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Abstract
Background—Dietary components effective in weight maintenance efforts have not been
adequately identified.

Objective—To determine impact of changes in dietary consumption on weight loss and
maintenance during the Weight Loss Maintenance (WLM) clinical trial.

Design—WLM was a randomized controlled trial. Successful weight loss participants who
completed Phase I of the trial and lost 4kg were randomized to one of three maintenance
intervention arms in Phase II and followed for an additional 30 months.

Participants/setting—The multicenter trial was conducted from 2003–2007. This substudy
included 828 successful weight loss participants.

Dietary Measures: The Block Food Frequency Questionnaire (FFQ) was used to assess nutrient
intake levels and food group servings. Carbohydrates, proteins, fats, dietary fiber and fruit/
vegetable and dairy servings were utilized as predictor variables.

Data collection: The FFQ was collected on all participants at study entry (beginning of Phase I).
Those randomized to Phase II completed the FFQ at three additional time points; randomization
(beginning of Phase II), 12 and 30 months.

Intervention—The main intervention focused on long term maintenance of weight loss using the
Dietary Approaches to Hypertension (DASH) diet. This substudy examined whether changes to
specific dietary variables were associated with weight loss and maintenance.

Statistical analyses performed—Linear regression models that adjusted for change in total
energy examined the relationship between changes in dietary intake and weight for each time
period. Site, age, race, sex, and a race-sex interaction were included as covariates.

Results—Participants who substituted protein for fat lost, on average, 0.33 kg per 6-months
during Phase I (p<0.0001) and 0.07 kg per 6-months during Phase II (p<0.0001) per 1% increase
in protein. Increased intake of fruits and vegetables was associated with weight loss in Phases I
and II: 0.29 kg per 6-months (p<0.0001) and 0.04 kg per 6-months (p=0.0062), respectively, per 1-
serving increase. Substitution of carbohydrates for fat and protein for carbohydrates were
associated with weight loss during both phases. Increasing dairy intake was associated with
significant weight loss during Phase II (−0.17 kg per 6-months per 1-serving increase, p=0.0002),
but not in Phase I. Dietary fiber revealed no significant findings.

Conclusion—Increasing fruits, vegetables, and low-fat dairy may help achieve weight loss and
maintenance.
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INTRODUCTION
Obesity is a major contributor to soaring health-care costs. The rising prevalence of obesity
was reported to be responsible for almost $40 billion of increased medical spending in 2006,
while the overall medical costs of obesity accounted for an estimated $147 billion per year
in 2008 (1). Using prevalence data from the National Health and Nutrition Examination
Survey (NHANES), Wang et al. (2) predict that, should current trends continue, within 15
years 80% of all adults in the United States will be either overweight or obese.

Many weight loss interventions are aimed at changing behaviors and lifestyles. These
interventions include: prolonged continuous intervention contacts (3–5), self-monitoring (6–
7), accountability (8–9), motivational interviewing (10–13), frequent self-weighing (14) and
regular physical activity (15–17). The American Dietetic Association (ADA) has noted that
achieving a negative energy balance is the most important factor affecting amount and rate
of weight loss over time (18). Recommended strategies to achieve negative energy balance
include: calorie counting, modifying macronutrient composition and/or energy density, and
may include meal replacements or low calorie diets. Reducing dietary fat and/or
carbohydrates is a practical way to create a calorie deficit of 500 to 1000 kilocalories (kcal)
per day, and should result in a weight loss of one to two pounds per week (18). Hill notes
that even small reductions in energy intake (~100 kcal), coupled with increased physical
activity, can help reduce weight gain (19) and may have a greater likelihood of being
sustained in the long term.

The United States Department of Agriculture’s (USDA) MyPyramid helps people interpret
the USDA’s Dietary Guidelines for Americans, and essentially promotes a diet high in fruits
and vegetables and low in fat (20). The guidelines are jointly issued and updated every five
years by the USDA and the U.S. Department of Health and Human Services. The general
message of MyPyramid is that good dietary habits can promote health and reduce risk for
major chronic disease; the guidelines recommend the Dietary Approaches to Stop
Hypertension (DASH) diet as a model of healthy eating (20). The DASH diet promotes fruit
and vegetable intake, intake of low-fat dairy, focus on whole grains, reduced intake of meat,
and is low in fat at approximately 27–28% of calories (21). The DASH diet was shown to be
effective for weight loss in the PREMIER Study, which preceded the Weight Loss
Maintenance (WLM) trial and was conducted by the same investigative team, and included
both African Americans (AA) and Caucasians who were overweight and hypertensive (22).

Despite the recommendations by USDA and the proven outcomes associated with the
DASH diet, the research examining diet composition for the management of obesity remains
mixed. Previous studies have found that low fat diets promote short-term weight loss (23),
however, some studies suggest that low carbohydrate, high protein, and high fat diets may
also result in substantial weight loss (24). However, evidence for type of diet on long-term
weight maintenance remains debatable (25–26). A substantial body of literature exists
suggesting that weight loss can be achieved by varying the macronutrient distribution and
composition of dietary factors. Specifically, in a systematic review by Abete et al. (27), it
was concluded that there are numerous dietary strategies focused on macronutrient
distribution many of which have good weight loss outcomes. However, the challenge
remains to find the appropriate approach for weight maintenance and relapse prevention
tailored to the individual.
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Therefore, the purpose of this current substudy is threefold: 1) to provide additional
evidence to the literature on macronutrient composition specific to a diverse population of
at-risk patients with cardiovascular disease, 2) to determine which changes in consumption
of macronutrients, fruits, vegetables, low-fat dairy and dietary fiber were associated with
weight loss during an intensive behavioral weight loss phase (i.e., Phase I of the WLM trial)
and 3) to determine which changes in macronutrients, fruit, vegetable, low-fat dairy and
dietary fiber consumption were associated with maintenance of weight loss over a 30 month
period (i.e., WLM trial Phase II).

STUDY METHODS
The WLM study was funded by the National Heart, Lung, and Blood Institute (NHLBI) and
included 1,032 participants from four different sites (Pennington Biomedical Research
Center, Baton Rouge, LA; Kaiser Permanente Center for Health Research, Portland, OR;
Johns Hopkins University, Baltimore, MD; and Duke University Medical Center, Durham,
NC). The study was approved by Institutional Review Boards at each participating site and
by a protocol review committee appointed by the NHLBI. All participants provided written
informed consent, and a data and safety monitoring board provided trial oversight.
Enrollment occurred from August 2003–July 2004 and randomization, February–December
2004. Data collection was completed in June 2007.

The purpose of the WLM study was to examine strategies for maintenance of weight loss
after an initial 6 month weight loss phase (Phase I) and during a 30-month weight loss
maintenance phase (Phase II). During Phase I of WLM, participants were instructed in the
basics of the DASH diet. They were specifically asked to increase consumption of fruits and
vegetables, low-fat dairy and whole grains, along with other typical strategies for weight
loss. Participants were encouraged to continue these dietary habits in Phase II.

Data used in this substudy were collected at four time points: 1) entry into the trial (prior to
Phase I), 2) baseline (prior to randomized into Phase II), 3) 12months post-randomization,
and 4) 30 months post-randomization. Data collection included calibrated height and weight
and dietary intake information in the form of the Food Frequency Questionnaire (FFQ) (28).
A total of 1,685 participants completed Phase I of the trial. The 1,032 participants who lost a
minimum of 4 kg (i.e., successful Phase I participants) were randomized to the weight
maintenance phase (Phase II) of the WLM study. Figure 1 presents the study design and
helps to further clarify the design of the WLM trial. Additional details of the WLM trial
have been reported elsewhere (3, 8, 29–30). Of the participants in Phases I and II, 828
completed the FFQ at all four time points (study entry, at baseline prior to Phase II
randomization, and at 12 and 30 months post randomization) and are included in the current
analysis. The effect of specific maintenance condition on macronutrient intake was not a
focus of this substudy; rather the goal of this study was to examine changes in dietary
consumption across time. Therefore, all participants, regardless of randomization to study
treatment assignment, were collapsed into a single group for analysis.

Dietary intake was assessed using the Block FFQ (28). The 100-item National Cancer
Institute Block FFQ was created using data from NHANES II to measure relative nutrient
intake as well as to measure absolute nutrient values. The FFQ has been extensively
validated (28). The Block FFQ was used to identify foods that significantly contribute to
caloric intake of a large sample of the population and to identify 17 macro-and
micronutrients in the national diet (28, 31). The WLM study employed the NutritionQuest
Data-on-Demand System (32). Due to budgetary considerations, the FFQ was chosen to
estimate usual eating patterns of WLM participants. In Spring 2003, a training session for
WLM staff on administering and reviewing the FFQ was conducted by the lead
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interventionist at each site. Subsequent new staff members were trained by the clinic
coordinator. WLM staff filled in participant IDs, gender and age prior to giving the form to
participants. Verbal and written instructions were given for the FFQ along with the serving
size photo and a pencil for proper completion. Participants were asked to complete the
scannable form at home and return it at the next clinic visit. During screening and prior to
study entry into Phase I, FFQs were received and reviewed by the interventionist who
conducted the screening visit. After randomization into Phase II, FFQs administered at
baseline, 12- and 30-month visits, were reviewed for completeness by WLM clinic staff with
participants so that any blank answers could be resolved. FFQ booklets were photocopied
and stored in the coordinator’s office and the batches of the originals were mailed
periodically to NutritionQuest for scanning, analysis, and calculation of nutrient intakes. The
WLM Coordinating Center received the FFQ data from Block. Where needed, data queries
were sent to the study coordinator with detailed instructions for resolving data queries.

The Statistical Analysis System (SAS) (version 9.1, 2002, SAS Institute, Cary, NC) was
used for data analysis. Descriptive statistics, including frequencies, means and percentages,
were used to summarize the data; these included the total number of participants, those
completing the FFQ, age, ethnicity, educational level and household income. Changes in
weight, body mass index (BMI) and dietary intake were defined as the difference between
the measurements taken at the start and end of each measurement time period. Change in
dietary intake represents an individual's average change in daily dietary intake over the time
period. Least-squares mean changes in weight and dietary intake were calculated for each
time period; these means were derived from linear regression models that were adjusted for
site, age, physical activity, race, sex, and a race-sex interaction.

Linear regression models were used to examine the relationship between changes in dietary
intake and changes in weight during the 6 month pre-randomization phase (Phase I) and the
30 month post-randomization phase (Phase II) of the WLM study. Because of the different
lengths of the two study phases, weight change within Phase II was summarized by its
average 6-month weight change (i.e., total Phase II weight change divided by 5) to facilitate
comparisons between the two phases. Changes in intake of macronutrients were examined
in a multivariate nutrient density model in which changes in the macronutrient densities
were included as predictors of weight loss and change in total energy was included as a
covariate (33). Two separate regression models were fit to the data: one with Δ %
carbohydrate and Δ % protein as macronutrient predictors, and a second with Δ % fat and Δ
% protein as macronutrient predictors. Because total energy was included as a covariate, the
model describes the effect of substituting 1% of a macronutrient for an isocaloric amount of
another macronutrient (the macronutrient absent from the model), while intake of the third
macronutrient (the other macronutrient predictor in the model) is held constant.

Changes in intake of different food groups were examined in a standard multivariate model
in which changes in absolute intake (servings per day) of different food groups were
included as predictors, and change in total energy was included as a covariate (33); three
separate regression models (one for each food group of interest) were used in order to
estimate the three (non-independent) effects of increasing intake of recommended food
groups. All models also adjusted for the effects of age, race, sex, race-by-sex interaction,
and change in minutes of moderate to vigorous physical activity (MVPA) per week.
Physical activity was measured using accelerometers (30) Participants were instructed to
wear a calibrated, triaxial accelerometer (RT3, Stayhealthy Inc, Monrovia, CA) for at least
10 hours per day for at least 4 days, including 1 weekend day. Accelerometry results that
comprised at least 1 weekday and 1 weekend day were used to estimate total weekly minutes
of MVPA. This reflects both leisure time physical activity and daily activity patterns, and
provides a measure of total MVPA-related energy expenditure. While actual physical
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activity measures are not addressed in this paper, it is important that the dietary changes be
adjusted for change in physical activity, potentially a confounding factor.

RESULTS
The majority of the 1,032 participants randomized to the weight maintenance phase of the
study were non-African American (Non-AA; 62%), female (63%), with at least a college
education (61%), or with a household income level of at least $60,000 (57%). Of these, 828
(80.2%) completed a FFQ at all four time points and were included in this analysis.
Demographic characteristics were similar between those completing versus not completing
FFQs at all four time points (Table 1). When comparing the percentage of completed FFQs
in the 1032 participants of Phase II, the group with the lowest percentage completed for all
four time points was African American (AA) women. Within each race-sex group, those that
completed the FFQ at all four time points, and thus were included in the analysis, were
similar to the overall WLM sample in terms of age, education level and income. In terms of
weight loss, the participants with all four FFQs completed lost more weight initially (Phase
I) than those not completing all four FFQs and lost more weight overall. However, the Phase
II weight loss was similar among those with all four FFQs versus those without all FFQs
completed (data not shown).

Change in dietary components
All participants in this substudy experienced a minimum 4 kg weight loss during Phase I and
were randomized to weight maintenance (i.e., Phase II). From baseline to six months (Phase
I weight loss period), participants experienced significant decreases in weight (8.4 ± 0.1 kg)
and changes in all dietary components (Table 2). Energy intake at baseline was 2,031 ± 953
kcal and decreased on average by 377 ± 30 kcal, with a corresponding 8.1 ± 0.3% decrease
in fat, over the six month intervention. Significant increases from baseline to six months
were seen in percent kcal from carbohydrate (8.4 ± 0.3%) and protein (0.9 ± 0.1%), daily
dairy servings (0.4 ± 0.03) and daily fruit and vegetable servings (3.5 ± 0.1).

During the 30 month Phase II maintenance period, participants overall regained
approximately 52% of weight lost during the intervention. Even after weight regain,
however, participants maintained an average of 4.0 ± 0.2 kg weight loss, corresponding to a
−4.1% change, compared to their initial weight prior to Phase I. Dietary changes during
Phase II were moderate compared to those during the Phase I initial intervention; however,
compared to baseline eating habits prior to entry into Phase I, participants were still
consuming fewer kcal, less fat, more carbohydrate, more protein, more dairy, and more
fruits and vegetables.

Several observations were made regarding sex and race differences. Overall during the
entire period of both phases of the intervention AA males decreased their percentage of
protein intake (P=0.03), whereas other groups increased. Males increased fiber intake more
than women (P=0.01). During Phase I, it was noted that AAs did not decrease the percentage
of energy from fat compared to non-AAs (P=0.03). AA men had the lowest increase in
percentage of energy protein (P=0.004). AAs did not increase fruit and vegetable intake as
much as non-AAs (P=0.04). During Phase II, it was observed that that AAs did not decrease
the percentage of energy from carbohydrate as much as non-AAs (P=0.03).

Effects on weight loss of specific dietary changes
In both the weight loss and weight maintenance phases of the WLM substudy, substitution
of carbohydrates for fat, substitution of protein for fat, substitution of protein for
carbohydrates, and increasing intake of fruits and vegetables were associated with
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significant six-month weight loss (Table 3). Increasing dairy intake was associated with
significantly less weight regain in Phase II, but not significant weight loss in Phase I.
Increasing intake of dietary fiber was not associated with weight loss during either phase of
the trial. Substitution of protein for fat was associated with the largest six-month weight
changes during the intensive intervention, Phase I, at −0.33 kg per six months (per +1%
increase in protein) and resulted in a loss of −0.07 kg per six months during weight
maintenance (Phase II). Even after adjusting for total energy intake and physical activity, all
three macronutrient changes were associated with larger six-month weight changes during
the intervention compared to the weight maintenance phase. Of the three food group
changes examined, increasing consumption of fruits and vegetables was associated with the
largest six-month weight change during Phase I (−0.29 kg per six months, per +1 serving),
while increasing consumption of dairy products was associated with the largest six-month
weight change over Phase II (−0.17 kg per six months, per +1 serving).

DISCUSSION
This study reports dietary changes in diverse overweight, at-risk patients with cardiovascular
disease who successfully lost weight during an intensive weight loss program and
maintained a portion of their weight loss long-term. A recent position paper by the American
Dietetic Association (ADA) states that the most important factor influencing weight loss
over time is creating a state of negative energy balance (18). One recommended strategy for
achieving a reduction in energy balance is modifying macronutrient composition and/or
energy density. The WLM trial promoted use of the DASH diet to create negative energy
balance during both weight loss and weight maintenance phases. Weight loss was clinically
relevant (34–35), and similar to previous weight loss studies. However, weight regain is a
common problem and remains a challenge in weight loss interventions (36–37). Weight
regain experienced in this study population was comparable with other studies. However,
despite weight regain, even modest amounts of weight loss result in clinically significant
benefits. Modest weight loss improves cardiovascular risk factors (34, 38–40), decreases
systolic blood pressure (41), and promotes a reduction in incident diabetes (35).

Thirty-eight percent of the study population was minority. Minorities are generally
underrepresented in weight loss literature, usually experiencing less weight loss (42). Race
effects are typically not revealed in studies due to lack of statistical power to show effect.
However, this substudy was sufficiently powered to demonstrate significant race effects
with regards to dietary composition (e.g., protein, fat, carbohydrates, fruits and vegetables).
Although these results should be interpreted cautiously due to the limitations of using
multiple comparisons within each regression model, the findings remain unique. Notably, to
date, there are no other studies of dietary composition examining race effects. These results
suggest that culturally-specific, tailored dietary recommendations, based on preferences for
more satiating foods, may prove beneficial in weight loss promotion among AAs.

In addition to a reduction in kcal intake, participants decreased fat intake while increasing
protein, dairy, and fruits and vegetables, suggesting that participants were adherent to
recommendations of the DASH diet, albeit not to the exact levels promoted. The Dietary
Guidelines for Americans 2010 (20) recommends a range of carbohydrate consumption at
45–65% of energy and DASH recommends 55%. In this study, participants were initially at
the lower end of daily carbohydrate intake (e.g., 46.9%), met the DASH recommendations
in Phase I (55.3%), and ended Phase II at approximately 51%.

The pattern of fat intake varied across the study phases, but resulted in a net deficit
suggesting a total decrease in fat over time. Specifically, Phase I resulted in a decrease of fat
intake, but increased during Phase II. Nutrition intervention studies have focused on
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reducing dietary fat; however, long-term results have not always yielded positive results (27,
43–44). Traditional recommendations for macronutrient distribution include decreased
dietary fat intake, with favorable short-term weight loss. However, low reported satiety (45–
46) and participant inability to sustain adherence long-term has made maintenance of weight
loss problematic. Results from this substudy seem to mirror similar issues in the literature;
during the short-term, the ability to reduce dietary fat is more pronounced, however,
sustaining fat reduction wanes over time.

Similarly, increased energy from protein was observed, yet levels did not reach the DASH
dietary pattern for protein (18% of energy). As previously mentioned, there has been an
increase in intervention studies focused on decreasing hunger and increasing satiety in order
to facilitate weight maintenance and improve long-term adherence (47–49). Many of these
diets have had success with weight loss promotion through use of a moderately high protein
diet. In this substudy, protein levels were lower than those promoted in these alternative
diets. It is plausible that participants experienced difficulty with dietary adherence long-term
due to reductions in dietary fat and protein. Future research should systematically assess
observed levels of satiety and subjective ratings of fullness to determine whether dietary
composition impacts hunger levels.

Gender differences have been observed in the literature regarding fruit and vegetable
intakes. In a study involving increased fiber and associated weight loss in women,
researchers observed higher fruit and vegetable consumption (50). A recent weight loss
study in men by Collins and colleagues (51) found that men reported some positive dietary
changes during weight loss, however, significant increases in vegetables and decreases in
alcohol were not observed. de Oliveria et al. (50) and Collins et al. (51) studies suggest that
the impact of sex differences in dietary changes during weight loss merits additional
research. In this substudy, sex effects were analyzed and outcomes interpreted with caution
since each model contained multiple comparisons. However, a few sex differences were
revealed. AA men had lower increases in protein intake across the study duration, and men,
in general, increased fiber more than women. de Oliveria et al. (50) found that women
increased dietary fiber through consumption of fruits and vegetables, whereas Collins et al.
(51) reported that men did not significantly increase fruit and vegetable intake during the
weight loss program. This current substudy reported increased fruit and vegetable intake
regardless of sex, yet a significantly higher intake of fiber in men compared to women.
Therefore, observations from this substudy suggest that increasing servings of fruits and
vegetables regardless of sex has an important role in successful weight loss; while additional
dietary fiber intake through sources other than fruits and vegetables may be a preference
among men. An examination of gender preferences with regards to diet composition merits
further investigation and may elucidate methods to optimize weight loss outcomes based on
sex.

Dietary fiber intake significantly increased most likely secondary to increases in fruits and
vegetables. Study participants reported a 20% increase in dietary fiber from study start. The
ADA’s position statement on health implications for dietary fiber suggests whole foods,
high in dietary fiber, assist with weight loss (52). The NHLBI has sponsored several studies
on the DASH eating pattern proven to be an effective weight loss diet (53–55). However,
dietary fiber per se was not associated with weight loss in the current substudy. This
population reported dietary intakes of 24 g/day exceeding the reported 15 g/day previously
reported but falling short of the recommended 25 g/day for women and 38 g/day for men
(20). Slavin (56) reported that epidemiologic studies support that dietary fiber prevents
obesity; fiber intake is inversely associated with body fat, BMI, and weight. However,
results from clinical intervention studies are mixed (57–59). General findings suggest that
increases in dietary fiber reduce caloric intake resulting in decreased body weight, yet
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mechanisms of action remain undetermined. While this needs further investigation, it is
unknown if specific aspects of DASH or the dietary pattern as a whole contributes to weight
loss, but may provide a framework and macronutrient profile for sustaining calorie
reduction.

The increase in total number of dairy servings was associated with weight loss in Phase I
and significantly associated with less regain in Phase II. Adding low-fat dairy calories, while
eliminating products such as sugar sweetened beverages, provides individuals with a better
quality diet (60). Zemel et al. (61) found that increasing dietary calcium intake from
approximately 400 to 1,200 mg per day during energy restriction resulted in 26% to 28%
increase in weight and fat loss, respectively. Another study determined effects of dietary
calcium on body weight and fat loss, secondary to energy-restricted diets (500 kcal/d)
comparing effects of supplemental calcium carbonate and dairy calcium and found that 400
to 1,300 mg of calcium per day significantly augmented weight and fat loss secondary to
caloric restriction (62). Zemel (63) noted that a high-calcium, high dairy diet enhanced
efficacy of energy restricted diets in weight control. Although, Zemel’s research suggests
that dietary calcium plays an important role in weight loss, other evidence is less conclusive.
In a systematic literature review, Lanou and Barnard (64) evaluated 49 trials examining
effects of dairy product or calcium intake on body weight. Forty-one found non-significant
results suggesting that the majority of clinical trials are not supportive of dairy products or
calcium supplementation on weight management. Additionally, ADA’s practice guidelines
for Adult Weight Management encourage low fat dairy foods for weight loss; citing research
suggesting that calcium intake lower than recommended levels is associated with increased
body weight. However, the effects of levels of calcium at or above that recommended for
weight loss remains unclear (18).

LIMITATIONS
Because weight loss during Phase I was required for entry into Phase II, there was not
comparable dietary information for people who did not lose enough weight to continue into
Phase II. Therefore, this could be construed as participation bias since only those who lost
weight initially were only eligible for inclusion; hence these results have limitation
regarding external validity. It is possible that there were Phase I participants who had similar
changes to their diets as those who continued in Phase II, but because they did not lose
weight initially, follow-up data was not available for them to be included. In addition,
teasing out causal determinants of weight regain in Phase II is challenging. Even though on
average participants regained only half the weight lost in Phase I, this is still a significant
regain.

Bias may also be associated with self-administered FFQs. Although strategies were in place
to assure proper completion, inherent bias exists when individuals are relied upon to
complete such an instrument. An additional limitation is that 19.2% of participants were
excluded from analysis due to missing FFQ data for at least one time point. Although no
systematic differences were found between those with complete versus incomplete FFQ
data, exclusion of these participants may limit generalizability of findings.

CONCLUSIONS AND IMPLICATIONS
A great deal of interest surrounds the question of what dietary changes may be most
effective in weight loss and maintenance efforts. The results of this substudy indicate that
increases in fruits, vegetables, and low-fat dairy, as part of a calorie controlled diet, helps
both achieve and maintain weight loss. All of these dietary components contribute to a
reduction of total daily kcal intake. Fruits and vegetables, an important component of
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healthy weight loss programs provide few calories, but considerable amounts of fiber,
vitamins, and minerals. This study systematically looked at an at-risk, diverse population,
and found interesting race and gender effects. This needs to be further researched so that
tailored approaches to diet can be established based on demographic and self-reported food
preferences. Further research examining dietary components with current self-reported food
preferences might further clarify how individuals maximize weight loss over time.
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Figure 1. Weight Loss Maintenance Trial study design
Note that food frequency questionnaires (FFQs)were collected at 4 time points: study entry,
randomization into Phase II, and 12 and 30 months following Phase II randomization.
Individuals not randomized into Phase II did not complete any further data collection, hence
no FFQ was available for unsuccessful Phase I participants.
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Table 2

Initial variables [mean (SDa)] and adjusted weight change and dietary changes [mean (SEb)], overall and by
intervention (Phase I) and maintenance (Phase II) (n = 828).

Visit Initial c
Intervention

(Phase I) changed
Maintenance

(Phase II) changed Overall change d

Weight (kg) 98.6 (16.9) −8.4 (0.1)*** 4.4 (0.2)*** −4.0 (0.2)***

% change −8.6 (0.1)*** 5.0 (0.2)*** −4.1 (0.2)***

BMI (kg/m2) 34.0 (5.0) −2.9 (0.1)*** 1.5 (0.1)*** −1.4 (0.1)***

Energy intake (kcal/d) 2028 (1116) −376.6 (30.2)*** 51.5 (24.9)* −325.1 (33.1)***

Percent energy from carbohydrate 46.9 (8.8) 8.4 (0.3)*** −3.7 (0.4)***+ 4.7 (0.4)***

Percent energy from fat 38.5 (7.6) −8.1 (0.3)*** + 3.5 (0.3)*** −4.6 (0.3)***

Percent energy from protein 15.2 (3.4) 0.9 (0.1)***ʃ −0.5 (0.1)*** 0.4 (0.1)**ʄ

Fruit and vegetable servings, number 5.2 (3.0) 3.5 (0.1)*** + −1.9 (0.2)*** 1.6 (0.12)***

Dairy servings, number 1.1 (0.9) 0.4 (0.03)*** −0.2 (0.03)*** 0.2 (0.03)***

Dietary fiber (g) 18.9 (10.8) 3.7 (0.3)*** −2.3 (0.4)*** 1.5 (0.3)**‡

a
SD = Standard Deviation

b
SE = Standard Error

c
Adjusted mean (SD) given for initial measures.

d
Change estimates are mean (SE). Least-squares mean (SE) adjusted for site, age, race, sex, and race-by-sex interaction.

*
P<0.05,

**
P<0.01,

***
P<0.0001

+
Race difference, P<0.05

‡
Sex difference, P<0.01

ʃ
Race and Sex interaction, P<0.01;

ʄ
P<0.05
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