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Abstract 

Background: Although physical activity is generally protective of cardiovascular disease (CVD), less is known about 
how young adult physical activity relates to premature CVD events. The objective of this study was to determine the 
association between level and change in physical activity from young adulthood to middle age and incidence of 
premature CVD events before age 60.

Methods: We analyzed data collected across four urban sites from nine visits over 30 years of follow‑up (1985–2016) 
from the Coronary Artery Risk Development in Young Adults (CARDIA) study, a prospective community‑based cohort 
study of 5115 Black and White women and men aged 18–30 years at baseline (1985–1986). Linear mixed models were 
used to develop individualized moderate‑to‑vigorous intensity self‑reported physical activity trajectories per partici‑
pant. Fatal and nonfatal coronary heart disease (CHD), heart failure, and stroke outcomes were analyzed separately 
and as a combined CVD event outcome.

Results: Overall, physical activity declined in young adults as they progressed through middle age. Lower physical 
activity scores (per 100 exercise units) in 18 year‑olds were associated with higher odds of premature CHD (AOR 1.14, 
95% CI 1.02–1.28), heart failure (AOR 1.21, 95% CI 1.05–1.38), stroke (AOR 1.20, 95% CI 1.04–1.39), and any CVD (AOR 
1.15, 95% CI 1.06–1.24) events. Each additional annual 1‑unit reduction in the physical activity score was associated 
with a higher annual odds of incident heart failure (1.07, 95% CI 1.02–1.13), stroke (1.06, 95% CI 1.00–1.13), and CVD 
(1.04, 95% CI 1.01–1.07) events. Meeting the minimum (AOR 0.74, 95% CI 0.0.57–0.96) and twice the minimum (AOR 
0.55, 95% CI 0.34–0.91) Department of Health and Human Services physical activity guidelines through follow up was 
protective of premature CVD events.

Conclusions: Given recent trends in declining physical activity with age and associated premature CVD events, the 
transition from young adult to midlife is an important time period to promote physical activity.
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Introduction
Cardiovascular disease (CVD) is the leading cause of 
death in the United States (US), with over 130 million 
adults in the US (45.1%) projected to have CVD by 
2035 [1]. Despite prior studies noting the relationship 
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between physical activity and CVD events (hospitali-
zations and mortality) [2–4], the 2018 Department of 
Health and Human Services (HHS) Physical Activity 
Guidelines noted important research gaps of public 
health importance [5]. The HHS Guidelines determined 
that there was insufficient evidence to determine if the 
relationship between physical activity and CVD events 
vary by age.  Thus, further research investigating the 
importance of timing of the physical activity exposure 
across the life course is needed [5]. For instance, little 
is known about how physical activity trajectories (level 
and annual change) from young adulthood to mid-
dle age (approximately 18 to 65 years) influence CVD 
events, particularly premature events prior to age 60.

Serious gaps remain in our understanding of recom-
mended levels of physical activity during young adult-
hood [5]. Young adulthood is an important transition 
period that sets physical activity patterns for the rest 
of adulthood and may represent a critical window 
for intervention [6–8]. On average, physical activity 
declines markedly during young adulthood, when indi-
viduals often transition from high school to college or 
the workforce [6–8]. The Physical Activity Guidelines 
noted young adults have unique growth and develop-
mental needs similar to adolescents [5]. However, the 
optimal dose of physical activity, particularly in young 
adulthood, to prevent CVD events, remains unknown 
[9, 10]. Furthermore, physical activity disparities by 
race and sex have been noted in young adulthood and 
through the adult life course [11, 12], but it is unknown 
if race or sex modifies the effect of physical activity and 
CVD events.

We sought to quantify the impact of young adult and 
midlife physical activity on metabolic risk factors by ana-
lyzing data from the Coronary Artery Risk Development 
in Young Adults (CARDIA) Study, a large prospective 
cohort starting in young adulthood with 30 years of fol-
low-up. CARDIA collected repeated measures of moder-
ate and vigorous intensity physical activity, which allow 
for the development of individual trajectories of physical 
activity from young adulthood through middle age. The 
objective of this study was to determine the independent 
associations between young adult level of physical activ-
ity and subsequent changes in physical activity through 
the transition to midlife and incidence of premature 
CVD events (coronary heart disease [CHD], heart failure, 
stroke). In addition, we examined if meeting the current 
adult aerobic physical activity guideline levels were pro-
tective of premature CVD events. We hypothesized low 
physical activity levels at age 18 and declines in physical 
activity through the adult life course will be associated 
with incidence of premature CVD events.

Methods
Study population
The CARDIA Study recruited Black and White young 
adults (N = 5115) from four urban sites (Birmingham, 
Alabama; Chicago, Illinois; Minneapolis, Minnesota; and 
Oakland, California). Baseline data collection occurred 
in 1985–1986 and participants have been followed up for 
more than 30 years with high retention. Retention was 91, 
86, 81, 77, 74, 72, 72, and 71% at years 2, 5, 7, 10, 15, 20, 
25, 30, respectively. At baseline, the cohort was designed 
to be approximately balanced within center by age (18–
24 years and 25–30 years), race (Black and White), sex 
(male and female), and educational level (high school or 
less or higher than high school). Following the baseline 
examination, one participant requested to be excluded 
from further analyses. Additional details about the 
study design are described elsewhere [13]. The institu-
tional review boards at each study site approved study 
procedures. All participants provided written informed 
consent.

Measures
Physical activity
Physical activity was ascertained by the interviewer-
administered CARDIA Physical Activity History 
Questionnaire at each of the 9 examinations [14, 15]. Par-
ticipants self-reported their frequency of participation in 
13 activity categories (8 vigorous and 5 moderate inten-
sity) within time for leisure and occupational physical 
activity domains over the past 12 months. Each activity’s 
intensity was measured as metabolic equivalents of task 
(METs), where 1 MET is the energy expended at rest (an 
approximate oxygen consumption of 3.5 mL/1 kg of body 
weight/minute). Vigorous intensity activities (≥6 METs) 
included running, swimming, heavy lifting, and vigor-
ous exercise classes. Moderate intensity activities (3–5.9 
METs) included walking, non-strenuous sports (e.g. soft-
ball), and home maintenance (e.g., raking, gardening) 
[16]. A frequency was assigned to each activity based on 
the following criteria: 1) whether it was performed for 
≥1 hour or during any 1 month in the past year, 2) the 
number of months it was performed at that level, and 3) 
the number of months the activity was performed fre-
quently. Duration thresholds (2–5 hours per week) and 
intensity scores (3–8 METs) were assigned to each activ-
ity. Frequent participation was defined as above these lev-
els [15]. Frequency (number of months) of participation 
was multiplied by the intensity (METs) of each activity, 
with a weighting factor for the months of more frequent 
participation, to calculate the moderate-to-vigorous-
intensity physical activity score [17]. All activities were 
summed to estimate the total activity score expressed 
in exercise units (EUs). For reference, a physical activity 
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score of 300 EU approximates the HHS recommenda-
tions of approximately 150 minutes of moderate-inten-
sity activity per week [18, 19]. Convergent validity of the 
CARDIA Physical Activity History questionnaire has 
been established using report-based measures, including 
physical activity diaries and detailed quantitative recall 
questionnaires [14, 17, 20] and accelerometers [20–22]. 
The CARDIA physical activity questionnaire demon-
strated test-retest reliability of 0.77–0.84 [17], similar to 
other activity questionnaires [14].

CVD events
Any fatal or non-fatal CVD events, including coronary 
heart disease (myocardial infarction, non-myocardial 
infarction acute coronary syndrome), heart failure, and 
stroke (stroke, transient ischemic attack), were deter-
mined through participant contacts every 6 months, 
annual vital status searches, national death index 
searches every 5 years, telephone contact, and relevant 
medical records. Hospital records were sought for self-
reported outcomes, and central adjudication was per-
formed by trained physicians to ascertain CVD events. 
Two members of the CARDIA Endpoints Surveillance 
and Adjudication Subcommittee (ESAS) reviewed each 
record, applying standard outcome definitions to classify 
events; disagreements were resolved by the full CARDIA 
ESAS Committee.

Covariates
Age (years), race (Black or White), sex (male or female), 
smoking status (never, former, or current smoker), alco-
hol use (mL of alcohol consumed/day), educational 
attainment (highest grade of school completed), and 
family history of CVD (yes or no) were reported through 
questionnaire. Based on previous literature and causal 
directed acyclic graphs, these variables were considered 
potential confounders for the association between physi-
cal activity and CVD [11, 12]. Body mass index (BMI) 
was calculated based on measured height and weight at 
each examination. Blood pressure (hypertension) and 
fasting laboratory measures (glucose and cholesterol) 
were measured at each examination. BMI, hypertension, 
diabetes, and dyslipidemia were considered potential 
mediators for the association between physical activity 
and CVD based on previous literature and directed acy-
clic graphs [11, 12, 23].

Statistical analysis
Summarizing physical activity
Physical activity trajectories were modeled among all 
CARDIA participants. A linear mixed model (LMM) 

for repeated measures of physical activity was used to 
generate concise summaries of exercise patterns over 
time [11, 12]. The physical activity slopes consisted of 
all observations of the physical activity scores before 
CVD event onset with the goal of using as much of 
the data per participant as possible and to stabilize the 
best linear unbiased predictions. The LMM had fixed 
effects for a four-level categorization of sex and race, 
continuous age, and their interactions, as well as ran-
dom effects for participant and age, with unstructured 
covariance. We calculated expected physical activ-
ity level at age 18 and annual change for each partici-
pant from the fixed and random effects estimates the 
model provided. In order to capture the associations of 
lower level and faster decline in physical activity with 
increased CVD event risk and for easy interpretation, 
we changed the sign of both summaries.

Modeling the association of lower physical activity 
with incident CVD events
Unadjusted cumulative incidence of CVD events 
(coronary heart disease, congestive heart failure, and 
stroke) by sex and race/ethnicity was estimated using 
Kaplan-Meier methods [24]. We then expanded the 
data for each participant to include a record of each 
age between study entry and either metabolic disease 
onset, which was assumed to occur at the first visit at 
which it was detected, or at censoring by the end of the 
study of loss to follow-up. We used three sets of pooled 
logistic models to estimate the independent associa-
tions of the expected physical activity at age 18 and 
ensuing annual change with incidence of premature 
CVD events: adjusting for age (Model 1); adjusting for 
potential confounders including sex, race, family his-
tory of CVD, income, years of education, smoking sta-
tus, and alcohol use (Model 2) [15]; and adjusting for 
all confounders in Model 2, as well as potential media-
tors, including BMI, hypertension, diabetes, and dys-
lipidemia (Model 3) [23]. Given the importance of age 
as a confounder for physical activity and CVD, we did 
not present unadjusted models. Smoking status, alco-
hol use, BMI, hypertension, diabetes, and dyslipidemia 
were time varying, with the last observation carried 
forward. We tested if sex and race modified the effect 
of physical activity (level and change) on incident pre-
mature CVD events. Pooled logistic models estimated 
the associations of various physical activity guideline 
thresholds (exceeding 2x minimum guidelines [> 600 
EU], 1-2x minimum guidelines [300–600 EU], or below 
guidelines [< 300 EU]) at age 18 and through follow-
up with onset of CVD events. We used Stata 16.0 
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(Statacorp, College Station, TX) for all analyses. Sensi-
tivity analyses are listed in the Supplemental Appendix.

Results
Baseline demographic and health characteristic data 
of the 5114 participants (51.6% Black and 45.5% male) 
included in the sample are displayed in Table 1. Figure 1 
portrays the decline in average physical activity from 
young adulthood in all race and sex groups. Supplemen-
tal Figs. 1-4 show the cumulative incidence of premature 
CVD events by race and sex.

Pooled logistic regression model estimates for the 
associations between premature CVD event incidence 
and the two physical activity summaries (physical activ-
ity level at age 18 and subsequent declines in physical 
activity) are shown in Table 2. Model 1 adjusted for age 
only whereas Model 2 adjusted for race, sex, education, 
income, family history of CVD, smoking status, and alco-
hol in addition to age. Model 2, the fully adjusted model, 
indicates the association between lower physical activ-
ity score (per 100 units) at age 18 and the higher odds of 
incident CHD (14%), heart failure (21%), stroke (20%), 
and any CVD (15%). Each additional annual 1 EU reduc-
tion in the physical activity score was associated with a 
higher annual odds of incident heart failure (7%), stroke 
(6%), and any CVD (4%). Sex and race categories did not 
modify the effect of physical activity (level and change) 
on incident CVD events (all p > 0.05). Sensitivity analyses 
are shown in the Supplemental Appendix.

In models including potential mediators such as BMI, 
hypertension, diabetes, and dyslipidemia (Table  2, 
Model 3), the association between physical activity 
and incident CVD events was attenuated. In particular, 
these factors mediated 41% of the total effect of physi-
cal activity at age 18 and 59% of the total effect of the 
annual reduction in physical activity on incident CVD 
events. When adding each potential mediator (BMI, 
hypertension, diabetes, and dyslipidemia) to the model 
separately (Appendix D), diabetes accounted for the 
highest percent of the total effect mediated (24% for 
physical activity at age 18 and 38% for annual reduction 
in physical activity).

Table  3 shows associations with various physical 
activity guideline thresholds (> 600 EU or 300–600 
EU vs < 300 EU) at age 18 and through follow-up with 
onset of CVD events. Meeting the minimum HHS 
physical activity guidelines (300–600 EU, OR 0.69) 
and twice the minimum HHS guidelines (> 600 EU, 
OR 0.60) at age 18 was associated with lower odds of 
any premature CVD events compared to not meeting 
the minimum HHS guidelines. Meeting the minimum 
HHS physical activity guidelines (OR 0.74) and twice 
the minimum HHS guidelines (OR 0.55) from young 
adulthood to middle age (estimated physical activ-
ity level from linear mixed model was always above 
the threshold over the 30-year follow-up period) was 
associated with lower odds of any premature CVD 
events compared to not meeting the minimum HHS 
guidelines.

Fig. 1 Average physical activity trajectories, by race and sex. Note: A total physical activity score of 300 exercise units (EU) approximates the Health 
and Human Services recommendations of approximately 150 minutes of moderate‑intensity activity per week
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Discussion
In this prospective cohort study with 30-years of follow-
up, we found that a high level of physical activity during 
young adulthood is a crucial starting point for preventing 
premature CVD events before age 60. Physical activity in 
young adults is associated with lower incidence of pre-
mature CVD events, specifically heart failure and stroke 
events, independent of physical activity later in adult-
hood. In addition, for any given young adult physical 
activity set-point, decline in physical activity through the 
adult life course is also associated with incident prema-
ture heart failure and stroke events. Thus, it is important 
to maintain high levels of physical activity throughout 
the adult life course. While meeting the minimum HHS 
physical activity guidelines of 150 minutes of moderate-
intensity physical activity per week at age 18 and through 
the adult life course was protective of premature CVD 
events, meeting twice the minimum HHS guidelines was 
even more protective of premature CVD events.

Our study builds upon prior research linking physical 
activity to subsequent CVD events [2–4], but expands 
on this literature by examining trajectories with 30-years 
of follow-up from young to middle adulthood and also 
examining premature CVD events prior to age 60. The 
2018 HHS Physical Activity Guidelines Scientific Advi-
sory Committee concluded there was insufficient evi-
dence that the association between physical activity and 
CVD events varied by age group, with a particular evi-
dence gap for young adults [5]. We found physical activ-
ity levels in young adulthood are protective of premature 
heart failure and stroke events. Examining the  various 
guideline thresholds, we found meeting both the current 
recommended minimum levels and twice the recom-
mended minimum levels of moderate physical activity at 

age 18 and through midlife were protective of premature 
CVD events before age 60.

Several potential mechanisms may explain the link 
between physical activity and fewer premature CVD 
events. We found, collectively, that diabetes, BMI, 
hypertension, and dyslipidemia mediate 41–59% of the 
association between physical activity and CVD events, 
with diabetes as the largest contributor. Physical activity 
may improve inflammatory and metabolic factors which 
could protect from premature CVD [23]. High levels 
of physical activity in young and middle adulthood are 
protective of incident hypertension [11], which could 
be particularly implicated in the prevention of stroke 
events. It is notable that both physical activity level and 
slope were independently associated with premature 
heart failure and stroke event onset, even after adjusting 
for several potential sociodemographic and behavioral 
confounders.

Our findings indicate that young adult physical activ-
ity levels provide protection from subsequent pre-
mature CVD events, independent of physical activity 
levels up through midlife. Therefore, young adults 
may be an important target for interventions to ensure 
adequate physical activity levels. We find that physical 
activity declines, on average, during young adulthood 
in all race and sex groups, consistent with previous lit-
erature [6–8]. Educational, economic, and social transi-
tions such as starting college, entering the workforce, 
or becoming parents during young adulthood may lead 
to fewer opportunities for organized or leisure time 
physical activity [25, 26].

Disparities in physical activity and premature CVD 
events across race and sex are noteworthy over the 
30-year follow-up period. Black women reported the 

Table 3 Associations between meeting the Department of Health and Human Services physical activity guidelines at age 18 and 
through the follow‑up period and onset of cardiovascular disease events in the CARDIA study

A total physical activity score of 300 exercise units (EU) approximates the Health and Human Services recommendations of approximately 150 minutes of moderate-
intensity activity per week. Always meeting total physical activity level from young adulthood to middle age indicates that the estimated physical activity level from 
the linear mixed model was always above the threshold over the 30-year follow-up period
a Covariates: age, race, sex, education, income, family history of cardiovascular disease, smoking status, and alcohol

Any CHD Any CHF Any Stroke Any CVD

OR 95% CI p OR 95% CI P OR 95% CI p OR 95% CI p

Expected total physical activity at age  18a

  < 300 EU reference reference reference reference

 300–600 EU 0.50 0.34, 0.72 < 0.001 1.08 0.64, 1.82 0.770 0.69 0.42, 1.15 0.150 0.69 0.52, 0.91 0.010
  > 600 EU 0.59 0.38, 0.93 0.024 0.60 0.27, 1.32 0.200 0.51 0.23,1.14 0.100 0.60 0.41, 0.88 0.008
Always meeting total physical activity level from young adulthood to middle  agea

  < 300 EU reference reference reference reference

  > 300 EU 0.60 0.42, 0.85 0.004 0.82 0.51, 1.32 0.420 0.74 0.46, 1.18 0.210 0.74 0.57, 0.96 0.021
  > 600 EU 0.68 0.39, 1.19 0.180 0.23 0.05, 0.99 0.048 0.45 0.15, 1.36 0.160 0.55 0.34, 0.91 0.019
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lowest physical activity levels from young adulthood 
through midlife. While young men start with high aver-
age physical activity levels, these levels persistently 
decline through young adulthood, with further declines 
among Black men through midlife, similar to previ-
ously reported patterns [21, 27]. In terms of disparities 
in premature CVD events, we found that  Black popu-
lations had the highest incidence of premature heart 
failure and stroke events while men had the highest 
incidence of premature CHD events, similar to known 
race disparities in CVD including CHD and stroke [1, 
28, 29]. Despite these disparities, we did not find evi-
dence of effect modification by race or sex in the asso-
ciation between physical activity and premature CVD 
events. This finding of no effect modification by race or 
sex also contributes to an HHS-articulated gap for the 
Physical Activity Guidelines for Americans Scientific 
Report [5]. The benefits of physical activity to prevent 
premature CVD do not differ by race or sex which indi-
cates that disparities in premature CVD events are 
likely due to other factors such as social determinants 
of health.

Clinical perspectives
Clinicians should assess for and promote physical activ-
ity at health maintenance visits. Despite evidence of the 
feasibility, validity, and effectiveness of assessing and 
promoting physical activity in clinical settings, physi-
cal activity is less routinely assessed in clinical practice 
compared to smoking, obesity, blood pressure, glucose, 
and lipid profiles [30], though CVD risk associated with 
physical inactivity is comparable to smoking [31]. Mes-
saging promoting optimizing health, rather than the 
need to avoid risk, may better evoke responses from 
young adults [32]. Young adults may be more prone 
to taking on immediate risks (e.g. not being physi-
cally active) if they believe the outcome related to the 
counseling is far in the future; this is an instance of the 
concept referred to as temporal discounting [33]. The 
urgency of high levels of physical activity in young adult-
hood is emphasized by our finding that physical activity 
may prevent premature CVD events, including death 
before age 60.

Physical activity interventions at universities [34], 
workplaces [35], community organizations [36, 37], 
and faith-based organizations [38] may promote physi-
cal activity among young and middle-aged adults. Digi-
tal interventions including social media, text messages, 
e-mails, games, and multicomponent interventions, may 
hold future promise for promoting physical activity espe-
cially among young adults [39]; however, further research 
on and development of digital interventions for promot-
ing physical activity is required.

Limitations and strengths
The CARDIA Physical Activity History does not directly 
quantify duration and frequency within activity catego-
ries and was based on self-reported data, which may be 
subject to information bias, including recall (12-month 
recall) and prevarication bias. Social desirability bias 
may lead to inflation of the self-reported physical activ-
ity and limit generalizability. Nonetheless, repeated 
measures of the same physical activity measure were col-
lected in 2–5-year intervals across the 30-year follow-up 
period, which is a unique strength. The sampling design 
of CARDIA was not representative of all races or ethnic-
ities in the US, which may limit generalizability; however 
the study specifically focused on participants identifying 
as Black or White race [13]. While we adjusted for sev-
eral potential confounders including age, sex, race, edu-
cation, family history, smoking status, and alcohol, there 
is the possibility of unmeasured confounders. Given the 
small proportion of the sample with premature CVD 
events by age 60, we may have been underpowered to 
detect associations with some of the individual prema-
ture CVD event outcomes, particularly with the guide-
line threshold analyses. Future research examining these 
outcomes later in adulthood, when CVD event outcomes 
become more common, may have greater power to 
inform various guideline level thresholds.

Conclusion
In conclusion, low physical activity levels in young adult-
hood and declining physical activity in later adulthood 
are each significantly and independently associated with 
premature CVD events before age 60. Clinicians and 
public health programs should emphasize, prioritize, 
and develop interventions to promote physical activity 
across the lifespan, including young adulthood, which 
is an important time when individuals establish physical 
activity lifestyle behaviors for the rest of their life course. 
Regardless of young adult physical activity level, sus-
tained or increased physical activity later in midlife can 
also prevent premature CVD events and death.
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