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Abstract
Background  According to the Physical Activity Guidelines Advisory Committee Scientific Report, limited evidence 
is available on sedentary behaviors (screen time) and their joint associations with physical activity (steps) for 
cardiovascular health in adolescence. The objective of this study was to identify joint associations of screen time 
and physical activity categories with cardiovascular disease (CVD) risk factors (blood pressure, hemoglobin A1c, 
cholesterol) in adolescence.

Methods  This study analyzed data from the Adolescent Brain Cognitive Development (ABCD) Study, comprising a 
diverse sample of 4,718 U.S. adolescents aged 10–15 years between 2018 and 2021. Steps were measured by a Fitbit 
wearable device and levels were categorized as low (1,000–6,000), medium (> 6,000–12,000), and high (> 12,000) 
averaged daily step counts. Self-reported recreational screen time hours per day were classified as low (0–4), medium 
(> 4–8), and high (> 8) hours per day. CVD risk factors including blood pressure, hemoglobin A1c, and cholesterol 
(total and HDL) were measured.

Results  The analytical sample averaged 6.6 h of screen time per day and 9,722 steps per day. In models including 
both screen time and steps, the high screen time category was associated with a 4.27 higher diastolic blood pressure 
percentile (95% CI 1.83–6.73) and lower HDL cholesterol (B= -2.85, 95% CI -4.77 to -0.94 mg/dL) compared to the low 
screen time category. Medium (B = 3.68, 95% CI 1.24–6.11) and low (B = 7.64, 95% CI 4.07–11.20) step categories were 
associated with higher diastolic blood pressure percentile compared to the high step category. The medium step 
category was associated with lower HDL cholesterol (B= -1.99, 95% CI -3.80 to -0.19 mg/dL) compared to the high 
step category. Findings were similar when screen time and step counts were analyzed as continuous variables; higher 
continuous step count was additionally associated with lower total cholesterol (mg/dL).
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Introduction
The U.S. Department of Health and Human Services’ 
Physical Activity Guidelines for Americans recommends 
60 min of moderate-to-vigorous intensity physical activ-
ity per day for children and adolescents [1]. However, 
fewer than a quarter of U.S. adolescents met these guide-
lines prior to the COVID-19 pandemic [2, 3]. During the 
COVID-19 pandemic, physical activity among adoles-
cents declined even further to 4.7% of adolescents meet-
ing recommended physical activity levels [4]. This decline 
in physical activity has been accompanied by an increase 
in recreational screen time. In 2016, U.S. adolescents 
reported spending an average of 4–6  h of digital media 
engagement per day, including the internet, texting, and 
social media [5, 6], which doubled during the COVID-19 
pandemic [7, 8].

Given limited discretionary hours in the day, an 
increase in screen time use displaces opportunities to 
be physically active [9]. This displacement is concern-
ing, given emerging evidence supporting the harmful 
associations of sedentary behavior with cardiometabolic 
health and cardiovascular disease (CVD), which remains 
the leading cause of death in adults across most racial 
and ethnic groups in the U.S [10]. Adolescence is a criti-
cal period for CVD prevention because it is a time when 
healthy lifestyle behaviors can be established that will last 
into adulthood [11]. Higher screen time has been associ-
ated with higher CVD risk in children and adolescents, 
including higher blood pressure [12], non-HDL cho-
lesterol [13], and insulin resistance [14, 15]. In contrast, 
physical activity has been associated with lower CVD 
risk, including an improved lipid profile, lower body fat, 
and lower blood pressure [16–18].

Despite findings that lower physical activity and greater 
screen time are generally associated with greater CVD 
risk, the Physical Activity Guidelines Advisory Commit-
tee Scientific Report identified important evidence gaps 
for research that could inform future guidelines. First, 
there was insufficient evidence to provide recommenda-
tions about sedentary behaviors, including screen time, 
during adolescence. Second, there is a lack of research 
on dose-response relationships between physical activity 
and cardiovascular health outcomes using objective mea-
sures. Finally, combinations of sedentary behavior and 
physical activity categories on cardiovascular health out-
comes in adolescents should be further examined [18]. 
Understanding how various combinations of sedentary 

behavior and physical activity are associated with car-
diovascular health outcomes in adolescents is crucial, as 
it can provide a more comprehensive insight into how 
lifestyle patterns contribute to the early development of 
cardiovascular risk factors, potentially informing more 
targeted and effective intervention strategies for this age 
group. For instance, adolescents who have long periods 
of sedentary time may require higher levels of physical 
activity to offset CVD risk [19].

Few studies have examined joint associations of screen 
time and physical activity on markers of cardiovascular 
health among adolescents. A 2016 Iranian study exam-
ined the association of screen time and physical activ-
ity on CVD risk in a nationally representative sample 
of school students and found a joint association of high 
screen time and low physical activity with higher odds of 
low HDL-cholesterol and elevated total cholesterol [20]. 
However, this study used a self-report measure of physi-
cal activity, which is limited by recall errors and response 
bias. Step count, in contrast, is an objective, device-
recorded measure of physical activity that can be col-
lected across a reasonably extended period of time [21]. 
Furthermore, step count provides estimates of accumu-
lated daily movement using a metric that is meaningful 
to a lay audience, which may make them more clinically 
relevant. Additionally, combinations of physical activity 
and screen time have not been well studied among U.S. 
adolescents.

In this study, we address these gaps by examining the 
joint associations of physical activity (measured by daily 
steps) and sedentary behavior (screen time) exposures 
with CVD risk factors (blood pressure, hemoglobin A1c, 
and cholesterol levels). We hypothesize that high screen 
time and low steps would be associated with higher CVD 
risk in early adolescence.

Methods
We examined cross-sectional data from Year 2 (2018–
2020) and Year 3 (2019–2021) of the Adolescent Brain 
Cognitive Development (ABCD) Study (4.0 release; 
2018–2020, ages 10–14 years), a longitudinal study of 
brain development and health in the U.S. In 2016–2018 
(Year 0), 11,875 children were recruited from 21 demo-
graphically diverse sites distributed across the nation’s 
four major regions (Northeast, South, Midwest, West). 
Participants were recruited primarily through elemen-
tary schools, chosen via stratified, probability sampling 
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of U.S. schools within the 21 catchment areas using the 
SAS V9.4. software system and the SAS Proc SurveySe-
lect program. School selection was informed by gender, 
race/ethnicity, socioeconomic status, and urbanicity to 
minimize sample selection bias [22]. These sampling 
strategies aimed to maximize the representativeness of 
the baseline cohort with regards to the demographic and 
socioeconomic makeup of 9–10-year-old children in the 
U.S. While the sample is epidemiologically informed, 
self-selection by families into the study and assessment 
at academic centers may be a source of sampling bias. 
Response rates for individual students within schools and 
incompleteness at any particular school are not incorpo-
rated into the sample weighting schema. Further details 
regarding the study’s participants, recruitment process, 
procedures, and measures have been explained elsewhere 
[23, 24].

Because of the COVID-19 pandemic, Year 2 CVD 
risk measurement collection was disrupted due to 
social distancing requirements and the cancellation of 
non-essential research activities, and only a portion 
of the participants were able to complete certain CVD 
risk measurements. CVD risk measurements were re-
attempted in Year 3 for some participants who were not 
able to have measurements in Year 2. Step count, screen 
time, and blood pressure data were collected and ana-
lyzed exclusively during Year 2 for all participants. Year 
3 CVD outcome data for hemoglobin A1c and choles-
terol was only utilized in the absence of data from Year 
2. Overall, a majority (78.3%) of hemoglobin A1c and 
cholesterol data were collected in Year 2, while 21.7% 
were collected from Year 3. The current analysis included 
individuals with data for steps, screen time, and at least 
one CVD risk measurement (Additional File 1: Appen-
dix A, B), resulting in a sample of 4,718 adolescents. The 
study was approved by the University of California, San 
Diego (UCSD) centralized Institutional Review Board 
(IRB), and the secondary data analysis was approved by 
the University of California, San Francisco (UCSF). Local 
IRBs from each study site also gave their approval. Care-
givers/parents signed written informed consent forms 
prior to participation in the study. Adolescents signed 
written assent forms, given that they were minors, prior 
to participation in the study.

Exposure variables
Screen time
Screen time data were collected using the ABCD Youth 
Screen Time Questionnaire, which asked participating 
adolescents to self-report the hours per day they typically 
spent using different types of media on weekdays and 
weekends [25]. Types of media included television shows, 
movies, videos, video chat, single and multi-player video 
games, social media, and texting. Adolescent-reported 

screen time has demonstrated a significant moderate 
positive correlation with an objectively sensed smart-
phone application among 11–12-year-old participants 
in the ABCD Study (r = 0.49, p < 0.001) [26]. Additional 
investigations have indicated that self-reported assess-
ments of watching television were significantly moder-
ately correlated (Spearman’s p = 0.54, p < 0.001) with an 
objectively recorded electronic television monitor and 
illustrated a high level of concurrence, with 95% of mea-
surements falling within four hours of the average [27]. 
Comparable self-reported measures of television view-
ing have demonstrated satisfactory test-retest reliability 
(intraclass correlations over a seven-day period ranging 
from 0.76 to 0.81) [28, 29]. The time spent on all types of 
media was summed. A total weighted mean recreational 
screen use was calculated using the following weight-
ing: ([weekday average x 5] + [weekend average x 2])/7. 
Screen time was calculated as a continuous variable and 
categorized into four-hour increments. This categoriza-
tion was based on prior studies identifying four hours per 
day to be a threshold linked to poor mental health out-
comes and overweight in adolescents [30–32], and other 
national surveys of adolescent screen time have used 
similar categories (e.g., 4 and 8  h per day) with similar 
distributions [19, 33]. Screen time (hours per day) was 
ordered into three categories: 0 to 4 h (low; reference cat-
egory), 4 to 8 h (medium), and more than 8 h (high).

Steps per day (Fitbit)
Daily step counts including weekdays, weekends, and 
holidays were collected through the Fitbit Charge (Fit-
bit Inc., San Francisco, CA) over a three-week period 
(21 days) between November 2018 and November 2020 
that coincided with the Year 2 questionnaire and physi-
cal health assessments. Prior studies have shown Fitbit 
devices to be a reliable and accurate tool for the esti-
mation of adolescents’ daily step counts to measure the 
accumulated physical activity in adolescents over time 
[21, 34]. We observed best practices for data extraction, 
filtering, and processing established by the ABCD Study 
[21, 34]. Following earlier studies, we incorporated all 
days with > 599 daily minutes of wear time while awake 
and a minimum of 1,000 steps per day within each ado-
lescent’s three-week study protocol [35–39]. In our 
ABCD Study Fitbit data, 1,000 steps per day represented 
the bottom 0.5th percentile (2.58 standard deviations 
below the mean), consistent with normative ranges pub-
lished for step counts among 10-11-year-olds from the 
National Health and Nutrition Examination Surveys [40]. 
Prior research identified 12,000 steps as a lower thresh-
old for satisfying the 60  min of moderate-to-vigorous 
intensity physical activity guideline for adolescents from 
the Department of Health and Human Services’ Physi-
cal Activity Guidelines for Americans [41]. Accordingly, 
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6,000 steps approximate 30 min of moderate-to-vigorous 
intensity physical activity, or half the adolescent guideline 
threshold. Therefore, total steps per day were classified 
into three categories: 1,000 to 6,000 steps per day (low), 
6,000 to 12,000 steps per day (medium), and more than 
12,000 steps per day (high, reference category).

Outcome variables
Cardiovascular disease risk factors
Continuous measures were considered primary out-
comes. Given the low prevalence of clinical cutoffs and 
subsequently less power, binary clinical outcomes were 
considered secondary outcomes.

Blood pressure percentile
ABCD Study research assistants were trained on the 
standardized protocol used at all sites. Prior to measure-
ment, participants sat in a chair for 5 min in a quiet envi-
ronment. The participant’s right arm was rested palm 
face up on a table, and feet were positioned flat on the 
floor, legs uncrossed. Blood pressure was calculated using 
the mean of three measurements separated by a 60  s 
interval using a factory-calibrated, Omron blood pres-
sure monitor (MicroLife USA, Inc.; Dunedin, FL). Cuff 
size was determined by measurement of the mid-upper 
arm circumference. Systolic and diastolic blood pressures 
were converted into percentiles based on the American 
Academy of Pediatrics reference ranges [42]. Hyper-
tensive range blood pressure (secondary outcome) was 
defined as appropriate for age and sex percentile accord-
ing to pediatric guidelines for elevated blood pressure 
[42]. Participants taking antihypertensive medications 
(n = 2) were excluded from the analyses with blood pres-
sure as an outcome.

Hemoglobin A1c
Hemoglobin A1c level was measured via blood draw as 
a measure of average blood sugar levels over the prior 
three months [43]. Participants were determined to have 
testing consistent with diabetes (secondary outcome) if 
they had a hemoglobin A1c level ≥ 6.5% [43]. Adolescent 
participants with a parent-reported history of diabetes 
(n = 15) were excluded from the analyses with hemoglo-
bin A1c or diabetes as an outcome.

Cholesterol
Non-fasting total cholesterol and High-Density Lipopro-
tein (HDL) cholesterol were collected via blood draw. 
Hyperlipidemia (secondary outcome) was defined as total 
cholesterol ≥ 200 mg/dL [44]. Low HDL cholesterol (sec-
ondary outcome) was defined as < 40  mg/dL for female 
and male adolescents [44].

Covariates
We included as covariates parent-reported measures 
of marital status, highest parent education, household 
income, adolescent age, adolescent race/ethnicity (White, 
Latinx/Hispanic, Black, Asian, Native American, other), 
and adolescent sex (female or male), which have been 
previously linked to adolescent physical activity [45], 
screen time use [6], and CVD risk [46]. We constructed 
a COVID-19 pandemic variable using Fitbit device data 
collection dates (before, before and during, and dur-
ing the COVID-19 pandemic), with March 13, 2020 as 
the start of the COVID-19 pandemic in the U.S, when a 
national emergency was declared. Because the Fitbit data 
were collected over 21 days, there was a small subgroup 
for whom the 21-day period started before March 13, 
2020 but ended after March 13, 2020. These participants 
were considered “before and during the COVID-19 pan-
demic.” We additionally adjusted for calendar month as 
a proxy for seasonality given that seasonality could affect 
screen time and physical activity [47]. We also adjusted 
for study year in the analysis of hemoglobin A1c, total 
cholesterol, and HDL cholesterol given that those mea-
sures were collected across Years 2 and 3.

Statistical analysis
Data analysis was performed using Stata software, ver-
sion 18 (StataCorp LLC). Descriptive statistics were 
calculated including means, standard deviations, and per-
centages. Multivariable linear regression analyses were 
conducted to estimate associations between exposure 
variables (screen time and steps, continuous and categor-
ical variables) and continuous CVD risk factor outcomes 
(primary outcomes: systolic and diastolic blood pressure 
percentiles, hemoglobin A1c, and total and HDL cho-
lesterol). Multivariable logistic regression analyses were 
conducted to estimate associations between exposure 
variables (screen time and steps categories) and binary 
CVD risk factor outcomes (secondary outcomes: hyper-
tensive range blood pressure, testing consistent with dia-
betes, high total cholesterol, low HDL cholesterol). All 
models adjusted for age, sex, race/ethnicity, household 
income, parental education, parent marital status, data 
collection period (e.g., before, before and during, and 
during the COVID-19 pandemic), month, and study year 
(e.g., Year 2 or Year 3 for the collection of the CVD out-
come). For each outcome with significant associations 
with both screen time and step categories, we reported a 
9-category exposure (combinations of 3 screen time cat-
egories and 3 step count categories) to estimate the asso-
ciation of each screen-step category combination with 
the CVD risk factor. We assessed for effect modification 
(interactions) between screen time and step categories 
for the association with each CVD risk factor outcome. 
We also assessed for effect modification (interactions) by 
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race/ethnicity for the associations between screen time 
and steps with each CVD risk factor outcome.

Results
A total of 4,718 adolescents were included in this analy-
sis. Overall, 47.6% of the participants were female and 
44.7% were racial/ethnic minorities, with a mean age of 
12.0 years. Adolescents reported an average of 6.6  h of 
screen time per day. The average daily step count calcu-
lated across the Fitbit wear period was 9722.2 steps per 
day (Table 1).

Blood pressure percentile
In linear regression models including both screen and 
steps as continuous variables (Table  2), each hour of 
screen time per day was associated with a 0.27 (95% CI 
0.06 to 0.48) higher diastolic blood pressure percentile, 
and every 1,000 steps per day was associated with a 0.66 
(95% CI 0.32 to 0.99) lower diastolic blood pressure per-
centile. When examining categories, the high screen time 
category was associated with a 4.27 higher diastolic blood 
pressure percentile (95% CI 1.83 to 6.73) compared to 
the low screen time category. The medium step category 
was associated with a 3.68 (95% CI 1.24 to 6.11) higher 
diastolic blood pressure percentile, and the low step cat-
egory was associated with a 7.64 (95% CI 4.07 to 11.20) 
higher diastolic blood pressure percentile, compared to 
the high step category. We further examined combina-
tions of the 3 screen and 3 step categories (9 categories 
total) and diastolic blood pressure percentile (Fig. 1). For 
each screen time category, low step count categories were 
associated with higher diastolic blood pressure percen-
tile. There were no significant associations among screen 
time or steps (continuous variables and categories) and 
systolic blood pressure percentile (Table 2).

Total cholesterol and HDL cholesterol
In linear regression models including both screen and 
steps as continuous variables, each hour of screen time 
per day was associated with a 0.18 (95% CI 0.03 to 0.33) 
mg/dL lower HDL cholesterol; however, steps per day 
were not significantly associated with HDL cholesterol. 
When examining categories, the medium step category 
was associated with − 1.99 mg/dL lower HDL cholesterol 
(95% CI -3.80 to -0.19) compared to the high step cate-
gory. High screen time was associated with − 2.85 mg/dL 
lower HDL cholesterol (95% CI -4.77 to − 0.94) compared 
to the low screen time category. We further examined 
combinations of the 3 screen and 3 step categories (9 cat-
egories total) and HDL cholesterol (Fig.  2). For partici-
pants in the low screen time category, low and medium 
steps were associated with lower HDL cholesterol com-
pared to participants in the high step category.

Table 1  Sample characteristics of Adolescent Brain Cognitive 
Development (ABCD) Study participants included in the current 
analysis (N = 4,718)
Sociodemographic characteristics Mean (SD)
Age at the time of screen time and Fitbit data collection 
(years)

12.0 (0.7)

Sex, n (%)
  Female 2,244 (47.6%)
  Male 2,474 (52.4%)
Race/ethnicity, n (%)
  White 2,609 (55.3%)
  Latino / Hispanic 726 (15.4%)
  Black 854 (18.1%)
  Asian 267 (5.7%)
  Native American 206 (4.4%)
  Other 56 (1.2%)
Household income, n (%)
  Less than $75,000 1,600 (36.5%)
  75,000 or more 2,782 (63.5%)
Parent education, n (%)
  High school education or less 605 (12.9%)
  Some college education or more 4,104 (87.2%)
Parent marital status, n (%)
  Parent married/partnered 3,547 (75.7%)
  Parent not married/unpartnered 1,137 (24.3%)
Physical activity variables (step count)
  Total steps per day 9722.2 

(3346.7)
Step categories, n (%)
  1,000 to 6,000 steps per day 654 (18.4%)
  > 6,000 to 12,000 steps per day 2,440 (68.5%)
  > 12,000 steps per day 468 (13.1%)
Screen time (hours)
  Total recreational screen time 6.6 (5.6)
Screen time categories, n (%)
  0 to 4 h per day 1,962 (41.7%)
  > 4 to 8 h per day 1,446 (30.8%)
  > 8 h per day 1,293 (27.5%)
Cardiovascular disease risk measures
  Systolic blood pressure percentile (n = 4,042) 41.7 (29.2)
  Diastolic blood pressure percentile (n = 4,042) 43.4 (24.2)
  Hemoglobin A1c (percent, n = 1,588) 5.2 (0.3)
  Total cholesterol (mg/dL, n = 1,540) 156.9 (28.8)
  HDL cholesterol (mg/dL, n = 1,538) 56.0 (12.8)
Data collection period, n (%)
  Before the COVID-19 pandemica 2,886 (81.9%)
  Before and during the COVID-19 pandemicb 183 (5.2%)
  During the COVID-19 pandemicc 453 (12.9%)
SD = standard deviation. Cells may not add up to 4,718 due to missing data
a All physical activity data collected before March 13, 2020
b Physical activity data collection started before March 13, 2020 but ended on 
or after March 13, 2020
c All physical activity data collected on or after March 13, 2020
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For total cholesterol, every 1,000 steps per day was 
associated with a 0.58 (95% CI 0.04 to 1.12) lower total 
cholesterol, and screen time was not significantly asso-
ciated with total cholesterol (B = -0.22, 95% CI -0.55 to 
0.12). When examining categories, the medium step cat-
egory was associated with higher total cholesterol com-
pared to the high step category (B = 5.12, 95% CI 1.09 to 
9.16). Screen time categories were not significantly asso-
ciated with total cholesterol (Table 2).

Hemoglobin A1c
There were no significant associations between screen 
time or steps and hemoglobin A1c (Table 2).

Sensitivity analyses with logistic regression models 
including both screen and step categories and binary 
outcomes are shown in Additional File 1: Appendix 

B. There was no evidence of significant interactions 
between screen time and step categories for each of the 
CVD risk outcomes (all p for interaction > 0.05). There 
was no evidence of significant effect modification by 
race/ethnicity for the associations between screen time 
and steps for each of the CVD risk outcomes (all p for 
interaction > 0.05).

Discussion
In this analysis of a national, demographically diverse 
sample of 10-15-year-old adolescents in the ABCD Study 
in the U.S., several gaps identified in the 2018 Physical 
Activity Guidelines for Americans are addressed [1, 18]. 
First, we found that high recreational screen time was 
associated with higher diastolic blood pressure percen-
tile and lower HDL cholesterol, even when accounting 

Table 2  Associations between screen time and step count categories and cardiovascular disease risk (CVD) outcomes in Adolescent 
Brain Cognitive Development (ABCD) Study participants included in the current analysis
Screen time (hrs/day) B (95% CI) p Steps/day B (95% CI) p
Systolic blood pressure percentile
Continuous 0.13 (-0.13 to 0.38) 0.326 Continuous 0.35 (-0.06 to 0.76) 0.096
Categories Categories
  Low (0–4) Reference High (> 12,000) Reference
  Medium (> 4–8) 0.51 (-2.05 to 3.08) 0.695 Medium (> 6,000–12,000) -1.72 (-4.70 to 1.25) 0.256
  High (> 8) 2.72 (-0.27 to 5.71) 0.075 Low (1,000–6,000) -3.67 (-8.02 to 0.68) 0.098
Diastolic blood pressure percentile
Continuous 0.27 (0.06 to 0.48) 0.011 Continuous -0.66 (-0.99 to -0.32) < 0.001
Categories Categories
  Low (0–4) Reference High (> 12,000) Reference
  Medium (> 4–8) 1.01 (-1.10 to 3.11) 0.348 Medium (> 6,000–12,000) 3.68 (1.24 to 6.11) 0.003
  High (> 8) 4.27 (1.83 to 6.73) 0.001 Low (1,000–6,000) 7.64 (4.07 to 11.20) < 0.001
Hemoglobin A1c
Continuous 0.00 (0.00 to 0.01) 0.795 Continuous 0.00 (0.00 to 0.01) 0.918
Categories Categories
  Low (0–4) Reference High (> 12,000) Reference
  Medium (> 4–8) 0.04 (-0.01, 0.09) 0.113 Medium (> 6,000–12,000) 0.01 (-0.05, 0.06) 0.774
  High (> 8) 0.01 (-0.05, 0.07) 0.695 Low (1,000–6,000) 0.01 (-0.08, 0.09) 0.855
Total Cholesterol
Continuous -0.22 (-0.55 to 0.12) 0.199 Continuous -0.58 (-1.12 to -0.04) 0.035
Categories Categories
  Low (0–4) Reference High (> 12,000) Reference
  Medium (> 4–8) -0.79 (-4.62, 3.04) 0.686 Medium (> 6,000–12,000) 5.12 (1.09, 9.16) 0.013
  High (> 8) -2.77 (-7.05 to 1.52) 0.206 Low (1,000–6,000) 4.69 (-1.86, 11.25) 0.161
HDL cholesterol
Continuous -0.18 (-0.33 to -0.03) 0.020 Continuous 0.22 (-0.03 to 0.46) 0.080
Categories Categories
  Low (0–4) Reference High (> 12,000) Reference
  Medium (> 4–8) -1.32 (-3.03 to 0.39) 0.131 Medium (> 6,000–12,000) -1.99 (-3.80 to -0.19) 0.030
  High (> 8) -2.85 (-4.77 to -0.94) 0.004 Low (1,000–6,000) -2.14 (-5.07 to 0.79) 0.153
All models include screen time and physical activity (step count) as the joint independent variables and were adjusted for age, sex, race/ethnicity, household 
income, parental educational level, parental marital status, data collection period (i.e., before the COVID-19 pandemic, before and during the COVID-19 pandemic, 
or during the COVID-19 pandemic), and calendar month. The continuous step count is for 1,000 steps per day. For hemoglobin A1c, total cholesterol, and HDL 
cholesterol, time between independent and dependent variable was also adjusted for given that some measures were collected across Years 2 and 3. Participants 
with a prior diagnosis of diabetes were excluded from the analysis of hemoglobin A1c and participants on hypertension medications were excluded from analyses 
of systolic and diastolic blood pressure
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for physical activity. Second, we found a dose-response 
relationship between step count categories and diastolic 
blood pressure percentile, with the lowest step category 
being associated with the highest diastolic blood pres-
sure percentile. Third, we did not find evidence of effect 
modification between screen time and physical activity 
for diastolic blood pressure percentile and HDL choles-
terol. The use of categories and continuous screen time 
and steps variables, as well as considering joint associa-
tions between screen time and steps on CVD risk, can 
inform gaps in public health and clinical guidance for 
adolescents.

Daily screen time of more than 8 h was associated with 
higher diastolic blood pressure percentile, even when 
adjusting for daily steps. Screen time is mostly a sed-
entary behavior, which displaces physical activity and 
can lead to an increase in caloric consumption through 
mechanisms such as mindless snacking and advertise-
ments that promote unhealthy foods [48, 49]. We have 
previously shown that greater screen time is associated 
with higher BMI percentile in the ABCD Study [19, 50]. 
In addition, contemporary screen modalities (e.g., social 
media, video games) may lead to exposure to cyberbul-
lying, violence, or other stressful content that could raise 

blood pressure [32, 51]. These mechanisms may explain 
why high screen time may be associated with poorer car-
diovascular health. The study builds on prior literature by 
incorporating several contemporary modalities in screen 
time, adjusting for step counts, and focusing on early 
adolescence which is an important developmental period 
for the development of lifestyle behaviors that can persist 
into adulthood, affecting cardiovascular health across the 
lifespan.

On average, adolescents recorded 9,722 daily steps, 
which is consistent with estimates from the National 
Health and Nutrition Examination Survey for 10-11-year-
old adolescents [40] and other smaller studies with simi-
lar age groups [52, 53]. This average is below the 12,000 
steps per day threshold which approximates the recom-
mended 60 min of moderate-to-vigorous intensity physi-
cal activity per day for adolescents from the Physical 
Activity Guidelines for Americans [41]. When examining 
the independent associations of step count on cardiovas-
cular outcomes, we found a dose-response relationship 
between lower step count categories and higher diastolic 
blood pressure percentile. Previous studies have demon-
strated that engaging in physical activity throughout ado-
lescence is associated with a lower risk of hypertension, 

Fig. 1  Associations between screen time and step count category combinations and diastolic blood pressure percentile. Legend: Results correspond to 
coefficients from a linear regression model with nine categories of screen time and step combinations as the independent variable and diastolic blood 
pressure percentile as the dependent variable, adjusting for age, sex, race/ethnicity, household income, parental education, parent marital status, data 
collection period, and month. Daily step categories included: high (> 12,000), medium (6,000–12,000), and low (1,000–6,000). Daily screen time categories 
(hours) included: low (0–4); medium (4–8), high (> 8). The low screen time and high step category was the reference category
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suggesting that exercise may have a protective effect on 
blood pressure. We identified one study that utilized step 
count as a summary estimate of physical activity, dem-
onstrating a negative correlation between step count and 
risk of hypertension in children and adolescents [16]. 
Our study found that fewer steps was associated with 
higher diastolic blood pressure percentile, with no sta-
tistically significant association found for systolic blood 
pressure percentile. Importantly, previous studies have 
demonstrated that diastolic blood pressure (compared to 
systolic blood pressure) is a stronger predictor of CVD 
risk in adolescents [54, 55].

In addition, having a higher daily step count was asso-
ciated with a higher HDL cholesterol. Previous studies 
have shown that self-reported physical activity is asso-
ciated with an improved lipid profile [56–58]. Our find-
ings add to prior literature by indicating that even after 
accounting for screen time, a higher step count as a mea-
sure of physical activity is specifically associated with 
higher HDL cholesterol.

Evidence of effect modification between physical activ-
ity and screen time was not observed for diastolic blood 
pressure percentile and HDL cholesterol. For each screen 
time category, low step count categories were associ-
ated with higher diastolic blood pressure percentile and 

lower HDL cholesterol. Overall, our findings are consis-
tent with previous studies which have reported a joint 
association between high screen time and low physical 
activity on CVD risk [20, 59], but extend prior findings by 
expanding screen time to include contemporary modali-
ties (e.g., social media, texting, video chat, video games) 
and by using step count via devices as an objective mea-
sure of physical activity in early adolescents.

Limitations of this study include its cross-sectional 
nature. Fitbit device data were collected for a 3-week 
period (21 days), which may not be representative of a 
participant’s physical activity or the intensity of activity 
over the course of one year. Future studies may utilize 
longitudinal Fitbit data for longer durations to overcome 
this limitation, as well as to explore potential seasonal 
differences. While only days with > 599  min of waking 
wear were included in the analysis, variations in wear 
time above this threshold were not controlled for, thus 
producing a potential limitation with regards to differ-
ences in participants’ total wear time and variations in 
wake vs. sleep time. Fitbit devices may miss some activity 
data (e.g., biking, skateboarding), as it is mainly worn on 
the wrist. It is possible that wearing activity monitors like 
Fitbit could increase adolescent physical activity given 
real-time feedback regarding activity level; however, one 

Fig. 2  Associations between screen time and step count category combinations and HDL cholesterol. Legend: Results correspond to coefficients from a 
linear regression model with nine categories of screen time and step combinations as the independent variable and HDL cholesterol as the dependent 
variable, adjusting for age, sex, race/ethnicity, household income, parental education, parent marital status, data collection period, month, and study year. 
Daily step categories included: high (> 12,000), medium (6,000–12,000), and low (1,000–6,000). Daily screen time categories (hours) included: low (0–4); 
medium (4–8), high (> 8). The low screen time and high step category was the reference category
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prior study did not find that wearing a Fitbit increased 
physical activity levels in 10-year-olds [52]. With regards 
to screen time, measures were based on self-reported 
data, which are subject to recall errors and reporting 
bias. Additionally, the measurement of screen time did 
not account for the content and intensity of engagement. 
There is the potential for unmeasured confounders, 
although we controlled for site and sociodemographic 
factors as well as the COVID-19 pandemic, study year, 
and seasonality. We did not control for adiposity as it was 
not directly measured in the ABCD Study and adipos-
ity could be a mediator in addition to a confounder for 
the association among screen time, steps, and CVD risk 
factor outcomes [58]. While the sample is epidemiologi-
cally informed, self-selection by families into the study 
and assessment at academic centers may be a source of 
sampling bias. Due to the COVID-19 pandemic, there 
was missing data which could lead to selection bias as 
participants included were more likely to be White, have 
a household income $75,000 or more, and have married/
partnered parents (Appendix B). For a minority of par-
ticipants (21.7%), blood draws (e.g., hemoglobin A1c and 
cholesterol) were measured one year later than the screen 
time and Fitbit measures; however, this would have been 
during a similar month/season and we controlled for data 
collection year in the analysis.

The strengths of this study include the socio-demo-
graphically diverse and large population-based sample, 
the use of objective data over 21 days (longer than a more 
typical 7-day protocol) which limits self-report bias and 
decreases standard error for physical activity measures, 
and including several different types of screen mediums 
used by adolescents rather than just computer and televi-
sion for the screen time measure.

Conclusion
The study adds to the literature by addressing evidence 
gaps identified by the Physical Activity Guidelines Advi-
sory Committee Scientific Report by identifying specific 
categories of screen time and step count associated with 
CVD risk in early adolescence. In our study, more than 
8  h of daily screen time and less than 12,000 steps per 
day were associated with higher diastolic blood pressure 
percentile among a racially diverse U.S. adolescent popu-
lation-based sample. More than 8 h of daily screen time 
was also associated with lower HDL cholesterol. Future 
research should use a longitudinal study design and ana-
lyze differences by weekdays, weekends, or holidays, 
which would further inform physical activity and screen 
time guidelines for adolescents.
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