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Context: Self-report questionnaires are an important meth-
od of evaluating lifespan health, exercise, and health-related
quality of life (HRQL) outcomes among elite, competitive
athletes. Few instruments, however, have undergone formal
characterization of their psychometric properties within this
population.

Objective: To evaluate the validity and reliability of a novel
health and exercise questionnaire, the Trojan Lifetime Champi-
ons (TLC) Health Survey.

Design: Descriptive laboratory study.
Setting: A large National Collegiate Athletic Association

Division I university.
Patients or Other Participants: A total of 63 university

alumni (age range, 24 to 84 years), including former varsity
collegiate athletes and a control group of nonathletes.

Intervention(s): Participants completed the TLC Health
Survey twice at a mean interval of 23 days with randomization
to the paper or electronic version of the instrument.

Main Outcome Measure(s): Content validity, feasibility of
administration, test-retest reliability, parallel-form reliability be-
tween paper and electronic forms, and estimates of systematic
and typical error versus differences of clinical interest were
assessed across a broad range of health, exercise, and HRQL
measures.

Results: Correlation coefficients, including intraclass corre-
lation coefficients (ICCs) for continuous variables and j
agreement statistics for ordinal variables, for test-retest reliability
averaged 0.86, 0.90, 0.80, and 0.74 for HRQL, lifetime health,
recent health, and exercise variables, respectively. Correlation
coefficients, again ICCs and j, for parallel-form reliability (ie,
equivalence) between paper and electronic versions averaged
0.90, 0.85, 0.85, and 0.81 for HRQL, lifetime health, recent
health, and exercise variables, respectively. Typical measure-
ment error was less than the a priori thresholds of clinical
interest, and we found minimal evidence of systematic test-
retest error. We found strong evidence of content validity,
convergent construct validity with the Short-Form 12 Version 2
HRQL instrument, and feasibility of administration in an elite,
competitive athletic population.

Conclusions: These data suggest that the TLC Health
Survey is a valid and reliable instrument for assessing lifetime
and recent health, exercise, and HRQL, among elite competitive
athletes. Generalizability of the instrument may be enhanced by
additional, larger-scale studies in diverse populations.

Key Words: athletes, exercise, quality of life, question-
naires, reproducibility of results

Key Points

� The Trojan Lifetime Champions Health Survey is a valid and reliable instrument for assessing lifetime and recent
health, exercise, and health-related quality of life among university alumni, including National Collegiate Athletic
Association Division I athletes.

� The survey is distinguished from previous questionnaires used to evaluate lifetime health and exercise in elite
athletes by the formal characterization of its psychometric properties.

� Larger-scale studies in diverse populations are needed to enhance the generalizability of the instrument, and the
electronic form of this survey is a suitable and feasible means.

P
articipation in competitive sports presents unique
and important health considerations. Elite athletes
are celebrated for their extraordinary physical

achievements and possess superior physiologic character-
istics that are associated positively with health (eg,
cardiorespiratory fitness, strength, and power) compared
with the general population.1,2 However, competitive sports
also are recognized as a potential health risk. Concern for
athlete health and safety has led to recent public scrutiny of
the long-term consequences of sport participation, notably
regarding orthopaedic injury,3 cardiovascular disease,4 head

injury,5 and related psychosocial effects.6 Consideration of
these risks has been substantial enough to prompt formal
inquiries by the US Congress7,8 and legal action9 and to
drive extensive changes to health policy.10 A sense of
responsibility is growing among institutions (eg, colleges
and universities) and organizations (eg, National Collegiate
Athletic Association [NCAA] and professional sports
leagues) to understand and promote athletes’ health.
Despite this attention, data on health and exercise outcomes
across the lifespan of elite athletes remain sparse, and a
critical need for additional research in this area exists.
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Self-report questionnaires are perhaps the most practical
way of gathering such data among large, diverse popula-
tions. These instruments have been used to describe health
and exercise outcomes among select groups of elite
athletes.11–16 However, health, exercise, and health-related
quality of life (HRQL) rarely have been comprehensively
addressed together. An additional limitation is that most of
these instruments have not undergone formal characteriza-
tion of their psychometric properties in an elite, competitive
athletic population. Assessing the validity, test-retest
reliability, and precision/error of any instrument in relation
to clinically meaningful effects is critical to establishing
confidence in study results and their implications for health
care and policy.17

As part of the collaborative research and education
program Trojan Lifetime Champions (TLC), our research
team developed a comprehensive instrument to measure
lifetime and recent health, exercise, and HRQL among
current and former university students, including collegiate
athletes. Our ultimate aim is to use the questionnaire to
better understand the unique influence of elite competitive
sports on lifespan health and well-being. Therefore, the
purpose of our study was to evaluate the validity and
reliability of a novel health and exercise questionnaire: the
TLC Health Survey. We describe the development and
formal psychometric assessment of that instrument, with
the goal of providing an accumulation of evidence to
support its use.17

METHODS

The TLC Health Survey

Overview. The TLC Health Survey includes 216 unique
items in 5 sections (Demographics, Experience in
Competitive Sports, Health Assessment, Health-Related
Quality of Life, and Current Exercise Behavior / Health &
Exercise Attitudes) as presented in Table 1. It incorporates
both an established instrument and novel measures of

interest. The survey initially was a paper questionnaire,
with a Web-based electronic version developed in parallel.
The electronic survey contained identical content presented
in a series of Web pages that matched the pages of the
paper survey and was administered via a dedicated Web
site. The TLC Health Survey is available online (see
Supplemental Material found at http://dx.doi.org/10.4085/
1062-6050-50.2.10.S1).

Development Process. We sought an instrument to
provide comprehensive data on lifetime and recent holistic
health, exercise behavior, and HRQL among a diverse
population of current and former University of Southern
California (USC) students, including elite, competitive
athletes. After conducting a literature review and a series of
informal, open-ended interviews with former athletes and
consulting with knowledge experts, we determined that no
existing validated instrument provided a suitable means to
do so. In particular, health assessments were focused too
narrowly on specific regions (eg, knee) or conditions (eg,
osteoarthritis), and exercise instruments did not capture
important features of exercise behavior (eg, resistance
training). Therefore, we developed a novel questionnaire
for our study.

Development of the TLC Health Survey was a collabo-
rative process involving an interdisciplinary team of health
and exercise scientists and diverse experts affiliated with
the USC Department of Athletics (Table 2). Through a
series of group meetings, 6 major survey revisions, and 4
pilot administrations in different populations, we built an
instrument that the study team deemed to possess
appropriate content validity and suitability for large-scale
administration. This development process is detailed in
Table 3.

At each stage of the development process, we revised the
survey to include comprehensive content, improve clarity
and usability for the survey taker, and minimize opportu-
nities for bias. We incorporated color-coded instructions
and examples, along with careful language and the specific
criteria used to evaluate the prevalence and severity of

Table 1. Trojan Lifetime Champions Health Survey Content

Survey Section Description Scoring Items, No.

I: Demographics Age, sex, ethnicity, height, and mass Open response (age, height, mass), 2- and

6-level multiple choice (sex, ethnicity)

6

II: Experience in Competitive Sports Ages of participation, sport or sports,

professional experience, currently in season

or out of season, and qualitative perception

of sports’ influence on health

Open response (age, professional

experience), 2-, 3-, 5-, and 12-level

multiple choice (sport, in season/out of

season, and qualitative perceptions)

8

III: Health Assessment Lifetime history (59 items), recent history (59

items), and age of first symptoms (59 items)

across 59 different health concerns in 6

domains (Joints, Bone & Muscle,

Cardiopulmonary, Neurological, Other

Clinical, and Psychosocial)

0–3 For each item (lifetime and recent

history), 0–39 (summary domain scores),

open response (age of first symptoms)

177

IV: Health-Related Quality of Life Short-Form 12 Version 2 Health Survey 3- and 5-Level multiple choice, 0–100

(summary scores)

12

V: Current Exercise Behavior Previous week’s frequency and average

duration of cardiovascular, resistance, and

mixed exercise

Open response 7

Health & Exercise Attitudes Perceptions about exercise importance, body

image, relation of physical and mental

health, and health care

5- and 6-Level multiple choice 6

Total 216
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various health concerns. A standardized set of guidelines
was developed for interpretating paper-survey responses.
These guidelines provided specific rules that ensured
consistency of data entry when responses were ambiguous,
contradictory, or missing. For example, if age was reported
as a decimal or fraction (eg, 19.5), it was rounded down to
the nearest integer (eg, 19). Interrater reliability was
assessed by repeated entry of a random 10% sample of
surveys, with excellent (99.96%) repeatability. The com-
plete set of guidelines is available online (see additional
Supplemental Material found at http://dx.doi.org/10.4085/
1062-6050-50.2.10.S2).

Feedback from the interdisciplinary study team, and
particularly the expertise of a licensed clinical psychologist
(R.M.S.), was essential to developing a user-friendly
instrument. The collective expertise of this group, their
knowledge and experience with an elite athletic population,

and systematic documentation of the development process
provided substantial evidence for content validity.17,18

Section I: Demographics. Demographic information,
consisting of age, sex, ethnicity, height, and mass, was
recorded in a series of straightforward multiple-choice and
short-response questions typical to epidemiologic
instruments.

Section II: Experience in Competitive Sports. History
of participation in Division I collegiate athletics, consisting
of ages at times of participation, sport or sports played, and
in-season status, was recorded in a series of yes/no,
multiple choice, and short-response questions. In addition,
self-rated perception of the influence of competitive sports
on overall health and the record of any postcollegiate
professional sports participation were documented.

Section III: Health Assessment. A lifetime and recent
health inventory was developed uniquely for this instrument.

Table 3. Trojan Lifetime Champions Health Survey Development Timeline, Major Revisions, and Pilot Studies

Year Month

Survey

Revision Review Process and Major Revisions Pilot Study

2007 July 1 Former athlete interviews, literature review, content and item development,

and first draft by survey development team

NA

August Review by health and exercise science research experts Pilot 1 (5 graduate students)

September Review by health and exercise science research experts NA

November 2 Introduction of Section III: Health Assessment matrix and detailed instructions NA

December Presentation to USC athletic administration NA

2008 January 3 Text edits NA

February Review by USC Athletics Health & Wellness Committee, coaches, and staff NA

March Pilot 2 (4 graduate students)

April 4 Section II: USC sport list, new Section III: Health Assessment items, Section

V: Health & Exercise Attitudes perceptions

NA

May Review by USC Athletics Student-Athlete Advisory Council Pilot 3 (13 athletes)

June Review by survey development team NA

July 5 Added matrix and intensity definitions for Section V: Exercise Behavior;

added new Section III: Health Assessment items; and incorporated

simplified, color-coded instructions and examples

NA

August Pilot 4 (23 athletes)

September 6 Final formatting, approval by survey development team NA

Abbreviations: NA, not applicable; USC, University of Southern California.

Table 2. Trojan Lifetime Champions Health Survey Development Team

Team Member Qualifications

Related

Experience, y

Primary authorsa

Shawn C. Sorenson, PhD, CSCS Health and exercise scientist 10

Russell Romano, MA, ATC USC head athletic trainer 22

Robin M. Scholefield, PhD USC clinical sports psychologist 20

E. Todd Schroeder, PhD Exercise physiologist 18

Stanley P. Azen, PhD Biostatistician and epidemiologist 50

George J. Salem, PhD Exercise and aging biomechanist 35

Contributing advisorsb

USC Athletics Health & Wellness Committee Interdisciplinary panel including representatives from athletic

administration, academic support, athlete development, strength and

conditioning, athletic medicine, counseling, coaching, and athlete

leadership

.100

USC Athletics coaches Coaching staff representing each of the 20 varsity athletic teams at USC .100

USC Athletics Student-Athlete Advisory Council Athletes representing each of the 20 varsity athletic teams at USC .100

Additional advisors USC epidemiologist, athletic director, athletics dietitian, physical therapist,

team physician, and athletic training staff

.100

Abbreviation: USC, University of Southern California.
a Primary authors were responsible for the authorship, revision, and approval of the survey instrument.
b Contributing advisors reviewed, provided feedback, and suggested edits to the survey.
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The Section III health inventory assessed the prevalence of
health concerns across 6 domains: Joints, Bone & Muscle,
Cardiopulmonary, Neurological, Other Clinical, and
Psychosocial. Other Clinical included items that did not
clearly fall into other domains (eg, liver, kidney, and
lymphatic system). A total of 59 unique health items were
identified (Joints ¼ 11, Bone & Muscle ¼ 9,
Cardiopulmonary ¼ 8, Neurological ¼ 9, Other Clinical ¼
9, and Psychosocial ¼ 13). The health inventory was
structured as a set of matrixed tables, with a table for each
health domain. The Joints domain table is provided as an
example in Figure 1. For each item in the table, respondents
described lifetime and recent (3 years before the study)
health concerns. We quantified concerns using a 4-point
ordinal scale calibrated to the degree of professional
treatment, as well as the age at which individuals first
experienced symptoms. Choices were No Concerns, Some
Concerns (without attention from a professional), Serious
Concerns (treated by a medical professional), and Major
Concerns (with surgery or hospital stay). Concerns were
defined with respect to a specific body part (eg, knee) and
without discrimination of specific pathologic conditions (eg,
ligament versus cartilage injury). We adopted this structure
to establish straightforward, patient-centered quantitative
criteria for describing health concerns, thereby simplifying
the analysis while reducing the opportunities for response
bias and outcome misclassification.

Summary scores for each domain of the health inventory
(domain scores) were calculated by summing individual
item scores from the domain and were computed for both
lifetime and recent experience. Lifetime domain scores
reflect cumulative lifetime experience with health concerns

in a given domain, and recent domain scores reflect
cumulative experience for the 3 years before the survey.
A summary domain score of 0 indicates perfect health in
that domain, and progressively higher scores indicate
greater evidence of concerns. Maximal possible scores
ranged from 24 for the 8-item Cardiopulmonary domain to
39 for the 13-item Psychosocial domain.

Section IV: Health-Related Quality of Life. The Short-
Form 12 Version 2 Health Survey (SF-12v2) was adapted19

for Section IV (HRQL) and is referred to as SF-12
throughout this document. The TLC Health Survey used
identical text, but we reformatted fonts and layout to match
the remainder of the questionnaire. The SF-12 and its
parent instrument (the Short Form-36) have been widely
used to measure HRQL across diverse populations,
including collegiate15,20–22 and former professional
athletes.23 The inclusion of an established, validated, and
recognized instrument, such as the SF-12, enhances content
validity.17,18 The SF-12 Physical Component scores (PCS)
and Mental Component scores (MCS) were computed from
a proprietary algorithm for summary physical and mental
health.19 A score of 50 reflects the approximate population
mean for all US adults, with higher scores indicating better
HRQL.

Section V: Current Exercise Behavior / Health &
Exercise Attitudes. Exercise behavior questions were
designed to mirror weekly exercise guidelines for healthy
adults as published by the American College of Sports
Medicine (ACSM).24 We were unaware of a previously
validated instrument specifically designed to measure acute
exercise behavior, including resistance exercise, relative to
these guidelines. Specifically, the TLC Health Survey

Figure 1. Trojan Lifetime Champions Health Survey: health inventory matrix, Joint domain sample. Abbreviation: TMJ, temporoman-
dibular joint.

410 Volume 50 � Number 4 � April 2015

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-06-18 via free access



measures the previous week’s frequency and average
duration of exercise across 3 activity subtypes:
cardiovascular, resistance, and mixed. Cardiovascular
exercise included activities such as brisk walking, hiking,
running, swimming, using an elliptical, and cycling.
Resistance exercise included weight lifting with or
without machines. Mixed exercise encompassed all other
exercise activities, including sports (eg, basketball, soccer,
volleyball) and heavy yard work. A minimal exercise
threshold of moderate intensity, which was defined as
‘‘working hard enough to raise your heart rate and break a
sweat, yet still being able to carry on a conversation,’’ was
specified for all forms of exercise. Exercise volume (in
minutes) from the previous week was calculated for each
form of exercise as the reported number of sessions
multiplied by the average session duration. Total exercise
volume from the previous week was calculated as the sum
of exercise volumes across the 3 exercise subtypes. Given
our definition of the minimal exercise threshold of
moderate intensity, we reasoned that all reported exercise
(cardiovascular, resistance, and mixed) contributes to target
cardiorespiratory exercise training volume as specified by
the ACSM guidelines.24 Self-reported exercise importance
was measured using a multiple-choice item with a 4-point
ordinal scale. The question read, ‘‘In general, how
important would you say exercise is in your life?’’
Response choices were Very Important, Important,
Somewhat Important, and Not Important. Several
multiple-choice questions regarding health-and-wellness
perceptions and exercise attitudes also were incorporated
into Section V.

Administration of the TLC Health Survey

Survey administration took a phased approach, allowing
for progressive testing and in-the-field validation of the
instrument before full-scale implementation in larger study
populations. Phase 1 (September 2008 to November 2011)
comprised administration of the survey to 20 USC varsity
athletic teams and 3 USC undergraduate classes, including
students who were not varsity athletes. Briefly, surveys
were collected in dedicated team or class meetings wherein
prospective participants were informed of the content,
goals, risks, and benefits of the study and were provided
with an invitation to participate. The same investigator
(S.C.S.) provided identical instructions to each group.
Meetings lasted from 20 to 30 minutes. All participants
completed surveys in approximately 10 to 20 minutes and
then received a $5 coffeehouse gift card, as approved by the
Office of Athletic Compliance. A total of 444 surveys were
distributed, and 423 (95%) were completed. This provides

evidence of feasibility for efficient administration of the
survey among current university students, including
athletes, and preliminary data for subsequent outcomes
studies.

Phase 2 (April 2010 to September 2011), which is
reported in this article, was designed to formally assess the
psychometric properties of the TLC Health Survey,
including test-retest reliability and parallel-form reliability
between the paper and electronic versions, among a group
of USC alumni who were representative of the larger
alumni source population. Phase 2 used the same version of
the TLC Health Survey as in phase 1. Assessing the
psychometric properties of the instrument provides a
foundation for larger-scale studies (phase 3) of all USC
alumni or other populations of interest.

Study Population and Recruitment

We divided USC alumni into 2 subgroups: athlete alumni
and nonathlete alumni. To be eligible for participation,
athlete alumni must have practiced or competed in Division
I athletics at USC. Nonathletes were former undergraduate
students at USC who never practiced or competed in
Division I athletics at any university.

Prospective study participants were recruited through
university records, student and alumni organizations, and
personal referrals. Study participants were selected to
provide a convenience sample representative of the USC
athlete alumni source population and an age- and sex-
matched control group. For each current varsity sport, we
examined media guides to estimate roster sizes over the
previous 50 years and defined accordingly the demographic
characteristics of the source population, including sex, age,
and sport. An estimated 4500 USC varsity athlete alumni
were identified. Characteristics of the source population are
presented in Tables 4 and 5. Athlete alumni were targeted
to proportionally match these demographic characteristics.

Nonathlete alumni were recruited to mirror the athlete
alumni based on age (primarily) and sex (secondarily).
Nonathletes were excluded from participation if they
indicated any experience in varsity or organized club
sports during college. Those with experience in high school
or collegiate intramural sports were allowed to participate.
Control participants who were matched only on age (but not
sex) were also included.

Study recruitment and participation are shown in Table 6.
A total of 109 participants (58 athletes and 51 nonathletes)
were recruited for the study (recruit population). Of these,
86 (79%) completed the first survey (study population), and
63 (58%) completed both surveys (reliability population).
The 63 participants in the reliability population were

Table 4. Demographic Characteristics of Participants in the Trojan Lifetime Champions Phase 2 Validity and Reliability Study, 2010–2011,

Compared With the University of Southern California Varsity Athlete Alumni Source Population

Characteristic Source Populationa

Reliability Populationb

Athletes (n ¼ 33) Nonathletes (n ¼ 30)

Age, y, mean 6 SD 46.0 45.3 6 16.2 47.4 6 15.7

Age, y, range 22–72 24–77 24–84

Men, % 73 70 67

Women, % 27 30 33

a Estimated from roster sizes over the 50 years before the study using media guides for each current varsity sport.
b Reliability population included study participants completing both test and retest surveys.

Journal of Athletic Training 411

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-06-18 via free access



included in the subsequent survey validity and reliability
analysis. All participants provided informed consent, and
the experimental protocol was approved by the USC Health
Sciences Institutional Review Board.

Study Design and Data-Collection Methods

On condition of anonymity, participants were invited to
complete the TLC Health Survey twice at a self-directed, 1-
week retest interval. Anonymity of responses is an
important characteristic of the TLC Health Survey and is
designed to encourage open and honest reporting of health
information, including conditions that may be perceived as
sensitive. Accordingly, each survey was identified by a
study identification number dissociated from the unique
identity of the participant. Participants were assigned
randomly to 1 of 4 survey types: paper survey followed
by paper survey (PP), electronic survey followed by
electronic survey (EE), paper survey followed by electronic
survey (PE), or electronic survey followed by paper survey
(EP). The 4 survey types allowed us to assess both test-
retest and parallel-form reliability (ie, paper and electronic
survey equivalence).

Each participant received a single postal mailing
containing an introductory letter, 2 surveys based on
survey-type group assignment with electronic survey access
code or codes when applicable, anonymous return envelope

or envelopes, an instructional DVD, and a coffeehouse gift
card. The DVD provided instructions emulating those given
to phase 1 study participants during live administrations of
the survey by the same investigator (S.C.S.). A single
reminder e-mail was sent to all participants approximately
12 weeks after the initial mailing.

Data Analysis

We used v2 proportion tests to compare responders and
nonresponders on sex, age, collegiate sport participation,
and survey type. Demographic characteristics (ie, age, sex,
and sport distribution) were evaluated between the source
and reliability populations to examine external validity. A
1-sample t test was used for age, a binomial test for sex
distribution, and a v2 proportion test for sport distribution.
The actual retest interval was compared with the self-
directed 1-week interval using a 1-sample t test. We
assessed the effects of collegiate sport participation and sex
on the retest interval via independent-samples t tests,
including the Levene test for unequal variances, and the
effects of survey type via 1-way analysis of variance.

Analytic Plan. Dependent variables of interest were the
TLC lifetime and recent domain scores, SF-12 summary
HRQL scores (PCS and MCS), weekly exercise volume
(total and for each exercise type), and self-rated exercise
importance. Independent variables were age, sex, collegiate
sport participation (ie, athlete versus nonathlete), and
survey type (ie, PP, EE, EP, or PE).

Data Screening. Before statistical analysis, we screened
all data for integrity, including identification of spurious
and outlier values. Spurious data included miscoded
responses (eg, calendar birth year reported for age or
ambiguous descriptive text). A 2-stage outlier-screening
process was used for continuous variables, including visual
inspection of a scatter plot and assessment of statistical
variance versus the group mean. Outliers were defined as
data points that demonstrated apparent perturbation from
combined group data via visual inspection and that deviated
by more than 3 standard deviations from the mean. For
categorical and ordinal variables, reported values out of the
specified range were considered outliers. All spurious and
outlier data were excluded from subsequent analysis.

Test-Retest and Parallel-Form Reliability. Test-retest
reliability was evaluated using combined data from the PP
and EE survey types, whereas parallel-form reliability was
evaluated using combined data from the PE and EP types.
We used the 2-way mixed-effects intraclass correlation
coefficient (ICC) [3,1] for continuous dependent variables,
and the j agreement statistic was used for ordinal
dependent variables. Within each analysis, we reviewed
correlation coefficients for consistency between the groups
(ie, PP versus EE and PE versus EP). Substantive
differences occurred where correlation coefficients

Table 5. Athlete Participants’ Sports in the Trojan Lifetime

Champions Phase 2 Validity and Reliability Study, 2010–2011,

Compared With the University of Southern California Varsity

Athlete Alumni Source Population

Sport

Population, %

Sourcea Reliabilityb

Men’s baseball 8 6

Men’s basketball 4 0c

Women’s basketball 3 9

Women’s cross-country 1 0

Men’s football 24 3c

Men’s golf 2 9

Women’s golf 1 0d

Women’s rowing 2 6

Women’s soccer 2 3

Men’s swimming and diving 7 21

Women’s swimming and diving 4 3

Men’s tennis 2 9

Women’s tennis 1 0d

Men’s track and field 12 3

Women’s track and field 9 3

Men’s volleyball 5 6

Women’s volleyball 3 3

Men’s water polo 9 9

Women’s water polo 2 0

Men’s multisport Not applicablee 3c

Women’s multisport Not applicablee 3d

a Estimated from roster sizes over the 50 years before the study
using media guides for each current varsity sport.

b Reliability population included study participants completing both
test and retest surveys.

c Men’s multisport athlete reported competing in basketball and
football.

d Women’s multisport athlete reported competing in golf and tennis.
e Multisport athlete proportions were not estimated in the source

population.

Table 6. Trojan Lifetime Champions Phase 2 Validity and

Reliability Study, 2010–2011, Recruitment and Participation

Recruitment and Participation

Source Population

Athletes Nonathletes Total

Recruited to study, No. 58 51 109

Completed first survey, No. (%) 44 (76) 42 (82) 86 (79)

Completed second survey, No. (%) 33 (57) 30 (59) 63 (58)
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differed by more than 0.20, suggesting a difference in
interpretation.25

Error Estimates. Estimates of error magnitude,
including systematic and random error, were evaluated
using combined data across the survey types. This method
provided an error estimate for desired comparisons of
outcomes variables across all study participants,
irrespective of survey type. Systematic error was assessed
via paired t tests, with a difference between test and retest
considered evidence of a systematic change. Random error
was evaluated according to the observed typical error using
95% confidence limits.26

A Priori Clinical Thresholds. Error magnitude was
compared with minimal a priori thresholds of substantial
clinical meaning as follows: (1) TLC Health Survey domain
scores (2 units) corresponding to a single health concern in
that domain requiring medical treatment or 2 subclinical
concerns; (2) SF-12 HRQL summary scores (5 units)
corresponding to a minimal clinically important difference
suggested by the previous literature, using a standardized
effect-size benchmark27 of 0.50; (3) total weekly exercise
volume (150 minutes) corresponding to minimal ACSM
guidelines for healthy adults24; and (4) self-reported
exercise importance (1 unit) corresponding to the minimal
precision for the 4-point TLC Health Survey exercise-
importance scale. Threshold values were not evaluated for
individual exercise subtypes.

Convergent Construct Validity. We evaluated
convergent construct validity via linear regression of TLC
domain summary scores versus SF-12 HRQL summary
scores for first survey data with Pearson product moment
correlation coefficients, using interpretive guidelines as
recommended by Hopkins et al25 (small¼ 0.1, moderate¼
0.3, large ¼ 0.5, very large ¼ 0.7, extremely large ¼ 0.9).
We anticipated that SF-12 PCS scores would correlate with
the TLC Health Survey physical domain summary scores
(Joints, Bone & Muscle, Cardiopulmonary, Neurological,
and Other Clinical) and that SF-12 MCS scores would
correlate with the TLC Health Survey Psychosocial domain
summary score based on shared constructs of physical and
mental health.

All statistical analyses were conducted with 2-sided tests
using SPSS (version 16; SPSS Inc, Chicago, IL). The a
level was set at .05.

RESULTS

Response rates were similar between athlete and
nonathlete alumni. Responders and nonresponders were
similar in sex (v2

2 ¼ 0.91, P ¼ .64), age (v2
10 ¼ 10.0, P ¼

.44), collegiate sport participation (v2
2¼ 0.83, P¼ .66), and

survey type (v2
6 ¼ 3.51, P ¼ .74). Age (t32 ¼�0.259, P ¼

.80) and sex (P ¼ .40) distributions were similar between
the athlete source and reliability populations (Table 4). We
found a difference in sport distribution between the athlete
source and reliability populations (v2

18 ¼ 43.6, P , .001;
Table 5). Specifically, the reliability population overrepre-
sented athletes in women’s basketball, men’s golf,
women’s rowing, men’s swimming and diving, and men’s
tennis and underrepresented athletes in women’s cross-
country, men’s football, men’s and women’s track and
field, and women’s water polo. Two multisport athletes
were part of the reliability population, including a man who

played both basketball and football and a woman who
played both golf and tennis.

The mean test-retest interval was 23.1 6 30.2 days. This
was longer than the self-directed interval of 1 week (t62 ¼
4.22, P , .001). We found no effect of collegiate sport
participation (t61 ¼ 1.071, P ¼ .29) or survey type (F3,59 ¼
0.41, P¼ .75) on test-retest interval. Women (14.5 6 13.0
days) had a shorter test-retest interval than men (27.1 6
34.9 days; t59¼�2.07, P¼ .04), with unequal variances per
the Levene test (F1,61 ¼ 7.67, P ¼ .007).

Subsequent to outlier screening, data from 4 participants
were excluded from analysis in the exercise-behavior
variables. Two participants were excluded from analysis
for each of the Bone & Muscle and Neurological domains.
Figure 2 illustrates a sample of outlier data.

Results of the test-retest and parallel-form reliability
assessments are summarized in Table 7. Test-retest
reliability coefficients (ICC) averaged 0.86, 0.90, 0.80,
and 0.74 for HRQL, lifetime domain scores, recent domain
scores, and exercise variables, respectively, indicating very
large to extremely large agreement.25 The Bone & Muscle
recent domain score and mixed exercise variables were
notable exceptions, with ICCs of 0.58 and 0.49, respec-
tively. These values reflect moderate to large agreement.25

The Bone & Muscle recent domain score showed a
substantial difference between ICCs for PP (0.78) and EE
(0.50) survey types.

Parallel-form reliability coefficients (ICC) averaged 0.90,
0.85, 0.85, and 0.81 for HRQL, lifetime domain scores,
recent domain scores, and exercise variables, respectively,
indicating very large to extremely large agreement.
Substantial differences between ICCs for PE and EP survey
types were noted for the SF-12 PCS score (0.65 versus
0.92), Joints lifetime domain score (0.67 versus 0.90), and
Psychosocial recent domain score (0.70 versus 0.92). Each
of these correlation coefficients, however, demonstrated
large (or greater) agreement. For the Bone & Muscle
lifetime domain score, the PE survey type had an ICC of
0.27, which was not statistically significant, whereas the EP
survey type had an ICC of 0.91, which was statistically
significant.

Systematic error was detected for the Other Clinical
lifetime domain score, with an average test-retest difference
of �0.48 6 1.39 units. No other variable demonstrated
evidence of a systematic change.

Typical errors were 2.85, 1.12, and 0.93 units for HRQL,
lifetime domain scores, and recent domain scores, respec-
tively. For exercise volume of the previous week, typical
errors were 58.7, 17.2, 74.5, and 79.7 minutes for
cardiovascular, resistance, mixed, and total exercise,
respectively. Typical error for self-rated exercise impor-
tance, modeled as a continuous variable, was 0.30 units. In
all cases, 95% confidence limits for typical error were
smaller than respective minimal a priori thresholds for
substantial clinical meaning.

Results of the convergent construct validity assessment
are summarized in Table 8. Negative Pearson product
moment correlations were observed between 5 of the 6
lifetime and recent domain scores, excluding the Psycho-
social domain, and the SF-12 PCS HRQL score. Coeffi-
cients ranged from �0.33 to �0.65 for lifetime domain
scores and from �0.49 to �0.69 for recent domain scores,
suggesting moderate to large associations.25 The Psycho-
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social lifetime (r ¼�0.58) and recent domain (r ¼�0.62)
scores were correlated with the SF-12 MCS HRQL score,
reflecting a large association.

DISCUSSION

We conducted a systematic validity and reliability
assessment of a novel health-and-exercise questionnaire
(the TLC Health Survey) designed to measure lifetime and
recent health, exercise, and HRQL among elite, competitive
athletes. The study was conducted in a population of former
varsity collegiate athletes and an age- and sex-matched
control group of alumni at a large NCAA Division I
university. The TLC Health Survey demonstrated excellent
test-retest reliability and parallel-form reliability (ie,
equivalence) between the paper and electronic versions
across a diverse range of measures, including 6 domains of
lifetime and recent health, several forms of exercise, and
HRQL. Bone & Muscle domain scores were less reliable
than other data and should be interpreted with caution.
Quantitative estimates of measurement error were less than
a priori thresholds of clinical interest. The instrument
demonstrated strong evidence of convergent validity in
relation to the SF-12. The development and implementation
process of the instrument, as well as inclusion of an
established HRQL instrument, reflect evidence for content
validity and feasibility of administration in the populations
of interest.

These findings provide strong evidence of test-retest
reliability and parallel-form reliability between the paper
and electronic versions of the TLC Health Survey. In
general, ICCs for TLC domain scores exceeded 0.70.
Lifetime domain score ICCs generally exceeded 0.80,
whereas ICCs for recent domain scores were somewhat
lower. Reliability and validity for these novel measures

were comparable with those of the widely used SF-12 PCS
and MCS HRQL indices.

Lower correlation coefficients and evidence of substantial
differences between survey types were found within the
Bone & Muscle domain; thus, these scores should be
interpreted with caution. Instructions for this domain
possibly lacked clarity when compared with instructions
for the other domains. The Bone & Muscle instructions
directed participants to ‘‘describe bone & muscle concerns
[including] fractures, pulled muscles or tendons, pain,
stiffness, or weakness’’ in various regions of the body (eg,
lower leg, upper torso, and hand). In retrospect, these
instructions may be less specific and, therefore, more
subject to misclassification than the reference to a particular
joint (eg, knee) or medical condition (eg, high blood
pressure) described in other domains. In future studies,
researchers might consider identifying specific bones and
muscles (eg, clavicle, hamstrings) or combining joints,
bones, and muscles into a single musculoskeletal domain
within the instrument. Bone and muscle concerns also
could be more transient or episodic,28 leading to differential
reporting between the test and retest that appears as
measurement error.

We found some evidence of an influence of test order in
the parallel-form reliability assessment. The ICCs differed
substantially (.0.2) between the PE and EP survey types
for the SF-12 PCS, Joints lifetime domain score, and
Psychosocial recent domain score. However, the overall
interpretation of large (or greater) agreement between the
test and retest was unaffected, and we do not believe this
presents a substantial threat to reliability for these
measures. Authors of future studies in expanded sample
populations might explore whether this effect has a
systematic explanation. Clinicians and researchers using
multiple iterations of the TLC Health Survey should

Figure 2. Trojan Lifetime Champions Health Survey validity and reliability study, 2010–2011, sample exercise outlier data.
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consider using the same form (paper or electronic) for all
administrations.

Validity and reliability of exercise-outcome variables
generally were excellent. Mixed Exercise, which by its
nature is perhaps more ambiguous than Cardiovascular or
Resistance Exercise, had relatively lower ICCs but still
demonstrated moderate agreement. Exercise behavior is
more likely to vary from week to week than measures of
health over the lifespan or the previous 3 years (ie, recent
domain scores). Thus, changes in exercise outcomes
between the test and retest that appear as measurement
error actually may be attributable to true changes in
behavior. Exercise data constituted the most common
exclusion in the outlier screening process. Figure 2 depicts
2 examples of outliers for weekly Cardiovascular Exercise.
One participant reported nearly 19 hours at both the test and
retest and approximately 50 total hours of exercise per
week. These values are questionable and well outside the
group data. Another participant reported more than 13
hours in the first survey and just 8 minutes in the second.
This likely reflects week-to-week variability as opposed to
measurement error. In the practical effort to measure
exercise using self-report questionnaires, these challenges
remain an important limitation for this and any comparable
instrument.

Whereas no universally accepted consensus for accept-
able validity and reliability measures exists,25,29 the test-
retest and parallel-form reliability coefficients that we
report are comparable with those in previous studies of the
SF-1230–33 and SF-3634 HRQL instruments. Similarly,
reliability for the exercise measures was comparable with
that of the highest-quality physical activity instruments
identified in a recent systematic review.35 Nonetheless,
given that this is one of the first formal assessments of
validity and reliability for a health-and-exercise outcomes
instrument in an elite, competitive athletic population,
additional larger-scale studies in similar populations are
warranted to provide further validity evidence.

Review of the test-retest differences demonstrated
minimal evidence of systematic error. One exception
(Other Clinical lifetime domain score) demonstrated a
reduction, but the magnitude of this change was less than
one-fourth of the minimal a priori threshold for substantial
clinical meaning. In all cases, typical error was less than the
respective threshold of interest. More powerfully than a
correlation coefficient, these data provide evidence that
observed differences in outcome variables between groups
or over time reflect true differences of clinical interest as
opposed to measurement error. This ‘‘magnitude-based’’

Table 7. Test-Retest and Parallel-Form Reliability Results for Participants in the Trojan Lifetime Champions Health Survey Phase 2

Validity and Reliability Study, 2010–2011

Measure

Correlation Coefficienta Magnitude of Error

Test-Retest

Reliability

Parallel-Form

Reliability All

Retest-Test Change,

Mean 6 SD

Typical

Error

95% Confidence

Interval

Clinically Important

Difference

Health-related quality of life

Short-Form 12 Version 2

Health Survey physical

component score

0.92b 0.90b,c 0.91b 0.20 6 3.81 2.69 2.21, 3.28 5

Short-Form 12 Version 2

Health Survey mental

component score

0.79b 0.90b 0.87b 0.98 6 4.24 3.00 2.46, 3.66 5

Lifetime domain summary scores

Joints 0.94b 0.86b,c 0.90b �0.10 6 2.09 1.48 1.21, 1.80 2

Bone & Muscle 0.91b 0.78b,c 0.86b �0.28 6 1.32 0.93 0.77, 1.14 2

Cardiopulmonary 0.98b 0.90b 0.89b �0.05 6 1.38 0.98 0.80, 1.19 2

Neurological 0.95b 0.82b 0.86b 0.00 6 1.18 0.83 0.68, 1.02 2

Other Clinical 0.83b 0.89b 0.86b �0.48 6 1.39b 0.98 0.80, 1.20 2

Psychosocial 0.79b 0.84b 0.83b �0.12 6 2.16 1.52 1.25, 1.86 2

Recent domain summary scores

Joints 0.76b 0.90b 0.85b �0.41 6 1.98 1.40 1.15, 1.71 2

Bone & Muscle 0.58b,c 0.75b 0.65b �0.41 6 1.51 1.07 0.88, 1.30 2

Cardiopulmonary 0.93b 0.87b 0.92b �0.20 6 0.94 0.67 0.55, 0.81 2

Neurological 0.86b 0.98b 0.94b 0.02 6 0.57 0.40 0.33, 0.49 2

Other Clinical 0.84b 0.78b 0.80b �0.12 6 1.40 0.99 0.81, 1.21 2

Psychosocial 0.83b 0.83b,c 0.83b �0.07 6 1.52 1.08 0.88, 1.31 2

Previous week’s exercise

Cardiovascular 0.71b 0.88b 0.78b 5.3 6 82 58.7 48.1, 71.6 Not applicable

Resistance 0.94b 0.91b 0.93b �3.2 6 24 17.2 14.1, 20.9 Not applicable

Mixed 0.49b 0.65b 0.61b 12 6 105 74.5 61.1, 90.9 Not applicable

Total 0.87b 0.85b 0.86b 14 6 113 79.7 65.4, 97.3 150

Exercise importance 0.69b 0.77b 0.73b 0.02 6 0.42d 0.30d 0.25, 0.37 1

a Correlation coefficients are intraclass correlation coefficients (3,1) for all variables except exercise importance (j agreement statistic).
b P � .05.
c Substantive difference between subgroups.
d Exercise importance was modeled as a continuous variable for estimates of error magnitude.
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approach is a preferred alternative to traditional hypothesis
testing versus the null value.25

We find it interesting that the mean test-retest interval
was more than 3 times the prescribed 1-week interval and
was different between men and women. Although this
illustrates a limitation to study compliance, an interval of 3
weeks is not uncommon for reliability studies of compa-
rable instruments. The SF-12, for example, has undergone
test-retest reliability assessment at intervals ranging from 1
week to 3 months with comparable results.30–32 Whereas
women had a shorter test-retest interval than men in this
study (approximately 2 versus 4 weeks), reliability
coefficients were similar. A longer test-retest interval
increases the potential for true changes in health status or
exercise behavior that appear as measurement error. One-
week reliability, therefore, might be presumed superior to
that measured at 3 weeks. However, a reliability study for a
musculoskeletal-symptoms questionnaire showed no dif-
ferences between retest intervals of 2 and 4 weeks.36

The correlation of questionnaire items sharing the same
theoretic construct provides evidence of construct validi-
ty.17 Our findings indicate moderate to large associations
among each of the TLC Health Survey physical health
domain scores and the SF-12 PCS physical HRQL index, as
well as the Psychosocial health domain scores and the MCS
mental HRQL index. Correlations were somewhat larger
for recent domain scores than for lifetime domain scores.
This likely is attributable to the fact that SF-12 scores also
reflect recent (past 4 weeks) health experience. Although
health domain scores (measures of health outcomes) and
SF-12 HRQL scores share broad constructs of physical and
mental health, they do not measure exactly the same
components of health. Thus, a strong correlation would not
be expected. However, the reported associations demon-

strate both validity evidence for the novel health domain
scores and the relevance of association with HRQL.

The primary limitation of this study was the relatively
small sample population compared with source populations
of interest. More than 450 000 individuals actively
participate in NCAA sports, a figure that has increased
more than 60% over the past 20 years.37 Whereas this study
population was representative of the age and sex distribu-
tion of former athletes at 1 Division I university, it does not
necessarily represent the overall athlete population or that
of other elite competitive athletes (eg, professionals and
Olympians). Furthermore, we found a difference in sport
distribution between the source and study populations, but
the sample size was insufficient to evaluate sport-specific
influences on the findings. Together, these factors limit the
generalizability of study results and support the need for
additional studies with larger and more diverse sample
populations. Additionally, this instrument was developed to
assess health and exercise in athletic populations, but it
could be readily adapted to other populations (eg, soldiers,
firefighters) in whom demands for optimal physical
performance present comparable lifespan health challenges.
Independent validity assessments would be required to
confirm the suitability of the instrument in these popula-
tions. In general, these findings should be considered a
substantial first step in the ongoing accumulation of
evidence necessary to support the utility, validity, reliabil-
ity, and generalizability of this novel instrument.17

Evaluation of psychometric properties using the robust
measures presented here distinguishes the TLC Health
Survey from previous questionnaires used to assess health
outcomes and exercise behaviors in comparable popula-
tions and, indeed, from most epidemiologic instruments.
Bennett et al38 reported that of 117 recently published
reports of self-administered surveys, less than 20%

Table 8. Convergent Construct Validity Correlation Coefficients for Participants in the Trojan Lifetime Champions Health Survey Phase 2

Validity and Reliability Study, 2010–2011a

Measure

Short-Form 12 Version 2

Health Survey Physical

Component Score

Short-Form 12 Version 2

Health Survey Mental

Component Score

r Value P Value r Value P Value

Health-related quality of life

Short-Form 12 Version 2 Health Survey physical component score NA NA �0.22 .09

Short-Form 12 Version 2 Health Survey mental component score �0.22 .09 NA NA

Lifetime domain summary scores

Joints �0.33b .009 �0.09 .48

Bones & Muscle �0.35b .006 0.13 .34

Cardiopulmonary �0.37b .003 0.16 .21

Neurological �0.65b ,.001 �0.14 .29

Other Clinical �0.38b .002 �0.17 .18

Psychosocial �0.01 .94 �0.58b ,.001

Recent domain summary scores

Joints �0.49b ,.001 �0.20 .13

Bones & Muscle �0.55b ,.001 0.15 .24

Cardiopulmonary �0.52b ,.001 0.09 .51

Neurological �0.69b ,.001 �0.04 .74

Other Clinical �0.58b ,.001 �0.22 .08

Psychosocial �0.14 .29 �0.62b ,.001

Abbreviation: NA, not applicable
a Correlation coefficients are Pearson product moment correlation values.
b P , .05.
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provided validity or reliability data for the instrument.
Similarly, less than 30% of physical activity instruments
reviewed by van Poppel et al35 met the highest level of
reliability evidence. Whereas such evidence typically is
given in the form of test-retest correlation coefficients,
researchers25,29 have argued that the typical error and
change in the mean between trials are more important
measures. Our study provides both correlation coefficients
and estimates of error magnitude relative to thresholds of
substantive meaning.25 It provides evidence of content
validity as determined by an interdisciplinary team of
experts and through inclusion of an established instrument
in the SF-12. Furthermore, it provides assessments of
feasibility and external validity in relation to source, study,
and target populations of interest. Finally, parallel-form
reliability between the paper and electronic versions
supports the use of the electronic survey as an equivalent
instrument in large-scale studies, offering an additional
feasibility benefit.

CONCLUSIONS

Our study provides strong evidence for the validity and
reliability of the TLC Health Survey in assessing lifetime
and recent health, exercise, and HRQL among university
alumni, including NCAA Division I athletes. The formal
characterization of its psychometric properties, including
the evaluation of error magnitude relative to thresholds of
substantial clinical meaning, distinguishes the TLC Health
Survey from previous questionnaires used to evaluate
lifetime health and exercise in elite athletes. Additional,
larger-scale studies in diverse populations are necessary to
enhance the generalizability of the instrument. The
electronic form of the TLC Health Survey is a suitable
and feasible means to do so.
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