1) Check for updates

CHILDHOOD OBESITY

December 2025 | Volume 21, Number 8
© Mary Ann Liebert, (NY) LLC.

DOI: 10.1177/21532176251372359

Regional Implications of the COVID-19
Pandemic on Childhood Obesity Prevalence,
Denver, Colorado, 2019-2022

Emily Bacon, PhD,"" Samantha L. Pierce, MPH?*" Kenneth A. Scott, PhD;
Lyudmyla Kompaniyets, PhD,? Shaonan Wang, PhD? Matthew Haemer, MD;*
and Matthew F. Daley, MD”

Abstract

Background: During the early COVID-19 pandemic, many US youths experience rapid excess weight gain and increase in BMI
and obesity prevalence. We leveraged longitudinal electronic health records from three health care organizations in metropolitan
Denver, Colorado, to assess COVID-19 pandemic effects on BMI and obesity prevalence.

Methods: Using a retrospective cohort of 55,429 children aged 2—-19 years, each with 23 BMI measurements during 2019-2022,
we used mixed-effects regression models to estimate rates of change in BMI and obesity prevalence during prepandemic, early pan-
demic (March—December 2020), and two later pandemic periods (2021, 2022).

Results: The average rate of BMI gain was nearly 70% higher during early pandemic compared to prepandemic [rate ratio (RR):
1.68 (95% confidence interval {CI}: 1.60—1.76)] but attenuated substantially as the pandemic continued [RR: 0.37 (95% CI: 0.34—
0.40) for 2021 vs. early pandemic]. This coincided with changes in estimated obesity prevalence from 16% to 17% prepandemic to
21% by December 2020% to 20% by December 2022. School-aged children 6—13 years, those with prepandemic healthy weight,
and Hispanic and non-Hispanic Black children had the most pronounced BMI increases in early pandemic.

Conclusions: Although rates of BMI gain leveled out from early pandemic increases, obesity prevalence in health care-seeking youths
in metropolitan Denver remained substantially higher in 2022 than prepandemic, particularly in certain subgroups. Opportunities exist to
strengthen institutions and programs that support healthy eating, physical activity, and maintenance of a healthy weight. This work under-
scores the value of regional surveillance systems to monitor disease trends and inform local efforts to support children’s health.
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The COVID-19 pandemic placed unprecedented stress on
children and families, particularly early pandemic when
schools closed, everyday activities halted, and access to
nutrition programs was limited.®® Consequently, many US
children experienced rapid weight gain. One study found

Infroduction

hildhood obesity is a serious public health concern
in the United States. National data from 2021 to
2023 indicate that nearly 15 million US children

(21.1%) had obesity," increasing the risk for type 2 diabe-
tes, abnormal lipid profiles, and poor metabolic health.?
Childhood obesity also increases risk for severe outcomes
from COVID-19 and inﬂuenza,3’4 and adult obesity,
which is associated with other chronic diseases.’

that among 430,000 children aged 2—19 years, rates of BMI
gain doubled during early pandemic.” Rates of BMI gain
were particularly accelerated among children with preexisting
overweight or obesity, those aged 611 years, and Black and
Hispanic children.” " Another study of subsequent pandemic
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periods found that accelerated rates of BMI increase leveled
out in 2021."% Still, obesity prevalence remained higher than
prepandemic levels (23% vs. 20%).'?

Several gaps remain in understanding the effects of
different pandemic periods on childhood weight, includ-
ing whether regional and national trends varied and
which populations were differentially affected. Under-
standing these trends can inform tailored interventions
and facilitate engagement of regional institutions. We
leveraged electronic health record (EHR) data from a
distributed data network (DDN) of three large health
care organizations in metropolitan Denver, Colorado.'?
DDNs of EHRs are increasingly used for public health
surveillance,'*!' particularly during the pandemic when
many surveillance systems were disrupted.'®'” We con-
ducted a retrospective longitudinal cohort analysis to
examine rates of change in BMI and obesity prevalence
among children aged 2—19 years in metropolitan Denver
before the COVID-19 pandemic (2019—February 2020),
during the early pandemic (March—December 2020), and
during two later pandemic periods (2021 and 2022), and
how trends differed by patient characteristics.

Methods

Data Source

We used data from the Colorado Health Observation
Regional Data Service (CHORDS), a regional DDN lever-
aging EHR data for research and public health. CHORDS
contains data for approximately half of the residents in the
7-county Denver metropolitan area, consisting of 14 health
care partners that share a common data model in federated
virtual data warehouses (VDWs).!*!8 In 2018, the CDC
launched the Clinical and Community Data initiative
(CODI). CODI built on CHORDS infrastructure by includ-
ing community data partners and implementing privacy-
preserving record linkage (PPRL}) to deduplicate patients
seen at multiple organizations.'®

This analysis used data from three large health systems
that participate in CHORDS and have implemented
PPRL. Denver Health and Hospital Authority (Denver
Health) is a safety-net hospital system with an emergency
department, acute-care hospital, and family, school, and
urgent care health centers. Kaiser Permanente Colorado
(Kaiser Permanente) is an integrated health care delivery
organization, serving over half a million Coloradans
across 33 medical offices and partner hospitals. Children’s
Hospital Colorado (Children’s) has a main hospital, 2 sat-
ellite hospitals, and 13 outpatient clinics across Colorado.

Datasets were created using an iterative federated pro-
cess. Each health system ran structured query language
queries to generate a potential cohort of children from
their VDWs. Results were sent to a data coordinating cen-
ter at the University of Colorado Anschutz to deduplicate
patients using PPRL. Deduplicated lists were sent back to
the health systems, which then extracted anthropometric,
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demographic, and other relevant patient data to create
final datasets.

Data Cleaning

We extracted EHR data for 506,772 unique children
aged 2—19 years who received outpatient care at any of
the three health systems between 2017 and 2022. We
excluded 1713 patients (0.3%) who had two different
sexes, missing sex, duplicate records, or multiple birth
dates more than 3 months apart across health systems. If a
patient had multiple birth dates <3 months apart, we used
the mode birth date.

We cleaned height and weight measurements for 505,059
children from 2017 to 2022 using growthcleanr, an algo-
rithm for detecting errors in longitudinal growth data.** We
excluded extreme values of BMI and BMI z-score based on
CDC’s cut points.?> Anthropometric data cleaning resulted
in the exclusion of 11,446 children (2.3%). We categorized
BMIs based on sex-and age-specific percentiles: under-
weight (<5th percentile), healthy weight (=5th to <85th per-
centile), overweight (=85th to <95th percentile), moderate
obesity (=95th to <120% of the 95th percentile), and severe
obesity (2120% of the 95th percentile or BMI >35 kg/m?).%®
We restricted the dataset to 2019-2022, resulting in 323,236
children with 1.2 million BMI measurements.

Patient age at the start of the pandemic was calculated as
March 1, 2020, minus birth date; age was categorized as
2-5,6-9, 10-13, 1416, and 17-19 years. Race and ethnic-
ity categories were defined as non-Hispanic (NH) White,
NH Black, NH Asian, Hispanic, and NH other/multiple
race/ethnicity. NH other/multiple included American
Indian or Alaska Native, Native Hawaiian or other Pacific
Islander, multiple races, and other. Patients were consid-
ered multisite if they had BMI measurements from >1
health system.’

Study Population

Inclusion in the longitudinal cohort required =1 BMI
measurement in each time period: the 14-month period pre-
ceding the COVID-19 pandemic (January 1, 2019-February
29, 2020); the early pandemic (June 1, 2020—December 31,
2020); and the later pandemic (January 1, 2021-December
31, 2022) (Fig. 1). Of 323,236 children who had =1 BMI in
2019-2022, 260,224 (80.5%) were excluded due to insuffi-
cient BMI data in the periods defined above. Notably, the
median number of BMIs was 3; thus, >50% of patients
would have been excluded regardless of how we con-
structed the periods for BMIs. Demographic comparisons
between those with and without sufficient BMIs are in Sup-
plementary Table S1.

'The CHORDS data sharing agreement does not allow for presentation
of site-specific data from any of the contributing health systems. We con-
ducted site-specific analyses as robustness checks and discuss any data
related to specific sites as aggregated findings.
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=1 BMI during 14 months before
pandemic
(Jan 2019-Feb 2020)

=1 BMI during
early pandemic
(June-Dec 2020y

=1 BMI during later pandemic period
2021 or 2022"
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Figure 1.
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BMI inclusion criteria for longitudinal cohort, metropolitan Denver, Colorado, 2019-2022. *BMIs taken during March—

May 2020 were included in models in the “early pandemic” period, but were not used to define cohort selection criteria. Thurs, each
child was required to have a BMI in June—December 2020 to be included. "We allowed the rates of change to vary between 2021 and
2022. However, for the purpose of cohort selection, we only required a child to have 1 BMI in 2021 or 2022.

We required patients to have an address in the 7-county
Denver metropolitan area (Adams, Arapahoe, Boulder,
Broomfield, Denver, Douglas, or Jefferson County) during
the study period; this excluded 7573 (12%) of the 63,012
patients with sufficient BMI data. Last, we excluded 1325
children with unknown race/ethnicity (2.4%). Our final lon-
gitudinal cohort comprised 54,104 patients aged 2—19 years
who lived in metropolitan Denver, had known race/ethnic-
ity, and had >1 valid BMI in each of the three periods.

Statistical Analysis

We used linear mixed-effects regression models to
examine differences in average rates of BMI change (kg/
m?/month) across time periods. Covariates included time
(months from March 1, 2020); an indicator variable for
BMI period (prepandemic, early pandemic, 2021, 2022);
the interaction of time and period; sex; age on March 1,
2020; race/ethnicity; site; and BMI category (based on last
prepandemic BMI). To obtain rates by patient characteris-
tics, we ran models with three-way interactions between
time, period, and each characteristic, including lower-order
interactions, main effects, and other covariates. To examine
race-specific BMI trends by age, we ran age-stratified mod-
els with a three-way interaction term for race/ethnicity,
including lower-order terms, main effects, and other cova-
riates. We calculated rate ratios (RRs), rate differences, and
corresponding 95% confidence intervals (Cls) to compare
rates of BMI change in early pandemic to prepandemic,
2021 to early pandemic, and 2022 to 2021 by patient char-
acteristics. Statistical significance was based on nonover-
lapping 95% Cls to help focus the results discussed.

We used linear mixed-effects models to generate average
rates of change in obesity prevalence (BMI >95th percen-
tile) across periods. Despite limitations of linear probability
models in estimating binary outcomes, linear mixed-effects
models were used for this outcome due to nonconvergence
of mixed logit and mixed generalized linear models. These
models included covariates listed above, except for the last
prepandemic BMI category. Finally, we conducted supple-
mental analysis with extended BMI z-score®’ as the out-
come. Extended BMIz is inherently age-and sex-specific,
which allowed us to explore potential differences from
BMI. Of note, extended BMIz overcomes the technical

limitations of CDC'’s original BMIz for children with high
BMIs.?®

Models included all BMI measurements from 2019 to
2022 (491,664 BMlIs for 54,104 patients). Models
accounted for the correlation between repeated measure-
ments within patients by nesting measurements within
patient identifiers, as well as variation and unequal spac-
ing in the number of BMI measurements. We performed
anthropometric cleaning in R, data management in SAS
version 9.4 (SAS Institute Inc.), and modeling in Stata
version 15.1 (StataCorp LLC). This project was reviewed
by the Colorado Multiple Institutional Review Board on
behalf of all participating institutions and by the CDC’s
Office of Readiness and Response. Both institutional
reviews determined that it was research not involving
human subjects.

Results

Among 54,104 children aged 2—19 years in the longitu-
dinal cohort, 51% were female (Table 1). Mean age at the
start of the pandemic was 10.3 years (standard deviation =
4.4). Approximately 42% were Hispanic, 39% NH White,
11% NH Black, 4% NH Asian, and 4% NH other/multi-
ple. Most children (82%) had ambulatory care visits at a
single health care system. There was substantial variation
in racial and age composition by health system (data not
shown). Based on each child’s last prepandemic BMI,
16% had obesity, including 5% with severe obesity. Obe-
sity prevalence was higher in males, older children, and
Hispanic or NH Black children (Table 1).

The average monthly rate of change in BMI was
0.061 kg/m?*/month before the pandemic (2019—February
2020), 0.102 kg/m*/month during the early pandemic
(March-December 2020), 0.038 kg/m? during 2021, and
0.044 kg/m? during 2022 (Fig. 2A, Table 2). The rate of
BMI gain greatly accelerated during the early pandemic
(RR of early pandemic vs. prepandemic: 1.68) but attenu-
ated substantially as the pandemic continued (RR: 0.37 for
2021 vs. early pandemic).

From prepandemic through 2020, rates of BMI gain
were similar between males and females; however, in
2021 and 2022, rates of BMI gain were slightly higher in
females than in males (Table 2). Among demographic
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Table |I. Characteristics of 54,104 Children Aged 2-19 Years with >3 BMI Measurements®?,

Metropolitan Denver, Colorado, 2019-2022

BMI category®

Overall Underweight
N % (n=2843)
Overall 54,104 | 100.0 5.3
Sex
Male 26,755 49.5 5.7
Female 27,349 50.5 4.8
Age category (at start of pandemic)
2-5 years 11,775 21.8 6.9
6-9 years 12,996 24.0 5.4
1013 years 15,661 28.9 5.1
1416 years 10,525 19.5 35
17—-19 years 3147 5.8 5.0
Race®
Non-Hispanic White 21,112 39.0 6.3
Non-Hispanic Black 5663 10.5 53
Non-Hispanic Asian 2190 4.0 9.2
Hispanic 22,883 42.3 3.9
Non-Hispanic other/ 2256 42 5.2
multiple

Healthy weight | Overweight | Moderate obesity | Severe obesity
(n=35,237) (n=17619) (n=5708) (n=2697)
65.1 14.1 10.6 5.0
63.9 13.5 1.2 5.7
66.4 14.6 10.0 43
73.7 10.9 72 1.2
67.0 12.7 10.4 4.5
60.8 15.4 12.6 6.1
61.5 16.4 1.3 73
59.0 17.6 10.6 7.8
73.8 11.3 6.3 23
64.0 14.7 10.7 5.2
70.3 11.5 6.7 24
57.1 16.6 14.8 7.7
63.7 15.9 10.4 48

?>1 BMI measurement in the year directly preceding the COVID-19 pandemic (January 2019—February 2020), 2| BMI measurement in the early
pandemic period after the initial 3 months (June-December 2020), and =1 BMI measurement in the later pandemic period (January 2021-

December 2022).

®Based on the last prepandemic BMI taken between January 2019 and February 2020. BMI categories were defined as underweight (<5th per-
centile), healthy weight (=5th to <85th percentile), overweight (=85th to <95th percentile), moderate obesity (=95th percentile to <120% of
the 95th percentile), and severe obesity (2120% of the 95th percentile. or =35 kg/m?). Moderate obesity and severe obesity were mutually

exclusive.
“Excluded 1325 patients with unknown race and ethnicity.

subgroups, school-aged children 6-9 and 10-13 years
experienced the largest absolute increases in rates of BMI
gain (rate difference: 0.07 for each group) and large rela-
tive increases from prepandemic to early pandemic [RR:
2.26 (95% CI: 2.06-2.46) for 6-9 years, 1.86 (95% CI:
1.74-1.98) for 10—13 years] (Table 3). Rates of BMI gain
were similar across racial/ethnic groups prepandemic;
however, NH Black, Hispanic, and NH other/multiple
race/ethnicity children experienced more rapid BMI gain
during the early pandemic than NH White children
(Tables 2 and 3, Fig. 2B). For example, NH White child-
ren’s rate of BMI change was 40% higher during the early
pandemic compared to prepandemic [RR: 1.40 (95% CI:
1.26-1.53)], whereas early pandemic rates of BMI change
in Hispanic and NH other/multiple children were 80% and
115% higher than prepandemic rates [RR: 1.80 (95% CI:
1.69-1.91) and 2.15 (95% CI: 1.64-2.66), respectively]

(Table 3). These disparities were particularly evident in
children aged 69 years.

Compared to healthy weight, children with overweight,
moderate obesity, or severe obesity had much higher abso-
lute rates of BMI gain prepandemic and early pandemic.
For example, before the pandemic, average monthly rates
of BMI gain were 0.034 kg/m” for those with a healthy
weight, 0.083 kg/m? in those with overweight, 0.121 kg/m?
in those with moderate obesity, and 0.169 kg/m? in those
with severe obesity (Table 2). However, compared to their
rates before the pandemic, children with healthy weight
experienced the greatest relative increase in BMI during
the early pandemic [RRs: 2.51 (95% CI: 2.29-2.73, healthy
weight), 1.33 (95% CI: 1.22-1.44, moderate obesity), and
0.89 (95% CI: 0.80-0.99, severe obesity)] (Table 3).

Figure 2C and D shows trends in predicted obesity
prevalence. The rate of change in obesity prevalence was



CHILDHOOD OBESITY December 2025

3. Predicted BMI, Overall

slope. 0.044 kg/m?
slope: 0.102 kg/m? dope 0.038 kg/m

slope: 0.061 kgfm’ -

—

Figure 2.

671

2d. Predicted Obesity Prevalence by Race/Ethnicity

Predicted BMI and obesity prevalence overall and by racial and ethnic groups, metropolitan Denver, Colorado, 2019—

2022. Vertical lines delineate the time periods used in the analysis. *Negative slope not significantly different from zero. NH, non-

Hispanic.

nearly five times higher during the early pandemic com-
pared to prepandemic (monthly slope estimates: 0.406%
vs. 0.086%). This resulted in an increase in predicted obe-
sity prevalence from 16.8% in January 2020 to 20.9% by
December 2020. In 2021, the rate of change in obesity prev-
alence declined (—0.056%), and in 2022, rates stabilized but
were not significantly different from zero (—0.006%), result-
ing in an estimated prevalence of 19.9% in December 2022
(Fig. 2C). Predicted obesity prevalence was consistently
highest in Hispanic children and higher in NH Black and
Hispanic children than in NH White and NH Asian children.
NH White children had the smallest absolute and relative
increases in obesity prevalence during the early pandemic
period. Children with NH other/multiple races had large
increases in predicted obesity prevalence during the early
pandemic period, but rates declined substantially in 2021
and stabilized in 2022 (Fig. 2D). Supplemental analyses
revealed a similar pattern for BMI and extended BMI
z-score (Supplementary Fig. S1).

Discussion

Our study found substantial increases in children’s rates
of gain in BMI, extended BMIz, and obesity prevalence in
the Denver metropolitan area during the early pandemic
compared to prepandemic. Although rates steadily increased
before the pandemic (2019—-February 2020), the pandemic
coincided with drastic accelerations in rates of increase.
This resulted in an estimated regional obesity prevalence
of approximately 21% by December 2020, compared to
16%—-17% prepandemic. This increase may have been

driven partly by children with healthy weight or overweight
prepandemic moving into higher BMI categories, due to
higher rates of BMI gain observed in these groups.

Like ours, previous studies showed that early-pandemic
accelerations in pediatric weight gain leveled off in
2021.>'? Our study uniquely showed a continued leveling
in rates of change in obesity prevalence in 2022 in metro-
politan Denver. To our knowledge, this was the first study
to explore rates in the later pandemic recovery period
through 2022. This leveling suggests the potential positive
role of social institutions, such as school-based nutrition
programs, sports teams, and physical activity norms, that
were greatly disrupted during the early pandemic. When
children had to stop many activities during the early pan-
demic, the average rates of BMI change, extended BMlIz,
and obesity prevalence increased, particularly for school-
aged children and children who were NH Black, Hispanic,
or NH other/multiple race. When these norms and institu-
tions were reestablished during the later pandemic, pat-
terns of BMI gain attenuated to resemble prepandemic
trajectories or even lower. COVID-19 provided an oppor-
tunity to observe ways in which disrupting an array of
activities affected childhood weight gain, suggesting that
preventive activities may be more effective than treatment
interventions. Large changes in children’s BMI through-
out the pandemic also highlight both continued public
health concern for high childhood obesity prevalence and
potential opportunities to strengthen institutions and
norms that help children and adolescents eat nutritious
foods, stay active, and maintain healthy weights and over-
all wellness.



Table 2. Average Monthly Rate of Change in Children’s BMI Before the COVID-19 Pandemic
and During 3 COVID-19 Periods—Overall and by Sex, Age Group, and BMI

Category—Among 54,104 Children Aged 2-19 Years in Metropolitan Denver, Colorado,
2019-2022

Overall

Sex
Male
Female

Age group®
2-5 years
6-9 years
1013 years
14—16 years
17—19 years

BMI category®
Underweight
Healthy weight
Overweight
Moderate obesity
Severe obesity

Race/ethnicity®
Non-Hispanic White
Non-Hispanic Black
Non-Hispanic Asian
Hispanic

Non-Hispanic other

Prepandemic

Early pandemic

Later pandemic

January 2019-February 2020 | March-December 2020 2021 2022

Slope 95% CI Slope 95% CI Slope 95% CI Slope 95% CI
0.061 (0.059, 0.062) 0.102 (0.098,0.106) | 0.038 | (0.035,0.041) 0.044 | (0.041, 0.047)
0.063 (0.060, 0.065) 0.107 (0.101,0.113) | 0.032 | (0.027, 0.036) 0.036 | (0.032, 0.040)
0.059 (0.056, 0.061) 0.098 (0.092,0.103) | 0.043 | (0.039, 0.047) 0.052 | (0.048, 0.056)
0.010 (0.005, 0.014) 0.042 (0.032,0.051) | 0.003 | (-0.005,0.010) | 0.032 | (0.026, 0.039)
0.057 (0.053, 0.060) 0.128 (0.120,0.136) | 0.056 | (0.050, 0.062) 0.068 | (0.063, 0.074)
0.080 (0.077, 0.083) 0.149 (0.141,0.156) | 0.049 | (0.044, 0.055) 0.038 | (0.033, 0.043)
0.066 (0.062, 0.069) 0.086 (0.078,0.094) | 0.033 | (0.027,0.039) 0.039 | (0.033, 0.045)
0.046 (0.040, 0.051) 0.047 (0.034,0.060) | 0.017 | (0.007,0.028) | —0.030 | (—0.050,-0.010)

—0.002 (-0.010, 0.005) 0.049 (0.033,0.065) | 0.025 | (0.013,0.037) 0.028 | (0.016, 0.041)
0.034 (0.032, 0.036) 0.085 (0.080, 0.090) | 0.034 | (0.031,0.038) 0.043 | (0.039, 0.047)
0.083 (0.079, 0.088) 0.124 (0.114,0.135) | 0.040 | (0.033,0.048) 0.050 | (0.042, 0.058)
0.121 (0.116,0.126) 0.161 (0.150,0.172) | 0.039 | (0.031, 0.048) 0.050 | (0.042, 0.059)
0.169 (0.162, 0.175) 0.151 (0.136,0.165) | 0.081 | (0.070, 0.092) 0.054 | (0.043, 0.066)
0.054 (0.051, 0.057) 0.075 (0.069,0.082) | 0.036 | (0.031, 0.040) 0.042 | (0.037, 0.047)
0.064 (0.058, 0.069) 0.113 (0.101,0.126) | 0.032 | (0.023,0.041) 0.032 | (0.023, 0.042)
0.058 (0.049, 0.068) 0.087 (0.066,0.108) | 0.028 | (0.013, 0.044) 0.045 | (0.029, 0.060)
0.068 (0.066, 0.071) 0.123 (0.117,0.129) | 0.038 | (0.034, 0.043) 0.048 | (0.044, 0.053)
0.050 (0.042, 0.058) 0.108 (0.089,0.127) | 0.027 | (0.013,0.041) 0.039 | (0.024, 0.054)

Based on age at the start of the pandemic (March I, 2020), ranging from 2.00 to 19.03 years. Age at first BMI ranged from 2.01 to 19.12 years;
age at last BMI ranged from 2.98 to 19.99 years. This longitudinal cohort does not include children who “aged out” of the cohort (i.e., turned
20 years during the study period). A three-way interaction term between age category, time (in decimal months from March [, 2020), and a vari-
able indicating in which period the BMI was taken was used to generate slope estimates by age category. Model controlled for sex, race/ethnic-
ity, last prepandemic BMI category, and site.

®Based on last prepandemic BMI, which had to occur during January |, 2019, and February 29, 2020. BMI categories were defined as under-
weight (<5th percentile), healthy weight (=5th to <85th percentile), overweight (=85th to <95th percentile), moderate obesity (=95th percentile
to <120% of the 95th percentile), and severe obesity (=120% of the 95th percentile or =35 kg/m?). A three-way interaction term between BMI
category, time (in decimal months from March |, 2020), and a variable indicating in which period the BMI was taken was used to generate slope
estimates by BMI category. Model controlled for age at the start of the pandemic, sex, race/ethnicity, and site.

A three-way interaction term between race/ethnicity, time (in decimal months from March |, 2020), and a variable indicating in which period
the BMI was taken was used to generate slope estimates by BMI category. Model controlled for age at the start of the pandemic, sex, last pre-
pandemic BMI category, and site. Non-Hispanic other race includes multiple race. N = 1325 patients with unknown race/ethnicity were excluded

from the models.
Cl, confidence interval.
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Differences in BMI gain by race/ethnicity in this study
contribute to a broader understanding of how the early
pandemic period was particularly disruptive to NH Black,
Hispanic, or NH other/multiple race children living in Den-
ver. For example, a survey of food insecurity among Colo-
radans in December 2020 found that 52% of non-White
and Latino residents experienced food insecurity (vs. 30%
of NH White residents).”® Although our study could not
directly evaluate associations between children’s economic
circumstances and changes in BMI, substantial evidence
demonstrates that disparities driven by societal factors
before the pandemic could have exacerbated the pandem-
ic’s negative social and environmental effects on minori-
tized communities.*® As institutions continue to recover
and strengthen from the pandemic, it is particularly impor-
tant to support children who face greater barriers to access-
ing social supports and lifestyle interventions, including
family healthy weight programs.’

This study has several limitations. First, EHR data from
CHORDS are limited to three health systems in the Denver
metropolitan area used for the analysis. Despite CHORDS’
extensive coverage in the area, results may not be general-
izable to Denver entirely or to other regions. Second, many
children with health care visits were not included in our
final analytic cohort because they did not have sufficient
BMI measurements in the specified time periods to meet
the inclusion criteria. This resulted in a cohort that was
younger, potentially due to routine medical visits at
younger ages, and had a higher proportion of NH Black
and Hispanic children, potentially due to a need for more
frequent health care to manage obesity or conditions associ-
ated with obesity (e.g., diabetes), resulting in potential over-
estimation of obesity prevalence (Supplementary Table S1).
Third, estimates were calculated using BMI measurements
in different months among different people (vs. having
BMI each month for each person), which created disconti-
nuities in estimated BMI and obesity prevalence trends at
cutpoints between periods (Fig. 2B, D). This is likely
explained not by actual discontinuity in BMI or obesity,
but by the nature of the data, in which different children
were measured at different calendar periods. Still, caution
should be exercised when interpreting estimates at these
transition points, particularly for obesity prevalence, as
results were based on linear models due to convergence
issues. Fourth, EHR data are subject to data quality issues
that have been detailed in previous studies.'® These include
inconsistencies in data collection across health systems and
time, data entry errors, and errors in data extraction, trans-
formation, and loading from EHRs to structured data
tables. To address this, we performed robustness checks by
comparing patient characteristics at each site and having
representatives from each health system participate in the
analysis to understand nuances that could affect the inter-
pretation of results.

The inclusion of robust PPRL processes reduced the
risk of duplicating patients across systems and allowed

BACON ET AL.

for missing data in one system to be filled in from the
same patient’s data in another system. However, running
PPRL and generating distributed queries using a federated
data model are time-consuming and require extensive
technical expertise. Regional surveillance systems using
EHRs may continue to explore new technologies in
cloud-based design to facilitate surveillance efforts.
Future work could examine how other regions compare to
national trends in childhood weight gain and obesity prev-
alence. Findings may reveal patterns in regional trends,
such as effects of urbanity or similar COVID-19 policies
and practices that may have affected children in common
ways. These regional analyses, though difficult to con-
duct, offer utility over national data for targeted interven-
tions and localized efforts.

Conclusions

By the end of 2022, obesity prevalence in a large cohort
of health care-seeking children in metropolitan Denver
remained substantially higher than prepandemic, highlight-
ing the concerning fact that obesity affects many youths,
particularly racially minoritized groups and school-aged
children. This work underscores the potential for regional
surveillance systems to monitor disease trends, despite dif-
ferences in care access and patient mix across health care
organizations. CODI has partnered with community groups
providing weight management interventions to children in
Denver. Future work will consist of providing local data to
these community organizations, evaluating the impacts of
weight management interventions, and using data systems
with health system and community data. Lessons learned
from this initiative can be used by others using regional
surveillance systems to monitor important public health
issues.

Impact Statement

EHRs from 54,104 youths in Denver, Colorado, showed
a nearly 70% higher early pandemic rate of BMI gain (vs.
prepandemic), particularly in certain subgroups, with sub-
stantial attenuation later pandemic, resulting in obesity
prevalence changes from 16%—17% in 2019% to 21% by
December 2020% to 20% by December 2022.

Acknowledgments

The authors acknowledge the contributions and guidance
provided by many colleagues to this work. At the CDC, the
authors acknowledge conceptual and analytic contributions
made by Alyson B. Goodman, Raymond King, and Patrick
Zhang. The authors acknowledge project management con-
tributions and continual support from Sara Schmitt and
Nina Bastian at the Colorado Health Institute and Lura
Daussat and colleagues at the Public Health Informatics
Institute. The authors acknowledge the analytic teams that
contributed to this work across institutions, including



CHILDHOOD OBESITY December 2025

Bryant Doyle at the University of Colorado, Anschutz
Medical Campus, Mark Gray at Kaiser Permanente, Kevin
Matthews at Children’s Hospital Colorado, and Dean
McEwen and Alexandra Tillman at Denver Health and
Hospital Authority. The authors acknowledge the commit-
ment from the MITRE team, including Dylan Hall and
Andrew Gregorowicz, on developing a PPRL solution for
this analysis.

Authors’ Contributions

E.B.: Conceptualization, data curation, project administra-
tion, and writing—original draft. S.L.P.: Conceptualization,
formal analysis, and writing—original draft. K.A.S.: Conce-
ptualization, data curation, and writing—review and editing.
L.K.: Formal analysis and writing—review and editing.
S.W.: Formal analysis and software. M.H.: Writing—
review and editing. M.F.D.: Data curation, supervision, and
writing—review and editing.

Disclaimer

The findings and conclusions in this report are those of
the authors and do not necessarily represent the official posi-
tion of the Centers for Disease Control, the US Department
of Health and Human Services, or the National Institutes
of Health.

Funding Information

Support for the Clinical and CODI was provided in part
by the Robert Wood Johnson Foundation. The views
expressed here do not necessarily reflect the views of the
Foundation. This work was also supported by Cooperative
Agreement number 6—NU380T000316, funded by the
Centers for Disease Control and Prevention’s Division of
Nutrition, Physical Activity, and Obesity and by the
National Institutes of Health’s National Center for Research
Resources Colorado CTSI Grant Number UL1 RR025780.

Author Disclosure Statement

No competing financial interests exist.

Supplementary Material
Supplementary Data

References

1. QuickStats. Prevalence of obesity and severe obesity among per-
sons aged 2-19 years—United States, 1999-2000 through 2021-
2023. MMWR Morb Mortal Wkly Rep 2024;73(41):936; doi: 10
.15585/mmwr.mm?7341a5

2. Skinner AC, Perrin EM, Moss LA, Skelton JA. Cardiometabolic
risks and severity of obesity in children and young adults. N Engl J
Med 2015;373(14):1307-1317; doi: 10.1056/NEJMoal502821

10.

12.

13.

15.

16.

18.

19.

675

. Kompaniyets L, Agathis NT, Nelson JM, et al. Underlying medi-

cal conditions associated with severe COVID-19 illness among
children. JAMA Netw Open 2021;4(6):e2111182; doi: 10.1001/
jamanetworkopen.2021.11182

. Vitoratou DI, Milas GP, Korovessi P, et al. Obesity as a risk factor

for severe influenza infection in children and adolescents: A sys-
tematic review and meta-analysis. Eur J Pediatr 2023;182(1):
363-374; doi: 10.1007/s00431-022-04689-0

. Kelsey MM, Zaepfel A, Bjornstad P, Nadeau KJ. Age-related con-

sequences of childhood obesity. Gerentology 2014;60(3):222-228;
doi: 10.1159/000356023

. Xiang M, Zhang Z, Kuwahara K. Impact of COVID-19 pandemic on

children and adolescents’ lifestyle behavior larger than expected. Prog
Cardiovasc Dis 2020;63(4):531-532; doi: 10.1016/j.pcad.2020.04.013

. McLoughlin GM, Fleischhacker S, Hecht AA, et al. Feeding stu-

dents during COVID-19-related school closures: A nationwide
assessment of initial responses. J Nutr Educ Behav 2020;52(12):
1120-1130; doi: 10.1016/j.jneb.2020.09.018

. Singh K, Armstrong SC, Wagner BE, et al. Physical activity and

sleep changes among children during the COVID-19 pandemic.
NPJ Digit Med 2024;7(1):70; doi: 10.1038/s41746-024-01041-8

. Lange SJ, Kompaniyets L, Freedman DS, et al.; DNP3. Longitudi-

nal trends in body mass index before and during the COVID-19
pandemic among persons aged 2—19 years—United States, 2018—
2020. MMWR Morb Mortal Wkly Rep 2021;70(37):1278-1283;
doi: 10.15585/mmwr.mm7037a3

Brooks CG, Spencer JR, Sprafka JM, et al. Pediatric BMI changes
during COVID-19 pandemic: An electronic health record-based
retrospective cohort study. EClinicalMedicine 2021;38:101026;
doi: 10.1016/j.eclinm.2021.101026

. Eneli I, Xu J, Pratt K. Change in weight category among youth

early in the COVID-19 pandemic. Clin Obes 2022;12(3):e12522;
doi: 10.1111/cob.12522

Pierce SL, Kompaniyets L, Freedman DS, et al. Children’s rates of
BMI change during pre-pandemic and two COVID-19 pandemic
periods, IQVIA Ambulatory Electronic Medical Record, January
2018 Through November 2021. Obesity (Silver Spring) 2023;
31(3):693-698; doi: 10.1002/0by.23643

Institute CH. CHORDS Coverage Report. Available from: https://
www.coloradohealthinstitute.org/sites/default/files/file_attachments/
CHORDS%20Coverage_July2017.pdf [Last accessed: July 8, 2024].

. Kraus EM, Brand B, Hohman KH, Baker EL. New directions in

public health surveillance: Using electronic health records to moni-
tor chronic disease. J Public Health Manag Pract 2022;28(2):
203-206; doi: 10.1097/phh.0000000000001501

Perlman SE. Use and visualization of electronic health record data
to advance public health. Am J Public Health 2021;111(2):180-182;
doi: 10.2105/AJPH.2020.306073

Queen S, Mintz R, Cowling K. Impact of the COVID-19 pandemic
on Major HHS data systems. Assistant Secretary for Planning and
Evaluation 2021:1-22. https://aspe.hhs.gov/sites/default/files/
documents/20c83c3bba963a42d41db105c3dbe9ea/impact-of-
pandemic-on-major-hhs-data-systems.pdf

. Block JP, Boechmer TK, Forrest CB, et al. Cardiac complications after

SARS-CoV-2 infection and mRNA COVID-19 Vaccination - PCOR-
net, United States, January 2021-January 2022. MMWR Morb Mortal
Wkly Rep 2022;71(14):517-523; doi: 10.15585/mmwr.mm7114el

Bacon E, Budney G, Bondy J, et al. Developing a regional distributed
data network for surveillance of chronic health conditions: The Colo-
rado Health Observation Regional Data Service. J Public Health Manag
Pract 2019;25(5):498-507; doi: 10.1097/phh.0000000000000810

Centers for Disease Control and Prevention. Clinical and Commu-
nity Data Initiative. February 1, 2024. Available from: https://www



676

20.

21.

22.

23.

24.

25.

26.

27.

.cdc.gov/obesity/hcp/codi/index.html [Last accessed: July 24,
2024].

King RJ, Heisey-Grove DM, Garrett N, et al. The Childhood Obesity
Data Initiative: A case study in implementing clinical-community
infrastructure enhancements to support health services research and
public health. J Public Health Manag Pract 2022;28(2):E430-E440;
doi: 10.1097/phh.0000000000001419

Institute PHI. Clinical and Community Data Initiative (CODI)
Toolbox. Available from: https://phii.org/course/codi-toolbox/
[Last accessed: July 23, 2024].

Kraus EM, Scott KA, Zucker R, et al. A governance framework to
integrate longitudinal clinical and community data in a distributed
data network: The Childhood Obesity Data Initiative. J Public
Health Manag Pract 2022;28(2):E421-E429; doi: 10.1097/phh
.0000000000001408

Bacon E, Gregorowicz A, Scott K, et al. Initial Quality Assessment
of the Privacy-Preserving Record Linkage Process in a Distributed
Data Network of Health Care and Community Partners. 2022. Jan-
uary 2022. Available from: https://www.coloradohealthinstitute
.org/sites/default/files/file_attachments/CODI%40CHORDS%
20Brief_InitialQAPPRL.pdf

Daymont C, Ross ME, Russell Localio A, et al. Automated identifi-
cation of implausible values in growth data from pediatric electronic
health records. J] Am Med Inform Assoc 2017;24(6):1080-1087;
doi: 10.1093/jamia/ocx037

Centers for Disease Control and Prevention. The SAS Program for
CDC Growth Charts that Includes the Extended BMI Calculations.
Available from: https://www.cdc.gov/growth-chart-training/hcp/
computer-programs/sas.html [Last accessed: July 8, 2024].

Centers for Disease Control and Prevention. Child and Teen BMI
Categories. Available from: https://www.cdc.gov/bmi/child-teen-
calculator/bmi-categories.html [Last accessed: July 8, 2024].

Centers for Disease Control and Prevention. Data file for the
Extended CDC BMI-for-age Growth Charts for Children and Ado-
lescents. Available from: https://www.cdc.gov/growthcharts/
extended-bmi-data-files.html [Last accessed: July 8, 2024].

28.

29.

30.

31.

BACON ET AL.

Hales CM, Freedman DS, Akinbami L, et al. Evaluation of alterna-
tive body mass index (BMI) metrics to monitor weight status in
children and adolescents with extremely high BMI using CDC
BMI-for-age growth charts. National Center for Health Statistics.
Vital Health Stat 2022;2(197); doi: 10.15620/cdc:121711

Hunger Free Colorado. A Survey of Hunger in Colorado: Eco-
nomic Insecurity, Hunger, and the Pandemic. 2020. Available
from: December-2020-Hunger-Survey-Results-Hunger-Free-
Colorado.pdf [Last accessed: July 8, 2024].

Suarez-Lopez JR, Cairns MR, Sripada K, et al.; International Soci-
ety for Children’s Health and the Environment. COVID-19 and
children’s health in the United States: Consideration of physical
and social environments during the pandemic. Environ Res 2021;
197:111160; doi: 10.1016/j.envres.2021.111160

Goodman AB, Bosso E, Petersen R, Blanck HM. Moving beyond
research to public health practice: Spread and scale of interventions
that support healthy childhood growth. Child Obes 2025;21(1):1-2;
doi: 10.1089/chi.2024.0255

Address correspondence to:

Samantha L. Pierce, MPH

Division of Nutrition

Physical Activity, and Obesity

National Center for Chronic Disease Prevention and
Health Promotion

Centers for Disease Control and Prevention
4770 Buford Hwy NE

MS S-107

Atlanta, GA 30341

US4

E-mail: nya7@cdc.gov



