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Abstract
Background: Societal changes during the COVID-19 pandemic may affect children’s health behaviors and exacerbate disparities.

This study aimed to describe children’s health behaviors during the COVID-19 pandemic, how they vary by sociodemographic
characteristics, and the extent to which parent coping strategies mitigate the impact of pandemic-related financial strain on these
behaviors.

Methods: This study used pooled data from 50 cohorts in the Environmental influences on Child Health Outcomes Program.
Children or parent proxies reported sociodemographic characteristics, health behaviors, and parent coping strategies.

Results: Of 3315 children aged 3–17 years, 49% were female and 57% were non-Hispanic white. Children of parents who reported
food access as a source of stress were 35% less likely to engage in a higher level of physical activity. Children of parents who
changed their work schedule to care for their children had 82 fewer min/day of screen time and 13 more min/day of sleep compared
with children of parents who maintained their schedule. Parents changing their work schedule were also associated with a 31% lower
odds of the child consuming sugar-sweetened beverages.

Conclusions: Parents experiencing pandemic-related financial strain may need additional support to promote healthy behaviors.
Understanding how changes in parent work schedules support shorter screen time and longer sleep duration can inform future
interventions.

Keywords: child; COVID-19; disparities; health behaviors; pandemic

Introduction

D
uring the COVID-19 pandemic, unprecedented
societal changes, such as prolonged home stays and
remote schooling, may impact children’s health

behaviors,1–7 particularly their dietary intake, physical
activity, screen use, and sleep.8–10 Health behaviors in
childhood are linked to adiposity, cardiometabolic out-
comes, neurocognitive development, mental health, quality
of life, and academic achievement.11–15 Health behaviors
during the pandemic may have implications for child health
for years to come if new behavior patterns (e.g., new modes
of exercise or mealtime routines) persist in the postpan-
demic era. Among US children, there is growing evidence
that the social and economic disruption of the pandemic
contributed to higher BMI.16,17

However, less is known about children’s adiposity-
related behaviors because opportunities to conduct pedi-
atric research was constrained early in the pandemic due to
necessary public health precautions.18 The few studies that
assessed children’s health behaviors were primarily con-
ducted outside the United States,7,19,20 or among small or
homogenous samples of children.6,21

In the decade before the pandemic, children’s health
behaviors were known to vary by child sex, age, race/
ethnicity, and level of formal maternal education.22–24

These prepandemic health disparities may have been
exacerbated by the differential effects of the pandemic on
households, although this needs to be investigated di-
rectly.22,25–29 In addition, the impact of novel exposures
or protective factors, such as pandemic-related financial
strain or parent coping strategies, on children’s health
behaviors, is not well understood. Identifying modifiable
factors30 that reduce disparities in child health behaviors
has the potential to drive programs, policy, and practice to
support improved behaviors during the pandemic period
and beyond.

The objectives of this study among children aged 3–17
years during the first 7 months of the COVID-19 pandemic
were to (1) characterize dietary intake, physical activ-
ity, screen time duration, and sleep duration; (2) describe
variation in health behaviors by sociodemographic char-
acteristics, and (3) explore the extent to which the asso-
ciation between pandemic-related financial strain and
child health behaviors may be modified by parent coping
strategies.

15Department of Counseling Psychology and Human Services, Prevention Science Institute, University of Oregon, Eugene, OR, USA.
16Department of Medical Social Sciences, Feinberg School of Medicine, Northwestern University, Chicago, IL, USA.
17Departments of Pediatrics and Psychiatry, Center for the Study of Children at Risk, Alpert Medical School of Brown University and Women and
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21Department of Pediatrics, University of North Carolina School of Medicine, Chapel Hill, NC, USA.
22Mailman School of Public Health, Columbia University, New York, NY, USA.
24Division of Child and Adolescent Psychiatry, New York State Psychiatric Institute, Columbia University Medical Center, New York, NY, USA.
26Department of Preventive Medicine, College of Medicine, University of Tennessee Health Science Center, Memphis, TN, USA.
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Methods

Study Population

The Environmental influences of Child Health Out-
comes (ECHO) Program is a national consortium of 69
established pediatric cohort studies investigating the ef-
fects of early life environmental exposures on child
health using a common protocol since 2019.31,32 Institu-
tional review boards monitored human subject activities
and the centralized Data Analysis Center. Participants
provided informed consent. Fifty cohorts representing 77
recruitment sites (Fig. 1) assessed behaviors (diet, physi-
cal activity, screen time, or sleep) of children aged 3–17
years during the first 7 months of the pandemic (April 1 to
October 31, 2020). While the World Health Organization
declared COVID-19 a pandemic on March 11, 2020, April
1 was used as the start date because the assessments que-
ried behaviors in the preceding week to month. Children

were excluded if they were missing data regarding their
sex. Assessments were completed in-person or remotely.

ECHO COVID-19 Questionnaire
This parent self-report questionnaire was developed in

April 2020. Pandemic-related financial strain was assessed
with yes/no questions asking if financial concerns were a
source of stress; food access was a source of stress; a parent
or spouse/partner lost their job or experienced reduced
work hours; a parent had to pay more for childcare; or a
parent or spouse/partner had to change their work schedule
to care for their children. Parent coping strategies were
assessed by asking, ‘‘what have you done to cope with your
stress related to the COVID-19 outbreak?’’ and ‘‘which
behaviors have you changed because of the COVID-19
outbreak?’’ with a multiselect answer option. This analysis
considered responses relevant to child behaviors: eating
more home-cooked meals, parents getting more exercise,

Figure 1. Recruitment sites of study participants. The 3315 study participants were recruited from 77 recruitment sites representing 50
cohorts in the ECHO Program. ECHO, Environmental influences of Child Health Outcomes.
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and engaging in more family activities and excluded other
types of coping listed in the questionnaire (e.g., tobacco
use, alcohol use, meditation).

Sociodemographic Characteristics
The categorical variables included child age group, sex

at birth, race and ethnicity, and maternal education
(Table 1). The sociodemographic variables were primarily
collected via self-report. In some cases, child sex desig-
nated at birth and date of birth were extracted from medical
records.

Health Behaviors
Dietary intake was assessed with the Block Kids Food

Frequency Questionnaire (FFQ)33 or the Dietary Screener
Questionnaire (DSQ).34 These semiquantitative question-
naires were validated for assessing food intake among
children and adolescents (child self-report or parent-proxy
report). The FFQ queried intake frequency and average
portion size of 85 food and beverage items over the pre-
ceding week. The DSQ queried intake frequency of 25
food items/categories over the preceding month. Data were
harmonized to produce two categorical variables reflecting
intake frequency of sugar-sweetened beverages (SSBs) and

fruits and vegetables (FV), each with six response cate-
gories ranging from ‘‘less than once/week’’ to ‘‘once/day
or more.’’

Physical activity was assessed with one item from the
8-item PROMIS Pediatric v1.0 Physical Activity Short
Form 8a, a valid measure of children’s lived experiences of
physical activity assessed by child self-report or parent-
proxy.35 Respondents (the child when ‡8 years of age;
otherwise, the parent) reported ‘‘In the past 7 days, how
many days were you physically active for 10 minutes or
more?’’ with 5 response options ranging from ‘‘no days’’ to
‘‘6–7 days.’’

Screen time was assessed with the Child Media Use
Questionnaire based on the surveys developed by Com-
mon Sense Media, a national leader in media use sur-
vey assessment.36 Screen time included educational (e.g.,
homework) and recreational (e.g., video games) use. Re-
spondents (the child when ‡12 years of age; otherwise, the
parent) reported typical screen time duration separately for
weekdays and weekends. Parents reported screen time in
minutes, if screens were used for less than 1 hour and in
hours and minutes if screens were used for 1 hour or more.

Average nightly sleep duration during the past week
was assessed with the ECHO Program’s Sleep Health of

Table 1. Characteristics of the Study Sample Among Children Aged 3–17 Years
in the Environmental Influences on Child Health Outcomes Program

No. of children
Full sample
(n 5 3315)

Age 3–5
(n 5 1326)

Age 6–12
(n 5 1407)

Age 13–17
(n 5 582)

Child demographic characteristics

Age, years [mean (SD)] 7.9 (4.9) 3.4 (1.8) 8.6 (1.7) 16.4 (0.9)

Male sex, n (%) 1705 (51.4) 676 (51.0) 725 (51.5) 304 (52.2)

Race and ethnicity, n (%) 3303 (99.6) 1317 (99.3) 1404 (99.8) 582 (100.0)

Non-Hispanic White 1876 (56.6) 585 (44.1) 925 (65.7) 366 (62.9)

Non-Hispanic Black 427 (12.9) 139 (10.5) 123 (8.7) 165 (28.4)

Non-Hispanic other race 412 (12.4) 202 (15.2) 184 (13.1) 26 (4.5)

Hispanic, all races 588 (17.7) 391 (29.5) 172 (12.2) 25 (4.3)

Maternal education, n (%) 3176 (95.8) 1263 (95.2) 1346 (95.1) 567 (97.4)

Less than a high school degree 180 (5.4) 84 (6.3) 55 (3.9) 41 (7.0)

High school degree, GED, or equivalent 404 (12.2) 175 (13.2) 121 (8.5) 108 (18.6)

Some college, no degree, and above 2592 (78.2) 1004 (75.7) 1170 (82.6) 418 (71.8)

Household income, n (%) 2363 (71.3) 934 (70.4) 908 (64.5) 521 (89.5)

£$30,000 432 (13.0) 196 (14.8) 134 (9.5) 102 (17.5)

$30,000–$49,999 306 (9.2) 104 (7.8) 112 (8.0) 90 (15.5)

$50,000–$74,999 324 (9.8) 119 (9.0) 117 (8.3) 88 (15.1)

$75,000 or more 1301 (39.2) 515 (38.8) 545 (38.7) 241 (41.4)

GED, General Educational Development; SD, standard deviation.
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Children and Adolescents Questionnaire by the child
when ‡12 years of age; otherwise, by the parent. This
questionnaire is a valid and reliable measure of sleep
health for child self-report and parent-proxy report.37 A
reported sleep duration of less than 5 hours was set to
missing. Any responses more than 18 hours were capped
at 18 hours.

Statistical Analysis
Participant characteristics were tabulated in the full

sample and by age group. To examine the association be-
tween sociodemographic characteristics and behaviors, we
used a generalized estimating equations (GEE) approach to
account for correlation between children within cohorts
(the independence correlation structure was specified for
GEE models). Logistic regression was used for binary
outcomes (SSB and FV intake). Intake was dichotomized
at ‡3 times/week for SSBs and ‡once/day for FV due to
small sample sizes in some categories and to approximate
dietary guidelines.38 For the ordinal physical activity out-
come, a cumulative link regression model was used to
estimate the odds of reporting one higher category or above
of weekly physical activity (response options: no days, 1,
2–3, 4–5, and 6–7 days).

Linear regression was used for continuous outcomes
(screen time and sleep). All models adjusted for child age,
sex, race, and ethnicity; maternal education; pandemic-
related financial strain; and the time between the start of
the pandemic (April 1, 2020) and the date the COVID-19
questionnaire was administered.

The eight financial strain and coping variables were
included as independent, binary variables in the models.
To evaluate whether the association between pandemic-
related financial strain and health behaviors was modified
by parent coping strategies, interaction terms were added
to the models with corresponding outcomes: financial
strain · ‘‘eat more home-cooked meals’’ was included in
the dietary models; financial strain · ‘‘get more physical
activity’’ was included in the activity models; and financial
strain · ‘‘engage in more family activities’’ was included in
the screen time model. No model included an interaction
term for sleep because none of the coping strategies was
hypothesized to affect sleep.

Results
The analytic sample included 3315 children (Fig. 1).

Data were not available for all 3315 children for all 4
behaviors because some cohorts (1) only administered
some of the questionnaires as part of their protocol or (2)
administered questionnaires to some participants outside
the 7-month period. Child sociodemographic characteris-
tics are shown in Table 1. Over 90% of parents reported
at least one type of pandemic-related financial strain: fi-
nancial concerns were stressful (35.3%); parent lost job/
reduced hours (24.7%); parent changed work schedule to
care for children (23.1%); spouse/partner lost job/reduced

hours (20.6%); access to food was a source of stress
(13.5%); and family paid more for child care (5.4%). De-
scriptive data on health behaviors are presented in Table 2.
Median times between the assessment dates for financial
strain with the COVID-19 questionnaire and health be-
haviors were 0 days.

Children of parents who changed their work schedule to
care for their children had 82 fewer min/day of screen time
(-1.37 hours, 95% confidence interval [CI] -2.28 to -0.45)
and 13 more min/day of sleep (0.21 hours, 95% CI 0.09–
0.33) compared with children of parents who did not
change their work schedule (Table 3). Children of parents
who changed their work schedule were 31% less likely to
consume SSBs 3–4 times/week (compared to 2 times/week
or less) (odds ratio [OR] 0.69, 95% CI 0.49–0.98). Chil-
dren of parents who reported financial concerns as a source
of stress had 10 fewer min/day of sleep (-0.16 hours, 95%
CI -0.30 to -0.02) compared with children of parents who
did not report this type of stress (Table 3). Children of
parents who reported access to food as a source of stress
were 35% less likely to engage in a higher level of physical
activity (OR 0.65, 95% CI 0.44–0.94).

As shown in Table 3, older children had a higher level of
SSB intake and more screen time, and a lower level of
physical activity and less sleep compared with younger
children. Compared with females, males were 35% less
likely to consume FV daily (OR 0.65, 95% CI 0.53–0.79)
and 64% more likely to be more physically active (OR
1.64, 95% CI 1.23–2.13). Having a mother with at least
some college education was associated with lower SSB
intake (OR 0.46, 95% CI 0.24–0.87), higher levels of
physical activity (OR 1.47, 95% CI 1.05, 2.04), and longer
sleep (0.34 hours, 95% CI 0.08–0.60).

Compared with children who were non-Hispanic white,
children who were Hispanic were 64% less likely to con-
sume FV daily (OR 0.36, 95% CI 0.15–0.87), were 30%
less likely to engage in a higher level of physical activity
(OR 0.70, 95% CI 0.51–0.95), and had 25 fewer minutes of
sleep (-0.42 hours, 95% CI -0.67 to -0.17) (Table 3).
Compared with children who were non-Hispanic white,
children who were non-Hispanic black were 61% less
likely to engage in a higher level of physical activity
(OR 0.39, 95% CI 0.28–0.54) and had almost 2 more h/day
of screen time (1.94 hours, 95% CI 0.66–3.23) and 41
fewer min/day of sleep (-0.69 hours, 95% CI -0.90 to
-0.48).

The most commonly reported coping strategy was eating
more home-cooked meals (Fig. 2). Among children in
families reporting no financial strain, engaging in more
family activities was associated with an hour less screen
time/day (-1.08 hours, 95% CI -1.60 to -0.56; Table 4).
Children in families with at least one parent who changed
their work schedule and children engaged in more family
activities had 2.6 hours less screen time than those who did
neither (not shown in table: -2.58, 95% CI -3.62 to -1.55).
Children in families with financial concerns were three
times more likely to consume SSBs (OR 3.03, 95% CI
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1.66–5.54), and this association was modestly attenuated in
families that reported more home-cooked meals compared
with those who did not (interaction OR 0.19, 95% CI 0.11–
0.33). The association between access to food as a source
of stress and SSB intake was amplified among those who
reported more home-cooked meals (OR 4.46, 95% CI
1.66–12.01).

Discussion

Among a geographically diverse sample of children and
adolescents during the first 7 months of the COVID-19
pandemic, financial concerns and access to food as a
source of stress were associated with less frequent physical
activity and shorter sleep duration. Changes in parent work

Table 2. Health Behaviors (Dietary Intake, Physical Activity Frequency, Screen
Time Duration, and Sleep Duration) Reported During the First 7 Months
of the COVID-19 Pandemic Among Children Aged 3–17 Years
in the Environmental influences on Child Health Outcomes Program

No. of children
Full sample
(n 5 3315)

Age 3–5
(n 5 1326)

Age 6–12
(n 5 1407)

Age 13–17
(n 5 582)

Dietary intake, n (%) 1002 (30.2) 244 (18.4) 283 (20.1) 475 (81.6)

Sugar-sweetened beverages

Less than once per week 387 (38.6) 163 (66.8) 114 (40.3) 110 (23.2)

Once per week 93 (9.3) 27 (11.1) 34 (12.0) 32 (6.7)

Twice per week 105 (10.5) 20 (8.2) 33 (11.7) 52 (10.9)

3–4 Times per week 98 (9.8) 13 (5.3) 35 (12.4) 50 (10.5)

5–6 Times per week 128 (12.8) 16 (6.6) 28 (9.9) 84 (17.7)

Once per day or more 191 (19.1) 5 (2.0) 39 (13.8) 147 (30.9)

FV

Less than once per week 91 (9.1) <10a <5a 82 (17.3)

Once per week 30 (3.0) <5a <10a 18 (3.8)

Twice per week 39 (3.9) <5a <10a 29 (6.1)

3–4 Times per week 68 (6.8) 9 (3.7) 18 (6.4) 41 (8.6)

5–6 Times per week 94 (9.4) 12 (4.9) 25 (8.8) 57 (12.0)

Once per day or more 680 (67.9) 211 (86.5) 221 (78.1) 248 (52.2)

Physical activity ‡10 minutes, days/week, n (%) 1394 (42.1) 248 (18.7) 590 (41.9) 556 (95.5)

No days 94 (6.7) <5a <35a 58 (10.4)

1 Day 101 (7.2) <10a <35a 60 (10.8)

2–3 Days 318 (22.8) 44 (17.7) 115 (19.5) 159 (28.6)

4–5 Days 411 (29.5) 80 (32.3) 182 (30.8) 149 (26.8)

6–7 Days 470 (33.7) 115 (46.4) 225 (38.1) 130 (23.4)

Screen time, h/day, median [25th, 75th percentiles] 974 (29.4) 261 (19.7) 238 (16.9) 475 (81.6)

Weekday duration 8.0 (3.6, 15.0) 4.0 (2.0, 6.5) 6.4 (3.5, 11.9) 12.0 (7.5, 18.0)

Weekend duration 7.0 (3.5, -13.0) 4.0 (2.2, 6.2) 5.1 (3.0, 9.4) 11.7 (6.8, 18.0)

Averaged durationb 8.0 (3.7, 14.7) 4.0 (2.2, 6.5) 6.3 (3.4, 11.4) 12.2 (7.7, 18.0)

Sleep duration, h/day, median [25th, 75th percentiles] 2311 (68.9) 806 (59.4) 996 (70.3) 509 (87.5)

Sleep durationc 9.5 (8.0, 10.4) 10.0 (9.0, 11.0) 9.8 (9.0, 10.0) 8.0 (7.0, 8.5)

aIn accordance with ECHO’s publication and data use policy, cell sizes smaller than five are suppressed for privacy. The sample size in an

additional column is also suppressed to prevent calculation of the exact sample size in cell with less than five participants.
bWe computed a weighted average hours of screen time for each child across weekday and weekend screen time.
cOvernight sleep duration only; excludes napping during the day.
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schedules were associated with a shorter screen time du-
ration, less frequent SSB intake, and a longer sleep dura-
tion, suggesting that changes in parent work schedules
generally had a protective effect on child health behaviors.
In general, these findings did not differ among families
who reported using pandemic-specific coping strategies
compared with families who did not. Consistent with
prepandemic disparities, healthier behaviors were reported
among younger children, children who were non-Hispanic
white and children of mothers with more formal education.

The 2020–2025 Dietary Guidelines for Americans
recommends multiple servings of FV/day,38 yet, 32% of
children in the ECHO sample did not consume FV daily
during the study period. Older children consumed FV less
frequently and SSBs more frequently, consistent with pre-
pandemic patterns.22 The less frequent FV intake among
Hispanic children during the pandemic contrasts with the
absence of this association prepandemic.22,39,40 One un-
expected finding was that access to food as a source of
stress did not appear to be associated with dietary intake.
This is inconsistent with the findings of Hu et al. who
found that food insecurity was associated with a greater
increase in SSB intake among children during the pan-
demic.41 Prepandemic studies also report higher habitual

SSB intake among food insecure families42 and families
participating in the Supplemental Nutrition Assistance
Program.43

We expected this association to be weaker among fam-
ilies who reported preparing more home-cooked meals
during the pandemic given the positive association be-
tween the frequency of home-prepared meals and diet
quality44 but instead found the opposite. One possibility is
that home-cooked breakfast and lunch meals during re-
mote schooling may have replaced the intake of meals
that were consumed as part of the School Breakfast Pro-
gram or National School Lunch Program; participation in
these programs has been linked to higher milk intake and
lower SSB intake.45 However, this needs to be investigated
directly.

The 2018 Physical Activity Guidelines for Americans
recommends being active throughout the day for pre-
schoolers and at least 60 minutes of moderate-to-vigorous
activity daily for children and adolescents,46 yet, only 34%
of children in the ECHO sample reported at least 10
minutes of activity daily. Lower activity levels among
older children, children with mothers who had a lower
level of formal education, and Hispanic or non-Hispanic
black children in the present analysis are consistent with

Figure 2. Percent of parents reporting coping strategies in the full sample and by age group during the first 7 months of the COVID-19
pandemic (April 1, 2020 to October 31, 2020). Parents answered two multiselect questions about coping and behavior change during the
COVID-19 pandemic: (1) What have you done to cope with your stress related to the COVID-19 outbreak? (2) Which of the following
behaviors have you changed because of the COVID-19 outbreak?
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Table 4. Association Between Parent Coping Behaviors and Dietary Intake, Physical
Activity, and Screen Time During the First 7 Months of the COVID-19 Pandemic
Among Children Aged 3–17 Years in the Environmental influences on Child Health
Outcomes Program

Sugar-sweetened
beveragesa (n 5 1002)

FV intakea

(n 5 1002)
Physical activityb

(n 5 1393)
Screen timec

(n 5 973)

OR (95% CI) OR (95% CI)
b coefficient

(95% CI)
b coefficient

(95% CI)

Race and ethnicity

Non-Hispanic white Ref Ref Ref Ref

Non-Hispanic black 0.94 (0.72 to 1.21) 1.05 (0.72 to 1.54) 0.40 (0.29 to 0.56)** 1.87 (0.61 to 3.13)**

Non-Hispanic other race 0.79 (0.36 to 1.75) 0.73 (0.33 to 1.61) 0.57 (0.43 to 0.77)** 0.38 (-0.69 to 1.45)

Hispanic all races 1.43 (0.80 to 2.54) 0.35 (0.14 to 0.87)* 0.70 (0.51 to 0.96)* 0.77 (-0.25 to 1.79)

Pandemic-related financial straind

No financial strain Ref Ref Ref Ref

Parent job loss/reduced hours 1.04 (0.53 to 2.03) 1.34 (0.72 to 2.51) 0.97 (0.72 to 1.30) -0.01 (-0.84 to 0.82)

Financial concerns as a source
of stress

3.03 (1.66 to 5.54)** 0.77 (0.46 to 1.28) 0.81 (0.68 to 0.98)* 0.97 (-0.76 to 2.71)

Higher childcare costs 0.24 (0.03 to 2.09) 0.77 (0.15 to 3.92) 1.52 (0.87 to 2.70) 0.32 (-2.19 to 2.83)

Changes to parent work schedules 0.39 (0.22 to 0.72)** 0.80 (0.40 to 1.58) 1.08 (0.72 to 1.61) -1.01 (-2.53 to 0.51)

Access to food as a source of stress 0.54 (0.23 to 1.26) 0.62 (0.36 to 1.07) 0.65 (0.42 to 1.00)* -0.70 (-1.97 to 0.58)

COVID-19 parent coping strategiese

Eating more home-cooked meals 1.25 (0.98 to 1.60) 1.20 (0.93 to 1.55) —

Getting more physical activity — — 1.25 (0.82 to 1.92) —

Engaging in more family activities — — — -1.08 (-1.60 to -0.56)**

Financial strain* coping strategy
interaction

More home-
cooked meals

More home-
cooked meals

More parent
physical activity

More family activities

Job loss or reduced hours 1.18 (0.57 to 2.44) 0.74 (0.50 to 1.09) 0.71 (0.39 to 1.32) 0.40 (-0.47 to 1.28)

Financial concerns 0.19 (0.11 to 0.33)** 1.50 (0.83 to 2.70) 1.43 (0.89 to 2.27) -0.33 (-2.1 to 1.44)

Higher childcare costs 2.24 (0.13 to 38.01) 2.16 (0.84 to 5.57) 0.57 (0.22 to 1.52) 1.04 (-2.98 to 5.06)

Changes to work schedules 1.88 (0.81 to 4.40) 2.21 (0.86 to 5.69) 1.18 (0.69 to 2.00) -0.49 (-2.1 to 1.12)

Access to food as a source of stress 4.46 (1.66 to 12.01)** 1.18 (0.55 to 2.53) 1.18 (0.59 to 2.38) 2.12 (0.75 to 3.49)**

aORs and 95% CIs from GEE logistic regression models (‘‘geeglm’’ function from the R package ‘‘geepack’’) clustered on cohorts, estimating odds

of consuming sugar-sweetened beverages three to four times per week or more compared with two servings per week or less, and odds of

consuming one or more servings of FV per day compared with consuming less than one serving of FV per day.
bData are ORs (95% CIs) from GEE cumulative link regression models (‘‘ordLORgee’’ function from the R package ‘‘multgee’’), reflecting odds of

moving up one or more category in the ordinal categories of days of being physically active ‡10 minutes: 0, 1, 2–3, 4–5, and 6–7 days/week.
cData are beta coefficients from GEE linear regression models (‘‘geeglm’’ function from the R package ‘‘geepack’’), reflecting change in hours of

screen time and sleep.
dAll models are additionally adjusted for child age and sex, maternal education, and time between the start of the COVID-19 pandemic (April 1,

2020) and the assessment of COVID-19 financial strains. Interaction terms with the coping strategy ‘‘eat more home-cooked meals’’ were

included in the models with diet as the outcome. Interaction terms with ‘‘get more physical activity’’ were included in the models with physical

activity as the outcome. Interaction terms with ‘‘engage in more family activities’’ were included in the model with screen time as an outcome.
eThere was no model for sleep duration because none of the coping strategies was hypothesized to effect sleep.

*p < 0.05; **p < 0.01; p values were given from the GEE Wald test.
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prepandemic disparities.47–49 Access to food as a source of
stress was associated with less frequent physical activity.
Additional research is needed to determine if ensuring that
families’ basic physiological needs are met in one health
domain (e.g., food security) can promote positive behav-
iors in another (e.g., active lifestyle).

Surprisingly, job loss and financial concerns were not
associated with physical activity. One possible explanation
is that barriers to physical activity related to public health
precautions (e.g., shuttered recreational facilities)21 could
not be surmounted, even among families with adequate
financial resources. Another possibility is that lower in-
come families may have already been accustomed to uti-
lizing opportunities in their immediate environment for
active play because their access to resources (e.g., orga-
nized sports) may have similarly been limited prepan-
demic.50

For children aged 3–5 years, the American Academy
of Pediatrics (AAP) recommends up to 1 h/day of high-
quality programming.51 Median screen duration among
ECHO children in this age group during the pandemic was
4 h/day. For children ‡6 years of age, the AAP recom-
mends consistent limits on media use and preventing me-
dia use from replacing healthy behaviors.51 The median
educational and recreational screen time duration was 6 h/
day among children aged 6–12, and up to 12 h/day among
adolescents. Longer screen time duration among older
versus younger children was also documented prepan-
demic.52

The finding that changes in parent work schedules were
associated with a large decrease in daily media use and
a small increase in sleep duration is important because
changes in parent work schedules may persist into the
postpandemic period53 and continue to shape behaviors.
Our finding that engaging in more family activities was
associated with an hour and a half less of daily media use
mirrors prepandemic findings54 and suggests that engaging
in family activities may be a potential intervention target to
reduce screen time.

In our sample, the median nightly sleep duration was
within the ranges recommended by the American Acad-
emy of Sleep Medicine for all age groups, although at the
lower end of the ranges.55 Similar to the prepandemic
period, sleep duration during the pandemic was longer
among children who were non-Hispanic white and chil-
dren whose mothers had a higher level of formal educa-
tion.29,56,57 Children of parents who reported financial
concerns had a slightly shorter sleep duration, as would be
expected, based on the link between parental perceived
economic well-being and sleep duration.57 Future studies
can elucidate potential mechanisms, which may include
sleep timing, quality, and disturbance58,59 and whether
a longer nap duration, which was not reported here, may
have offset shorter nighttime sleep.

This study has several strengths. The ECHO Program is
well positioned to measure pandemic behaviors due to its
member cohorts following a common protocol that in-

cludes validated instruments. The roll-out of the ECHO
protocol in 2019 before the emergence of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) pro-
vided existing infrastructure for standardized and remote
data collection and data sharing early in the pandemic. The
rapid development of an COVID-19 questionnaire allowed
for the assessment of novel variables: pandemic-related
financial strain and pandemic-specific coping.

This study also has limitations. First, the cross-sectional
design prohibits causal inferences about the associa-
tion between sociodemographic characteristics, coping,
and health behaviors. Ongoing data collection, in which a
subsample of ECHO participants provided repeated mea-
sures of health behaviors prepandemic and at two time
points during the pandemic, can address this limitation in
future analyses. Second, this is not a population-based
study because the ECHO Program was not designed this
way. Nevertheless, the present analysis combined data
from ethnically and socioeconomically diverse children in
all U.S. Census regions, improving the generalizability of
findings. Third, the pandemic was a dynamic period but
is defined here as a single time-period. To minimize this
limitation, the study period was constricted to the first 7
months of the pandemic when a COVID-19 vaccine was
not yet available; and the time between April 1, 2020 and
data collection was included in all models.

The study did not consider neighborhood-level features
(e.g., safety, population density) that are likely to associate
with individual-level characteristics. While this is unlikely
to affect the relationship between individual-level char-
acteristics and health behaviors, neighborhood-level fea-
tures may help explain the relationships observed in the
present analysis and/or give additional insights into in-
terventions. For example, given the known relationships
among race/ethnicity, individual-level socioeconomic status
and place in the United States,60 observed relationships
between child race/ethnicity and the health behaviors under
study may be related to underlying differences in the
neighborhood characteristics of non-Hispanic white chil-
dren and minority children (Hispanic, non-Hispanic black).

Finally, it is likely that pandemic-related contextual
factors (e.g., local public health ordinances) may have
influenced health behaviors, and information about these
statistics were not systematically collected across the
ECHO cohorts and, thus, were not included in the analyses;
however, given the broad representation of U.S. geography
across the participating cohorts, we do not believe that this
omission would systematically affect the findings.

In summary, along with the continued effort to reduce
disparities in health behaviors by sociodemographic char-
acteristics observed prepandemic, pandemic-related op-
portunities for intervention are greatest among families
who report financial concerns and access to food as sources
of stress. Identifying the mechanisms by which changes in
parent work schedules support a shorter screen time du-
ration and a longer sleep duration may help direct future
intervention efforts, particularly for families experiencing
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financial strain. Commonly used coping strategies did not
mitigate the effect of financial strain on health behaviors,
suggesting that parents may need additional support to
overcome pandemic-related challenges.
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