al. among 500 Chinese
adolescent twins reported that the association between short
sleep duration and obesity is most likely mediated by total and
central adiposity (28). Short sleep duration has been associated
with abdominal obesity in 1008 Chinese children aged 6–17
years (20), as well as in 6048 Korea participants aged 10–18 years
(12). Moreover, a recent meta-analysis of 22 studies with a total
of 56259 participants demonstrated a negative association
between sleep duration and WC, indicating the close
association between sleep duration and abdominal obesity (29).
However, it should be noted that the previous studies did not
distinguish the association of sleep duration on abdominal
obesity between weekdays and weekends.

Since children spend most of their time at school or the after-
school academic institutes and have a huge amount of homework
on weekdays, the sleep duration and timing on weekdays and
weekends are quite different (30). Our study found that weekend
sleep duration, but not weekday sleep duration, was associated
with childhood abdominal obesity. In support of our results, a
recent epidemiological study in 1728 children in Greece found that
the association between sleep duration and overweight/obesity was
stronger on weekends than on weekdays (11). Im et al. (31) and
Kim et al. (32) also revealed that sleep longer on weekends may
have protective effects in preventing childhood obesity. Although
the detailed mechanisms are unclear yet, one possible explanation
is that weekend sleep duration time might serve as a buffer that
attenuates the detrimental impact of weekday sleep insufficiency
on obesity, and facilitates an efficient recovery from energy
dysregulation (32, 33). Further studies are needed to specifically
address the underlying mechanism.

Notably, when weekend sleep duration time was analyzed as
the ordered categorical variable (<8 hours/day, 8–9 hours/day, 9–
10 hours/day, >10 hours/day), a linear dose-response relationship
was found, indicating that the shorter weekend sleep duration, the
higher risk of having abdominal obesity. The linear relationship
between sleep duration and childhood overweight/obesity was also
observed in several previous studies. Lytle et al. studied in 723
American adolescents found that with each additional hour of
sleep per day lost, the risk of being obese increased by 80% (21).
Similarly, a cross-sectional study involving 529 students from the
USA observed a “dose-response” relationship between sleep
duration and overweight, with increasing adjusted odds ratios of
overweight with decreasing sleep duration (34). However, there
were also many studies revealing a U-shape association between
sleep duration and overweight/obesity (17, 35–37). For example,
in analysis among 66817 Chinese adolescents in grades 7–12, Wu
et al. found that when 7.0–9.0 hours/day of sleep considered as the
reference group, the adjusted ORs of overweight/obesity were
Frontiers in Endocrinology | www.frontiersin.org 7
higher in groups of short sleep (< 5.0 hours/day) and long sleep
(≥ 9.0 hours/day) (17). Given the inconsistent results reported in
the current literature, the linear dose-response relationship
observed in our present study needs to be verified in further
prospective cohort studies with a large sample size.

Apart from sleep duration, sleep timing, including wake-up time
and bedtime, may also be an important contributor to childhood
obesity (11, 37–40). In a recent observational cross-sectional study on
2200 Australian children aged 9–16 years, it was shown that
independent of sleep duration, later bedtime/wake-up time was
associated with 1.47 times higher risk of obesity compared with the
earlybedtime/wake-up timepattern (41). Inaprospective studyofUS
children, bedtime was found to have a greater impact on childhood
obesity than do wake-up time (24). Consistent with previous
observations, the present study found that later bedtime (after
10:00 pm) on weekends was associated with abdominal obesity in
all children after adjusting for other confounders. Behavioral factors
may partly be involved in this association. A late bedtime was
associated with less physical activity, more sedentary activities, and
higher screen time (41). Besides, a late bedtime was related to
increased fat intake and increased intake of energy-dense, nutrient-
poor foods as well as sweet drinks (40). Notably, we found that the
association between bedtime and abdominal obesity was only
observed on weekends. Weekday sleep timing is largely influenced
by the school schedule, while weekend sleep timing is fairly aligned
with individual preferences. The casual relationship between sleep
duration, wake-up time, bedtime, and abdominal obesity needs to be
explored in longitudinal studies in the future.

Another interesting finding worthy of note was that after
subgroup analyses by age and sex, the close associations between
weekend sleep duration, weekend bedtime, and abdominal obesity
were stronger among boys and younger age group (7–12 years).
Some previous studies also found sex and age differential
associations between sleep and overweight/obesity (15, 17, 21, 42).
For instance, Duan et al. studied 1008 Chinese children and
adolescents found short sleep duration was associated with
abdominal obesity in younger girls (6–12 years, OR=2.34, 95% CI:
1.07–5.13) and older boys (13–17 years, OR=2.30, 95% CI: 1.10–
4.82), but not in younger boys and older girls (20). In another cross-
sectional study of 723 adolescents from the USA, the relationship
between sleep duration and BMI was moderated both by sex and
grade level, which was evident in middle-school boys (b=−0.32) and
girls (b=−0.18) but largely absent in high-school students (21). Sun
et al. studied 5773 Japanese children aged 12–13 years indicated that
boys may have a higher risk of overweight/obesity when they had
the same level of sleep duration as girls (22). The mechanisms to
explain these sex and age differences are unclear.

Several limitations should be considered when interpreting our
present findings. First, this was a cross-sectional study. Although a
close relationship between weekend sleep duration and childhood
abdominal obesity has been observed in our study, no cause-effect
relationship could be verified due to the study design. Second, sleep
duration, wake-up time, and bedtime were assessed by
questionnaires, rather than objective assessments, which may result
in the risk of bias.However, parent-reported sleep patterns have been
shown to have a satisfactory agreement with objective tools in
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measuring sleep behaviors (43). Third, in our present study, wake-up
time and bedtimewere obtained to calculate the sleep duration,while
the sleep time was not recorded. Although there may have
dissociation between bedtime and sleep time especially in older
children, no data that might infer directional associations could be
found in our study. Fourth, daytime napping and sleepiness, the
difference between weekdays and weekends in physical activity were
not covered by our questionnaire. Finally, though our present study
included a large sample with a wide range of ages, the results might
not be representative of the national population.

In conclusion, the present study revealed that sleep duration
and bedtime on weekends were different from those on weekdays
and were independently associated with the risk of childhood
abdominal obesity. Furthermore, decreasing weekend sleep
duration was associated with an increased occurrence of
abdominal obesity, particularly in boys and children aged 7–12
years. Our findings may have important implications for
developing public health policies and effective intervention
programs to prevent childhood abdominal obesity. Further
longitudinal follow-up and intervention studies are required to
investigate the directional of sleep and abdominal obesity
among children.
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9. Garaulet M, Ortega FB, Ruiz JR, Rey-López JP, Béghin L, Manios Y, et al. Short
Sleep Duration Is Associated With Increased Obesity Markers in European
Adolescents: Effect of Physical Activity and Dietary Habits. The HELENA
Study. Int J Obes (Lond) (2011) 35(10):1308–17. doi: 10.1038/ijo.2011.149

10. Eaton DK, McKnight-Eily LR, Lowry R, Perry GS, Presley-Cantrell L, Croft JB.
Prevalence of Insufficient, Borderline, and Optimal Hours of Sleep Among
High School Students - United States, 2007. J Adolesc Health (2010) 46
(4):399–401. doi: 10.1016/j.jadohealth.2009.10.011

11. Kanellopoulou A, Notara V, Magriplis E, Antonogeorgos G, Rojas-Gil AP,
Kornilaki EN, et al. Sleeping Patterns and Childhood Obesity: An
Epidemiological Study in 1,728 Children in Greece. J Clin Sleep Med (2021)
17(5):1093–101. doi: 10.5664/jcsm.9160

12. Seo SH, Shim YS. Association of Sleep Duration With Obesity and
Cardiometabolic Risk Factors in Children and Adolescents: A Population-
Based Study. Sci Rep (2019) 9(1):9463. doi: 10.1038/s41598-019-45951-0

13. Shi Z, Taylor AW, Gill TK, Tuckerman J, Adams R, Martin J. Short Sleep
Duration and Obesity Among Australian Children. BMC Public Health (2010)
10:609. doi: 10.1186/1471-2458-10-609

14. GongQH, Li SX,Wang SJ,Wu YH, Han LY, Li H. Sleep Duration andOverweight
in Chinese Adolescents: A Prospective Longitudinal Study With 2-Year Follow-
Up. Sleep Breath (2020) 24(1):321–8. doi: 10.1007/s11325-019-01979-0

15. Fan J, Ding C, Gong W, Yuan F, Zhang Y, Feng G, et al. Association of Sleep
Duration and Overweight/Obesity Among Children in China. Int J Environ
Res Public Health (2020) 17(6):1962. doi: 10.3390/ijerph17061962
October 2021 | Volume 12 | Article 735952

https://www.frontiersin.org/articles/10.3389/fendo.2021.735952/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2021.735952/full#supplementary-material
https://doi.org/10.1038/ejcn.2016.171
https://doi.org/10.1111/j.1365-2648.2009.05029.x
https://doi.org/10.1093/ajcn/79.3.379
https://doi.org/10.1007/s13679-012-0042-7
https://doi.org/10.1007/s13679-012-0042-7
https://www.sleepfoundation.org/children-and-sleep
https://www.sleepfoundation.org/children-and-sleep
https://doi.org/10.1038/ijo.2011.149
https://doi.org/10.1016/j.jadohealth.2009.10.011
https://doi.org/10.5664/jcsm.9160
https://doi.org/10.1038/s41598-019-45951-0
https://doi.org/10.1186/1471-2458-10-609
https://doi.org/10.1007/s11325-019-01979-0
https://doi.org/10.3390/ijerph17061962
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Liu et al. Sleep Duration, Timing and Obesity
16. Gong QH, Li SX, Li H, Cui J, Xu GZ. Insufficient Sleep Duration and
Overweight/Obesity Among Adolescents in a Chinese Population. Int J
Environ Res Public Health (2018) 15(5):997. doi: 10.3390/ijerph15050997

17. Wu J, Wu H, Wang J, Guo L, Deng X, Lu C. Associations Between Sleep
Duration and Overweight/Obesity: Results From 66,817 Chinese Adolescents.
Sci Rep (2015) 5:16686. doi: 10.1038/srep16686

18. Åkerstedt T, Ghilotti F, Grotta A, Zhao H, Adami HO, Trolle-Lagerros Y, et al.
Sleep Duration and Mortality - Does Weekend Sleep Matter? J Sleep Res
(2019) 28:e12712. doi: 10.1111/jsr.12712

19. Hwangbo Y, Kim WJ, Chu MK, Yun CH, Yang KI. Association Between
Weekend Catch-Up Sleep Duration and Hypertension in Korean Adults. Sleep
Med (2013) 14:549–54. doi: 10.1016/j.sleep.2013.02.009

20. Duan Y, Sun J, Wang M, Zhao M, Magnussen CG, Xi B. Association
Between Short Sleep Duration and Metabolic Syndrome in Chinese
Children and Adolescents. Sleep Med (2020) 74:343–8. doi: 10.1016/
j.sleep.2020.08.018

21. Lytle LA, Pasch KE, Farbakhsh K. The Relationship Between Sleep and
Weight in a Sample of Adolescents. Obes (Silver Spring) (2011) 19:324–31.
doi: 10.1038/oby.2010.242

22. Sun Y, Sekine M, Kagamimori S. Lifestyle and Overweight Among Japanese
Adolescents: The Toyama Birth Cohort Study. J Epidemiol (2009) 19:303–10.
doi: 10.2188/jea.je20080095

23. Schneider AC, Zhang D, Xiao Q. Adolescent Sleep Characteristics and Body-
Mass Index in the Family Life, Activity, Sun, Health, and Eating (FLASHE)
Study. Sci Rep (2020) 10(1):13277. doi: 10.1038/s41598-020-70193-w

24. Anderson SE, Andridge R, Whitaker RC. Bedtime in Preschool-Aged
Children and Risk for Adolescent Obesity. J Pediatr (2016) 176:17–22.
doi: 10.1016/j.jpeds.2016.06.005

25. Fang HY, Liu D, Zhao LY, Yu DM, Zhang Q, Yu WT, et al. Epidemiological
Characteristics of Waist Circumference and Abdominal Obesity Among
Chinese Children and Adolescents Aged 6-17 Years. Zhonghua Liu Xing
Bing Xue Za Zhi (2018) 39(6):715–9. doi: 10.3760/cma.j.issn.0254-
6450.2018.06.004

26. Ji CY, Yt SR, Ma GS, Ma J, He ZH, Chen TJ. Waist Circumference
Distribution of Chinese School-Age Children and Adolescents. BioMed
Environ Sci (2010) 23(1):12–20. doi: 10.1016/s0895-3988(10)60026-8

27. Chen C, Lu FC. The Guidelines for Prevention and Control of Overweight and
Obesity in Chinese Adults. BioMed Environ Sci (2004) 17 Suppl:1–36.

28. Yu Y, Lu BS, Wang B, Wang H, Yang J, Li Z, et al. Short Sleep Duration and
Adiposity in Chinese Adolescents. Sleep (2007) 30(12):1688–97. doi: 10.1093/
sleep/30.12.1688

29. Sperry SD, Scully ID, Gramzow RH, Jorgensen RS. Sleep Duration and Waist
Circumference in Adults: A Meta-Analysis. Sleep (2015) 38(8):1269–76.
doi: 10.5665/sleep.4906

30. Carissimi A, Dresch F, Martins AC, Levandovski RM, Adan A, Natale V,
et al. The Influence of School Time on Sleep Patterns of Children
and Adolescents. Sleep Med (2016) 19:33–9. doi: 10.1016/j.sleep.2015.
09.024

31. Im HJ, Baek SH, Chu MK, Yang KI, Kim WJ, Park SH, et al. Association
Between Weekend Catch-Up Sleep and Lower Body Mass: Population-Based
Study. Sleep (2017) 40(7):zsx089. doi: 10.1093/sleep/zsx089

32. Kim CW, Choi MK, Im HJ, Kim OH, Lee HJ, Song J, et al. Weekend Catch-Up
Sleep Is Associated With Decreased Risk of Being Overweight Among Fifth-
Grade Students With Short Sleep Duration. J Sleep Res (2012) 21(5):546–51.
doi: 10.1111/j.1365-2869.2012.01013.x
Frontiers in Endocrinology | www.frontiersin.org 9
33. Spiegel K, Leproult R, Van Cauter E. Impact of Sleep Debt on Metabolic and
Endocrine Function. Lancet (1999) 354(9188):1435–9. doi: 10.1016/S0140-
6736(99)01376-8

34. Seicean A, Redline S, Seicean S, Kirchner HL, Gao Y, Sekine M, et al.
Association Between Short Sleeping Hours and Overweight in Adolescents:
Results From a US Suburban High School Survey. Sleep Breath (2007) 11
(4):285–93. doi: 10.1007/s11325-007-0108-z

35. Park SK, Jung JY, Oh CM, McIntyre RS, Lee JH. Association Between Sleep
Duration, Quality and Body Mass Index in the Korean Population. J Clin Sleep
Med (2018) 14(8):1353–60. doi: 10.5664/jcsm.7272

36. Sivertsen B, Pallesen S, Sand L, Hysing M. Sleep and Body Mass Index in
Adolescence: Results From a Large Population-Based Study of Norwegian
Adolescents Aged 16 to 19 Years. BMC Pediatr (2014) 14:204. doi: 10.1186/
1471-2431-14-204

37. Danielsen YS, Pallesen S, Stormark KM, Nordhus IH, Bjorvatn B. The
Relationship Between School Day Sleep Duration and Body Mass Index in
Norwegian Children (Aged 10-12). Int J Pediatr Obes (2010) 5(3):214–20.
doi: 10.3109/17477160903473739

38. Golley RK, Maher CA, Matricciani L, Olds TS. Sleep Duration or Bedtime?
Exploring the Association Between Sleep Timing Behaviour, Diet and BMI in
Children and Adolescents. Int J Obes (Lond) (2013) 37(4):546–51.
doi: 10.1038/ijo.2012.212

39. Lucassen EA, Zhao X, Rother KI, Mattingly MS, Courville AB, de Jonge L,
et al. Evening Chronotype Is Associated With Changes in Eating Behavior,
More Sleep Apnea, and Increased Stress Hormones in Short Sleeping Obese
Individuals. PloS One (2013) 8(3):e56519. doi: 10.1371/journal.pone.0056519

40. Baron KG, Reid KJ, Kern AS, Zee PC. Role of Sleep Timing in Caloric Intake and
BMI. Obes (Silver Spring) (2011) 19(7):1374–81. doi: 10.1038/oby.2011.100

41. Olds TS, Maher CA, Matricciani L. Sleep Duration or Bedtime? Exploring the
Relationship Between Sleep Habits and Weight Status and Activity Patterns.
Sleep (2011) 34:1299–307. doi: 10.5665/SLEEP.1266

42. Knutson KL. Sex Differences in the Association Between Sleep and Body Mass
Index in Adolescents. J Pediatr (2005) 147(6):830–4. doi: 10.1016/
j.jpeds.2005.07.019

43. Wolfson AR, Carskadon MA, Acebo C, Seifer R, Fallone G, Labyak SE, et al.
Evidence for the Validity of a Sleep Habits Survey for Adolescents. Sleep
(2003) 26(2):213–6. doi: 10.1093/sleep/26.2.213

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Liu, Cao, Luo, Wang, Liu, Liang, Wu, Li, Su, Chen and Gong. This
is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner(s) are credited and
that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
October 2021 | Volume 12 | Article 735952

https://doi.org/10.3390/ijerph15050997
https://doi.org/10.1038/srep16686
https://doi.org/10.1111/jsr.12712
https://doi.org/10.1016/j.sleep.2013.02.009
https://doi.org/10.1016/j.sleep.2020.08.018
https://doi.org/10.1016/j.sleep.2020.08.018
https://doi.org/10.1038/oby.2010.242
https://doi.org/10.2188/jea.je20080095
https://doi.org/10.1038/s41598-020-70193-w
https://doi.org/10.1016/j.jpeds.2016.06.005
https://doi.org/10.3760/cma.j.issn.0254-6450.2018.06.004
https://doi.org/10.3760/cma.j.issn.0254-6450.2018.06.004
https://doi.org/10.1016/s0895-3988(10)60026-8
https://doi.org/10.1093/sleep/30.12.1688
https://doi.org/10.1093/sleep/30.12.1688
https://doi.org/10.5665/sleep.4906
https://doi.org/10.1016/j.sleep.2015.09.024
https://doi.org/10.1016/j.sleep.2015.09.024
https://doi.org/10.1093/sleep/zsx089
https://doi.org/10.1111/j.1365-2869.2012.01013.x
https://doi.org/10.1016/S0140-6736(99)01376-8
https://doi.org/10.1016/S0140-6736(99)01376-8
https://doi.org/10.1007/s11325-007-0108-z
https://doi.org/10.5664/jcsm.7272
https://doi.org/10.1186/1471-2431-14-204
https://doi.org/10.1186/1471-2431-14-204
https://doi.org/10.3109/17477160903473739
https://doi.org/10.1038/ijo.2012.212
https://doi.org/10.1371/journal.pone.0056519
https://doi.org/10.1038/oby.2011.100
https://doi.org/10.5665/SLEEP.1266
https://doi.org/10.1016/j.jpeds.2005.07.019
https://doi.org/10.1016/j.jpeds.2005.07.019
https://doi.org/10.1093/sleep/26.2.213
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	Associations Between Sleep Duration, Wake-Up Time, Bedtime, and Abdominal Obesity: Results From 9559 Chinese Children Aged 7–18 Years
	Introduction
	Materials and Methods
	Study Population
	Anthropometric Measurements and Definitions
	Questionnaire
	Statistical Analysis

	Results
	Baseline Characteristics of Study Participants
	Bivariate Logistic Regression Analysis of Sleep Duration, Wake-Up Time, Bedtime, and Abdominal Obesity
	Associations Between Weekend Sleep Duration and Abdominal Obesity

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


