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Abstract

Objective—To evaluate the effects and costs of three doses of behavioral weight-loss treatment
delivered via Cooperative Extension Offices in rural communities.

Design and Methods—Obese adults (N=612) were randomly assigned to low, moderate or
high doses of behavioral treatment (i.e., 16, 32 or 48 sessions over two years) or to a control
condition that received nutrition education without instruction in behavior modification strategies.

Results—Two-year mean reductions in initial body weight were 2.9% (95% Credible
Interval=1.7-4.3), 3.5% (2.0-4.8), 6.7% (5.3-7.9), and 6.8% (5.5-8.1) for the control, low,
moderate, and high-dose conditions, respectively. The moderate-dose treatment produced weight
losses similar to the high-dose condition and significantly larger than the low-dose and control
conditions (posterior probability > .996). The percentages of participants who achieved weight
reductions = 5% at two years were significantly higher in the moderate-dose (58%) and high-dose
(58%) conditions compared with low-dose (43%) and control (40%) conditions (posterior
probability > .996). Cost-effectiveness analyses favored the moderate-dose treatment over all other
conditions.
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Conclusion—A moderate dose of behavioral treatment produced two-year weight reductions
comparable to high-dose treatment but at a lower cost. These findings have important policy
implications for the dissemination of weight-loss interventions into communities with limited
resources.

Trial Registration—ClinicalTrials.gov number, NCT00912652.
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INTRODUCTION

Rural communities in the U.S. have higher rates of obesity and obesity-related chronic
diseases than urban areas (1-3) yet little research attention has been given to the treatment of
obesity in rural areas (4). Research demonstrating that lifestyle interventions can produce
weight losses of sufficient magnitude to improve health has yet to be translated for
implementation and dissemination into rural communities (4-6). Indeed, most weight-loss
trials have been efficacy studies, conducted with middle-class, urban and suburban
participants and delivered by teams of experts working in academic medical centers (7).
Very few trials have been conducted in medically underserved community settings with
treatment delivered by local staff. Moreover, the costs associated with high-dose treatment
regimens, such as those employed in efficacy trials, represent a significant barrier to
dissemination into rural community settings, which have very limited resources for the
provision of weight-loss interventions (4,8).

The existing infrastructure of the United States Department of Agriculture (USDA)
Cooperative Extension Service, which has more than 2900 offices nationwide and whose
mission includes nutrition and health, may serve as a valuable resource for researching and
disseminating lifestyle interventions into rural communities (9-11). For example, findings
from the TOURS (Treatment of Obesity in Underserved Rural Settings) Trial (12) showed
promising findings for a long-term, lifestyle intervention delivered through Extension
offices in rural counties. However, the high dose of treatment in the TOURS Trial (i.e., 50
sessions over 18 months) poses a significant obstacle to implementation in rural
communities. Thus, it is important to determine whether lower doses of behavioral treatment
would produce clinically meaningful, long-term weight reductions, when administered in
underserved community settings.

We conducted a single-blind, multi-site, randomized controlled trial (RCT) in obese adults
to evaluate the effects of three doses of behavioral lifestyle treatment (low = 16, moderate =
24, and high = 48 sessions) on two-year changes in body weight, compared to a nutrition
education control condition. The low (LOW) intensity intervention reflected a dose of
treatment commonly delivered in primary care, community and worksite settings (13-15),
whereas the high (HIGH) dose corresponded to a level typically provided in efficacy trials
such as the Look AHEAD Study (16). The moderate (MOD) intensity condition comprised
an intermediate dose of treatment that we expected (a) would demonstrate larger long-term
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weight losses than the low dose and control conditions and (b) would produce a similar
percentage of participants achieving clinically significant, long-term losses as the high-dose
treatment but at a lower cost.

METHODS AND PROCEDURES

Participants

The study was approved by the University of Florida Institutional Review Board.
Participants included 612 adults, 21-75 years of age, with a body-mass index (BMI, kg/m?)
> 30 and < 45. Eligible participants were free of uncontrolled hypertension and diabetes and
had no active (within 12 months) manifestations of cardiovascular, cerebrovascular, renal, or
hepatic disease. The use of medications known to affect body weight, a weight change = 4.5
kg in the preceding six months, and musculoskeletal conditions that precluded walking for
30 min were also exclusionary criteria. Psychosocial contraindications included substance
abuse and clinically significant depression.

Recruitment and Screening

Study announcements were mailed to households in ten rural counties in northern Florida.
All ten counties held designations in whole or in part as “Health Professional Shortage
Areas” (17). In response to the mailings, 1072 adults who made telephone inquiries about
the study and met basic eligibility criteria were invited to an orientation/screening session
wherein the study was described and informed consent was obtained. Height, weight, and
blood pressure were measured by a study nurse who also took a medical history, drew a
fasting sample of blood, and obtained a 12-lead electrocardiogram. The blood samples were
analyzed for metabolic and lipid profiles. The study physician who determined medical
eligibility reviewed findings from the screening visit; 339 individuals were excluded, 121
declined an invitation to participate, and the remaining 612 individuals were randomized to
one of four study conditions (Figure 1).

Primary and Secondary Outcomes

Percent change in body weight from Month 0 (baseline) to Month 24 represented the
primary outcome for the trial. The study nurse who was masked to participants’ randomized
assignments measured body weight. Weight was measured with a digital scale (Tanita
Model BWB-800S, Arlington Heights, IL) at Months 0, 6, and 24. Secondary outcomes
included (a) the percentage of participants in each group who achieved weight reductions >
5% from baseline to Month 24 and (b) the cost and cost effectiveness of each treatment.

Interventionists

The interventionists for all conditions were Cooperative Extension Service Family and
Consumer Sciences Agents or individuals with bachelors or masters degrees in nutrition,
exercise science, or psychology (hired on behalf of the local Extension office by the
University of Florida). Agents have a minimum of a bachelor’s degree in one of its
component fields (e.g., nutrition, family economics, etc.). Agents who teach nutrition
education programs receive ongoing training in nutrition from state Extension specialists.
The interventionists were provided with training in lifestyle treatment and nutrition
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education that included ten bimonthly workshops (six hours each) plus weekly supervisory
contacts by phone (one hour each). The interventionists delivered treatment in groups of 6 to
15 participants at local Extension offices.

Content of Lifestyle Treatment

The contents of the lifestyle program employed in the LOW, MOD, and HIGH conditions
were modeled after the Diabetes Prevention Program (DPP) (18,19) and included the
following components: (a) a low-calorie eating pattern (1200 kcal/day for participants
weighing italic>114 kg, 1500 kcal/day for those weighing 114-136 kg, and 1800 kcal/day
for those weighing >136 kg); (b) increased physical activity in the form of 30 min/day of
walking above baseline levels; and (c) training in behavior modification strategies including
goal setting, self-monitoring, stimulus control, cognitive restructuring, and problem solving.
Modifications to the DPP approach included group rather than individual counseling (20)
and home-based rather than center-based exercise (21). Also included were topics that pilot
testing suggested were issues of special concern to residents of the rural community in
Florida, such as cooking demonstrations to illustrate low-calorie preparation of Southern
dishes and strategies for coping with a lack of family support for weight loss (12).

Doses of Lifestyle Treatment

The intervention content and the accompanying written materials provided to participants
was the same for the LOW, MOD, and HIGH conditions, but the time available for
discussion varied according to the dose of treatment. In each of the three lifestyle conditions,
the program was delivered in two phases: Phase 1, initial weight-loss induction, and Phase 2,
extended care. Phase 1 consisted of weekly sessions (8 for LOW, 16 for MOD, and 24 for
HIGH). Phase 2 targeted maintenance of behavior change (22,23) and was conducted on a
faded schedule, using a combination of scheduled telephone sessions and office-based
“campaign sessions.” Telephone sessions were used to reduce the travel burden for
participants. Periodic campaigns (clusters of five weekly sessions) were employed to
enhance motivation by setting specific weight-loss targets (e.g., 1.82 kg in one month) and
providing motivational incentives (e.g., water bottles, caps, tee shirts, etc.) for the
achievement of campaign objectives. Both the number of sessions allocated for extended
care and the number of scheduled campaigns was carried out in proportion to the dosing
schedules for the LOW, MOD, and HIGH conditions (i.e., 8, 16, and 24 extended care
sessions, and 1, 2 and 3 campaigns, respectively).

Nutrition Education Condition

The nutrition education (CONTROL) condition served as a control for staff attention and for
the delivery of appropriate information regarding proper diet and exercise for weight
management. Each session included a lecture on a topic relevant to nutrition, physical
activity, or weight control, followed by a group discussion of how the information was
relevant to health and weight management. The information presented in the lectures was
derived from resources available from U.S. government agencies, including the National
Institutes of Health (24) and the USDA (25). The schedule of sessions provided to
participants in the CONTROL condition was identical to that of the LOW dose lifestyle
condition.
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Statistical Analysis

The sample size was selected to provide a statistical power of .80 to detect a 2.5 kg
difference in weight change at 24 months among groups assuming a within-group standard
deviation of 5.5 kg (two-tailed test with Bonferroni adjustments). We used a replicated Latin
square design with county and session time as factors. Data were analyzed using WinBUGS
(26) and R (27).

Preliminary analyses using chi-squared tests and ANOVA F-tests indicated that there were
no significant differences between conditions at baseline (Table 1). Differences in
attendance (Table 2) across groups was tested using a likelihood ratio test based on fitting
beta-binomial models.

We used Bayesian models for the analyses of weight changes and the percent achieving 5%
weight loss by group. For Bayesian analyses, we defined statistical significance as the
99.2% credible interval excluding the null value (e.g., for a treatment difference, excluding
zero) or posterior probabilities for a difference larger than the null greater than .996; these
choices were based on Bonferroni corrections to each based on the six pairwise comparisons
between groups. Raw changes in weight from Month 0 (baseline) to Months 6 and 24 were
analyzed using pattern mixture models (28). Percent changes in weight from Month 0
(baseline) to Months 6 and 24 were also analyzed using pattern-mixture models.
Missingness was monotone, with dropout status as the sole consideration. For the pattern-
mixture model, we used the model proposed by Daniels and Hogan (29) in “Case Study 1,”
which assumes (restricted) multivariate normal distributions in each pattern. The analysis
allows sensitivity parameters, an approach essential in clinical trials with missing data (30).
After fitting the model, we converted the raw weights to percent changes using a simple
Monte Carlo procedure.

We considered three different specifications for the sensitivity parameter, which correspond
to different missing data assumptions for participants who were lost to follow-up. The first
(missing not at random, MNAR) corresponds to regaining (on average) 0.3 kg per month
after leaving the study, and the second corresponds to a missing at random (MAR)
assumption. The first scenario is based on the documented pattern of weight regain
following lifestyle treatment (31,32). The second scenario is a common one for dealing with
missing data and assumes that missingness can be predicted based on the observed data. For
a third scenario, we consider a combination of MAR and MNAR; in particular, those who
withdrew due to cancer or serious illness, due to pregnancy, due to moving out of state, and
due to death from terminal cancer were considered MAR, and those who dropped out for
other reasons, such as lack of time or loss of interest, were consider MNAR. All three
approaches revealed the same pattern of significant findings. Because the rate of weight
regain following lifestyle treatment has been well documented, we present the weight
change outcomes according to MAR/MNAR mixture scenario.

Examination of Costs

Costs for each condition were estimated over the two years required for participants to
complete all sessions. Cost categories included the value of staff time for program activities
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(training and program delivery), facility rental for live sessions, toll-free telephone service
for phone sessions, program manuals that were distributed to all participants, and
intervention supplies materials that varied according to condition. Wage rates included an
average fringe benefit rate of 30% and costs were calculated using constant 2007 dollars.
Twenty-four month weight changes, based on the MAR/MNAR analysis described above,
were used in calculating cost per kg lost per participant.

In Phase 1, participants completed 83.8% of scheduled treatment sessions. The rates of
attendance did not vary significantly by condition (Table 2). In Phase 2, the overall rate of
attendance was 53.1%, and no significant between-group differences were observed in the
percentage of sessions attended.

Weight Changes

Costs

Six-month changes generally followed a dose response relationship for the CONTROL,
LOW, MOD, and HIGH conditions, respectively (Table 3). The 99.2% credible intervals for
the differences between the conditions resulted in intervals excluding zero for the following
comparisons: CONTROL versus all other conditions; LOW versus MOD; and LOW versus
HIGH. At 24 months, the 99.2% credible intervals for the differences between conditions
resulted in intervals excluding zero for the following comparisons: CONTROL versus
MOD, CONTROL versus HIGH, LOW versus MOD, and LOW versus HIGH. Trajectories
for changes in initial body weights, expressed in kg, are presented in Figure 2.

The percent of individuals achieving = 5% weight loss at 6 months were 45%, 63%, 75%,
and 81% for the CONTROL, LOW, MOD, and HIGH conditions, respectively, with the
99.2% credible intervals for between-group difference excluding zero for all pairwise
comparisons, except for MOD versus HIGH (Figure 3, Panel A). Those achieving 5%
weight loss at 24 months by condition were 40%, 43%, 58%, and 58% for the CONTROL,
LOW, MOD, and HIGH conditions, respectively, with the 99.2% credible intervals for
between-group difference excluding zero for CONTROL versus MOD and HIGH and, LOW
versus MOD, and LOW versus HIGH (Figure 3, Panel B).

We computed the average cost per kg decrease in weight under each condition (Table 4).
Both total program costs and cost per participant were lowest in the control group and were
higher in the LOW, MOD, and HIGH conditions in dose-response sequence. However,
when examined in terms of cost per kg of weight lost per participant, the analyses favored
the MOD dose over all other conditions.

DISCUSSION

Behavioral treatment of obesity produces clinically meaningful changes in body weight, but
the high dose of treatment commonly employed in efficacy trials represents a barrier to
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dissemination and implementation in community settings (7). The key findings from the
Rural LITE Trial demonstrate that the dose of treatment commonly used in efficacy studies
can be reduced substantially without lessening benefit with respect to the long-term (two-
year) mean change in body weight or the percentage of participants who achieve clinically
meaningful reductions in body weight. Moreover, the data from this trial document that the
benefits achieved with a moderate versus high dose of treatment can be achieved more
efficiently with respect to program costs and participant time.

Analyses of the weight changes at 6 months showed that all three behavioral interventions
achieved larger mean weight losses than the nutrition education control group. The superior
performance of the LOW dose of behavioral treatment compared with the CONTROL
group, (mean reductions of 7.2% versus 4.1%, respectively) highlights the benefits of
incorporating behavior modification strategies such as written self-monitoring into weight
management programs centered on changes in diet and physical activity (33). Nonetheless, it
is important to note that a substantial percentage of the CONTROL group participants (45%)
evidenced clinically meaningful reductions (= 5%) in initial body weight. Even though this
figure was lower than that for the LOW group (63%), it suggests that an 8-session program
of education regarding proper methods for weight change produces meaningful benefits for
a substantial portion of participants (13-15).

The initial weight changes in the LOW, MOD, and HIGH conditions generally followed a
dose-response relationship. Increasing the length of initial behavioral treatment from 8 to 16
weekly sessions produced a significantly larger reduction in body weight (means = 7.2%
versus 9.3%, respectively). However, extending initial treatment from 16 to 24 sessions did
not result in significantly greater benefit (9.3% versus 10.9%, respectively, for the MOD and
HIGH conditions). This result stands in contrast to the findings of Perri et al. (34) who
showed that increasing treatment length from 20 to 40 sessions produced significantly
greater weight loss. Because the rate of weight loss slows over the course of treatment, more
than 8 additional sessions may be required to produce significantly larger reductions than
what is achieved with 16 weekly sessions of treatment. Nonetheless, the two-year mean
weight reduction of 6.7% in the MOD condition in this study, implemented in Cooperative
Extension offices in underserved rural communities, compares favorably with the two-year
mean weight reductions observed in efficacy trials conducted in academic medical centers
located in urban and suburban settings (e.g., 5.4% in the DPP [35] and 6.4% in Look
AHEAD [36]).

At 24 months, the MOD and HIGH dose treatments demonstrated superior mean weight-loss
outcomes than the LOW and CONTROL groups with to respect to both mean body weight
reductions and percentages of participants achieving net reductions = 5%. The difference in
mean reductions was equivalent for the LOW and CONTROL groups as was the percentage
of participants in each condition with clinically meaningful changes. These findings suggest
that the incremental benefits associated with the inclusion of the behavioral strategies in the
LOW condition diminished over time and were no longer evident at 24 months. The level of
extended care in the LOW group may have been insufficient to reinforce the behavioral
changes needed for sustaining the weight differential versus the education control group.
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The differences in weight reductions between the MOD and HIGH conditions were not
significant with respect to either the primary or secondary outcomes at either 6 or 24
months. This finding suggests that high doses of treatment, such as those delivered in the
TOURS Study (12) and the Look AHEAD Study (16), can be thinned by one-third without
significantly compromising mean weight loss or the percent of participants achieving
clinically meaningful weight reductions.

Both total program costs and cost per participant followed the expected pattern with the
CONTROL group having the lowest costs followed by the LOW, MOD, and HIGH
conditions respectively. However, when calculated as cost per kg lost per participant, the
findings showed that the MOD treatment was more cost efficient than the HIGH, LOW, and
CONTROL conditions. Increasing treatment length from 8 to 16 sessions produces
significantly greater weight loss and improved cost effectiveness. However, lengthening
initial treatment from 16 to 24 sessions does not produce a large enough increase in weight
reduction to offset the greater cost associated with longer treatment.

Several limitations of this study are worth noting. First, over the course of two years, 19.6%
of the sample was lost to follow-up. Participants who drop out may have poorer outcomes
than treatment completers (30,32). To address this concern, we employed statistical methods
to correct for the likely poorer performance of participants lost to follow-up (29).
Nonetheless, we are unable to determine whether a lower attrition rate might have affected
the pattern of findings. In addition, a low questionnaire return rate at 24 months precluded
examination of specific changes in diet and exercise behaviors. Second, while the treatment
in this trial was delivered by bachelors- and masters-level interventionists, the degree of
training and ongoing supervision that they received exceeds what is commonly available in
rural community settings. Third, our cost-effectiveness analyses did not include both societal
(payer) and participant perspectives. Finally, following initial treatment, the participants in
all conditions regained weight. While weight regain is common in obesity treatment, it is
unclear whether the manner in which extended care contacts were delivered affected the
pattern of weight regain. Distributing extended care contacts on a fixed interval basis (e.qg.,
monthly or bimonthly) might have been more effective than the use of “campaigns”
consisting of clusters of five weekly sessions that entailed longer intervals without
interventionist contact during the follow-up period (12,23).

In the context of obesity treatment, there are two major barriers to research translation and
dissemination to underserved rural populations. The first entails the lack of an infrastructure
to support treatment access for residents of medically underserved locales. The second
involves the absence of an empirical database indicating the dose of treatment required to
provide clinically meaningful benefits for the majority of participants who undergo
treatment. The findings from the current trial provide important steps toward overcoming
each of these barriers.

To our knowledge, no prior RCT has attempted to address the dose-response issue in the
context of community-based, lifestyle interventions for obesity. The results in this trial
demonstrate that delivering lifestyle interventions via the existing infrastructure of
Cooperative Extension represents a potentially effective means of research translation and
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dissemination into underserved rural communities (12). The findings show that low-dose
treatment, the most common level of care provided in community settings (13-15), is less
effective and less cost-efficient than moderate-dose treatment. Moreover, the results also
demonstrate that a moderate dose of behavioral treatment can produce clinically meaningful,
two-year reductions in body weight comparable to high-dose treatment, but at a lower cost.
These findings, which highlight the benefits of RCTs in dissemination research (37), have
important policy implications regarding the design of obesity interventions in low-resource
communities (6,38,39).
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What is already known about this subject?

e Rural communities in the U.S. have higher rates of obesity and obesity-related
chronic diseases than urban areas.

»  The high dose of treatment commonly employed in behavioral weight-loss
interventions represents a barrier to implementation in rural communities with
limited resources.

What does this study add?

e A moderate-dose of behavioral weight—loss treatment can produce 2-year
reductions in body weight that are similar to high-dose treatment and
significantly larger than low-dose treatment.

e Moderate-dose treatment is more cost-effective than both low- and high-dose
treatments.
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Figure 1.
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Weight trajectories showing mean reductions (kg) in initial body weight at months 6 and 24.
At 6 months, all conditions differed significantly from each other (posterior probability > .

996) except for MOD vs. HIGH. At 24 months, the MOD and HIGH conditions had
significantly larger reductions than the LOW and CONTROL conditions (posterior

probability > .996), and the differences between CONTROL and LOW and between MOD

and HIGH were not significantly different.
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Percentage of participants in each treatment condition achieving body weight reductions =
5% at months 6 and 24. At each time point, conditions that do not share a superscript are
significantly different from each other.
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Table 3

Percent Reductions in Initial Body Weight According to Treatment Condition

Control Low Dose Moderate Dose High Dose
n =169 n=148 n=134 n=161

Month6  412(31,51) 7.20(6.1,8.3) 9.3°(8.2,10.3) 10.9°(9.8,11.9)
Month24 2.92(17,4.3) 3.5%(2.0,48) 6.7°(53,7.9) 68" (5.5 8.1)

Data are expressed as means (95% CI). At each time point, means that do not share a superscript are significantly different from each other.
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Table 4
Costs According to Treatment Condition
Cost Control Low Dose Moderate Dose High Dose
n =169 n=148 n=134 n=161
Total program cost $13,233 $16,351 $19,426 $26,630
Cost per participant $78 $111 $145 $165
Cost per kg lost per participant $28 $33 $22 $25
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