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Abstract

Objective—Differentiating trajectories of weight change and identifying associated baseline
predictors can provide insights for improving behavioral obesity treatment outcomes.

Design and Methods—Secondary, observational analyses using growth mixture models were
conducted in pooled data for 604 black American, primarily female adults in three completed
clinical trials. Covariates of identified patterns were evaluated.

Results—The best fitting model identified three patterns over 2 years: 1) mean weight loss of
approximately 2 kg (n=519); 2) mean weight loss of approximately 3 kg at 1 year, followed by ~ 4
kg regain (n=61); and 3) mean weight loss of approximately 20 kg at 1 year followed by ~ 4 kg
regain (n=24, with 23 from one study). In final multivariate analyses, higher BMI predicted having
pattern 2 (OR[95% CI]) 1.10[1.03, 1.17]) or 3 (OR[95% CI] 1.42[1.25, 1.63]), and higher dietary
fat score was predictive of a lower odds of having patterns 2 (OR[95% CI] 0.37[0.15, 0.94]) or 3
(OR[95% CI] 0.23[0.07, 0.79]).

Conclusions—Findings were consistent with moderate, clinically non-significant weight loss as
the predominant pattern across all studies. Results underscore the need to develop novel and more
carefully targeted and tailored approaches to facilitating weight loss in black American adults.

Keywords
obesity; weight loss; healthy lifestyle intervention

Users may view, print, copy, and download text and data-mine the content in such documents, for the purposes of academic research,
subject always to the full Conditions of use:http://www.nature.com/authors/editorial_policies/license.html#terms

Corresponding Author: Knashawn H. Morales, ScD, Center for Clinical Epidemiology and Biostatistics, University of Pennsylvania
Perelman School of Medicine, Philadelphia, PA 19104-6021, Phone: (215) 573-8978, Fax: (215) 573-4865,
knashawn@mail.med.upenn.edu.

Conflict of Interest Statement

Thomas Wadden serves on advisory boards for Novo Nordisk, Nutrisystem, and Orexigen Pharmaceuticals and has received grants on
behalf of the University of Pennsylvania from each entity. He also has consulted with Boehringer Ingelheim. The remaining authors
declared no conflicts of interest.


http://www.nature.com/authors/editorial_policies/license.html#terms

1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Morales et al.

Page 2

Introduction

Methods

The high prevalence of obesity is a major public health and clinical concern for the entire
U.S. population and deserves particular attention among black Americans. National survey
data for 2011-2012 indicated that 56.6% of black women were obese, compared with 32.8%
of white women (1). Obesity prevalence is also higher in black than white men: 37.1% and
32.4%, respectively. The greater health burden of obesity in black Americans is reflected in
relatively higher prevalence of obesity-related conditions such as diabetes and high blood
pressure (2). The high prevalence of obesity in black youth (1) suggests that this high burden
of obesity will persist and possibly worsen, given that child and adolescent obesity track into
adulthood (3).

Clinical trials in diverse populations have demonstrated that weight reduction facilitates
prevention and management of diabetes and cardiovascular risk factors (4—7). The beneficial
effects on comorbidities are linked to the amount of weight loss. It is therefore of concern
that weight loss outcomes for black participants in obesity treatment trials are less favorable
than those for white participants in the same trials (8-12). In addition, trials of lifestyle
behavior change programs adapted for black Americans report relatively modest mean
weight losses, as only a small percent achieve clinically significant weight loss (usually
defined as loss of = 5% of baseline weight (13). Additional evidence indicates that patterns
of weight loss differ between blacks and whites. For example, weight loss occurs more
slowly or to a lesser degree but is more likely sustained in black compared to white
participants in the same trial (9, 14, 15). However, the characteristics of weight change
trajectories within black American weight loss program participants and factors that might
differentiate those who are more or less successful have not been explored.

We conducted an analysis of weight loss patterns in pooled data for black participants in
three lifestyle weight loss trials conducted by the same research group between 2000 and
2010. Besides a descriptive analysis of patterns indicative of more or less success in losing
weight, we were also interested in characteristics, identifiable at the time of enrollment, of
individuals who exhibited these patterns. An ability to identify broad categories of people
with likely different program outcomes could help to identify treatment approaches that
would better position program enrollees for success.

Data Sources

Data from three completed randomized controlled trials were pooled to increase the analytic
sample size and to enhance generalizability of findings combined across studies with similar
eligibility and behavioral counseling content but with different settings. Table 1 summarizes
the three trials’characteristics. (1) The Healthy Eating and Lifestyle Program (HELP) used a
primarily group counseling approach delivered by research staff on site in a family medicine
practice (16). Phase 2, a randomized trial, hypothesized that, following a non-randomized
weight loss induction phase, continued HELP Classes or Self-HELP, or both, would result in
better long-term weight management than Clinic Visits Only. (2) The SHARE Study
(Supporting Healthy Activity and eating Right Everyday) used a combined group and
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individual counseling approach delivered by staff in a research setting. SHARE recruited
and treated participants in two strata of which one involved individuals recruited together
with one or two family members and friends and the other involved individuals recruited
alone (17). SHARE hypothesized that participants treated with partners participating fully
(High Support) would have larger weight loss than those treated with minimal partner
involvement (Low Support). Similar High and Low support conditions were created in those
who enrolled alone. (3) The Think Health! Study used individual counseling delivered by
primary care providers (PCPs) to patients recruited from within their own practices (18-20).
Only data for the 169 black participants (from a total sample of 261) were considered in the
pooled data set. All patients received counseling every 4 months from their PCPs. A
moderate intensity treatment involved additional counseling by an ancillary practice staff
member trained to serve as a lifestyle coach (LC), with counseling delivered monthly (year
1) or bimonthly (year 2). Think Health! hypothesized that participants receiving moderate
intensity counseling would lose more weight than those in the low-intensity arm.

Analysis Variables

Height and weight measurements were assessed with the same or similar equipment and
comparable protocols across studies (16-18). Demographic, medical history, and behavioral
characteristics were obtained by questionnaire, with each subsequent study using or adapting
the case report forms used in the prior study or studies. Each study measured a “baseline
weight” during screening before the start of interventions. “Follow up weights” refers to
weights taken directly or from medical records (Think Health!), by research staff not
involved in the intervention. In HELP, follow up weights were planned for 3 months (i.e.,
after the induction phase) and then at 6, 12, and 18 months post randomization or at the time
of administrative censoring. In SHARE, follow up weights were planned for 6, 12, 18, and
24 months post randomization. In Think Health! follow up weights were planned for 1 and 2
years post randomization or at the time of administrative censoring. In all studies, actual
weights were measured as close to the specified times as possible. The actual measurement
times rather than planned times were used in this analysis. Weights taken from those who
attended classes (intervention weights) were available for SHARE for all index participants
and partners whose randomization assignment permitted class attendance. Intervention
weights for Think Health! were taken whenever patients attended a PCP or LC visit. No
class or intervention weights were available from HELP.

We defined a variable to represent the lowest intensity or usual care condition in each study:
“monitoring only arm” in HELP (n=42); partners assigned to low support in SHARE
(n=56); and the low intensity arm in Think Health! (n=85). We reviewed and recoded
demographic, medical history, and behavioral variables to achieve comparability across
studies. Physical activity required categorization into low, moderate, and high levels based
on the measure available, which differed across studies. Positive medical history for obesity-
related comorbidities was coded as “yes” or “no,” based on a composite of participants’
answers to questions about whether they had: heart disease (heart disease or heart disease,
angina or stroke), lung disease (chronic obstructive pulmonary disease or asthma, or asthma
or lung disease); mobility limitations (difficulty walking or orthopedic limitation, or
difficulty walking associated with back problems or joint problems); high blood pressure;
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and diabetes. Self-rated health was taken from the SF-8 (21) or SF-36 (22). A 30-item
version of a longer food habits questionnaire was administered in SHARE and Think
Health! and a comparable score could be calculated from the original long form of the
questionnaire that was administered in HELP (23). Items on this questionnaire reflected
primarily dietary-fat related behaviors (food intake and food preparation methods)
associated with weight control. All three studies included Cohen’s Perceived Stress measure
(24); the 4-item version administered in SHARE and HELP was calculated from the 14-item
version used in HELP.

Statistical Analysis

All available weights were included in the analysis except in special cases. Due to
departures of actual measurement times from planned measurements, time was measured as
a continuous variable in weeks from the baseline weight at week 0. All weights that yielded
a weight change of more than 30 kg were reviewed by the team. A few weights that could
not be corrected with a kg/lbs conversion were considered obvious data errors (e.g., > 20 kg
change within a month) and were deleted. Thirty-five SHARE participants were excluded
from the analysis. Two of the 35 excluded participants were not black American, 1 had
bariatric surgery, and for 7 participants the next available weight measurement occurred
more than 2 years after baseline and thus beyond the range of the current study. The other 25
had only a baseline weight measurement. Two Think Health! Participants were excluded due
to only having a baseline weight measurement. Fifteen HELP participants also had enrolled
in the SHARE study. For the current analysis, weight measurements from both studies were
included and considered to be independent.

Longitudinal data are commonly analyzed using linear mixed effects models that assume
individual trajectories of the longitudinal outcome deviate from a mean growth model
(random intercepts and slopes), but carry the assumption that the sample is composed of
individuals from one population. Growth mixture modeling (GMM) (25, 26) allows for the
assumption of more than one population resulting in more than one mean growth model. The
GMM combines elements of the linear mixed effects model and the latent class model. The
model simultaneously estimates longitudinal patterns of weight loss within each unobserved
group (latent class). The parameters from the linear mixed effects model define the shape of
the average longitudinal patterns within each class. Random intercepts and slopes allow
individuals to vary randomly around the average pattern. The parameters from the latent
class component yield individual probabilities of class membership into each class (e.g.
0.95, 0.02, and 0.05 for classes 1, 2 and 3 respectively). Individuals are classified into
groups based on the largest probability of class membership (class 1 in the example).

We used GMM to estimate latent classes corresponding to patterns of weight loss across the
follow up period for the combined studies. The outcome measures were repeated weight
(kg) over time for each individual. The model for the pattern of weight loss included random
intercepts and slopes to account for within-subject correlations and separate fixed effect
intercepts and fixed effects slopes for time within each latent class of weight loss. Since
weight loss patterns depended highly on baseline weight, the random intercepts and slopes
were allowed to depend on baseline covariates to adjust for baseline weight and study
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membership. Using a standard likelihood ratio test, we compared the results of this
longitudinal linear model to models that accommodated nonlinear weight loss over time,
specifically a quadratic trend in time. The choice of the number of classes was determined
through examination of fit indices as well as the clinical interpretation of the results. The
Bayesian Information Criteria (BIC) (27) were used to assess the model goodness of fit, and
the Rubin-Lo-Mendell test (28) was used in selecting the number of classes. Results are
reported in terms of weight loss as estimated by the model.

The preliminary examination of predictors of latent class membership was carried out in two
ways. First, each covariate was included in separate growth mixture models and evaluated
for significance using a Wald Chi-square test. Secondly, each respondent was assigned to his
or her most likely class under the growth mixture model as indicated by the predicted
probabilities of class membership. Then the relationship between class membership and
baseline covariates was explored using one-way ANOVA for continuous covariates and Chi-
square test for categorical covariates (29). The second approach has the potential of inducing
measurement error; therefore the first approach is preferred. Due to the large number of
potential covariates and to avoid over-fitting, we selected predictors that had p-value<0.2 in
the preliminary examination. A final growth mixture model was fit with selected baseline
predictors of class membership. The relationships between baseline covariates and the latent
classes were expressed as odds ratios and confidence intervals. All analyses were performed
using Mplus (v 6.1) and R (v 2.15).

Table 2 summarizes baseline characteristics of participants by weight loss trial. The percent
of participants who received a low-intensity intervention, as defined in Methods, differed
across studies, (e.g., 18% in SHARE and 51% in Think Health). Several of the other
variables shown in Table 2 differed by study as well. Studies were similar in that most
participants were females, approximately 47 years of age, with a BMI of approximately 37
kg/m2, and most were employed. Nearly a third were severely obese (BMI = 40), and most
had a positive history for at least one obesity-related comorbidity.

The 604 participants contributed a total of 5349 weight measurements that were included in
the growth mixture models. The model containing a quadratic term for time yielded an
improved fit of the model compared to a linear term (Likelihood ratio Chi-square
(df=4)=2614.66, p<0.001), so we based our results on the quadratic trend in time which was
assumed for each class. In comparing the number of classes, the 4-class model yielded the
best fit. However the class structure did not differ, and the more parsimonious 3-class model
was chosen. Figure 1 graphically represents the mean trajectory of weight loss for each class
along with the raw data for individuals with the highest probability of class assignment. The
class 1 pattern, “Pattern 1,” is relatively linear with modest weight loss of about 2 kg below
baseline (86% of the sample). Participants with Pattern 1 had a mean baseline weight of
101.4 kg with a statistically significant decline in weight at 12 months (linear time =-2.63,
95% CI [-3.44, —1.83], quadratic time=0.84, 95% CI [0.57, 1.12]). The second class,
“Pattern 2”, demonstrates a gradual curve of weight loss to about 3 kg at 12 months (10% of
the sample). Participants in Pattern 2 had a mean baseline weight of 104.1 kg, with a
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statistically significant decline in weight (linear time = —-4.99, 95% CI [-8.54, —1.45]) and a
significant rebound (quadratic time = 2.05, 95% CI [0.78, 3.32]). The third class, “Pattern
3”, demonstrates a gradual curve of substantial weight loss of about 20 kg at 12 months,
followed by a regain of about 4 kg (4% of sample). Participants in Pattern 3 had a mean
baseline weight of 120.0 kg with a statistically significant decline in weight (linear time =
-24.5, 95% CI [-30.2, -18.7]) and a significant rebound (quadratic time = 7.02, 95% ClI
[4.93,9.11]).

Table 3 contains the results of the preliminary examination of predictors of class
membership. Pattern 1 was predominant and pattern 2 secondary in all three studies.
However, all except one person with Pattern 3 were from the SHARE study. The two
approaches to analysis of covariates yielded consistent results. Study membership, low
intensity intervention, marital status, prior experience with weight loss programs, food habit
score, excellent self-rated health, and baseline BMI were significant predictors of class
membership at the p<0.2 level and were included in the final model.

Results of the final adjusted model that incorporates the selected predictors from the
preliminary analyses are shown in Figure 2. Participants reporting dietary behaviors
indicative of higher fat intake were less likely to be in Pattern 2 (OR= 0.37, 95%CI [0.15,
0.94]) or Pattern 3 (OR=0.23, 95%CI [0.07, 0.79]) Participants with higher BMI were more
likely to be in Pattern 2 (OR=1.10, 95%CI [1.03, 1.17]) or Pattern 3 (OR=1.42, 95%ClI
[1.25, 1.63]) compared to Pattern 1. Participants who reported having asthma or lung disease
were also less likely to be in Pattern 3 compared to Pattern 1 (OR=0.05, 95%CI [0.01,
0.50]). No other predictors were statistically significant.

Discussion

We identified three weight loss patterns, of which one—gradual weight loss over 2 years to
a mean of 2 kg below baseline (Pattern 1) applied to most (86%) participants. Pattern 3,
indicative of the highest degree of success (large and relatively well-maintained weight
loss), included very few (4%) participants. The least successful pattern (Pattern 2) was one
of modest (3 kg) initial weight loss followed by regain to 1 kg above baseline and included
10% of participants. Participants with higher BMI and higher fat intake were less likely to
be in Patterns 2 and 3 compared to the predominant, Pattern 1. Participants with asthma/
COPD were less likely to be in Pattern 3. No other baseline characteristics examined
predicted these patterns.

The predominance of Pattern 1 is consistent with findings from the three included trials
when analyzed separately (16, 17, 19, 20). The 2 kg weight loss, equivalent to loss of 2%
from the baseline weight of approximately 100 kg, is below the accepted 5% threshold for
clinical significance (4). This level of weight loss is often associated with low-intensity
interventions (30), but we also observed this pattern in 80% of the participants in the trial
(SHARE) that offered weekly and then biweekly intervention during the first 6 months,
which is high-intensity. The Pattern 1 weight loss is also similar to weight losses of black
participants after the same length of follow up in the efficacy trials from which the HELP,
SHARE, and Think Health! treatment protocols were adapted: the Trials of Hypertension
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Prevention (TOHP) I and 11 (15, 31), the Trial of Nonpharmacologic Interventions in the
Elderly (TONE) (9), and the Diabetes Prevention Program (DPP) (32). This, small weight
losses may be typical of what can be expected on average with black adults based on
currently available lifestyle change approaches even under best case scenarios.

Taking the most positive view, this pattern of weight loss suggests that engagement in
lifestyle change programs may have value for preventing the gradual weight gain of 0.5t0 1
kg per year that has been observed among black participants in cohort studies or control
groups in clinical trials (11, 15, 33). Prevention of further weight gain among those already
overweight has been associated with health benefits (34). However, in practice, programs
designed for weight loss should have a reasonable potential of facilitating clinically
significant weight loss in a substantial percentage of participants, including black
participants.

Obesity treatment studies that focus on or report outcomes for black Americans are
relatively few and do not form a coherent body of evidence to guide the design of effective
interventions. A series of systematic reviews undertaken to address the need for progress in
this area of research confirms the dearth of evidence but offers some insights about
potentially relevant research directions (35). Electronic interventions delivered through the
Internet or mobile devices have received limited study in black and other ethnic/minority
populations but may have promise. Improving the quality of cultural adaptations is another
area worth pursuing, including studies conducted in faith based and other culturally relevant
settings. Cultural adaptations and cultural tailoring of weight loss programs have long been
recommended to account for cultural influences on food and eating, physical activity, and
body size perceptions and aspirations (4). However, there is much room for improvement in
how these adaptations are designed, assessed, and linked to outcomes.

The other key area for future study relates to the influences of physical, economic, and other
environmental factors on the ability of black Americans to lose weight and sustain weight
loss. U.S. environments in general have become “obesigenic’ and tend to promote weight
gain (36). Food marketing and physical activity environments of black Americans are
relatively less favorable than those of whites with respect to support for healthy eating and
active living (37, 38), which suggests that—all other things being equal—adherence to
recommendations to reduce caloric intake and increase physical activity will be more
difficult to follow. Yet few studies have evaluated the effects on behavior of changing
aspects of food or physical activity environments in black communities (39). Multilevel
studies to elucidate interactions of weight loss program participants with their environmental
contexts for adherence would be of particular interest, e.g., using mixed-methods designs
(40).

Strengths of this study include the use of pooled data from three RCTs, which increased
statistical power for identifying patterns evident in studies conducted in different settings.
Furthermore, the analytic approach used all available weights for any participant with at
least one weight measurement after baseline and was, therefore, less affected than other
approaches by missing data. The flexible models made use of actual rather than planned
measurement times, and then allowed for nonlinear trajectories. It would have been
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desirable to examine weight loss trajectories earlier than at 1 year, but we did not have
uniformly available weights during the early months of enrollment. The small number of
men in the data set limited our ability to explore gender differences in weight loss
patterns.The absence of a broader array of covariates was also a potential limitation. This is
less important with one predominant pattern, as observed here, but would be more relevant
with several more evenly represented patterns.

In conclusion, our main finding was that one pattern of non-clinically significant weight loss
applied to most participants. The consistency of this finding with previously published
reports indicates a need to design and evaluate new approaches and more refined versions of
current approaches to facilitate meaningful weight loss in this high-risk population. Our
findings relate primarily to women but obesity prevalence in black men suggests a need for
research that applies to both men and women.
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What is already known about this subject
«  Obesity prevalence is notably higher in black compared to white Americans
» Behavioral weight loss programs are less effective in blacks than whites

»  Even programs adapted for relevance to black Americans yield small weight
losses

What this study adds

» Longitudinal clinical trial data from 604 black Americans revealed 3 different
weight change patterns

» A pattern of modest weight loss that was not clinically significant was
predominant

e A pattern of major weight loss was observed but included very few participants
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Figure 1.
Three patterns reflect growth classes derived from a growth mixture model that produced

three classes of participants. The gray lines reflect observed weight loss patterns, while the
solid lines reflect the average patterns from the three classes.
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Odds ratios [95% CI] derived from growth mixture models of participant characteristics as

predictors of weight loss patterns.
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Key features of randomized controlled trials contributing data for the pooled data set.

Table 1

Page 14

Characteristic

HELP Study

SHARE

Think Health!

Sponsor American Heart Association National National Heart Lung, and State of Pennsylvania
Center Blood Institute (HL 69400) Tobacco
Settlement Funds
Time frame 2000-2002 2002-2006 2005-2010

Eligible race/ethnicity

Black American

Black American (not required
for partners)

Any, but emphasized Black
Americans and Latinos

Study setting

Family medicine practice office in
university health system

Research offices in university
area

Primary care practices

Recruitment targets

Local residents with primary care
provider in university of health system

Local residents, particularly
those who could identify
partners to enroll with them

Only current patients of the
participating primary care
practices

Recruitment method

Newspaper advertisements, referrals,

Newspaper advertisements,

Lists generated from practices

other referrals, other and
referrals
Eligible age range 25-70 years 35 — 70 years for Index 18 — 70 years
16 — 70 years for Partners
Eligible BMI 30 - 50 kg/m? 27 - 55 kg/m? 25 — 55 kg/m?

Major clinical exclusions

pregnancy, unstable mental or physical
health; weight altering medications

pregnancy, unstable mental or
physical health; weight altering

pregnancy, unstable mental or
physical health; weight

enrolled

128 in RCT

and 151 Partners

medications altering
medications
Number Black Americans 237 in initial program; 344; 193 Index Participants 169

Study-provided treatments

After participating in program of 10
weekly group counseling sessions,
randomized to:

1) 6 bi-weekly, then monthly group
sessions (HELP classes)

2) Facilitated self-help program (Self-
HELP)

3) Semi-annual health monitoring
(Clinic visits only)

If enrolled with partner
(Family/Friend), randomized
to:

1) 23 weekly, 12 bi-weekly,
then 12 monthly group sessions
including periodic personal
counseling; partners attended
group sessions
2) as in 1), but, no partners at
group sessions
If enrolled alone (Individual),
randomized to:

3) as in 1), but were assigned
partners within the group
4) as in 3), no partners
assigned

Randomized to:

1) brief counseling by
primary care
provider ~ every 4 months
plus 12
monthly counseling sessions
with
an auxiliary staff member
acting as
a lifestyle coach, then bi-
monthly
sessions with the coach
2) brief counseling by
primary care
provider every 4 months

Participant materials

printed manuals; calorie counter;

printed manuals and handouts;

printed manuals; audio

enrollment date and involvement in
Phase 2

pedometer; educational video; pedometers; resistance band; versions of
incentives incentives first 12 sessions; resistance
band;
incentives
Length of follow up 3-6, or 11-21 months depending on 24 months 16 —24 months, depending on

date
of enrollment

% (n) with final weight
measurements

57% (134) of initial program
68% (87) of RCT

63% (215) overall
66% of Index participants

56% (95) of those randomized

% (n) with final BP
measurements

100% of those with final weight
measurements; initial and RCT

97% (208) of those with final
weight measurements

100% (95) of those with final
weight measurements

Overall weight loss from
baseline to end of follow

up

Mean (SD)*
0.8 (4.4) kg -HELP Classes
-1.3 (5.5) kg -Self-HELP
-1.4 (5.7) kg -Clinic visits only

Mean (SD)i
2.6 (5.7) kg -Family/Friend
1.4 (5.2) kg -Individual

Mean (SD)§
0.9 (5.7) kg -moderate
intensity
0.5 (5.0) kg -low intensity
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Characteristic

HELP Study

SHARE

Think Health!

% with > 5% weight loss 2504#

23.9% -Family/Friend
16.1% -Individual

14%

*
based on data for completers; treatment group difference were not statistically significant (p=.90)

#
data for completers pooled across treatment arms

1:Based on intention-to-treat analyses within the Family/Friend and Individual strata for Index participants only, i.e., participants who enrolled as
partners of other participants are not included; these estimates do not include a participant who had bariatric surgery during the study period.

Treatment outcomes were not significantly different between the high and low social support conditions within strata

§calculated for the black American participants in Think Health! The treatment group differences was not statistically significant
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