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ABSTRACT 

OBJECTIVE: To determine the associations between the number of 
adverse childhood experiences (ACEs) and objectively-measured 
physical activity (PA) in a population-based, demographically di
verse cohort of 9–14-year-olds and to determine which subtypes of 
ACEs were associated with physical activity levels. 
METHODS: We analyzed data (n = 7046) from the Adolescent 
Brain Cognitive Development (ABCD) Study 4.0 release at base
line and year 2 follow-up. ACE (cumulative score and subtypes) 
and physical activity (average Fitbit daily steps assessed at Year 2) 
were analyzed using linear regression analyses. Covariates included 
race and ethnicity, sex, household income, parent education, body 
mass index, study site, twins/siblings, and data collection period. 
RESULTS: Adjusted models suggest an inverse association 
between number of ACEs and Fitbit daily steps, with ≥4 
(compared to 0) ACEs associated with 567 fewer daily steps 
(95% CI -902.2, -232.2). Of the ACEs subtypes, emotional 
abuse (B = −719.3, 95% CI −1430.8, −7.9), physical neglect (B 

= −423.7, 95% CI −752.8, −94.6), household mental illness (B 
= −317.1, 95% CI −488.3, −145.9), and household divorce or 
separation (B = −275.4, 95% CI −521.5, −29.2) were inversely 
and statistically significant associated with Fitbit daily steps 
after adjusting for confounders. 
CONCLUSIONS: Our results suggest that there is an inverse, 
dose-dependent relationship between cumulative number of 
ACEs and physical activity as measured by daily steps. This 
work highlights the importance of screening for ACEs among 
young people at an early age to help identify those who could 
benefit from interventions or community programs that support 
increased physical activity. 

KEYWORDS: adolescents; adverse childhood experiences; Fitbit; 
physical activity 
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WHAT’S NEW 

In a demographically diverse national sample of early ado
lescents, we found an inverse, dose-dependent relationship 
between cumulative number of adverse childhood experi
ences and physical activity as measured by daily steps.  

Adverse childhood experiences (ACEs) are highly pre
valent and defined as environmental stressors such as 
abuse, various household challenges, and neglect, ex
perienced in childhood and that have associations with 
future mental and physical well-being.1 Moreover, an 
increased number of ACEs in childhood is associated with 

developing a greater number of risk factors for leading 
causes of death such as smoking, obesity, depression, 
attempted suicide, substance use, and sexually transmitted 
infection (STI) history in adulthood.2 ACEs pose a serious 
risk to the health and well-being of young people; how
ever, physical activity has been shown to attenuate the 
influence of ACEs on future adverse health outcomes, 
diminishing their negative associations.3,4 Physical ac
tivity has a myriad of positive associations for adolescent 
health, including being associated with healthy cardio
vascular health, bone mass, weight, improved academic 
outcomes, and better sleep, mood and cognition.5–9 Stu
dies have shown that physical activity in adolescents leads 
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to future benefits for bone health, asthma, and is asso
ciated with reduced risk for breast cancer in adulthood.3,4 

Moreover, physical activity in adolescents has also been 
shown to improve self-esteem, mental health and beha
vioral health practices that continue into adulthood3. Yet, 
despite the known benefits of adolescent physical activity 
on health, less than 30% of all high-school aged youth 
met recommended daily physical activity guidelines in the 
United States.10 

Though the literature suggests that physical activity 
has promising mitigating factors, few studies have in
vestigated levels of physical activity among adolescents 
who have experienced ACEs. One such study showed 
that adolescents experiencing no ACEs had higher odds 
of meeting 60 minutes of daily physical activity (i.e., 
meeting physical activity guidelines) than those with 
one or more ACEs using caregiver self-reported ques
tionnaires.11 Another study examined the relationship 
between ACEs and moderate-to-vigorous intensity 
physical activity (MVPA) during the early COVID-19 
pandemic among young adolescents from the Adoles
cent Brain Cognitive Development (ABCD) Study. This 
research found that adolescents who reported greater 
levels of stress, increased worry due to COVID-19, and 
worse mental health were found to self-report lower 
levels of MVPA early in the pandemic. However, ado
lescents who reported higher levels of positive coping 
behaviors and social support self-reported higher levels 
of MVPA during the pandemic.12 Research building 
upon this previous work showed that the proportion of 
adolescents from the ABCD study meeting MVPA 
guidelines, declined as a result of the COVID-19 pan
demic based on self-report–decreasing from 16.4% pre- 
pandemic, to 11.0% during the onset of the pandemic, to 
4.7% during the midst of the pandemic.13 Most recently, 
a 2022 study also using the ABCD study population 
found that 4+ ACEs were associated with increased 
screen time and decreased duration and frequency of 
physical activity reported among youth during the early 
COVID-19 pandemic.12 

While physical activity measures have historically been 
based on self-report, which is limited by recall errors and 
response bias, few studies of adolescents have leveraged 
objective data collection via accelerometry devices, which 
have become increasingly available.14 Devices like the 
Fitbit use accelerometry to measure daily step count to 
provide more accurate and consistent physical activity 
data, which has now been employed by large, national 
studies such as the ABCD Study.15,16 A 2023 abstract 
looking at ABCD Fitbit metrics reports higher resting 
heart rate (a proxy for aerobic fitness), lower time spent in 
MVPA, and increased time spent sedentary were asso
ciated with higher number of internalizing symptoms, 
externalizing symptoms, and psychotic-like experi
ences.17 This study offers interesting insight into the use 
of Fitbit device metrics in the ABCD study to explore 
physical and mental health.17 

There are few studies in the literature describing ACEs 
and adolescent physical activity that have information on 

how ACE subtypes (abuse, household difficulties, ne
glect) may affect physical activity and health-related 
behaviors.11,12 One study that looked at ACE subtypes 
showed that parent divorce, domestic violence, and 
substance use in the household were negatively asso
ciated with healthy sleep, television and electronic uti
lization behaviors in children and young adolescents.11 

In particular, parent divorce and household mental ill
ness were two ACEs inversely associated with healthy 
physical activity, media use, family meals, and sleep 
among adolescents.11 Another study showed that higher 
levels of physical activity attenuate the negative influ
ence of total ACEs, and those of the subtypes of child 
abuse (physical, sexual, emotional) and household dys
function (household mental illness, household substance 
use, household domestic violence, parental separation, 
divorce, incarceration of household member) on self- 
reported health related quality of life, physically un
healthy days, and mentally unhealthy days in adulthood. 
While presenting interesting insights into the role of 
physical activity in mitigating ACEs association with 
adult health, this research does not allow for general
izability to adolescents and does not include analysis of 
all ACE subtypes (neglect not studied) and adolescent 
outcomes.18 Another study found that young adults who 
had experienced any type of childhood household dys
function were more likely to have a left ventricular mass 
that was less than those of their peers who had never 
experienced household dysfunction as a child, poten
tially putting this group at higher risk for decreased 
physical activity capacity and cardiac disease later in 
life.19 This study provides another insight into the po
tential relationship between ACE subtypes on physical 
activity in young people; however, it does not directly 
measure physical activity trends and does not apply to 
younger adolescents. 

The relationship between increased digital media use 
among adolescents who have experienced more ACEs has 
been well established in the literature.12,20,21 The asso
ciation with increased sedentary behaviors may shed light 
on to why ACEs may relate to adolescent physical ac
tivity.12 Using daily steps as a marker for physical activity 
may provide novel insight into how ACEs are associated 
with adolescent health-related behaviors. The release of 
accelerometer data by the ABCD study provides the un
ique opportunity to build upon the previous literature that 
has described ACEs and their association with report- 
based measures of physical activity and to further support 
this area of research.12,22,24 

The objective of this study was to determine the asso
ciations between number of ACEs and objectively-mea
sured physical activity in a population-based, 
demographically diverse cohort of 9–14-year-olds from 
the ABCD study and to determine which subtypes of 
ACEs (i.e., abuse, neglect, household challenges) were 
most associated with averaged daily steps, an estimate of 
physical activity volume. We hypothesized that a greater 
number of ACEs would be associated with a lower 
number of daily steps among early adolescents. 
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METHODS 

We analyzed data from the Adolescent Brain Cognitive 
Development (ABCD) Study, a prospective, national 
study of adolescent cognitive and physical health com
prising of 11,875 youth. The ABCD study recruited par
ticipants by partnering with school systems and 
implementing epidemiologic sampling methods to better 
represent the diversity of the United States adolescent 
population.23 Additional details are described in  
Appendix A. Baseline (9–10 years old, 2016–2018), and 
year 2 follow up (10–14 years old, 2018–2020) data were 
analyzed using the ABCD 4.0 release. Participants who 
had missing physical activity data at two-year follow-up 
(n = 4829) were excluded from the study (Appendix B). 
The total study population after these exclusions was 
n = 7046 and compared to the total ABCD study popu
lation, included fewer Black participants and those with 
lower household income (Appendix B). Both centralized 
Institutionalized Review Board (IRB) approval and in
dividual study site IRB approval were obtained. Partici
pant caregivers gave written, informed consent and 
participants provided their written assent.23 

MEASURES 

EXPOSURE: ACE SCORE 

The ABCD Study uses the ten items from the original 
CDC-Kaiser ACE study in order to determine an ACE 
score, as has been studied in prior literature.12,24–26 The ten 
ACEs included in the study are household violence, 
household mental illness, household substance use, divorce 
or separation, incarceration of household member, emo
tional neglect, physical neglect, sexual abuse, and physical 
abuse, and emotional abuse.27 Information on coding of 
ACE variables can be found in Appendix C. Responding in 
the affirmative by either participant or caregiver proxy as 
having experienced any of these ten counted as one point. 
Points were totaled to yield a cumulative score, of 0, 1, 2, 
3, or 4+, based on prior literature that has shown four 
ACEs to be the threshold point associated with increased 
risk of negative physical and mental health out
comes.2,12,24,28–30 This score was calculated using both 
parent proxy reports and youth surveys at baseline, year 1, 
and year 2 follow-up (2016–2020). 

OUTCOME: PHYSICAL ACTIVITY IN STEPS PER DAY (YEAR 2) 
Physical activity data was collected by Fitbit Charge HR 2 
devices over a period of up to 21 days and averaged to get 
a daily step count. Data were collected from November 
2018 to November 2020. Previous literature has shown 
that when used over time, Fitbit devices collect consistent 
and accurate measurements of physical activity as mea
sured by daily step count, including in adolescents.16 As 
established by the ABCD study and previous studies 
using Fitbit technology, we included all days in the 21- 
day study period during which participants had more than 
599 minutes of Fitbit waking wear time and at least 1000 
steps.15,31–34 

COVARIATES 

Covariates included race and ethnicity (White, Latino/ 
Hispanic, Black, Asian, Native American, other), sex 
(female, male), household income [Less than $75,000 vs. 
more than $75,000 (approximate median household in
come in the U.S.)35], parent education (high school or less 
vs. college or more), and participant age (years) collected 
from the parent self-report. Geographic variation based on 
study site location, body mass index (BMI, kg/m2), study 
period (e.g., before or during COVID-19 pandemic), and 
being in the same family (e.g., twins/siblings) were also 
controlled for as covariates. 

STATISTICAL ANALYSES 

All data analyses were performed using R studio (version 
4.2.2). We used the R package (Survey)36 to estimate 
coefficients and confidence intervals (CI) for the asso
ciation between ACEs (number of ACEs and specific 
subtypes in separate models) and Fitbit daily steps using 
linear regression. Model 2 was adjusted for age, sex, race 
and ethnicity, household income, parent education, data 
collection site, and participants who were twins or sib
lings. We used multiple imputation with chained equa
tions to handle missing data in the exposures and 
confounders. We imputed 10 datasets and pooled the es
timates from each dataset. Using guidance from previous 
literature using ABCD data, propensity weighting based 
on the American Community Survey provided by the US 
Census was incorporated into the analysis to provide re
presentative population estimates.37 Two-sided P  <  .05 
was considered to indicate statistical significance. 

RESULTS 

Participants’ mean age at the year 2 follow-up was 
12.0  ±  0.6 years, 48.4% of the participants identified as 
female, 41.3% identified as being a racial or ethnic min
ority, 63.8% reported annual household incomes of less 
than $75,000, and 12.6% of participants had caregivers 
who had received a college education or more (Table 1). 
Comparisons of sociodemographic characteristics by ACE 
score (0, 1–3, 4+) are shown in Appendix D, with differ
ences by age, race and ethnicity, and household income. 
88.7% of youth reported having experienced at least 1 ACE 
in their lifetime. In the included sample, 57.3% of parti
cipants reported household mental illness, the most com
monly reported ACE. The proportion of specific ACE type 
by ACE score is shown in Appendix E. The study popu
lation’s median steps per day was 9004 steps (Table 1). 

Adjusted models suggest a significant, inverse asso
ciation of ACEs (1 or more), with Fitbit daily steps (ACEs 
= 1, B = -347.0, 95% CI -652.6, -42.6, P = .03); (ACEs 
=2, B = -390.9, 95% CI -686.6, -93.3, P = .01); (ACEs = 
3, B = −318.4, 95% CI −633.4, −3.3, P = .05); (ACEs = 4, 
B = −567.2, 95% CI −902.2, −232.2, P = .01) (Table 2) in 
adjusted models. For instance, 4+ ACEs was associated 
with 526 fewer daily steps compared to 0 ACEs. Of the 
ACEs subtypes, emotional abuse (B = −719.8, 95% CI 
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−1430.8, −7.9, P = .05), physical neglect (B = −423.7, 
95% CI 752.8, −94.6, P = .01), household mental illness 
(B = −317.1, 95% CI −488.3, −145.9, P % .01), and 
household divorce or separation (B = −275.4, 95% CI 
−521.5,−29.2, P = .03) were inversely and statistically 
significantly associated with Fitbit daily steps after ad
justing for confounders. 

DISCUSSION 

Our results suggest that there is an inverse relationship 
between experiencing ACEs and physical activity as 
measured by daily steps. Beyond the association sug
gesting incrementally lower averaged daily steps with 
increasing count of ACEs, we also found that the subtypes 
of emotional abuse, physical neglect, household divorce 
or separation, and household mental illness are sig
nificantly associated with fewer steps per day. 

These results show that experiencing potentially trau
matic events in childhood is negatively associated with 
levels of physical activity in adolescence. This association 

may be in part due to the relationship between ACEs and 
adolescent mental health, with an increased number of 
ACEs associated with poorer mental health out
comes.1,17,38 This association with worsened mental 
health may in turn lead to lower amounts of physical 
activity.39–41 Our results shed light on to subsequent ne
gative associations of experiencing ACEs with healthy 
behaviors among adolescents, such as physical activity. 

These results add to the literature studying the asso
ciation between ACEs and adolescent physical activity by 
utilizing device-based assessments of steps; a common 
and easily understandable metric of physical activity ac
cumulated across the day. Being able to measure physical 
activity with accelerometers and investigating both ACE 
scores and individual subtypes provides unique strengths 
to our study and adds an additional perspective to current 
research. The use of a large, diverse, national study 
population of adolescents, provides new insight into an area 
that is often limited to research on ACEs and their relation 
to adult health, and builds upon previous research using the 
same dataset but exploring ACEs and their association with 
self-reported measures of physical activity,12 which can be 
prone to recall bias. Additionally, highlighting the specific 
subtypes of ACEs associated with decreased physical ac
tivity among adolescents provides further context to un
derstand total ACE score and daily steps. 

Despite the strengths of our study, there are several 
limitations to note. Given our observational study ap
proach, we cannot make determinations regarding causality 
or the temporal relationship between ACEs and physical 
activity in adolescents. The Fitbit and ACE data were not 
measured every year, so we are unable to perform a pro
spective analysis. However, our research lays a foundation 
on which future studies following the ABCD cohort can 
examine prospective associations across the adolescent to 
adulthood life course transition. Moreover, we do not ex
plore mediators in our analyses, which is a potential area of 
future longitudinal research. Given that ACEs items are 
based on participant and caregiver report, our exposure 
measure is susceptible to reporting bias, and as seen in our 
study results, a greater proportion of young people reported 
having experienced at least one ACE compared to the 
national adolescent population. This may be because the 
ABCD study did not have a standalone ACE survey or 
measure, and ACE reports varied from parent to partici
pants. However, previous research has identified questions 
across the many validated ABCD surveys similar to those 
on the original ACE measure.12,25,26 In addition, our 
approach is consistent with public health guidance that 
recommends using the higher of the two ACE scores if 
caregiver and adolescent self-report surveys differ.42 Some 
of the effect sizes were small; however, even a small dif
ference in daily steps aggregated over months and years 
could be associated with clinically meaningful health out
comes. 500 steps a day translates to roughly 0.25 miles 
daily, which may have cumulative implications, with 
young people with higher ACE scores having up to 1.25 
miles less per week or 7 miles less per month of movement 
compared to their peers. 

Table 1. Sociodemographic, Adverse Childhood Experiences 
(ACEs), and Daily Steps of Adolescent Brain Cognitive 
Development (ABCD) Study Participants (Year 2, N = 7046)    

Sociodemographic Characteristics 
(Baseline) 

Mean (SD)/%  

Age (years)  12.0 (0.6) 
Sex, n (%)  

Female  48.4% 
Male  51.6% 

Race and ethnicity (%)  
White  58.7% 
Latino/Hispanic  15.6% 
Black  15.3% 
Asian  5.7% 
Native American  3.7% 
Other  1.0% 

Household income (%)  
Less than $75,000  63.8% 
≥$75,000  36.2% 

Parent with college education or more (%)  12.6% 
Number of ACEs  

0  11.3% 
1  24.4% 
2  27.6% 
3  20.7% 
4+  16.0% 

ACEs type  
Physical Abuse  0.9% 
Sexual Abuse  1.1% 
Emotional Neglect  0.8% 
Physical Neglect  6.8% 
Household Substance Use  46.4% 
Household Divorce or Separation  12.2% 
Household Mental Illness  57.3% 
Household Violence  55.6% 
Household Criminal Justice Involvement  30.2% 
Emotional Abuse  1.7% 

Steps per day (median)  9004 

SD indicates standard deviation. 
Propensity weights were applied to yield estimates based on the 

American Community Survey from the US Census.  
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Knowing that levels of physical activity are diminished 
among adolescents who have experienced more ACEs 
highlights the importance of screening for ACEs among 
young people at an early age to help identify those who 
could benefit from interventions and community programs 
that support increased physical activity. Physical activity 
has been identified as a resiliency builder in young people, 
mitigating the negatives of traumatic experiences and 
bolstering one’s mental and physical well-being. Several 
studies have shown that physical activity, fitness, exercise, 
and participation in a sport promote resilience among 
adolescents.3,11,43,44 To best facilitate a positive relation
ship for young people with physical activity, current lit
erature suggests promoting physical activity opportunities 
that support adolescent self-esteem, connectedness, au
tonomy, identity, and resilience such as through team 
sports.41,44 Though our results show that daily steps are 
fewer in those who have experienced ACEs compared to 
youth who have not, the fact that physical activity is a 
modifiable factor suggests that deliberate, tailored scaffolds 
that promote adolescent health through physical activity 
may serve as a beneficial, trauma-informed intervention. 
To leverage the resiliency building aspects of physical 
activity in youth, screening must be implemented in order 
to refer young people to interventions that may help de
liberately counteract the detrimental outcomes associated 
with experiencing ACEs and intentionally increase the total 
amount of physical activity in which young people are able 
to partake. Moreover, our results suggest that while phy
sical activity interventions may be beneficial for all young 
people, efforts should be focused in on those with higher 
cumulative ACE scores and those whose have experienced 

emotional neglect, physical neglect, household divorce or 
separation, or household mental illness. 
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Table 2. Associations Between Adverse Childhood Experiences (ACEs) and Fitbit Daily Steps at Two-Year Follow-Up in the Adolescent 
Brain Cognitive Development Study        

Unadjusted Adjusted*  

Steps per day Steps per day  

B (95% CI) P B (95% CI) P  

Number of ACEs   Adjusted 
0   Ref  
1 −321.7 (−627.1, −16.4)  .04 −347 (−652.6, −42.6)  .03 
2 −266.2 (−562.3, 30.1)  .08 −390.9 (−686.6, −95.3)  .01 
3 −213.8 (−531.6, 103.9)  .19 −318.4 (−633.4, −3.3)  .048 
4+ −645.2 (−977.7, −312.6)   < .01 −567.2 (−902.2, −232.2)  .01 

ACE subtypes†     

Physical Abuse 528.9 (−865.3, 1923.1)  .46 637.7 (−676.0, 1951.6)  .34 
Sexual Abuse −325.4 (−1191.9, 541.0)  .46 174.5 (−642.4, 991.5)  .68 
Emotional Neglect −926.0 (−1867.6, 15.6)  .05 −696.3 (−1601.4, 208.8)  .13 
Physical Neglect −323.2 (−650.5, 4.1)  .05 −423.7 (−752.8, −94.6)  .01 
Household Substance Use −521.6 (−762.0, −281.2)   < .01 −149.4 (−314.9, 16.0)  .08 
Household Divorce or Separation −521.6 (−762.0, −281.2)   < .01 −275.4 (−521.5, −29.2)  .03 
Household Mental Illness −202.6 (−373.8, −31.5)  .02 −317.1 (−488.3, −145.9)   < .01 
Household Violence 56.4 (−110.0, 222.9)  .51 65.9 (−101.1, 232.9)  .44 
Household Criminal Justice 
Involvement 

−157.5 (−343.4, 28.3)  .1 −44.2 (−230.5, 141.9)  .64 

Emotional Abuse −991.6 (−1758.9, −224.3)  .01 −719.3 (−1430.8, −7.9)  .047 

Bold indicates P  <  .05.  
* Covariates: age, race and ethnicity, sex, household income, parent education, study site, body mass index (BMI), study period (pre- or during 

COVID pandemic), participants who were twins or siblings.  
† Outputs represent the abbreviated output for a series of linear regression models with each ACE subtype as the independent variable and steps per 

day as the dependent variable. Thus, the table represents the output from ten regression models in total.    
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