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Summary

Remote learning and shelter-in-place orders during the COVID-19 pandemic are

associated with obesity risk factors such as decreased physical activity, altered rou-

tines and sleep schedules, increased screen time, and non-nutritious food choices.

The objective of this brief report is to describe change in weight category 3–6

months after the onset of the pandemic in a cohort of 4509 low-income youth. Inclu-

sion criteria were youth aged 2–17 years with weight and height measure in a large

primary care network between 1 January and 30 March 2020 (Q1), designated as

pre-COVID period; and 1 June–30 September 2020, (Q3), as early-COVID period.

Change in weight category was assessed between Q1 and Q3. Adjusting for visit type

and time lapse, logistic regression was conducted to examine the association

between weight category change and age, sex, and race/ethnicity. The proportion of

youth with overweight or obesity increased from 37.8% to 44.6%; and declined by

5.6% in the healthy weight category. Over the 3–6 month period, 23.1% of youth

gained ≥5 kg, 4.3% gained ≥10 kg, and 17.8% increased their BMI by ≥2 units.

Among underweight youth, 45.3% switched to the healthy weight category, with a

median weight gain of 2.1 kg (interquartile range [IQR] = 2.1 kg). Median weight gain

was highest among those youth with severe obesity (5.8 kg, IQR = 5.2 kg). Younger

age (2–9 years), female and ethnic-minority youth were more likely to change to a

higher/worse weight category. Significant weight gain occurred in the first 3–

6 months of the pandemic among low-income youth, reflecting the short-term

effects of the pandemic.
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1 | INTRODUCTION

In response to the COVID pandemic, a midwestern state in the

United States implemented full mitigation measures which included

school closures, suspension of youth and afterschool activities, facil-

ity and restaurant closures, ban on social gatherings, scaled down

in-person work hours except for emergency workers by the third

week in March 2020. Remote learning and shelter-in-place orders,

two of mitigation efforts in response to the COVID-19 pandemic

affected youth disproportionately with decreased opportunities for

physical activity, altered routines and sleep schedules, increased

screen time, and consumption of non-nutritious foods.1,2 An

increased number of families were impacted by economic instability

and food insecurity following the onset of the pandemic, as govern-

ments grappled with instituting policies and programmes to provide

relief.3,4 The USDA report on nutrition security found increased

rates of food insecurity among minority households and those with

children in 2020.5
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The early period of the pandemic was marked with uncertainty

about the virus, its transmissibility, severity, and treatment options. In

addition to the strict mitigation practices, families were inundated

with alarming media reports on the morbidity and mortality from the

disease. These factors, in addition to simultaneous increasing negative

economic impacts, especially among low-income populations, created

a perfect storm that led to undesirable effects on psychological health.

With the pandemic, there has been an increase in anxiety, irritability

and depressive symptoms among youth and adults, all potential risk

factors for obesity.6,7

A number of studies projected an increase in overweight and obe-

sity in youth based on models that accounted for the convergence of

these factors in response to the pandemic.1,8 Recent studies confirm

these projections.9,10 Lange et al.9 reported a doubling in the increase

in body mass index (BMI) per month in a large cohort of youth 2–

19 years old up to 9 months during the pandemic when compared to

12 months prior to the onset of the pandemic. In another study, 5–

11-year olds had the largest increase in pandemic weight gain, with

the rate of overweight and obesity rising from 35.7% to 46% over

11 months.10 While most of the studies highlight differences in age

groups, the impact on children in lower socioeconomic strata remains

limited. Building on this evidence, the objective of this brief report

was to examine the early impact of the COVID-19 pandemic (3–

6 months following the onset) on change in weight category in a

cohort of predominantly low-income youth.

2 | METHODS

This retrospective cohort study used electronic health record data of

youth seen at a large network of 12 primary care clinics in a children's

hospital in the State of Ohio. The network provides care for >100 000

youth, most of whom receive public insurance, e.g., Medicaid.

Inclusion criteria were youth aged 2–17 years, with at least one

weight and height documented at any type of clinic visit between the

pre-COVID period of 1 January– 30 March 2020 (designated as Quar-

ter 1 [Q1]) and the early-COVID period of 1 June–30 September

2020 (Q3). When youth had multiple visits during a quarter, the last

documented weight and height were used. To ensure a minimum

3-month exposure to the COVID mitigation efforts, visits between

1 April and 30 June 2020 (Q2) were not included in analysis. In addi-

tion, Q2 was an outlier due to low volume of clinic visits from

pandemic-related restrictions. Youth with biologically implausible

anthropometric values according to the Centers for Disease Control

and Prevention (CDC) modified z-score algorithm (BMI z-score <�4 or

>8) and the Daymont's algorithm were excluded.11,12

Youth with complex chronic conditions who may have increased

frequency of visits or differential weight gain trajectory due to chronic

health problems were identified and excluded from the cohort.13 To

determine if the cohort was representative of youth seen in the pri-

mary care network, comparisons of demographic characteristics, obe-

sity rates and type of visit (well-child or acute) between youth with

Q1 and Q3 visits and youth who had a Q1 but not Q3 visit were

conducted (data not shown). The group with visits in Q1 and Q3, had

a small increase in percentage of 2–5-year olds (39.5% vs. 36.6%,

p < .005) and decrease in percentage of non-Hispanic Black youth

(47.2% vs. 52.9%, p < .001) compared to the group with only a Q1

visit. The proportion of overweight and obesity was similar in the

study cohort and among youth seen only in Q1 and not in Q3 in

2020, (37.8% vs. 37.1%, p = .32), respectively.

Based on the 2000 CDC growth chart, weight category was

defined using age- and sex-specific BMI percentiles for underweight

(<5th percentile), healthy weight (≥5th–<85th percentile) overweight

(≥85th–<95th) obesity (≥ 95th percentile–<120% of the 95th percen-

tile) and severe obesity (≥120% of the 95th percentile).14 Based on

these weight categories, change between Q1 and Q3, was divided

into two categories. Concerning Weight Category change (CWC)

defined as an increase or decrease in body mass index with a resultant

change to a higher or underweight weight category: (i) ‘healthy
weight’ to ‘overweight’ or ‘obesity’ or ‘severe obesity’;
(ii) ‘overweight’ to ‘obesity’ or ‘severe obesity’; (iii) ‘obesity’ to

‘severe obesity’; or (iv) ‘healthy weight’ to ‘underweight’. Non-

Concerning Weight Category change (NCWC) was defined as (i) a

weight category that remained the same; change from (ii) ‘severe obe-

sity’ to ‘obesity’ or ‘overweight’; (iii) ‘obesity’ to ‘overweight’ or

‘healthy weight’; (iv) ‘overweight’ to ‘healthy weight’; and

(v) ‘underweight’ to ‘healthy weight’.
A binomial logistic regression model was conducted to determine

the odds of change in weight category (CWC, NCWC) with indepen-

dent variables: age group (2–5, 6–9, 10–13, 14–17 reference), sex

(male, female reference), race/ethnicity (non-Hispanic Black, Hispanic,

other, non-Hispanic White reference) and insurance status (Medicaid,

private, other reference). Covariates were visit type (sick visit, well-

child visit reference) and time between visits in Q1 and Q3. Given the

significant finding of age group in the first binomial model, four addi-

tional models were conducted stratified by youth age group (Model

1 ages 2–5, Model 2 ages 6–9, Model 3 ages 10–13, Model 4 ages

14–17) to determine the odds of change in weight category with the

same variables and reference categories includes as above. Analyses

were performed with α = .05 for two-sided tests with SAS 9.4 (SAS

Institute). The Nationwide Children's Hospital institutional review

board approved this study.

3 | RESULTS

In a cohort of 4509 youth, aged 2–17 years seen in Q1 and Q3, the

proportion of youth with overweight, obesity or severe obesity

increased from 37.8% to 44.6%; and the proportion of youth in the

healthy weight category declined by 5.6%. Over this 3–6-month

period, 23.1% of youth gained ≥5 kg, 4.3% gained ≥10 kg and 17.8%

increased their BMI by ≥2 units. Between Q1 and Q3, most children

were in the NCWC group (80.5%); 73.8% of youth maintained their

weight category and 6.7% improved their weight category, while

19.5% moved to the CWC group (Figure 1). For youth who switched

from healthy weight in Q1 to overweight or obesity in Q3, the median
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F IGURE 1 Change in weight category in Q3 (1 June– 30 September 2020) by weight category in Q1 (1 January– 30 March 2020), N = 4509
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change in weight was 3.7 kg (interquartile range [IQR] = 3.6 kg) and

1.8 BMI units (IQR = 1.6). Among underweight youth, 45.3% switched

to the healthy weight category, with a median weight gain of 2.1 kg

(IQR = 2.1 kg). In the proportion of youth who remained in the same

weight categories from Q1 to Q3, the median weight gain was highest

among those with severe obesity (5.8 kg, IQR = 5.2 kg, n = 291),

followed by youth in obesity (4.3 kg, IQR = 3.9 kg, n = 419), over-

weight (2.7 kg, IQR = 3.2 kg, n = 397) and healthy weight (1.7 kg,

IQR = 2.0 kg, n = 2101) categories.

In the first binomial logistic regression model, youth age group

was significantly associated with weight category change (Table 1).

Specifically, the odds among 2–5-year-old youth to move to CWC in

Q3 was 1.9 compared to 14–17-year-old youth (odds ratio [OR], 1.90;

confidence interval [CI], 1.47–2.46; p < .0001, Table 1), and 6–9-year-

old youth were 1.85 times more likely to move to CWC compared to

14–17-year-old youth (OR, 1.85; CI, 1.41–2.43; p < .0001). In strati-

fied analyses by age group (Table S1), among 2–5-year olds, male

compared to female youth were less likely to change to CWC (OR,

0.73; CI, 0.58–0.91; p = .006) while Hispanic were more likely to

change to CWC (OR = 2.04, 95% CI: 1.33–3.10; p = .001) than non-

Hispanic-White peers. In the 6–9-year-old age group (Table S2), male

compared to female youth were more likely to change to CWC (OR,

1.36; CI, 1.01–1.82; p = .040). In the 10–13-year-old age group, the

odds of change to CWC was higher among non-Hispanic Black youth

than non-Hispanic White youth (OR, 1.87; CI, 1.12–3.13; p = .016).

4 | DISCUSSION

This brief report demonstrates marked increase in weight and change

to CWC among low-income cohort of youth 2–17 years during the

immediate 3–6 months following onset of the COVID-19 pandemic.

Nearly, 1 in 5 youth increased their BMI by ≥2 units in 3–6 months,

increasing the likelihood of crossing BMI percentiles into higher

weight categories. Almost half of youth who were underweight chan-

ged into the healthy weight category and 15.2% of children in the

overweight category switched to healthy weight in 3–6 months, both

positive outcomes during the period. Our results of increased weight

gain during the pandemic are in broad agreement with prior studies

that found increased weight gain across all age groups, albeit over lon-

ger pre- and post-lockdown timeframes.9,10,15,16 In assessing the

immediate post-lockdown period, our results capture the effects of a

sustained 3–6 month period when intensive mitigation practices

(e.g., full lockdown) were in effect, and families were insufficiently

prepared to respond given the sudden disruption to their daily routine

and limited boosts to existing social and safety systems.

The change to CWC among Hispanic youth compared with non-

Hispanic White youth suggests the pandemic over time may result

in a further widening of racial/ethnic disparities already observed for

obesity.3,17 Compared with an obesity prevalence of 14.1% among

non-Hispanic youth 2–19 years old, the rates are higher among their

African American and Hispanic peers at 22% and 25.8%, respec-

tively.17 Access to obesity care is also disproportionately lower in

minority populations,14 which will further compound health inequity

in the future. In addition, as reported in other studies,9 the largest

increase in weight gain and switch to concerning weight category

occurred among youth who met the criteria for obesity or severe

obesity, two weight categories already at increased risk for serious

health consequences and increased healthcare utilization.14 The dif-

ferences in weight gain among males and females seen among 2–5

and 6–9 years need further study with larger sample sizes. Although

other studies have reported sex differences, as we found in our 2–5-

TABLE 1 Binomial logistic regression
model on characteristics associated with
concerning weight change (CWC)Characteristics Standard error Wald χ2 p Value Odds ratio

95% CI for mean

Lower Upper

Age group

2–5-year-old 0.13 23.61 <.0001 1.90 1.47 2.46

6–9-year-old 0.14 19.96 <.0001 1.85 1.41 2.43

10–13-year-old 0.15 3.48 .062 1.31 0.99 1.75

Sex: male 0.08 0.00 .994 1.00 0.86 1.16

Race/ethnicity

Hispanic 0.13 4.00 .046 1.30 1.01 1.67

Non-Hispanic Black 0.11 3.16 .075 1.22 0.98 1.51

Other 0.13 3.32 .069 1.27 0.98 1.65

Insurance

Private 0.22 1.62 .203 1.33 0.86 2.06

Medicaid 0.19 3.17 .075 1.41 0.97 2.05

Visit type: Acute visit 0.09 1.42 .233 1.12 0.93 1.34

Days between visits 0.00 0.63 .427 1.00 1.00 1.00

Note: Model fit: χ2 (8) = 17.07, p = .029. Reference categories: age group (14–17-year-old), sex (female),

race/ethnicity (non-Hispanic White), insurance (other), and visit type (well child check visit).
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and 6–9-year-old youth, the reason is largely unclear.16 Future stud-

ies to elucidate the reason behind this finding will be strengthened

by a qualitative component.

There are study limitations. The cohort is restricted to a single pri-

mary care network which limits external generalizability. Although

youth with chronic diseases were excluded using a validated

algorithm,13 it is still possible that youth in our cohort may differ from

their peers as all relevant risk factors for obesity, e.g., lifestyle behav-

iours, sleep patterns could not be identified from the electronic health

record nor accounted for in the analysis. Subsequent population-

based studies can provide more generalizable estimates of weight gain

trajectory and obesity rates across different timeframes during the

pandemic and explore the emerging racial/ethnic disparity as the neg-

ative effect on social drivers of health were disproportionately ampli-

fied among minority and low-income populations.

With several negative pandemic-related consequences on child

health (e.g., increased mental health concerns, food insecurity, defi-

cits in immunization coverage and school performance) jostling for

attention, addressing the excessive weight gain may not be a top pri-

ority for families, administrators or policymakers. Childhood obesity

persists into adulthood,18 is associated serious comorbidities,14,19

and challenges with access to care and treatment14 and with the

pandemic continuing into 2022, there is a collective need for action.

Interventions should target specific drivers of pandemic-related

weight gain upstream by integrating efforts in health care, the com-

munity, and public policy, especially for low-income populations

who are at higher risk for obesity.20 With school re-openings, pro-

viding universal meals to all children in schools regardless of financial

need will address issues of food insecurity and offer more balanced

nutritious meal options.21,22

At the family level, an initial step is to educate paediatric health

providers on how to address concerns about unhealthy lifestyle

behaviours and excessive weight gain during the pandemic, with sen-

sitivity and to recognize related stressors. Working on small changes

(e.g., limiting available sugar-sweetened beverages or high calorie

snack options in the home, including short bursts of activity through

the day, and normalizing day and night-time routines) are initial ways

to intervene and not overwhelm families. This paper focused on early

pandemic findings. However, understanding the pattern of weight

change and how long the effect of the risk factors or behaviours

endure over the 2 years of the pandemic is important as treating obe-

sity is often more challenging than prevention. Finally, as a society,

there is much to be learned and addressed from the disproportionate

effect of the pandemic on social determinants of health and existing

structural inequities that cause obesity. These results should inform

decision making in short-term responses to catastrophic events, par-

ticularly when safety and social networks to support families are

limited.
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