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BACKGROUND: Previous studies have analyzed the rela-
tionship between screen time and cardiometabolic
disease risk factors among adolescents, but few have ex-
amined the longitudinal effects of screen time on
cardiometabolic health into adulthood using nationally
representative data.
OBJECTIVE: To determine prospective associations be-
tween screen time and later cardiometabolic disease over
a 24-year period using a nationally representative adoles-
cent cohort.
DESIGN: Longitudinal prospective cohort data from the
National Longitudinal Study of Adolescent to Adult Health
(Add Health) collected from 1994 to 2018.
PARTICIPANTS: Adolescents aged 11–18 years old at
baseline (1994–1995) followed for 24 years.
MAIN MEASURES: Predictors: screen time (five repeated
measures of self-reported television and video watching
from adolescence to adulthood). Outcomes: Five repeated
measures of body mass index (BMI); two repeated
measures of waist circumference, hypertension, hyperlip-
idemia, and diabetes collected at 15- and 24-year follow-up
exams.
KEY RESULTS: For the 7105 adolescents in the sample
(49.7% female, 35.0% non-white), the baseline adolescent
average screen time per day was 2.86 ± 0.08 hours per
day, which generally declined through 24-year follow-up.
Average BMI at baseline was 22.57 ± 0.13 kg/m2, which
increased to 30.27 ± 0.18 kg/m2 through follow-up. By
24-year follow-up, 43.4% of participants had obesity,
8.4% had diabetes, 31.8% had hypertension, and 14.9%
had hyperlipidemia. In mixed-effects generalized linear
models, each additional hour of screen time per day was
associated with 0.06 (95% CI 0.04–0.09) within-person
increase in BMI. Each additional hour of screen time per
day was associated with higher within-person odds of
high waist circumference (AOR 1.17, 95% CI 1.09–1.26),
obesity (AOR 1.09, 95%CI 1.03–1.15), and diabetes (AOR

1.17, 95% CI 1.07–1.28). Screen time was not significant-
ly associated with hypertension or hyperlipidemia.
CONCLUSIONS: In this prospective cohort study, higher
screen time in adolescence was associated with higher
odds of select indicators of cardiometabolic disease in
adulthood.
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INTRODUCTION

Children, adolescents, and adults are spending an increasing
amount of time engaging in sedentary behaviors.1,2 A growing
body of evidence suggests that sedentary behaviors, including
screen-related activities such as watching television and
videos, may increase the risk of cardiometabolic disease.1–3

Mechanisms to explain the association between screen time
and cardiometabolic disease include the promotion of un-
healthy behaviors such as excess caloric intake and displace-
ment of physical activity.4 According to the Bureau of Labor
Statistics, from 2013 to 2017, 80% of the United States (U.S.)
population ages 15 and older watched television on a given
day, which accounted for 55% of all time spent in leisure and
sports.5 Although contemporary screen modalities have ex-
panded to smartphones and other devices, television and video
watching remain the most commonly used screen modalities
in adolescents and adults.5–8

Previous studies have examined the cross-sectional
associations of screen time and cardiometabolic risk factors,
including systolic blood pressure, non-HDL cholesterol, glu-
cose, and waist circumference in young children, adolescents,
and college-aged adults. In particular, screen time has been
associated with higher risk of type 2 diabetes in both children
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and adults, higher non-HDL cholesterol in young children,
and obesity in both children and adolescents.9–12 However, as
most of these existing studies have cross-sectional designs,
few have analyzed the longitudinal associations between
screen time and cardiometabolic health outcomes with nation-
ally representative data. Longitudinal studies are essential to
better understand the impact of screen time on adult health
risks over time.
Prior studies conducted in the U.S. have also shown that

adolescent screen use is prospectively associated with binge-
eating disorder13 and higher body mass index (BMI)14 at 1-
year follow-up using a national cohort study of children (9–10
years old). To our knowledge, there has been a paucity of
longitudinal studies exploring the association between child
and adolescent screen time and adult health over a period of 20
years or more. One exception is a 2004 New Zealand study
that followed a birth cohort to age 26, and found that television
viewing was associated with increased weight and cholesterol
levels in adulthood.15 While previous research offers some
insight into the long-lasting adverse effects of screen time on
health, the current study extends this knowledge by examining
the findings in an older age cohort when cardiometabolic
disease may be more prevalent (e.g., heart disease is the
second leading cause of death between ages 35 and 44)16

and in a larger, nationally representative sample in the U.S.
To address the gaps in the literature, the current study aims to

determine prospective associations between screen time and
cardiometabolic disease using a U.S. national longitudinal co-
hort of adolescents followed over a 24-year period. We hypoth-
esize that higher screen time in adolescence through adulthood
is associated with greater cardiometabolic disease in adulthood.
The findings can inform the development of guidelines for
adolescent screen time and sedentary behaviors as a preventive
measure for cardiometabolic disease in later life.

METHODS

Study Population

This study utilizes data from the National Longitudinal Study
of Adolescent to Adult Health (Add Health), a longitudinal
cohort study of a nationally representative sample of
adolescents starting in grades 7–12 in the U.S. who have been
followed into adulthood. Data were collected from five waves
of interviews: Wave I (1994–1995; age 11–18) to Wave V
(2016–2018; age 33–43). The initial wave included 20,745
adolescents in grades 7–12 sampling from 132 schools
throughout the U.S., representative for race/ethnicity, religion,
size, and urban versus rural environments during the 1994–
1995 school year. Attrition by wave is shown in ESM Appen-
dix A. Overall, 7295 participants were followed across all five
waves. Of those, 7105 had valid screen time exposure and at
least one cardiometabolic disease outcome data across all five
waves and were included in this analysis. Additional details of
the study design have been reported elsewhere.17 The

University of North Carolina Institutional Review Board ap-
proved the Add Health data collection and the University of
California, San Francisco Institutional Review Board ap-
proved this specific secondary analysis.

Data Collection

Individuals recruited from the school environment were invit-
ed to join the longitudinal cohort and participate in an in-home
interview. An interviewer then traveled to the home or another
suitable location of the participant in Waves I through IV for
an in-home interview. In Wave V, there was a mixed-mode
survey design (i.e., combination of web or mail surveys with a
minority receiving in-person interviews) which is described in
detail elsewhere.18 All waves collected information about
screen use. Height and weight were measured by the inter-
viewer at the end of the interview in Waves II through IV, and
at an in-person visit after completion of the survey inWave V.
Waist circumference, cardiovascular measures including
blood pressure, and metabolic measures including
glycosylated hemoglobin (hemoglobin A1c) and cholesterol
levels (HDL-C and LDL-C), were additionally collected at the
end of the in-home interview in Wave IV and at an in-person
visit after completion of the survey in Wave V.19–21

Measures
Exposure: Screen Time. In all waves, participants responded
to the following questions: “How many hours a week do you
watch television?” and “How many hours a week do you
watch videos?” The screen time measure summed the hours
per week for television and videos, and converted these into
daily estimates (dividing the hours per week by seven).22–25

Self-reported measures of television viewing have demon-
strated a significant moderate positive correlation
(Spearman’s p = 0.54, p < 0.001) with objective measures
(e.g., electronic television monitor) and a high level of
agreement, with 95% of values within 4 hours of the
mean.26 Self-reported hours per week of television
watching has demonstrated acceptable test-retest reliability
(7-day test-retest intraclass correlations 0.76–0.81).27,28

Outcomes. The primary outcome measures of this study are
listed below and included measurements of several
cardiometabolic disease risk factors, such as BMI at all
waves, and waist circumference, diabetes, hypertension, and
hyperlipidemia at Waves IV and V.

BMI. BMI was computed using the standard formula weight
(kilograms) divided by height (meters) squared (BMI =
weight/height2). Weight (Health-o-meter 844KL High Capac-
ity Digital Bathroom Scale; Jarden Corporation; Rye, NY) and
height (Carpenter’s square, steel tape measure) were assessed
by the interviewer with the participant in light clothes and
without shoes in Waves II through V, and by self-report in
Wave I and for half of Wave V without measured data.

Nagata et al.: Screen Time and Cardiometabolic Disease JGIM1822



Obesity. BMI was converted into sex- and age-specific
percentiles in accordance with the Centers for Disease Control
and Prevention (CDC) growth curves and definitions.
Individuals under 18 years old were classified as having
obesity if their BMI was ≥ 95th percentile.29 Individuals 18
and older were classified as having obesity if their BMI was ≥
30 kg/m2.30

Waist Circumference. Waist circumference was classified
according to the National Institutes of Health Clinical
Guidelines on the Identification, Evaluation, and Treatment
of Overweight and Obesity in Adults using sex-specific
thresholds identifying increased relative risk for the develop-
ment of obesity-associated risk factors. High waist circumfer-
ence was defined as > 102 cm for males and > 88 cm for
females.31

Diabetes.Respondents inWaves IV and Vwere determined to
have diabetes if they had levels of fasting glucose ≥ 126 mg/
dL, non-fasting glucose ≥ 200 mg/dL, hemoglobin A1c ≥
6.5%,32 a self-reported history of diabetes (except during
pregnancy), or anti-diabetic medication use in the 4 weeks
preceding the assessment.

Hypertension. Blood pressure was calculated using the mean
of two measurements separated by a 30-s interval from a
factory-calibrated, Microlife BP3MC1-PC-IB oscillometric
blood pressure monitor (MicroLife USA, Inc.; Dunedin, FL).
Hypertension was classified as a measured systolic blood
pressure ≥ 130 mmHg or a measured diastolic blood pressure
≥ 80 mmHg based on the 2017 American College of
Cardiology/American Heart Association Task Force on Clin-
ical Practice Guidelines,33 anti-hypertensive medication use in
the 4 weeks preceding the assessment, or an affirmative re-
sponse to the query: “Have you ever been diagnosed with high
blood pressure or hypertension?”

Cholesterol. Hyperlipidemia was defined as total cholesterol
corresponding to ≥ 240 mg/dL in the nationally representative
National Health and Nutrition Examination Surveys,34,35

antihyperlipidemic medication use in the 4 weeks preceding
the assessment, or an affirmative response to the question:
“Have you ever been diagnosed with high cholesterol,
triglycerides, or lipids?”

Additional Covariates. Additional covariates included self-
reported demographics such as age, sex, race/ethnicity,
parents’ highest education (high school or less versus college
or more), and household income (percent of the federal pov-
erty line), as these have been shown to be associated with both
screen time 36 and cardiometabolic disease risk.37 Baseline
data from parents’ self-report of household income in the last
calendar year was used to evaluate household income as a
covariate. Gaussian normal regression imputation models
were used to impute the income for the 1638 parents who

did not respond, stated that they did not know, or were un-
comfortable answering the income question, similar to the
method used in previous studies.38 The household income
variable was then transformed into a continuous measure that
was a ratio of household income relative to the federal poverty
level. Behavioral covariates that are associated with screen
time use and metabolic disease34,39–41 were assessed at each
wave, including self-reported alcohol use in the past 12
months (yes/no) and lifetime smoking (yes/no).

Statistical Analysis

Data analyses were performed using Stata 17.1 (College
Station, TX). We averaged daily screen time, our primary
exposure, across multiple waves from baseline through the
wave where change since baseline in the repeated outcomes
was assessed. Specifically, the average of screen time in
Waves I and II was used to predict change in the outcomes
from baseline to Wave II, and screen time averaged over
Waves I–V for changes from baseline to Wave V. For
continuous outcomes, we used a multilevel mixed-effects
generalized linear model with random effects for partici-
pant to estimate the association of average screen times and
changes since baseline in study outcomes, first unadjusted,
then adjusting for age (time varying), sex, race/ethnicity,
smoking (time varying), alcohol (time varying), parent
education (Wave I), income to poverty ratio (Wave I),
and BMI (Wave I). Covariates in the adjusted model were
specified a priori, based on our reading of the litera-
ture.34,39–41 We used analogous unadjusted and adjusted
pooled logistic models with robust standard errors clustered
by participant to estimate the associations of daily screen
time with incidence of binary cardiometabolic disease risk
factors. The binary obesity outcome included five repeated
measures from Wave I to Wave V. The binary high waist
circumference, diabetes, hypertension, and hyperlipidemia
outcomes included two repeated measures from Wave IV
to Wave V. Goodness of fit was assessed by comparisons
with larger models including quadratic and interaction
terms. All analyses incorporate Add Health’s preconstruct-
ed sample weights to provide nationally representative
estimates.42

Sensitivity Analyses

We ran several sensitivity analyses for the models. First, we
ran the above analyses excluding participants who were obese
at baseline (ESM Appendix A). Second, we examined objec-
tive (e.g., laboratory values or blood pressure measurements
and/or medication history) outcomes separately from self-
reported outcomes (ESM Appendix B). Third, given lack of
blood pressure and hemoglobinA1c data prior toWave IV, we
examined the association between screen time (averaged
across Wave IV and V) and systolic and diastolic blood
pressure, and hemoglobin A1c, adjusting for the respective
measurement at Wave IV.
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RESULTS

For the 7105 adolescents in the sample (Table 1, 49.7%
female, 35% non-white), the baseline average screen time
per day was 2.86 ± 0.08 h, which generally declined through
adulthood (ages 33–43). Average BMI at baseline was 22.57 ±
0.13 kg/m2, which increased to 30.27 ± 0.18 kg/m2 through
adulthood. By adulthood, 43.4% of participants had obesity,
8.4% had diabetes, 31.8% had hypertension, and 14.9% had
hyperlipidemia.
In mixed-effects generalized linear models adjusting for

potential confounders (Table 2), each additional hour of screen
time per day was associated with a 0.06 kg/m2 (95% confi-
dence interval [CI] 0.04–0.09) within-person increase in BMI.
Each additional hour of screen time per day was associated
with 1.17 (95% CI 1.09–1.26) higher odds of high waist
circumference, 1.09 (95% CI 1.03–1.15) higher odds of obe-
sity, and 1.17 (95% CI 1.07–1.28) higher odds of diabetes in
adjusted models accounting for within-person effects. Screen
time was significantly associated with higher odds of hyper-
tension in unadjusted models (1.10, 95% CI 1.06–1.14),
though no association was found with hypertension (1.03,
95% CI 0.98–1.08) or hyperlipidemia (1.01, 95% CI 0.95–
1.08) when adjusted for confounders.
Sensitivity analyses excluding participants classified as obese

at Wave I (ESM Appendix B) and examining objective versus
self-reported outcomes (ESMAppendix C) had similar findings
to the main analysis. Average screen time in Waves IV and V
was not associated with change in blood pressure or hemoglo-
bin A1c between Waves IV and V (ESM Appendix D).

DISCUSSION

This study used national longitudinal cohort data of
adolescents followed over a 24-year period to analyze the
relationship between screen time and cardiometabolic disease.
We found that higher screen time from adolescence to middle
adulthood was associated with multiple measures of cardio-
vascular health, including higher BMI, high waist circumfer-
ence, obesity, and diabetes. Across all five waves of the study,
prior screen time exposure was associated with an increase in
BMI. Higher average screen time exposure was also associat-
ed with diabetes, though no association was found between
average screen time and hypertension and high cholesterol
when adjusted for confounders. Overall, these findings indi-
cate that higher screen time may be associated with worse
cardiometabolic health outcomes in later life.
Our findings are consistent with previous studies which

have demonstrated positive associations between screen time
and BMI and diabetes. Though there are few longitudinal
studies to date, our findings are consistent with results from
a New Zealand–based study that found a positive association
between screen time and weight15 and expands the findings to
a larger, older cohort in the U.S. While the effect size for BMI
in the current study was relatively small (0.06 kg/m2 for each

hour of screen exposure), several hours per day of screen
exposure could be clinically significant, especially given
adolescents are now reporting almost 8 hours per day of screen
time, mostly watching or streaming videos, movies, or televi-
sion shows.6

Several mechanisms have been suggested to explain the
association between screen time and BMI, primarily centered
around the idea that screen time is a sedentary behavior.
Sedentary behavior displaces physical activity and can lead
to increased caloric consumption through avenues such as
advertisements that promote high-calories foods (e.g., fried
foods, processed meat, sugar-sweetened beverages). Mindless
snacking while watching television or videos could be another
contributor.4 These mechanisms may also explain the associ-
ation found between screen time and diabetes in the current
study. This finding is consistent with a 2011 meta-analysis
which reported that television viewing was associated with an
increased risk of type 2 diabetes, cardiovascular disease, and
all-cause mortality.11 The four studies examining the associa-
tion between television viewing and type 2 diabetes identified
by the meta-analysis were all limited to adults;11 therefore, our
study adds to the literature by starting in adolescence. In
addition to the mechanisms discussed above, television view-
ing can attract adolescents to unhealthy behaviors such as
smoking, an established independent risk factor for type 2
diabetes and cardiovascular disease.11

Our study did not find an association between screen time
and cholesterol, while previous studies, including the afore-
mentioned New Zealand study,15 have reported an increase in
serum cholesterol with screen time. Additionally, few studies
have reported an association between screen time and blood
pressure, with the current study finding a weak association
between the two variables in unadjusted models but not after
confounder adjustment. The main theoretical mechanism
linking television viewing to CVD risk is through sedentary
time; however, some individuals could be standing or active
while watching television and the television viewing measure
does not account for other sedentary activities.43 Further, it is
possible that potential associations between screen time and
CVD risk outcomes (e.g., hypertension and hyperlipidemia)
may become detectable as the cohort ages past the third decade
of life given the expected increased incidence of hypertension
and high cholesterol in later adulthood.
Several limitations and strengths of our study should be

noted. We acknowledge the current study’s lack of diversity
in screen time measures, which only included total hours per
week of television and video viewing. Though streaming of
videos, movies, and television shows on screens such as
smartphones, tablets, or computers is increasingly com-
mon,6,36 the displacement of physical activity and exposure
to unhealthy advertisements and product placement remains
relevant with these modalities. It is important that future stud-
ies account for these contemporary measures of screen time
(smartphones, tablets, and computers) in order to characterize
screen usage most accurately. Further, screen time measures

Nagata et al.: Screen Time and Cardiometabolic Disease JGIM1824



were based on self-reported data, which could be subject to
recall and reporting bias. The use of BMI as a measure of
cardiometabolic disease should also be noted. While BMI is
often recommended for evaluating obesity in children and
adolescents, it does not distinguish between fat mass and lean
body mass.44 Thus, individuals with increased muscle mass
(e.g., athletes), may have a high BMI without an associated

increase in cardiometabolic disease risk.45 Finally, certain
measurements of metabolic data such as blood pressure, he-
moglobin A1c, and cholesterol were only taken at later waves
(i.e., Waves IV and V), limiting analysis of association be-
tween screen time and cardiometabolic disease risk over time.
There is also the potential for unmeasured confounders.
Strengths of the study include the long follow-up period of

Table 1 Descriptive and Health Characteristics of 7105 Participants in the National Longitudinal Study of Adolescent Health

Total Screen time quartiles (Wave I)

Quartile 1 Quartile 2 Quartile 3 Quartile 4

Mean ± SE / %a Mean ± SE / %a Mean ± SE / %a Mean ± SE / %a Mean ± SE / %a

Demographic characteristics
Sex
Male 50.3% 42.2% 51.6% 53.2% 54.7%
Female 49.7% 57.8% 48.4% 46.8% 45.3%

Race/ethnicity
White (non-Hispanic) 65.0% 67.5% 69.7% 68.0% 55.0%
Black/African American
(non-Hispanic)

15.9% 11.8% 11.8% 13.5% 26.1%

Hispanic/Latino 12.2% 12.9% 11.6% 11.0% 13.3%
Asian/Pacific Islander (non-Hispanic) 3.8% 4.3% 3.3% 5.0% 2.6%
American Indian/Native American 2.4% 2.7% 3.2% 1.6% 2.4%
Other 0.7% 0.9% 0.5% 0.8% 0.6%
Parents with college education or more 65.7% 65.8% 67.6% 69.5% 59.4%
Percent of federal poverty levelb 1.47 ± 0.05 1.59 ± 0.08 1.57 ± 0.07 1.48 ± 0.06 1.26 ± 0.04

Health behaviors
Smoking ever (Wave I) 59.1% 56.5% 58.1% 57.9% 64.1%
Alcohol ever (Wave I) 55.7% 53.0% 56.0% 55.8% 58.1%

Screen time (hours per day, mean ± SE, median (IQR))
Wave I (ages 11–18) 2.86 ± 0.08, 2.14

(1.00–3.86)
– – – –

Wave II (ages 11–18) 2.65 ± 0.07, 2.21
(1.21–3.64)

– – – –

Wave III (ages 18–26) 2.68 ± 0.07, 2.29
(1.43–3.52)

– – – –

Wave IV (ages 24–32) 1.85 ± 0.03, 2.14
(1.36–3.21)

– – – –

Wave V (ages 32–42) 1.95 ± 0.05, 2.09
(1.37–3.03)

– – – –

Cardiometabolic outcomes, continuous
Body mass index (kg/m2)
Wave I (ages 11–18) 22.57 ± 0.13 22.27 ± 0.15 22.50 ± 0.19 22.42 ± 0.22 23.09 ± 0.22
Wave II (ages 11–18) 23.27 ± 0.14 22.83 ± 0.17 23.17 ± 0.21 23.16 ± 0.22 23.94 ± 0.23
Wave III (ages 18–26) 26.62 ± 0.15 26.18 ± 0.23 26.26 ± 0.22 26.55 ± 0.24 27.52 ± 0.30
Wave IV (ages 24–32) 29.22 ± 0.18 28.57 ± 0.28 28.87 ± 0.27 29.00 ± 0.26 30.45 ± 0.33
Wave V (ages 32–42) 30.27 ± 0.18 29.53 ± 0.25 29.99 ± 0.25 30.19 ± 0.26 31.39 ± 0.30

Waist circumference (cm)
Wave IV (ages 24–32) 98.61 ± 0.43 96.53 ± 0.62 98.26 ± 0.56 98.10 ± 0.59 101.62 ± 0.76
Wave V (ages 33–43) 98.75 ± 0.61 96.17 ± 0.98 97.98 ± 1.03 98.00 ± 0.82 102.87 ± 1.05

Cardiometabolic disease outcomes, binary
Obesity
Wave I (ages 11–18) 11.3% 8.2% 10.7% 12.4% 13.9%
Wave II (ages 11–18) 13.9% 11.2% 12.7% 14.4% 17.3%
Wave III (ages 18–26) 24.5% 21.8% 24.3% 23.1% 29.1%
Wave IV (ages 24–32) 38.0% 35.2% 35.0% 37.8% 43.9%
Wave V (ages 32–42) 43.4% 38.2% 43.3% 43.3% 48.8%

High waist circumference
Wave IV (ages 24–32) 49.2% 47.4% 49.4% 46.8% 53.0%
Wave V (ages 33–43) 51.2% 47.8% 51.1% 48.7% 56.9%

Diabetes
Wave IV (ages 24–32) 5.9% 5.5% 4.2% 5.3% 8.6%
Wave V (ages 33–43) 8.4% 9.6% 5.4% 6.9% 11.4%

Hypertension
Wave IV (ages 24–32) 24.4% 22.9% 24.3% 23.7% 26.8%
Wave V (ages 33–43) 31.8% 28.7% 34.4% 29.1% 35.5%

Hyperlipidemia
Wave IV (ages 24–32) 16.6% 17.6% 17.7% 15.5% 15.7%
Wave V (ages 33–43) 14.9% 14.2% 16.4% 14.4% 14.5%

aAll means and percentages are calculated with weighted data to reflect the representative proportion in the target U.S. population
bHousehold income was transformed into a continuous measure that was a ratio of household income relative to the federal poverty level
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24 years as well as the large, nationally representative cohort
from which the data was drawn.
Overall, our findings indicate that screen time use in ado-

lescence may be associated with higher cardiometabolic
disease risk in later life. Adolescence is a critical period during
which lifelong habits can develop.46 Given the increasing
trends of screen time use among adolescents,6 our findings
have important policy and public health implications, particu-
larly as they relate to the development of screen time
guidelines and interventions targeted at youth. Screen time
guidelines should consider the long-term implications and risk
associated with excessive screen time as demonstrated in our
study. Currently, the Department of Health and Human
Services 2018 Physical Activity Guidelines for Americans do
not have recommendations for adolescent sedentary behaviors
including screen time given insufficient evidence.47

Community- and school-led efforts could include investing
resources in recreational facilities to encourage physical activ-
ity, digital media literacy, and education programming in the
curriculum. Community centers may serve as a central loca-
tion to provide educational outreach to students and parents
regarding ways they can help monitor and reduce their
children’s recreational screen time. Future longitudinal studies
should continue to expand the follow-up period past age 43 to
look for any associations that may arise in later life.

Supplementary Information The online version contains supple-
mentarymaterial available at https://doi.org/10.1007/s11606-022-
07984-6.
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