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Abstract

Background: Despite established relationships between physical activity (PA) or physical fitness (fitness) and
metabolic risk, the prospective association is not well understood. The purpose of this study was to determine
whether metabolic risk in young adults is associated with 20-year PA or fitness trajectories.
Methods: Young adults were from the Coronary Artery Risk Development in Young Adults (CARDIA) study,
baseline ages 18–30 years (n = 4161). PA was determined from a self-reported questionnaire administered at
baseline and at follow-up exams at years 2, 5, 7, 10, 15, and 20. Fitness (seconds) was estimated from a graded
exercise treadmill test at baseline and years 7 and 20. Baseline metabolic risk was calculated using age-adjusted
principal components analysis (elevated = top 10% of first factor), for each sex–race group, from mean arterial
pressure, glucose, waist circumference, triglycerides, and high-density lipoprotein cholesterol. Repeated mea-
sures general linear modeling estimated PA and fitness trajectories over 20 years, separately in sex–race groups,
adjusting for age and smoking status.
Results: PA was significantly lower among those with elevated metabolic risk compared with normal risk at
baseline and each subsequent time point (black and white men, white women; all P < 0.0001; black women
P = 0.27). Significant and consistent results were also found with fitness trajectories for all sex–race groups
(P < 0.0001). Despite these lower PA and fitness levels at baseline in young adults with elevated metabolic
compared with normal risk, 20-year trajectories declined at similar rates.
Conclusion: Elevated metabolic risk is associated with lower levels of PA and fitness in early adulthood, and
these differences persist over 20 years.

Introduction

The presence of multiple cardiometabolic risk factors
is associated with increased cardiovascular disease

mortality.1–3 Recommendations from the American Heart
Association/National Heart, Lung and Blood Institute for
reducing chronic disease risk include the modification of
lifestyle behaviors such as increasing physical activity
(PA) levels.4 Increasing PA and/or cardiorespiratory fit-
ness (fitness) can improve individual cardiometabolic risk

factor profiles5 and provide a protective effect for all-cause
and cardiovascular disease mortality,6 both of which
have been shown to occur, even in those with metabolic
syndrome.6,7 However, low levels of PA and fitness are
already identified in individuals with the metabolic
syndrome (cardiovascular risk factor clustering)8–10 and
insulin resistance.11,12 Furthermore, longitudinal studies
show that the development of metabolic syndrome is as-
sociated with low levels of PA and/or fitness at earlier
ages.13–15
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Despite these established relationships between PA or
fitness and metabolic risk, the prospective association of
metabolic risk with future levels of PA or fitness is not well
understood. Ferreira et al. found that young adults with
metabolic syndrome had an increase in lower intensities of
PA, a decrease in higher intensities of PA, and a decrease in
fitness over a period of 23 years.14 This study was one of the
first to examine longitudinal patterns of these PA charac-
teristics, and it was done from adolescence into young
adulthood (through age 36). Thus, the aim of this study was
to examine the 20-year longitudinal trajectories of PA and
fitness of adults through middle age and their association
with metabolic risk. This research will provide insights into
the relationship between an individual’s metabolic risk and
the observed PA and fitness patterns through adulthood
across sex–race groups.

Methods

Longitudinal data from the multicenter Coronary Artery
Risk Development in Young Adults (CARDIA) were used for
this study. CARDIA began in 1985–1986 with 5115 black and
white adults (baseline ages 18–30 years). Details of the study
design, protocol, and procedures have been published pre-
viously.16 All participants gave written informed consent
prior to each measurement, and all procedures were given
Institutional Review Board (IRB) approval from each study
site at each examination. After baseline assessment, partici-
pants were followed up at years 2, 5, 7, 10, 15, and 20, with
90%, 86%, 81%, 79%, 74%, and 72%, respectively, of the
surviving cohort returning, and measured for various car-
diometabolic factors and lifestyle behaviors. Specific vari-
ables included in this analysis are outlined below.

Information regarding age, race/ethnicity, cigarette use,
medications, and medical history was obtained through
questionnaire. Cigarette smoking (former, never, current)
was obtained from a self-administered questionnaire.

Height and weight were measured in light clothing, with
removal of shoes. Body mass index (kg/m2) was calculated.
Waist circumference was measured in duplicate and aver-
aged, at the narrowest abdominal girth to the nearest 0.5 cm.

Cardiometabolic risk factors

Cardiometabolic risk factors were taken at baseline
according to standard CARDIA procedures.16 Following a
5-min rest, blood pressure was assessed in triplicate, 1-min
apart, from the right arm using a Hawksley random-zero
sphygmomanometer. The average of the second and third
measures for systolic and diastolic (Phase I and Phase V
Korotkoff sounds) were used for the analysis.

Participants were instructed to fast ‡ 12 hr before blood
laboratory assessment. Detailed descriptions of the lipid and
metabolic measurement and quality control have been pre-
viously reported.17 Blood was drawn into EDTA vacutainers,
separated into plasma and serum, and frozen and shipped to
the central laboratory overnight for analysis. Serum insulin
was measured by radioimmunoassay, and glucose was
measured with the hexokinase method.4 Insulin resistance
was estimated by the homeostasis model of insulin resistance
(HOMA-IR) and calculated by [(fasting glucose (mmol/
L)*fasting insulin (mU/mL)/22.5].18 Plasma cholesterol and
triglycerides were determined using enzymatic procedures,19

and high-density lipoprotein cholesterol (HDL-C) after pre-
cipitation with dextrate sulfate magnesium chloride.20 Dia-
betes status at baseline was assessed by self-report.

Physical activity

Participants were asked about the frequency of participa-
tion in 13 different activity categories (8 vigorous; 5 moder-
ate) of recreational sports, exercise, leisure, and occupational
activities over the previous 12 months. Vigorous activities
included running, racquet sports, bicycling faster than 10
miles per hour, swimming, vigorous exercise classes, sports
(e.g., basketball, football), heavy lifting, carrying or digging
on the job, and home activities such as snow shoveling and
lifting heavy objects. Moderate activities included non-
strenuous sports (e.g., softball), walking, bowling/golf, home
maintenance (e.g., gardening, raking), or calisthenics. A total
PA score was computed by multiplying the number of
months of participation by the intensity of the activity with a
weighting factor for the months of more frequent participa-
tion, and then summing all activities. Because participants
were not asked explicitly about duration of activity, PA
scores are expressed in exercise units. This questionnaire has
been validated to assess leisure and work time PA.21

Physical fitness

Prior to the fitness test, participants were asked to perform
an overnight fast and refrain from smoking. Eligible partic-
ipants had symptom-limited maximal graded exercise tests
using a modified Balke treadmill protocol at the baseline
visit, year 7, and year 20. The exercise test protocol consisted
of nine, 2-min stages that increased in difficulty. Fitness was
determined with duration (seconds) from the graded exercise
test. At year 7, a procedural violation occurred in Minnea-
polis, MN, and the resulting data were eliminated for indi-
viduals at this site during this year. However participants
from Minneapolis, MN, remained in physical fitness analyses
if they had data at any previous and/or subsequent time
point, resulting in 9 individuals being eliminated from the
dataset. Therefore, data are limited to a subsample of par-
ticipants with valid data at any of the three time points
(baseline, year 7 and year 20).

Metabolic risk

Metabolic risk was estimated at baseline by principal
components analysis (PCA) separately within sex and race
and also controlling for age. Cardiometabolic risk factors
for the analysis included mean arterial blood pressure
(MAP) [1/3(systolic blood pressure - diastolic blood pres-
sure) + diastolic blood pressure], glucose, insulin, HDL-C,
triglycerides, and waist circumference. Glucose, insulin, and
triglycerides were log-transformed due to nonnormality. We
classified those at elevated metabolic risk as individuals ex-
ceeding the top 10% of the continuous scores for the first
factor within the sex–race groups.

A total of 5115 participants were available for the current
analysis. Cardiometabolic risk factors that were more than three
standard deviations (SD) from the mean (log-transformed data
were used for nonnormal variables) were eliminated as poten-
tial outliers (n = 168) before PCA. Participants were excluded if
they had diabetes at baseline (n = 43), were pregnant, did not
know pregnancy or breastfeeding status (n = 98), or did not
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have a fasted blood draw (n = 429). Finally, participants who
were missing data for risk factors (n = 109), smoking (n = 82), or
fitness (n = 25) were also excluded from this analysis. The final
sample size was n = 4161 (81% of original sample size) for all
analyses.

Statistical analyses

All statistical analyses were performed using SAS soft-
ware version 9.2 (SAS Institute, Cary, NC). t-tests deter-
mined differences in the cardiometabolic risk factors within
and between sex and race and between metabolic risk groups
within sex. Trajectories of PA and fitness were determined
using linear mixed modeling with repeated measures (SAS
Proc Mixed), separately within men and women. For this
analysis, the outcome or dependent variable was PA levels
over time (year 0, 2, 5, 7, 10, 15, 20) or physical fitness levels
over time (year 0, 7, 20). CARDIA participants were included
if they had at least one PA or fitness measurement at any of
the time points. The mean number of PA measures within an
individual was 5.7 – 1.8 (maximum of 7), and the mean
number of fitness measures within an individual was
2.1 – 0.8 (maximum of 3). Our primary independent variable
of interest was baseline metabolic risk (elevated risk vs.
normal risk). Other covariates included time, age at baseline,
smoking status, and race/ethnicity. To account for various
trajectory shapes over the 20-year period, we included a
squared and cubic term for time in the initial model, and
nonsignificant terms were removed in a backward elimina-
tion. The cubic term was not significant and thus removed
from all final PA and fitness models. The squared time term
(positive) was significant and remained in all the final
models for PA, indicating a plateauing of the trajectory over
time. The squared time term was not significant for fitness,
and was removed. We next examined two- and three-way
interactions between metabolic risk, time, and race within

the sex-stratified models. The three-way interactions were
significant (P £ 0.0001), so we chose to stratify our models
further by race/ethnicity groups—white men, black men,
white women, and black women. The final model fitting did
not show any two-way interaction terms of metabolic risk
and time for any of the sex-race specific models, indicating
that there was no significant difference in rate of decline
between the metabolic risk groups, so they were removed
from the final models. Additional information on model fit
can be found in Table S1 (Supplementary Data are available
at www.liebertpub.com/met).

Results

Baseline characteristics (mean – SD) of the CARDIA sub-
sample (n = 4161) are presented in Table 1. The mean age was
24.8 – 3.6 years of age, and the cohort consisted of 22% black
men, 23% white men, 28% black women, and 27% white
women. Significant differences between sex–race groups did
occur for demographic characteristics and cardiometabolic
risk factors.

As previously mentioned, per our statistical design, 10%
of each sex–race group was classified with elevated meta-
bolic risk. Table 2 presents the cardiometabolic risk factors
characteristics between the elevated and normal metabolic
risk groups within sex–race groups. Except for age, all car-
diometabolic risk factors were significantly different between
those with elevated metabolic risk versus those with normal
metabolic risk, within sex–race groups.

In general, the PA trajectories showed a general decline
over time that plateaued in all four sex–race groups (Fig. 1),
with most of the decline occurring in the first half of follow-
up. In black men, white men, and white women, those with
elevated metabolic risk at baseline had significantly lower
baseline PA levels when compared to their normal risk
counterparts [elevated risk vs. normal risk, mean – standard

Table 1. CARDIA Baseline Characteristics By Sex–Race Groups [Mean (SD)]

Men Women

Baseline characteristics Total Black White Black White

n (%) 4161 (100) 912 978 1151 1120
Age (years) 24.8 (3.6) 24.1 (3.8) 25.3 (3.4)a 24.3 (3.8) 25.4 (3.4)a

Smoking
Never n (%) 2392 (57) 498 (55) 577 (59) 708 (62) 606 (54)
Former n (%) 540 (13) 87 (10) 149 (15) 90 (8) 214 (19)
Current n (%) 1232 (30) 327 (36) 252 (26) 353 (31) 300 (27)

BMI (kg/m2)c 24.1 (4.4) 24.3 (3.8)b 24.0 (3.2) 25.2 (5.7) 22.9 (4.0)b

Waist circumference (cm) 76.8 (10.1) 79.9 (8.9)b 82.3 (8.0)a,b 75.1 (10.9) 71.3 (8.3)a

Systolic blood pressure (mmHg) 110.1 (10.5) 115.3 (10.0)b 114.2 (9.8)a,b 107.8 (9.3) 104.7 (9.2)a

Diastolic blood pressure (mmHg) 68.4 (9.2) 70.5 (9.8)b 70.6 (9.0) 67.0 (8.9) 66.0 (8.3)a

Mean arterial pressure (mmHg) 82.3 (8.6) 85.4 (8.7)b 85.1 (8.1)b 80.6 (8.0) 78.9 (7.9)a

HDL-C (mg/dL) 53.0 (12.3) 52.9 (12.3)b 47.2 (10.5)a,b 55.3 (12.0) 56.0 (12.4)
Triglycerides (mg/dL) 69.7 (35.9) 67.3 (34.6)b 82.1 (42.8)a,b 62.0 (29.2) 68.6 (33.7)a

Glucose (mg/dL) 81.4 (7.9) 82.8 (7.9)b 84.2 (7.7)a,b 78.9 (7.6) 80.4 (7.3)a

Insulin (mU/mL) 10.1 (6.2) 9.9 (6.4)b 9.0 (5.0)a 12.5 (7.3) 8.9 (5.0)a

HOMA-IR 2.1 (1.3) 2.1 (1.4)b 1.9 (1.1)a,b 2.5 (1.6) 1.8 (1.1)a

High metabolic risk n (%) 416 (10) 92 (10) 97 (10) 115 (10) 112 (10)

aSignificant difference between race within sex by t-test (P £ 0.05).
bSignificant difference between sex within race by t-test (P £ 0.05).
cNote: Due to missing data, BMI for white women is n = 1119; AA women n = 1149.
CARDIA, Coronary Artery Risk Development in Young Adults; SD, standard deviation; BMI, body mass index; HDL-C, high-density

lipoprotein cholesterol; HOMA-IR, homeostasis model assessment of insulin resistance.
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error (SE)]: black men, 440.7 – 18.1 vs. 539.6 – 10.7; white
men, 444.9 – 14.0 vs. 515.7 – 8.1; white women, 332.5 – 11.3
vs. 411.2 – 6.6), and this PA difference between those with
elevated versus normal metabolic risk remained significant
through 20 year follow-up (black men, - 98.9 – 16.4), white
men, - 70.8 – 12.5; white women, - 78.7 – 10.2; all p < 0.0001).
There were no differences in black women with or without
elevated metabolic risk for PA levels at baseline, or at any
point of follow-up (elevated risk vs. normal risk, 274.7 – 10.5
vs. 284.8 – 6.4; difference, - 10.1 – 9.3, P = 0.27).

The fitness trajectories show a steady decrease over time in
the sex–race groups (Fig. 2). Those classified as having ele-
vated metabolic risk had lower baseline fitness levels in all
sex–race groups [elevated risk vs. normal risk (sec), black
men, 549.4 – 11.0 vs. 680.5 – 5.1; white men, 612.9 – 10.0 vs.
741.2 – 4.4; black women, 353.4 – 8.1 vs. 440.9 – 4.0; white
women, 420.4 – 9.5 vs. 566.9 – 4.0], and this significant fitness
difference between those with elevated risk and normal risk
was maintained over 20 years (black men, - 131.1 – 11.0;
white men, - 128.3 – 9.9; black women, - 87.6 – 8.0; white
women, - 146.5 – 9.6; all P < 0.0001). (Information on both PA
and fitness model fit statistics is provided in Table S1).

Discussion

In general, participants with elevated metabolic risk had
lower baseline levels of PA and fitness and a similar mag-
nitude of decline for both PA and fitness over 20 years when
compared to their normal metabolic risk counterparts. Thus,
the differences in PA and fitness that existed at baseline
persist over 20 years. The relationship between PA or fitness
and metabolic risk was consistent across sex–race groups,
although the PA association was not significant in black
women.

Previous studies have established that those with abnor-
mal risk factors or metabolic syndrome at follow-up were
more likely to have lower PA13,15,22 or fitness8,15,23,24 at
baseline. Our study is unique in that we examined PA and
fitness, prospectively, in adults with and without elevated
metabolic risk at baseline. This allowed us to observe the
natural course of PA behavior, as well as a measured out-
come of PA (fitness), in those individuals already identified
at varying risk for developing chronic disease at a young age.
Ferreira et al. studied the longitudinal patterns of PA and
fitness in young adults who developed metabolic syndrome

Table 2. CARDIA Cardiometabolic Characteristics Among Normal and Elevated Risk

Within White Men and Black Men and White Women and Black Women

White men Black men

Normal risk
(n = 881)

Elevated risk
(n = 97)

Normal risk
(n = 820)

Elevated risk
(n = 92)

Baseline Mean SD Mean SD Mean SD Mean SD

Age (years) 25.3 3.4 25.4 3.2 24.1 3.7 24.8 4.1
BMI (kg/m2) 23.5a 2.7 28.7 3.6 23.6a 3.1 30.7 3.8
Waist circumference (cm) 80.8a 6.7 95.5 7.2 78.1a 6.9 96.0 8.4
Systolic blood pressure (mmHg) 113.6a 9.7 119.3 9.4 114.6a 9.9 122.0 9.0
Diastolic blood pressure (mmHg) 70.0a 8.8 75.7 8.9 70.0a 9.8 74.5 9.1
Mean arterial pressure (mmHg) 84.5a 8.0 90.2 8.0 84.9a 8.7 90.3 7.3
HDL-C (mg/dL) 48.3a 10.3 37.2 6.6 54.2a 12.0 41.0 8.2
Triglycerides (mg/dL) 74.7a 34.9 149.5 49.3 62.5a 28.5 110.2 50.9
Glucose (mg/dL) 83.8a 7.6 87.5 7.3 82.3a 7.8 87.5 6.9
Insulin (mg/dL) 8.0a 3.7 17.5 6.6 8.7a 4.7 21.2 8.6
HOMA-IR 1.7a 0.8 3.8 1.6 1.8a 1.0 4.6 1.9

White women Black women

Normal risk
(n = 1008)

Elevated risk
(n = 112)

Normal risk
(n = 1036)

Elevated risk
(n = 115)

Baseline Mean SD Mean SD Mean SD Mean SD

Age (years) 25.4 3.4 25.3 3.5 24.2 3.8 25.3 4.0
BMI (kg/m2) 22.1a 3.0 29.7 5.1 24.3a 4.8 34.0 4.9
Waist circumference (cm) 69.6a 6.2 86.7 9.4 73.0a 8.9 93.8 8.9
Systolic blood pressure (mmHg) 103.9a 8.8 111.9 9.7 107.0a 8.9 115.0 9.8
Diastolic blood pressure (mmHg) 65.5a 8.2 70.7 8.2 66.3a 8.6 73.7 8.6
Mean arterial pressure (mmHg) 78.3a 7.6 84.4 7.8 79.8a 7.5 87.5 8.3
HDL-C (mg/dL) 57.2a 12.1 44.9 8.4 56.6a 11.7 44.1 8.3
Triglycerides (mg/dL) 64.8a 29.8 103.6 44.8 59.0a 25.9 89.4 40.7
Glucose (mg/dL) 79.8a 7.0 86.1 7.4 78.0a 7.1 86.5 7.8
Insulin (mg/dL) 7.9a 3.5 17.3 7.6 11.1a 5.8 24.7 8.5
HOMA-IR 1.6a 0.8 3.7 1.6 2.2a 1.2 5.3 1.9

aSignificant difference between those with elevated metabolic risk vs. normal risk within gender by t-test (P £ 0.05).
CARDIA, Coronary Artery Risk Development in Young Adults; SD, standard deviation; BMI, body mass index; HDL-C, high-density

lipoprotein cholesterol; HOMA-IR.
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at 36 years.14 We were able to extend his findings from
young adulthood (baseline mean, 24.8 – 3.6 years) to middle
adulthood (45.1 – 3.6 years). This interval of time in aging
represents a crucial period for chronic disease development
and progression, and possibly an opportune time for modi-
fication of lifestyle habits such as PA.

Possible explanations for the lack of significant findings
for the association between PA and metabolic risk in black
women may be due to lower overall PA levels. Black wo-
men had the lowest levels of PA at any given time point
compared with any of sex–race group. Lower PA levels
may have led to less variability, which could have de-
creased statistical power to detect a significant association.

However, despite the lack of significance for PA, the fitness
levels were significantly different in black women at
baseline and over the subsequent 20 years. Fitness is an
objective measure of PA patterns and behaviors, and thus
may be a more sensitive marker of PA levels. In CARDIA,
fitness was measured through a laboratory treadmill test,
where time in seconds was the outcome, and PA was es-
timated via self-reported questionnaire. Therefore, fitness
may have been a more sensitive measure to detect overall
outcomes of PA. These results imply that black women
may be more at risk for having low PA and fitness mea-
sures, regardless of metabolic risk status, and thus, may
be an important target group for lifestyle intervention in

FIG. 1. CARDIA (1985–2005) trajectory of physical activity (least squared means) over 20 years between those with normal
and elevated metabolic risk in white men (A) and black men (B) and white women (C) and black women (D). Physical
activity is adjusted for time, time2, baseline age, and smoking status.

(Continued/)
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early adulthood, findings which are consistent with other
studies.25

As previously mentioned, the interaction of time and
metabolic risk was not significant in any of the statistical
models and was not included in the final models. These
findings suggest that the rate of decline was similar for both
PA and fitness, regardless of whether a person was classified
as having elevated metabolic risk at baseline or not. Al-
though those with high metabolic risk did start at lower PA
and fitness levels initially, the rate and pattern of decline was
no different over 20 years between those with elevated and
normal metabolic risk. The majority of the decline in PA
occurred in the first 10 years of follow-up in all groups,
suggesting that early adulthood is a key target for inter-
vention. These results could imply that if PA or fitness levels
were modified, stabilized, or increased in young individuals
with elevated metabolic risk at baseline or throughout the

early transition from young adulthood into middle adult-
hood, it may be possible to alter their PA or fitness trajectory
over time, thus ultimately minimizing or eliminating the
absolute differences in PA and fitness found at baseline.
Because metabolic risk is associated with PA and fitness
patterns over time, we can consider that while an individual
improves PA or fitness, they may also be improving meta-
bolic health.26 Future lifestyle intervention research is nec-
essary to support these claims.

The use of CARDIA, a richly phenotyped and well-
characterized dataset, is a marked strength of this study.
Although the attrition rate may introduce a potential bias,
CARDIA’s standardized clinical measurements over 20 years
allow us a distinctive perspective on the natural PA and
fitness behavior in adults. We were able to control for known
influence of PA, fitness, or metabolic risk such as age, sex,
race, and smoking status. This research examines the

FIG. 1. (Continued).
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association between metabolic risk and PA or fitness trajec-
tory, but this relationship does not imply causation. Fur-
thermore, our definition of elevated metabolic risk used a
statistical method that identified the top 10% of those with
multiple abnormal baseline risk factors. Because results re-
vealed significant differences in cardiometabolic risk factors
for both race and sex, we felt it was important to identify
elevated risk within each sex–race group. Limitations also
include the inability to determine the directionality for the
associations observed. Those at high metabolic risk at base-
line had lower levels of PA and fitness, which may have been
either a result of or because of their metabolic status. Another
limitation relates to our inability to control for possible
changes in metabolic status over time. However, our main
objective was to compare PA and fitness trajectories of
individuals at elevated and normal risk as young adults.

PCA analysis is a useful epidemiological tool; however, it
can be difficult to translate these results into a clinical set-
ting.27 We also ran an analysis that examined the harmoni-
ous metabolic syndrome defined by the Joint Interim
Statement,28 a clinical tool to identify elevated metabolic risk.
Unfortunately, at baseline we only identified n = 67 (1.6%)
with metabolic syndrome, which is drastically reduced from
current national estimates of 34%.29 This may be due to ei-
ther the young age at baseline (18–36 years), and/or data
collection in 1985–1986, which may not have adequately
captured the effects of the current obesity epidemic on car-
diovascular health. We did not have adequate power to de-
tect differences in PA and fitness between those with and
without metabolic syndrome, so we modified our definition
to reflect ‘‘elevated cardiometabolic risk’’ within the cohort
using PCA analysis. PCA has been used previously to define

FIG. 2. CARDIA (1985–2005) trajectory of physical fitness (least squared means) over 20 years between those with normal
and elevated metabolic risk in white men (A) and black men (B) and white women (C) and black women (D). Physical fitness
is adjusted for time, baseline age, and smoking status.

(Continued/)
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and describe metabolic risk,1,30–34 has been recommended for
use in epidemiologic research,27 and is encouraged by the
American Diabetes Association and the European Associa-
tion for the Study of Diabetes.35 Thus, we felt that this
analysis of the CARDIA cohort followed over 20 years was
an excellent and informative application of PCA to describe
metabolic risk. However, efforts should be made to replicate
the results in other cohorts to better generalize the results to
other populations. Despite these limitations, we were able to
identify a specific target group (elevated metabolic risk) in
need of early adulthood lifestyle intervention.

In summary, we found that individuals with elevated
metabolic risk in young adulthood are not only more likely
to have low levels of PA and fitness, but these differences
persisted in PA and fitness over 20 years. These findings

were generally consistent across all sex–race groups. Ulti-
mately, the identification of young adults at increased risk
for chronic disease development and progression could
warrant early and possibly long-term lifestyle and behav-
ioral intervention to not only increase baseline PA and fit-
ness, but also prevent or slow further declines in PA or
fitness over time. With the increasing prevalence metabolic
syndrome36 and overall time spent in sedentary behavior37 in
American adults, identifying those at risk for both health
risks is a public health priority and an important first step in
improving overall health.
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