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Short Report 

Higher blood pressure and weight observed among early adolescents during 
the COVID-19 pandemic 
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A B S T R A C T   

The COVID-19 pandemic led to significant disruptions in the lifestyle behaviors of adolescents; however, there is 
a paucity of data on objective changes in health indicators of adolescents such as blood pressure, hypertension, 
and weight. The aim of this study is to quantify differences in blood pressure and weight before and during the 
COVID-19 pandemic among a demographically diverse national sample of early adolescents. We analyzed cross- 
sectional data from 2018 to 2020, corresponding to the second follow-up year (Year 2) of the Adolescent Brain 
Cognitive Development (ABCD) Study. Among 4,065 early adolescents (mean age 12.00, 49.4% female, 55.5% 
white), 3.4% vs 6.4% of adolescents had hypertension pre-pandemic vs during the pandemic (p < 0.001). The 
pandemic was associated with a 4.65 percentile (95% CI 2.65, 6.66) higher diastolic blood pressure, and a 1.68 
kg (95% CI 0.51, 2.85) higher weight when adjusting for covariates. The pandemic was associated with a 1.97 
higher odds of hypertension (95% CI 1.33, 2.92) compared to pre-pandemic when adjusting for covariates. 
Future studies should explore mechanisms and longitudinal trends in blood pressure among adolescents as they 
return to pre-pandemic lifestyle behaviors.   

1. Introduction 

Stay-at-home orders, school closures, cancelation of activities, and 
the ongoing nature of the COVID-19 pandemic led to an unprecedented 
increase in the global level of stress from health-, economic-, and social- 
related sources [1,2]. Several changes in the habits of adolescents, 
including sleep, physical activity, eating, and social interaction have 
been reported [1,2]. Given that lifestyle behaviors can influence risk for 
cardiovascular disease, with risk starting in childhood [3,4], it is vital 
that we better understand how the pandemic affected cardiovascular 
health metrics in adolescents, including blood pressure. Studies have 
shown higher levels of both systolic and diastolic blood pressure among 
US adults during the pandemic [5], but, to our knowledge, no studies 
have investigated blood pressure levels of US adolescents during this 
time. One study examining blood pressure trends from 1999 to 2018 

found that both mean systolic and diastolic blood pressure were lower 
among US adolescents sampled between 1999-2002 compared to 
2015–2018, suggesting a downward trend in blood pressure prior to the 
pandemic [6]. The aim of this study is to quantify differences in blood 
pressure before and during the COVID-19 pandemic among a demo
graphically diverse national sample of early adolescents. A secondary 
aim was to explore differences in weight before and during the 
pandemic, as weight can contribute to differences in blood pressure [7]. 

2. Methods 

We analyzed cross-sectional data from 2018 to 2020, corresponding 
to the second follow-up year of the Adolescent Brain Cognitive Devel
opment (ABCD) Study (4.0 release; ages 10–14 years) using Stata 15.1. 
The ABCD study is a demographically diverse, national, longitudinal 
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study (baseline 2016–2018) of health, brain, and cognitive development 
in 11,875 children from 21 recruitment sites across the U.S. The study 
sample, recruitment, procedures, and measures have been previously 
described [8]. We included participants with complete blood pressure 
and covariate data for this analysis. Of the 4428 participants with blood 
pressure data, 363 had missing data for one or more covariates, leaving a 
final sample size of 4065. Centralized institutional review board (IRB) 
approval was acquired from the University of California, San Diego. A 
parent/guardian and the child gave written informed consent and 
assent. 

2.1. Measures 

Blood pressure was measured at the annual assessment (second year 
of follow-up) on a single day. Average blood pressure was calculated 
using the mean of three measurements separated by a 60 second interval 
from a factory-calibrated, Omron blood pressure monitor (MicroLife 
USA, Inc.; Dunedin, FL), after the participant rested for 5 min. Systolic 
and diastolic blood pressures were converted into percentiles and hy
pertension was determined based on the American Academy of Pediat
rics guidelines [7]. Weight was measured after removing shoes and extra 
clothes, using two measured weights (or three if the initial two weights 
differed by >0.1 pounds). Weight was converted to kg and the mean of 
the two-to-three weights was calculated. Based on the visit date, re
sponses were categorized as pre-COVID (before March 13, 2020) and 
during COVID. Covariates included age, sex, race/ethnicity, household 
income, and parents’ highest education, which were reported by the 
parent, as well as study site. After the start of the pandemic, there were 
initial pauses in the annual visits, with variation in the timeframe of 
resumption of visits and modality (e.g., in person versus virtual) based 
on study site. Overall, 88% of participants completed the two-year fol
low-up visit; however, blood pressure and weight measurements were 
not collected in virtual visits. 

2.2. Statistical analysis 

Unadjusted comparisons of sociodemographic characteristics, blood 

pressure percentile, hypertension, and weight were calculated using Chi- 
square tests (for categorical variables) and independent samples t-tests 
(for continuous variables). Multivariable linear regression models were 
constructed to determine the association between the pandemic and 
systolic and diastolic blood pressure percentiles and weight. Multivari
able logistic regression analysis was conducted to calculate an odds ratio 
(RR) estimating the association between the pandemic and hyperten
sion. Model 1 was unadjusted. Adjusted models (Model 2) accounted for 
age, sex, race/ethnicity, household income, parent education, and study 
site. 

3. Results 

Among 4065 adolescents (mean age 12.00, 49.4% female, 55.5% 
White), 73.0% of responses were collected pre-COVID, and 4.2% of 
adolescents had hypertension (Table 1), with 3.4% pre-pandemic and 
6.4% during the pandemic (p < 0.001, Fig. 1). Average systolic blood 
pressure percentile was 42.1 (41.9 pre-pandemic versus 42.8 during the 
pandemic, p < 0.001), average diastolic blood pressure was 44.5 (43.1 
pre-pandemic versus 47.2 during the pandemic, p<0.001), and average 
weight was 49.5 kg (48.8 kg pre-pandemic versus 51.8 kg during the 
pandemic). 

The pandemic was associated with a 4.65 percentile (95% CI 2.65, 
6.66) higher diastolic blood pressure (Table 2) when adjusting for 
covariates. The pandemic was also associated with a 1.97 higher odds of 
hypertension (95% CI 1.33, 2.92) compared to pre-pandemic when 
adjusting for covariates. The pandemic was associated with a 1.68 kg 
(95% CI 0.51, 2.85) higher weight when adjusting for covariates. 

4. Discussion 

In this large, national sample of early adolescents, we found a greater 
risk of hypertension during the COVID-19 pandemic compared to the 
pre-pandemic period. In particular, diastolic blood pressure percentiles 
were significantly higher during the pandemic. Interestingly, previous 
studies have demonstrated that diastolic blood pressure (compared to 
systolic blood pressure) is a stronger predictor of CVD risk in adolescents 

Table 1 
Sociodemographic, blood pressure, and weight characteristics of adolescent brain cognitive development (ABCD) study participants (Year 2, 2018–2020, N = 4065).  

Sociodemographic and health characteristics Total Pre-COVID-19 pandemica During COVID-19 pandemic   
N = 4065 n = 2966 n = 1099   
Mean (SD) /% Mean (SD) /% Mean (SD) /% p 

Age (years) 12.0 (0.67) 11.9 (0.66) 12.1 (0.69) <0.001 
Sex (%)     

Female 49.4% 50.4% 47.0% 0.072 
Male 50.5% 49.6% 53.0%  

Race/ethnicity (%)     
White 55.5% 56.4% 52.9% 0.005 
Latino / Hispanic 16.7% 16.6% 17.0%  
Black 16.5% 15.1% 20.8%  
Asian 5.7% 6.2% 4.2%  
Native American 4.0% 3.9% 4.2%  
Other 1.6% 1.8% 0.9%  

Household income (%)     
Less than $75,000 46.7% 45.9% 49.0% 0.115 
$75,000 and greater 53.3% 54.1% 51.0%  

Parents’ highest education (%)     
High school education or less 16.0% 14.9% 18.1% 0.037 
College education or more 84.0% 85.1% 81.9%  

Blood pressure percentile     
Systolic 42.1 (29.4) 41.9 (29.1) 42.8 (30.2) 0.462 
Diastolic 44.5 (24.5) 43.1 (23.9) 47.2 (26.2) <0.001 

Hypertension     
Yes 4.2% 3.4% 6.4% <0.001 

Weight (kg) 49.5 (14.3) 48.8 (13.7) 51.8 (15.9) <0.001 

ABCD propensity weights were applied based on the American Community Survey from the US Census. SD = standard deviation. 
a Pre-COVID-19 pandemic defined as before March 13, 2020. 
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[9]. While multiple studies have documented the various ways the 
pandemic has affected adolescent behaviors [1,2], our study is the first 
to our knowledge to describe changes in hypertension among adoles
cents, an important and objective measure of cardiovascular health. 

While these cross-sectional data cannot determine what factors 
contributed to the higher blood pressure levels in participants during the 
pandemic versus before, possible reasons include higher weight which 
we report here, in line with literature which demonstrated increases in 
weight among adolescents in a different cohort during the pandemic 
[10]. In addition, lower physical activity [2,11] and higher sedentary 
screen time [1] have been previously reported in the same ABCD Study 
cohort during the first year of the pandemic. Furthermore, prior studies 
demonstrated higher rates of stress experienced by adolescents during 
the pandemic [12], which could be explored in future research in rela
tion to blood pressure trends. 

Limitations of this study include its cross-sectional nature and the 
possibility of unmeasured confounders. Because each study participant 
only contributed blood pressure data collected from a single day, par
ticipants from whom data were collected before the pandemic may differ 
from participants from whom data were collected during the pandemic, 
which could introduce bias to the data. We attempted to control for this 
by adjusting for age, sex, race/ethnicity, household income, parent ed
ucation, and study site in the regression models. Blood pressure data are 
only available through 2020; therefore, future research should examine 
longitudinal trends in blood pressure after 2020 as adolescents return to 
pre-pandemic habits. 

Funding/Support 

J.M.N. was funded by the National Institutes of Health 
(K08HL159350), the American Heart Association Career Development 
Award (CDA34760281), and the Doris Duke Charitable Foundation 
(2022056). 

Role of funder/sponsor 

The funders had no role in the design and conduct of the study; 
collection, management, analysis, and interpretation of the data; prep
aration, review, or approval of the manuscript; and decision to submit 
the manuscript for publication. 

Statement of authorship contributions 

Jason Nagata conceptualized and designed the study, contributed to 
the data analysis, drafted the initial manuscript, and revised the 
manuscript. 

Joanne Yang contributed to the data analysis, drafted the initial 
manuscript, and revised the manuscript. 

Sana Alsamman drafted the initial manuscript and revised the 
manuscript. 

Abubakr Al-shoaibi contributed to the data analysis and revised the 
manuscript. 

Kyle Ganson and Kelley Pettee Gabriel critically reviewed and 

Fig. 1. Comparison of average blood pressure percentiles and hypertension prevalence pre-pandemic versus during the pandemic in the Adolescent Brain Cognitive 
Development (ABCD) Study. 

Table 2 
Associations between blood pressure, weight, and the COVID pandemic in the adolescent brain cognitive development (ABCD) study (N = 4065).   

Model 1: Unadjusted Model 2: Adjusteda  

During pandemic (compared to pre-pandemic) During pandemic (compared to pre-pandemic)  

B Coefficient p B Coefficient p 

Systolic blood pressure percentile 0.85 (− 1.42, 3.13) 0.463 1.85 (− 0.48, 4.20) 0.120 
Diastolic blood pressure percentile 4.03 (2.06, 6.01) <0.001 4.65 (2.65, 6.66) <0.001 
Weight 2.94 (1.73, 4.16) < 0.001 1.68 (0.51, 2.85) 0.005  

OR p AOR p 

Hypertension 1.90 (1.32, 2.72) <0.001 1.97 (1.33, 2.92) 0.001 

B = coefficient from linear regression. OR = odds ratio from logistic regression. AOR = adjusted odds ratio from logistic regression. Propensity weights from the 
Adolescent Brain Cognitive Development Study were applied based on the American Community Survey from the US Census. 

a Adjusted models represent the abbreviated output from regression models including covariate adjustment for age, sex, race/ethnicity, household income, parent 
education, and study site. 

J.M. Nagata et al.                                                                                                                                                                                                                              



American Journal of Preventive Cardiology 14 (2023) 100508

4

revised the manuscript for important intellectual content. 
Fiona Baker conceptualized the study, contributed to data collection 

and methodology, and critically reviewed and revised the manuscript 
for important intellectual content. 

All authors approved the final manuscript as submitted and agree to 
be accountable for all aspects of the work. 

Declaration of Competing Interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Acknowledgements 

The ABCD Study was supported by the National Institutes of Health 
and additional federal partners under award numbers U01DA041022, 
U01DA041025, U01DA041028, U01DA041048, U01DA041089, 
U01DA041093, U01DA041106, U01DA041117, U01DA041120, 
U01DA041134, U01DA041148, U01DA041156, U01DA041174, 
U24DA041123, and U24DA041147. A full list of supporters is available 
at https://abcdstudy.org/federal-partners/. A listing of participating 
sites and a complete listing of the study investigators can be found at 
https://abcdstudy.org/principal-investigators.html. ABCD consortium 
investigators designed and implemented the study and/or provided data 
but did not necessarily participate in the analysis or writing of this 
report. 

References 

[1] Nagata JM, Cortez CA, Cattle CJ, et al. Screen time use among us adolescents 
during the COVID-19 pandemic: findings from the adolescent brain cognitive 

development (ABCD) study. JAMA Pediatr 2022;176(1):94–6. https://doi.org/ 
10.1001/jamapediatrics.2021.4334. 

[2] Nagata JM, Cortez CA, Dooley EE, Iyer P, Ganson KT. Pettee Gabriel K. Moderate- 
to-vigorous intensity physical activity among adolescents in the USA during the 
COVID-19 pandemic. Prev Med Rep 2022;25:101685. https://doi.org/10.1016/J. 
PMEDR.2021.101685. 

[3] Ashwin A, Cherukuri SD, Rammohan A. Negative effects of COVID-19 pandemic on 
adolescent health: Insights, perspectives, and recommendations. J Glob Health 
2022;12:03009. https://doi.org/10.7189/jogh.12.03009. 

[4] Holt-Lunstad J, Smith TB. Loneliness and social isolation as risk factors for CVD: 
implications for evidence-based patient care and scientific inquiry. Heart 2016;102 
(13):987–9. https://doi.org/10.1136/heartjnl-2015-309242. 

[5] Laffin LJ, Kaufman HW, Chen Z, et al. Rise in blood pressure observed among us 
adults during the COVID-19 pandemic. Circulation 2022;145(3):235–7. https:// 
doi.org/10.1161/CIRCULATIONAHA.121.057075. 

[6] Hardy ST, Sakhuja S, Jaeger BC, et al. Trends in blood pressure and hypertension 
among us children and adolescents, 1999-2018. JAMA Netw Open 2021;4(4): 
e213917. https://doi.org/10.1001/jamanetworkopen.2021.3917. 

[7] Flynn J, Kaelber J, Baker-Smith C, et al. Clinical practice guideline for screening 
and management of high blood pressure in children and adolescents. Pediatrics 
2017;140(3):e20171904. https://doi.org/10.1542/PEDS.2017-1904. 

[8] Barch DM, Albaugh MD, Avenevoli S, et al. Demographic, physical and mental 
health assessments in the adolescent brain and cognitive development study: 
rationale and description. Dev Cogn Neurosci 2018;32:55–66. https://doi.org/ 
10.1016/j.dcn.2017.10.010. 

[9] Sundstrom J, Neovius M, Tynelius P, Rasmussen F. Association of blood pressure in 
late adolescence with subsequent mortality: cohort study of Swedish male 
conscripts. BMJ 2011;342(feb22 2):d643. https://doi.org/10.1136/bmj.d643. 
-d643. 

[10] Woolford SJ, Sidell M, Li X, et al. Changes in body mass index among children and 
adolescents during the COVID-19 pandemic. JAMA 2021;326(14):1434–6. https:// 
doi.org/10.1001/jama.2021.15036. 

[11] Nagata JM, Yu J, Dooley EE, et al. Lower daily steps among U.S. adolescents during 
the COVID-19 pandemic: objective findings from the Adolescent Brain Cognitive 
Development study. Prev Med Reports 2023;31:102095. https://doi.org/10.1016/ 
j.pmedr.2022.102095. 

[12] Meade J. Mental Health effects of the COVID-19 pandemic on children and 
adolescents: a review of the current research. Pediatr Clin North Am 2021;68(5): 
945–59. https://doi.org/10.1016/j.pcl.2021.05.003. 

J.M. Nagata et al.                                                                                                                                                                                                                              

https://abcdstudy.org/federal-partners/
https://abcdstudy.org/principal-investigators.html
https://doi.org/10.1001/jamapediatrics.2021.4334
https://doi.org/10.1001/jamapediatrics.2021.4334
https://doi.org/10.1016/J.PMEDR.2021.101685
https://doi.org/10.1016/J.PMEDR.2021.101685
https://doi.org/10.7189/jogh.12.03009
https://doi.org/10.1136/heartjnl-2015-309242
https://doi.org/10.1161/CIRCULATIONAHA.121.057075
https://doi.org/10.1161/CIRCULATIONAHA.121.057075
https://doi.org/10.1001/jamanetworkopen.2021.3917
https://doi.org/10.1542/PEDS.2017-1904
https://doi.org/10.1016/j.dcn.2017.10.010
https://doi.org/10.1016/j.dcn.2017.10.010
https://doi.org/10.1136/bmj.d643
https://doi.org/10.1001/jama.2021.15036
https://doi.org/10.1001/jama.2021.15036
https://doi.org/10.1016/j.pmedr.2022.102095
https://doi.org/10.1016/j.pmedr.2022.102095
https://doi.org/10.1016/j.pcl.2021.05.003

	Higher blood pressure and weight observed among early adolescents during the COVID-19 pandemic
	1 Introduction
	2 Methods
	2.1 Measures
	2.2 Statistical analysis

	3 Results
	4 Discussion
	Funding/Support
	Role of funder/sponsor
	Statement of authorship contributions
	Declaration of Competing Interest
	Acknowledgements
	References




