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ABSTRACT

ARTICLE HISTORY

Unhealthy dietary choices are associated with poor sleep in children
through adults. Yet, how diet and sleep are related in early childhood,
when diet is reliant on parent choices around food availability, is unknown.
The authors aimed to explore how frequency of fruit, vegetable, fast food,
and soda consumption are associated with preschool children’s sleep quality. They also considered how parenting factors may impact the relationship between children’s sleep and diet. Actigraphy data were collected
from 383 children 33–70 months old. Caregivers reported on child food
and beverage frequency, demographics, and health items. Parenting strategies were assessed using the Parenting Scale. Multiple linear regression
was used to examine associations between sleep and dietary measures
with socioeconomic status, race-ethnicity, physical activity, and body mass
index as covariates. Shorter nap duration was associated with more frequent consumption of fruits and vegetables (B ¼ –3.6, p ¼ .03). Shorter
nighttime and 24-hr sleep durations were associated with more frequent
consumption of fast food (B ¼ –6.5, p ¼ .01; B ¼ –5.8, p ¼ .01). Shorter
nighttime sleep and later sleep onset were associated with more frequent
soda consumption (B ¼ –9.2, p ¼ .01; B ¼ 0.23, p ¼ .001). Use of ineffective
parenting strategies was negatively associated with fruit and vegetable
consumption (r ¼ –.29, p ¼ .01) and positively associated with soda consumption (r ¼ .25, p ¼ .02) but was unrelated to sleep measures. Thus,
ineffective parenting strategies may underlie child access to unhealthy
foods, which, in turn, contributes to poor sleep. Encouraging healthier dietary habits and educating caregivers on how to reinforce such practices
may lead to better sleep outcomes in early childhood.
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Introduction
Sleep and nutrition are integral to children’s overall development and well-being. Poor sleep quality and poor dietary habits are risk factors for obesity and other cardiometabolic health consequences in children (Chen, Beydoun, & Wang, 2008; Knutson, 2013). As such, it is important to
understand relations between sleep and diet in early childhood. A recent meta-analysis exploring
the bidirectional relationships between sleep and diet from 0–5 years old found little available
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data in the preschool years (3–5 years old), particularly with objectively measured sleep (Ward
et al., 2020). Gaining a better understanding of how sleep and diet are connected is critical for
science-based pediatric guidelines and for developing interventions, particularly for early childhood, when lifelong sleep and eating habits are established (Iglowstein, Jenni, Molinari, & Largo,
2003; Magarey, Daniels, Boulton, & Cockington, 2003).
Various aspects of children’s sleep have been associated with dietary choices. In children
6–9 years old, those with longer sleep durations tended to consume diets rich in more nutritious
foods, such as fruits, vegetables, and lean proteins (B€
ornhorst et al., 2015; Tatone-Tokuda et al.,
2012). Likewise, in older children (10–13 years old), longer sleep durations were associated with
greater consumption of fruits and vegetables, even when controlling for confounding factors such
as socioeconomic status (SES) or body mass index (BMI; Franckle et al., 2015). More generally,
in a sample of 1.5- to 2-year-old children, longer sleep duration was associated with higher
intakes of carbohydrates at evening meals (Diethelm, Remer, Jilani, Kunz, & Buyken, 2011),
though these findings do not directly indicate fruits and vegetables. Sleep timing is also related to
healthier dietary choices in children. In a sample of 9- to 16-year-olds, earlier bedtime was associated with higher fruit and vegetable intake (Golley, Maher, Matricciani, & Olds, 2013). Similarly,
in a low-income preschool population, earlier sleep midpoint (midpoint between sleep onset and
wake onset) based on parent-reported sleep variables was associated with a higher consumption
of vegetables and healthy proteins (Jansen et al., 2019).
While healthier dietary choices appear linked to more positive sleep trends, a number of studies have found that less healthy options, such as fast food or high-sugar snacks, are associated
with poorer sleep quality. Shorter sleep duration in 7- to 11-year-old children was associated with
higher consumption of fast foods, “energy-dense” (as opposed to nutrient-dense) foods, and processed snacks (C
ordova, Barja, & Brockmann, 2018; Kjeldsen et al., 2014). In 9- to 11- year-old
children, later bedtimes and higher reported fatigue in the morning were related to greater consumption frequency of less nutritious foods, such as fast food or sweets (Chaput et al., 2015;
Westerlund, Ray, & Roos, 2009).
Few studies have explored the relationship between preschool-aged children’s sleep and fast
food consumption, though the existing literature suggests similar findings as those seen in older
children. In a sample of 3- to 5-year-old children, Jansen et al. (2019) found that greater social
jet lag (difference between weekday and weekend midsleep point) is associated with higher consumption of fried, processed foods. Additionally, in a longitudinal study, shorter sleep durations
(<10 hr) at 2, 3 and 5 years old were related to more frequent consumption of processed and fast
foods at 2 years old (Plancoulaine et al., 2018). These studies in early childhood, however, both
relied on caregiver-reported sleep measures, which can be less reliable than objective measures
such as actigraphy, with caregivers often overestimating night time sleep durations and morning
wake times (Lam, Mahone, Mason, & Scharf, 2011a).
Children’s beverage consumption provides another potential source of added sugars. Whereas
many studies have not found relationships between sleep quality and fruit juice consumption,
overnight sleep duration in 6- to 9-year-old girls (Tatone-Tokuda et al., 2012) and 6- to 13-yearold boys (Hitze et al., 2009) was negatively associated with intake of soda regardless of caffeine
content. In later childhood through adolescence, shorter sleep duration as well as greater variability in night-to-night sleep duration were related to increased intake of soda (Franckle et al., 2015;
Kjeldsen et al., 2014). Interestingly, no studies to our knowledge have investigated the impact that
soda intake may have on sleep in early childhood, in spite of a reported 23% of children in this
age range being frequent consumers of soda (Bleich, Vercammen, Koma, & Li, 2018).
Parenting factors may influence these associations between sleep and diet in children. Young
children are impacted by routines, or lack thereof, particularly with establishing bedtime habits
(Mindell & Williamson, 2018). Additionally, young children may not make as many independent
food choices as older children and rely more on parental guidance, or preferences, when making
decisions about dietary options (Moreira et al., 2016). The role that parental discipline strategies
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may play in the relationship between sleep quality and dietary habits has not yet been considered
in early childhood.
Finally, additional key factors such as SES, race-ethnicity, physical activity, and BMI are related
to both sleep quality and dietary habits. SES is known to be associated with sleep disparities in
children and adolescents, with those from lower-SES households often experiencing poorer sleep
quality (Bagley, Kelly, Buckhalt, & El-Sheikh, 2015; El-Sheikh et al., 2013). Lower SES is also
known to be associated with poorer dietary patterns in young children (Rashid et al., 2018). Sleep
differences also exist between racial and ethnic groups, with Hispanic/Latino children often displaying poorer sleep quality compared with their non-Hispanic peers (Pe~
na, Rifas-Shiman,
Gillman, Redline, & Taveras, 2016). Black children have also been found to have shorter overnight sleep durations than their White peers but are more likely to nap at preschool or daycare
(Parsons, Ollberding, Smith, & Copeland, 2018). Additionally, physical activity is related to both
children’s sleep and dietary habits. For example, shorter sleep duration is associated with
increased moderate-to-vigorous activity bouts in school-aged children, whereas poorer dietary
quality is associated with lower activity levels (Harrington, 2013; Tremblay, Colley, Saunders,
Healy, & Owen, 2010). Last, BMI has well-evidenced links to sleep quality, particularly due to the
association between obesity and obstructive sleep apnea (Tauman & Gozal, 2006). Mutually, BMI
and dietary quality are closely linked across development (Gingras, Rifas-Shiman, Taveras, Oken,
& Hivert, 2018). Although the previous factors should be considered in research on sleep and
diet, previous studies in early childhood have controlled for some, but not all, of these measures.
Thus, the purpose of our study was to explore the relation among dietary options, objectively
measured sleep quality, and parenting factors in a diverse sample of preschool children. First, we
examined the relations between distinct dietary options and sleep quality. We hypothesized that
children who ate fruits and vegetables more frequently would have higher-quality sleep, as evidenced by earlier sleep onset, longer sleep durations, and shorter nap durations. Conversely, we
hypothesized that children who ate fast food or drank soda more frequently would have poorer
sleep quality, as evidenced by later sleep onset, shorter sleep durations, and longer nap duration,
due to the sometimes compensatory nature of napping in this age range (Spencer et al., 2016;
Ward, Gay, Anders, Alkon, & Lee, 2008). Second, we explored the associations between different
parenting styles and consumption of food groups that were found to be significantly associated
with sleep quality measures. We hypothesized that caregivers of children who more frequently
consume fast food and soda make use of more ineffective parenting strategies, such as being too
relaxed with rule setting. We considered the role of numerous social and health factors that are
known to influence sleep and dietary habits in childhood, including SES, race-ethnicity, physical
activity, and BMI.

Methods
Participants
Children were recruited from preschools in western Massachusetts as part of a larger study on
memory and sleep in young children. To be eligible, children had to meet the following criteria:
(a) between 33 and 71 months old (typical age range for preschool enrollment), (b) no diagnosis
of a sleep disorder or developmental disability, (c) not using sleep-affecting or psychotropic medications, (d) normal or corrected-to-normal vision and hearing, and (e) no recent illness or travel
across time zones. Additionally, testing was scheduled to avoid daylight savings time.
Primary caregivers were asked to complete a series of surveys containing questions relating to
demographics and health along with a sleep diary to corroborate actigraphy-defined sleep intervals. Additionally, to be included in the analysis, a minimum of three full days and nights of
usable actigraphy data was required (Acebo & LeBourgeois, 2006; Penpraze et al., 2006). Of the
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885 children enrolled, 383 children (45% female) met the minimum inclusion criteria for actigraphy and had sufficient questionnaire data completed by their caregiver.
Measures
Actigraphy
Children wore actigraph watches (Actiwatch Spectrum; Philips Respironics, Bend, OR) on their
nondominant wrist continuously for up to 16 days and 15 nights (M ¼ 9.3 days, SD ¼ 3.6 days,
range ¼ 3–16 days; M ¼ 9.7 nights, SD ¼ 3.3 nights, range ¼ 3–15 nights). Caregivers and children were instructed to press an event marker button at the start and end of nap and overnight
sleep bouts. Activity data was sampled by the watch in 15-s epochs, with a sampling rate of
32 Hz and a sensitivity of <.01 g. Actigraphy is considered a reliable method for objective sleep
detection in children relative to polysomnography (Hyde et al., 2007).
Caregivers completed daily sleep diaries, recording daily bed time, wake time, sleep latency,
and sleeping arrangements as well as if or when the watch was removed during the day.
Preschool classroom teachers for enrolled children completed nap diaries, noting when enrolled
children slept in the classroom during the 16-day measurement period.
Demographic and health questionnaires
Caregivers completed a series of questionnaires on demographics and health relating to both
themselves and their child. Questions pertained to basic demographic and household information,
home environment, eating habits, TV viewing habits, and physical health of both the child
and caregiver.
Dietary habits were assessed using a caregiver-reported child food frequency questionnaire,
which has been shown to be a valid method for documenting children’s consumption habits
(Huybrechts et al., 2010; Zheng, Campbell, Scanlan, & McNaughton, 2020). Questions about consumption of foods and beverages were posed as, “Thinking about the past month, on average,
how often has your child eaten each of the foods or beverages listed” with reference to fruits, vegetables, and soda. Response categories included: never, less than once per week, 2–4 times per
week, approximately daily, 2–4 times per day, and more than 4 times per day. A separate item
probing frequency of fast food consumption was phrased as, “On average, how often does your
child eat something from a fast food restaurant (McDonald’s, Burger King, Taco Bell, etc.)?”
Response options included: less than once per month, 1–3 meals per month, 1 meal per week,
2–4 meals per week, 5–6 meals per week, and more than 6 meals per week.
Parenting scale
A subsample of caregivers (n ¼ 89) also completed the 30-item Parenting Scale (Arnold, O’Leary,
Wolff, & Acker, 1993), a questionnaire that measures ineffective or dysfunctional parenting strategies used by parents of young children. This scale gives an overall score of a caregiver’s tendency
to use ineffective practices, as well as three subscales: laxness, overreactivity, and verbosity.
BMI. Researchers measured children’s weight (in pounds) and height (in inches) during in-classroom visits.
Procedure
All procedures were reviewed and approved by the Institutional Review Board at the University
of Massachusetts, Amherst. Caregivers consented to their children’s participation prior to data
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collection, and child assent was sought before fitting the child with the actigraph watch.
Caregivers were given the duration of the 16-day study to complete questionnaire materials.
Data analysis
Responses to the fruit and vegetable categories were summed and averaged to determine consumption of produce as a whole, which will be referred to as fruits and vegetables. The reported
scores ranged from 0 to 5. Soda and fast food responses ranged from 0 to 3, with no caregivers
reporting frequency greater than daily for soda nor greater than 2–4 meals per week for
fast food.
Actigraphy data were scored using Actiware software (Oakley, 1997) and standard scoring protocols (Acebo & LeBourgeois, 2006). Sleep diaries and event markers were used to corroborate
sleep intervals. If there was a significant discrepancy between sources, consensus was sought
between trained researchers. Sleep onset was defined as the first consecutive 3 min of sleep, and
wake onset was defined as the last consecutive 5 min of sleep. Both sleep and nap duration were
determined as the interval between sleep onset and wake onset. Total 24-hr sleep duration was
the sum of nap duration plus the subsequent evening’s sleep duration. Actigraphy data was combined and averaged across all usable days for each participant. Owing to these data deriving from
a larger study in which naps were promoted or discouraged on two days, these experimental days
were excluded from the overall analysis.
Physical activity was included as a covariate. Using scored actigraphy data, physical activity
counts per minute were determined by summing activity counts across all epochs classified as
wake intervals and dividing by minutes of wear time for that day. Counts were then averaged
across all included days. Children were required to have 480 min (8 hr) of usable daytime activity
for at least 3 days to be included in analyses.
Child race-ethnicity, household SES, and BMI were found to correlate with one or more sleep
or dietary measures of interest (see Supplementary Table S1), thus further warranting their inclusion as covariates. Caregivers reported child race and ethnicity. For the sake of our regression
analyses, reported child race-ethnicity was recategorized as Hispanic/Latino of any race, nonHispanic/Latino White, non-Hispanic/Latino Black, and other non-Hispanic/Latino.
SES was constructed as a composite variable, using responses from caregivers on income, education, and employment (Berzofsky, Smiley-McDonald, Moore, & Krebs, 2014). To determine
household income, caregivers were asked, “During the past year, what was the total income of
your household before taxes?” with possible responses of $5,000 or less, $5,001 to $10,000,
$10,001 to $20,000, $20,001 to $40,000, $40,001 to $70,000, $70,001 to $100,000, $100,001 to
$150,000, or more than $150,000. Using additional questions about household size, we determined average household income (selected income range divided by household size) and compared that against the most current Federal Poverty Level report available from the U.S.
Department of Health and Human Services. Income was then matched into one of four categories
and scored. To determine the education component, primary caregivers reported their education
level (“What is the highest level of school you have completed?”) based on six responses: less
than 12th grade, high school or GED, some college, associate’s degree, bachelor’s degree, master’s
degree or doctorate. Last, employment was determined based on the question, “What is your
employment status?” with the responses “full-time,” “part-time,” or “on temporary leave” being
considered affirmative. Scores from all three categories were summed to estimate SES. This range
is 0–7, with higher scores representing higher socioeconomic status.
BMI was determined using the U.S. imperial formula ([pounds x 703]/inches2) and adjusted
into z-scores based on age and sex (Kuczmarski, Ogden, & Guo, 2002). BMI scores were then
designated as overweight or obese (85th percentile) or not (<85th percentile).
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Parenting Scale scores were computed based on established scoring guidelines (Arnold et al.,
1993). A global index of ineffective parenting strategies was determined as the average of
responses to all items. Subscales (laxness, overreactivity, verbosity) were determined as the average of responses on items relating to each factor.
All statistical analyses were run using SPSS version 27.0. Multiple linear regression models
were used to evaluate associations between sleep duration and timing measures, with dietary frequency measures described previously. One model was run for each sleep measure and dietary
frequency pairing and adjusted for age, sex, race-ethnicity, SES, physical activity, and BMI.
Post hoc analyses explored relationships between significant sleep and diet measures and ineffective parenting strategies using the subsample of respondents who received and completed the
Parenting Scale survey. Partial Pearson’s correlations were run to determine associations between
sleep measures and Parenting Scale scores. Partial Spearman’s correlations were run between food
frequency measures and Parenting Scale scores. We controlled for both age and SES in these
analyses, as the latter was found to be correlated with most of our sleep and dietary frequency
measures (rs >.20; see Supplementary Table S1).

Results
Sample characteristics
Participant characteristics are provided in Table 1. The mean age was 51.6 months (SD ¼ 9.5
months), with a range of 33–70 months. The sample was 55.5% non-Hispanic/Latino White and a
quarter were defined as overweight (26.4%). The average SES score was 4.52 (SD ¼ 1.98), defined
as middle SES. Twenty percent of our population were defined as lower SES, and 19.1% of households were estimated to be at or below the federal poverty level.
Table 1. Sample demographic characteristics, sleep and dietary measures (N ¼ 383).
Variables

M ± SD or %

Child characteristics
Female
Age (months)
Child race-ethnicity
Hispanic/Latino
White, non-Hispanic
Black, non-Hispanic
Other, non-Hispanic
Overweight (>85th percentile)
SES score (0–7)
Physical activity counts (average per minute)

26.3
55.5
6.3
11.8
26.4
4.5 ± 1.9
567.2 ± 97.4

Sleep measures
Overnight duration (min)
Nap duration (min)
24-hr total duration (min)
Sleep onset (p.m.)
Wake onset (a.m.)
Actigraphy data (days)

577.7 ± 39.3
90.2 ± 24.6
617.1 ± 36.5
9:20 ± 0:52
6:58 ± 0:43
9.7 ± 3.3

Food frequency measures (range)
Fruits and vegetables (0–5)
Soda (0–3)
Fast food (0–3)

3.1 ± 0.8
0.3 ± 0.6
0.7 ± 0.8

Parenting scale scores (n ¼ 89)
Overall
Laxness
Overreactivity
Verbosity

3.0 ± 0.6
3.0 ± 0.8
2.5 ± 0.7
3.9 ± 0.8

44.1
51.6 ± 9.5
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On average, children slept 10.3 hr (SD ¼ 0.6 hr) in a 24-hr period and 9.6 hr (SD ¼ 0.7 hr) overnight. Average nap duration was 90.2 min (SD ¼ 24.6 min). Average nap frequency was 4.1 days
per week, with 52% of children defined as habitual nappers (napping 5 days or more per week).
Only children who napped on at least two days in the study time frame (n ¼ 339) were included
in nap-related analyses. The average nighttime sleep onset was 9:20 p.m. (SD ¼ 52 min), and the
average wake onset was 6:58 a.m. (SD ¼ 43 min).
Relations between fruits and vegetables, fast food, soda consumption, and sleep
Linear regression model results, reporting standardized beta coefficients are presented in Figures
1–3. For ease of interpretation, all statistics presented in the text are unstandardized beta
coefficients.
Consumption frequency of fruits and vegetables was associated with nap duration (B ¼ 3.60,
95% CI [6.80 to 0.40], p ¼ .03). For every one-unit increase in the consumption of fruits and
vegetables, nap duration decreased by 3.6 min. At the higher end of the frequency scale, this predicts an 18-min reduction in nap duration. No other sleep duration or timing measures were
associated with fruit and vegetable intake.
Fast food consumption was found to be associated with overnight sleep duration (B ¼ 6.48,
95% CI [11.53 to 1.43], p ¼ .01). For each unit increase in frequency of fast food intake, there
was a 6.5-min decrease in overnight sleep duration. Similarly, total 24-hr sleep duration was
negatively associated with fast food consumption (B ¼ 5.80, 95% CI [10.40 to 1.20], p ¼
.01). At the higher end of fast food consumption, this predicts a 17.3-min reduction in daily
sleep. Nap duration, however, was not significantly associated with fast food consumption
(B ¼ 2.81, 95% CI [0.68 to 6.31], p ¼ .11), nor was it significantly associated with any sleep timing measures.
Child soda consumption was significantly associated with overnight sleep duration (B ¼
9.21, 95% CI [15.83 to 2.59], p ¼ .007). Each unit increase in frequency of consumption of
soda was associated with a loss of 9.2 min of overnight sleep. Conversely, soda had an opposite

Figure 1. Regression coefficients for fruit and vegetable consumption frequency with sleep measures. Nap duration was significantly associated with consumption of fruits and vegetables (b ¼ –.13). Overnight sleep duration (b ¼ .08, p ¼ .09), 24-hr sleep
duration (b ¼ .06, p ¼ .24), sleep onset (b ¼ .01, p ¼ .89), and wake onset (b ¼ .08, p ¼ .14) were nonsignificant. Error bars represent standard error.
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Figure 2. Regression coefficients for fast food consumption frequency with sleep measures. Overnight sleep duration (b ¼ –.14)
and 24-hr sleep duration (b ¼ –.13) were associated with fast food consumption. Nap duration (b ¼ .10), sleep onset (b ¼ .05, p
¼ .25), and wake onset (b ¼ –.05, p ¼ .42) were nonsignificant. Error bars represent standard error.

Figure 3. Regression coefficients for soda consumption frequency with sleep measures. Overnight sleep duration (b ¼ –.14),
nap duration (b ¼ .15), and sleep onset (b ¼ .16) were associated with soda consumption. 24-hr sleep duration was marginally
associated with fast food consumption (b ¼ –.10). Wake onset was nonsignificant (b ¼ .07, p ¼ .15). Error bars represent standard error.

effect on nap duration (B ¼ 5.98, 95% CI [1.63 to 10.33], p ¼ .01), with a 6-min increase in nap
duration for every unit increase in soda consumption frequency. Child soda consumption
was also marginally associated with 24-hr sleep duration (B ¼ 5.89, 95% CI [11.98 to 0.19],
p ¼ .058), suggesting that every unit increase in soda consumption predicted a 5.9-min decrease
in total daily sleep duration. Last, soda consumption was positively associated with timing of
sleep onset (B ¼ 0.23, 95% CI [0.10 to 0.04], p ¼ .001), with each unit increase in soda consumption predicting a sleep onset timing of 13.8 min later (decimalized time: 0.2360 min).
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Table 2. Partial Pearson’s correlations between sleep measures and Parenting Scale scores (n ¼ 89).
Variable
1. Overnight sleep duration
2. Nap duration (n ¼ 76)
3. 24-hr sleep duration
4. Sleep onset
5. Parenting scale (overall)
6. Laxness score
7. Overreactivity score
8. Verbosity score

1
—
–.16
.72
–.58
.17
.17
.05
.10

2

3

4

5

6

7

—
.30
.04
–.09
–.07
–.11
.05

—
–.42
.09
.08
–.03
.07

—
–.06
–.04
–.03
–.06

—
.89
.74
.47

—
.48
.32

—
.22

—

Note. All correlations control for age and socioeconomic status.
p < .01. p < .001.

Table 3. Partial Spearman’s correlations between dietary measures and Parenting Scale scores (n ¼ 89).
Variable
1.
2.
3.
4.
5.
6.
7.

Fruits and vegetables
Fast food
Soda
Parenting scale (overall)
Laxness score
Overreactivity score
Verbosity score

1

2

3

—
–.30
–.02
–.32
–.29
–.13
–.23

—
.30
.15
.10
.17
–.03

—
.25
.20
.21
–.05

Note. All correlations control for age and socioeconomic status (SES).
p < .05. p < .01.

Role of parenting
We considered whether relations between sleep and diet may reflect parenting factors. For
instance, it is possible that caregiver laxness may underlie both unregulated dietary consumption
and unregulated bed or wake times. Frequency of soda consumption correlated with overall ineffective parenting scores, rs(87) ¼ .25, p ¼ .02, and fruits and vegetables negatively correlated
overall parenting scores, rs(87) ¼ .29, p ¼ .01. Fruits and vegetables were also negatively associated with use of lax strategies, rs(87) ¼ .29, p ¼ .01, as well as with verbosity, rs(87) ¼ .23, p
¼ .03. However, no other diet measures (fast food) or any sleep measures correlated with
Parenting Scale scores (see Tables 2 and 3).

Discussion
Using objective sleep measures, we found that preschool children’s sleep duration and timing is
predicted by consumption frequency of specific food categories. Consumption of fruits and vegetables was associated with reduced nap duration. Conversely, consumption of fast food and soda
was associated with reduced overnight sleep. Those who consumed soda had increased nap duration, but this did not make up for sleep lost at night, as 24-hr sleep duration was marginally
lower in those with high soda consumption. Importantly, these associations controlled for the
influence of age, SES, race-ethnicity, physical activity, and BMI. Furthermore, we found that use
of ineffective parenting strategies is related to dietary consumption frequencies (fruits and vegetables, soda) but is not related to sleep quality.
Fast food consumption was a strong predictor of poor sleep at night, and this was not compensated for with daytime napping. Daytime naps in preschool children may sometimes be prolonged, seemingly to compensate for insufficient overnight sleep (Ward et al., 2008). However,
children who ate more fast food did not show an increase in their nap duration. One possible
explanation is that older children, who may be growing out of naps, are also more likely to eat
fast food, as caregivers may be more comfortable with offering such options to a 5-year old
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versus to a 3-year old. Our analyses, however, controlled for age. Notably, there was also no association between measures of parenting and fast food intake or sleep. Thus, we interpret the relationship between fast food consumption and reduced sleep time to reflect the possible impact of
increased consumption of dietary fats on sleep duration. Similar findings have been reported in
both children and adults, whereby greater intake of dietary fats is associated with decreased sleep
duration (Coronado Ferrer et al., 2019; Grandner, Kripke, Naidoo, & Langer, 2010). Evidence
suggests that digestion of dietary fats, as opposed to protein, may require less energy expenditure
(Petzke & Klaus, 2008). This, in turn, could lead to a reduced (perceived) sleep need via a
decrease in endogenous sleep signals (Grandner et al., 2010).
Associations between children’s soda consumption and sleep were particularly interesting in
that soda frequency predicted nearly 30 min less of overnight sleep in children who consume it
2–4 times/week, and those same children were predicted to nap for 24 min longer than their
peers. A marginal association with 24-hr duration suggests that even with compensatory napping,
many of these children are likely not meeting their individual sleep requirements. This may be
due to later bedtimes. Soda consumption frequency was the only dietary measure that predicted
sleep onset. This seems intuitive, as most sodas contain high amounts of sugar and some caffeine,
both of which can impact sleep onset timing (Chaput et al., 2018; Clark & Landolt, 2017).
Alternatively, the dietary content of food choices may not be the direct cause of later sleep onset,
but rather of parenting choices. Counterproductive parenting strategies, such as providing less
structure around bedtime or allowing snacking later in the evenings, are known to be detrimental
toward encouraging sleep (Mindell & Williamson, 2018; Spaeth et al., 2019). Indeed, caregivers of
children who consumed more soda scored higher on the Parenting Scale, which measured the use
of ineffective strategies.
Fruits and vegetables predicted shorter nap durations but not overnight sleep duration or timing measures. This is contrary to other reports in children, as greater fruit and vegetable intake is
often associated with superior sleep quality (B€
ornhorst et al., 2015; Golley et al., 2013; TatoneTokuda et al., 2012). However, few studies in preschool-aged children, specifically, found associations between sleep and fruit and vegetable intake, but rather between sleep and carbohydrates or
overall healthier dietary profiles (Diethelm et al., 2011; Jansen et al., 2019). Nonetheless, our findings could indicate that children who more frequently consume fruits and vegetables are achieving adequate overnight sleep and therefore do not require longer daytime naps to meet their total
sleep need. This may reflect healthier development in children who eat fruits and vegetables.
Fruits and vegetables are good sources of iron and B vitamins, both of which are known to support healthy brain development in infancy and early childhood (Prado & Dewey, 2014).
Moreover, reduced nap length (Lam, Mahone, Mason, & Scharf, 2011b) and frequency (Kurdziel,
Duclos, & Spencer, 2013; Riggins & Spencer, 2020) are thought to reflect greater brain development. However, brain development is also associated with greater 24-hr sleep duration, which
was inconsistent with our results. Fruit and vegetable consumption was unrelated to overnight
and 24-hr sleep duration. Thus, a more likely explanation is that parenting factors underlie access
to fruits and vegetables.
Parenting Scale scores correlated with consumption of fruits and vegetables. Caregivers of children who frequently consumed fruits and vegetables were less apt to use ineffective parenting
strategies, particularly lax strategies. This indicates that higher consumption of fruits and vegetables may be linked to parenting and that, more broadly, use of more effective strategies is beneficial toward encouraging healthy habits. While our sleep measures did not correlate with any
Parenting Scale scores, prior research suggests that positive health behaviors tend to co-occur in
families and households (Niermann, Spengler, & Gubbels, 2018). Thus, we cannot rule out that
more disciplined parenting underlies both structured bedtimes and wake time as well as fruit and
vegetable access.
Our findings, however, are contrary to previous literature that has reported associations
between negative parenting styles (laxness, overreactivity) and greater child sleep problems. Lax
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parenting has been shown to predict sleep problems such as shorter nighttime and 24-hr sleep
durations in 3-year-old children (Hall, Zubrick, Silburn, Parsons, & Kurinczuk, 2007; Staples,
Bates, & Petersen, 2015). Greater parental overreactivity has also been suggested to delay sleep
onset, as it may increase child arousal (Newton, Honaker, & Reid, 2020). However, parenting
style may impact children differently, depending on temperament (Reid, Hong, & Wade, 2009).
Owing to the delayed introduction of the Parenting Scale in our data collection, we were only
able to examine this relationship in a subset of children. Thus, we may not have had a sufficient
sample to identify such effects. Additionally, parental reports were provided by one caregiver in a
family unit and therefore could not address lack of consistency or agreement between caregivers,
issues that can lead to greater child sleep problems (Hall et al., 2007).
Based on our findings, more frequent consumption of nutritious foods does not appear to
encourage better sleep in preschool children per se. Rather, more frequent consumption of less
nutritious foods (fast food, soda) appears to more strongly link to poorer sleep outcomes. This
may be due to unhealthy fluctuations in sleep-related hormones. Consuming greater quantities of
processed, sugary foods influences insulin and leptin levels, which in turn can impact behavioral
and circadian cycles, leading to (or sustaining) irregular sleep-wake patterns (Scheer, Hilton,
Mantzoros, & Shea, 2009). With circadian misalignment in mind, later timing of meals has been
found to be associated with later bedtimes and shorter sleep durations in children (Spaeth et al.,
2019). The structure of family meals may also influence sleep habits, as Khan et al. (2017) found
that eating at fast food restaurants or in front of the TV was associated with poorer sleep quality.
For the present study, we worked from a conceptual model that dietary choices may impact
sleep quality. Experimental support of this directionality has been shown in adult literature. Most
notably, St-Onge, Roberts, Shechter, and Choudhury (2016) found that greater sugar consumption
was associated with more nighttime arousals and that greater saturated fat consumption predicted
less slow-wave sleep. However, it is likely a bidirectional relationship, with sleep deficits also
potentially contributing to poorer dietary choices (Lundahl & Nelson, 2015). Using an experimental paradigm, Mullins et al. (2017) found that preschool-aged children consumed 21% more calories and 25% more sugar following sleep restriction. This is to say, the associations found
between sleep and diet in our data could conversely be interpreted as sleep’s influence on diet.
Though, considering the age range, we believe that young children likely have less independence
in their food choices and more autonomy surrounding their sleep tendencies. Therefore, we chose
to interpret our findings primarily as dietary choices influencing sleep.
The present study used objective sleep measures to determine associations between sleep quality and dietary measures in preschool-aged children while accounting for many variables known
to influence both health factors. Food frequency questionnaires are useful toward gaining a general sense of an individual’s diet, but our results are limited by the lack of detailed food diaries.
Future studies could include more detailed caregiver reports of children’s food consumption
along with timing of meals, paired with actigraphic recordings. Furthermore, our actigraphy data
were averaged across all available days of data, primarily owing to the fact that our caregiverreported diet measures did not distinguish between weekday versus weekend consumption.
Exploring how sleep and dietary habits may change between weekdays and weekends, and
the related associations between both, is worth investigation. Last, to more accurately assess the
relationship between parenting and sleep, a more relevant measure of parenting, such as a survey
on bedtime routines or beliefs around child sleep needs, could better capture this relationship.

Conclusions
Overall, our results indicate that sleep duration and timing are related to dietary habits in preschool-aged children. Most notably, poorer sleep quality is linked to poorer dietary choices.
Parenting factors, such as using more relaxed discipline strategies, appear to influence dietary
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habits but not sleep quality. Encouraging healthier dietary choices and educating caregivers on
ways to reinforce such habits may be means to improve child sleep quality. Future researchers
should investigate timing of meals or consistency in household schedules to better understand
these connections between sleep and diet quality.
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