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eight Loss During the Intensive Intervention Phase
f the Weight-Loss Maintenance Trial

ack F. Hollis, PhD, Christina M. Gullion, PhD, Victor J. Stevens, PhD, Phillip J. Brantley, PhD,
awrence J. Appel, MD, MPH, Jamy D. Ard, MD, Catherine M. Champagne, PhD, RD, Arlene Dalcin,
homas P. Erlinger, MD, MPH, Kristine Funk, MS, RD, Daniel Laferriere, RN, MSN, Pao-Hwa Lin, PhD,
atherine M. Loria, PhD, Carmen Samuel-Hodge, PhD, RD, William M. Vollmer, PhD, Laura P. Svetkey, MD,

or the Weight Loss Maintenance Trial Research Group

ackground: To improve methods for long-term weight management, the Weight Loss Maintenance
(WLM) trial, a four-center randomized trial, was conducted to compare alternative
strategies for maintaining weight loss over a 30-month period. This paper describes
methods and results for the initial 6-month weight-loss program (Phase I).

ethods: Eligible adults were aged �25, overweight or obese (BMI�25–45 kg/m2), and on
medications for hypertension and/or dyslipidemia. Anthropomorphic, demographic, and
psychosocial measures were collected at baseline and 6 months. Participants (n�1685)
attended 20 weekly group sessions to encourage calorie restriction, moderate-intensity
physical activity, and the DASH (dietary approaches to stop hypertension) dietary pattern.
Weight-loss predictors with missing data were replaced by multiple imputation.

esults: Participants were 44% African American and 67% women; 79% were obese (BMI �30), 87%
were taking anti-hypertensive medications, and 38% were taking antidyslipidemia medications.
Participants attended an average of 72% of 20 group sessions. They self-reported 117 minutes
of moderate-intensity physical activity per week, kept 3.7 daily food records per week, and
consumed 2.9 servings of fruits and vegetables per day. The Phase-I follow-up rate was 92%.
Mean (SD) weight change was �5.8 kg (4.4), and 69% lost at least 4 kg. All race–gender
subgroups lost substantial weight: African-American men (�5.4 kg � 7.7); African-American
women (�4.1 kg � 2.9); non–African-American men (�8.5 kg � 12.9); and non–African-
American women (�5.8 kg � 6.1). Behavioral measures (e.g., diet records and physical
activity) accounted for most of the weight-loss variation, although the association between
behavioral measures and weight loss differed by race and gender groups.

onclusions: The WLM behavioral intervention successfully achieved clinically significant short-term
weight loss in a diverse population of high-risk patients.
(Am J Prev Med 2008;35(2):118–126) © 2008 American Journal of Preventive Medicine
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he U.S. Surgeon General’s recent call to action
has highlighted the epidemic rise in obesity, as
overweight and obesity affect about 65% of

dults in the U.S.1,2 Obesity increases cardiovascular
isease (CVD) risk factors3–5 and overall mortality.6–8

he prevalence of these risk factors—hypertension,
yslipidemia, and type 2 diabetes—is generally 1.5–2.9
imes higher among overweight adults than normal-
eight adults.9 Modest weight loss significantly im-
roves CVD risk factors, including lowering blood
ressure (BP)10,11 and hypertension risk12; reducing

otal cholesterol, low-density lipoprotein (LDL) choles-
erol, and total triglycerides; and raising high-density
ipoprotein (HDL) cholesterol.13 Similarly, weight loss
owers blood glucose in both diabetic and nondiabetic

ndividuals and reduces risk of type 2 diabetes.14,15 In
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esponse to this overwhelming evidence, clinical treat-
ent guidelines for hypertension, dyslipidemia, and

ype 2 diabetes include weight control as a core
omponent.2,16–19

A combined emphasis on dietary intake and physical
ctivity is important to both short- and long-term
eight-loss goals.3,20–23 Behavioral strategies to modify

hese health behaviors are important components of
eight-loss interventions because they emphasize the

ndividual’s ability to monitor and regulate behav-
or,24–26 and target the barriers to both initial weight
oss20 and long-term maintenance. Weight loss is diffi-
ult, however, and in the Trials of Hypertension Pre-
ention (TOHP-II)12 only 43% of participants lost �4
g during a 6-month intensive behavioral intervention.
nfortunately, regain following weight loss is also com-
on, and few trials have implemented interventions for

onger than 18 months or have explicitly tested alter-
ative strategies to sustain weight loss.27–30

This paper describes results from the 6-month Phase
of the Weight-Loss Maintenance (WLM) trial. This

ontrolled trial examined three approaches for main-
aining weight loss for 30 months following initial
eight loss in a large, diverse adult population at high
isk for CVD. Phase I of the WLM provided a nonran-
omized intensive behavioral intervention10,11,31–35 to
ll participants to help them reduce caloric intake,
romote a DASH (dietary approaches to stop hyperten-
ion) dietary pattern, and increase moderate-intensity
hysical activity to lose �4 kg of weight. Those who lost
4 kg during Phase I were eligible for Phase II and
ere randomized to a self-directed control group, a
ersonal contact intervention providing brief monthly
hone or face-to-face contacts, or an interactive tech-
ology intervention. The technology intervention pro-
ided support almost exclusively through an interactive
ebsite with self-monitoring tools, a bulletin board,
roblem-solving modules, up-to-date information, and
ther resources. Given the high prevalence of over-
eight in African Americans,9 and the burden of CVD

n that population,36 a major trial goal was to recruit
bout 40% African Americans. Adequate representa-
ion of both men and women was also an important
ecruitment goal.

Described here are the overall Phase-I weight-loss
esults and demographic and behavioral measures as-
ociated with weight loss in this large and diverse
ohort. Race- and gender-specific weight-loss outcomes
re presented, along with other demographic and
ehavioral modifiers of outcome.

esearch Methods and Procedures

verview of the WLM Design

he WLM trial was an investigator-initiated trial sponsored by

he National Heart, Lung, and Blood Institute (NHLBI). It r

ugust 2008
as reviewed and approved by IRBs at the participating
nstitutions and by an NHLBI-appointed protocol review
ommittee. NHLBI collaborated in the design and oversight
f the trial, the analysis and interpretation of the data, and
eviewed this manuscript. All participants provided written
nformed consent.

The overall study design for Phase I of the WLM trial is
llustrated in Figure 1. During Phase I, overweight or obese
dults (n�1685) were offered 20 group weight-loss sessions
ver about 6 months. Those who lost �4 kg were eligible
or Phase II and were randomized to one of three 30-

onth maintenance interventions. This paper presents
nly the Phase-I methods and results. A complete descrip-
ion of the rationale, design, and methods for Phase II of the
rial is available elsewhere.37

hase-I Eligibility

articipants were eligible for Phase I if they were: aged �25
ears; BMI 25–45 kg/m2; currently taking prescription med-
cation for hypertension and/or dyslipidemia; willing to fol-
ow a healthy eating pattern; and willing not to use weight-loss

edications for the duration of the trial. Participants also had
o provide informed consent, keep a 5-day food record during
creening, participate in the Phase-I weight-loss program, and
ry to lose at least 4 kg of weight. Because of the web- and
hone-based nature of the Phase-II interventions, partici-
ants also had to have telephone and Internet access and
ere asked to demonstrate their ability to respond to e-mail
nd go to a specific website.
Participants were excluded if they had contraindications to

eight loss; a cancer diagnosis (except for nonmelanoma skin
ancer) in the past 2 years; medicated or poorly controlled
iabetes (HbA1c�8%); or a cardiovascular event within
he past 12 months. Those with unmedicated, controlled
iabetes (with a HbA1c�8%), a positive Rose angina ques-

ionnaire,38 or a prior CVD event that occurred more than 12
onths before screening could participate with the permis-

ion of their physician plus a negative stress test or other
iagnostic test for CVD. Other exclusion criteria were self-

igure 1. Flow diagram
eported history of renal disease (other than kidney stones);

Am J Prev Med 2008;35(2) 119
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sychiatric hospitalization within the last 2 years; consump-
ion of more than 21 alcoholic drinks per week or binge
rinking; and weight loss of �9.09 kg (“20 lbs” in recruiting
aterial) in the last 3 months. Also excluded were those with
istories of gastric bypass surgery or fundoplication for obe-
ity, or scheduled surgery for this purpose; liposuction in the
ast 12 months or use of prescription weight-loss medications

n the 3 months prior to screening; using medications for
reatment of psychosis or manic–depressive illness; planning
o leave the area within 3 years; currently or planning
regnancy or breast feeding; and WLM trial staff or their
ousehold members.

ecruitment and Screening

articipants were recruited at four clinical research centers
Duke University, Johns Hopkins University, Pennington Bio-
edical Research Center in Baton Rouge LA, and Kaiser

ermanente’s Center for Health Research in Portland OR),
ith oversight from a Coordinating Center (also at Kaiser
ermanente’s Center for Health Research) and the NHLBI.
ecruitment relied primarily on mass mailings of brochures,
oupons, flyers, and print media. After telephone or face-to-
ace prescreening of respondents to assess preliminary eligi-
ility and interest, potential participants attended two 60-
inute screening visits to confirm eligibility and to collect
eight, height, accelerometry, fasting blood samples, self-
eported minutes of 28 moderate-intensity physical activities
er week, and a battery of questionnaires and interview items.
nrollment into Phase I occurred between August 2003 and

uly 2004 and final analyses were completed in 2007.

hase-I Initial Weight-Loss Intervention

he Phase-I intervention included 20, typically weekly, group
essions led by nutrition and behavioral counselors to help
articipants achieve initial weight loss through moderate
alorie reduction and increased physical activity. The specific
ntervention targets for participants (Table 1) included re-
ucing weight by at least 4 kg, engaging in 180 minutes per
eek of moderate-intensity physical activity (e.g., 6 � 30
inutes per day), and reducing calories while following a
ealthy (i.e., DASH) dietary pattern designed to reduce CVD

able 1. Phase-I goals and lifestyle guidelines given to partic

ose weight
Individually negotiated with a minimum of 4 kg to be
eligible for Phase II

at fewer calories
Consume about 500 fewer calories each day

xercise regularly
Exercise a total of 180 minutes each week (e.g., 30 minute
on 6 days per week)
Add this moderate-intensity physical activity in addition to
daily routine

ecord daily food intake and physical activity
Keep daily records of food and beverages consumed
Keep daily records of exercise minutes

e an active study participant
Attend intervention group sessions and clinic visits

ASH, dietary approaches to stop hypertension
isk factors.39 g

20 American Journal of Preventive Medicine, Volume 35, Num
ntervention design and implementation. The approach was
erived from social cognitive theory24 and techniques of
ehavioral self-management,25 and used the transtheoretical,
r stages-of-change model,26,40 and motivational enhance-
ent.24,41–43 The trial protocol and manual of operations are

vailable at www.wlmtrial.org. Intervention was delivered pri-
arily in the group sessions, although participants occasion-

lly had individual contacts by phone or in person to help
ith specific behavior change needs. The group sessions were
0–120 minutes long with about 18–25 participants per
roup. Each center convened from 14 to 25 groups. Sessions
ere participatory and interactive, rather than didactic.
mall-group activities fostered problem solving, social sup-
ort, and program ownership. Many sessions included guided
hysical activity or food demonstrations. The intervention was
ailored to the participants’ preferences and readiness to
hange. The intervention included group interactions and
ocial support, goal setting, nutrition and physical activity
nformation modules, skill development, and problem solv-
ng, with careful attention to cultural appropriateness for

inority populations.
While the minimum weight loss needed for Phase II was 4

g, interventionists negotiated individualized weight-loss
oals with participants, encouraging as much loss as possible
t a safe rate of 0.5 to 2 lbs per week. Each week, participants
et reasonable short-term goals and developed specific short-
erm behavioral action plans to reinforce, support, and

onitor their progress25 toward moderate caloric reduction
500 kcal less per day) and �180 minutes per week of
oderate-intensity physical activity (3–6 METS), which was

he national recommendation at the time. Participants aimed
o do the following: (1) maintain daily food and physical
ctivity records; (2) reduce portion sizes; (3) reduce foods
igh in calories, fat, and sodium; (4) increase consumption
f fruits, vegetables, and low-fat dairy products; and (5) weigh
hemselves frequently and at least weekly. To promote ac-
ountability, participants weighed in at the beginning of each
ession and reported their minutes of physical activity and the
umber of daily diet records kept that week. (For analyses,

hose with no reports were assumed to have zero physical
ctivity and food records for the week.) Participants worked
ogether in small groups to identify threats to their plans and

s

Move more! Lose more!
● In addition to regular exercise, find at least 5 “extra”

opportunities to move more each day
Follow the DASH eating style
● Eat 9 to 12 servings fruits and vegetables every day
● Eat 2 to 3 servings of low-fat dairy foods every day
● Eat 25% or less of total calories from fat
Eat a low-sodium diet
● Eat 2400 mg or less of sodium each day
Limit alcohol consumption
● Women: Drink no more than 1 drink per day
● Men: Drink no more than 2 drinks per day (1 drink �

12 ounces beer, 5 ounces wine, or 1 jigger [½
ounce]of 80-proof liquor)
ipant

s

oals and to develop and rehearse coping strategies.

ber 2 www.ajpm-online.net

http://www.wlmtrial.org
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ntervention standardization, training, and quality con-
rol. Intervention staff received both centralized and local
raining throughout the study and used standardized pro-
ram content, activities, materials, and data-collection forms
or each session. A Minority Implementation Committee orga-
ized and conducted special trialwide training programs for all
taff to highlight the cultural context for both African Americans
nd non–African Americans. Interventionists held monthly tele-
onference calls to monitor and refine intervention activities,
larify procedures, and share best practices. Local intervention
irectors continually monitored intervention quality, and the
oordinating Center conducted annual quality-control site
isits during which intervention sessions were observed and
ritiqued.

linical Assessments

o maximize follow-up rates, staff made strong efforts to
1) select committed participants initially; (2) build a strong
ense of teamwork and commitment during the groups; and
3) meet participants’ needs at follow-up, including doing
ome visits, if needed. Staff measured participant height once
t entry to the nearest 0.1 cm using a calibrated, wall-mounted
tadiometer, and weight using high-quality, calibrated digital
cales while participants wore light indoor clothes without
hoes. BMI was calculated as the Quetelet index (kg/m2).
he first of two “entry” weights taken during screening was
sed to compute BMI for eligibility. A second entry weight,
ypically measured within the 2 weeks before the Phase-I
ntervention started, was the starting point for measuring
hase-I weight loss. Relevant baseline measures were repeated
t 6 months, although blood samples were collected only for
hose entering Phase II, and are not presented here. For
articipants randomized into Phase II, the final Phase-I
eight was the Phase-II randomization weight, which was
enerally taken within 7 days of Phase-II randomization. For
ther participants, the final Phase-I weight was the last
easured weight on or after the 16th group session. When no
easured weight was available (8% of participants), the final

hase-I weight was imputed using the method described
elow.

tatistical Analysis

issing data. A multiple imputation procedure44,45 was ap-
lied to replace the 132 missing weights at the end of Phase
and to replace other measures with missing values at entry.
ive separate imputation samples were generated using
arkov Chain Monte Carlo sampling in SAS® PROC MI, each
ith 1000 burn-in iterations and 500 iterations between data
raws. Separate data analyses were then performed on each of
hese five complete data sets. Parameter estimates were then
veraged, standard errors were adjusted with a function of the
etween-imputation variation, and the degrees of freedom
ere adjusted to obtain unbiased p-values. Most analyses were
ombined using SAS PROC MIANALYZE, but a SAS macro
as used to implement Rubin’s rules for combining results.
he resulting standard errors account for the added variabil-

ty of the imputation process itself and hence are typically
nflated relative to what would be seen using only a single
mputation sample.

egression model. The association of three sets of variables

n weight change during Phase I was examined: (1) demo- a

ugust 2008
raphic: race, gender, and race–gender interaction; (2) be-
aviors: number of sessions attended, number of daily diet
ecords kept, minutes of moderate-intensity physical activity;
nd (3) SES: income and education. In addition, the models
ere adjusted for the entry-level weight or BMI-for-weight
hange and BMI change, respectively. To simplify the mod-
ling process, a model comparisons approach was used to
valuate the significance of second- and third-order interac-
ions among the three sets of variables.46 This approach
valuates the significance of change in the model R2 between
starting (“full”) model and a nested (“reduced”) model

sing the multiple-partial F test. For instance, the cluster of
-way interactions among variables from the three sets was
ropped because it did not significantly improve the fit of the
odel. Two-way interactions between variables in a different

luster were then evaluated and dropped if not significant. After
valuating all interactions, nonsignificant (p�0.10) individual
erms that were not in an interaction were stepped out to
rrive at the final models.

esults
aseline Characteristics

mong 1729 eligible participants, 1685 consented to
he study and attended at least one Phase-I group
ntervention session, which constitutes the Phase-I anal-
sis sample. Table 2 shows that, at entry, participants
ad a mean age of 55 years, 67% were women, and 44%
ere African American. Most (91%) attended at least

ome college, and 45% had an annual household
ncome of �$60,000. By design, all participants were
aking medications for high blood pressure (87%) or
levated lipids (38%), all were overweight, and most
79%) were obese (BMI �30 kg/m2).

ttendance, Adherence, and Follow-Up

articipants attended an average of 14 of the 20 possi-
le intervention sessions (Table 3), and 61% attended
6 or more sessions. Attendance declined over time,
ut remained at 73% even during the last month of
hase I (data not shown). Over the 6-month interven-
ion, participants self-reported a mean of 117 minutes
f moderate-intensity physical activity per week (goal
as 180) and 2.9 servings of fruits and vegetables per
ay (goal was 9–12). Unadjusted subgroup compari-
ons showed that men, compared to women, reported
ore physical activity per week (p�0.0001) and more

ood records per week (p�0.0038). Non–African Amer-
cans, relative to African Americans, attended more
essions, reported more physical activity, and kept more
ood records (p�0.0001 for each test).

eight Change

mong participants with at least one weight measure-
ent in each month, mean weight decreased steadily

ver time in all race–gender subgroups, and was still on

downward trajectory at the end of Phase I (Figure 2).

Am J Prev Med 2008;35(2) 121
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ith imputed missing data (after excluding one partic-
pant who died), mean (SD) weight decreased by 5.8 kg
4.4) during Phase I, and 69% of participants lost at
east 4 kg (Table 3). Among the 1553 with follow-up
ata (i.e., no imputation), mean (SD) weight loss was
.2 kg (5.1). This weight loss corresponded to a mean
SD) change in BMI of �2.0 (1.5) kg/m2 and a mean
ercentage decrease in initial weight of 6.0% (4.1).

redictors of Phase-I Weight Loss

able 4 shows the results for final multiple regression
odels on absolute weight change that include both

ntry characteristics and measures of intervention
dherence. Significant predictors included higher

able 3. Attendance, adherence, and weight loss by race and

Total

1685
umber of sessions attended, mean (SD) 14.4 (5.8)
umber of sessions attended, %
�11 24
11–15 15
16–20 61
oderate physical activity/week, minutes,

mean (SD)
117.1 (111.7

umber of food records/week, mean (SD) 3.7 (2.3)
ruit and vegetable servings/day, mean (SD) 2.9 (2.7)
eight change,a kg, mean (SD) �5.8 (4.4)
MI change,a mean (SD) �2.0 (1.5)
ercent weight change,a mean (SD) �6.0 (4.1)
eight loss � 4 kg,a N (%) 1167 (69)
andomized to Phase II (%) 1032 (61)

able 2. Baseline characteristics

Total

1685
ge, mean (SD) 54.8 (9.1)
omen, % 67.3
ispanic, % 1.4
ducation, %
High school 9.0
Some college 33.7
College degree 22.2
Post college 35.1

ncome, $, %
�30,000 9.4
30,000–59,000 35.2
60,000–89,999 30.7
�90K 24.7
n BP medications, % 87.5
n lipid-lowering medications, % 38.3
eight, kg mean (SD) 96.5 (16.5)
MI, mean (SD) 34.3 (4.8)
bese (BMI�30), % 78.8
Alcohol beverages/day, mean (SD) 0.2 (0.4)
urrent tobacco use, % 6.3
With missing data imputed using multiple imputation procedures after ex

22 American Journal of Preventive Medicine, Volume 35, Num
nitial weight, more sessions attended, more food
ecords kept per week, and more minutes of reported
oderate-intensity physical activity per week. Model 1

R2�0.48) shows the direct effect of race, gender,
ace-by-gender interaction, and behavioral measures
food records and physical activities) with weight loss.
odel 2 (R2�0.49) is the outcome of model compar-

sons evaluating interactions among race, gender,
nd behavioral measures. In contrast to Model 1,
ace and gender moderated the effects of food
ecords and physical activities on weight loss (i.e., race
y number of food records kept per week and gender
y minutes of exercise per week). The difference in R2

etween these models is significant (F[2,1673]�18.19,

der

frican American Non–African American

en Women Men Women

96 540 594
13.8 (6.4) 13.5 (6.0) 15.4 (5.3) 15.0 (5.4)

29 30 16 21
14 19 15 12
57 51 69 67
12.9 (115.4) 90.0 (95.8) 159.4 (135.1) 117.7 (100.4)

3.4 (2.4) 3.1 (2.2) 4.2 (2.2) 3.9 (2.1)
2.5 (2.6) 2.1 (2.3) 3.6 (3.1) 3.3 (2.6)
5.4 (7.7) �4.1 (2.9) �8.5 (12.9) �5.8 (6.1)
1.7 (2.4) �1.5 (1.2) �2.7 (4.0) �2.2 (2.1)
5.1 (7.2) �4.4 (3.1) �8.1 (11.8) �6.5 (6.9)

135 (69) 316 (59) 281 (79) 435 (73)
121 (62) 267 (49) 257 (72) 387 (65)

an American Non–African American

Women Men Women

540 355 594
(10.1) 52.3 (8.9) 57.5 (8.9) 56.2 (8.2)

100 0 100
0.4 2.3 2.0

7.5 5.7 13.1
39.8 23.4 35.7
21.8 22.6 19.8
30.9 48.2 31.4

16.2 3.7 8.1
41.8 24.9 37.9
28.6 31.9 30.0
13.4 39.4 24.0
94.4 82.0 83.8
23.1 54.4 42.6

(16.2) 95.1 (15.1) 104.7 (15.2) 89.2 (14.5)
(4.5) 35.6 (4.9) 33.6 (4.3) 33.6 (4.9)

84.4 78.3 73.4
(0.3) 0.1 (0.2) 0.4 (0.6) 0.2 (0.4)

7.0 6.5 4.9
gen

A

M

1

) 1

�
�
�

Afric

Men

196
52.3
0
0.5

6.6
29.7
29.9
33.8

4.6
27.3
36.5
31.5
89.3
38.3

107.3
34.1
80.6

0.2
cluding one deceased participant (n � 1684)

ber 2 www.ajpm-online.net
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�0.0001). Figure 3 illustrates how, based on Model 2,
given increase in physical activity per week is esti-
ated to have a greater effect on weight loss for men

han for women, regardless of race. A sensitivity analysis
hat dropped outlying activity values (�420 min, n�27)
ave virtually identical results. Similarly, Figure 4 illus-
rates the greater estimated impact of keeping more
ood records on weight loss for non–African Americans
han for African Americans, regardless of gender.
ther potential predictors, including income, educa-

ion, and other 2- and 3-way interactions, were consid-
red but rejected as nonsignificant from the final
odel. The same model comparisons approach was

igure 2. Mean weight loss during Phase I by race–gender
ubgroups for participants with at least one weight measure-
ent in every month
A, African American

able 4. Baseline measures and adherence indicators as pre

Model 1 without behavior interactio

ffect
Parameter
estimatea SE 95% CIs

ntercept 6.71 0.78 5.17 8.2
eight at entry (kg) �0.07 0.01 �0.08 �0.0
frican American
race (AA�1)

2.02 0.37 1.30 2.7

ender (female�1) 0.98 0.29 0.42 1.5
acea � gender �0.98 0.43 �1.83 �0.1
essions attended �0.29 0.03 �0.35 �0.2
iet records per week �0.52 0.08 �0.67 �0.3
oderate-intensity
physical activity
(MPA) per week
(100 min)

�0.76 0.12 �1.00 �0.5

ace � diet records
per week
ender � MPA per
week (100 min)
A negative parameter estimate indicates that increase in the measure pre

ugust 2008
sed for BMI change and percent weight change with
imilar results.

iscussion

he WLM trial’s Phase-I behavioral weight-loss pro-
ram resulted in a substantial 5.8 kg mean weight loss
BMI decrease of 2.0 kg/m2) over about 20 weeks in a
opulation of overweight and obese adults who were
eing treated for cardiovascular risk factors. Two thirds
69%) of all participants who started the program lost
clinically relevant12,47,48 4 kg or more of weight by the
nd of Phase I. While other studies have shown similar
mounts of weight loss,32,33,47 these findings are partic-
larly noteworthy given the highly diverse nature of the

s of change in weight

Model 2 with behavior interactions

Parameter
estimatea SE 95% CIs p

0.0001 7.84 0.81 6.23 9.44 �0.0001
0.0001 �0.07 0.01 �0.08 �0.05 �0.0001
0.0001 0.79 0.54 �0.28 1.87 0.1447

0.0006 �0.17 0.38 �0.92 0.57 0.6479
0.0240 �0.59 0.43 �1.44 0.25 0.1699
0.0001 �0.30 0.03 �0.35 �0.25 �0.0001
0.0001 �0.69 0.09 �0.86 �0.52 �0.0001
0.0001 �1.12 0.15 �1.41 �0.83 �0.0001

0.27 0.09 0.08 0.45 0.0052

0.83 0.18 0.48 1.18 �0.0001

igure 3. Estimated effect of physical activity on weight
hange, by gender and race a Model evaluated at the overall
ean of 3.7 food records per week
A, African American
dictor

ns

p

5 �
6 �
4 �

4
3
4 �
7 �
1 �
dicts greater weight loss (weight loss is a negative change score).
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articipants, which included 44% African Americans.
his group has been generally under-represented in
eight-control studies and has typically achieved less
eight loss.12,49 In this study, a majority of African
merican men (69%) and women (59%) lost at least 4
g of weight. While African Americans lost somewhat
ess weight than non–African Americans on average,
acial differences in weight loss in WLM were less
ronounced than in previous studies. This improve-
ent may be attributable to the extensive trialwide

fforts to make the intervention culturally appropriate.
frican Americans were also well represented among

nvestigators, interventionists, and other staff. The
igher proportion of African-American participants in

he intervention group meetings may also have created
more comfortable and supportive environment.
After adjusting for race, gender, and initial weight,

reater weight loss was associated with more frequent
ttendance at the group sessions, number of food records
ept per week, and minutes of moderate-intensity physical
ctivity per week. These findings provide additional evi-
ence50 that these standard behavioral strategies are key
or successful weight loss. Further, even more weight loss
ould be expected if more participants had achieved the
ecommended minimum of 180 minutes of exercise per
eek. Race and gender, however, also affected the
ssociations among weight loss, reported activity, and
ood record adherence. The adjusted association be-
ween activity and weight loss was stronger for men than
or women. On average, men weigh more and have
reater muscle mass and might therefore burn more
alories in a given period of exercise. Several previous
tudies in both humans and animals have shown that a
iven increase in physical activity leads to greater
eight loss in males than females, and this relationship
ay have a biological basis.51–53 Another possibility is

hat WLM men may have exercised at higher intensity
evels than did women. It is less clear why the associa-
ion between the number of food records kept per week
nd weight loss was greater for non–African Americans
han for African Americans, regardless of gender. More
esearch is needed on this differential effect of food
ecords to refine intervention approaches and possibly
evelop alternative methods for tracking dietary intake

n African Americans.
Even though the 20-session intervention in this study

as a bit shorter than the 6-month series of weekly
eetings commonly recommended,54,55 a greater per-

entage of WLM’s racially diverse participants lost at
east 4 kg during the first 6 months than in the TOHP-II
rial (69% vs 43%).12 Weights were still declining at

eeting 20 and, had the intervention continued for
nother 6 weeks or longer, it is likely that the mean
eight loss and the proportion of participants with at

east 4 kg weight loss would have been even greater.
Even a modest weight loss of at least 4 kg has been
ssociated with health benefits in studies of the preven- A

24 American Journal of Preventive Medicine, Volume 35, Num
ion and/or treatment of hypertension,10–12,33,56 diabe-
es,14,15,47,57,58 and lipid management.13 These health
enefits occur contemporaneously with weight loss and
ersist as long as weight loss is maintained.59,60 For
xample, Stevens and colleagues12 reported that a net
ean weight loss of only 2 kg led to a 20% relative risk

eduction in incident hypertension. Meta-analyses by
eter and colleagues61 and Staessen and colleagues48

uggest that systolic BP decreases 1.0–2.4 mmHg per kg
f weight loss. This reduction in systolic BP, in turn, has
een estimated to reduce stroke mortality by 6%–8%
nd CHD mortality by 4%–5%.62 Based on these meta-
nalyses, the mean weight loss in Phase I of WLM (5.8
g) would be predicted to reduce systolic BP by 5.8–
3.9 mmHg. The weight loss is comparable to the effect
f a single antihypertensive medication.63 Because the
mount of achieved weight loss varies by initial weight,
he preceding discussion may over-simplify the likely
bserved effects.64

A limitation of Phase I of WLM was that it was an
ncontrolled observational study. Compared to other

arge weight-loss studies, however, a higher proportion
f both African-American and non–African American
articipants achieved clinically important weight loss.
nother limitation is the use of self-reported adherence
easures of physical activity and diet. Finally, Phase I
as relatively short and, in the absence of additional

ntervention, regain would be expected over longer
eriods of time.50 Research specifically comparing var-

ous maintenance strategies is limited50,65,66 and badly
eeded. Phase II of the WLM trial will help address this
eed.37

In summary, as part of a study comparing alternative
trategies for maintaining weight loss, the WLM trial
nrolled a large and heterogeneous sample into an

igure 4. Estimated effect of number of food records kept
er week on weight change, by gender and race a Evaluated at

he overall mean of 117 minutes per week of moderate-
ntensity physical activity

A, African American
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A

ntensive 6-month behavioral intervention to achieve
eight loss. Two thirds of all participants achieved
linically significant weight loss of 4 kg or more. Al-
hough some racial and gender differences were noted,
ll subgroups achieved clinically meaningful weight
oss. Differences in attendance, food records adher-
nce, and physical activity accounted for most of the
eight-loss variation by race and gender groups. These
esults suggest that the WLM Phase-I intervention
uccessfully achieved clinically significant short-term
eight loss in an unusually diverse high-risk population,

ncluding 44% African Americans. Long-term mainte-
ance results are presented elsewhere.67
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