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1 | INTRODUCTION

Mohana Giruparajah? |

Summary

Background: COVID-19 mitigation measures, including closures of schools and recre-
ational facilities and alterations in eating behaviours and physical activity, may impact
weight.

Objective: To examine changes in body weight and body mass index (BMI) in children
and adolescents with obesity participating in an obesity treatment program before
and during the COVID-19 pandemic in Ontario, Canada.

Methods: Body weight and BMI at baseline and 6 months were recorded for the ‘his-
toric’ cohort (females = 34, males = 21) before the pandemic (November 1, 2018, to
March 18, 2020) and for the ‘pandemic’ cohort (females = 30, males = 30) during
the pandemic (March 19, 2020 to July 31, 2021). Analyses were adjusted for baseline
weight/BMI, age, and ON-Marg score, a measure of the social determinants of
health.

Results: In males, body weight (98.29 versus 89.28 kg, p < 0.001) and BMI (36.46 ver-
sus 34.85kg/m?, p = 0.027) were greater in the pandemic compared with historic
cohort. In females, body weight (p = 0.769) and BMI (p = 0.548) were not different
between the two cohorts.

Conclusion: The COVID-19 pandemic may have diminished the health impacts of a
weight management program, particularly in males, leading to increased body weight
and BMI.

KEYWORDS
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schooling, and closure of playgrounds, recreational facilities, and other

non-essential businesses and services.* Despite the necessity of these

On March 11, 2020, the World Health Organization (WHO) declared
COVID-19 (a coronavirus) a global pandemic.>? Compared with previ-
ous pandemics (e.g., HIN1 influenza in 2009), COVID-19 resulted in
unprecedented and severe public-health measures over a prolonged
period of time.2 International jurisdictions, including Canada, instituted
several measures to curb the spread of coronavirus, including

stay-at-home orders, social distancing measures, restriction of in-person

public-health measures, they imposed serious disruptions to the health
and well-being of people of all ages. The pandemic led to dramatic life-
style behaviour changes, such as an increase in food shopping, takeout
meals,® and increased sedentary activities (e.g., sleeping longer, greater
screen time, and decreases in physical activity due to reduced
movements outside of the house).®~? Moreover, social isolation contrib-

uted to an increase in sedentary activities further complicating existing
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unhealthy eating habits and significantly reducing opportunities for
physical activity for individuals who have overweight or obesity.

Few studies have explored the impact of the pandemic and
corresponding lock-down measures on changes in body weight and
obesity.’° In 2016, the WHO estimated that approximately 340 million
children and adolescents (5-19 years old) had overweight or obe-
sity.** Additionally, the United States (U.S.) expected 1.27 million new
childhood obesity cases by March 2021, citing school closures as an
important contributor to significant weight gain.? A 2021 study by
Lange et al. showed that within a large US-based cohort of individuals
(2-19 years of age), the rate of body mass index (BMI) increase
approximately doubled during the pandemic compared with a pre-
pandemic period.’® Of note, youth who had overweight or obesity
before the pandemic, as well as younger school-aged children,
experienced the largest increases in BMI. Improving health outcomes
in children and adolescents during the COVID-19 pandemic is critical,
as obesity remains a prominent risk factor for severe COVID-19 with

12 in addition to its associated co-morbidities.*®

increased mortality,
Also, since in-person visits to see a doctor have been mostly replaced
by virtual health care,'* many children and adolescents participating
in weight management programs have had interruptions to their in-
person medical care during the COVID-19 pandemic that may have
impacted their weight management.

COVID-19 has also disproportionately impacted disadvantaged
families. Negative impacts include loss of income and additional
expenses (e.g., childcare, home internet),®> loss of education and
school-based supports (e.g., connection to services, subsidized nutri-

16 and a general decline in mental well-being.” The

tional meals),
potential negative effects of the COVID-19 pandemic response in
children and adolescents are exacerbated in those living in poverty,'®
with behavioural health needs, in foster care or at risk of maltreat-
ment, and with complex medical needs.*®?° It is important to consider
the impact of the pandemic on paediatric obesity outcomes to under-
stand how these factors influence weight management.

Given the significant disruptions from the COVID-19 pandemic
and its associated repercussions, it is critical to consider the impact of
the pandemic on child and adolescent weight trajectories. The objec-
tive of the current study was to examine changes in body weight and
BMI in children and adolescents with obesity participating in an
interdisciplinary obesity treatment program before and during the
COVID-19 pandemic in Ontario, Canada. We hypothesized that
weight and BMI will be greater during compared with before the pan-

demic and may differentially impact boys and girls.

2 | METHODS

2.1 | Patient population

This study was conducted at the Hospital for Sick Children (SickKids),
the largest academic and paediatric tertiary referral center in Canada.
This observational study recruited patients from the SickKids Team
Obesity Management Program (STOMP) between November 2018

and July 2021. STOMP is a 2-year multidisciplinary treatment pro-
gram that engages with children and adolescents (1-18 years of age)
living with severe and complex obesity, and their families. In practice,
severe and complex obesity is defined as having a BMI percentile
greater than or equal to the 99th percentile for age and sex, or if the
patient has significant weight-related comorbidities and a BMI greater
than or equal to the 95th percentile for age and sex.2! Patients and
families are offered standardized education and nutritional, physical,
medical, and mental health supports through individual and group ses-
sions.?2 The STOMP medical visits with a physician occur at baseline,
1 month, 3 months, and then every month for a 2-year period. At
these medical visits, patients may see other allied health professionals,
including nurses, dietitians, social workers, and psychologists, if neces-
sary. There are also follow-up appointments with the allied health pro-
fessionals which occur weekly for the first 8 weeks. Patients attend
group education classes of 2 h duration running weekly for 8 weeks.
Following this they regularly meet with allied health professionals
every 2 weeks for 9 months. This equates to approximately 70-100 h
of contact. During the second year of the program, the sessions are
individualized, and contact is approximately 40-50h. All appoint-
ments are scheduled for 1h. During the COVID-19 lockdown,
appointments were virtual; however, the level of care provided to
patients remained similar to the standard of care previously provided.
The study was approved by the Research Ethics Board at Sick-
Kids. Written consent was obtained directly from all adolescents aged
13 years and older, and from parents in the study. For all younger

patients, written informed consent was obtained from the parent.

2.2 | Data collection

Data from participants were collected during two time frames: (1) pre-
COVID-19 (i.e., ‘historic’ cohort; November 1, 2018 to March
18, 2020) and (2) during the COVID-19 pandemic (i.e., ‘pandemic’
cohort; March 19, 2020 to July 31, 2021). These two cohorts were
independent because participants can only enrol in STOMP once. The
time frame for data collection was equal for both cohorts (1 year,
4 months). Demographic characteristics (i.e., age, sex,) were collected
at baseline visits in both the historic and pandemic cohorts. Because
STOMP is a 2-year program, participants' height (m), weight (kg) and
BMI (kg/m?) are determined at baseline, 6, 12 and 24 months. In this
study, however, the baseline and 6-month visit data for each
participant were selected for analysis to allow comparisons before
and during the pandemic for the largest sample of participants. After
6 months, visits have been delayed or conducted virtually during the
pandemic, and home weights were not often measured. All baseline
and 6 month data for height and weight for the historic cohort were
measured in-person by trained staff using a stadiometer and/or a
digital scale while in light clothing and without shoes. Similarly, in the
pandemic cohort, all baseline height and weight were measured
in-person; however, at the 6 month visit five females self-reported
their height and weight. In addition to BMI, age- and sex-specific BMI
percentiles were calculated using WHO growth charts.?*
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As a covariate, the Ontario Marginalization Index (ON-Marg) was
used as an area-level measure of the social determinants of health
using patient postal codes. This census-based index was developed to
examine levels of marginalization across residential areas in Ontario,
Canada, and has been validated across time and geographic areas.?®
The ON-Marg represents the average of four social determinants of
health dimensions measured in quintiles. Quintiles ranged from 1 to
5, with the lowest quintile (Q1) representing the least marginalized
and the highest quintile (Q5) representing the most marginalized. The
index has four dimensions including residential instability (i.e., housing
status, home ownership, etc.), material deprivation (i.e., education,
unemployment, income, etc.), ethnic concentration (i.e., recent immi-
grants, visible minorities, etc.) and dependency (i.e., participation in

the labor force).?®

2.3 | Statistical analysis

Statistical analyses were conducted using the Statistical Package
for the Social Sciences software (SPSS version 21, Chicago, IL,
USA). Potential differences in baseline characteristics were
examined using independent t-tests between males in the historic
versus pandemic cohort and between females in the historic versus
pandemic cohort. An analysis of covariance (ANCOVA) was used
to examine the effect of cohort (historic versus pandemic) on body
weight and BMI at 6 months separately in males and females,
adjusting for baseline weight/BMI, age and ON-Marg score. We
conducted a secondary analysis using an ANCOVA to examine the
effect of cohort and age group (e.g.,, 2- to 5-year-olds, 6- to
11-year-olds and 12- to 18-year-olds) on body weight and BMI at

i3
OBESITY
6 months separately in males and females, adjusting for baseline
weight/BMI and ON-Marg score. Data are presented as means *

standard error (SE) unless otherwise indicated. Significance was
considered at p < 0.05.

3 | RESULTS

3.1 | Patient demographics

A total of 115 children and adolescents (1-18 years old) participated
in the study. There were 55 in the historic cohort and 60 in the pan-
demic cohort. At baseline, no significant differences were observed
between males or females in the historic versus pandemic cohorts in
terms of ages, body weights, BMIs, BMI-Z scores, health dimensions,
and ON-Marg scores at baseline (p > 0.05, Table 1).

3.2 | Body weight at 6 months between historic
and pandemic cohorts

In males, after adjusting for age (p = 0.605), ON-Marg score (p = 0.817),
and baseline body weight (p<0.001), body weight was significantly
greater in the pandemic compared with historic cohort (98.29 vs. 89.28
kg, p < 0.001, Figure 1). However, in females, body weight was not signif-
icantly different in the pandemic compared with historic cohort (88.33
vs. 87.83 kg, p = 0.769), after adjusting for age (p = 0.497), ON-Marg
score (p = 0.745) and baseline body weight (p < 0.001, Figure 1).
Furthermore, including age group in the secondary analysis did

not alter the findings. In males, after adjusting for ON-Marg score

TABLE 1 Participant baseline characteristics®
Males (n = 51) Females (n = 64)

Cohort Historic (n = 21) Pandemic (n = 30) Historic (n = 34) Pandemic (n = 30)
Age (years) 11.79 £5.18 12.26 £ 3.60 13.58 £4.45 11.54 £4.62
Weight (kg) 81.83 +41.37 97.60 + 33.09 90.68 +34.01 80.48 +37.98
Height (m) 1.51+0.27 1.60 £0.21 1.53 £0.19 149 £0.26
BMI (kg/m?) 32.55+8.78 36.51+7.23 37.35+9.66 33.85+9.77
BMI-Z score 3.75+1.04 432+1.44 3.93+£1.20 3.71+1.66
Residential Instability score® 3.76 £1.67 3.50 £1.59 3.50+144 3.60+1.45
Material deprivation score® 3.43+1.66 3.30+1.74 3.21+155 3.33+1.60
Ethnic concentration score? 419 +0.87 4.20+1.03 4.09 +1.11 4.30 +1.06
Dependency score® 1.95+1.24 2.00+1.05 247 +142 2.30+1.37
ON-Marg score’ 3.33+0.89 3.25+0.98 3.32+0.86 3.38+0.86

Note: No significant differences were observed within males and females in each cohort.

?Data are presented as means + standard deviation.

bResidential instability (i.e., 1 = least unstable, 5 = most unstable).
“Material deprivation (i.e., 1 = least deprived, 5 = most deprived).
dDependency (i.e., 1 = least dependent, 5 = most dependent).

®Ethnic concentration (i.e., 1 = least ethnically concentrated, 5 = most ethnically concentrated).

fAverage of four quintile scores.
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(A-D) Body weight at 6 months in males (A) and females (B), and BMI at 6 months in males (C) and females (D) before (“Historic”)

and during the COVID-19 pandemic (“Pandemic”). ANCOVAs were used to examine the effect of cohort (historic versus pandemic) at 6 months
on body weight means and BMI means separately in males and females, adjusting for baseline weight/BMI, age, and ON-Marg score. Data are
means + SE; Historic: Males, n = 21; females, n = 34; Pandemic: males, n = 30; females, n = 30. *Significantly different from historic, p < 0.05

(b = 0.803) and baseline body weight (p < 0.001), body weight was
significantly greater in the pandemic compared with historic cohort
(95.44 versus 87.27 kg, p<0.001), but not affected by age group
(p = 0.171) or an interaction between cohort and age group
(p = 0.787). In females, after adjusting for ON-Marg score (p = 0.491)
and baseline body weight (p <0.001), body weight was not signifi-
cantly different in the pandemic compared with historic cohort (88.06
versus 87.87, kg, p = 0.932) and was not affected by age group
(p = 0.260) or an interaction between cohort and age (p = 0.910).

3.3 | BMIat 6 months between historic and
pandemic cohorts

In males, after adjusting for age (p = 0.916), ON-Marg score
(p = 0.120), and baseline BMI (p < 0.001), BMI was significantly greater
in the pandemic compared with historic cohort (36.46 versus 34.85 kg/
m?, p = 0.027, Figure 1). However, in females, BMI was not significantly

different in the pandemic compared with historic cohort (36.20 versus

35.73kg/m?, p = 0.548), after adjusting for age (p = 0.401), ON-Marge
score (p = 0.595) and baseline BMI (p < 0.001, Figure 1).

Furthermore, including age group in the secondary analysis
slightly altered the findings for males, but not females. In males, after
adjusting for ON-Marg score (p = 0.121) and baseline BMI (p < 0.001),
BMI was not significantly greater in the pandemic compared with his-
toric cohort (36.33 versus 34.63kg/m?, p = 0.073), and was not
affected by age group (p = 0.862) or an interaction between cohort
and age group (p = 0.800). In females, after adjusting for ON-Marge
score (p = 0.419) and baseline BMI (p < 0.001), BMI was not signifi-
cantly different in the pandemic compared with historic cohort (36.29
versus 35.94kg/m?, p = 0.742), and was not affected by age group
(b = 0.500) or an interaction between cohort and age (p = 0.780).

4 | DISCUSSION

This research adds to the growing literature examining weight gain
during the COVID-19 pandemic, but with a focus on Canadian
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children and adolescents living with obesity. The results of this obser-
vational study support our hypothesis that the pandemic has an
impact on weight in children and adolescents attending an obesity
management program, which differs based on sex. Males had a
greater increase in weight, whereas females' weight did not signifi-
cantly change during the pandemic, despite participation in a weight
management program. These findings may suggest an increase in pae-
diatric obesity due to the pandemic. When males and females were
grouped by age, weight-related outcomes were mostly consistent,
despite the decrease in power resulting from categorizing a continu-
ous variable into groups.

Our data demonstrates that changes in weight and BMI were
atypical during the pandemic. These results are aligned with a large
U.S. cohort of 432 302 people aged 2-19 years with outpatient visits,
which found that those with overweight and obesity and younger
school-aged children had the largest increases in BMI during the pan-
demic compared with the pre-pandemic period.'® However, sex dif-
ferences were not discussed. Our results show that sex is a
determining factor of weight gain during a global pandemic. For
instance, body weight in males after 6 months of lockdown was
~10.1% greater than the body weight of males measured at 6 months
during the prepandemic period. It is important to highlight that the
pandemic cohorts were followed during the first 6 months of the pan-
demic. This period had the highest lockdown restrictions, with
schools, for example, closed until September 2020,%* and in-person
clinic visits drastically reduced. Although not significant, body weight
in females after 6 months in the pandemic cohort was only 0.57%
greater than the historic cohort. Our findings are consistent with
another study which also report a weight-percentile rise after the
COVID-19 lockdown in males compared with females, who showed
no change.?®

There are several lines of evidence that may account for the sex
differences. This may be explained by the different interactions of sex
with metabolic health and behavioural patterns (e.g., active lifestyle,
sedentary time, sleep patterns).2® Ruiz-Roso et al. reported that male
adolescents were more active compared with females prior to the
pandemic. However, both groups' inactivity significantly increased
during April to May 2020.2” Moreover, the impact of the lockdown on
physical activity was reported by a Canadian study measuring Fitbit
step counts in children aged 9-16 years with congenital heart disease.
They found that during the early phase of the pandemic, there was a
statistically significant reduction of 21-24% in step counts.?®

Another possible explanation is related to differences in dietary
habits and nutrition. Pietrobelli et al. reported that the number of
meals eaten per day increased significantly more in male adolescent
participants than females (1.64 versus 0.58 meals) during lockdown.??
Furthermore, adolescents' increased weight gain was associated with
increased consumption of fried foods, sweets, and sugary drinks dur-
ing the pandemic, while an increase in BMI was associated with a
reduction in vegetable, fruit, and legume intake; however, no sex dif-
ferences were reported.>%3! To further contextualize sex differences
on adolescents' dietary trends, a multi-national study from lItaly, Spain,

Chile, Colombia, and Brazil found that females significantly increased

all &:
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their intake of vegetables and fruits compared with males during the
pandemic.32

Lastly, there may be an interaction between atypical eating habits,
sex, and mental health. A study investigating the early impact of the
pandemic in patients with self-reported eating disorders in the U.S.
and the Netherlands showed that food restriction in Anorexia
Nervosa and binge eating in Bulimia Nervosa and Binge Eating Disor-
der were worsened.®® Although the age range of these participants
(16 and more than 60 years old) did not exclusively examine children
and adolescents and the sample was predominantly female (96%), this
suggests that individuals with atypical eating behaviours may be more
vulnerable for relapse during the pandemic.®®> Moreover, a recent
study in Ontario, Canada, demonstrated that acute care visits for eat-
ing disorders among children and adolescents increased significantly
after the onset of the COVID-19 pandemic and remained well above
expected levels during the first 10 months of the pandemic.>* Disrup-
tion to structured days as a result of closures of childcare centres,
schools, recreational facilities, and playgrounds may have conse-
quences on families due to disruptions in daily routines, which is nor-
mally a protective factor for both physical and mental health.®> Few
studies have examined this interaction among children and adoles-
cents to make conclusive claims.

This study adds to the literature as the first Canadian study to
examine weight and BMI over time for patients enrolled in an obesity
management program during the COVID-19 pandemic. Nevertheless,
there are several limitations. First, the sample size was relatively small
and only baseline and 6 month data were analysed. However, because
participants were already enrolled in an obesity management program,
follow-up appointments were easily attained and there was no loss-
to-follow up. Second, the generalizability of these results is difficult
due to the varying degrees of public health measures enacted in dif-
ferent jurisdictions (i.e., outside of Toronto, ON). In line with this, mar-
ginalized communities were significantly affected by the disruptions
associated with the pandemic36; however, we did not find a significant
effect of ON-Marg index on weight and BMI. Future studies should
assess this measure in larger populations, as other reports have dis-
cussed that lower income families reported economic problems such
as losing wages due to child care responsibilities and expenses due to
sudden school closures.®” Finally, because this was an observational
study, several factors were not reported or measured. For example,
documentation reporting physical activity, dietary patterns, and family
environment must be considered and likely play a role in the observed
differences in weight gain between males and females.

Notwithstanding these limitations, our findings have important
implications. It is critical that policy makers consider the indirect
impacts the pandemic mitigation strategies have had on child weight
gain and associated co-morbidities. There is an increased need for
treatment of paediatric obesity post-pandemic given the changes in
weight we observed. In fact, the American Academy of Paediatrics
recommends the assessment of BMI in every future paediatric visit to
identify and intervene on weight gain during the pandemic.>® Inter-
ventions should also include nutrition and physical activity counselling

not only for patients but the whole family. Given what is known so far
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about the negative impacts of pandemic mitigation measures, it is rec-
ommended that access to low-cost, subsidized recreational programs
(that allow for increased physical activity), enhanced social supports,
access to nutritionally balanced meals, and health care must be
provided.

In conclusion, our findings reveal that the pandemic may have
diminished the positive effects that a weight management program
could have in children achieving weight loss, more evidently in males.
This suggests more resources and interventions will be required to

treat obesity in children and adolescents in a post-pandemic era.
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