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Background: Despite prominent public attention, data on life span health and exercise outcomes among elite, competitive 
athletes are sparse and do not reflect the diversity of modern athletes.

Hypothesis: Life span exercise behavior differs between National Collegiate Athletic Association (NCAA) student athletes 
and a nonathlete control group. Sustained exercise is associated with improved cardiopulmonary health outcomes.

Study Design: Cross-sectional, descriptive epidemiology study.

Level of Evidence: Level 3.

Methods: A total of 496 students and alumni (age range, 17-84 years) at a large, NCAA Division I university, including 
student athletes and an age- and sex-matched nonathlete control group, completed anonymous, self-report health and 
exercise questionnaires. Age-stratified, cross-sectional analysis evaluated previous week’s total exercise volume (ExVol), self-
rated exercise importance (ExImp), and compliance with American College of Sports Medicine (ACSM) exercise guidelines 
for healthy adults. The association of ACSM guideline compliance with lifetime cardiopulmonary health outcomes was also 
assessed.

Results: Current student athletes reported significantly greater ExVol (P < 0.001, Cohen d = 0.99, probability of clinically 
important difference [pCID] >99.5%), ExImp (P < 0.001, d = 1.96, pCID = 96%), and likelihood of compliance with ACSM 
guidelines (odds ratio [OR], 95% confidence interval [CI] = 30.6, 11.0-84.6) compared with nonathletes. No significant 
differences were found between alumni student athletes and nonathletes. Alumni student athletes demonstrated substantially 
lower ExVol (P < 0.001, d = –0.94, pCID >99.5%) and guideline compliance (OR = 0.09, 95% CI = 0.05-0.19) compared with 
current student athletes, whereas nonathletes had similar exercise behavior across their life spans. Among alumni, ACSM 
guideline compliance was associated with significant attenuation of cardiopulmonary health concerns (P = 0.02, d = –0.50, 
pCID = 14%) independent of intercollegiate athletic participation.

Conclusion: Although current NCAA Division I student athletes demonstrated significant, clinically important differences 
in exercise behavior compared with nonathletes, no group differences were evident later in life. Irrespective of collegiate 
athletic status, healthy exercise behavior among alumni was associated with cardiopulmonary health benefits.

Clinical Relevance: To realize life span health benefits, it is imperative that student athletes maintain consistent patterns of 
healthy exercise beyond retirement from competitive sports.
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The long-term health impact of elite competitive sports 
participation is receiving increasing public attention and 
scrutiny. Accounts of joint injury,30 cardiopulmonary 

disease,3 head injury,25 and related psychosocial health 
concerns1 have prompted investigations from the US 
Congress,14,15 compelled organizations such as the National 
Collegiate Athletic Association (NCAA) to make far-reaching 
policy changes,35 and brought about legal accountability.7 
Enhanced understanding and promotion of athletes’ health has 
emerged as an imminent priority, yet scientific data concerning 
life span health and exercise among elite athletes remain 
surprisingly sparse.

Regular exercise provides well-established health benefits, 
including reduced all-cause mortality and cardiovascular disease 
(CVD), increased muscle strength, preserved bone mass, 
reduced fall risk, and improved measures of integrated and 
psychosocial health, including depression, anxiety, cognitive 
function, overall well-being, and quality of life.8 Elite 
competitive athletes participate in routine, organized exercise 
training and have greater cardiorespiratory fitness, strength, and 
power compared with the general population, all of which are 
positively associated with health.6,10 At the same time, 
competitive sports also carry well-recognized health risks.11,16

Importantly, it is unclear whether young adult athletes 
maintain their exercise behavior and attitudes across their life 
spans or how those factors relate to long-term health. Data from 
the Finnish former athlete cohort demonstrated that athletes had 
greater lifetime physical activity and reduced risk of CVD.18 
Similarly, Lynch et al19 reported higher levels of physical activity 
from ages 20 to 64 years among retired National Football 
League (NFL) players, along with reduction of select CVD risk 
factors. In contrast, other investigators have reported no 
association between high school and college sports participation 
and later physical activity patterns2,5 and a higher risk of CVD 
among former athletes no longer involved in sports.23 Additional 
research is needed to understand the overall balance of risks 
versus rewards.

The increasingly intensive, structured, and specialized nature 
of modern sports brings into question the generalizability of 
previous studies.17 Additionally, the sexes and racial diversities 
of modern athletes are not reflected by research studies to date. 
NCAA intercollegiate athletics include more than 440,000 active 
participants in 23 sports22—one of the broadest representations 
of today’s elite competitive athletes. We are unaware of any 
studies to date evaluating life span exercise among current and 
former NCAA athletes compared with a representative control 
group.

Therefore, as part of a collaborative research and education 
program—Trojan Lifetime Champions (TLC)—we assessed life 
span health, exercise, and health-related quality of life (HRQoL) 
among current and former university students, including NCAA 
intercollegiate student athletes. The primary objective of the 
present study was to document life span exercise behaviors and 
attitudes. A secondary goal was to evaluate the association 
between exercise behavior and cardiopulmonary health.

Methods
Study Design

This cross-sectional epidemiological study included students 
and alumni of the University of Southern California, a large, 
NCAA Division I university. Current and former varsity student 
athletes and nonathletes completed anonymous questionnaires 
documenting lifetime physical, mental, and emotional health; 
HRQoL; and exercise behaviors and attitudes. Each participant 
provided informed consent, and the experimental protocol was 
approved by the University of Southern California Health 
Sciences Institutional Review Board.

Participants

Participants included a convenience sample of student athletes 
and nonathletes. Student athletes must have practiced or 
competed in Division I intercollegiate athletics at the University 
of Southern California. Nonathletes were current and former 
undergraduate University of Southern California students who 
never practiced or competed in Division I intercollegiate 
athletics or organized club sports at any university.

Study participants were recruited using athletic department 
and university records, student and alumni organizations, and 
personal referrals. The study population was selected to provide 
a representative cross-section of the University of Southern 
California student athlete source population27 and a control 
group of similar age and sex distribution.

Data Collection

Participants anonymously completed the TLC survey (see 
Appendix 1, available at http://sph.sagepub.com/content/
suppl). Details of the survey, including a formal validity and 
reliability assessment, have been described elsewhere.27 Briefly, 
the questionnaire recorded basic demographic information (age, 
sex, ethnicity, height, and weight), history of intercollegiate 
sports participation, a standard HRQoL measure (Short Form–12 
[SF-12v2]),31 a health inventory including 6 domains (joint, bone 
and muscle, cardiopulmonary, neurological, other clinical, and 
psychosocial), recent (previous week’s) exercise, and 
perceptions of exercise and health. All participants received a 
$5 coffeehouse gift card incentive, as approved by the 
University of Southern California Office of Athletic Compliance.

Previous week’s exercise was compared with guidelines for 
healthy adults published by the American College of Sports 
Medicine (ACSM).10 The survey did not distinguish between 
formally organized, structured, supervised exercise (eg, sports 
training) and informal and/or unsupervised recreational physical 
activity. Self-reported exercise importance was measured using a 
4-point ordinal scale.

Current student athletes represented all 20 varsity sports and 
approximately 74% of the student athlete population. This 
sample was considered representative of the overall source 
population. The survey response rate among alumni recruited 
for the study was 79%, including 76% of student athletes and 
82% of nonathletes. Responders and nonresponders were 
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similar in sex, age, intercollegiate sports participation, and 
survey type (ie, paper vs electronic).27 Thirty-four surveys 
containing incomplete or illegible data (27 current student 
athletes, 6 nonathlete current students, and 1 nonathlete 
alumnus) were excluded.

Data Analysis

Descriptive statistics (mean [standard deviation] or number 
[percentage]) were calculated to compare demographic 
characteristics of student athletes and nonathletes. Primary 
independent variables included intercollegiate athletic 
participation (ie, student athlete vs nonathlete) and age. 
Participants were classified into age groups as follows: current 
students, younger alumni, and older alumni. Younger and older 
alumni were stratified based on the median age (43 years) of 
alumni participants.

Primary dependent variables included total exercise volume, 
exercise importance, and rate of compliance with ACSM healthy 
exercise guidelines.10 Exercise importance was modeled as a 
continuous variable. Compliance with ACSM exercise guidelines 
was computed as a dichotomous outcome, where compliant 
participants reported total exercise volume of ≥150 minutes and 
≥2 resistance exercise sessions.

Our secondary interest was the association between 
cardiopulmonary domain summary scores and ACSM exercise 
guideline compliance. The summary score reflected a study 
participant’s cumulative lifetime experience with 
cardiopulmonary health concerns, with a score of 0 indicating 
“perfect” health and higher scores indicating greater evidence of 
concerns.27 The maximum possible score was 24.

All data were screened for integrity, including identification of 
spurious and outlier values.27 All spurious and outlier data—
including exercise data for 4 student athletes (0.9% of sample)—
were excluded from subsequent statistical analysis.

For the primary analysis, stratified assessment of age and 
athletic participation effects on exercise volume and exercise 
importance was conducted using independent-samples t tests 
and magnitude-based methods.12,13 Magnitude-based 
assessments include probabilistic interpretation of effects 
relative to a priori threshold values of substantial clinical 
meaning and may be a preferred alternative to traditional 
hypothesis testing versus the null value.13 Threshold values 
were as follows: total weekly exercise volume (150 minutes, 
corresponding to the minimum ACSM guidelines for healthy 
adults)10 and self-reported exercise importance (1 unit, 
corresponding to the minimum precision for the 4-point TLC 
exercise importance scale). The TLC survey has demonstrated 
adequate precision to detect effects of this magnitude.27 A 
significance level of α = 0.05 was used for the traditional 
statistical tests. Probabilistic interpretation of magnitude-based 
tests utilized the following scale, based on the guidelines of 
Hopkins et al13: <0.5%, most unlikely; 0.5% to 5%, very unlikely; 
5% to 25%, unlikely; 25% to 75%, possibly; 75% to 95%, likely; 
95% to 99.5%, very likely; and >99.5%, most likely.

In the secondary analysis, relative odds of ACSM exercise 
guideline compliance were evaluated using unconditional 
logistic regression (odds ratios with 95% confidence intervals) 
stratified across the primary independent variables. The Tarone 
test of homogeneity was used to assess the validity of Mantel-
Haenszel common odds ratios across strata. Common odds are 
reported where the Tarone test indicated homogeneity  
(P > 0.05), and crude odds are reported otherwise.

Finally, we conducted an age-stratified analysis of 
cardiopulmonary health, with ACSM exercise guideline 
compliance as an independent factor. Independent-samples  
t tests and magnitude-based methods were utilized, with a 
2-unit a priori threshold for substantial clinical meaning.

Sex, ethnicity, height, body mass, and body mass index (BMI) 
were evaluated as potential analysis covariates. Sex and 
ethnicity were excluded because of small sample size (n < 10) 
in selected combinations of the independent variables. 
Following assessment of confounding criteria,24 analysis of 
covariance model assumptions (eg, homogeneity of variance 
and regression), and covariate effect magnitudes, the influence 
of each covariate was deemed minimal. Therefore, unadjusted 
values are reported throughout.

Statistical analyses were conducted using SPSS version 16 
(SPSS, Inc, Chicago, Illinois), Intercooled STATA version 10 
(StataCorp, College Station, Texas), and Hopkins’ spreadsheet 
for magnitude-based inferences.12

Results

Age and sex distributions were similar between the student 
athlete alumni source and study populations. There was a 
statistically significant difference in sport distribution between 
the alumni source and study populations (see Appendix 2, 
available at http://sph.sagepub.com/content/suppl). Subsequent 
to outlier screening, data from 4 participants (3 current and 1 
alumni student athlete) were excluded from analysis.

Student athletes (SAs) were similar to nonathletes (NAs) in age 
and sex distribution (Table 1). SAs were taller and heavier but had 
similar BMI. The SAs had a lower proportion of Asian participants 
and a higher proportion of White participants than the NAs.

On average, current SAs reported more than 15 hours of 
exercise (Appendix 3 [available at http://sph.sagepub.com/
content/suppl], Figure 1), substantially more than the 
approximate 4 hours reported by NAs (P < 0.001, Cohen  
d = 0.99, probability of clinically important difference [pCID] 
>99.5% [most likely]). A large majority (86%) of current SAs met 
the ACSM recommended weekly exercise guidelines. Current 
SAs were more than 30 times as likely as current NAs to do so. 
Current SAs reported significantly higher exercise importance 
than NAs (P < 0.001, Cohen d = 1.96, pCID = 96% [very likely]).

In contrast, no appreciable differences in exercise behavior or 
perceptions were found between alumni SAs and NAs, with 
comparable weekly exercise volumes between groups, small 
effect sizes, and little evidence of clinically relevant differences 
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(see Appendices 3 and 4, available at http://sph.sagepub.com/
content/suppl). Alumni SAs and NAs were equally likely (~40%) 
to meet ACSM exercise guidelines and had similar self-rated 
exercise importance. While NAs demonstrated consistent 
exercise patterns across the 3 age strata, alumni SAs reported 
significantly lower exercise volume compared with current SAs 
(see Appendix 4) and were approximately 10% as likely as 
current SAs to meet ACSM exercise guidelines.

Collapsed across intercollegiate athletic participation groups, 
alumni demonstrated differences in cardiopulmonary health 
associated with exercise behavior (Table 2, Figure 2). 
Participants who were compliant with ACSM exercise guidelines 
reported significantly better cardiopulmonary health. Effect sizes 
were moderate. The probability of clinically relevant differences 

was most unlikely (<0.5%) among younger alumni and possible 
(48%) among older alumni.

discussion

In this cross-sectional epidemiological study, current NCAA 
Division I intercollegiate student athletes reported substantially 
higher clinically relevant volumes of weekly exercise, perceived 
exercise importance, and likelihood of compliance with ACSM 
healthy exercise guidelines compared to an age- and sex-
matched nonathlete control group of university students. 
However, no significant differences were found between alumni 
student athletes and nonathletes, suggesting that former student 
athletes fail to maintain elevated levels of exercise across their 

Table 1. Demographic characteristics for participants in the Trojan Lifetime Champions study, 2008-2011

Current Students Alumni

 
 
Characteristics

Student 
Athletes  
(n = 380)

 
Nonathletes 

(n = 31)

 
 

P Valuea

Student 
Athletes  
(n = 44)

 
Nonathletes 

(n = 41)

 
 

P Valuea

Demographics, mean (SD)  

Age, y 19.6 (1.3) 19.8 (1.3) 0.34 45.6 (16.2) 46.2 (16.7) 0.88

Age range, y 17-23 18-22 24-77 24-84  

Height, cm 180.7 (11.2) 169.8 (9.2) <0.001 180.8 (10.0) 172.2 (11.3) <0.001

Mass, kg 79.0 (18.0) 66.8 (12.0) <0.001 86.7 (17.1) 75.3 (17.6) 0.004

BMI, kg/m2 24.1 (3.5) 23.1 (3.6) 0.12 26.3 (4.2) 25.1 (3.5) 0.18

Intercollegiate athletic experience, y 1.5 (1.3) n/a n/a 3.0 (1.3) n/a n/a

Sex, n (%)  

 Male 208 (55) 15 (48) 0.58 32 (73) 25 (61) 0.36

 Female 171 (45) 16 (52) 12 (27) 16 (39)  

Ethnicity, n (%)b  

 White 240 (64) 12 (39) <0.001 38 (88) 28 (68) 0.01

 Black 52 (14) 4 (13) 3 (7) 2 (5)  

 Hispanic 21 (6) 5 (16) 0 (0) 0 (0)  

 Asian 22 (6) 8 (26) 0 (0) 9 (22)  

 Other 42 (11) 2 (7) 2 (5) 2 (5)  

BMI, body mass index (calculated as mass in kilograms divided by height in meters squared); n/a, not applicable; SD, standard deviation.
aP values are for independent-samples t tests for age, height, mass, and BMI, and χ2 proportion tests for sex and ethnicity.
bBecause of rounding, percentages may not total 100. Four student-athletes responded “Prefer Not to Answer” to ethnicity. One student athlete did not 
provide sex data.
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life spans compared with their nonathlete peers. Compliance 
with ACSM exercise guidelines was associated with a significant 
attenuation of age-dependent cardiopulmonary health concerns 
independent of intercollegiate athletic participation.

As anticipated, the currently competitive elite athletes in our 
study exemplified high exercise levels and a strong self-rated 
value of exercise. Student athletes were more than 30 times as 

Table 2. Cardiopulmonary health and exercise behavior for participants in the TLC Study, 2008-2011: Age-stratified comparison of 
cardiopulmonary health concerns, according to compliance with ACSM weekly exercise guidelines for healthy adultsa

Age Group

 Current Students Younger Alumni Older Alumni

 
Measure

ACSM 
Compliant

Not ACSM 
Compliant

ACSM 
Compliant

Not ACSM 
Compliant

ACSM 
Compliant

Not ACSM 
Compliant

Cardiopulmonary summary 
score, mean (SD)

0.33 (0.77) 0.53 (1.04) 0.33 (0.62) 1.04 (1.43) 2.12 (2.85) 4.07 (3.27)

Difference in mean summary 
scores

–0.20 –0.71 –1.95

P valueb 0.15c 0.04c 0.05

Effect sized –0.24 –0.71 –0.64

Probability of CID,e % <0.5 <0.5 48

ACSM, American College of Sports Medicine; CID, clinically important difference; SD, standard deviation; TLC, Trojan Lifetime Champions.
aACSM weekly exercise guidelines: ≥150 minutes of exercise volume and ≥2 sessions of resistance exercise.
bP values are for 2-sided, independent-samples t tests.
cLevene test for equality of variances P ≤ 0.05. t test for unequal variances is reported.
dEffect sizes are Cohen d.
eClinically important difference: 2 units.

Figure 1. Life span exercise behavior for participants in the 
Trojan Lifetime Champions study, 2008-2011: Age-stratified 
comparison of previous week’s total exercise volume, 
intercollegiate student athletes versus nonathletes. Error bars 
indicate 1 standard deviation. *Statistically significant difference 
between student athletes and nonathletes (P ≤ 0.05).

Figure 2. Cardiopulmonary health and exercise behavior 
for participants in the Trojan Lifetime Champions study, 
2008-2011: Age-stratified comparison of cardiopulmonary 
health concerns, according to compliance with American 
College of Sports Medicine weekly exercise guidelines for 
healthy adults. *Statistically significant difference between 
participants who met ACSM guidelines versus those who 
did not (P ≤ 0.05). aACSM weekly exercise guidelines: ≥150 
minutes of exercise volume and ≥2 sessions of resistance 
exercise. Cardiopulmonary domain summary score reflects 
a study participant’s cumulative lifetime experience with 
cardiopulmonary health concerns. A summary score of 0 
indicates “perfect” health, while progressively higher scores 
indicate greater evidence of concerns.
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likely to meet ACSM healthy exercise guidelines, reported 
exercise volume nearly 4 times that of nonathlete controls, and 
77% described exercise as “very important” in their lives (versus 
just 16% of nonathletes). Student athlete alumni demonstrated 
striking reductions in exercise volume and guideline compliance 
compared with current student athletes. Meanwhile, nonathletes 
had similar exercise behavior across their life spans. 
Accordingly, younger and older alumni demonstrated similar 
exercise behavior and perceptions irrespective of intercollegiate 
athletic participation.

Our findings contrast with previous investigations conducted 
in the 1980s and 1990s showing higher levels of life span 
exercise among elite athletes compared with referent groups.18,19 
In 1985, former internationally competitive Finnish athletes with 
a mean age of 57 years reported approximately twice the 
weekly exercise volume of age-matched controls.18 In a 
retrospective study conducted in 1998, Lynch et al19 reported 
approximately 5, 3, and 3 times the weekly exercise volume for 
retired NFL players (mean age, 66 years) compared with 
controls at ages 20 to 34, 35 to 49, and 50 to 64 years, 
respectively. In our study, current student athletes (mean age,  
20 years) reported 4 times the volume of age-matched controls, 
with no significant group difference among younger (mean age, 
33 years) or older (mean age, 58 years) alumni. This 
discrepancy may in part be because of differences in the 
experience of our more contemporary population of athletes. 
The age of athletes in both the Finnish and NFL cohorts at the 
time of investigation suggests that the average participant’s peak 
competitive years (age range, 20-40 years) occurred in the 1950s 
to 1960s, whereas the average alumnus in the TLC study was of 
comparable age in the 1980s and 1990s. Year-round, specialized, 
structured, and supervised training for a single sport or 
position/event has become more commonplace in recent years, 
with dedicated training patterns routinely adopted in youth 
sports. This could make transition from sports training to 
sustainable lifetime physical activity more difficult.

Sex differences in the study populations may also contribute 
to discrepancies. Several studies4,34 have reported a positive 
association between athletic participation in the college years 
and physical activity in middle-aged women. The larger 
proportion of women in our study would imply greater lifetime 
exercise participation, opposite the observed effect. The 
experience of recent NCAA student athletes may differ from 
previous generations.

Alumni in our study reported lower rates of compliance with 
ACSM exercise guidelines (38%) compared with US adults in 
general (49%).10 This is likely attributable to a 2007 update to 
the guidelines, which for the first time explicitly included 
muscle strengthening (ie, resistance training) as a core 
recommendation.

Beyond retirement from competitive sports, lifestyle and 
exercise behavior play important roles in long-term health. For 
instance, trained distance runners who continue high-intensity 
training maintain higher aerobic capacity (Vo2max) across their 
life spans compared with sedentary controls.6 However, Vo

2
max 

regressed to sedentary levels upon cessation of training. 
Comparable findings have been reported among retired NFL 
players.19 Similarly, although bone mineral density accrued in 
youth is believed to reduce osteoporosis risk throughout life,20 
continued physical activity may be necessary to preserve these 
gains.9 Equivocal findings to date regarding cardiovascular 
health outcomes in former elite athletes17,19,21,26,28,33 may in part 
be explained by differences in life span exercise behavior.

Valid and reliable measurement of exercise behavior is 
notoriously difficult and the subject of ongoing discussions in 
the literature.29,32 Our study assessed exercise behavior in the 
previous week using a self-report questionnaire, which may not 
reflect life span exercise patterns. Its acute validity against actual 
behavior may also be reasonably questioned.

This study has several strengths. Our study employed a survey 
instrument that has undergone rigorous validation of its 
psychometric properties27 and a statistical approach blending 
traditional methods with progressive, probabilistic 
interpretations of clinical effect. There are also important 
limitations. Although our survey response rate (79%) was high,27 
we did not have adequate sample size to evaluate sex or 
ethnicity effects. University of Southern California student 
athletes do not necessarily represent the overall NCAA student-
athlete population or those of professional and Olympic sports. 
We also found significant differences in sport distribution 
between the source and study populations but had insufficient 
sample size to evaluate sport-specific results. In this exploratory 
study, we performed numerous pairwise statistical tests, raising 
the possibility that some results occurred by chance. Finally, our 
cross-sectional study design provides less causative evidence 
than a longitudinal study.

In summary, current NCAA Division I student athletes 
demonstrated significant, clinically meaningful differences in 
exercise behavior and perceptions compared with nonathlete 
students, whereas alumni student athletes and nonathletes 
demonstrated similar involvement and interest.
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