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Summary

Background: In adults, poor sleep quality is associated with increased obesogenic
eating behaviours; less is known about this relationship in youth. The objectives of
this study were to assess the strength of association between fatigue-related quality
of life (QoL) and eating behaviours among youth and to describe the associations in
participants with percent body fat (%BF) above and below the 90th percentile for sex
and age.

Methods: Caregiver-reported measures of fatigue (Pediatric QoL Multidimensional
Fatigue Scale) and eating behaviours (Child Eating Behaviour Questionnaire) were
obtained from participants aged 8-17 years. %BF was measured by iDXA and
grouped by sex- and age-specific percentiles. Multiple linear regression adjusting for
age, sex and race/ethnicity was used.

Results: Of the 352 participants (49% male), 44.6% had %BF >90th percentile. Gen-
eral, sleep/rest and cognitive fatigue QoL was inversely associated with food
approach behaviours: food responsiveness, enjoyment of food, emotional overeating
and desire to drink. For participants with %BF >90th percentile, higher general
fatigue QoL was associated with higher satiety responsiveness (0.13; 95% confidence
interval [Cl 0.03, 0.24]). For participants with %BF <90th percentile, higher general
fatigue QoL was associated with less satiety responsiveness (-0.16; 95% CI [-0.31,
-0.01]).

Conclusion: Less fatigue symptoms were associated with less behaviours associated
with food approach among paediatric participants. For participants with %BF >90th
percentile, less symptoms of general fatigues corresponded with more satiety.
Though causation has yet to be established, youth with elevated %BF should be
screened for fatigue symptoms and offered counselling on sleep hygiene or a sleep

medicine referral to help mitigate weight gain.
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1 | INTRODUCTION

Approximately 20% of adolescents aged 6-19 years in the United
States have obesity, defined as body mass index (BMI) >95th percen-
tile for age and sex. Obesity significantly increased the risk of type
2 diabetes, cardiovascular disease, cancer and all-cause mortality in
adulthood.'™*® Obesity also increased the risk of obstructive sleep
apnoea (OSA)—youth with obesity are six times more likely to have
OSA than youth with normal weight.'? In both adults and youth, poor
sleep quality and shortened sleep duration have been associated with
a higher risk of obesity. 2°-3° OSA may be a reason for poor sleep
quality in youth with obesity, but poor sleep quality may also be a
contributing factor in excess weight gain.

Possible factors contributing to the association between poor
sleep quality and obesity include the effect of sleep quality on
motivation/cognitive fatigue, obesogenic eating behaviours and
caloric intake in children.®%%2 Both cognitive fatigue (subjective
feeling of exhaustion that follows sustained cognitive demands)
and decreased motivation/anhedonia were associated with elevated
BMI, independent of sex and age, in youth with obesity.3® Reduced
motivation and cognitive fatigue may decrease the likelihood of
engaging in certain behaviours such as routine physical activity and
choosing healthy foods. For example, adolescents with disrupted
sleep/wake schedules with late bedtime/late rise patterns of sleep
were more likely to engage in additional screen time and less phys-
ical activity than youth with early bedtime/early rise patterns.3*
Additionally, poor sleep quality and decreased sleep duration have
been associated with obesogenic eating behaviours, such as emo-
tional eating and food responsiveness in both youth and
adults.31353¢  Sleep restriction has also been associated with
increased snacking, increased consumption of carbohydrates, fat,
salt and sugar, and larger portions in both youth and adults.3”~44
Fatigue symptoms are not only associated with sleep quality or
duration (sleep-/rest-related fatigue), but also can be classified as
cognitive fatigue or general fatigue (i.e., feeling physically weak,
feeling too tired to do things, trouble starting things).*> Clarifying
the association between fatigue-related quality of life (QolL) and
specific eating behaviours may help elucidate the fatigue-obesity
relationship as well as inform targeted behavioural modification
strategies in youth with overweight, obesity and/or a rapidly
increasing body fat percentage (%BF).

The objectives of this study were to (1) assess the strength of
association between three subscales of fatigue-related QoL (general,
sleep/rest and cognitive fatigue) and eating behaviours among youth
and (2) describe the associations between fatigue QoL and eating
behaviours in children with %BF above and below the age- and sex-
specific 90th percentile. The a priori hypothesis was that general,
sleep/rest and cognitive fatigue QoL subscales would be inversely
associated with food approach behaviours (food responsiveness, emo-
tional overeating. enjoyment of food and desire to drink). That is,
higher fatigue QoL score (less fatigue symptoms) would be associated
with less endorsement of food approach behaviours. Participants

with %BF >90th percentile were hypothesized to have more food

approach behaviours significantly associated with lower general,
sleep/rest and cognitive fatigue QoL than participants with %
BF < 90th percentile.

2 | MATERIALS AND METHODS
2.1 | Study design and participants

This report was a secondary analysis of data collected as part of a
cross-sectional study of vascular health among children and adoles-
cents with a range of BMI and %BF values.*® Children and adoles-
cents (age range: 8-17 vyears old) were enrolled in the study.
Exclusion criteria for the parent study included the following:
(1) obesity from a known genetic cause (e.g., Prader-Willi); (2) history
of bariatric surgery; (3) current or recent (within 3 months) use of
medications known to affect endothelial health such as statins,
(ACE)-inhibitors,
proliferator-activated receptor (PPAR)-gamma agonists and third-

angiotensin-converting  enzyme peroxisome
generation beta blockers; (4) illness or significant injury in previous
2 weeks; (5) type 1 diabetes mellitus; (6) familial hyper-
cholesterolaemia; (7) chronic kidney disease/end-stage renal disease;
(8) Kawasaki disease; (9) autoimmune inflammatory diseases; and
(9) congenital heart disease. Participants with complete Qol, eating
behaviour and %BF data were included in this analysis. All participants
and parents/guardians provided verbal and written informed assent
and consent, respectively. This parent study was approved by the Uni-

versity of Minnesota Institutional Review Board.

2.2 | Measures

2.2.1 | Demographics
Participant age, sex and race/ethnicity were reported by the
parent/guardian of the paediatric participant at baseline.

2.2.2 | Anthropometrics and %BF

Height and weight measurements were obtained using a wall-
mounted stadiometer and an electronic scale, respectively. The mean
of three separate measurements of height and weight was used. BMI
was calculated as the body weight in kilogrammes divided by the
height in meters squared. %BF and fat-free mass were determined by
dual energy x-ray absorptiometry (iDXA GE Healthcare), using stan-
dard positioning techniques, and were conducted and analysed by
trained staff.*’ Participants were separated into two groups based on
%BF measured by iDXA: (1) participants <90th percentile for %BF and
(2) participants >90th percentile for %BF. %BF percentile cut-points
were determined using previously published data on nationally repre-
sentative %BF percentiles for youth aged 8-20 years old.*® In this
previous analysis, 81% of male and 86% of female youth with Class
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1 obesity (BMI >95th to <120th of the 95th percentile) were above
the 90th percentile for %BF.*® There was a decrease in the proportion
of youth with Class | obesity as the %BF threshold decreased from
the 85th percentile (53% male, 60% female) and 75th percentile (33%
male, 37% female).*® Therefore, the 90th percentile for %BF was used
to in our study to describe a larger proportion of participants with

both excess adiposity and Class | obesity.

2.2.3 | Pediatric Quality of Life Fatigue Scale

The Pediatric Quality of Life Multidimensional Fatigue Scale (PedsQL
MDFS™) questionnaire was completed by the parent/guardian of the
paediatric participant and encompassed three subscales: general,
sleep/rest and cognitive fatigue symptoms.*’ The PedsQL MDFS™ is
an 18-item questionnaire, which uses a 5-point Likert scale from never
(0) to almost always (4); items were reversed scored and linearly trans-
formed to a 0-100 scale.*’ Higher PedsQL MDFS™ score indicated
higher QoL (or less fatigue symptoms) reported by the
parent/guardian.*’ Questions pertaining to general fatigue included
asking the parent/guardian how often the paediatric participant felt
physically weak, felt too tired to do things or had trouble starting
things. Questions pertaining to sleep/rest fatigue included how often
the paediatric participant slept a lot, had difficulty sleeping through
the night, took a lot of naps or felt tired when waking up in the morn-
ing. Questions pertaining to cognitive fatigue included how often the
paediatric participant found it hard to pay attention, remember what
someone told them or remember more than one thing at a time. The
PedsQL MDFS™ has been widely used in multiple paediatric disease
states, including obesity, and been well validated in the paediatric

population.?3424>

2.24 | Child Eating Behaviour Questionnaire

Parent/guardians of the participants completed the Child Eating
Behaviour Questionnaire (CEBQ), a validated 35-item questionnaire
designed to assess a child's eating style.’® The CEBQ was a caregiver-
reported measure with each item rated on a 5-point Likert scale that
ranges from never (1) to always (5). The CEBQ comprised eight
domains that are considered either food approach behaviours (food
responsiveness, emotional overeating, enjoyment of food and desire
to drink) or food avoid behaviours (satiety responsiveness, slowness
in eating, emotional undereating and food fussiness). A higher CEBQ
domain score indicated greater endorsement of the specific eating

behaviour by the caregiver.>!
2.3 | Statistical analysis
Data from all participants with PedsQL MDFS™, CEBQ and non-

missing %BF measurements were analysed (n = 352). Descriptive sta-

tistics using mean and standard deviation or N and percent
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summarized the cohort. Multiple linear regression using robust stan-
dard errors was performed to evaluate associations between PedsQL
MDFS™ scale score and CEBQ eating domain score for the entire
cohort adjusting for age, sex, race and ethnicity. Multiple linear regres-
sion using robust standard errors was performed to evaluate associa-
tions between PedsQL MDFS™ scale score and CEBQ eating domain
score in both %BF groups by use of an interaction term and adjusting
for age, sex, race and ethnicity. %BF groups were defined as those
above tor those at or below the age- and sex-specific 90th %BF per-
centile.*® Because the analysis by %BF cut-point was a secondary
objective and because we sought to limit the use of multiple compari-
sons, we intentionally did not directly compare associations between
%BF groups. The PedsQL MDFS™ scale scores were scaled by a factor
of 25 for more easily interpretable results. All statistical calculations

were performed on R 3.5.0. Statistical significance was defined as

p value <0.05.
3 | RESULTS
3.1 | Participant characteristics

Three hundred fifty-two participants (48.9% male, 78.0% White,
11.4% Latino/Hispanic) were included in this analysis (Table 1). The
mean age was 12.8 + 2.7 years. Thirty-nine percent of participants
had normal weight (BMI <85th percentile), 6% overweight (BMI 285th
to <95th percentile), 21% Class | obesity (BMI >295th percentile to
<120% of the 95th percentile), 20% Class Il obesity (BMI 2120% of
the 95th percentile to <140% of the 95th percentile) and 14% Class
Il obesity (BMI >2140% of the 95th percentile). Table 1 describes the
demographic characteristics of all participants in the study and by
group above and below the age- and sex-specific 90th percentile %
BF.

3.2 | Associations between general QoL and eating
behaviours

3.2.1 | General fatigue subscale

For the entire cohort, general fatigue QoL was inversely associated
with all four food approach behaviours: food responsiveness (—0.45;
95% confidence interval [Cl —-0.57, —0.33]), emotional overeating
(—0.48; 95% Cl [-0.61, —0.37]), enjoyment of food (-0.12; 95% ClI
[-0.21, —0.02]) and desire to drink (—=0.34; 95% CI [-0.47, —0.22];
Table 2). That is, higher QoL (less general fatigue symptoms) cor-
responded with lower endorsement of food responsiveness, emo-
tional overeating, enjoyment of food and desire to drink behaviours.
General fatigue QoL was positively associated with the food avoid
behaviour, satiety responsiveness (0.11; 95% CI [0.02, 0.20]); higher
QoL (lower general fatigue symptoms) corresponded with higher sati-
ety responsive scores (ceasing eating when full). General fatigue QoL

was positively associated with two other food avoid behaviours:
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TABLE 1
(SD)
Overall
Covariate N =350
Male 171 (48.9%)
Race
Black 34 (9.7%)
White 273 (78.0%)
Other 43 (12.3%)
Latino/Hispanic 0 (11.4%)
Age (years) 12.8 (2.7)
BMI (kg/m?) 26.5(8.73)
Percentage of 95th percentile for BMI 104 (30.5)
%BF 36.9 (11.4)

Caregiver-reported Child Eating Behaviour Questionnaire score

Food approach behaviours:

Food responsiveness 2.91 (0.96)
Emotional overeating 2.56 (0.99)
Enjoyment of food 3.97 (0.7)
Desire to drink 2.52 (0.98)
Food avoid behaviours:

Satiety responsiveness 2.45 (0.66)
Slowness in eating 2.33(0.73)
Emotional undereating 2.59 (0.7
Food fussiness 2.70 (0.86)

Participant demographics and caregiver-reported eating behaviours and fatigue quality of life by %BF category with N (%) or mean

<90th percentile %BF >90th percentile %BF

Caregiver-reported Pediatric Quality of Life Multidimensional Fatigue Scale score

General fatigue 73.6 (19.2)
Sleep/rest fatigue 71.9 (20.4)
Cognitive fatigue 72.0 (22.2)

Abbreviations: %BF, percent body fat; BMI, body mass index.

emotional undereating (—0.10; 95% CI [-0.19, —0.01]) and food fussi-
ness (—0.12; 95% Cl [-0.23, 0.00]).

For participants with %BF <90th percentile, general fatigue QoL
score was inversely associated with three food approach behaviours:
food responsiveness (—0.33; 95% Cl [-0.51, —0.15]), emotional over-
eating (—0.48; 95% Cl [-0.66, —0.29]) and desire to drink (—0.40; 95%
Cl [-0.60,-0.19]; Table 3). General fatigue QoL score was also
inversely associated with three food avoid behaviours: satiety respon-
siveness (—0.16; 95% Cl [-0.31, —0.03]), emotional undereating
(=0.24; 95% Cl [-0.39, —0.008]) and food fussiness (—0.25; 95% Cl
[-0.44, —0.05]), meaning higher QOL score (less symptoms) cor-
responded with less endorsement of satiety responsiveness, emo-
tional undereating and food fussiness for participants with %BF <90th
percentile.

For participants with %BF >90th percentile, general fatigue QoL
score was inversely associated with all four food approach behaviours:
food responsiveness (—0.28; 95% Cl [-0.42, —0.14]), emotional over-
eating (—0.29; 95% Cl [-0.44, —0.15]), enjoyment of food (-0.14;
95% Cl [-0.26, —0.02]) and desire to drink (-0.21; 95% CI [-0.37,

N=184 N =166
101 (54.9%) 70 (42.2%)
18 (9.8%) 16 (9.6%)
149 (81.0%) 124 (74.7%)

17 (9.2%) 26 (15.7%)

13(7.1%) 27 (16.3%)
12.5(2.48) 13.1(2.91)
20.2 (4.21) 33.5(6.89)
80.8 (14.7) 131 (20.2)
27.7 (7.17) 47.1(4.71)
2.46(0.8) 3.41(0.88)
2.12(0.81) 3.04 (0.95)
3.79 (0.69) 4.17 (0.66)
2.29 (0.93) 2.78 (0.97)
2.68 (0.65) 2.20 (0.56)
2.48 (0.75) 2.16 (0.68)
2.62(0.77) 2.56 (0.62)
2.70(0.83) 2.69 (0.91)
78.2 (16.3) 64.9 (22.1)
79.6 (15.6) 66.9 (20.6)
75.7 (20.9) 67.9 (23.0)

—0.05]). General fatigue QoL was positively associated with two food
avoid behaviours: satiety responsiveness and slowness in eating for
participants with %BF >90th percentile. That is, higher general fatigue
QoL score (less symptoms) corresponded with higher satiety respon-
siveness (0.13; 95% Cl [0.03, 0.24]) and slowness in eating (0.15; 95%
Cl1[0.02, 0.27]).

3.2.2 | Sleep/rest fatigue scale

For the entire cohort, sleep/rest fatigue QoL score was inversely asso-
ciated with all four food approach behaviours: food responsiveness
(-0.44; 95% CI [-0.57, —0.30]), emotional overeating (-0.57; 95% Cl
[-0.71, —0.44]), enjoyment of food (-0.12; 95% CI [-0.23, —0.01])
and desire to drink (—0.31; 95% CI [-0.45, —0.16]), meaning higher
sleep/rest fatigue QOL (less symptoms) corresponds with less
endorsement of food approach behaviours.

For participants with %BF <90th percentile, sleep/rest fatigue
QoL score was inversely associated with three food approach
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TABLE 2  Associations between fatigue QoL and eating behaviours

Eating behaviours (outcome)

Food approach behaviours

2 2 : 511
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Increase per 25 point increase in fatigue

Fatigue QoL (covariate) QoL (95% Cl)

Food responsiveness

Emotional overeating

Enjoyment of food

Desire to drink

Food avoid behaviours

Satiety responsiveness

Slowness in eating

Emotional undereating

Food fussiness

General fatigue
Sleep/rest fatigue
Cognitive fatigue
General fatigue
Sleep/rest fatigue
Cognitive fatigue
General fatigue
Sleep/rest fatigue
Cognitive fatigue
General fatigue
Sleep/rest fatigue

Cognitive fatigue

General fatigue
Sleep/rest fatigue
Cognitive fatigue
General fatigue
Sleep/rest fatigue
Cognitive fatigue
General fatigue
Sleep/rest fatigue
Cognitive fatigue
General fatigue
Sleep/rest fatigue

Cognitive fatigue

—-0.45 (-0.57, —0.33)°
—0.44 (-0.58, —0.30)°
-0.29 (-0.41, —-0.18)°
-0.49 (-0.61, —0.37)
—0.57 (-0.71, —0.44)°
—-0.30 (-0.41, —-0.19)°
-0.12 (-0.21, —0.02)
—-0.12 (-0.23, —-0.01)°
—-0.11 (-0.19, —0.02)°
—-0.34 (-0.47, -0.22)°
—0.31 (-0.45, —-0.16)°
—-0.21 (-0.32, -0.09)°

0.11 (0.02, 0.20)°

0.09 (-0.01, 0.19)
0.01 (-0.07, 0.09)
0.09 (-0.01, 0.19)

0.06 (-0.05, 0.18)
—0.03 (-0.12, 0.06)
—-0.10 (-0.19, —-0.01)°
—-0.10 (-0.21, 0.01)
—-0.02 (-0.11, 0.06)
—-0.12 (-0.23, 0.00)°
—0.10 (-0.23, 0.04)
0.00 (-0.10, 0.11)

Note. Multiple linear regression models adjusted for sex, age, race and ethnicity. Confidence intervals were calculated using robust standard errors.

Abbreviations: Cl, confidence interval; QoL, quality of life.
3Significant p values (<0.05).

behaviours: food responsiveness (—0.33; 95% Cl [-0.51, —0.15]),
emotional overeating (—0.51; 95% CI [-0.71, —0.31]) and desire to
drink (-0.45; 95% Cl [-0.68, —0.23]). There were no significant asso-
ciations between sleep/rest fatigue QOL score and food avoid behav-
jours for participants with %BF <90th percentile.

For participants with %BF >90th percentile, sleep/rest fatigue
QoL score was inversely associated with two food approach behav-
iours: food responsiveness (—0.22; 95% Cl [-0.38, —0.06]) and emo-
tional overeating (—0.39; 95% Cl [-0.55, —0.23]). There were no
significant associations between sleep/rest fatigue QOL score and
food avoid behaviours for participants with %BF >90th percentile.

3.2.3 | Cognitive fatigue scale
For the entire cohort, cognitive fatigue QoL was inversely associated

with all four food approach behaviours: food responsiveness (—0.29;
95% Cl [-0.41, —0.18]), emotional overeating (—0.30; 95% CI [-0.41,

—0.19]), enjoyment of food (-0.11; 95% Cl [-0.19, —0.02]) and desire
to drink (-0.21; 95% CI [-0.32, —0.09]). That is, higher cognitive
fatigue QOL (less symptoms) corresponds with less endorsement of
food approach behaviours.

For participants with %BF <90th percentile, cognitive fatigue QoL
score was inversely associated with three food approach behaviours:
food responsiveness (—0.19; 95% Cl [-0.33, —0.05]), emotional over-
eating (—0.30; 95% CI [-0.45, —0.16]) and desire to drink (-0.21; 95%
Cl [-0.37, —0.05]). Cognitive fatigue QoL score was also inversely
associated with two food avoid behaviours: satiety responsiveness
(-0.13; 95% CI [-0.24, —0.03]) and slowness in eating (-0.17; 95% Cl
[-0.29, —0.05]). That is, higher cognitive fatigue QOL score (less
symptoms) corresponded with less endorsement of food avoid behav-
iours in participants with %BF <90th percentile.

For participants with %BF >90th percentile, cognitive fatigue QoL
score was inversely associated with two food approach behaviours:
food responsiveness (—0.20; 95% Cl [-0.34, —0.07]) and enjoyment of
food (-0.17; 95% Cl [-0.29, —0.06]). There were no significant
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TABLE 3

Eating behaviours (outcome) Fatigue QoL (covariate)
Food approach behaviours
Food responsiveness General fatigue
Sleep/rest fatigue
Cognitive fatigue

Emotional overeating General fatigue
Sleep/rest fatigue
Cognitive fatigue
Enjoyment of food General fatigue
Sleep/rest fatigue
Cognitive fatigue
Desire to drink General fatigue
Sleep/rest fatigue
Cognitive fatigue
Food avoid behaviours
Satiety responsiveness General fatigue
Sleep/rest fatigue
Cognitive fatigue
Slowness in eating General fatigue
Sleep/rest fatigue
Cognitive fatigue
Emotional undereating General fatigue
Sleep/rest fatigue
Cognitive fatigue
Food fussiness General fatigue
Sleep/rest fatigue

Cognitive fatigue

Associations between fatigue QoL and eating behaviours by %BF category

<90th percentile %BF >90th percentile %BF

-0.33 (-0.51, —-0.15)* -0.28 (-0.42, —0.14)
—-0.33 (-0.53, —0.14)* —-0.22 (-0.38, —0.06)°
-0.19 (-0.33, —-0.05)* —-0.20 (-0.34, —-0.07)
—-0.48 (-0.66, —0.29)* —-0.29 (-0.44, —-0.15)°
-0.51(-0.71, -0.31)° -0.39 (-0.55, —0.23)°
—-0.30 (-0.45, —-0.16)* —-0.14 (-0.28,0.01)
0.10 (-0.05, 0.25) —-0.14 (-0.26, —0.02)°
0.07 (-0.09, 0.24) —-0.11 (-0.24, 0.02)
0.05 (-0.07,0.17) —-0.17 (-0.29, —0.06)°
—-0.40 (-0.60, —0.19)* -0.21 (-0.37, -0.05)°
—-0.45 (-0.68, —0.23)* —-0.09 (-0.27,0.09)
-0.21 (-0.37, -0.05)* —-0.11 (-0.27, 0.04)
-0.16 (-0.31, —0.03)* 0.13(0.03, 0.24)
—0.09 (-0.24, 0.06) 0.03 (-0.09, 0.16)
—-0.13 (-0.24, —0.03)* 0.03(-0.07,0.14)
—-0.15(-0.31, 0.01) 0.15(0.02, 0.27)
—-0.06 (-0.23,0.12) 0.03 (-0.11,0.17)
-0.17 (-0.29, —0.05) 0.04 (-0.08, 0.16)
-0.24 (-0.39, —0.08)* —-0.05 (-0.18, 0.07)
—-0.15(-0.32, 0.02) —-0.11 (-0.25, 0.03)
—0.12 (-0.24, 0.00) 0.05(-0.06, 0.17)
—-0.25 (-0.44, —0.05)° —-0.06 (-0.21, 0.09)
—-0.21(-0.42,0) —-0.05 (-0.22,0.12)
—-0.07 (-0.22, 0.08) 0.08 (-0.07,0.22)

Note. Multiple linear regression models adjusted for sex, age, race and ethnicity. Confidence intervals were calculated using robust standard errors.

Abbreviations: %BF, percent body fat; QoL, quality of life.
Significant p values (<0.05).

associations between cognitive fatigue QOL score and food avoid
behaviours for participants with %BF >90th percentile.

4 | DISCUSSION

This cross-sectional study evaluated the association between three
subscales of fatigue-related QoL (general, sleep/rest and cognitive
fatigue) and eating behaviours and characterized the association in
among youth with %BF above and below the age- and sex-specific
90th percentile. Less general, sleep-/rest-related and cognitive fatigue
were associated with lower endorsement of all four food approach
behaviours (food responsiveness, emotional overeating, enjoyment of
food and desire to drink) in the overall cohort. Additionally, associa-
tions between general fatigue and food avoid behaviours (satiety
responsiveness, slowness in eating, emotional undereating and food
fussiness) differed in directionality for participants with %BF above

and below the age- and sex-specific 90th percentile.

Improvement in general, sleep-/rest-related and cognitive fatigue
may be a lifestyle management focus for children with rapidly increas-
ing BMI (even with a %BF <90th percentile) as addressing food
approach behaviours may taper rapid weight gain. For example, spe-
cific food approach behaviours, such as desire to drink and emotional
overeating, may serve as targets for higher yield behaviour interven-
tions for patients with endorsement of general, sleep-/rest-related or
cognitive fatigue symptoms regardless of BMI or %BF. Endorsement
of desire to drink behaviour has been associated with a higher prefer-
ences for soda, fruit juice and milk and higher consumption of these
beverages in children.’? Excess fruit juice and sugar-sweetened
beverage (SSB) consumption is an important contributor in the
development of obesity among children and adolescents, and limit-
ing access to these beverages is an important dietary intervention
for weight management.>3>> Additionally, health care providers
can provide targeted behavioural strategies in patients who
endorse emotional overeating to decrease emotion-driven eating

patterns, such as mindful eating techniques and stress reduction.>®
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Focusing on decreasing SSB consumption or stress reduction are
concrete lifestyle management approaches that can be offered in a
clinical setting in addition to evaluating and treating causes of gen-
eral, cognitive and sleep-/rest-related fatigue (i.e., depression, poor
sleep hygiene or sleep apnoea).

An important difference in the association between fatigue sub-
scales and food avoid behaviours (satiety responsiveness, slowness in
eating, emotional undereating and food fussiness) for patients with %
BF above and below the age- and sex-specific 90th percentile was
also described in this study. For participants with %BF >90th percen-
tile, less general fatigue symptoms corresponded with more endorse-
ment of satiety responsiveness and slowness in eating. Investigating
the aetiology of and improving fatigue in patients with an elevated %
BF may be an important intervention target, which may result in
slowed eating speed and improved satiety response, leading to slowed
weight gain or weight loss. Conversely, for participants with %BF
<90th percentile, less general fatigue symptoms corresponded with
less satiety responsiveness, emotional undereating and food fussiness.
Taken together, these findings regarding food avoid behaviours sug-
gest that youth with a lower %BF avoided food more when more
fatigued, whereas youth with a higher %BF avoided food more when
less fatigued. Evaluating for causes of general fatigue and treating
these underlying causes may promote satiety responsiveness and
slowness in eating for participants with %BF >90th percentile. It is
important to note that fatigue and eating behaviours are multifacto-
rial, and other interventions, such as parenting techniques, sleep envi-
ronment, and biological mechanisms, should be evaluated to address
weight management. Additionally, youth with lower %BF may have
different genetic or other biological factors than youth with a %BF
>90th percentile, which contribute to their current %BF as well as
their appetite and eating behaviour response to fatigue, which were
not measured in this study.

This study had some limitations. The caregiver, not the paediatric
participants, reported both the child eating behaviours and quality of
life scales. Given that the average age of the participant was 12 years,
caregivers may not be aware of an adolescent's feelings of fatigue,
sleep quality or eating behaviours outside of the home. The CEBQ has
been developed for, and historically used in, a younger age range.
However, it is an accepted measure of child eating behaviours and has
been used in adolescent youth.>”~>? Additionally, participants' ages in
this study ranged from age 8-17 years, and sleep and eating behav-
iours, as well as parental involvement affecting behaviours, can vary
widely in this age range. However, regression models were adjusted
for age. Our results demonstrating an association between food
approach behaviours and fatigue QoL subscale added to the previous
literature that suggests sleep quality and duration may lead to
increased appetite stimulation and caloric intake despite this limita-
tion, 3773943446061 The CEBQ and PedsQL MDFS™ were conducted
among an English-speaking only population, which makes it difficult
to account for some of the social and cultural determinants of eating
behaviours and sleep patterns. Importantly, as this was not a longitu-
dinal study, we were unable to evaluate causality as to whether

fatigue lends to certain eating behaviours or will result in rapid gain
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weight. Other factors, such as parenting techniques, environment and
biological mechanisms, likely were part of this association.

The results of this study expanded upon the current literature
evaluating the association between sleep quality and obesity, offering
insight into which eating behaviours are affected by not only sleep-/
rest-related fatigue, but also general and cognitive fatigue. Further-
more, this study provided evidence that less general fatigue symptoms
correspond with increased endorsement of satiety responsiveness
and slowness in eating behaviours in children with %BF >90th percen-
tile for age and sex. Therefore, based on our findings, when children
were well rested, they were more able to avoid unnecessary food
intake, which may aid in weight management among children with ele-
vated %BF. Therefore, screening for poor sleep quality and other
fatigue-related symptoms, counselling on sleep hygiene and evaluat-
ing for other causes of fatigue are recommended for youth with over-
weight, obesity or a rapidly increasing BMI percentile. Similarly,
evaluation and targeted behavioural intervention for specific
obesogenic eating behaviours, such as desire to drink or emotional
overeating, is also recommended when fatigue is identified in youth
with overweight or obesity. In conclusion, high fatigue symptoms
were significantly associated with increased food approach behav-
iours in youth. Future efforts aimed at characterizing the potential
causal pathways between fatigue and poor sleep quality leading to
unhealthy eating behaviours may inform more targeted and effective
prevention and treatment strategies for obesity in youth.

ACKNOWLEDGEMENTS

We would like to thank the children and adolescents who participated
in this study. We would also like to thank Ms Annie Sheldon and Ms
Erin Hurley for their excellent coordination of this study and Ms Cam-
eron Naughton for her programme management expertise.

CONFLICTS OF INTEREST

Dr Kelly receives research support (drug/placebo) from Astra Zeneca
Pharmaceuticals and serves as a consultant for Novo Nordisk, WW
and Vivus Pharmaceuticals but does not accept personal or profes-
sional income for these activities. Dr Oberle receives research support
from Vivus Pharmaceuticals. No other competing financial interests

exist.

FUNDING

Funding for this project was provided by the National Institutes of
Health (NIH; Bethesda, MD), the National Heart, Lung, and Blood
Institute/NIH (RO1HL110957, awarded to A.S.K.), the National Center
for Advancing Translational Sciences/NIH (UL1TR000114), and
National Institute of Diabetes and Digestive and Kidney Diseases
(NIDDK)/NIH NORC (grant P30 DK050456).

AUTHOR CONTRIBUTIONS

MMO, EFN, KDR and ASK collaborated in formulating the research
question, analysing the data and writing the manuscript. EFN and
KDR also performed the statistical analysis. CTB and ACG collabo-

rated in the manuscript writing. All authors were involved in



514 WILEY. Obesity Science and Practice

OBERLE ET AL.

writing the paper and had final approval of the submitted and pub-

lished versions.

INFORMED CONSENT AND ETHICAL CONSIDERATIONS
This study was conducted according to the guidelines laid down in the

Declaration of Helsinki, and the University of Minnesota Institutional

Review Board approved all procedures involving human subjects.

ORCID

Megan M. Oberle
CarolynT. Bramante

https://orcid.org/0000-0002-9341-1858
https://orcid.org/0000-0001-5858-2080

REFERENCES

1.

10.

11.

12.

13.

14.

Hales CM, Carroll MD, Fryar CD, Ogden CL. Prevalence of obesity
among adults and youth: United States, 2015-2016. Natl Center
Health Stat Data Brief. 2017;288:1-8.

Gordon-Larsen P, Adair LS, Nelson MC, Popkin BM. Five-year obesity
incidence in the transition period between adolescence and adult-
hood: the National Longitudinal Study of Adolescent Health. Am J Clin
Nutr. 2004;80:569-575.

Must A, Jacques PF, Dallal GE, Bajema CJ, Dietz WH. Long-term mor-
bidity and mortality of overweight adolescents. A follow-up of the
Harvard Growth Study of 1922 to 1935. N Engl J Med. 1992;327:
1350-1355.

Twig G, Yaniv G, Levine H, et al. Body mass index in 2.3 million ado-
lescents and cardiovascular death in adulthood. N Engl J Med. 2016;
374:2430-2440.

McGill HC, McMahan CA. Determinants of atherosclerosis in the
young. Pathobiological determinants of atherosclerosis in youth
(PDAY) research group. Am J Cardiol. 1998;82:30T-36T.

Lawlor DA, Martin RM, Gunnell D, et al. Association of body mass
index measured in childhood, adolescence, and young adulthood with
risk of ischemic heart disease and stroke: findings from 3 historical
cohort studies. Am J Clin Nutr. 2006;83:767-773.

Oren A, Vos LE, Uiterwaal CS, Gorissen WH, Grobbee DE, Botts ML.
Change in body mass index from adolescence to young adulthood
and increased carotid intima-media thickness at 28 years of age: the
Atherosclerosis Risk in Young Adults study. Int J Obes Relat Metab Dis-
ord. 2003;27:1383-1390.

Li S, Chen W, Srinivasan SR, et al. Childhood cardiovascular risk fac-
tors and carotid vascular changes in adulthood: the Bogalusa Heart
Study. JAMA. 2003;290:2271-2276.

Morrison JA, Glueck CJ, Wang P. Childhood risk factors predict car-
diovascular disease, impaired fasting glucose plus type 2 diabetes
mellitus, and high blood pressure 26 years later at a mean age of
38 years: the Princeton-lipid research clinics follow-up study. Metabo-
lism. 2012;61:531-541.

Fyfe-Johnson AL, Ryder JR, Alonso A, et al. Ideal cardiovascular
health and adiposity: Implications in youth. J Am Heart Assoc. 2018;7:
1-12.

Engeland A, Bjgrge T, Sggaard AJ, Tverdal A. Body mass index in ado-
lescence in relation to total mortality: 32-yearfollow-up of 227,000
Norwegian boys and girls. Am J Epidemiol. 2003;157:517-523.
Llewellyn A, Simmonds M, Owen CG, Woolacott N. Childhood obe-
sity as a predictor of morbidity in adulthood: a systematic review and
meta-analysis. Obes Rev. 2016;17:56-67.

Juonala M, Magnussen CG, Berenson GS, et al. Childhood adiposity,
adult adiposity, and cardiovascular risk factors. N Engl J Med. 2011;
365:1876-1885.

Tirosh A, Shai |, Afek A, et al. Adolescent BMI trajectory and risk of
diabetes versus coronary disease. N Engl J Med. 2011;364:1315-
1325.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

. Park MH, Falconer C, Viner RM, Kinra S. The impact of childhood

obesity on morbidity and mortality in adulthood: a systematic review.
Obes Rev. 2012;13:985-1000.

Fang X, Zuo J, Zhou J, et al. Childhood obesity leads to adult
type 2 diabetes and coronary artery diseases: a 2-sample
Mendelian randomization study. Medicine (Baltimore). 2019;98:
e16825-e16833.

Geng T, Smith CE, Li C, Huang T. Childhood BMI and adult type 2 dia-
betes, coronary artery diseases, chronic kidney disease, and car-
diometabolic traits: a Mendelian randomization analysis. Diabetes
Care. 2018;41:1089-1096.

Liu D, Hao YX, Zhao TZ, et al. Childhood BMI and adult obesity in a
Chinese sample: a 13-yearfollow-up study. Biomed Environ Sci. 2019;
32:162-168.

Young T, Peppard PE, Gottlieb DJ. Epidemiology of obstructive sleep
apnea: a population health perspective. Am J Respir Crit Care Med.
2002;165:1217-1239.

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

Cedernaes J, Schioth HB, Benedict C. Determinants of shortened,
disrupted, and mistimed sleep and associated metabolic health conse-
quences in healthy humans. Diabetes. 2015;64:1073-1080.
Gangwisch JE, Malaspina D, Noden-Albala B, Heymsfield SB. Inade-
quate sleep as a risk factor for obesity: analysis of the NHANES I.
Sleep. 2005;28:1289-1296.

Fatima Y, Doi SAR, Mamun AA. Sleep quality and obesity in young
subjects: a meta-analysis. Obesity. 2016;17:1154-1166.

Heilmann A, Rouxel P, Fitzsimons E, Kelly Y, Watt RG. Longitudinal
associations between television in the bedroom and body fatness in a
UK cohort study. Int J Obes (Lond). 2005;41:1503-1509.

Park YM, White AJ, Jackson CL, Weinberg CR, Sandler DP. Associa-
tion of exposure to artificial light at night while sleeping with risk of
obesity in women. JAMA Internal Med. 2019. [Epub Ahead of Print]
179(8):1061-1071.

Stoner L, Castro N, Signal L, et al. Sleep and adiposity in preadoles-
cent children: the importance of social jetlag. Child Obes. 2018;14:
158-164.

Cappuccio FP, Taggart FM, Kandala NB, et al. Meta-analysis of short
sleep duration and obesity in children and adults. Sleep. 2008;31:
619-626.

Fels6 R, Lohner S, Hollody K, Erhardt E, Molnar D. Relationship
between sleep duration and childhood obesity: systematic review
including the potential underlying mechanisms. Nutr Metab Cardiovasc
Dis. 2017;27:751-761.

Kaar JL, Schmiege SJ, Kalkwarf HJ, Woo JG, Daniels SR, Simon SL.
Longitudinal assessment of sleep trajectories during early childhood
and their association with obesity. Child Obes. 2019. [Epub ahead of
print]16(3):211-217.

Morrissey B, Malakellis M, Whelan J, et al. Sleep duration and risk of
obesity among a sample of Victorian school children. BMC Public
Health. 2016;16:245-253.

Burt J, Dube L, Thibault L, Gruber R. Sleep and eating in childhood: a
potential behavioral mechanism underlying the relationship between
poor sleep and obesity. Sleep Med. 2014;15:71-75.

Miller AL, Lumeng JC, LeBourgeois MK. Sleep patterns and obesity in
childhood. Curr Opin Endocrinol Diabetes Obes. 2015;22:41-47.

Barat P, Meiffred M-C, Brossaud J, et al. Inflammatory, endocrine
and metabolic correlates of fatigue in obeses children.
Pyschoneuroendocrinology. 2016,;74:158-163.

Olds TS, Maher CA, Matricciani L. Sleep duration or bedtime? Explor-
ing the relationship between sleep habits and weight status and activ-
ity patterns. Sleep. 2011;34:1299-1307.

Dweck JS, Jenkins SM, Nolan LJ. The role of emotional eating and
stress in the influence of short sleep on food consumption. Appetite.
2014;72:106-113.


https://orcid.org/0000-0002-9341-1858
https://orcid.org/0000-0002-9341-1858
https://orcid.org/0000-0001-5858-2080
https://orcid.org/0000-0001-5858-2080

OBERLE ET AL.

36.

37.

38.

39.

40.

41.

42.

43.

a4,

45.

46.

47.

48.

49.

McDonald L, Wardle J, Llewellyn CH, Fisher A. Nighttime sleep dura-
tion and hedonic eating in childhood. Int J Obes (Lond). 39:1463-
1466.

Markwald RR, Melanson EL, Smith MR, et al. Impact of insufficient
sleep on total daily energy expenditure, food intake, and weight gain.
Proc Natl Acad Sci. 2013;110:5695-5700.

Spaet AM, Dinges DF, Goel N. Effects of experimental sleep restric-
tion on weight gain, caloric intake and meal timing in healthy adults.
Sleep. 2013;36:981-990.

Nedeltcheva A, Kilkus J, Imperial J, Kasza K, Schoeller DA, Penev PD.
Sleep curtailment is accompanied by increased intake of calories from
snacks. Am J Clin Nutr. 2008;89:126-133.

Hogenkamp PS, Nilsson E, Nilsson VC, et al. Acute sleep deprivation
increases portion sizes and affects food choices in young men.
Pyschoneuroendocrinology. 2013;38:1668-1674.

Chapman CD, Nillson EK, Nilsson VC, et al. Acute sleep deprivation
increases food purchasing in men. Obesity. 2013;21:E555-E560.

Bel S, Michels N, De Vriendt T, et al. Association between self-
reported sleep duration and dietary quality in Europen adolescents.
Br J Nutr. 2013;110:949-959.

Beebe DW, Simon S, Summer S, Hemmer S, Strotman D, Dolan LM.
Dietary intake following experimentally restricted sleep in adoles-
cents. Sleep. 2013;36:827-834.

Hart CN, Carskadon MA, Considine RV, et al. Changes in children's
sleep duration on food intake, weight, and leptin. Pediatrics. 2013;
132:1-8.

Varni JW, Limbers CA, Bryant WP, Wilson DP. The PedsQL™ Multi-
dimensional Fatigue Scale in pediatric obesity: feasibility, reliability
and validity. Int J Pediatr Obes. 2010;5:34-42.

Ryder JR, O'Connell MJ, Rudser KD, et al. Reproducibility of circulat-
ing endothelial cell enumeration and activation in children and adoles-
cents. Biomark Med. 2016;10:463-471.

Shepherd J, Fan B, Lu Y, et al. A multinational study to develop uni-
versal standardization of whole-body bone density and composition
using GE Healthcare Lunar and Hologic DXA systems. J Bone Miner
Res. 2012;27:2208-2216.

Ryder JR, Kaizer A, Rudser KD, Daniels S, Kelly AS. Utility of body
mass index in identifying excess adiposity in youth across the obesity
spectrum. J Pediatr. 2016;177:255-261.

Varni JW, Burwinkle TM, Seid M. The PedsQL as a pediatric patient-
reported outcome: reliability and validity of the PedsQL Measure-
ment Model in 25,000 children. Expert Rev Pharmacoecon Outcomes
Res. 2005;5:705-719.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

2 z : 515
Obesity Science and Practice WILEY.

Carnell S, Wardle J. Measuring behavioural susceptibility to obesity:
validation of the child eating behavior questionnaire. Appetite. 2007;
48:104-113.

Domoff S, Miller A, Kaciroti N, Lumeng J. Validation of the Children's
Eating Behaviour Questionnaire in a low-incomepreschool-aged sam-
ple in the United States. Appetite. 2015;95:415-420.

Sweetman C, Wardle J, Cooke L. Soft drinks and 'desire to drink' in
preschoolers. Int J Behav Nutr Phys Act. 2008;2:60-64.

de Ruyter J, Olthof M, Seidel J, Katan M. A trial of sugar-free or
sugar-sweetened beverages and body weight in children. N Engl J
Med. 2012;367:1397-1406.

Nicklas T, Yang S-J, Baranowski T, Zaker Il, Berenson G. Eating pat-
terns and obesity in children: the Bogalusa Heart Study. Am J Prev
Med. 2003;25:9-16.

James J, Kerr D. Prevention of childhood obesity by reducing soft
drinks. Int J Obes (Lond). 2005;29:554-S57.

van Strien T. Causes of emotional eating and matched treatment of
obesity. Curr Diabetes Rev. 2018;18:1-8.

Tong L, Shi H, Li X. Associations among ADHD, abnormal eating and
overweight in a non-clinical sample of Asian children. Sci Rep. 2017;7:
2844-2852.

Gross AC, Kaizer AM, Ryder JR, et al. Relationships of anxiety and
depression with cardiovascular health in youth with normal weight to
severe obesity. J Pediatr. 2018;199:85-91.

Oberle MM, Willson SR, Gross AC, Kelly AS, Fox CK. Relationship
among child eating behaviors and household food insecurity in youth
with obesity. Child Obes. 2019;15:298-305.

Taheri S, Lin L, Austin D, Young T, Mignot E. Short sleep duration is
associated with reduced leptin, elevated ghrelin, and increased body
mass index. PLoS Med. 2004;1:e62-e63.

Boeke CE, Storfer-Isser A, Redline S, Taveras EM. Childhood sleep
duration and quality in relation to leptin concentration in two cohort
studies. Sleep. 2014;37:613-620.

How to cite this article: Oberle MM, Northrop EF,

Bramante CT, Rudser KD, Gross AC, Kelly AS. Associations
between paediatric fatigue and eating behaviours. Obes Sci
Pract. 2020;6:507-515. https://doi.org/10.1002/0sp4.422



https://doi.org/10.1002/osp4.422

	Associations between paediatric fatigue and eating behaviours
	  INTRODUCTION
	  MATERIALS AND METHODS
	  Study design and participants
	  Measures
	  Demographics
	  Anthropometrics and %BF
	  Pediatric Quality of Life Fatigue Scale
	  Child Eating Behaviour Questionnaire

	  Statistical analysis

	  RESULTS
	  Participant characteristics
	  Associations between general QoL and eating behaviours
	  General fatigue subscale
	  Sleep/rest fatigue scale
	  Cognitive fatigue scale


	  DISCUSSION
	ACKNOWLEDGEMENTS
	  CONFLICTS OF INTEREST
	  FUNDING
	  AUTHOR CONTRIBUTIONS
	  INFORMED CONSENT AND ETHICAL CONSIDERATIONS
	REFERENCES



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /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
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


