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Abstract

Objectives: To assess changes in weight-related health behaviors and social determinants of health (SDoH) among youth with
overweight/obesity during the coronavirus disease 2019 (COVID-19) pandemic.

Methods: We assessed weight-related health behaviors (physical activity, screen time, sleep, and diet) and SDoH (food insecurity,
income/childcare, and caregivers’ perceived stress) before vs. during the pandemic with a survey administered August—October 2020
to caregivers of 2—17-year olds and adolescents 13—17 years old with BMI >85th percentile seen in clinic within 6 months
prepandemic. We analyzed changes in continuous variables using paired #-tests and categorical variables with McNemar’s or
Fisher’s exact tests, and the influence of social determinants on behavior change using multivariable regression models.

Results: A total of 129 caregivers and 34 adolescents completed surveys. Compared with prepandemic, caregivers reported youth
decreased moderate/vigorous physical activity (—87.4 [205.7] minutes/week, p <0.001) and increased recreational screen time (2.5
[2.1] hours/day, p<0.001). Fewer had regular bedtimes (before: 89% and during: 44%, p <0.001) and more ate most meals with
television (before: 16% and during: 36%, p <0.001). Food insecurity increased from 27% to 43% (p <0.001), 45% reported reduced
household income, and caregivers with moderate/high perceived stress scale scores increased from 43% to 64% (p<0.001).
Moderate/high caregiver stress and food insecurity were associated with greater magnitudes of adverse behavior change.

Conclusion: Alarming changes in health behaviors among youth with overweight/obesity, particularly among those with stressed
caregivers and food insecurity, may increase prevalence of obesity-related comorbidities and exacerbate health disparities. There is
an urgent need to expand access to effective interventions for overweight/obesity that address psychosocial stressors.
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is causing unprecedented disruptions worldwide not

only from significant morbidity and mortality from
the virus itself but also through economic instability, school
closures, and increased stress on families.! At the same
time, the prevalence of obesity continues to rise with a
recent national study finding an increase in obesity among
youth ages 2—19 years in the United States from 19.3% in
2019 to 22.4% in 2020, as well as a two-fold higher rate of
BMI increase during vs. before the pandemic.?* Children’s
daily lives changed drastically due to the pandemic, and
there is emerging evidence of negative effects on health
behaviors associated with obesity risk and worse cardio-
metabolic outcomes.*°

The pandemic may affect some youth and their fami-
lies more severely due to job loss, food insecurity, loss of
schools as the ““great equalizer,” and other social deter-
minants of health (SDoH). One recent study among chil-
dren in Philadelphia suggests a widening of persistent
socioeconomic, racial, and ethnic disparities in childhood
obesity.””?

In the United States, studies have found parent-reported
declines in physical activity, particularly among those
with severe obesity, as well as an increase in snacking and
sedentary behaviors.!®!! Data from other countries, in-
cluding Canada, the Netherlands, China, and Spain, report
declines in parent-reported physical activity and higher
levels of screen time, with one study from the Netherlands
using accelerometry to demonstrate nearly 1 hour/day less
physical activity during the pandemic.>!*"'* Studies have
separately described adverse changes in well-being, food
insecurity, and income loss across different communities,
but little is known about the association between these
SDoH and health behavior change during the pandemic.

In this study, we sought to examine the extent to which
health behaviors of youth with overweight/obesity changed
during the first 6 months of the pandemic compared with
prepandemic. In exploratory analyses, we evaluated the
extent to which SDoH (food insecurity, caregiver stress,
income change, and childcare) and demographic charac-
teristics (age and race/ethnicity) modified those behavior
changes. Understanding behavior changes affecting youth
with overweight/obesity, as well as potential modifiers of
these changes, can inform the tailoring of interventions to
mitigate the adverse effects of the pandemic on youth and
families.

T he coronavirus disease 2019 (COVID-19) pandemic

Methods

Study Population

Caregivers of youth 2-17 years old with overweight/
obesity (BMI >85th percentile), seen September 2019—
March 2020 in the Yale Pediatric Primary Care or
Endocrinology Clinics, were invited to participate through
email. Adolescents 13—17 years old were invited if their
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caregivers completed the survey and provided their email
address to participate. We invited one randomly selected
child per household and excluded those without English
listed as primary language in the electronic health record
(EHR). To limit confounding effects of complex chronic
conditions (CCC) on health behaviors and obesity, we
identified and excluded children with CCC, including di-
abetes, defined using the Pediatric Medical Complexity
Algorithm and pediatric CCC classification system using
EHR problem list and visit diagnosis codes.!>!'® All par-
ticipants received a small incentive (gift card) following
survey completion. Yale University’s Institutional Review
Board approved all protocols.

Survey Design

Study data were collected and managed using REDCap
(Research electronic data capture) tools hosted at Yale
University. REDCap is a secure, web-based software plat-
form designed to support data capture for research studies.!’

The survey assessed health behaviors associated with
pediatric obesity (physical activity, screen time, sleep,
and dietary habits), as well as relevant SDoH, including
food insecurity, changes in income/childcare, perceived
stress levels, and race/ethnicity. Caregivers reported on
their children’s health behaviors, while adolescents re-
ported their own health behaviors. Questions were asked in
duplicate to address the prepandemic and during-pandemic
periods. The prepandemic period was defined as ““the time
‘before COVID-19 school closures’ considered to be a
typical month, e.g., February 2020 when you/your child
was going to school.”” Three versions of the survey were
developed for the following groups: caregivers of children
(2—12 years old), caregivers of adolescents (13—17 years
old), and adolescents (13—17 years old). The survey for
caregivers of 2—12-year olds included questions regarding
childcare. Adolescents were not asked clinical information
or questions pertaining to food insecurity and income.

Recruitment

The recruitment period was mid-August to mid-October
2020—approximately 6 months after Connecticut initiated
school closures (March 15, 2020) and a state-wide shut
down (March 20, 2020). These restrictions were lifted
during the summer as community spread declined. School
re-openings varied throughout the state with two districts
being fully remote in the fall of 2020, including New
Haven, and nearly 60% using the hybrid model.'®

Measures

Anthropometric data. We extracted height and weight
from the EHR and calculated BMI and BMI percentiles
using sex- and age-based CDC SAS code.!® Measurements
were from the most recent clinic visit between September
2019 and March 2020. We defined overweight as age- and
sex-adjusted BMI percentile >85 to <95th percentile, and
obesity as BMI percentile 295. We defined Class 1 obesity
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as BMI between the 95th percentile and 119% of the 95th
percentile, Class 2 obesity as BMI between 120% and
139% of the 95th percentile, and Class 3 obesity as BMI
>140% of the 95th percentile.”® We utilized BMI ex-
pressed as percentage of the 95th percentile (%BMIp95)
based on limitations of BMI z-score for children with se-
vere obesity.?!

Weight-related behaviors, SDoH, and demographic char-
acteristics. We adapted the Primary Caregivers Ques-
tionnaire®? to assess number of days and amount of time
spent walking/engaging in moderate/vigorous physical
activity (MVPA) during the past 7 days and in the pre-
pandemic period. Screen time was measured using a
question from the 2019 to 2020 National Health and Nu-
trition Examination Survey (NHANES) and was divided
into recreational and school related.”> We assessed sleep
duration and daytime sleepiness using questions from
NHANES 2019-20 and sleep quality with the validated
Patient-Reported Outcomes Measurement Information
System (PROMIS) sleep disturbance scale short form.?* A
t-score 266 indicated severe sleep disturbance and was
representative of >95th percentile for disturbed sleep.?®
We assessed dietary changes using questions adapted from
a questionnaire used in the Bright Bodies weight man-
agement program, NHANES 2019-20, and the validated
sugar-sweetened beverage (SSB) screener questionnaire. 62
We adapted questions to inquire about the time before and
since the COVID-19 school closures.

We used the Hunger Vital Sign to assess household food
insecurity,?® the Perceived Stress Scale (PSS) for caregiver/
adolescent stress,>” and a question from NHANES 2019-20
for caregiver education level. We also questioned care-
givers about income and childcare changes associated with
the pandemic and extracted children’s age and race/eth-
nicity from the EHR. Supplementary Table S1 details
questions and sources utilized.

Statistical Methods

Demographics and sample characteristics were sum-
marized with mean and standard deviation (SD) for
continuous variables and frequency and percent for cate-
gorical variables. Changes in health behaviors and SDoH
were analyzed with paired #-tests for continuous variables,
McNemar’s paired test for dichotomous variables, and
Fisher’s exact test for variables with >2 categories.

Linear regression models were used to assess change in
continuous variables: physical activity, recreational screen
time, sleep duration, intake of sugary beverages (SSB and
fruit juice), fruits/vegetables, and chips/foods with added
sugar. We also utilized generalized estimating equations to
assess the pandemic’s impact on binary outcomes: having
a regular bedtime, sleep disturbance, and meals with
television. Effect modification by SDoH was assessed in
separate models, including age (continuous), race/ethnicity
(non-Hispanic white vs. other), baseline %BMIp95
(overweight/class 1 obesity vs. class 2/3 obesity), food
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insecurity status during pandemic, caregiver PSS score
during pandemic (moderate/high >14 vs. low <14), and
changes in childcare and income during vs. prepandemic
(decrease vs. increase/no change). The moderation models
for continuous variables and for meals with television were
adjusted for age, sex, and %BMIp95 before the pandemic.

For other categorical outcomes, the adjusted models
failed to converge due to small events by covariates; thus,
only results of unadjusted analysis are reported. All sta-
tistical analyses were performed using SAS/STAT® Soft-
ware, version 9.4 (SAS Institute, Inc., Cary, NC). For the
primary aim of assessing during-pandemic changes, we
used p=0.001 as the significance cutoff to account for
multiple comparisons. Other analyses were exploratory
and not interpreted in a confirmatory manner.

Results

Among 1367 caregivers of eligible children and ado-
lescents invited to participate in the study, 129 caregivers
(9.4%) completed the survey. Of 48 caregivers of adoles-
cents who gave consent for recruitment, 34 adolescents
(71%) responded. The nonresponding caregivers did not
significantly differ from responders by youths’ age, sex, or
%BMIp95, but did differ by race/ethnicity (p<0.001)—
responders had a higher proportion of non-Hispanic white
children (36% vs. 17%) than nonresponders (Supplemen-
tary Table S2).

Youth in our sample had a mean age of 11 years, a slight
female predominance, 32% had severe obesity, 57% had
public insurance, 30% were non-Hispanic black, and 30%
were Hispanic (Table 1).

Health Behaviors

Prepandemic to during-pandemic changes in health be-
haviors by caregiver-proxy report are summarized in Ta-
ble 2. Caregivers reported a mean (SD) reduction of 87.4
(205.7) minutes/week in youths’ MVPA (p<0.001) and
109.7 (255.9) minutes/week in walking time (p<0.001).
School and recreational screen time increased by 2.2 (2.3)
and 2.5 (2.1) hours/day, respectively (p<0.001). The
proportion with a regular bedtime decreased from 89%
to 44% (p<0.001). Compared with prepandemic, severe
sleep disturbance increased (10% to 29%, p<0.001).
Caregivers reported youth consumed an additional two
servings/week of chips/foods with added sugars (p <0.001)
and sugary beverages (p=0.001), but no significant change
in combined fruit/vegetable intake. In addition, more youth
watched television with most meals (16% to 36%, p <0.001)
and more families ate 2—3 meals together daily (42% to
57%, p<0.001).

Adolescents’ self-reported outcomes were in general
consistent with caregivers’ proxy-reports with decreased
frequency of regular bedtime (before: 79% and during:
24%, p<0.001, p-value of comparison=0.80) and more
often having 2-3 meals daily with family (before: 24%
and during: 32%, p <0.001, p-value of comparison=0.95).



Table |I. Baseline Characteristics of Participants by Caregiver-Proxy Report

Child/adolescent characteristics®
Age, years
Sex, female
%BMIp95
Obesity class
Overweight
Class |
Class 2
Class 3
Race/ethnicity
Hispanic
Non-Hispanic white
Non-Hispanic black
Non-Hispanic multiracial
Other/unknown
Insurance type
Medicaid
Private
Other/unknown
Household characteristics
Household size, number of people
<18 years old
Adults
Had access to an outdoor space for physical activity
Had at least one confirmed COVID case in the household
Caregiver characteristics
Caregivers’ education level
Some high school or less
High school graduate
Some college or more
Caregiver BMI
Caregiver BMI >30 kg/m?
Caregiver partner BMI
Caregiver partner BMI >30 kg/m?
Marital status
Not living with a partner
Unmarried, living with a partner

Married, living with a partner

Total
caregiver-proxy
(n=129) Mean

(SD) or n (%)

10.9 (4.3)
77 (60%)
113.3 (20.4)

49 (38%)
39 (30%)
26 (20%)
15 (12%)

38 (30%)

46 (36%)

38 (30%)
4 (3%)
3 (2%)

73 (57%)
47 (36%)
9 (7%)

4.1 (1.5)
23 (1.2)
2.0 (0.8)
107 (83%)
12 (9%)

7 (5%)
23 (18%)
99 (77%)

32.7 (7.1)
79 (61%)

325 (6.4)
42 (33%)

57 (44%)
13 (10%)
59 (46%)

Children
2-12 years
(n=178) Mean
(SD) or n (%)

8.0 (2.9)
48 (62%)
109.0 (18.5)

37 (47%)

22 (28%)
13 (17%)
6 (8%)

26 (33%)
23 (30%)
27 (35%)
I (1%)
I (1%)

51 (65%)
23 (30%)
4 (5%)

42 (1.6)
2.4 (1.3)
1.9 (0.9)
65 (83%)
7 (9%)

4 (5%)
13 (17%)
61 (78%)

32.8 (7.3)
47 (60%)

33.9 (6.7)
28 (36%)

37 (47%)
9 (12%)
32 (41%)

Adolescents
13-17 years

(n=51) Mean (SD)

or n (%)

15.2 (1.5)
29 (57%)
119.9 (21.6)

12 (24%)
17 (33%)
13 (26%)
9 (18%)

12 (24%)

23 (45%)
I (22%)
3 (6%)
2 (4%)

22 (43%)
24 (47%)
5 (10%)

4.1 (13)
2.1 (1.2)
2.2 (0.7)
42 (82%)
5 (10%)

3 (6%)
10 (20%)
38 (74%)

32.7 (6.9)
32 (63%)

30.7 (5.6)
14 (28%)

20 (39%)
4 (8%)
27 (53%)

?Data extracted from EHR.

%BMIp95, percent BMI of the 95th percentile; COVID, coronavirus disease; HER, electronic health record; SD, standard deviation.
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Table 3. Changes in the Social Determinants of Health of Youth with Overweight/Obesity

during Pandemic by Caregiver Report

Total caregiver-proxy Children 2-12 years Adolescents 13-17 years
(n=129) (n=178) (n=51)
n (%) n (%) n (%)
SDoH Pre During | Change |p-value| Pre During | Change |p-value| Pre During | Change |p-value
Moderate/High 55 (43%) | 83 (64%) | 28 (22%) | <0.001 | 28 (36%) | 38 (62%) | 20 (26%) | <0.001 | 27 (53%) | 35 (69%)| 8 (16%)| 0.03
Parent
PSS Score (=14)
Food 35 (27%) | 55 (43%) | 20 (16%) | <0.001 | 20 (26%) | 34 (44%) | 14 (18%) | <0.001 | 15 (29%) | 21 (41%)| 6 (12%)| 0.0l
insecurity
Reduced income 58 (45%) 41 (53%) 17 (33%)
Any childcare 58 (74%) | 35 (45%) | —13 (—30%) | <0.001
Reduced 36 (46%)
childcare hours

PSS, Perceived Stress Scale; SDoH, social determinants of health.

Adolescents reported a smaller degree of increased screen
time than their caregivers (adolescents 2.0 [2.5] hours/day
vs. caregiver-proxy 2.8 [1.9] hours/day, p-value of com-
parison=0.003). Although there was no change in reported
sleep disturbance, 18% of adolescents reported severe
sleep disturbance both before and during pandemic (Sup-
plementary Table S3).

Social Determinants of Health

Changes in SDoH from prepandemic to during pan-
demic are summarized in Table 3. Food insecurity in-
creased from 27% to 43% (p<0.001) and 45% reported
reduced household income. The percent of caregivers with
moderate/high PSS scores increased from 43% to 64%
(p<0.001); while 65% of adolescents reported prepan-
demic PSS scores in the moderate/high range, this did not
increase significantly.

Association between SDoH and Behavior Changes
Figure 1 displays associations between SDoH and
continuous behavior changes. Children whose caregivers
reported moderate/high stress had a higher magnitude
of decrease in MVPA (-119.0 [95% confidence inter-
val —152.0, —85.9] vs. =39.9 [-83.6, 3.8] minutes/week,
p=0.01) and higher magnitude of increases in their intake
of chips/food with added sugar (0.6 [0.4, 0.8] vs. —0.1
[-0.3, 0.2] servings/day, p<0.001). Caregiver-reported
food insecurity was associated with decrease in sleep du-
ration (—0.7 [-1.2, —0.2] vs. 0.2 [-0.2, 0.6] hours/night,
p=0.01) and a greater increase in sugary beverage intake
(0.6 [0.3, 0.9] vs. 0.2 [-0.1, 0.4] servings/day, p=0.03).
Supplementary Table S4 displays additional associations.
Table 4 displays associations between SDoH and cate-
gorical behavior changes. Food insecurity was associated
with decreased relative risk of having a regular bedtime
(RR 0.36 [0.24, 0.54] among food insecure vs. 0.58 [0.47,

0.70] among food secure, p=0.04). We did not observe
significant associations between SDoH and other categor-
ical behavior changes.

Discussion

In this study, we found significant adverse changes in
weight-related health behaviors among a sample of youth
with overweight/obesity during the COVID-19 pandemic.
Recreational and school-related screen time doubled,
youth had less physical activity, and unhealthy dietary
intake increased. While nearly half of caregivers endorsed
moderate/high levels of perceived stress and a quarter food
insecurity prepandemic, the proportions increased further
during the pandemic. Youth with stressed caregivers and
household food insecurity had greater magnitudes of de-
creased MVPA and increased unhealthy dietary intake.
These findings are a call to action to address these modi-
fiable SDoH to mitigate the worsening obesity epidemic
and widening disparities that may last long after the
COVID-19 pandemic has waned.

By focusing on youth with prepandemic overweight/
obesity and examining the relationships between SDoH
and adverse behavior changes, our findings add to studies
and commentaries drawing attention to the myriad nega-
tive impacts the pandemic is having on children, including
the emergence of an unprecedented obesogenic environ-
ment.>® Studies from all over the world report declines
in physical activity and increased screen time.>° Rates of
BMI increase have increased significantly, particularly for
those with prepandemic overweight/obesity.>!

In our cohort, mean prepandemic MVPA was below
CDC recommendations for 60 minutes of MVPA per day,
and worsened during the pandemic. Adolescents also re-
ported a similar mean magnitude of change, but we were
underpowered to detect statistical significance. Although



a Change in Moderate/Vigorous Physical Activity During the Pandemic Stratified by
Demographic Characteristics and Social Determinants of Health

Mean Change (min/wk)  p-value

(95% CI)
Age? - 0.75
2-12 years - —e— -93.70 (-128.76, -58.64)
13-17 years — e -84.48 (-127.83, -41.12)
Baseline %BMIp95 Category® - 0.10
Overweight / Class | Obesity —_—e——— -124.04 (-172.06, -76.02)
Class 2 / 3 Obesity - —e—i -73.79 (-106.97, -40.62)
Food Insecurity® - 0.05
Yes o ———— -121.60 (-162.77, -80.43)
No ° -67.50 (-102.40, -32.59)
Caregiver PSS® = 0.01
Low < 14 = e 1-39.87 (-83.59, 3.84)
Moderate/High 214 —— -119.05 (-152.15, -85.94)
Change in Childcare® 0.59
Decrease in childcare hours - e -95.48 (-129.12, -61.84)
No change/increase in childcare hours - k L i -76.23 (-134.31, -18.16)
Income Change® - 0.48
Income loss = —e—— -81.06 (-118.08, -44.04)
No change/increase in income ——e— -100.81 (-141.17, -60.46)
Race/Ethnicity® 0.26
Non-Hispanic White - —e— -78.78 (-112.18, -45.38)
Other - — e -111.58 (-157.67 -65.49)
T T T T 1
-200 -150 -100 -50 0 50

aAdjusted for sex, baseline %BMIp95 A moderate/vigorous physical activity (minutes/week)

bAdjusted for age (yr), sex
CAdjusted for age (yr), sex, baseline %BMIp95
Error bars denote 95% Confidence Intervals

b Change in Recreational Screen Time During the Pandemic Stratified by Demographic
Characteristics and Social Determinants of Health
Mean Change (hrs/day) p-value
(95% Cl)
Age? - 0.93
2-12 years - —e— 2.52(2.00, 3.03)
13-17 years - e 2.48(1.83, 3.13)
Baseline %BMIp95 Category® - 0.34
Overweight / Class | Obesity ————=e—— 2.78(2.10, 3.46)
Class 2 / 3 Obesity - —e— 2.37(1.90, 2.84)
Food Insecurity® 0.74
Yes —— 2.58(2.00, 3.17)
No— A 2.45(1.95, 2.95)
Caregiver PSS® 0.18
Low < 14 — 217 (1.55, 2.79)
Moderate/High 214 - —e— 2.70 (2.23, 3.17)
Change in Childcare®-| 0.73
Decrease in childcare hours - —e— 2.46 (1.99, 2.93)
No change/increase in childcare hours = —e— 2.63(1.82, 3.44)
Income Change® -] 0.60
Income loss - —e— 2.60 (2.08, 3.12)
No change/increase in income - e 2.39 (1.83, 2.96)
Race/Ethnicity® 0.99
Non-Hispanic White - —e— 2.51(2.04, 2.98)
Other— e 2.50 (1.85, 3.15)
0 1 2 3 4

A recreational screen time (hours/day)

2Adjusted for sex, baseline %BMIp95
bAdjusted for age (yr), sex

©Adjusted for age (yr), sex, baseline %BMIp95
Error bars denote 95% Confidence Intervals

Figure 1. Change in caregiver-reported weight-related behaviors during the pandemic stratified by demographic characteristics and
SDoH. (a) Change in moderate/vigorous physical activity during the pandemic stratified by demographic characteristics and SDoH. (b)
Change in screen time during the pandemic stratified by demographic characteristics and SDoH. (¢) Change in sugary beverage intake
during the pandemic stratified by demographic characteristics and SDoH. (d) Change in fruit/vegetable intake during the pandemic
stratified by demographic characteristics and SDoH. (e) Change in chips/foods with added sugar intake during the pandemic stratified by
demographic characteristics and SDoH. (f) Change in sleep duration during the pandemic stratified by demographic characteristics and
SDoH. PSS, Perceived Stress Scale; SDoH, social determinants of health.
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Change in Sugary Beverage Intake During the Pandemic Stratified by Demographic

Characteristics and Social Determinants of Health

Mean Change (servings/day) p-value

o
Ager (95% ClI) 0.81
2-12 years - — e 0.33(0.07, 0.59)
13-17 years - ; @ { 0.38 (0.06, 0.71)
Baseline %BMIp95 Category® - 0.25
Overweight / Class | Obesity = ® 0.18 (-0.18, 0.53)
Class 2/ 3 Obesity ————— 0.43(0.19, 0.68)
Food Insecurity® - 0.03
Yes - o 060(0.30,0.90)
No - — o 0.17 (-0.08, 0.43)
Caregiver PSS® - 0.10
Low<14 - ° 0.14 (-0.19, 0.46)
Moderate/High 214 - ————— 0.47 (0.23,0.72)
Change in Childcare® = 0.76
Decrease in childcare hours = ——— 0.37(0.13, 0.62)
No change/increase in childcare hours = ® 1l 0.29 (-0.14, 0.72)
Income Change® = 0.02
Income loss = —_—————i 0.13 (-0.14, 0.39)
No change/increase in income = ———e——— 0.62(0.33,0.91)
Race/Ethnicity® - 0.16
Non-Hispanic White A 0.46 (0.21, 0.71)
Other - ° | 0.15 (-0.32, 0.50)
T T 1
-0.5 0.0 0.5 1.0

A sugary beverage intake (servings/day)

2Adjusted for sex, baseline %BMIp95
bAdjusted for age (yr), sex

°Adjusted for age (yr), sex, baseline %BMIp95
Error bars denote 95% Confidence Intervals

d

Change in Fruit/Vegetable Intake During the Pandemic Stratified by Demographic Characteristics and

Social Determinants of Health

Mean Change (servings/day) p-value
(95% ClI)

Age? - 0.34
212 years P 0.24 (-0.05, 0.52)
13-17 years - | ° 1 0.01 (-0.34, 0.37)
Baseline %BMIp95 Category® = 0.72
Overweight / Class | Obesity = L2 0.21(-0.18, 0.60)
Class 2 /3 Obesity = — e 0.12(-0.15, 0.39)
Food Insecurity® - 0.26
Yes o } P | 0.0 (-0.34,0.34)
No - — e——— 0.25 (-0.03, 0.54)
Caregiver PSS® = 0.42
Low < 14 = T 0.26 (-0.10, 0.63)
Moderate/High =14 — 0.08 (-0.19, 0.35)
Change in Childcare® - 0.13
Decrease in childcare hours = —_———— 0.02 (-0.25, 0.29)
No change/increase in childcare hours - [ L 2 i 0.47 (-0.0, 0.93)
Income Change® = 0.68
Income loss = —_—————i 0.10 (-0.20, 0.40)
No change/increase in income = ® 0.20 (-0.13, 0.52)
Race/Ethnicity® - 0.53
Non-Hispanic White - e 0.20 (-0.07, 0.47)
Other L o { 0.05 (-0.32, 0.42)
T T 1
-0.5 0.0 0.5 1.0

A fruit/vegetable intake (servings/day)

2Adjusted for sex, baseline %BMIp95
bAdjusted for age (yr), sex

®Adjusted for age (yr), sex, baseline %BMIp95
Error bars denote 95% Confidence Intervals

Figure 1. (Continued)

previous studies report decreased self-reported physical ac-
tivity during the pandemic, our survey participants reported
lower prepandemic MVPA than other studies, which may be
explained by our focus on youth with overweight/obesity.>!'!
Focusing on opportunities for physical activity in the home
or safe outdoor settings may be an effective strategy to im-
prove still limited programmatic options.

The alarming magnitude of increase in screen time in
our study and multiple studies internationally speaks the
importance of health care providers tailoring anticipatory
guidance to caregivers’ realities. “The COVID effect” is
discussed in mainstream media with online time signifi-
cantly increased in children 4-15 years old. Health care
providers have an opportunity to discuss the risks/benefits
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e Change in Chips/Foods with Added Sugars Intake During the Pandemic Stratified by
Demographic Characteristics and Social Determinants of Health

Mean Change (servings/day) p-value

(95% ClI)
Age® 0.19
2-12 years - —e— 0.42 (0.22, 0.63)
13-17 years —e—— 0.20 (-0.05, -0.46)
9 C Yo 0.59
Overweight / Class | Obesity = —_——— 0.40 (0.12, 0.68)
Class 2 / 3 Obesity = —e—— 0.30 (0.11, 0.50)
Food Insecurity® - 0.64
Yes ———— 0.38 (0.13, 0.62)
No ——— 0.30(0.10, 0.51)
Caregiver PSS® = <0.001
Low < 14 — —e— -0.08 (-0.33, 0.16)
Moderate/High 214 —e— 0.57 (0.39, 0.76)
Change in Childcare® - 0.65
Decrease in childcare hours —e— 0.31(0.11, 0.50)
No change/increase in childcare hours = ® ! 0.40 (0.06, 0.74)
Income Change® - 0.23
Income loss —e— 0.24 (0.03, 0.46)
No change/increase in income e 0.44 (0.21, 0.67)
Race/Ethnicity® - 0.21
Non-Hispanic White - —e— 0.26 (0.07, 0.45)
Other —_—e———i 0.47 (0.20, 0.74)
T T 1
-0.5 0.0 0.5 1.0
A chips/foods with added sugars intake (servings/day)
2Adjusted for sex, baseline %BMIp95
bAdjusted for age (yr), sex
°Adjusted for age (yr), sex, baseline %BMIp95
Error bars denote 95% Confidence Intervals
f Change in Sleep Duration During the Pandemic Stratified by Demographic Characteristics and Social
Determinants of Health
Mean Change (hrs/night)  p-value
(95% CI)
Age® - 0.54
2-12 years - e -0.28 (-0.74, 0.18)
13-17 years o ; L g | -0.03 (-0.61, 0.55)
Baseline %BMIp95 Category® - 0.38
Overweight / Class | Obesity = L \ g 1 -0.40 (-1.00, 0.19)
Class 2 / 3 Obesity = —e——i -0.08 (-0.49, 0.33)
Food Insecurity® - 0.01
Yes - —_———— -0.68 (-1.18, -0.18)
No ———e— 0.19(-0.24,0.61)
Caregiver PSS® = 0.25
Low < 14 = k L2 1 0.07 (-0.47,0.62)
Moderate/High 214 = ——i -0.32 (-0.74, 0.09)
Change in Childcare® - 0.68
Decrease in childcare hours - —e— -0.13 (-0.54, 0.28)
No change/increase in childcare hours = L 2 1l -0.31(-1.02, 0.40)
Income Change® = 0.83
Income loss = —e—— i -0.15 (-0.60, 0.31)
No change/increase in income = —_——— -0.22(-0.71,0.27)
Race/Ethnicity® | 0.34
Non-Hispanic White - —e— -0.30 (-0.71, 0.11)
Other I ° ;  0.04 (-0.52, 0.60)
T T T 1

-1.5 -1.0

0.0 0.5 1.0

A sleep duration (hours/night)

2Adjusted for sex, baseline %BMIp95
bAdjusted for age (yr), sex

®Adjusted for age (yr), sex, baseline %BMIp95
Error bars denote 95% Confidence Intervals

Figure 1. (Continued)

of screen time, and the concept that screen time can be
harnessed as a positive tool. Early in the pandemic, almost
a third of children were using technology to do physical
activity.!! Use of technology for play-based physical ac-
tivity, or “‘exergaming,” with social interaction and sup-
port, has been shown to improve BMI and cardiometabolic
health in youth with overweight/obesity.? Tailoring

guidance around technology to the context, rather than
promoting dogma of limited screen time, may promote
children’s access to at-home physical activity when access
to school-/outdoor-/facility-based exercise is limited.

Our observations that both moderate/high caregiver PSS
and food insecurity were associated with greater changes
in weight-related health behaviors during the pandemic



Table 4. Likelihood of Caregiver-Reported Weight-Related Behaviors during

Prepandemic

Stratified by Demographic Characteristics and Social Determinants of Health

Regular bedtime
(during vs. prepandemic)

Severe sleep disturbance
(during vs. prepandemic)

Most meals with Television
(during vs. prepandemic)

Age?® (years)

13-17
2-12

Baseline %BMIp95 category
Overweight/Class |
obesity (85%—119%
of the 95th
percentile)

Class 2/3 obesity
(=120th of the 95th
percentile)

Relative risk
(95% CI)

0.37 (0.24-0.56)'
0.57 (0.47-0.69)'

b

428 (2.44-7.53)f

7.01 (2.87-17.16)"

Food insecurity (yes vs. no)©

Food insecurity Yes

Food insecurity No

0.36 (0.24-0.54)"
0.58 (0.47-0.70)"

Caregiver PSS (moderate/high vs. low)©

Parent PSS low
(<14)

Parent PSS high
(=14)

Change in Childcare (no

Childcare hours
increase or same

Childcare hours
decrease

0.56 (0.43-0.74)"
0.46 (0.36-0.59)"

change/increase vs.

0.46 (0.36-0.59)"

0.57 (0.43-0.76)'

Income change (no change/increase vs. loss)©

Income increase
or same

Income decrease
Race/ethnicity (NHW vs.

Race/ethnicity
Other

Race/ethnicity
NHW

0.47 (0.36-0.61)'

0.53 (0.40-0.69)f
other)©

0.47 (0.36-0.60)'

0.55 (0.42-0.72)'

Risk ratio
(95% CI)

0.64 (0.41-1.02)

061 (0.21-1.76)

0.63 (0.40-0.99)¢

1.22 (0.84-1.77)

decrease)®

0.81 (0.56-1.18)

0.89 (0.61-1.29)

0.85 (0.59-1.23)

Relative risk
(95% CI)

2.00 (1.04-3.84)¢
425 (1.80-10.01)f

0.90 (0.83-0.97)°

0.72 (0.59-0.88)°

3.40 (1.53-7.53)°
2.40 (1.23—4.69)¢

4.00 (0.45-35.79)

2.78 (1.65-4.68)"

2.25 (1.28-3.96)°

5.50 (1.57-19.27)°

3.50 (1.53-8.01)°

2.50 (1.26-4.96)°

2.75 (1.52-4.97)'

3.50 (1.08—11.29)

Risk ratio
(95% CI)

0.47 (0.16-1.38)

125 (1.01-1.54)°

142 (0.50-4.01)

|44 (0.15-13.70)

0.41 (0.10-1.62)

.40 (0.484.10)

0.79 (0.21-2.92)

Adjusted relative
risk (95% CI)

2.57 (1.38-4.81)°
2.15 (1.37-3.37)

2.36 (1.52-3.66)

215 (1.11—4.17)

2.00 (1.26-3.18)¢
2.86 (1.57-5.22)

2.20 (1.15-4.18)°

2.32 (1.50-3.60)"

229 (1.51-3.46)'

2.31 (1.10-4.88)°

1.91 (1.18-3.10)

2.77 (1.59-4.83)

2.66 (1.63-4.35)"

1.75 (1.03-2.96)°

Adjusted risk
ratio (95% CI)

1.20 (0.55-2.59)

.10 (0.50-2.43)

0.70 (0.33-1.50)

0.94 (0.43-2.06)

0.99 (0.42-2.32)

0.69 (0.33-1.44)

.52 (0.74-3.13)

?Meals with television model adjusted for sex and baseline %BMIp95.

®Meals with television model adjusted for age (year) and sex.

“Meals with television model adjusted for age (year), sex, and baseline %BMIp95.

dp-value <0.05.
¢p-value <0.01.
fp-value <0.001.

Cl, confidence interval; NHW, non-Hispanic white.
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underscore the important relationship between psychoso-
cial well-being and weight-related health behaviors. In
addition, our adolescent cohort reported baseline moder-
ate/high PSS, which could indicate chronic stress. Prior
studies have suggested that both parental and youth stress
may be associated with increased BMI in youth and ad-
verse health behaviors such as increased intake of un-
healthy comfort foods.** These similar comfort foods are
more feasible to obtain when experiencing food insecurity,
given their processed nature and consequent long shelf life.
Moreover, uneven school reopenings may put vulnerable
children at greater risk as school food is one of the most
equitable sources of food access in the country.>*

The effect of school closure on overall health is partic-
ularly concerning in light of disparate access to in-person
learning with racial/ethnic minority students more likely to
be in remote school.*> Guidance by the American Acad-
emy of Pediatrics speaks to the importance of continuing
regular follow-up for obesity and tailoring assessment and
counseling to issues exacerbated by the pandemic, in-
cluding patient/family stress and food insecurity.>*

Our communities have reopened and the promise of
a new normal is enticing, but postpandemic stress and
changes to health behaviors may last years. Clinicians may
utilize techniques such as motivational interviewing to
provide tailored guidance to address families’ heightened
psychosocial stressors and barriers to healthy lifestyle
routines.>” There is growing evidence of the role for mind-
fulness to mitigate chronic toxic stress; mindfulness inter-
ventions have previously been demonstrated to have
beneficial effects on parental emotional eating and child
BMI.*® Family-based, high-intensity weight management
programs can facilitate healthy BMI change for youth, but
access to these programs is limited.>’

Telehealth interventions for youth with overweight/
obesity show promise for improving access to multidis-
ciplinary weight management programs and require fur-
ther study.*® More access to green space through the built
environment may also impact BMI. Efforts to support
innovation in and access to behavioral/lifestyle pro-
grams, address food insecurity with access to healthy
foods, and expand access to green space in our commu-
nities may help mitigate the effects of the current obe-
sogenic climate.

Our study has several limitations, including a low re-
sponse rate. When comparing demographics for respond-
ers vs. nonresponders, the baseline characteristics were
similar, although there was a larger response from care-
givers of non-Hispanic white youth. We used only elec-
tronic surveys due to the pandemic and limited in-person
visits, and the survey was only available in English. These
factors may limit the generalizability of our findings. An-
other limitation is the potential for recall bias regarding
behaviors that occurred before the pandemic. We also
surveyed caregivers as proxies for youth, which may in-
troduce proxy bias. There was variation in responses with
large SDs. While we found statistically significant changes,

HU ET AL.

the wide variation may speak to families’ varying abilities to
engage in healthy behaviors during disruptive events.'®

In addition, we tried to balance use of validated surveys
with a manageable number of questions to give us a well-
rounded sense of weight-related health behaviors. There is
also potential for type 1 errors with our exploratory anal-
ysis of SDoH and behavior changes, but some of the as-
sociations are strongly significant at p-value <0.001.

Conclusion

Mounting evidence suggests that the COVID-19 pan-
demic will have a long-standing impact on the health and
well-being of our communities. This study’s findings of
adverse changes in health behaviors suggest that youth
with overweight/obesity are at risk for worsened health
outcomes. Youth with caregivers endorsing higher stress
levels and reporting food insecurity appear to be at greater
risk for adverse behavior changes, which is alarming in
light of persistent and potentially widening disparities in
obesity prevalence and severity. Urgent investment is
needed to address modifiable SDoH and to expand access
to effective interventions that address psychosocial barri-
ers to healthy behaviors in youth.
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