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Objective: To develop and evaluate a physiologic screening
test specifically designed for collegiate female athletes engaged
in athletic competition or highly athletic performances in order
to detect eating disorders/disordered eating. No such physio-
logically based test currently exists.

Methods: Subjects included 148 (84.5%) of 175 volunteer,
National Collegiate Athletic Association Division I (n 5 92), club
(n 5 15), and dance team (n 5 41) athletes 18 to 25 years old
who attended a large, Midwestern university. Participants com-
pleted 4 tests: 2 normed for the general population (Eating Dis-
orders Inventory-2 and Bulimia Test-Revised); a new physio-
logic test, developed and pilot tested by the investigators, called
the Physiologic Screening Test; and the Eating Disorder Exam
12.0D, a structured, validated, diagnostic interview used for cri-
terion validity.

Results: The 18-item Physiologic Screening Test produced

the highest sensitivity (87%) and specificity (78%) and was su-
perior to the Eating Disorders Inventory-2 (sensitivity 5 62%,
specificity 5 74%) and Bulimia Test-Revised (sensitivity 5 27%,
specificity 5 99%). A substantial number (n 5 51, 35%) of ath-
letes were classified as eating disordered/disordered eating.

Conclusions: The Physiologic Screening Test should be
considered for screening athletes for eating disorders/disor-
dered eating. The Physiologic Screening Test seems to be a
viable alternative to existing tests because it is specifically de-
signed for female athletes, it is brief (4 measurements and 14
items), and validity is enhanced and response bias is lessened
because the purpose is less obvious, especially when included
as part of a mandatory preparticipation examination.

Key Words: dieting behaviors, anorexia nervosa, bulimia
nervosa, Eating Disorder Examination, Eating Disorders Inven-
tory-2, Bulimia Test-Revised, female athlete triad

The female athlete triad syndrome includes 3 interrelated
components of a serious nature: disordered eating,
amenorrhea, and osteoporosis.1 Although estimates

vary, one study has shown that athletes are 2 to 3 times more
likely than the general population and college-aged peers to
meet criteria for eating disorders,2,3 and as many as 62% of
athletes engage in pathogenic weight-control behaviors.4,5 A
greater preponderance of female athletes with low body
weights and body fat percentages are in sports that emphasize
trimness and leanness.1 Despite serious medical sequelae as-
sociated with eating disorders and disordered eating, few
screening tests have been designed specifically for athletes.6

The use and development of screening tests to detect dis-
ordered eating and eating disorders is justified according to
Wilson and Jungner7 (as cited in Timmreck8) when the fol-
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lowing are present: (a) The disease/condition is prevalent; (b)
a major medical problem exists among the population or sub-
population of concern; (c) diagnostic tests and procedures are
available and make it possible to differentiate diseased in-
dividuals from borderline or nondiseased individuals; (d)
prognosis is improved if the disease is detected and treated
before the usual time; (e) a recognizable latent and early
symptomatic stage occurs; (f) accepted treatments are avail-
able for patients with the recognized disease; (g) facilities for
diagnosis and treatment are available; (h) screening does not
harm the individual being screened; (i) the screening test and
process are acceptable to those performing the screening and
those being screened; ( j) the screening process is simple and
brief, so large groups can participate; (k) the test is to be
administered by qualified professionals or trained techni-
cians; (l) the test is innocuous, easily administered, inexpen-
sive, and minimally time consuming to complete and yields
reliable and valid results; and (m) screening is to be a regular
and ongoing process.
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Table 1. Demographic and Anthropometric Subject
Characteristics for All Athletes (n 5 148)

Variable Mean SD

Age (y)
Height (cm)
Weight (kg)
Body mass index (kg/m2)
Percentage body fat*
Waist:hip ratio†
Systolic blood pressure (mm Hg)‡
Diastolic blood pressure (mm Hg)‡

20.1
169.2
62.1
22.0
18.3
0.74

99.5
62.7

2.9
7.1
8.9
2.2
4.5
0.03
9.5
8.9

*Skinfold calipers, model 3496, Quinton Instruments, Burgess Hill, West
Sussex, England, were used along with the Jackson et al40 formula,
specifically for young adult female athletes, to calculate percentage
body fat.
†Waist (cm):hip (cm). Measurements were made around the waist with
an inelastic tape and calculated according to procedures outlined in
Nieman.41

‡Blood pressure cuff and bladder and aneroid sphygmomanometer
were used to measure blood pressure according to procedures in Nie-
man41 and Hill and Grim.42

Research on athletes and eating disorders has matured since
its inception more than 2 decades ago3 to the point when the
development of a screening test specifically designed for fe-
male college athletes seems warranted, if not overdue. For
example, a recent meta-analysis of 34 samples by Smolak et
al9 provided further justification for the need for a screening
test. Significantly more eating problems were self-reported
among college athletes than among college-aged, nonathlete
controls; however, the difference was nonsignificant among
high school athletes versus age-mate controls. Significantly
more eating problems were noted among elite athletes than
nonathletes, and elite athletes participating in lean sports were
especially at risk compared with controls. Significantly more
eating problems were reported among those participating in
dance/performance sports (eg, ballet, aerobics, cheerleading)
in comparison with nonathletes. The need for a screening test
for female athletes also is apparent based on outcries from both
athletic and sports medicine personnel, despite the variable
prevalence rates of eating-disorder symptoms and the exis-
tence of eating disorders among different groups of athletes.10

In addition, psychosocial treatments for eating disorders are
promising despite recalcitrance.

An important step in the development of any screening test
is to establish content validity of items. One method of estab-
lishing a physiologically based item domain is to identify var-
iables based on physiologic plausibility, a review of the re-
search literature, and recommendations by experts.
Physiologic plausibility is similar in meaning to the causality
criteria concept in epidemiology known as (biological) plau-
sibility.8 In terms of physiologic plausibility, the issue is
whether the variable considered for assessment makes physi-
ologic sense in terms of current knowledge about eating dis-
orders. Several ways to address this issue are to systematically
note the relationships among physical complications of eating-
disorder behaviors, the body systems they affect, and the con-
sequent signs and symptoms.11–13 The variables identified as
physiologically plausible could then be used to conduct a lit-
erature review. Those variables or physiologic signs and symp-
toms reported by the largest portions of study participants
could be considered for inclusion in a screening test for eating-
disorder/disordered-eating athletes.14–34 This list of variables
could then be compared with what experts recommended for
inclusion.35,36 Consequently, development of physiologic
items for a physiologic screening test would be based on the
following: (a) cogent domains that make physiologic sense,
(b) variables that have been identified several times in the
literature as warning flags for eating disorders/disordered eat-
ing, and (c) recommendations by experts.

There is an exigent need for a screening test, designed spe-
cifically for female collegiate athletes, that ameliorates validity
by reducing measurement error. One source of measurement
error is response bias,37 or answering in a socially desirable
way rather than candidly. Response bias is likely to be mini-
mized in a physiologically based test because some items are
measurements and as such are objective in nature, require no
verbal response, and cannot be as easily manipulated or dis-
torted by the athlete to meet societal expectations or perceived
demands of social desirability. Furthermore, questionnaire
items that are physiologically based are likely to reduce re-
sponse bias when there is no apparent theme to the items, their
purpose is ambiguous, and items are presented in a context
that does not arouse suspicion about their relevance to screen-
ing for existence of an eating-disorder/disordered-eating con-

dition. For example, if physiologic measurements and physi-
ologically based questions were included in a preparticipation
examination, the process would not seem peculiar or extraor-
dinary.38,39

Our purpose was to develop and evaluate a physiologic
screening test specifically designed for collegiate female athletes
engaged in athletic competition or highly athletic performances
in order to detect eating disorders/disordered eating. The present
study was conducted to address the following research ques-
tions: (1) What are the epidemiologic results for the Physiologic
Screening Test, including sensitivity, specificity, percentage of
false positives, percentage of false negatives, positive predictive
value, negative predictive value, yield, accuracy, and validity?
(2) What percentage of subjects are correctly classified into var-
ious eating-disorders/disordered-eating categories as verified by
a systematic, psychometrically validated, structured diagnostic
interview? (3) How do the epidemiologic results for the Phys-
iologic Screening Test compare with other commercial screen-
ing tests used with, but not normed for, athletes? (4) What are
the specific variables that provide the most accurate subject clas-
sification based on a structured, diagnostic interview?

METHODS

Subjects

A total of 148 of 175 (84.5%) National Collegiate Athletic
Association Division I sport, club, and dance female athletes
at a large, Midwest university participated in the study. De-
mographic and anthropometric data are reported in Table 1.
Athletes who participated in the study were from the following
12 teams or groups: basketball, softball, swimming, tennis,
track and field, volleyball, cross-country, golf, gymnastics,
cheerleading, dance company, and modern dance.

The study and research protocol were approved by the uni-
versity’s institutional review board, the athletic director, the
head team physician, and the head athletic trainer. Participation
was voluntary, and confidentiality was guaranteed both ver-
bally and in writing, which also aided in assuring no reprisals
for participation. Written informed consent was obtained from
participants. Physicians, athletic trainers, coaches, and parents
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were not admitted to the test site and were not allowed access
to any information except in aggregate form to avoid bias and
undue influence. Athletes who divulged or were suspected of
an eating disorder/disordered eating were provided referral in-
formation to seek professional assistance on or off campus
from qualified eating-disorder professionals.

Recruitment

The study was formally presented to each of the 12 teams.
Athletes were informed that the research protocol focused pri-
marily on dietary and exercise behaviors; 2 testing sessions
were required, each lasting approximately 1 hour, during
which surveys and physiologic assessments were completed.
Each athlete independently scheduled specific days and times
for testing and agreed to report promptly at the scheduled ap-
pointment time to the human performance laboratory in one
of the university academic departments on campus.

Procedures

Test Sessions and Test Administration. All participants
completed all aspects of the testing. The 2 test sessions were
held on different days, usually less than 1 week apart. During
the first session, the Eating Disorders Inventory, 2nd edition,43

and Bulimia Test-Revised screening tests (psychometrically
validated and normed for the general population) were admin-
istered.44 A commercial vendor distributes the Eating Disor-
ders Inventory-2,43 and the Bulimia Test-Revised is obtainable
from the authors44 for a fee.

Eating Disorders Inventory-2. The Eating Disorders In-
ventory-2 is a 91-item screening test designed to measure at-
titudes, feelings, and behaviors common to both anorexia
nervosa and bulimia nervosa. The Eating Disorders Inventory-
2 includes 11 subscales; the 3 subscales that receive the great-
est consideration are the Bulimia, Body Dissatisfaction, and
Drive-for-Thinness subscales because they are the core sub-
scales for screening eating disorders. These 3 subscales mea-
sure the tendency to engage in binge eating, discontentment
with body size and shape, and excessive concerns for dieting
and preoccupation with weight, respectively. A total of 23
items (25.3%) from these 3 subscales were used in the anal-
yses. Conservative high-score cutoffs of $20 for Body Dis-
satisfaction45 and $14 for Drive for Thinness46 were utilized
because predictive validity has been established only for these
2 subscales with clinical diagnosis of an eating disorder.46

Because cutoff scores have not been established for any of
the other subscales, the other 8 subscales (Ineffectiveness, Per-
fectionism, Interpersonal Distrust, Interoceptive Awareness,
Maturity Fears, Asceticism, Impulse Regulation, and Social
Insecurity) were not included. These 8 subscales were devel-
oped for the primary purpose of tapping more general orga-
nizational constructs or psychological traits clinically relevant
to eating disorders and also to provide information about psy-
chological factors that contribute to understanding the remark-
able heterogeneity in the psychopathology associated with eat-
ing disorders.43 Although these subscales may be clinically
relevant for therapeutic settings, the central features of Bulim-
ia, Body Dissatisfaction, and Drive for Thinness provide an
economical means of identifying individuals who have sub-
clinical eating problems or those who may be at risk for de-
veloping eating disorders.43

Previously reported psychometric data for the Eating Dis-

orders Inventory-2 indicated that the internal consistency of
each of the subscales determined by Cronbach alpha, was be-
tween .44 and .93. The average interitem total correlation was
.63, which suggests a modest but respectable degree of internal
consistency.45 Criterion validity correlations using expert rat-
ings were from .43 to .68. Test-retest reliability coefficients for
the Eating Disorders Inventory-2 administered 1 week apart
to student and staff nurses (n 5 70) were .79 to .95 for the 3
subscales used in the analyses.

Bulimia Test-Revised. The Bulimia Test-Revised44 is a
commonly used screening test designed to assess bulimia-type
characteristics. The items are based on criteria identified in the
Diagnostic and Statistical Manual of Mental Disorders DSM
III-R47 for bulimia nervosa. The multiple-choice (5-point, Lik-
ert-type scale) questionnaire consists of 35 items (28 items are
used to determine the total Bulimia Test score) categorized into
7 areas: binges, feelings, vomiting, food, weight, laxative/di-
uretic abuse, and menstrual regularity. Scores for the Bulimia
Test-Revised can be from 29 to 140. A person with a score of
$104 is likely to be diagnosed as having bulimia nervosa in
an interview.44

A psychometric investigation of the Bulimia Test-Revised re-
ported by Brelsford et al48 found an internal consistency of .92
and a stability correlation of .83 when first and second test
administrations were compared 4 to 6 weeks apart. Sensitivity
of the Bulimia Test-Revised was 26.9%, while the specificity,
positive predictive value, and negative predictive value were all
$.70.44 A major limitation of the Eating Disorders Inventory-
2 and the Bulimia Test-Revised is that their external validity is
not based on college-aged female athletes.

Eating Disorder Examination. During the second test ses-
sion, the Eating Disorder Examination49 and the Physiologic
Screening Test were administered. The Eating Disorder Ex-
amination, according to Garner,46 is the current gold standard
for diagnosing eating disorders. The Eating Disorder Exami-
nation is a psychometrically validated, structured interview
and is based on the diagnostic criteria specified in Diagnostic
and Statistical Manual of Mental Disorders DSM III-R47 and
IV11 for both anorexia nervosa and bulimia nervosa or varia-
tions of these eating disorders. The Eating Disorder Exami-
nation assesses the frequency and number of days key behav-
ioral aspects of eating disorders (ie, overeating and use of
pathogenic weight-control methods) occur. Completion of the
Eating Disorder Examination requires descriptive information
from subjects as well as information addressing 5 subscales
(Overeating, Restraint, Eating, Shape, and Weight concerns).

Wilson and Smith50 reported interrater reliability for the
Eating Disorder Examination subscales to be between .97 and
.99, and Rosen et al51 reported coefficients from .83 to .99.
Internal consistency was satisfactory according to Cooper et
al,52 who reported coefficients of .68 to .90 for the 5 subscales.
Cooper et al52 also reported discriminate validity and found
that the Eating Disorder Examination distinguished well on all
items for a group of patients with eating disorders (n 5 100)
versus normal controls (n 5 42). According to Rosen et al,51

concurrent validity for the Eating Disorder Examination was
modestly related to self-reported dietary restraint and overeat-
ing but was highly associated with self-reported vomiting ep-
isodes. Test-retest reliability has not been reported.49

Interviewers (n 5 2) in the present study took approxi-
mately 45 minutes to administer the Eating Disorder Exami-
nation to each participant. Interviewers attended eight 2-hour
training sessions conducted by a licensed clinical psychologist
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Table 2. Physiologic Screening Test and Item Scoring for Interview and Physical Measurements

Variable Standard Assessment Scale Measurement/Scoring

Percentage of body fat Right side of body: 3 separate mea-
sures of triceps, suprailium, abdo-
men, and thigh to nearest 0.2 mm

Skinfold calipers* Ordinal, 5 5 #13%; 4 5 14–17%; 1 5
18–20%; 0 5 21–27%; 1 5 28–30%;
5 5 $31%

Waist:hip ratio Waist circumference measured on
horizontal plane of smallest circum-
ference with stomach muscles re-
laxed. Hips measured at the largest
circumference of hips/buttocks.

Waist (cm)/hip (cm), measure-
ments made with an inelas-
tic tape†

Ordinal, 4 5 #0.70; 3 5 0.70–0.75; 2 5
0.76–0.80; 1 5 $0.80.

Standing diastolic blood
pressure (BP)

Diastolic BP immediately after mov-
ing from supine to standing posi-
tion

Blood pressure cuff and blad-
der and aneroid sphygmo-
manometer‡

Ratio, measured in mm Hg

Enlarged parotid glands Size of parotid/salivary glands Observation/palpitation§ Nominal, 1 5 enlargement, 0 5 no en-
largement

*Model 3496, Quinton Instruments, Burgess Hill, West Sussex, England. The formula of Jackson et al,40 specifically for young adult female athletes,
was used to calculate body composition.
†Measured and calculated according to procedures outlined in Nieman.41

‡Taken according to procedures in Nieman41 and Hill and Grim.42

§Measured according to procedures outlined in Mitchell et al.39

knowledgeable about the Eating Disorder Examination and
eating disorders/disordered eating. A criterion-referenced ap-
proach was used to determine when interviewers met certain
minimal standard criteria of performance and would be per-
mitted to interview. The minimal criteria for interviewing were
when the interviewers correctly answered questions that indi-
cated familiarity with the Eating Disorder Examination pro-
cedures and when their mock interview scores were identical
to those of the clinical psychologist.

Physiologic Screening Test. The Physiologic Screening
Test was developed for this study to identify eating disorders/
disordered eating specifically in female, college-aged athlete
populations. Items used for development of the Physiologic
Screening Test were based on physical signs and symptoms of
eating disorders/disordered eating13–34 and concurrence by au-
thorities35,36 in accordance with the physiologic plausibility
principle summarized earlier. The Physiologic Screening Test
took approximately 15 minutes to complete. The test was pre-
sented to subjects in a medical examination-type format so as
to obscure its purpose.

The test originally included 44 items and was divided into
2 parts: a 12-item, self-report questionnaire and physiologic
interview that included 15 self-report questions and 17 phys-
ical measurements. One clinician took all physiologic mea-
surements. The technician was a master’s-level exercise phys-
iologist familiar with and practiced in all aspects of the
measurements. Establishing intertester and intratester reliabil-
ity was nullified by using one technician. Validity was not
formally assessed and reliability was achieved through the use
of one trained technician.

The final version of the Physiologic Screening Test included
12 items and was evaluated to assess item performance. The
test was administered to a convenience sample of female ath-
letes (n 5 45) participating on varsity, junior varsity, and club
collegiate (crew and soccer) and high school (basketball)
teams so as not to reduce the sample size of the available target
group. Readability was calculated to be 7th-grade reading level
using the Gunning Fog method.53 Response bias37 was as-
sessed by asking athletes to comment if any of the questions
or responses were not clearly stated, if response options were
inadequate, or if they felt a question would prompt a dishonest
answer or a socially desirable response. No changes to items

were needed as a result of their feedback. Test-retest reliability
was .85 after a 2-week interval of retesting.

Items were reduced by a statistical screening process (see
explanation below) to produce those that discriminated best
between eating-disorders/disordered-eating subjects and OK
(ie, not classified as eating-disordered/disordered-eating) sub-
jects and were retained for the final version of the Physiologic
Screening Test. The 6 best questionnaire items addressed the
following signs and symptoms: dizziness, abdominal bloating,
abdominal pain/cramps, frequency of bowel movements, stool
consistency, and number of periods/year. For the first 3 items,
subjects responded by using a Likert-type ordinal scale: 1 5
always, 2 5 frequently, 3 5 sometimes, 4 5 rarely, and 5 5
never. Scoring for final analyses was reversed (ie, a response
of always was given a 5, frequently a 4, etc), wherein a higher
score was indicative of a greater likelihood of eating disorders/
disordered eating. For the last 3 items, frequency of bowel
movements was rated on a 6-point ordinal scale from 15 more
than once a day to 6 5 less than every 4 days. Stool consis-
tency was rated from 1 5 diarrhea-like (watery) to 3 5 hard,
dry, and small pieces (constipation). The questions addressing
bowel movements were scored so diarrhea and constipation
were both equal indicators of eating-disorders/disordered-eat-
ing behaviors. Number of periods annually was rated from
1 5 0 to 6 5 12 and was reverse scored.

The best 8 self-report interview items included the follow-
ing: (a) hours exercised outside of practice, (b) whether men-
strual cycles had ever been irregular, (c) lowest weight at cur-
rent height, (d) age at this weight, (e) highest weight, (f )
difference computed between highest and lowest weights, (g)
perception of ever being overweight, and (h) whether currently
trying to change or maintain weight. Hours exercised were
measured on an interval ratio scale in hours and minutes, ir-
regular periods were measured on a nominal scale as yes or
no, highest and lowest weights were measured on an interval
ratio scale in pounds, age was measured on an interval ratio
scale in years, perceptions of overweight were measured on a
nominal scale as yes or no, and efforts to change or maintain
weight were measured on a nominal scale and trichotomized
as gain, lose, or maintain weight.

The best 4 physiologic measurements, percentage of body
fat, waist:hip ratio, standing diastolic blood pressure, and en-
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Table 3. Subject Classification According to Diagnostic and
Statistical Manual of Mental Disorders III-R/ IV 11,47 Criteria for
Eating Disorders and Operationalization of Disordered Eating

Criteria

Eating Disorder
Examination Score

Criterion*

Anorexia nervosa

Fear of weight gain
Feelings of fatness
Maintained low weight
Amenorrhea
Body composition

4, 5, or 6 (3 mo)
4, 5, or 6 (3 mo)
1† (3 mo)
0‡ or 7 (12 mo)
Body mass index #17.5 or

body fat #14%

Bulimia nervosa

Purging (vomiting, laxatives, diuret-
ics, and/or intense exercise§)

Objective bulimic episodes\

Importance of shape or weight

$23/week (3 mo)

$23/week (3 mo)
4, 5, or 6 (3 mo)

Not otherwise specified

Anorexia nervosa Met any 4 of 5 anorexia
nervosa criteria but with a
lower score of 3

Bulimia nervosa Met all 3 bulimia nervosa cri-
teria but to a lesser de-
gree of severity or fre-
quency of behaviors

Both Met not-otherwise-specified
criteria for anorexia nervo-
sa and bulimia nervosa
noted under this category

Disordered eating

Major criteria (met 2 of the following 4)

Amenorrhea
Body composition

#9 (12 mo)
Body mass index 5 18.0–

19.9 or body fat 5 14%–
17%

Purging
Bulimic episodes (subjective¶

or objective)

#13/week (3 mo)
#13/week (3 mo)

Minor criteria (met 2 of following 4)

Importance of shape or weight
Fear of weight gain
Feelings of fatness
Maintained low weight

3 (3 mo)
3 (3 mo)
3 (3 mo)
3 (3 mo)

*Eating Disorder Examination45 scores are from 0 to 6: 0 to 2 indicates
normal response for most items, a score of 3 indicates disordered eat-
ing, and scores of 4 to 6 indicate greater eating-disorders symptoms.
†1 5 Loss of weight or avoid weight gain because of weight or shape,
2 5 loss of weight or avoid weight gain for other reasons.
‡0 5 Absence of menses for 12 months, 7 5 taking birth control pills.
§Defined as $33/week for 30 minutes over and above team practices
and competitions.
\Large consumption of food (eg, 10001 kcal) in a short period of time,
plus loss of control over eating.
¶Feeling of eating too much but actually ate a normal amount, plus loss
of control over eating.

larged parotid glands, are presented in Table 2, along with the
standard method of assessment, scale of measurement, and
procedures for assessment.

Subject Classification

Responses given by the athletes during the Eating Disorder
Examination interviews, which included key diagnostic ques-
tions based on Diagnostic and Statistical Manual of Mental
Disorders DSM III-R47 and Diagnostic and Statistical Manual
of Mental Disorders DSM IV11 criteria, were used for classi-
fication of subjects into one of the following 7 categories: (a)
anorexia nervosa, (b) bulimia nervosa, (c) not otherwise spec-
ified—anorexia nervosa, (d) not otherwise specified—bulimia
nervosa, (e) not otherwise specified—both anorexia nervosa
and bulimia nervosa, (f) disordered eating, or (g) no eating
disorders/disordered eating (or OK). Classification criteria (Ta-
ble 3) represent the spectrum of eating-disorders/disordered-
eating behaviors. Higher (ie, 4, 5, or 6) versus lower (ie, 0, 1,
2, or 3) scores for Eating Disorder Examination responses in-
dicated a greater likelihood of an eating disorder/disordered
eating. An anorexia nervosa classification meant all 5 criteria
were met. Bulimia nervosa meant all 3 criteria were met. Not
otherwise specified—anorexia nervosa meant 4 of the 5 cri-
teria for anorexia nervosa were met, and scores for fear of
weight gain and feelings of fatness were $3 and maintaining
low body weight was a 1 or 2 (see Table 3 for explanation of
these numbers). Not otherwise specified—bulimia nervosa
meant all 3 criteria for bulimia nervosa were met except that
purging occurred less often than weekly over the last 3
months, objective binging happened less than twice/week for
the last 3 months, subjective binging occurred 2 times/week
over the past 3 months, and the score on items assessing the
importance of shape and/or weight was $3. Not otherwise
specified—both anorexia nervosa and bulimia nervosa meant
criteria for both categories were met. Disordered eating meant
2 of the major and 2 of the minor criteria listed under this
classification in Table 3 had to be met. Disordered eating was
operationalized based on the following definition of disordered
eating from the American College of Sports Medicine1 orga-
nization:

. . . a wide spectrum of harmful and often ineffective eating behaviors (are)
used in attempts to lose weight or achieve a lean appearance. The spectrum
of behaviors ranges in severity from restricting food intake, to binging and
purging, to the DSM-IV defined disorders of Anorexia Nervosa and Bulimia
Nervosa.

The final category of OK was assigned to those subjects
who did not meet the criteria for either eating disorders or
disordered eating.

Study Design

A cross-sectional research design was used. Outcomes of
the Eating Disorders Inventory-2, Bulimia Test-Revised, and
Physiologic Screening Test items were compared with the Eat-
ing Disorder Examination interview. Each athlete was classi-
fied into either the eating-disorder/disordered-eating group or
the OK group based on the Eating Disorder Examination struc-
tured-interview outcome. From the item pool of all 3 tests, a
subset of items, each of which effectively discriminated be-
tween eating disorders/disordered eating and OK subjects, was
identified using the 3-step questionnaire item-selection proce-
dure described below.

Data Analyses

Descriptive Statistics. The distributional features of those
variables measured on a continuous scale (eg, height, weight,
etc) were examined by computing measures of central tenden-
cy (means, medians, and modes), dispersion (standard devia-
tions), and distributional plots to ascertain if they violated
parametric assumptions related to skewness and kurtosis.
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Table 4. Epidemiologic Statistics for the 3 Screening Tests (Percentages)

Variable Definition

Physiologic
Screening

Test*

Eating
Disorders

Inventory-2†
Bulimia

Test-Revised‡

Sensitivity Percentage of those who actually are positive who test posi-
tive; true positives/number of people who actually are posi-
tive 3 100%

86.5 61.5 26.9

Specificity Percentage of those who actually are negative who test neg-
ative; true negatives/number of people who actually are
negative, or healthy 3 100%

77.7 74.2 98.9

False positives Percentage that the test indicates are positive but who are
actually healthy; false positives/total number who are
healthy 3 100%

22.3 25.8 1.1

False negatives Percentage that the test indicates are healthy but actually are
positive; false negatives/total number who are positive 3
100%

15.4 38.5 73.1

Positive predictive value Percentage who test positive in comparison with sum of
those who test positive and are and those who test nega-
tive and aren’t; true positives/(true positives 1 false posi-
tives) 3 100%

67.7 56.1 93.3

Negative predictive value Percentage who test negative in comparison with sum of
those who test negative and are and those who test nega-
tive and aren’t; true negatives/(true negatives 1 false neg-
atives) 3 100%

91.3 80.0 71.0

Yield Percentage of true positives in relation to total number test-
ed; true positives/total 3 100%

30.3 21.8 9.6

Accuracy Percentage of true positives and true negatives in relation to
total number tested; true positives 1 true negatives/total 3
100%

80.7 70.8 73.3

Validity Percentage who test positive by the test who actually are
positive plus percentage who test negative by the test who
actually are negative 2 100; equals sensitivity 1 specificity
2 100%51

63.9 38.2 25.9

*The Physiologic Screening Test includes the 18 best discriminating items.
†The Eating Disorders Inventory-243 includes only 3 of the 11 subscales (Bulimia, Body Dissatisfaction, and Drive for Thinness) for a total of 23
items used in these analyses.
‡The Bulimia Test-Revised is the 28-item version using the scoring guidelines of Thelen et al.44

Group Membership. The results of the structured inter-
views based on the Eating Disorder Examination determined
each subject’s response group membership (ie, eating disor-
ders/disordered eating or OK). This dichotomous response var-
iable was used to derive the best set of discriminating items
from the Physiologic Screening Test, as detailed below.

Questionnaire Item Selection. Each of the 12 Physiologic
Screening Test questionnaire items was examined for its po-
tential to discriminate eating disorders/disordered eating from
OK subjects with the following 3-step procedure. The follow-
ing steps were used to determine the best 6 items. First, the
difference between the scored item mean for the eating-dis-
orders/disordered-eating group and the corresponding scored
item mean for the OK group had to produce a significant t test
result (P , .05). Second, based on a logistic regression anal-
ysis, the item had to be a significant (P , .05) predictor of
eating disorders/disordered eating with the sign of its coeffi-
cient in the expected direction according to the presence or
absence of an eating disorder/disordered eating. To reduce di-
mensionality and to facilitate ease of application in the field,
those items passing steps 1 and 2 were then summed to pro-
vide an overall questionnaire score. Third, an individual item
was retained in this process if it contributed to overall discrim-
ination between eating disorders/disordered eating and OK,
based on psychometric performance measures such as sensi-
tivity and specificity, while also meeting both of the following
conditions: a correlation of at least .4 between the item and

the total questionnaire score and Cronbach alpha of at least .6.
A lower Cronbach alpha level was set so that items with any
potential for group discrimination would not be excluded pre-
maturely. Six items were retained.

The Interview Self-Report and Physiologic-Measure-
ment Item Selection. The best 8 interview self-report items
and the 4 best physical measurements were determined by us-
ing essentially the same 3-step procedure described above, ex-
cept for item correlations with the total. Furthermore, because
these variables were measured on many different scales, from
dichotomous 0-1 indicators (eg, presence or absence of parot-
id-gland enlargement) to continuous measures (eg, blood pres-
sure), the variables were not summed but entered into the dis-
criminant function individually. Several of the interview items
were scored.

The specific procedures for arriving at the 12 interview and
physical-measurement items involved the same first 2 steps
(mean separation and logistic regression) used for question-
naire items, except that a liberal P value of .25 was selected
so as not to eliminate a potentially useful item. Specifically,
the coefficient of each item for the final discriminant function
had to have the correct sign so that the variable contributed to
discrimination in the expected manner (ie, a higher score on
an item had to be associated with greater risk of an eating
disorder/disordered eating, while a lower score implied an
OK). Item correlations with the total and Cronbach alphas
were required to meet the conditions of step 3 of the item-
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Table 5. Frequency (Percentage) Correctly Classified for Each Screening Test by Eating-Disorders/Disordered-Eating Category and
Sensitivity

Test
Anorexia
Nervosa*

Bulimia
Nervosa†

Not
Otherwise
Specified‡

Total Eating
Disordered

Disordered
Eating§ Sensitivity51

Physiologic Screening Test
Eating Disorders Inventory-2
Bulimia Test-Revised

1 (100)
1 (100)
0 (0)

12 (92)
10 (77)
6 (46)

3 (75)
3 (75)
0 (0)

16 (89)
14 (78)
6 (33)

29 (85)
18 (56)
8 (23)

45 (87)
32 (62)
14 (27)

Total/Actual 1 13 4 18 34 52

*To be categorized as anorexia nervosa, an athlete had to meet all 5 criteria of fear of weight gain, feelings of fatness, maintenance of low body
weight, amenorrhea, and low percentage of body fat.
†Bulimia nervosa meant meeting the following 3 criteria: purging, actually consuming large amounts of food in a short period of time and experi-
encing a loss of control over eating, and feeling that shape or weight were important.
‡Not otherwise specified (NOS) for anorexia nervosa meant satisfying any 4 of the 5 criteria for anorexia but to a lesser degree of severity or
frequency of behaviors; not otherwise specified for bulimia nervosa meant meeting all 3 criteria for bulimia but to a lesser degree of severity or
frequency of behaviors; not otherwise specified for both anorexia and bulimia meant the athlete met the NOS criteria for anorexia and bulimia
noted above.
§Disordered eating meant satisfying any 2 of the following 4 major criteria of amenorrhea, low percentage of body fat, purging, bulimic episodes
(either perceived or actual), and any 2 of the following 4 minor criteria of importance of shape or weight, fear of weight gain, feelings of fatness,
and desire to maintain low body weight.

Table 6. Discriminant Function Coefficients for the Physiologic
Screening Test

Discriminating Item Coefficient

Sum of the 6 physiologic questionnaire items* 0.1945
Waist:hip ratio
Hours exercised outside practice

11.7111
0.1433

Irregular periods
Trying to lose weight

0.8456
1.0872

Difference between highest and lowest body weights 0.0242
Felt overweight
Percentage of body fat
Age of lowest weight (y)
Lowest weight at current height (lb)
Enlarged parotid glands

1.0901
0.3911
0.1985
0.0090
0.1547

Standing diastolic blood pressure (mm Hg) 0.0332
Age at first menses (y) 0.1195

*The 6 physiologic questions pertain to dizziness when standing up
quickly, gaseousness or bloating in abdominal area unrelated to men-
strual period, cramps and dull pains in abdominal area unrelated to
menses, frequency of bowel movements, consistency of stools, and
number of menstrual periods annually.

selection process. Last, in all the discriminant analyses, prior
probabilities for the 2 response groups of eating disorders/
disordered eating or OK were adjusted to achieve a target sen-
sitivity of at least 80% while maintaining an acceptably high
specificity of at least 75%. These same target values for sen-
sitivity and specificity also were used for Eating Disorders
Inventory-2 and Bulimia Test-Revised, although they were not
achieved.

Discriminant Function Score and Subject Screening. A
subject was screened into either the eating disorders/disordered
eating or OK group using the discriminant function score. The
discriminant function score was calculated by multiplying a
subject’s scored value on an item by the corresponding coef-
ficient, then summing these products over the items. Note that
each item must be measured on the same scale as used in this
study and scored as described above in order to produce a
valid discriminant function score. Screening into either eating
disorders/disordered eating or OK was done by comparing the
discriminant score with the selected cutoff (18.04 in this
study), for which the target sensitivity and specificity were
exceeded. If a subject’s score exceeded this cutoff, she was

classified as eating disorders/disordered eating; otherwise, she
was classified as OK.

Power Estimate. A post hoc power estimate54 indicated
that, at an alpha level of .05, the t tests had at least 80% power
to detect a difference between eating disorders/disordered eat-
ing and OK group means equal to 0.5s, where s denotes the
standard deviation of a given item from the Physiologic
Screening Test. This suggested that power was adequate for
the analyses.

Epidemiologic Analyses. The overall ability to predict eat-
ing disorder/disordered eating for each of the screening tests
was examined by comparing sensitivity, specificity, percentage
of false positives, percentage of false negatives, positive pre-
dictive value, negative predictive value, yield, accuracy, and
validity.55 Sensitivity describes how well the test correctly iden-
tifies those with eating disorders/disordered eating. Specificity
evaluates the ability of the test to identify those without eating
disorders/disordered eating. The false-positives measure is the
number of subjects without the disorder who tested positive.
The false-negatives measure is the number of subjects classified
as eating disorders/disordered eating who tested negative. The
positive predictive value describes the probability that a person
who is classified as eating disorders/disordered eating tests pos-
itive for the disorder. Negative predictive value represents the
probability that those who are not classified as eating disorders/
disordered eating test negative. Yield is the proportion of true
positives identified by the test based on the total number of
respondents. Accuracy is the test’s ability to correctly classify
both true positives and true negatives. Validity is the ability of
the test to measure what it is supposed to measure, and sensi-
tivity and specificity are used to determine validity. Definitions
and formulas also are provided in Table 4.

RESULTS

Epidemiologic Analyses

Overall, the Physiologic Screening Test had the highest sen-
sitivity of 86.5% and above-target specificity of 77.7% (Table
4). In comparison, sensitivity and specificity of the Bulimia
Test-Revised were 26.9% and 98.9%, respectively, while the
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Table 7. Univariate and Multivariate Physiologic Screening Test Results for Eating-Disorders/Disordered-Eating (ED/DE) and OK
Groups*

Physiologic Screening
Test Item

Item Mean Separation

ED/DE OK t P

Logistic Regression

Estimate x2 P

Sum of 6 physiologic items† 12.86 10.91 3.78 ,.001 .27 13.61 ,.001

Waist:hip ratio
Hours exercised outside practice
Irregular periods
Trying to lose weight

2.73
2.75
.77

1.57

2.96
1.13
.54
.72

2.03
2.85
2.77
5.36

.043

.006

.006
,.001

.53

.25
1.03
.95

3.95
7.52
7.11

21.85

.047

.006

.008
,.001

Difference between highest and lowest
weights 23.02 16.09 2.91 .005 .06 9.51 .002

Felt overweight
Percentage of body fat
Age of lowest weight (y)
Lowest weight at current height (lb)

.78
2.61
6.41

120.3

.45
1.96
5.73

124.8

4.04
1.93
1.95
1.43

,.001
.056
.054
.155

1.48
.17
.16
.01

13.85
3.63
3.60
2.01

,.001
.057
.058
.157

Enlarged parotid glands .29 .20 1.35 .179 .54 1.80 .180
Standing diastolic blood pressure (mm Hg)
Age at first menses (y)

61.37
13.25

59.22
12.92

1.29
1.15

.200

.254
.02
.12

1.64
1.31

.200

.253

*OK means a subject did not meet the criteria of either eating disorders or disordered eating.
†The 6 physiologic questions pertain to dizziness when standing up quickly, gaseousness or bloating in abdominal area unrelated to menstrual
period, cramps and dull pains in abdominal area unrelated to menses, frequency of bowel movements, consistency of stools, and number of
menstrual periods annually.

Table 8. Prevalence Rates (Percentages)*

Sport n
Eating

Disorders
Disordered

Eating OK

Basketball
Cheerleading
Cross-country
Dance company
Modern dance
Golf
Gymnastics
Softball
Swimming
Tennis
Track
Volleyball

7
9

11
30
11
10
6

12
20
8

16
8

0
33
0

13
9

10
17
0

25
0

13
0

0
11
45
20
45
30
50
0

15
25
25
13

100
56
55
67
46
60
33

100
60
75
62
87

All sports 148 12 23 65

*Eating disorders included the categories of anorexia nervosa, bulimia
nervosa, and not otherwise specified. Disordered eating is aberrant be-
haviors that are less severe and frequent than any of the eating disor-
ders. OK means a subject did not meet the criteria of either eating
disorders or disordered eating.

values for the Eating Disorders Inventory-2 were 61.5% and
74.2%, both below the target values specified above.

The Physiologic Screening Test had a false-positive rate of
22.3%, lower than that of the Eating Disorders Inventory-2.
The Bulimia Test-Revised had the lowest false-positive rate of
1.1%, but this was an artifact of the use of the scoring sug-
gested by Thelen et al44 and resulted in almost all subjects
being classified as OK, and hence, a very low false-positive
rate. Not surprisingly, this produced an unacceptably low sen-
sitivity and unacceptably high false-negative rate (Table 5).
This also explained the unusually high positive predictive val-
ue of the Bulimia Test-Revised. Other cutoffs for the Bulimia
Test-Revised, which better balanced overall sensitivity and
specificity, produced consistently poorer measures than the
Eating Disorders Inventory-2 and were well below those of
the Physiologic Screening Test. The Physiologic Screening
Test outperformed the Eating Disorders Inventory-2 and Bu-
limia Test-Revised on the false-negative rate and negative pre-
dictive value, yield, overall accuracy, and validity.

Discriminant Model Analyses

The discriminant function coefficients for the final 13-item
Screening Test model are provided in Table 6. The first item
is the sum of the 6 questionnaire items that were significant
on both the t and logistic-regression item-selection criteria and
were retained after step 3 of model refinement described
above. These 6 items were abdominal bloating, abdominal
cramping, frequency of bowel movements, stool consistency,
dizziness, and number of menstrual periods. This sum of 6
items had significant mean separation between the eating dis-
orders/disordered eating and OK groups (mean 5 12.86 and
10.91 for eating-disorders/disordered-eating and OK subjects,
respectively; t78 5 3.78, P , .01, and a significant logistic
regression, P , .01).

Summary statistics for the 12 other interview-physical mea-
sures are presented in Table 7. These 12 items are as follows:
a subject’s waist-to-hip ratio; hours/week an athlete exercised
outside of regular practice times; irregular-periods score; try-

ing-to-lose-weight score; highest versus lowest weight differ-
ence; felt-overweight score; body-fat percentage score; age-of-
lowest-weight score; lowest weight at current height;
parotid-gland enlargement score; standing diastolic blood pres-
sure; and age at first menses.

Prevalence Rates
The highest prevalence rate of eating disorders was among

cheerleaders (33%), while disordered eating occurred frequent-
ly among gymnasts (50%), modern dancers (45%), and cross-
country athletes (45%) (Table 8). In basketball and softball,
no athletes met criteria for eating disorder/disordered eating.

DISCUSSION
The primary purpose of this study—to develop and psycho-

metrically evaluate a physiologic screening test for eating dis-
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orders/disordered eating among collegiate females engaged in
athletic competition or highly athletic performances—was
achieved. The epidemiologic analyses support the conclusions
that the Physiologic Screening Test more accurately detected
eating-disorders/disordered-eating athletes than either the Eat-
ing Disorders Inventory-2 or Bulimia Test-Revised. The Phys-
iologic Screening Test was the only 1 of the 3 to meet the
criteria of sensitivity $80% and specificity $75%. More spe-
cifically, the Physiologic Screening Test, in comparison with
the 2 commercial tests, produced superior results for sensitiv-
ity (87%), false negatives (15%), negative predictive value
(91%), yield (30%), accuracy (81%), and validity (64%).
Specificity (78%) and positive predictive value (68%) were
both respectable. The sensitivity and specificity for the Bulim-
ia Test-Revised were 27% and 99% and for the Eating Dis-
orders Inventory-2, 62% and 74%, respectively.

The superior specificity of the Bulimia Test-Revised was an
artifact of the inferior and unacceptable sensitivity. Sensitivity
and specificity proportions act counter to each other; as one
increases, the other decreases, and vice versa. The Physiologic
Screening Test has the distinction of correctly classifying $8
of 10 eating-disorders/disordered-eating female athletes and
nearly 8 of 10 of those classified as OK. On the other hand,
while the Bulimia Test-Revised correctly categorized almost
all athletes who were classified as OK, it did so at the expense
of correctly classifying only 3 eating-disorders/disordered-eat-
ing athletes out of 10, an unacceptably low performance mea-
sure for a screening test.

In defense of the Bulimia Test-Revised, it was designed as
a screening test for bulimics only. However, based on our data,
the Bulimia Test-Revised was not as accurate as the other 2
tests administered in screening athletes in any category in-
cluding bulimia, which it was designed to test. The Eating
Disorders Inventory-2 did better by correctly classifying $6
of 10 eating-disorders/disordered-eating athletes and $7 of 10
who were OK. The Eating Disorders Inventory-2 was inferior
to the Physiologic Screening Test and was not specifically de-
signed for female collegiate athletes, and its intent is clearer
and more obvious.

A related question was how the physiologic test compared
with other tests developed specifically for athletes and what
advantages there were in using a physiologically oriented test.
Although screening tests designed specifically for athletes are
beginning to appear,56 the most psychometrically and statisti-
cally sophisticated test to date that is most comparable is the
Athletic Milieu Direct Questionnaire.57 Sensitivity and speci-
ficity for the 19-item Athletic Milieu Direct Questionnaire are
80% and 75%, respectively, in comparison with the 18-item
Physiologic Screening Test at 87% and 78%, respectively. The
Athletic Milieu Direct Questionnaire items reflect psychosocial
and athletic milieu behaviors relevant to weight management,
diet, and exercise. Items based on physical signs and symp-
toms, however, may appear more objective and, therefore, apt
to reduce response bias, especially if a physiologic test is in-
cluded as part of a mandatory preparticipation medical ex-
amination and during follow-up visits.

The final choice about which test to use, the Athletic Milieu
Direct Test or the Physiologic Screening Test, would be based
on the educational background and academic training of the
person administering the test. For example, a person with a
psychosocial background would be more qualified to admin-
ister the Athletic Milieu Direct Test, and someone with a phys-
iologic background, such as an athletic trainer, would be better

suited to administer the Physiologic Screening Test. Avail-
ability of both tests is an advantage. Two-stage screening could
be conducted either by administering the same test again after
a specified period or by administering the tests sequentially.57

An advantage of 2-stage screening is that the total number
tested the second time is fewer than the first time and, thereby,
requires fewer resources, and the numbers of false positives
and false negatives are diminished.57

Prevalence rates of eating disorders/disordered eating in the
present study were high (n 5 52, 35%). Approximately 1 in
3 female collegiate student athletes in this sample experienced
some form of an eating disorder/disordered eating, which fur-
ther substantiates the existence of a major public health prob-
lem among female athletes. Not surprisingly, almost twice as
many athletes were classified as disordered eating (n 5 34,
65%) versus eating disorders (n 5 18, 35%), indicating a sig-
nificantly greater percentage of disordered-eating versus eat-
ing-disordered subjects (Z 5 2.22, P 5 .0264). Of the 18 who
were eating disordered, the largest portions were bulimic (n
5 13, 72%) and not otherwise specified (n 5 4, 22%) versus
anorexic (n 5 1, 6%). Prevalence rates of eating disorders/
disorder eating also were highest among sports that emphasize
leanness and/or shape (gymnastics, modern dance, cross-coun-
try, and cheerleading), and the findings appear similar to those
reported by Smolak et al.9 Prevalence rates in the present study
may be higher because ‘‘not otherwise specified’’ and ‘‘dis-
ordered eating’’ were included as categories. Otherwise, the
rates of anorexia nervosa and bulimia nervosa are similar to
those in studies by other authors who used the Diagnostic and
Statistical Manual of Mental Disorders DSM III-R/IV classi-
fication criteria. One such study was large scale, with 695
athletes representing 22 colleges and universities.2,58 Despite
the controversy about true prevalence rates,10,36 the availabil-
ity of a viable screening test is essential because many behav-
iors related to eating disorders/disordered eating are often not
obvious. A viable screening test also is essential because it is
a composite of behaviors that are of concern and not a single
behavior in isolation; also, as signs and symptoms are fewer,
detection is even more difficult. In addition, our data indicate
that both eating disorders and disordered eating should be the
focus because of the numbers classified in both categories.

It may be inadvisable to continue to assume that risk is
restricted to sports in which leanness or a specific weight (or
both) are important. In the present study, eating disorders/dis-
ordered eating were observed among athletes representing 10
of 12 (83%) sports. The only sports in which eating disorders/
disordered eating were not observed were basketball and soft-
ball. Nevertheless, if personnel and money for screening are
limited, then priority for screening might be given to those
sports emphasizing leanness and body weight. Eating disor-
ders/disordered eating were observed more than 2 times as
often in these sports (n 5 36, 69%) versus those sports that
tend not to emphasize leanness and body weight (n 5 16,
31%). Another interesting finding is that gymnasts were third,
not first, in the proportion classified as eating disordered, al-
though they were first in the proportion classified as disordered
eating, as well as when the proportions for eating disorders
and disordered eating were summed. These findings indicate
that gymnasts should still be a high-priority, at-risk group.

It also may be unwise to assume that eating disorders/dis-
ordered eating are restricted to just elite athletes. The preva-
lence rates of eating disorders/disordered eating observed
among nonelite athletes (club athletes and dancers, n 5 24,
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47%) in this study were nearly equivalent to those in elite
Division I female athletes (n 5 27, 53%). Local political fac-
tors required that nonelite athletes be included in our study
because resources and services were disproportionate in com-
parison with elite athletes. Nonelite athletes may be just as
committed to sport, follow similarly rigorous practice sched-
ules, and have vocational ambitions to benefit from athletics
akin to elite athletes; thus, it seems prudent to expand the
research focus and clinical services to nonelite university and
college athletes.

One contribution of this study was the use of physiologic
plausibility as selection criteria for topic areas, which was sup-
ported by both the research literature and recommendations of
experts. The salient question, however, was whether physio-
logic signs and symptoms collectively could be used to effec-
tively screen for eating disorders/disordered eating. The an-
swer to the question based on the present study results is
affirmative. The best discriminating items were blood pressure,
waist:hip ratio, percentage body fat, parotid-gland enlarge-
ment, menstrual history and frequency, weight history and per-
ceptions of body weight, exercise habits after practice, fre-
quency of bowel movements and normalcy of stools, pain and
bloating in the abdomen, and dizziness when rising quickly.

Four potential limitations should be considered when inter-
preting the data. First, internal validity and response bias may
be challenged because self-reported behaviors were solicited as
part of the physiologic testing and in response to interview
questions related to the Eating Disorder Examination. However,
there is no reason to suspect, based on clinical observations,
that participants responded untruthfully or in a socially desirable
manner. Fourteen of the 18 items of the Physiologic Screening
Test required a self-report response, but the purpose of the ques-
tions was ambiguous and difficult to detect because the focus
was on physiologic factors (versus eating behaviors) and the
questions appeared nonthematic. The remaining 4 assessments
were physiologic and required no verbal response and, there-
fore, could not be altered by the respondent to suit social con-
ditions or expectations. Response bias also was addressed by
repeated assurances regarding confidentiality. Participants were
told that candid answers were expected (and would be wel-
comed and prized). Otherwise, the project would be pointless
and of no benefit. No penalties for candor would occur (eg, loss
of team position or peer status), and the purpose was research,
not fault finding. In addition, participants responded willingly
and were abundantly forthcoming with replies.

Second, content validity might be questioned. Efforts were
made to be thorough by concentrating on physiologic plausi-
bility, examining the research literature to identify the most
discriminating variables between subjects who were eating dis-
ordered and those who were not eating disordered, and con-
sulting additional experts as to which physiologic variables
should be included. In addition, 2 experts knowledgeable
about physiology and eating disorders perused items to assess
content validity, and both concurred that the items and ap-
proach were satisfactory.

Third, the results might be challenged on generalizability
because only athletes from 1 major university were included.
Application to Division I athletes with similar demographic
characteristics as study participants should be acceptable with
a precaution that the chance of a type I or type II error might
be greater. These errors could be reduced by repeat screenings.
A nationwide study of representative Division I, II, and III
institutions is recommended. The research protocol should in-

clude at a minimum both the Physiologic Screening Test and
Eating Disorder Examination to further validation.

Last, it might be argued that athletes with eating disorders/
disordered eating avoided participation because athletes were
volunteers and participation was voluntary. Although a pos-
sibility, there is no basis for this concern. The study was pro-
moted as a sports-medicine study focusing on eating and ex-
ercise behaviors of athletes. If an athlete were aware of the
true purpose of the study, it could equally be argued that those
wanting help would participate because it was a rare oppor-
tunity to present issues related to eating disorders/disordered
eating offered by an independent, unbiased, neutral source and
to potentially receive assistance. The data also indicate that a
substantial proportion of participants freely reported personal
information related to the need for assistance. In addition, the
number of nonparticipants (n 5 27) was relatively small, and
if the distribution of cases to categories matched those who
participated in the study, the proportions would remain un-
changed. If a greater proportion of nonparticipants had eating
disorders/disordered eating, the results are conservative esti-
mates and the problem is of even greater magnitude and con-
cern than reported.

Two primary reasons exist for using the Physiologic Screen-
ing Test in future research. First, the magnitude of the problem
of eating disorders/disordered eating needs to be verified na-
tionwide. More precise estimates of prevalence rates based on
criterion validity will bring further attention to the problems and
issues among athletes, help change policies such as minimum
body-weight requirements, prioritize safeguarding the health of
athletes, and underscore the need for education. Second would
be to use the categories operationalized in this study to further
verify the prevalence of athletes who meet the criteria for each
category. The categories could serve as a triage method and a
viable means to devise appropriate primary, secondary, and ter-
tiary prevention strategies specifically for athletes depending on
the numbers involved and the magnitude and severity of the
problem. Trends could be observed to denote progress or the
need for greater or immediate attention. Because of the paucity
of research, additional efforts should be devoted to developing
interventions specifically for athletes.59,60

In summary, an important initial step has been completed
to develop a physiologic screening test for Division I colle-
giate females engaged in athletic competition or highly athletic
performances who are at risk for eating disorders/disordered
eating. A physiologic screening test seems to have advantages
in that response bias may be minimized and the test can be
easily incorporated into preparticipation examinations, which
may further aid in disguising the purpose of the test and there-
by ameliorating validity. Validity also may be enhanced be-
cause the physiologic test provides an alternate form of a
screening test that can be included as a part of repeat screen-
ing. This mechanism for early detection offers the opportunity
to reduce or eliminate eating disorders/disordered eating and
aid in fostering healthy collegiate athletic competition.
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