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Abstract

Objective—Behavioral weight loss programs (BWL) provide limited instruction on how to
change the environmental context of weight-regulating behaviors, perhaps contributing to regain.
Drawing on social ecological models, this trial evaluated a comprehensive weight loss program
that targeted both an individual’s behavior and their physical and social home environment.

Methods—Overweight and obese adults (N=201; 48.9+10.5 years; 78.1% women) were
randomized to BWL or to BWL plus home environment changes (BWL+H). Groups met weekly
for 6 months and bi-monthly for 12 months. BWL+H participants were given items to facilitate
healthy choices in their homes (e.g., exercise equipment, portion plates) and attended treatment
with a household partner. Weight loss at 6 and 18 months was the primary outcome.

Results—BWL+H changed many aspects of the home environment and produced better 6 month
weight losses than BWL (p=.017). At 18 months, no weight loss differences were observed (p=.
19) and rates of regain were equivalent (p=.30). Treatment response was moderated by gender (6
month p=.01; 18 month p=.006). Women lost more weight in BWL+H than BWL at 6 and 18
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months, whereas men in BWL lost more weight than those in BWL+H at 18 months. Partners,
regardless of gender, lost more weight in BWL+H than BWL at both time points (ps<.0001).

Conclusion—The home food and exercise environment is malleable and targeting this
microenvironment appears to improve initial weight loss, and in women, 18-month outcomes.
Research is needed to understand this gender difference and to develop home-focused strategies
with more powerful and sustained weight loss effects.

Keywords
weight loss; home environment; maintenance

The prevalence of overweight and obesity in U.S. adults now exceeds 65% (Flegal, Carroll,
Ogden, & Curtin, 2010) with current estimates suggesting that the entire U.S. adult
population will reach an unhealthy weight status by 2048 (Wang, Beydoun, Liang,
Caballero, & Kumanyika, 2008). Drivers of this trend are multi-faceted, ranging from
individual behavioral choices to community land-use planning decisions to global food
production practices that promote energy imbalance (e.g., Swinburn et al., 2011). Behavioral
weight loss treatment (BWL), the treatment of choice for overweight to moderately obese
individuals, includes nutrition and physical activity education and instruction in behavioral
strategies to facilitate change, and produces weight losses of approximately 9.0 kg over 6
months of treatment (e.g., Wing, Gorin, & Tate, 2006). While BWL’s modest weight losses
and accompanying physical activity and dietary changes produce meaningful health
improvements (e.g., Diabetes Prevention Program Research Group, 2002; Look AHEAD
Research Group, 2007), participants typically regain 30-50% of their weight loss over the
next 3 to 5 years despite ongoing intervention (e.g., Look AHEAD Research Group, 2010).

One possible explanation for this weight regain is that BWL focuses primarily on the
individual participant, with lesser attention paid to the environmental context in which
eating and exercise occurs. While behavioral theory and early weight loss programs
emphasized the impact of environmental antecedents and consequences on behavior (e.g.,
Stuart & Davis, 1972), in current practice, individuals are given limited instruction on how
to modify their surroundings to support weight-regulating behaviors. In a standard 6-month
program, 1 to 2 sessions are typically dedicated to stimulus control skills (e.g. placing fruits
and vegetables in prominent locations), (Wing, Gorin, & Tate, 2006). If weight loss
participants are unable to use these skills to alter their personal environments, unhealthy
cues and temptations may remain making it extremely difficult to establish and maintain the
behavioral changes necessary to produce long-term weight loss (e.g., Bouton, 2000; Lowe,
2003).

This individual-level approach to weight management is inconsistent with the growing
recognition of the environment’s contribution to the obesity epidemic (e.g., French, Story, &
Jeffery, 2001; Swinburn et al., 2011). American adults are described as living in a “toxic
environment” that encourages passive overeating and physical inactivity (Wang & Brownell,
2005). Social ecological models of health promotion (Breslow, 1996; Stokols, 2000) identify
several levels of environmental influence on diet and physical activity, ranging from familial
to global factors. At the most proximal level, there is increasing evidence that the home
microenvironment can be obesogenic. Both physical (e.g., type of food available) and social
(e.g., support from family) factors in this setting have been associated with weight, dietary
habits, and activity patterns (e.g., Campbell, Crawford, Salmon, Carver, Garnett, & Baur,
2007; Gorin, Phelan, Raynor, & Wing, 2011). Demonstrated links between the physical
home environment and behavior include relationships between high fat foods available and
fat intake (Fulkerson et al., 2008), access to home exercise equipment and activity levels
(Gattshall et al., 2008; Jakicic, Wing, Butler, & Jeffery, 1997), and number of televisions
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and amount of TV viewing (Dennison, Erb, & Jenkins, 2002). With regards to social factors,
adults within the same household can serve as powerful behavioral cues and either facilitate
or hinder adoption of healthy habits. For example, both weight gain and weight loss appear
to spread among spouses (Christakis & Fowler, 2007; Gorin et al., 2008) and correlations
have been reported between hushands and wives in caloric intake, dietary restraint, and
exercise frequency (e.g., Macken et al., 2000; Markey, Markey, & Birch, 2001).

Given that approximately two-thirds of daily calories are consumed in the home and a large
percentage of leisure time is spent in this environment (Biing-Hwan, Geuthri, & Frazao,
1999; Robinson & Godbey, 1997), modifying households to promote healthy choices is a
logical step in moving toward a broader ecological model of weight management. Weight
loss programs that have included home environment modifications such as food provision,
provision of exercise equipment, and involving spouses in treatment have produced better
overall weight losses for up to 18 months than standard behavioral programs, particularly in
women (Black, Gleser, & Kooyers, 1990; Jakicic, Winters, Lang, & Wing, 1999); however
these strategies have been largely unsuccessful in producing better maintenance of weight
loss. Environmental manipulations to date have typically focused on either a single physical
factor in the home (such as provision of food or exercise equipment) or on the social climate
of the home (spouse involvement in treatment). This singular focus may not change the
overall obesogenic nature of the household, leaving participants vulnerable to environmental
influence. Moreover, this singular focus does not address the interaction between physical
and social factors within the home (e.g., food provision may be unsuccessful if family
members bring tempting foods into the home). Ecological models suggest that interventions
will be most effective in changing behavior if they address multiple factors within a given
environment, thus to examine the true potential of home environment manipulations in
obesity treatment, a more comprehensive intervention targeting several aspects within the
household may be needed.

The primary aim of this randomized controlled trial was to examine the long-term impact of
a comprehensive home-focused behavioral weight control program designed to directly
modify both the physical and social home environments of weight loss participants. To our
knowledge, this is the first weight loss program to intervene simultaneously on multiple
levels of the home environment while also teaching participants core behavioral skills. We
hypothesized that by extending the focus of treatment from the individual participant to the
participant plus their home environment, the intervention would enhance initial and long-
term weight loss outcomes and improve maintenance of weight loss compared to standard
behavioral weight loss treatment. Prior research has suggested that women may benefit more
from a home-based approach (Wing, Marcus, Epstein, & Jawad, 1991), thus secondary
analyses explored gender as a potential treatment moderator. We also examined potential
effects on household partners and hypothesized that greater weight loss and behavior
changes would be observed in partners who were actively included in the intervention.

Participants were recruited through advertisements in the local media and direct mailings in
the Providence, Rhode Island area. To be eligible, individuals had to be between 21-70
years old, have a body mass index (BMI) between 25-50 kg/m?, and have a household
member willing to participate in the study as a support partner. These partners had to reside
in the same home as the participant, be between 15-70 years old, have a BMI between 25—
50 kg/m?, and be interested in weight loss. With the exception of the lower age limit, the
same inclusion and exclusion criteria applied to both participants and partners. Individuals
were excluded from participation if they reported a heart condition, chest pain during
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periods of activity or rest, loss of consciousness, being unable to walk 2 blocks without
stopping, current participation in another weight loss program and/or taking weight loss
medication, current pregnancy or planning on becoming pregnant in the next 18 months, or
any condition that in the judgment of the research team made it unlikely the individual
would complete the study protocol (i.e., plans to relocate, substance abuse). Individuals
endorsing joint problems, prescription medication usage, or other conditions that could limit
exercise were required to obtain written physician consent to participate. The study was
approved by The Miriam Hospital’s Institutional Review Board.

A total of 1880 individuals were screened by telephone to determine initial eligibility (see
Figure 1). If an individual was eligible, they were asked to provide contact information for
their partner who was then screened for eligibility. Eligible pairs were invited to attend an
orientation at the clinic where the study was described in detail and informed consent was
obtained.

Study Design

Participants were randomly assigned to one of two 18-month behavioral weight control
programs: standard behavioral weight loss treatment (BWL) or BWL plus modifications to
the home environment (BWL+H). In BWL, only participants received treatment while in
BWL+H both participants and partners received treatment. Participants and partners in both
conditions were assessed at baseline, 6, and 18 months and each received $25 for
completing the 6 month assessment and $50 for completing the 18 month assessment.

Interventions

Common elements of BWL and BWL+H—Both conditions had weekly group
meetings for 6 months followed by bi-weekly meetings for 12 months. Interventionists had
an advanced degree in nutrition, exercise physiology, or behavioral psychology and
experience providing weight loss treatment. Dietary and exercise prescriptions and behavior
change skills were modeled after recent trials (Wadden et al., 2006; Subak et al., 2009), with
the exception that meal replacement products were not provided. To achieve the 10% weight
loss goal, all participants were placed on a standard caloric and fat restricted diet (e.g.,
1200-1800 kcals/day and 30% fat, depending on initial weight) and given sample meal
plans and a calorie guidebook. Participants were instructed to gradually increase their
physical activity until they achieved 2200 minutes of moderate intensity physical activity
per week. Brisk walking was encouraged and participants were allowed to accumulate
exercise minutes via multiple short bouts or longer continuous bouts. Participants received a
pedometer with the goal of reaching 10,000 steps per day (Wilde, Sidman, & Corbin, 2001).
Participants in both conditions received instruction in core behavioral skills. They were
provided with daily diaries and instructed to record all food and beverage intake, the
corresponding calories and fat grams, minutes of physical activity, daily steps, and their
weight. Interventionists provided written feedback weekly. Participants were taught basic
skills in stimulus control, problem solving, goal setting, cognitive restructuring, and relapse
prevention. The focus of treatment shifted to weight loss maintenance in the latter months of
the program. Keys to long-term success were reviewed and participants were taught a
problem-solving approach (Perri, Mckelvey, Renjilian, Nezu, Shermer, & Viegener, 2001).

Treatment components specific to the BWL+H condition—BWL+H targeted the
individual plus physical and social cues within their homes. While many BWL+H strategies
have been used in prior weight loss programs with some success (e.g., Black et al., 1990;
Jakicic et al., 1999), a unique element of this study is that BWL+H offered these
components in a comprehensive treatment package that simultaneously manipulated
physical and social aspects within participants’ households. BWL+H components aimed to
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modify the type and amount of food consumed, the availability of exercise equipment and
sedentary activities, the saliency of the consequences of eating and activity choices, and to
create a positive model for healthy eating and exercise in the home.

Modifying the type and amount of food consumed in the home—Once a month,
BWL+H participants were instructed to participate in a “Cabinet Cleanout” exercise. A
checklist of high-calorie, high-fat foods (e.g., potato chips) was provided and participants
were instructed to search for these items in their home and remove them if found. A
complementary “Filling Up with Fit Foods” exercise was completed monthly. Participants
were provided with a checklist of foods that were consistent with their dietary prescription
(e.g., oatmeal) and encouraged to have these items at home to promote dietary adherence.
To increase cues for healthy food choices, participants were provided a low-calorie
cookbook, a subscription to a healthy recipe magazine and motivational posters related to
healthy eating. To limit portions and decrease passive overeating, participants were given
serving size appropriate dishware and glasses (e.g., 8 0z. glasses), a food scale, and set of
measuring cups and spoons. Finally, to limit impulse purchases while grocery shopping,
participants were encouraged to use a commercially available online grocery ordering and
home food delivery service (Gorin, Raynor, Maguire, Ferguson, & Wing, 2007). Participants
paid for their own groceries and were reimbursed for the delivery fee.

Modifying the availability of exercise equipment and sedentary activities in
the home—BWL+H participants were provided with a treadmill or stationary bicycle for
home use. To reduce home-based sedentary activity, BWL+H participants were asked to
restrict their viewing to one location in the home and to decrease the overall amount of time
spent watching TV. The intervention staff outfitted each TV in the home witha TV
Allowance®, a programmable device, often used in childhood obesity programs (Gorin et
al., 2006; Robhinson, 1999) that provided participants with objective feedback about their
weekly viewing habits. BWL+H participants were also provided a subscription to an
exercise-related magazine, exercise videotapes, resistance bands, and motivational posters to
further increase cues for physical activity.

Increasing the saliency of the consequences of eating and exercise choices—
BWL+H participants were given a digital body weight scale and a full length mirror. They
were instructed to place these items in a prominent location in their home to serve as daily
cues to self-weigh and to limit overeating and engage in physical activity.

Creating a positive model for healthy eating and exercise in the home—During
the screening process, all participants were required to identify another member from their
home who was also overweight and willing to participate in the program. In BWL+H, these
partners were encouraged to attend all weight loss groups and make the same diet and
exercise changes as the participants. Partners were given a 10% weight loss goal, expected
to use the same behavioral tools, and model healthy eating and exercise behaviors in the
home.

Data Collection

Participants and partners were assessed at baseline, 6, and 18 months via clinic and home
visits. The primary outcome was body weight, measured in street clothes with shoes
removed using a calibrated digital scale (Tanita BWB 800) and recorded to the nearest 0.1
kg. Height was measured at baseline to the nearest centimeter using a calibrated, wall-
mounted stadiometer. BMI was calculated as kg/m2. Demographic characteristics were
obtained by self-report.
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Measures of the home environment

Behaviors

Type and placement of food in the home—The Household Food Inventory, a 117-
item checklist with acceptable test-retest and inter-rater reliability (Raynor, Polley, & Wing,
2004; Gorin et al., 2008), was used to assess foods currently available in the home. The
checklist includes foods listed on the Block Food Frequency Questionnaire (Block, Woods,
Potosky, & Clifford, 1990) and additional low-fat food choices (e.g., reduced-fat cakes).
During home visits, research assistants searched through food storage areas and indicated if
a given food category was present, regardless of quantity (e.g., apples were counted as
present whether there were 1 or 5 apples in the house). Responses were categorized as high-
fat snacks (e.g., regular potato chips), high-fat spreads (e.g., regular mayonnaise), high-fat
dairy (e.g., regular milk), fruits and vegetables, low-fat spreads (e.g., reduced-fat
mayonnaise), low-fat dairy (e.g., reduced-fat cheese), low-fat cereals (e.g., cold cereals such
as Corn Flakes, Kix) and low-fat snacks (e.g., reduced-fat potato chips). Analyses examined
overall number of foods, total number of both high-fat and low-fat items, and subcategory
scores.

Availability of exercise equipment—The 14-item Exercise Environment Questionnaire
(Jakicic et al., 1997) was used to assess the presence of exercise equipment and related items
in the home. Subscales include aerobic exercise equipment (e.g., stationary bike; 4 items),
individual recreation equipment (e.g., roller skates; 4 items), individual sports equipment
(e.g., golf clubs; 2 items), team sports equipment (e.g., baseball glove; 3 items), and athletic
shoes. The measure has high levels of test-retest reliability, as well as high inter-rater
reliability between family members (Jakicic et al., 1997). In addition to this information, the
placement of any major piece of home exercise equipment (e.g., treadmill, stationary
bicycle) was recorded.

Other items in home—Number of TVs in the home and the presence of healthy eating
and exercise magazines, a body weight scale, and a full length mirror were assessed via self-
report.

Social support—Participants completed the Sallis Social Support Scales in reference to
their partners’ behaviors (Sallis, Grossman, Pinski, Patterson, & Nader, 1987). Subscales
included encouragement for healthy eating, discouragement for healthy eating, participation
in exercise, and use of rewards or punishment for exercise. The scales have adequate
reliability and validity and show some associations with exercise and eating behaviors
(Hagler, Norman, Zabinski, Sallis, Calfas, & Patrick, 2007; Trost, Owen, Bauman, Sallis, &
Brown, 2002).

Perceived helpfulness of home environment components—At the completion of
the 18-month program, BWL+H participants rated the helpfulness of various aspects of the
intervention on a 7-point Likert scale ranging from 1=not at all helpful to 7=extremely
helpful.

Dietary intake—The Block Food Frequency Questionnaire measured changes in daily
caloric intake and percent of total calories consumed from fat. While underreporting is a
problem with self-reported intake, the Block has been used in previous studies with a 6-
month reporting interval and found to correspond with dietary records and has been
validated against 3-day records (Block, Harman, Dresser, Carroll, Gannon, & Gardner,
1986; Block et al., 1990).
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Physical activity—The Paffenbarger Activity Questionnaire (PAQ) provided estimates of
total energy expended in physical activity per week. Participants reported their involvement
in activities of light (5 kcal/min), medium (7.5 kcal/min), and high (10 kcal/min) intensity
over the past week, which were then summed to produce an estimate of total energy
expended in activity. The PAQ has high test-retest reliability (Paffenbarger, Wing, & Hyde,
1978) and is significantly correlated with measures of cardiovascular fitness (Siconolfi,
Lasater, & Snow, 1985). Previous studies have shown that reported changes in exercise on
the PAQ are predictive of weight change (Harris, French, Jeffery, McGovern, & Wing,
1994).

Data Analysis

Results

All statistical analyses were performed using PASW Statistics 18, Release 18.0.0 (©OSPSS,
Inc., 2009, Chicago, IL, www.spss.com). Baseline group differences were examined using
chi-square and t-tests. Subsequent analyses controlled for age. The primary analyses
examined group differences in weight change at 6 and 18 months using ANCOVA models
with baseline weight and age entered as covariates. Missing weights at follow-up visits were
replaced with baseline weight and intent to treat analyses are reported. We considered
adding further weight gain, as used in some other recent trials, to the imputed missing values
(e.g., Wadden, Berkowitz, Womble, et al., 2005), however, given the slightly higher dropout
rates in BWL, this adjustment would have created an artifact of differentially favoring BWL
+H. Similar ANCOVA models examined group differences in behavioral outcomes and
home environment changes at 6 and 18 months, gender as a moderator of treatment
response, and weight loss in partners.

Baseline Characteristics

Retention

Of the 1880 participants screened by telephone, 1679 were excluded and 201 were
randomized (Figure 1; BWL, n=99; BWL+H n=102). BWL+H participants were younger
than BWL participants but did not differ on other demographic variables. There were no
demographic differences between partners in the two conditions (see Table 1). Most
participant-partner pairs were comprised of spouses or significant others (77.2%), with
smaller numbers of parent-adult child pairs (17.4%), other relative pairings (3.0%), and
roommates (2.5%).

Weight data were available from 98.5% and 92.0% of participants at 6 and 18 months, with
complete weight data available for 91.5% of participants. BWL+H participants were more
likely to have complete weight data than BWL participants (97.1% of BWL+H vs. 85.9%
BWL, p=.004) and participants with complete weight data were significantly older (p<.
0001) and had more years of formal schooling (p=.024) than participants with missing
weight data. Weight data were available from 94.5% and 90.5% of partners at 6 and 18
months. Complete weight data were available from 90.0% of partners (97.1% BWL+H vs.
82.8% BWL, p<.001) and partners with complete data were older (p=.009) than partners
with missing weight data.

Changes in the Home Environment

To determine if BWL+H was effective in changing the home environment as designed, we
compared the homes of BWL+H and BWL participants at baseline, 6, and 18 months. Prior
to the start of treatment, BWL+H and BWL homes were similar in the types of food

available, the amount and type of exercise equipment present, the availability of scales, full
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length mirrors, and health focused magazines, and in the amount of support provided by
their partners (see Table 2). At 6 months, BWL+H participants had greater access to full
length mirrors (p<.0001), healthy eating magazines (p<.0001), and had more pieces of
exercise equipment (p<.0001) that were more likely to be stored in a high-traffic, visible
location (p<.01). While BWL participants had greater decreases in the overall number of
foods in their home (p=.04), analyses of specific food categories showed that BWL+H
participants had greater decreases in the number of high-fat spreads (p=.01) and greater
increases in the amount of low-fat foods (p=.004 for total low-fat items, with greater
increases in low-fat spreads, p=.01; and cereal, p=.012). No differences were observed in
fruits and vegetables (p=.056), high or low-fat dairy (ps>.40) or high or low-fat snacks (ps>.
90). In terms of the social home environment, at 6 months, partners’ participation in exercise
increased in BWL+H and decreased in BWL (p<.0001) and BWL+H participants reported
greater decreases in how much their partners discouraged healthy eating (p<.0001) (see
Table 3). There were no differences in partners’ encouragement of healthy eating (p=.17) or
use of rewards or punishment for exercise (p=.47).

By 18 months, fewer differences between BWL+H and BWL home environments were
observed. BWL+H participants still had more exercise equipment in the home (p<.0001) and
were more likely to store the equipment in a visible location (p<.01) but there were no group
differences in home access to a scale, full length mirror, healthy eating or exercise
magazines. The home food environments looked remarkably similar between groups at 18
months; BWL+H participants had greater increases in the number of low-fat spreads (p=.02)
but no other differences emerged. BWL+H participants continued to report more support
from their partners on measures of participation in exercise (p=.017) but not on other
measures of partner support.

BWL+H reported that many of the home environment intervention components were helpful
in their weight loss process. Participants rated the body weight scale as most helpful
(6.8+0.7 on a 7-point scale), followed by involvement of their partner in treatment (6.2+1.4),
receiving a treadmill for home use (5.9+1.5), and provision of a food scale (5.9+1.5) and
measuring cups (5.7£1.5). Ratings of helpfulness were lowest for the online grocery
ordering and delivery service (2.9+£2.0) and the use of the TV Allowances (2.0+1.5).

Weight Loss and Behavioral Outcomes

Weight loss and behavioral outcomes are reported in Table 4. At 6 months, we found a
significant weight loss benefit for BWL+H compared to BWL (-9.1+0.7 vs. —6.8+0.7 kgs,
p=.017) but at 18 months, this advantage was no longer observed (-7.3+£1.0 vs. =5.5+1.0
kgs, p=.19). Participants regained an average of 1.6+0.4 kgs from 6 to 18 months, with no
differences between conditions (p=.30).

BWL+H participants reported greater reductions in dietary fat intake than BWL participants
at 6 and 18 months (ps = .005 and .012, respectively) but did not differ in overall caloric
intake at either time point (ps>.10). No group differences were observed on total energy
expended in physical activity at 6 or 18 month (ps=.54 and .14, respectively).

Gender as a Moderator

Gender moderated treatment response at both 6 and 18 months (Group x Gender at 6
months, p=.011; at 18 months, p=.006; see Figure 2). Women lost significantly more weight
in BWL+H than BWL at 6 months (-9.4+0.8 vs. —=5.9+0.8 kgs, p=.001) and 18 months
(-8.1+1.1 vs. —4.2+1.1 kgs, p=.014), while men lost equivalent amounts of weight in BWL
+H and BWL at 6 months (-8.1+1.5 vs. —10.4+1.6 kgs, p=.26) and tended to lose more
weight in BWL at 18 months (—-4.6£2.2 vs. —10.0+2.3 kgs, p=.065). Gender did not
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moderate weight regain (p=.23) with men and women in both groups regaining at equivalent
rates.

Partner effects

Weight loss and behavioral outcomes for partners are reported in Table 5. BWL+H partners
lost more weight than BWL partners, regardless of gender, at 6 (—9.8+0.6 vs. —3.4+0.6 kgs,
p<.001) and 18 months (—6.7+0.8 vs. —2.3+0.8 kgs, p<.001). Partners’ weight regain from 6
to 18 months did not differ between groups (p=.17), and was not moderated by gender (p=.
62). BWL+H partners reported greater decreases in fat intake at 6 and 18 months (p<.001
and .03, respectively) but did not differ from BWL on changes in energy intake or physical
activity.

Discussion

This innovative, multi-level home environment intervention which simultaneously targeted
both physical (e.g., types of food, exercise equipment) and social (involvement of a support
partner) factors was effective in changing many aspects of the home environment,
particularly during the first 6 months of treatment. The enhanced intervention had a positive
impact on initial weight losses, resulting in a 33% increase in weight loss at 6 months
compared to the standard program. At 18 months, the home environment intervention
continued to be associated with greater weight loss in women; however, men tended to lose
more weight in the standard program than in the home environment intervention at 18
months.

As ecological models of behavior change advance, some have argued that demographic
moderators such as gender need to be considered when examining the link between the
environment and behavior (Kremers et al, 2006). Prior work has suggested that gender can
indeed moderate response to weight loss treatment (e.g., Espeland et al., 2009; Presnell,
Pells, Stout, & Mustante, 2008). Most relevant is Wing and colleagues (1991) report
comparing a standard behavioral weight loss program to one that involved spouses in
treatment. The spouse involvement condition resulted in greater weight losses only for
women. Our findings echo this earlier work and suggest that women may uniquely benefit
from an intervention that involves partner support and modifications to the physical home
environment. There are several possible reasons for this gender effect, all of which are
speculative at this time. If women are the primary grocery shoppers or meal preparers for
their family, having another adult in their household who is following the same plan may
eliminate preparation of extra meals or decrease the purchasing of foods that are inconsistent
with their dietary goals. Conversely, men may respond better to a standard, individual
focused intervention because by attending group alone, they may assume more personal
responsibility for their behavior change. Reasons for the gender differences observed in the
present trial need further investigation. In addition, there are other factors beyond the scope
of this paper, such as eating style, restraint and disinhibiting tendencies, and characteristics
of the partner relationship and/or household structure, that should be explored as potential
moderators of treatment response.

We were successful in designing an intervention that resulted in many desired
environmental changes in the initial intervention period including greater access to low-fat
food options and exercise equipment for home use, more cues for healthy eating and activity
choices (e.g., greater visibility of exercise equipment, presence of a full length mirror and
healthy eating and exercise magazines), and more support from partners for healthy choices.
In general, participants rated many aspects of the home environment intervention as very
helpful for their weight loss with provision of scales, treadmills, and the involvement of
their partner in treatment at the top of list. Some of the anticipated changes, however, were
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not realized and many of the initial improvements were not maintained. This is likely due to
underutilization of some of the home environment strategies. The use of TV Allowances and
online ordering of groceries, for example, were associated with positive behavior changes in
pilot testing (Gorin et al., 2006, 2007) but were not well received in this trial. Also, many
positive changes were seen in the homes of participants in the standard condition, even in
the absence of explicit instruction. This finding is consistent with Krukowski and colleagues
(2010) as well as on our own earlier work (2008) which suggests that weight loss
participants naturally decrease the number of high fat foods in their home while in a lifestyle
program. Our home environment intervention may not have been powerful enough to further
improve upon these already occurring reductions.

While our results suggest that a home environment approach to weight loss holds promise,
many questions remain about who this approach works best for and what household
modifications should be emphasized. We have identified one important moderator of
treatment response, gender, and it is likely that there are other relevant person and behavior
level variables to consider. Our results suggest that direct modifications to the home (e.g.,
bringing a partner to treatment, provision of a treadmill) may be easier to initiate and
maintain, and perceived as more helpful, than activities requiring more conscious effort by
participants (e.g., use of online ordering service). It also might be beneficial to involve the
entire household in treatment, not just the participant and a partner, similar to the weight
gain prevention approach used recently by French and colleagues (2011). Or, perhaps, more
sustained effects would be observed if home environment changes were augmented with
modifications to other influential contexts such as work environments.

Some limitations of this efficacy trial are concerns regarding generalizability and
translatability. Participation was limited to healthy adults who were likely to adhere to the
study protocol and who also lived with an overweight or obese adult who was willing and
eligible to participate in the study. Of those screened, approximately 11% were enrolled in
the trial, a percentage that is consistent with many recent trials of lifestyle weight
management programs (e.g., Subak et al., 2009) but nonetheless suggests that the sample
might not be representative of the overweight/obese population as a whole. Also of concern
is the potential for translation of the intervention outside of the research setting. Many of the
home environment treatment elements incur additional costs, however, over the course of
the intervention, these added expenses equate to less than $1.65/day per person.
Effectiveness studies will be needed to determine whether the treatment package can be
disseminated to the larger community.

Evidence that the environment influences food choice and activity habits continues to build
(e.g., Papies & Hamstra, 2010; Thomas, Dosti, Croshy, & Lowe, 2011). We recently
reported that the homes of overweight and obese individuals differ from the homes of
normal weight individuals, with greater availability of high-fat foods and televisions and less
access to fruits and vegetables and exercise equipment (Gorin et al., 2011). Many of these
same elements distinguished successful weight loss maintainers from overweight and obese
individuals seeking weight loss treatment (Phelan et al., 2009), suggesting that the home
environment may be an important target of intervention. The present study provides some
support for the viability of a home-focused weight loss program. More research is needed to
determine how best to intervene in the homes of weight loss participants to create sustained
environmental and behavioral changes that lead to weight loss maintenance.
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Figure 1.
Participant flow in the study
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Figure 2.
Weight change by treatment condition and gender at 6 and 18 months
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Physical home environment at baseline, 6, and 18 months by treatment condition, mean (xSE) or n (%)

Table 2

Variable BWL BWL+H p
Food Environment, M (+SE)
Number foods, total, baseline 18.3 (x0.4) | 17.8(x0.3) .32
A Baseline to 6 months -1.6 (x0.4) | -0.4(x0.3) .02
A Baseline to 18 months -1.9 (x0.4) | -1.9 (x0.5) .89
Low-fat foods, total, baseline 12.1(+0.3) | 11.7 (x0.3) .34
A Baseline to 6 months -0.9 (x0.3) | 0.4(x0.3) .02
A Baseline to 18 months -0.8 (+0.4) | -0.7 (£0.3) .85
High-fat foods, total, baseline 6.2 (£0.2) 6.1(x0.2) .63
A Baseline to 6 months -0.7 (x0.2) | -0.8(x0.2) .56
A Baseline to 18 months -1.1(x0.2) | -1.3(0.2) .56
Exercise Environment, M (+SE)
Baseline 4.5 (£0.3) 4.5 (+0.3) .94
A Baseline to 6 months 0.6 (+0.2) 1.3(x0.2) .02
A Baseline to 18 months 0.6 (£0.2) 1.4 (x0.2) .004
Major piece of exercise equipment, n (%)
Baseline 51 (51.5) 54 (52.9) 84
6 Months 50 (64.1) | 92(96.8) | <.0001
18 Months 47 (63.5) 91 (94.8) | <.0001
Exercise equipment in visible location, n (%0)
Baseline 28 (54.9) 39 (72.2) .065
6 Months 33(66.0) | 84(91.3) | <.0001
18 Months 31 (58.5) 72 (79.1) .008
Scale, n (%)
Baseline 86 (86.9) 82 (80.4) 22
6 Months 83(97.6) | 101 (100) 12
18 Months 76 (97.4) 98 (100) 11
Full length mirror, n (%)
Baseline 72 (72.9) 80 (78.4) 35
6 Months 64 (75.3) | 96(95.0) | <.0001
18 Months 62 (79.5) 94 (95.9) .001
Healthy Eating Magazines, n (%)
Baseline 49 (49.5) 53 (52.0) 73
6 Months 44(51.8) | 92(91.1) | <0001
18 Months 50 (64.1) 96 (98.0) | <.0001
Exercise/Health Magazines, n (%)
Baseline 25 (25.3) 18 (17.6) 19
6 Months 19 (22.4) | 25(24.8) 70
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18 Months 20 (25.6) 60 (61.2) <.0001
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Perceived support from partners at baseline, 6, and 18 months by treatment condition, mean (xSE)

Table 3

Variable BWL BWL+H p
Encouragement of healthy eating
Baseline 15.2 (+0.5) | 14.0 (+0.5) | .12
A Baseline to 6 months 1.9 (£0.5) 2.8 (x0.4) 17
A Baseline to 18 months 0.3 (£0.5) 1.1 (x0.4) 22
Discouragement of healthy eating
Baseline 12.4 (+0.4) | 10.7 (+0.4) | .003
A Baseline to 6 months 0.8 (x0.4) | -1.7 (x0.4) | .000
A Baseline to 18 months 0.2(+0.5) | -0.4(x0.4) | .29
Participation in exercise
Baseline 246 (+1.0) | 22.9(x0.9) | .23
A Baseline to 6 months -0.2(x0.9) | 4.6 (+0.8) .00
A Baseline to 18 months -1.4(x1.0) | 2.3(x0.9) .012
Use of rewards/punishment for exercise
Baseline 3.8 (x0.1) 3.5(x0.1) .016
A Baseline to 6 months 0.4 (x0.2) 0.2 (x0.1) A7
A Baseline to 18 months 0.4 (£0.2) 0.3 (£0.2) .96
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Table 4

Weight and behavior changes by treatment condition, mean (+SE)

Variable Overall BWL BWL+H p
Weight Change (kg)
Baseline 101.5 (+1.5) 101.7 (¥2.2) 101.2 (+2.1) 95
A Baseline to 6 months -8.0 (£0.5) -6.8 (0.7) -9.1(x0.7) .017
A Baseline to 18 months 6.4 (x0.7) -5.5 (¢1.0) -7.3(x1.0) 19
Energy Intake (kcal/day)
Baseline 1933.8 (+61.6) | 1939.5 (+86.1) | 1930.1 (+86.8) | .94
A Baseline to 6 months -481.8 (+43.4) | -414.8 (+65.9) | -548.8 (#57.9) | .13
A Baseline to 18 months -409.1 (+49.5) | -379.8 (x77.2) | -438.4 (+64.1) | 57
Fat Intake (% kcal/day)
Baseline 38.7 (+0.5) 38.5 (+0.8) 38.8 (+0.8) 73
A Baseline to 6 months -5.2 (+0.6) -3.5(x0.9) -6.8 (0.8) .005
A Baseline to 18 months -3.7 (x0.6) -2.1(x1.0) -5.3 (x0.8) .012
Physical Activity (kcals/week)
Baseline 813.9 (+82.0) | 764.8 (+117.4) | 8615 (+115.7) | .56
A Baseline to 6 months 590.1 (+117.2) | 663.2 (+174.1) | 517.0 (+160.2) | .54
A Baseline to 18 months 396.4 (+120.7) | 214.2 (+179.9) | 5785 (+163.5) | .14
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Table 5

Partners’ weight and behavior changes by treatment condition, mean (+SE)

Variable Overall BWL BWL+H p
Weight Change (kg)
Baseline 96.6 (+1.5) 97.5 (+2.1) 95.6 (+2.0) 52
A Baseline to 6 months -6.6 (£0.4) -3.4 (+0.6) -9.8 (+0.6) <.001
A Baseline to 18 months -4.5 (+0.6) -2.3(x0.8) -6.7 (+0.8) <.001
Energy Intake (kcal/day)
Baseline 1921.8 (+69.0) | 1981.7 (+98.5) | 1861.8 (+96.6) 39
A Baseline to 6 months —-374.7 (+44.9) | -287.7 (+68.4) | —461.8 (+58.4) .06
A Baseline to 18 months -251.7 (+52.7) | —226.9 (x79.9) | -276.5(+68.8) | .64
Fat Intake (% kcal/day)
Baseline 38.3 (+0.5) 39.0 (+0.7) 37.7 (+0.7) 22
A Baseline to 6 months -3.2 (x0.6) -.92 (+0.9) -5.5(x0.8) <.001
A Baseline to 18 months -2.0 (x0.6) -.69 (x0.9) -3.2 (x0.7) .03
Physical Activity (kcals/week)
Baseline 1128.6 (+119.0) | 991.7 (+169.6) | 1261.4 (+167.1) | .26
A Baseline to 6 months 126.5 (+131.7) | -31.7 (+196.6) | 284.8 (+x176.0) | .23
A Baseline to 18 months 170.6 (+168.9) | -48.8 (+253.2) | 390.0 (+225.7) 19
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