
S1-6 Ethnicity & Disease, Volume 13, Winter 2003

COMMON DESIGN ELEMENTS OF THE GIRLS HEALTH ENRICHMENT MULTI-SITE STUDIES

(GEMS)

The Girls health Enrichment Multi-site Studies
(GEMS) was a multi-center research program
created for the purpose of testing interventions
designed to prevent excess weight gain by Af-
rican-American girls, as they enter and pro-
ceed through puberty. However, GEMS was
not a ‘‘multi-center clinical trial’’ in the usual
sense. Although these studies applied similar
eligibility criteria, observed a similar follow-up
schedule, and followed a similar measurement
protocol, important differences existed, as
well. Each field center developed its own in-
tervention(s) and corresponding control, and
tailored its study to the specific hypothesis be-
ing tested. Therefore, the study populations
were somewhat different, with recruitment
strategies that varied accordingly, and supple-
mental evaluations appropriate to the specific
interventions were conducted on a site-specif-
ic basis. The purpose of this paper is to de-
scribe the common design elements of the
GEMS Phase 1 pilot studies. This report pre-
sents the basic study design, a brief overview
of the interventions, the measurements taken
and their rationale, and procedures both for
compiling the collaborative database, and per-
forming site-specific analyses. (Ethn Dis. 2003;
13[suppl1]:S1-6–S1-14)
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BACKGROUND AND
RATIONALE

The Girls health Enrichment Multi-
site Studies (GEMS) was a multi-center
research program created to develop and
test interventions designed to prevent
excess weight gain by African-American
girls, as they enter and proceed through
puberty. Epidemiologic evidence indi-
cates that the prevalence of obesity, ie,
body mass index (BMI) $30, is partic-
ularly high in African-American wom-
en.1 This excess body weight is present
during childhood, and appears to in-
crease more rapidly in African-American
girls, compared to White girls.2 Due to
the possibility that healthful behaviors
learned in childhood may be sustained
through adulthood, prevention activities
targeted at children are especially ap-
pealing, and potentially cost-effective.

GEMS was divided into 2 phases.
Phase 1 was a 2¾-year development
phase, during which 4 field centers con-
ducted formative assessment studies
consisting of focus groups, interviews,
and surveys. This component was de-
signed to address key conceptual issues
in the design and conduct of these stud-
ies in an African-American population.
Phase 1 culminated in randomized pilot
studies in which the interventions were
delivered over a period of 12 weeks.
Evaluations were performed at baseline,
and again at follow up, to provide a pre-
liminary measure of the effectiveness of
these interventions. In the second phase,
a full-scale implementation of the de-
rived methodology will be conducted,
and final preparations are being made
for the implementation at the time of
this writing.

This issue of Ethnicity & Disease is

devoted specifically to Phase 1 of this
research program. The formative assess-
ment process is described in Kumanyika
et al.3 In this paper, we focus on the
common design elements of the GEMS
pilot studies. The basic study design is
presented, including a brief overview of
the interventions and rationale for the
measurements taken, and procedures for
compiling the collaborative database,
and for performing site-specific analyses.
We focus on the common elements of
the GEMS pilot studies and highlight
important differences across the field
centers.

BASIC STUDY DESIGN

There were 4 field centers, located at
the University of Memphis, the Univer-
sity of Minnesota, Stanford University,
and the Baylor College of Medicine.
Their role was to design, implement,
and evaluate interventions to prevent
excess weight gain in 8- to 10-year-old
African-American girls. A Coordinating
Center (CC), located at the George
Washington University Biostatistics
Center, was responsible for providing
support and coordination for key study
activities, applying uniform quality con-
trol procedures, creating and maintain-
ing a collaborative database, and per-
forming primary statistical analyses for
the 4 studies. The National Heart,
Lung, and Blood Institute sponsored the
study and participated in the program.

The studies were conducted as 4 in-
ter-dependent, randomized clinical tri-
als. The studies were ‘‘inter-dependent’’
in the sense that they considered similar
study populations, followed a similar
follow-up schedule, used BMI as the
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Table 1. Detailed listing of GEMS exclusion criteria

Medical conditions affecting growth:
n Diagnosed with a genetic or metabolic disease/syndrome associated with obesity (Alstrom-Hall-

gren syndrome, brain tumor/craniopharyngioma, Carpenter syndrome, Cohen syndrome, Cushing
syndrome, Down syndrome, growth hormone deficiency, hypothyroidism, insulin secreting pan-
creatic tumor, Laurence-Moon-Diedl [Bardet-Biedl] syndrome, polycystic ovary [Stain-Leventhal]
syndrome, Prader-Willi syndrome, Pseudo-hypoparathyroidism type I, Turner syndrome).

n Type I diabetes, or type 2 diabetes taking medication (if not taking medication then eligible).
n Chronic gastrointestinal diseases (Gluten-induced enteropathy, Celiac Disease or Sprue, inflam-

matory bowel disease, Crohn’s disease, ulcerative colitis, hepatitis currently or in the past year,
cystic fibrosis, short bowel syndrome, liver transplant).

n Chronic kidney (renal) diseases (nephrotic syndrome, nephritis, kidney transplant).
n Structural heart disease/congenital heart disease (uncorrected), heart failure, or heart transplant.
n Anorexia nervosa or bulimia nervosa or binge eating disorder (present or past).
n AIDS and/or HIV infection.
n Pregnancy.

Medications affecting growth:
n Steroids taken by mouth or by injection more than 2 weeks in the past year (if less than or equal

to 2 weeks in past year then eligible).
n Insulin injections.
n Oral anti-diabetic drugs.
n Thyroid hormones.
n Growth hormone injections.

Conditions limiting participation in the interventions:
n Unable to participate in routine physical education classes at school.
n Conditions requiring oxygen supplementation for exertion.
n Developmental or physical disability preventing participation in interventions.
n Girls or mothers who cannot medically participate in mild dietary restriction and/or increased

physical activity.

Conditions limiting participation in the assessments:
n Girl or primary caregiver not fluent in English (written).
n Two or more grade levels behind in school for reading and writing.

Other:
n Inability to understand informed consent or no consent.
n Did not complete baseline assessments/missed appointment (randomization after baseline as-

sessments completed).
n Plan to move from geographic area within 2 years.
n Homeless (Stanford only).
n No television where the girl lives the most (Stanford only).
n No access to the Internet (Baylor).

primary measurement for body fatness,
evaluated similar measurement variables,
applied a common measurement pro-
tocol, imposed common quality control
and data management procedures, and
adopted a common analytic model.
However, GEMS was not a ‘‘multi-cen-
ter’’ clinical trial in the usual sense. A
multi-center trial approach was not fol-
lowed, due to lack of the experience and
knowledge required to determine the
best intervention to implement in a
common protocol. Instead, each field
center developed its own intervention
(and control) programs. Although their
design characteristics were similar, the
field centers also had important differ-
ences. The target populations were
somewhat different across the field cen-
ters, recruitment strategies were tailored
to the specific needs of these groups,
and supplemental evaluations appropri-
ate to the specific interventions were
performed on a site-specific basis.

Each study was reviewed by the In-
stitutional Review Boards at the partic-
ipating field centers, and at the coordi-
nating center. Informed consent was ob-
tained from parents/caregivers; individ-
ual girls provided their ‘‘assent’’ to
participate.

STUDY POPULATION

The target population was 8- to 10-
year-old, pre-adolescent, African-Amer-
ican girls, at risk of developing obesity.
A girl was considered to be ‘‘African-
American’’ if her parent/caregiver iden-
tified her race as ‘‘African-American’’ or
‘‘Black,’’ regardless of whether any other
races or ethnicities were identified.
Moreover, the Memphis, Minnesota,
and Stanford studies specifically targeted
low-income participants, while the
study at Baylor was directed more to-
ward middle- and upper-income girls.

This age range was chosen specifi-
cally to intervene prior to a vulnerable
developmental period, during which fat
accumulation associated with sexual

maturation increases substantially. For
intervention effects to be most discern-
ible, it was important for the target pop-
ulation to include girls at risk for de-
veloping obesity. Because body mass in-
dex (BMI) tracks moderately well over
time, children at higher BMI levels are
at higher risk of becoming overweight
and obese adults, compared to children
at lower levels of BMI.4,5 In addition,
the risk of obesity increases when there
is one or more obese parent.6 Therefore,
all 4 field centers targeted girls who were
at least at the 25th (Minnesota and
Memphis) or 50th percentile (Baylor

and Stanford) of age- and sex-specific
BMI,7 or who had at least one over-
weight parent/guardian, defined as hav-
ing a BMI $25 kg/m2 (Stanford). Be-
cause part of its intervention was Inter-
net-based, Baylor required girls to have
a computer and access to the Internet.

A detailed list of the GEMS exclu-
sion criteria is provided in Table 1. In
general, these included medical condi-
tions and medications affecting growth;
conditions limiting participation in the
interventions (eg, unable to participate
in routine physical education classes in
school); conditions limiting participa-
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tion in the assessments (eg, unable to
speak English, 2 or more grades behind
in school for reading and writing); and
other criteria (eg, inability or failure to
provide informed consent). Medical
conditions and medication use were as-
certained from the parent/caregiver by
interview.

SCREENING AND
ELIGIBILITY

Girls and parents/caregivers under-
went a screening process to verify that
inclusion and exclusion criteria were sat-
isfied. Basic demographic information,
including age, gender, and ethnicity,
were collected at this time. Eligibility
criteria that required physical measure-
ment, eg, BMI, as well as the sexual
maturation evaluation, were collected at
the baseline visit. After it was deter-
mined that all eligibility criteria had
been satisfied, parents/caregivers signed
the informed consent document and
randomization was performed. Girls
were the unit of randomization. Ran-
domization was stratified by field center,
and an urn randomization procedure8

was used to generate the treatment al-
location sequences. The different se-
quences were stored on a computer at
the CC, and accessed using an interac-
tive voice-response telephone system.

TREATMENT
INTERVENTIONS

All interventions tested in the
GEMS pilot study used an approach
based on a behavioral theory, or concep-
tual, model. All interventions were 12
weeks in length, and were based on So-
cial Cognitive Theory;9 one interven-
tion (at the University of Memphis) also
drew upon a model for the influences of
cultural factors on weight manage-
ment.10 Strategies focused on the inter-
play of behavioral, personal, and envi-
ronmental factors that promote behav-
ioral change. Details of the specific in-

terventions are provided in the
site-specific papers11–14 in this issue.
Here, we provide only a brief summary.

The intervention at Baylor was a 4-
week summer day camp, followed by an
8-week Internet-based program, plus
one Saturday meeting for the girls. The
control group focused on general health
issues. The Memphis study was de-
signed as a 3-group study, comparing a
child-targeted family intervention (in-
tervention directly with the girls) and a
family-targeted child intervention (in-
tervention with parents only). The com-
parison intervention was a low-intensity
program that focused on general health
and self-esteem issues. The Minnesota
study took place after school, 2 after-
noons a week, in neighborhood com-
munity centers and schools. The inter-
vention included activities designed to
model and teach skills to prevent obesity
and associated health problems through
regular physical activity and healthy eat-
ing. The comparison group received a
low-intensity program that focused on
general health, self-esteem, and youth
development. The Stanford study tested
the efficacy of using a dance program to
increase the girls’ physical activity, along
with a family-based intervention to re-
duce television, videotape, and video
game use. The comparison group re-
ceived an education-based intervention
consisting of newsletters and commu-
nity lectures.

MEASUREMENTS

The GEMS research program was
created to develop and test interventions
designed to prevent excess weight gain
by African-American girls. The purpose
of the Phase 1 pilot studies was to per-
form a ‘‘dress rehearsal’’ of the proposed
methodologies, so that the primary and
secondary ‘‘outcomes’’ really consisted of
process measures, such as recruitment
and retention rates, levels of attendance
at the interventions, and consistency
and reliability in collecting the requisite

data. The Phase 1 pilot studies were
never powered to detect significant dif-
ferences with respect to traditional out-
comes in obesity studies. Nonetheless,
they are of considerable interest in their
own right. In this section, therefore, we
describe the measurements taken in the
pilot studies. A systematic effort to val-
idate these measures in this specific pop-
ulation of girls is being performed, and
will be reported elsewhere.

Body Mass Index
GEMS was designed to promote

physical activity and healthy dietary
practices. The primary measurement for
body fatness was body mass index
(BMI).15–17 BMI is a calculated value
based on height and weight, ie, BMI5
weight/height2 with units, kg/m2. BMI
was chosen for several reasons. Height
and weight can be measured with high
accuracy and precision. These measures
have excellent reliability, and have been
correlated with body fat in young Afri-
can-American girls.18,19 Extensive nor-
mative data for height, weight, and BMI
exist for children,20 and BMI is sensitive
to change following interventions in
children.21,22 BMI is also used clinically,
and has been recommended as the mea-
sure of choice for adolescent preventive
services.23 Other complementary mea-
sures of body fat were also taken (see
below).

Height was measured, with the girl
wearing socks by using a Shorr infant/
child/adult measuring board (Shorr Pro-
ductions, Olney, Md). Weight was mea-
sured with the girl wearing socks and
indoor light-weight clothing or gowns.
Measurements were made using an elec-
tronic scale (SECA, Model 770, Seca
Corporation, Culver City, Calif ).
Height was measured to the nearest 0.1
cm, and weight to the nearest 0.1 kg.
Two readings of height and weight were
taken on each occasion, and the mean
of the 2 was used analytically.

Body Composition
All 4 centers measured waist circum-

ference, as it is straightforward to mea-
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sure, and is associated with adverse con-
sequences of obesity in the general pop-
ulation,24 and in young African-Ameri-
can girls.25 Waist circumference is also
sensitive to change during interven-
tions.26 Two readings of waist circum-
ference were taken, following the meth-
od of Callaway et al,27 using the umbi-
licus as a landmark. Measurements were
made using a metal metric tape, capable
of 1 mm repeatability. The mean of the
2 readings was used analytically.

Percent body fat was estimated by
dual-energy x-ray absorptiometry
(DEXA), at 3 centers (Baylor, Memphis,
and Minnesota). Several studies have sup-
ported the use of body composition using
DEXA, in this population.28–30 Although
BMI is related to body fat, body fat is a
more direct measure of adiposity, because
it also reflects, to some degree, height and
lean body mass.31,32 The Baylor and
Memphis centers used the Hologic QDR
4500 instrument (Waltham, Mass), while
Minnesota used the Lunar instrument
(Madison, Wis).

24-hour Dietary Recalls
Dietary intake is viewed as one of

the chief proximal mediators of change
for BMI. Two 24-hour dietary recalls
were performed on non-consecutive
days at baseline, and again at the 12-
week follow-up visit. One recall was
performed in person, while the other
was performed by telephone, approxi-
mately 1–2 weeks later. Parents were al-
lowed to assist the girls’ dietary recalls
to improve validity.

This information was processed us-
ing the Nutrition Data System for Re-
search (NDS-R), a software program de-
veloped at the University of Minnesota’s
Nutrition Coordinating Center (NCC)
for collection, coding, and analysis of
dietary data. Primary macro-nutrient
variables of interest were total energy in-
take (kJ/day, kcal/day), and percent of
energy derived from fat. The number of
servings per day of fruit, juice, and veg-
etables was derived from the intake data.
The approach used to count servings of

fruit, juice, and vegetables is well estab-
lished,33 and followed the general be-
havioral model of the 5-a-day studies.34

In addition, fluid ounces per day were
calculated separately for water, soft
drinks, fruit drinks, sports drinks, tea,
flavored water, and artificially sweetened
beverages. The macro-nutrients were av-
eraged over the 2 recalls, while the serv-
ings were summed, to provide a better
fit with the statistical models.

Dietary recalls also collected infor-
mation on the activity the girl was per-
forming while eating, with categories of:
just eating, watching television, watch-
ing videotapes or movies, and other ac-
tivity. Frequent television viewing is
thought to be related to decreased phys-
ical activity, and an increased likelihood
of obesity, and eating alone also appears
to be related to weight gain.35

On-site quality control procedures
were used to capture obvious errors and
resolve local interviewer issues; other-
wise, detailed quality assurance reviews
were performed by the NCC. These
methods have been validated for use in
children as young as the third grade,36,37

include the added value of parental as-
sistance,38,39 and have been shown to be
sensitive to dietary interventions in chil-
dren.40,41

Physical Activity
The empirical level of physical activ-

ity was derived using the Computer Sci-
ences and Applications (CSA) monitor.
The CSA records the acceleration and
deceleration of movement in one direc-
tion, and reports movement as ‘‘activity
counts’’ on a minute-by-minute basis.
The girl was instructed to wear a CSA
monitor continuously for a 72-hour pe-
riod (except while showering or swim-
ming), and to keep a log of the times
when the device was off and on. After
3 days, the monitor was returned to the
field center, and the minute-by-minute
counts were downloaded from the de-
vice to a computer at the field center.
The total number of counts, and the to-
tal number of minutes the monitor was

worn, were aggregated to grand totals
across the 3 days, and the average activ-
ity count per minute was computed as
the ratio of the two. The CSA monitor
has been used in several studies to assess
physical activity in children, and has
been assessed for validity and reliabili-
ty.42–44

A self-report of physical activity was
performed by using the Gems Activity
Questionnaire (GAQ). The GAQ is a
modification of the Self-Administered
Physical Activity Checklist (SAPAC),
which was validated and assessed for
test-retest reliability on the same-day45

and was further evaluated by the GEMS
investigators in a validation study
(Treuth, unpublished data). The ques-
tionnaire contains a checklist of 36
common physical activities, and asks the
girl to estimate the length of time she
spent engaged in these activities on the
previous day (none, less than 15 min-
utes, or 15 minutes or more), and how
often she ‘‘usually’’ engaged in these ac-
tivities (none, a little, a lot). ‘‘Usual’’ ac-
tivity was assessed because US adoles-
cents tend to engage in little moderate
or vigorous physical activity on any par-
ticular day,46 and there was interest in
collecting more ‘‘typical’’ activity. Infor-
mation on 7 sedentary activities was re-
quested in a similar manner.

Psychosocial Mediators and
Modulators

Guided by social cognitive theory,9

multiple levels of assessment (ie, person-
al, behavioral, and social) were consid-
ered in the selection of psychosocial
constructs. The major categories of psy-
chosocial measures were mediators of
intervention effects, and potential effect
moderators and confounders.

Psychosocial mediators at the family
level included parent/caregiver reports of:
1) the availability/accessibility of fruit,
juice, and vegetables;47 2) availability/ac-
cessibility of low-fat food alternatives; 3)
home barriers to healthy eating; and 4)
food preparation practices, adapted from
Kristal’s Food Habit Behavior Scale.48 At
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Table 2. Listing of psychosocial instruments by field center

Psychosocial Questionnaire Source Baylor
Mem-
phis

Minne-
sota

Stan-
ford

Diet and nutrition related:
Availability/accessibility of FJV
Availability of low-fat and fat-free alternatives
Home barriers to healthy eating
Food preparation for daughter
Child reported preferences—sweetened beverages

Parent
Parent
Parent
Parent
Girl

X

X

X

X
X
X
X
X

X

X

Physical activity (PA) related:
Child outcome expectancies for PA
Self-efficacy for PA
Physical performance self-concept
PA preferences

Girl
Girl
Girl
Girl

X

X
X

X
X
X
X

X
X
X
X X

Other psychosocial instruments:
Optimism/pessimism
Body figure silhouettes
Social desirability
McKnight Risk Factor Survey

Girl
Girl
Girl
Girl

X
X
X
X

X
X
X
X

X X

X

FJV5fruit, juice, and vegetables; PA5physical activity.

the child level, psychosocial mediators of
primary importance included the girl’s
reports of: 1) outcome expectancies for
physical activity; 2) self-efficacy for phys-
ical activity;49 3) physical activity self-
concept;50 and 4) physical activity pref-
erences. Potential effect modifiers, and/or
confounding measures, included the girl’s
reports of: 1) optimism/pessimism; 2)
food preferences for sweetened beverages;
3) social desirability;51 4) body figure sil-
houettes; and 5) the McKnight Risk Fac-
tor Survey.52

Field centers performed different
subsets of these evaluations, according
to the specific needs of their studies. A
detailed listing of the different instru-
ments, and the centers applying them,
is provided in Table 2.

SCHEDULE OF
EVALUATIONS

Girls proceeded through a screening
and eligibility phase to verify eligibility,
record basic demographic information,
and to document reasons for agreeing (or
refusing) to participate in the program.
Baseline measures collected from the par-
ent/caregiver included self-reported age,

race, ethnicity, cultural identity ques-
tions, socioeconomic status indicators,
household membership characteristics,
and their own height and weight. Data
collected from the girls consisted of their
stage of sexual maturation, a blood sam-
ple for clinical monitoring, as described
below, and the primary and secondary
measurements, as described above. Ad-
verse events (AEs) were recorded at base-
line to gauge the level of AEs pre-existing
in this study population. Primary and
secondary measurements were repeated
at 12 weeks, post-randomization. Addi-
tionally, the Baylor center took an obser-
vation immediately following its summer
camp to evaluate this component of its
intervention. Girls were prompted for re-
ports of adverse events at the follow-up
visit. Parents/caregivers were specifically
queried about any injuries since baseline.
A detailed summary of the schedule of
evaluations is provided in Table 3.

CLINICAL MONITORING
AND ADVERSE EVENTS

Potential intervention-related risks
included a reduction in growth due to
a negative energy balance, resulting

from a lower-calorie diet and increased
energy expenditure. In contrast to
weight-loss intervention programs, how-
ever, GEMS interventions encouraged
healthful eating habits without restrict-
ing calorie intake, so that the risk of in-
adequate growth was thought to be
small. Nonetheless, using recent Centers
for Disease Control (CDC) growth
charts7 as a reference, low height was de-
fined as a height-for-age below the 5th
percentile; low weight was defined as
BMI below the 5th percentile. Height
velocity was also monitored, and girls
growing at an annual rate of less than
3.5 cm per year were identified. The risk
of participation ‘‘causing’’ a clinically
significant eating disorder was also
thought to be low in this population,
and screening for this behavior was not
specifically performed, except through
the weight loss criteria noted above.
Moreover, participation in the studies
was not expected to ‘‘cause’’ abnormal-
ities in serum insulin, glucose, and lipid
measures. Nevertheless, ‘‘alert’’ values
were defined according to NHLBI rec-
ommendations, or from clinically ac-
cepted practice,53,54 as follows: glucose
,40 mg/dL or .110 mg/dL; total cho-
lesterol .200 mg/dL; HDL-cholesterol
,35 mg/dL; LDL-cholesterol .130
mg/dL; triglycerides .135 mg/dL; sys-
tolic blood pressure .95th percentile
for age, sex, and height; diastolic blood
pressure .95th percentile for age, sex,
and height. A report was issued by the
CC to the field center involved for any
girl exceeding these thresholds.

DATA MANAGEMENT
PROCEDURES

Although data collected at the dif-
ferent field centers exhibited a consid-
erable degree of commonality, signifi-
cant variations were also apparent.
GEMS investigators distinguished be-
tween data to be entered into a ‘‘collab-
orative’’ database compiled and main-
tained at the CC, and those compiled
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Table 3. Schedule of evaluations in the GEMS pilot studies

GEMS Evaluation Source*
Screen-

ing Base-line
Follow-

up

Screening and eligibility:
Girl’s age, race, ethnicity
Eligibility criteria
Motivation for participating/reason(s) for refusing

P
P, G
P, G

X†
X
X

Parent/caregiver information
Parent age, race, ethnicity, cultural identity
Parent/caregiver weight and height

P
P

X
B, Mi, S

Household SES—education, income, material pos-
sessions, household membership P X

Primary outcome: height, weight→BMI O X X

Other physical measures:
Sexual maturation stage
Waist circumferences
DEXA

O‡
O
O

X
X
B, Me, Mi

X

Blood measurements:
Fasting insulin and glucose
Fasting lipids

O
O

X
Mi, S

Diet and nutrition:
NDS-R dietary recall (2324 hr) G X X

Physical activity:
CSA monitor (3324 hr)
GEMS activity questionnaire (GAQ)

G
G

X
X

X
X

Various psychosocial instruments P, G X X

Participant safety and adverse events:
Adverse events
Serious adverse events

P, G
P, G

X
When it occurred

X

* P5parent; G5girl; O5observed or otherwise collected by a GEMS staff member.
† X5all 4 field centers; B5Baylor; Me5Memphis; Mi5Minnesota; and S5Stanford.
‡ Self-reported by girls at Stanford.

in ‘‘site-specific’’ databases. Generally,
data collected in exactly the same man-
ner by 2 or more field centers were con-
sidered ‘‘collaborative’’ and were entered
into the collaborative database.

Collaborative data were forwarded
to the CC from a variety of sources. Ba-
sic information, eg, eligibility criteria,
demographic information, physical
measures, and adverse events, was re-
corded on paper case report forms
(CRFs), forwarded to the CC by parcel
delivery service, and entered into the
study database. The CSA accelerometer
counts were downloaded from the de-
vices into personal computer files at
each field center. These files were pro-
cessed and forwarded electronically to
the CC. Twenty-four hour dietary recall

data were entered directly into a person-
al computer at the field center, using the
NDS-R software. Data files were for-
warded to the NCC at the University of
Minnesota for quality control review.
An electronic file with the nutrition
analysis was then forwarded to the CC.
An 8-hour fasting blood sample was
drawn from the girls (at baseline only)
and sent to a laboratory at the Univer-
sity of Minnesota for analysis. Summary
measures, including insulin, glucose,
and cholesterol measures, were written
to an electronic file and forwarded to
the CC. Each field center entered the
data from the psychosocial question-
naires using its own hardware and soft-
ware configuration. These data were ex-
ported to SAS datasets, and forwarded

electronically to the CC. In all cases,
data for any particular girl were identi-
fied by her GEMS ID number, initials
(except Stanford), and date of birth, so
that the data would be attributed to the
correct girl in the collaborative database.

A multi-faceted approach was imple-
mented to safeguard the integrity of the
data.55 Preliminary validation checks
were integrated into the data entry sys-
tem. In general, these checks ensured
that fields were of the right type (ie, nu-
meric, character, or date), data for all
key fields (eg, GEMS ID and date of
evaluation) were present, skip patterns
were correctly followed, and all data
fields satisfied range checks for feasibil-
ity values. Next, a detailed set of vali-
dation checks (eg, range and consistency
checks) was designed to ensure the in-
tegrity of the database. In general, these
checks were designed to safeguard the
completeness, accuracy, and timeliness
of the accumulating data. Any discrep-
ancy generated a ‘‘query,’’ which was
then faxed to the FC for review and res-
olution. Any changes were initialed and
dated, so that an audit trail could be
established.

QUALITY CONTROL
PROCEDURES

A Manual of Procedures was written
to fully describe all study procedures.
Detailed training sessions were conduct-
ed immediately prior to data collection,
and were led by the various subcom-
mittees and working groups. Sessions
were conducted on the physical mea-
sures (eg, height, weight, sexual matu-
ration), evaluation procedures (eg, die-
tary recall and the NDS-R software,
DEXA, and blood collection and pro-
cessing), administering the psychosocial
instruments, clinical monitoring activi-
ties, data collection procedures, and the
randomization system. These sessions
were designed to teach the various as-
pects of the study procedures, and to
ensure that the procedures were applied
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consistently across the field centers. A
site visit was conducted to each field
center during the pilot studies to ensure
this consistency.

A detailed quality control report was
reviewed periodically to safeguard the
integrity of the accumulating database.
In general, these reports considered the
following issues:

1. Data management reports: The in-
tegrity of the data collection process
including, for example, checks for
any missing data, and the time lag in
forwarding data to the CC.

2. Eligibility violations: This section
considered whether any randomized
girls were, in fact, ineligible, with re-
spect to inclusion and exclusion cri-
teria, eg, age, race, and BMI.

3. Procedural errors: Errors in perform-
ing the study procedures, including
computing BMI for eligibility, per-
forming the DEXA scan, taking the
8-hour fasting blood sample, and de-
lays in giving the CSA monitors to
the girls and retrieving them after-
ward.

4. Variability in the replicate evalua-
tions: Discrepancies between the rep-
licate observations of height, weight,
and waist circumference, were eval-
uated; digit preferences in measuring
these fields were investigated.

5. Procedures not performed: The fre-
quency with which any study pro-
cedure (eg, DEXA, dietary recall)
was not performed, together with the
primary reason for this failure to per-
form them.

6. Field-center comparisons: Field-cen-
ter differences with respect to the
primary and secondary measure-
ments were considered, using sum-
mary statistics and box-and-whisker
plots.

7. Consistency among the variables:
Consistency across the different eval-
uations, scatter plots of one variable
against another, with special atten-
tion given to outliers.

In general, these procedures ensured a

high level of confidence in the quality
of the data.

STATISTICAL ANALYSIS
PLAN

A common analytic approach was
adopted to evaluate the effectiveness of
the interventions. Nonetheless, because
each study was designed as a single-cen-
ter study, primary analyses were per-
formed on a site-specific basis.

All studies were analyzed according
to ‘‘intention-to-treat’’ principles.56–61

Two-sided tests of significance were per-
formed. In 3 of the 4 field centers, a
single intervention was compared
against its control group, and this com-
parison was made at the a50.05 level
of significance. The design at the Uni-
versity of Memphis incorporated 2 ac-
tive interventions against a control
group. An omnibus 2 df test was per-
formed first, to detect significant differ-
ences across the 3 treatment arms. If a
significant result was found, pair-wise
comparisons among the 3 interventions
were performed at the .05 level of sig-
nificance, to guide interpretation of the
primary test.

Statistical comparisons were per-
formed to compare treatment groups
with respect to demographic character-
istics, and important prognostic factors
at baseline. For binary and ordinal var-
iables, standard techniques for categor-
ical data were applied, including the
Fisher exact test for binary variables, and
Pearson x2, and Mantel-Haenszel pro-
cedures for ordinal data. For continuous
variables, the Wilcoxon-Mann-Whitney
test was performed for 2-group compar-
isons, and the Kruskal-Wallis test used
for the 3-group comparisons at the Uni-
versity of Memphis. Similar procedures
were applied to the baseline value of the
measurements to determine any system-
atic differences among the treatment
groups at baseline.

For continuous variables, analysis of
covariance (ANCOVA) was the primary

method to assess between-group differ-
ences in the outcome measures at follow
up. The baseline value of the measure,
centered around its sample mean, was
entered as a covariate, to increase pre-
cision and adjust for any imbalances at
baseline. Standard techniques were per-
formed to ensure that the data were
consistent with the underlying assump-
tions for Gaussian outcomes, including
residual plots and tests for normality.
Because the ‘‘number of servings’’ vari-
ables (eg, the number of servings of
sweetened beverages) represented a
‘‘count’’ measure, Poisson regression
models62 were applied instead. The sum
across the 2 recalls was used to provide
a better fit with these models.

A between-group comparison of the
proportion of randomized girls who did
not return for the follow-up evaluation
was performed using the Fisher exact
test. Moreover, the time elapsed from
initiating the intervention to the follow-
up evaluation was derived, and then cat-
egorized as ‘‘early’’ (ie, ,77 days), ‘‘on
time’’ (ie, $77 days and #112 days)
and ‘‘late’’ (ie, .112 days). This was
treated as a nominal variable, and a be-
tween-group comparison was performed
using the Fisher exact test. Incidence of
injuries to the girls during the study
were compared, using the Fisher exact
test. Among girls with at least one in-
jury, the median number of injuries per
girl was compared, using a Wilcoxon-
Mann-Whitney test (Kruskal-Wallis
test, in the case of Memphis). Similar
comparisons were performed for the in-
cidence of adverse events, and the me-
dian number of AEs per girl.

DISCUSSION

The purpose of the GEMS project
was to investigate several approaches for
preventing the increase in obesity and
overweight among 8- to 10-year-old Af-
rican-American girls. Each field center
was charged with developing and testing
its own approach, and the GEMS in-
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vestigators responded with different in-
terventions, directed at somewhat dif-
ferent populations. The advantage to
this method is that, in the midst of an
epidemic, multiple new approaches
could be evaluated simultaneously. In-
terventions could also be tailored to the
specific needs of the local community,
and this flexibility was considered essen-
tial for community-based research with
this target population.

However, GEMS was not a ‘‘multi-
center’’ clinical trial in the usual sense.
It did not develop a common protocol
to be implemented uniformly across the
field centers. In this sense, GEMS was
closer to the ‘‘network’’ paradigm for
conducting multiple clinical trials, as
widely adopted in the treatment fields
of oncology,63 AIDS,64 and asthma,65 for
example. Multiple protocols were eval-
uated simultaneously, albeit with one
protocol per center. The disadvantage,
of course, is that generalizability for any
study was restricted to the specific cen-
ter in which it was conducted. More-
over, it was difficult to pool results
across the 4 studies to determine wheth-
er behavioral interventions, in general,
are effective in this population of girls.
Adjustments for demographic (and geo-
graphic) differences in the cohorts must
be made. Moreover, given the disparate
nature of the individual studies, the only
hypothesis that can be tested is whether
a treatment difference was observed at
one or more of the field centers.

Consistent with the network para-
digm, GEMS investigators recognized
the need to standardize the design and
conduct of these studies as much as pos-
sible, and the methodology presented in
this paper demonstrates a high level of
commonality across the 4 studies. Out-
come measures demonstrated broad
agreement; a collaborative database was
developed, with ongoing data entry;
common quality control procedures, in-
cluding site visits to the field centers,
were adopted; and a common analytic
model was applied. In this sense, there-
fore, Phase 1 of GEMS was considerably
more than the sum of its parts.
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