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Statement of Significance
In free-living Mexican American children, longer sleep duration was associated with less energy intake from carbohydrates and more energy intake from fat.
Longer sleep duration may play a protective role in obesity prevention. Longitudinal research is needed to investigate sleep duration impacts diet and appetite during childhood and the long-term impact on obesity.

INTRODUCTION
Childhood obesity remains a public health concern. US Latino
children, the fastest growing segment of the US population,
remain a vulnerable population with high obesity rates; nearly
40% of Latino children are overweight/obese.1,2 The severity of
pediatric obesity in this population has important implications
such as lifelong obesity risk, metabolic syndrome as adolescents, and diabetes.3 In a recent study of Mexican American
(MA) children, short sleep duration was a risk factor for obesity.4 Understanding the relationship between sleep duration and
dietary intake and behaviors is necessary to help develop new
interventions that could be beneficial in preventing childhood
obesity. For Latino children, a clearer understanding of this
information could help to improve how obesity is addressed.
The National Sleep Foundation and the American Academy
of Pediatrics provide sleep recommendations for children of all
ages: 11–14 hours for preschoolers, 9–11 hours for school-aged
children, and 8–10 hours for teenagers.5 Empirical evidence,
however, suggests that children do not sleep adequately,6,7
thereby increasing risk for obesity.7,8 Mechanisms are unclear,
but research suggests a connection between short sleep duration
and increased hunger through dysregulated hormonal mechanisms that involve decreased leptin and increased ghrelin levels.9,10 Studies have attempted to understand the mechanisms
between sleep and obesity, but have been limited to clinical
SLEEP, Vol. 40, No. 2, 2017

studies among adults in controlled environments. This research
suggests that sleep disruption increases a homeostatic drive to
eat11 and that sleep restriction results in subsequent increased
caloric intake from energy-dense foods and larger portion
sizes.11–14 Additionally, studies of adults have also shown that
insufficient sleep (less than 7 h) and oversleeping (more than
9–10 h) may increase risk for obesity, type 2 diabetes, heart
disease, stroke, and depression.15–17
Research on children has found a relationship between sleep
patterns and dietary patterns as early as age 2.18 Sleep difficulties in infancy may influence irregular eating patterns at
ages 2–4 years.18 A large study of mostly non-Hispanic white
and Hispanic school-age children (n = 1870), using self-reported measures of diet and sleep, found that children who
slept less than 10 hours drank more soda and ate vegetables
less frequently than children who slept at least 10 hours.19
Self-reported dietary patterns and sleep duration were examined in a sample of Canadian boys and girls (n ≈ 1000);
authors reported that short sleep duration was associated with
decreased fruit and vegetable intake in both boys and girls,
increased meat consumption among boys, and decreased
dairy intake and increased soft drink intake among girls.20
For boys, they also found a relationship between short sleep
duration and problematic eating behavior (ie, eating at irregular hours and eating too much/too fast) at age 6, which in
1
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Study Objective: Short sleep duration is a risk factor for childhood obesity. Mechanisms are unclear, but may involve selection of high carbohydrate foods.
This study examined the association between estimated sleep duration and macronutrient intake as percentages of total energy among Mexican American (MA)
9–11 year olds.
Methods: This cross-sectional study measured diet using two 24-hour recalls and estimated sleep duration using hip-worn accelerometry in MA children
(n = 247) who were part of a cohort study. Child and maternal anthropometry were obtained; mothers reported on demographic information. Using linear regression, we examined the relationship of sleep duration with energy intake, sugar intake, and the percentage of energy intake from carbohydrates, fat, and protein.
Results: Children were 47% male; mean age was 10 (SD = 0.9) years. Mean sleep duration was 9.6 (SD = 0.8) hours; 53% were overweight/obese, with a
mean energy intake of 1759 (SD = 514) calories. Longer sleep duration was independently associated with a lower percentage of energy intake from carbohydrates (β = −0.22, p < .01) and a higher percentage of energy from fat (β = 0.19, p < .01), driven by the percentage of energy from polyunsaturated fatty acids
(PUFA; β = 0.17, p < .05). No association was found with the intake of energy or total sugars, or the percent of calories from protein.
Conclusions: MA children who slept longer consumed diets with a lower percentage of calories from carbohydrates and a higher percentage from fat, especially from PUFA. Short sleep duration may be a risk factor for food cravings that are high in carbohydrate content and may displace heart-healthy dietary fat,
and thereby increase obesity risk among children.
Keywords: Sleep duration, diet, carbohydrates, fat, Mexican American children, accelerometer.

turn was associated with overweight/obesity at 6–7 years old.
In a study of 9 to 11-year-old Finnish children, shorter sleep
duration was associated with the consumption of energy-rich
foods such as hot dogs, pizza, sweets, and sweetened breakfast
cereal.21
To better understand how sleep impacts diet, studies have
experimentally manipulated sleep duration among children
and adolescents. Using a crossover design, Hart et al. increased
sleep duration in one group of 8 to 11-year-old children and
restricted sleep duration in another for 1 week and then children crossed over to the opposite sleep condition. They found
that increased sleep compared to restricted sleep, a targeted
difference of 3 hours, resulted in a reduced energy intake of
134 calories/day.22 Beebe et al. used a similar crossover design
in adolescents and found that those who were sleep restricted
consumed more foods with a high glycemic index (ie, sweets
and desserts).23
Although these studies have increased knowledge about the
relationship between sleep and dietary intake, they used self-reported measures of sleep and/or did not use 24-hour dietary
recall,18,20,23 or were not conducted in free-living conditions.22,23
An understanding of how sleep naturally impacts diet using
more rigorous methods is still lacking, particularly among
children most at risk for obesity. Studies should also account
for socioeconomic context, given that shorter sleep duration
has been observed among low-income adults and children,24,25
including Latino children.26 Latino children are at dual risk for
both short sleep duration and unhealthful dietary intake,27 and
studies of sleep and diet are needed to help inform strategies to
reduce obesity in this population.
This study aimed to examine the relationship between sleep
duration and dietary intake, accounting for maternal education,
among free-living MA 9–11 year olds in the San Francisco
Bay Area, California, United States. We expected that longer
sleep duration would be related to lower total energy and sugar
intake, and lower percentage of energy intake from carbohydrates (%CARB). We explored the relationship between sleep
duration and percentage of energy intake from fat (%FAT) and
protein (%PROT). Finally, we tested for the possibility of a sleep
duration by gender interaction for energy and sugar intake, and
%CARB, %FAT, and %PROT.

pairs who had missing data on children’s dietary variables
were excluded from the study (n = 4), resulting in a final
sample of 247 mother–child pairs, thus less than 1% of the
sample was excluded due to incomplete data. The study was
approved by the University of California San Francisco and
Kaiser Permanente Northern California Research Foundation
Institutional Review Boards.
Measures

Sleep Duration. In this study, accelerometers were programmed to collect data at 1-minute intervals at a specified start
time.31 Data were downloaded into a computer, and data output
included the time stamp and total accelerometer counts. In the
initial examination, data completeness was verified against the
participant’s log. Times and reasons for monitor removal were
coded in the file. To minimize inter-interpreter variation, a single trained research assistant conducted visual inspections and
cross-checked bedtimes and wake times with child-reported
sleep diaries, using a plot of activity counts per minute for each
24-hour period. A plot of activity counts per minute for each
24-hour period was used to identify the time of sleep onset and
termination. During the nighttime sleep period, the activity
counts are usually zero. Sleep periods were cross-checked with
the participants’ wear log for “off ” times. Any minutes scored
as awake were removed from the sleep duration. Sleep duration
was determined as the mean of the three 24-hour accelerometer
measurements.

METHODS
Participants and Data Collection
We recruited 322 families who were members of Kaiser
Permanente Northern California, an integrated health care
delivery organization, to participate in a 2-year study. Parents
were sent letters and parent–child pairs were invited to participate if (1) the mother was of Mexican origin (born in the
United States/Mexico), (2) the child was 9–11 years of age,
and (3) the child had no major illnesses. Bilingual interviewers obtained parental informed consent and child assent to
participate in the research. They interviewed parent–child
pairs in their homes in the participants’ preferred language.
For this study, we used data at 1-year follow-up when children were all in the same age group for dietary recommended
allowances.28 At 1-year follow-up, a total of 251 families
participated in sleep and dietary assessments. Mother–child
SLEEP, Vol. 40, No. 2, 2017

Sedentary Time. Child participants (assisted by parent) were
asked to note any daytime naps in an activity log/diary. During
the day, if accelerometer data showed 20 minutes of zeros that
2
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Sleep Duration and Sedentary Time
Accelerometer-estimated sleep duration and sedentary behaviors
were assessed consecutively for three consecutive 24-hour periods, including two weekdays and one weekend day (Wednesday
through Saturday), using the hip-worn Actical accelerometer
(Philips Respironics, Bend, OR). When positioned on the hip,
the device is most sensitive to vertical movements of the torso.
Actical is sensitive to movements in the 0.5–3 Hz range, allowing for detection of sedentary movements and high-energy
movements. Actical’s frequency range minimizes the effect of
undesirable noise impulses, which tend to skew results. Sleep
duration estimated by hip-worn accelerometry has been found
to be highly correlated (r = 0.93) with sleep duration measured
with a wrist-worn accelerometer in children aged 10–11 years.29
Three consecutive 24-hour periods were chosen to reduce participant burden and maximize study participation.
The monitor was attached to an elastic belt with an adjustable buckle and positioned on the child above the iliac crest of
the right hip. This method has been used to extract sleep duration from hip-worn accelerometry and compared to wrist-worn
actigraphy,29,30 but not other characteristics that are determined
by polysomnography. Research assistants provided verbal and
written instructions for care and placement of the monitor and
belt at the time of the home visit. The child was instructed
to wear the monitor at all times for three consecutive days,
except during bathing. Accelerometers were collected after the
third day.

were not accounted for by the activity log/diary, the monitor
was considered “removed.” Valid data included 1000 minutes
or more out of 1440 min/day in a 24-hour period. Activity
counts were summed for each 24-hour period and awake time
was categorized into sedentary time, and light, moderate, and
vigorous levels of physical activity according to the thresholds.
The amount of sedentary time was computed using a cut-off
equivalent to activity energy expenditure (AEE) < 0.01 kcal∙kg−1∙min−1 or physical activity ratio (PAR) < 1.5 and encompassing physical activities of minimal body movements in the
sitting or reclined position.32 In this analysis, sedentary time
was expressed as a percent of awake time (%SED).

multivariable linear regressions. We examined sleep duration
with total caloric intake (kcal), total sugar intake (g), and percentages of energy intake from carbohydrates, fat, and protein.
In post hoc analyses, we examined sleep duration with %PUFA,
%MUFA, and %SFA. All models were adjusted for child age,
gender and BMI z-score, %SED, maternal education, and
maternal BMI.
RESULTS

Dietary Intake
At two home assessments within the same week (one weekend
day and one weekday), interviewers conducted an individual
24-hour dietary recall with the child in his/her preferred language (Spanish/English). Trained interviewers collected dietary data using laptop computers equipped with the Nutrition
Database System for Research (NDS-R), a dietary analysis
program designed for the collection and analyses of 24-hour
dietary recalls, food records, menus, and recipes.33 Interviewers
conducted the dietary recalls according to the prompts offered
by the NDS-R program.34
NDS-R calculations were obtained for energy and total sugar
intakes, carbohydrates, fat, and protein for each recall. Averages
were computed for the two 24-hour dietary recall assessments.
We used total energy intake (kcal) and total sugar intake (g)
and calculated the %CARB, %FAT, and %PROT. We also calculated the percentage of calories from polyunsaturated fatty
acids (%PUFA), monounsaturated fatty acids (%MUFA), and
saturated fatty acids (%SFA).

Multivariable Linear Regressions Models
Regression results are included in Table 2. We examined sleep
duration with total energy intake, total sugar intake, and the
%CARB, %FAT, %PROT. Longer sleep duration was marginally
associated with lower sugar consumption (β = −0.13, p = .05),
significantly associated with a lower %CARB (β = −0.22,
p < .01), and significantly associated with a higher %FAT
(β = 0.19, p < .01), after controlling for covariates. Compared

Table 1—Sample Characteristics of 9 to 11-Year-Old Mexican
American Children in the San Francisco Bay Area (n = 247).

Covariates
Covariates were based on previous research and factors known
to influence diet. We controlled for child age, gender, height and
weight, body mass index (BMI) z-score, and percent of awake
time spent being sedentary (%SED). For child BMI z-score,
height and weight were obtained using standard procedures
in duplicate while the participants were wearing light indoor
clothing and no shoes.35,36 Children’s BMI was calculated
(weight[kg]/height[m]2) and then converted to z-scores using
National Child Health Statistics growth reference.37 Weight
status was computed using Center for Disease Control and
Prevention (CDC) percentiles and cutoffs at the 85th percentile
for overweight status and 95th percentiles for obese status.38
We controlled for maternal factors including self-reported
maternal education in years and BMI. Mothers’ BMI was computed using measured height and weight obtained by a trained
research assistant.
Finally, we also tested for household income, mother’s country of birth, number of children in the household, and child
height and weight, but these factors were not significant in preliminary models and were removed for parsimony (p > .20).

Mean (SD) or %

Sleep duration (h)

9.6 (0.8)

Total energy intake (kcal)

1759 (514)

% Energy from carbohydrate

53 (6)

% Energy from fat

31 (5)

Polyunsaturated fatty acids

7 (2)

Monounsaturated fatty acids

11 (2)

Saturated fatty acids

11 (3)

% Energy from protein

15 (3)

Total sugar intake (g)

107 (39)

Age (y)

10.3 (0.9)

% Female

52.6

BMI z-score

0.92 (1.1)

% Overweight or obese

52.8

% Awake time spent being sedentary

60 (0.1)

Maternal characteristics

Statistical Analyses
All statistics were computed using IBM SPSS 22 Statistics
for Windows (Armonk, NY: IBM Corp). Descriptive statistics
were computed using means and frequencies. We conducted
SLEEP, Vol. 40, No. 2, 2017

Child characteristics

Education (y)

10.8 (3.7)

BMI

30.7 (7.1)

Obese

49.6

BMI = body mass index.
3
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Participant Sample
Participant characteristics are presented in Table 1. Children
were 47% male; mean age of 10.3 (SD = 0.9) years; average
sleep duration 9.6 (SD = 0.8) hours. Children had a BMI z-score
of 0.92 (SD = 1.1), with 53% being overweight or obese. On
average, children consumed 1759 calories, with caloric intake
comprised of 53% carbohydrates, 31% fat, and 15% protein.
Total sugar intake was 107 g (equivalent to 414 calories).

Table 2—Multivariable Linear Regressions With Sleep Duration and Consumption of Macronutrients in 9 to 11-Year-Old Mexican American Children,
Showing Standardized β Coefficients (n = 247).
% Calories from
Total calories

Total sugar

Carbohydrate

Fat

Protein

β (b)

β (b)

β (b)

β (b)

β (b)

0.01 (3.37)

−0.13 (−6.38)†

−0.22 (−1.77)**

0.19 (1.32)*

0.10 (0.43)

Age (y)

−0.03 (−14.62)

−0.09 (−3.97)

−0.12 (−0.85)

0.02 (0.09)

0.20 (0.78)**

Female

0.27 (−269.77)***

−0.20 (−15.31)**

0.04 (0.52)

−0.08 (−0.81)

0.03 (0.23)

Child BMI z-score

0.07 (33.64)

0.05 (1.57)

−0.06 (−0.03)

−0.03 (0.16)

0.04 (0.12)

% Awake time spent being sedentary

−0.01 (−78.90)

0.05 (19.32)

0.05 (3.57)

−0.05 (−2.73)

−0.02 (−0.73)

Maternal education (y)

0.16 (21.85)*

0.13 (1.32)*

−0.06 (−0.10)

0.15 (0.22)*

−0.13 (−0.13)*

Maternal BMI

−0.06 (−3.99)

−0.08 (−0.45)

−0.11 (−0.10)

0.08 (0.06)

0.07 (0.03)

Independent variable
Covariates

p= .05; *p < .05; **p <.01; ***p< .001.
β = standardized linear regression coefficient; b = unstandardized linear regression coefficient; BMI = body mass index.

†

to boys, girls consumed less energy (β = −0.27, p < .001) and
less sugar (β = −0.20, p < .01). Older children obtained a higher
%PROT (β = 0.20, p < .01). More maternal education was
associated with increased energy intake (β = 0.16, p < .05),
increased %FAT (β = 0.15, p < .05), and deceased %PROT
(β = −0.13, p < .05).
In post hoc analyses, we examined the association between
sleep duration and the %PUFA, %MUFA, and %SFA. Longer
sleep duration was related to a higher %PUFA (β = 0.17,
p < .05), controlling for covariates. More maternal education
was associated with increased %SFA (β = 0.23, p < .05) (Tables
3 and 4).
We examined whether child gender moderated the relationship between sleep duration and macronutrient intake, but no
interactions were significant.

Hart et al.22 found that when children were in an increased
sleep condition, they consumed 134 fewer calories/day than
when they were in a decreased sleep condition. Beebe et al.23
found that sleep-deprived adolescents increased their consumption of foods with a high glycemic index, consistent with
our study. These findings suggest that insufficient sleep may
increase cravings for foods that are high in carbohydrate content, thereby increasing obesity risk. More research is needed
to investigate what causes cravings for energy-dense foods
and the drive to eat among children with decreased sleep and
whether there is a tipping point at which too little sleep affects
dietary intake among children.
We found that children who slept longer ate a higher percentage of energy from fat, which is inconsistent with two other
studies of young children and older adolescents showing that
short sleep duration was related to increased fat intake.39,40
Inconsistent findings may have been a result of one study examining adolescents, or the other study using self-reported measures to assess sleep in young children. In a further examination
of the relationship between sleep duration and fat intake, we
found that longer sleep duration was associated with increased
%PUFA. This finding is similar to a recent meta-analysis of
nine cohort studies that found that longer sleep duration was
related to higher total fat intake, primarily driven by higher
PUFA intake, in older women of European descent.41 To our
knowledge, this is the first study to observe this association in
children of Mexican descent. It is possible that increased carbohydrate intake may replace the intake or cravings for foods high
in PUFA. It is also possible that longer sleep duration promotes
fat intake to replenish fat that is oxidized during nonfragmented
sleep.42 Future studies could help to illuminate these relationships, such as examining the temporal relationships between
dietary intake and sleep duration.
This study has several limitations. We studied children from
middle-late childhood and therefore our findings should not

DISCUSSION
Studies of adults suggest that insufficient sleep affects diet
quality, but pediatric studies in this area are scant. The aim
of the current study was to examine the relationship between
sleep duration and macronutrient intake in a cohort of MA
children, who are at high risk for obesity and future chronic
disease. Using 24-hour food recalls and accelerometer-estimated sleep duration, we found that longer sleep duration was
related to a lower percentage of energy intake from carbohydrates and a higher percentage of energy from fat, driven by
polyunsaturated fat.
In this study of free-living 9 to 11-year-old MA children,
we found that carbohydrate intake decreased with longer sleep
duration. Similarly, a study of Finnish children found that
shorter sleep duration was associated with the intake of energy-rich foods, and among girls, longer sleep was related to
increased nutrient-dense foods (diet based on food frequency
patterns).21 This is also consistent with previous studies using
protocols to manipulate sleep among children and adolescents.
SLEEP, Vol. 40, No. 2, 2017
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Sleep duration (h)

% Calories from
PUFA

MUFA

SFA

β (b)

β (b)

β (b)

0.17 (0.47)*

0.12 (0.39)

0.12 (0.39)

Age (y)

−0.05 (−0.12) 0.03 (0.10)

0.05 (0.15)

Female

0.00 (−0.01)

−0.12 (−0.60) −0.02 (−0.12)

Child BMI z-score

0.06 (0.13)

0.08 (0.17)

% Awake time spent
being sedentary

−0.03 (−0.83) −0.05 (−1.27) −0.05 (−1.54)

Maternal education (y)

0.01 (0.01)

0.08 (0.05)

0.23 (0.16)*

Maternal BMI

0.14 (0.05)*

0.10 (0.03)

−0.04 (−0.02)

Independent variable
Sleep duration (h)
Covariates

−0.08 (−0.20)

*p < .05.
PUFA = polyunsaturated fatty acid; MUFA = monounsaturated fatty
acid; SFA = saturated fatty acid; BMI = body mass index; β = standardized linear regression coefficient; b = unstandardized linear regression
coefficient.

Table 4—Multivariable Linear Regressions With Sleep Quartiles and %
Calories From Carbohydrate, Fat, and PUFA Intake in a 9 to 11-Year-Old
Mexican American Children, Showing Standardized β Coefficients (n = 247).
Independent variable

% Calories from
CARB

FAT

PUFA

1st (<9 h)

0.17*

−0.12

−0.10

2nd (9.1–9.5 h)

0.23**

−0.20*

−0.23**

3rd (9.6–10 h)

0.07

−0.003

−0.06

4th (>10 h)

Reference

Reference

Reference

Age (y)

−0.12

0.02

−0.07

Female

0.05

−0.10

−0.03

Child BMI z-score

0.06

0.02

0.05

%A
 wake time spent being
sedentary

0.08

−0.04

−0.01

Maternal education

−0.04

0.14

−0.02

Maternal BMI

−0.13

0.09

0.15*

Sleep quartiles

Covariates

CONCLUSION
Longitudinal research is needed to investigate how inadequate
sleep duration impacts diet and appetite during childhood
and the long-term impact on obesity risk. This study provides
cross-sectional evidence of the link between sleep duration and
dietary intake among MA children and underscores the protective role that sleep may play in obesity prevention. These
findings have important implications for children’s health
as inadequate sleep may contribute to overconsumption and
cravings for high carbohydrate foods, which may impact the

*p < .05; **p < .01.
BMI = body mass index; CARB = carbohydrate; PUFA = polyunsaturated
fatty acid.

be generalized beyond this age range. The cross-sectional
design of this study did not allow us to determine causal
relationships; sequential assessment of sleep and dietary
SLEEP, Vol. 40, No. 2, 2017
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intake, such as subsequent dietary intake after prior night’s
sleep, would be necessary to draw causal inferences. Also,
children in this study were from families with health insurance covered through Kaiser Permanente which may not be
representative of all MA children. The study, however, comprised families across a broad range of occupations: 44% of
fathers were unskilled workers, 20% were semi-skilled and
16% were skilled manual workers, and 20% clerical to professional workers. We estimated sleep using accelerometers
used on the hip as opposed to on the wrist, which is typically
used for sleep measurement; however, several studies have
used other hip-worn accelerometers to assess sleep in children,29,30 of which one reported that results were highly correlated with those obtained using wrist-worn accelerometers. To
measure sleep, polysomnography (a clinical test that records
brain waves, oxygen level in the blood, heart and breathing
rates, and movements) is the gold standard for sleep studies,
but it is expensive and subject burden is high; therefore, it
is less feasible in research with children. Hip-worn accelerometry was used for the purpose of estimating sleep duration
and not other sleep characteristics that should be determined
by polysomnography. Finally, we considered nighttime sleep
duration, but not daytime napping. During the day, data consisting of 20 minutes of consecutive zeros was interpreted as
removal of the accelerometer. Children were asked only to
remove the accelerometer when they bathed. Yet, because the
activity logs/diaries may have been incompletely recorded,
there is the possibility that naps went undetected and unreported. Daytime napping, however, is uncommon among 9 to
11-year-old children.43 It is also possible that dietary intake,
such as increased carbohydrate intake before bedtime, impacts
sleep duration; however, the parent study was not designed to
answer this research question.
The strengths of our study include the relatively large free-living sample size of MA children. We estimated sleep duration
for three consecutive nights (two weeknights and one weekend
night) using hip-worn accelerometry. We used two 24-hour food
recalls to assess macronutrient intake. Another strength was the
focus on MA children, a group with some of the highest obesity
rates, but about whom little is known regarding sleep as a risk
factor for obesity. Although our findings may not be generalizable to other Latino subgroups or other ethnic groups, our results
provide support for the relationship between insufficient sleep
duration and macronutrient intake among MA children. Future
studies could examine these relationships in younger children
and other ethnic groups. Longitudinal research is needed to
examine the temporal effects of measured sleep duration and
dietary intake.

Table 3—Multivariable Linear Regressions With Sleep Duration and
% Calories From Fat Intake in a 9 to 11-Year-Old Mexican American
Children (n = 247).

intake of healthy fat. Highlighting the sleep recommendations
supported by the National Sleep Foundation and the American
Academy of Pediatrics is an important step toward increasing
awareness and national policies to support parent education
about sleep health.
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