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Abstract

Objective: The aim of this study was to examine COVID-19 pandemic-related changes in obesity 

and BMI among patients aged 5 to <20 years with selected chronic conditions.

Methods: A longitudinal study in 293,341 patients aged 5 to <20 years who were prescribed 

one of five medication classes (for depression, psychosis, hypertension, diabetes, or epilepsy) 

and who had BMI measures from January 2019 to March 2021 was conducted. Generalized 

estimating equations and linear mixed-effects models were used, accounting for within-child 

repeated measures and stratified by age, race, ethnicity, gender, and class of medication prescribed, 

to compare obesity and BMI z score during the pandemic (June through December 2020) versus 

pre-pandemic (June through December 2019).

Results: Obesity prevalence increased from 23.8% before the pandemic to 25.5% during the 

pandemic; mean (SD) BMI z score increased from 0.62 (1.26) to 0.65 (1.29). Obesity prevalence 

during the pandemic increased at a faster rate compared with pre-pandemic among children aged 

5 to <13 years (0.27% per month; 95% CI: 0.11%-0.44%) and 13 to <18 years (0.24% per month; 

95% CI: 0.09%-0.40%), with the largest increases among children aged 5 to <13 years who were 

male (0.42% per month), Black (0.35% per month), or Hispanic (0.59% per month) or who were 

prescribed antihypertensives (0.28% per month).
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Conclusions: The COVID-19 pandemic has exacerbated the obesity epidemic and widened 

disparities among children with selected chronic conditions. These findings highlight the 

importance of continuing efforts to specifically help high-risk populations who are experiencing 

weight gain from the pandemic.

INTRODUCTION

During the COVID-19 pandemic, children and adolescents have experienced increased 

stress, school closures, and less opportunity for physical activity and proper nutrition [1], 

all of which are risk factors for weight gain [2–5]. Three recent studies in the United 

States among children aged 2 to 17 years in Philadelphia, Pennsylvania [2]; southern 

California [3]; and Massachusetts [4] have found increases in obesity prevalence during 

versus before COVID-19, particularly in Black and Hispanic youths [2, 4]. Three recent 

studies in England [6], Germany [7], and South Korea [8] have also found increases in 

obesity prevalence among children during versus before COVID-19. However, these studies 

did not select children/adolescents with complex chronic conditions who may be more at 

risk for obesity-related morbidities. To address this research gap, we used electronic health 

record (EHR) data from an ongoing study of medication-induced weight gain. This study, 

the National Patient-Centered Clinical Research Network (PCORnet) MedWeight Study [9], 

is examining the comparative effects of receiving prescriptions for five medication classes 

(for depression, psychosis, hypertension, diabetes, or epilepsy) on weight and metabolic 

outcomes over 5 years among children and adults. Because the data available included time 

periods before and after the beginning of the COVID-19 pandemic, we had data available 

to examine COVID-19 pandemic-related changes in obesity and body mass index (BMI) 

among a population of children aged 5 to <20 years with selected chronic conditions who 

have been excluded from prior evaluations of pandemic weight change. We determined 

overall weight change as well as differences by age, gender, race, ethnicity, and class of 

medication prescribed.

METHODS

We conducted a longitudinal study using EHR data. Patients were included if they were 

prescribed one of five medication classes for depression, psychosis, hypertension, diabetes, 

or epilepsy at 15 health care systems in PCORnet (Supporting Information Table S1) [10]. 

The health care systems include academic and community hospitals as well as freestanding 

pediatric hospitals. Data were captured from EHRs and transformed into a standardized 

format, the PCORnet Common Data Model, which allows for data interoperability across 

sites; data were generated through a single statistical query that identified all patients 

receiving prescriptions for the included medication classes, using RxNorm codes along with 

demographics. RxNorm is the standardized coding system for identifying prescriptions, 

developed by the National Library of Medicine [11]. Institutional review boards of 

participating sites either approved the study or ceded to the Harvard Pilgrim Health Care 

Institutional Review Board.

We included 293,341 patients aged 5 to <20 years with available BMI measures from 

January 1, 2019, to March 31, 2021. After randomly selecting one BMI per patient in 
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each month-year, we included 1,206,727 visits. Our outcomes were obesity (BMI ≥ 95th 

percentile) and BMI z scores (BMI-z) based on age- and sex-specific Centers for Disease 

Control and Prevention (CDC) reference data [12]. We used a longitudinal design to 

examine average obesity prevalence and BMI-z in each month from January 1, 2019, to 

March 31, 2021. To compare obesity prevalence and BMI-z differences during the pandemic 

(defined as June through December 2020) versus pre-pandemic (June through December 

2019), we used generalized estimating equations for binary outcomes (with an identity link 

and binomial distribution to allow for estimation of prevalence differences) [13] and linear 

mixed-effects models, respectively, accounting for repeated measures within the same child. 

These models included a linear term for month, a binary indicator representing the periods 

before or during the pandemic, and a month-by-period interaction term. There was an initial 

dramatic decline in visit volume in March 2020, which rebounded by June 2020, although 

not to baseline (Supporting Information Table S2) [2]. As a result, we used June through 

December as comparison months. We ran models stratified by age, gender, race, ethnicity, 

and class of medication prescribed. Some patients (39%) were prescribed more than one 

medication class, and each medication class was coded as a dichotomous yes/no variable. 

Patients who were prescribed more than one class of medication were included in more than 

one of the medication-stratified models.

We performed several sensitivity analyses. First, we restricted the analytic sample to 94,022 

patients with available BMI measures in both the pre-pandemic and pandemic periods. 

Second, because there are some limitations to using CDC BMI-z for children with severe 

obesity, we examined severe obesity as a dichotomous outcome (defined as BMI ≥ 120% 

of the 95th percentile) [14, 15]. Third, we adjusted the overall age-stratified models for 

race, ethnicity, and class of medication prescribed rather than stratifying analyses by these 

variables. We analyzed data using SAS (version 9.4; SAS Institute, Cary, North Carolina).

RESULTS

Among 293,341 included children, 51.6% were female, 12.7% were Hispanic, 2.0% were 

Asian, 16.5% were Black, 71.7% were White, and 9.8% were other races. Overall, obesity 

prevalence increased from 23.8% before the pandemic to 25.5% during the pandemic, and 

severe obesity prevalence increased from 10.7% to 11.8%; mean (SD) BMI-z increased from 

0.62 (1.26) to 0.65 (1.29; Table 1). Between June 2019 and December 2020, the rate of 

obesity prevalence increased by 0.18% per month (95% CI: 0.09% to 0.28%) and 0.12% 

per month (95% CI: 0.03% to 0.21%) in children aged 5 to <13 and 13 to <18 years, 

respectively. At pandemic onset, there was a decline in obesity prevalence by 2.19% (95% 

CI: −3.75% to −0.63%) and 2.34% (95% CI: −3.79% to −0.89%) in children aged 5 to 

<13 and 13 to <18 years, respectively (Supporting Information Table S3), likely because 

of selection bias regarding who went for health care encounters in June 2020, which was 

still early in the pandemic. Obesity prevalence increased across almost all subgroups, with 

a larger rise among children aged 5 to <13 (0.27% per month; 95% CI: 0.11% to 0.44%) 

and 13 to <18 years (0.24% per month; 95% CI: 0.09% to 0.40%) during the pandemic 

(vs. pre-pandemic) and the largest increases were among children aged 5 to <13 years who 

were male (0.42% per month; 95% CI: 0.20% to 0.64%), Black (0.35% per month; 95% 

CI: −0.09% to 0.76%), or Hispanic (0.59% per month; 95% CI: 0.11% to 1.08%) or who 
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were prescribed antihypertensive medications (0.28% per month; 95% CI: 0.07% to 0.50%; 

Figure 1 and Supporting Information Table S3). Similar results were noted for BMI-z 

(Figure 2). Based on estimates from the models and accounting for pre-pandemic trends, 

obesity prevalence in December 2020, for example, would have been 22.8% (95% CI: 21.7% 

to 23.8%) under the counterfactual that there was no pandemic versus 24.4% (95% CI: 

23.8% to 25.0%) with the pandemic among 5- to <13-year-old individuals, 27.3% (95% 

CI: 26.3% to 28.3%) versus 28.3% (95% CI: 27.8% to 28.9%) among 13- to <18-year-old 

individuals, and 24.8% (95% CI: 23.0% to 26.6%) versus 26.4% (95% CI: 25.5% to 27.3%) 

among 18- to <20-year-old individuals.

Results were similar when restricting to those with BMI measures in both the pre-pandemic 

and pandemic periods (n = 94,022 children), as were results for severe obesity. Severe 

obesity prevalence increased across almost all subgroups, with a larger rise among children 

aged 5 to <13 years (0.20% per month; 95% CI: 0.09% to 0.32%) and 13 to <18 years 

(0.13% per month; 95% CI: 0.01% to 0.25%) during the pandemic (vs. pre-pandemic) and 

the largest increases among children aged 5 to <13 years who were male (0.25% per month; 

95% CI: 0.09% to 0.40%) or Black (0.42% per month; 95% CI: 0.07% to 0.76%) or who 

were prescribed antihypertensive medications (0.20% per month; 95% CI: 0.05% to 0.35%; 

Supporting Information Figure S1, Supporting Information Table S4). Overall age-stratified 

results were similar when we adjusted for race, ethnicity, and medication class. For example, 

in these adjusted models among children aged 5 to <13 years, obesity prevalence increased 

0.20% per month (95% CI: 0.04% to 0.36%), whereas, among children 13 to <18 years, 

obesity prevalence increased 0.23 per month (95% CI: 0.07 to 0.38) during the pandemic 

(vs. pre-pandemic).

DISCUSSION

In this large national sample of patients aged 5 to <20 years with selected chronic 

conditions, we found post-pandemic increases in obesity prevalence and BMI-z, especially 

among school-aged children of Black or Hispanic race/ethnicity or those who were 

prescribed antihypertensive medications. These results imply worsening metabolic health 

among children with selected chronic conditions, some of which are exacerbated by weight 

gain. Changes in obesity prevalence and BMI-z in this study among children with selected 

chronic conditions were similar to prior studies that have example general populations of 

children, excluding those with chronic diseases [2–5].

Our study had some limitations. Results are not generalizable to other populations without 

chronic conditions or with use of other medication classes or other chronic conditions. 

Our results could also be influenced by unmeasured confounding. For example, we did not 

have data on socioeconomic status, which is known to be associated with BMI in young 

childhood. Additionally, in-person visit volume was lower during the pandemic than during 

comparable months before the pandemic, suggesting potential selection bias. However, 

patient characteristics were comparable in each time period, and our findings were similar 

when we restricted to patients with BMI measures in both periods.
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CONCLUSION

In summary, the COVID-19 pandemic has exacerbated the childhood obesity epidemic 

and has widened disparities. These increases have the potential to have long-lasting 

consequences. Obesity during childhood creates risks for other chronic diseases during 

childhood as well as risks for obesity and chronic disease during adulthood. In December 

2020, the American Academy of Pediatrics released guidelines to urge pediatricians to 

continue to screen, counsel, and treat obesity as it arises and to provide tailored strategies 

to families for healthy diets and physical activity during the pandemic [1]. Our findings 

highlight the importance of continuing these efforts and the need to specifically help high-

risk populations (i.e., racial/ethnic minorities and those with chronic conditions) who are 

experiencing weight gain from the pandemic secondary to social and structural factors, 

including poverty, racism, and poor access to health care. Our findings, along with prior 

studies, also demonstrate the importance of closely monitoring weight and potential health 

consequences for children during societal events such as pandemics that might lead to the 

social isolation, decreased activity, poor nutrition, and mental health consequences that have 

been common during the pandemic [16, 17]. Some of these factors are almost certainly 

more prominent among children in our study, who entered the pandemic with preexisting 

medical problems, including mood and psychotic disorders and cardiometabolic conditions 

such as diabetes and hypertension. Closely monitoring weight, both at the population and 

individual level, could facilitate more prompt interventions to mitigate weight gain. Children 

with selected medical conditions might benefit from this close monitoring more than the 

general population, considering their more frequent contact with the medical system than the 

general pediatric population.
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Study Importance

What is already known?

• During the COVID-19 pandemic, children and adolescents have experienced 

increased stress, school closures, and less opportunity for physical activity 

and proper nutrition, all of which are risk factors for weight gain.

What does this study add?

• Among children with selected chronic conditions, we found post-pandemic 

increases in obesity prevalence and BMI z score, especially among school-

aged children of Black or Hispanic race/ethnicity or who were prescribed 

antihypertensive medications.

How might these results change the direction of research or the focus of clinical 
practice?

• The COVID-19 pandemic has exacerbated the childhood obesity epidemic 

and has widened disparities among children with selected chronic conditions.

• Our findings highlight the importance of monitoring and treating high-risk 

populations who may have experienced weight gain during the pandemic.

• Future mitigation measures implemented among children to contain the 

spread of infection should consider the negative effect of weight gain.
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FIGURE 1. 
Obesity prevalence from January 2019 to March 2021 by age category and subgroups. 

Yellow-shaded areas represent the pre-pandemic (June through December 2019) and 

pandemic (June through December 2020) comparison time periods. The vertical dotted line 

is March 13, 2020 (date that COVID-19 was declared a national emergency in the United 

States)
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FIGURE 2. 
BMI-z from January 2019 to March 2021 by age category and subgroups. Yellow-shaded 

areas represent the pre-pandemic (June through December 2019) and pandemic (June 

through December 2020) comparison time periods. The vertical dotted line is March 13, 

2020 (date that COVID-19 was declared a national emergency in the United States). BMI-z, 

BMI z score
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