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Abstract

Background—Consuming foods low in energy density (kcal/g) decreases energy intake over
several days, but the effectiveness of this strategy for weight loss has not been tested.

Objective—The effects on weight loss of 2 strategies for reducing the energy density of the diet
were compared over 1.

Design—Obese women (n = 97) were randomly assigned to groups counseled either to reduce their
fat intake (RF group) or to reduce their fat intake and increase their intake of water-rich foods,
particularly fruit and vegetables (RF+FV group). No goals for energy or fat intake were assigned:;
the subjects were instructed to eat ad libitum amounts of food while following the principles of their
diet.

Results—After 1y, study completers (n = 71) in both groups had significant decreases in body
weight (P < 0.0001). Subjects in the RF+FV group, however, had a significantly different pattern of
weight loss (P = 0.002) than did subjects in the RF group. After 1y, the RF+FV group lost 7.9 £ 0.9
kg and the RF group lost 6.4 £+ 0.9 kg. Analysis of all randomly assigned subjects also showed a
different pattern of weight loss between groups (P = 0.021). Diet records indicated that both groups
had similar reductions in fat intake. The RF+FV group, however, had a lower dietary energy density
than did the RF group (P = 0.019) as the result of consuming a greater weight of food (P = 0.025),
especially fruit and vegetables (P = 0.037). The RF+FV group also reported less hunger (P = 0.003).

Conclusion—Reducing dietary energy density, particularly by combining increased fruit and
vegetable intakes with decreased fat intake, is an effective strategy for managing body weight while
controlling hunger.
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INTRODUCTION

With the prevalence of obesity doubling since 1980 (1), there is an urgent need for effective,
nutritionally balanced weight-loss strategies. Although many diets produce short-term weight
loss, long-term dietary adherence and maintenance of weight loss are difficult to achieve (2).
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Approaches to reduce energy intake typically focus on limiting portions or food choices;
however, such restrictive approaches may lead to hunger and dissatisfaction. In clinical trials,
hunger has been associated with a lack of weight loss or with weight regain (3-5). Conversely,
a dietary strategy that helps individuals control hunger by eating satisfying amounts of food
could improve adherence and increase weight loss. One such approach is to encourage
individuals to decrease the energy density of the diet by consuming low-energy-density foods.

The energy density (kcal/g) of the diet can be decreased by reducing intake of fat, which has
a higher energy density (9 kcal/g) than does carbohydrate or protein (4 kcal/g). Incorporating
water-rich foods such as fruit and vegetables into the diet can also reduce dietary energy density
because water adds weight and volume to food without adding energy. For the same number
of calories, individuals following a low-energy-density diet can eat a greater weight of food,
and thus may experience less hunger than do individuals following a diet that restricts portions.

Multiple laboratory-based, controlled studies have been conducted in which participants were
served test foods or diets that were varied in either fat content, the amount of fruit and
vegetables, or both (6-13). The results of these studies indicated that these strategies to reduce
dietary energy density were effective for decreasing energy intake for periods of up to 11 wk.
Several clinical trials found that restricting fat consumption and combining fat reduction with
increased fruit and vegetable intake both lead to weight loss (14-17). Although these trials did
not assess the energy density of the diet (18), it is possible that the weight loss was related to
a decrease in dietary energy density. The specific influence of dietary energy density on body
weight, however, has not been extensively investigated. One trial that did assess both energy
density and body weight found that instructing subjects to incorporate 2 servings of low-
energy-density soup daily into a reduced-calorie diet led to greater weight loss than did
incorporation of the same amount of energy as high-energy-density snack foods (19). These
studies suggest that reducing the energy density of the diet is likely to be an effective strategy
for weight management and should be explored further.

The present trial investigated the effects on weight loss of advice for reducing the energy
density of the diet. Two different strategies were tested: one advised a reduction in fat intake
and the other promoted an increased consumption of water-rich foods along with a reduction
in fat intake. It was hypothesized that advising individuals to follow a reduced-fat diet would
lead to a decrease in dietary energy density that would be associated with weight loss. In
addition, it was hypothesized that promoting the incorporation of water-rich foods into a
reduced-fat diet would lead to a further reduction in dietary energy density and energy intake,
greater weight loss, and less hunger than would advising a reduced-fat diet alone.

SUBJECTS AND METHODS

Subjects

Potential subjects were recruited through flyers and newspaper advertisements. Eligibility was
determined through a telephone interview, a physical screening, and questionnaires assessing
symptoms of depression (20), symptoms of eating disorders (21-23), and the ability to safely
engage in physical activity (24). Subjects were considered for inclusion in the study if they
were women aged 20 to 60 y with a body mass index (BMI; in kg/m?) of 30 to 40; thus, all
subjects were classified as obese (25). Respondents were excluded if they had blood pressure
>140/90 mm Hg, serum triacylglycerols >400 mg/dL, or total cholesterol higher than the 90th
percentile for their age (26); had a serious medical condition that precluded participation or
any condition limiting physical activity; were pregnant or lactating; were taking a selective
serotonin re-uptake inhibitor; had symptoms of depression or disordered eating; or were
participating in a weight-loss program.
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The sample size required in the trial was estimated by using data from obese women who
participated in a weight-loss trial utilizing a dietary intervention with a similar frequency of
contact (19). It was estimated that a sample of 35 subjects per intervention group would allow
the detection of a 2.4-kg (5.3-1b) difference in weight loss between the groups by use of a
repeated-measures analysis with a significance level of 0.05 and 80% power. On the basis of
the previous trial, a subject attrition rate of 30% was predicted; thus, the aim was to enroll 50
subjects per intervention group.

One hundred ten women met the initial inclusion criteria and participated in a two-week run-
in period (27,28). During this period, 97 women met the secondary inclusion criteria
(completing paperwork and attending sessions). These subjects were classified by age and
severity of obesity (BMI) and were randomly assigned to 1 of 2 intervention groups through
the use of a stratified permuted block design (Figure 1). Because this was to be the first
intervention of this type to assess energy density, only women were tested to simplify the design
and to enhance statistical power. Subjects provided written informed consent and were
financially compensated for their participation. The protocol was approved by the Office for
Research Protections of The Pennsylvania State University, and the clinical trial was conducted
at the General Clinical Research Center at the University Park campus. This study was
registered in the public trial registry maintained by the US National Library of Medicine (http://
www.clinicaltrials.gov) as “Factors Affecting Caloric Regulation in Human

Feeding” (NCT00108784).

Study design

The year-long intervention was divided into 2 phases. During the first 6 mo (phase 1),
participants met individually with a dietitian once per week, attending a maximum of 26
counseling sessions lasting =30 min. During the second 6 mo (phase 2), participants attended
one small group session and one individual session with a dietitian each month. They attended
amaximum of six 60-min small group sessions and six 15- to 30-min individual sessions during
this phase.

Subjects in both intervention groups received the same amount of instruction on fat reduction,
behavior change, physical activity, and the principles of their diets. To avoid counseling bias,
individual dietitians spent a similar proportion of their time with subjects in each intervention
group. Because the intervention required specific dietary changes, neither the participants nor
the dietitians were blinded to intervention assignment. Although the participants were aware
that there were 2 intervention groups, they were unaware of the dietary advice that was being
provided to the other group.

Interventions

The goal for the subjects in both intervention groups was to reduce the energy density of their
diets; however, the groups were taught different dietary strategies to achieve this goal. The
reduced-fat (RF) group was advised to reduce fat intake, whereas the reduced-fat plus increased
fruit and vegetable (RF+FV) group was advised to reduce fat intake and increase intake of
water-rich foods, especially fruit and vegetables. Within each of the strategies, the subjects
were taught to make food choices (reduced-fat foods or reduced-fat and water-rich foods) that
were reduced in energy density and appropriate in portion size. Neither group was given daily
limits for energy or fat intake; the subjects were instructed to eat ad libitum amounts of food
while following the principles of their assigned diet.

Phase 1 (individual lessons)

During phase 1, the subjects received written materials and individual instruction from the
dietitians. To achieve a reduced-fat diet, the subjects were instructed in cooking and recipe

Am J Clin Nutr. Author manuscript; available in PMC 2008 June 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Ello-Martin et al.

Page 4

modifications and grocery shopping and dining-out strategies and were provided with meal
and snack ideas. Subjects in the RF group were taught recommended serving sizes for common
foods (29) and were advised to choose appropriate portion sizes. To match the 2 groups for the
amount of instruction provided, the RF group was also counseled on nutrition topics important
for women’s health (eg, iron intake).

Subjects in the RF+FV group were instructed in the same methods of dietary change as were
the subjects in the RF group, but strategies to increase water-rich foods (eg, fruit, vegetables,
and soups) were included in addition to strategies to reduce fat. These subjects were also taught
about recommended serving sizes (29), but were encouraged to eat larger, satisfying portions
of low-energy-density foods (fruit, vegetables, and soups) and recommended serving sizes of
medium- and high-energy-density foods (30).

Subjects in both groups received the same behavior therapy recommendations based on social
cognitive theory (31,32). Behavioral therapy emphasized increasing self-efficacy for lifestyle
changes. Some key topics incorporated into the intervention were self-monitoring, goal setting,
social support networks, coping with emotional eating, managing stress and the environment,
overcoming obstacles, problem solving, and handling setbacks.

Physical activity information for both groups focused on walking and using a pedometer to set
goals and track progress. Subjects’ baseline step counts were determined over 7 days during
the first week of the study. Subjects set goals to gradually increase their step counts by 20%
of their baseline measure or 2000 steps per day (33,34). The long-term goal for subjects was
to reach 10 000 steps per day.

Phase 2 (group and individual lessons)

During phase 2, the subjects met in small groups within their intervention group (RF or RF
+FV) to review the material presented during phase 1. The group lessons, which were led by
the dietitians, comprised 6 topics for practical review: holiday eating, cooking and recipe
modification, appropriate portion sizes, label reading, dining out, and grocery shopping.
Although the primary focus of the group sessions was on the diet, physical activity was
encouraged and all subjects received a handout at the conclusion of each session with practical
information related to activity. During monthly individual sessions, the dietitians met with the
subjects to review their diet records and discuss any questions or concerns.

Assessment of study outcomes

Changes in body weight and body composition—At each session, the subjects were
weighed (within 0.1 kg) without shoes and while wearing light clothing on a calibrated scale.
Standing height (within 0.5 cm) was measured at baseline and was confirmed at month 6. Body-
composition measures were taken at baseline and months 3, 6, and 12. Percentage of body fat
(within 0.1%) was measured by using bioelectrical impedance (Biodynamics model 310;

Biodynamics Corporation, Seattle, WA) after the subjects had fasted for 12 h. The day before
the impedance measurement, the subjects were instructed to abstain from alcohol and to drink
plenty of fluids to be well hydrated (35). Waist circumference was measured (within 0.5 cm)
by using the protocol of the third National Health and Nutrition Examination Survey (36,37).

Diet composition—Before starting the study, the subjects attended a training session that
taught them how to properly complete 3-d diet records; the session included special instructions
on recording foods and beverages so that energy density could be correctly calculated. The
subjects completed detailed diet records for 3 consecutive days (2 weekdays and 1 weekend
day) every 2 wk during phase 1 and every 4 wk during phase 2. During the counseling sessions,
the dietitians reviewed the diet records with the subjects to promote completeness and accuracy.
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The diet records were analyzed by the Diet Assessment Center at The Pennsylvania State
University, which has experience in calculating energy density from food records by using the
Nutrition Data System for Research (Nutrition Coordinating Center, University of Minnesota,
Minneapolis, MN). In the analyses of total energy intake, all foods and caloric beverages were
included. Fruit and vegetable intakes were analyzed both with and without those that were fried
and dried to examine the effect of water-rich fruit and vegetables on weight loss.

Food energy density was calculated as the ratio between food energy (kcal) and food weight
(9), excluding caloric beverages (such as milk and juices) as well as noncaloric beverages. The
inclusion of beverages may disproportionately influence the calculation of energy density
because beverages tend to be much lower in energy density than are most foods (38).
Epidemiologic data indicate that including beverages may diminish associations between
energy density and outcome variables because of increased within-person variance (38).

Hunger and satiety—On the same days that the subjects completed their diet records, they
also rated their daily hunger and fullness 1.5 h after their evening meal (39-41) by using 100-
mm visual analogue scales. For example, hunger was assessed with the question “How hungry
did you feel today? ”; the scale was anchored on the left by “not at all hungry” and on the right
by “extremely hungry.” Hunger and fullness were also rated immediately before and after each
meal (breakfast, lunch, and dinner) on the first day that subjects completed diet records. Meal
ratings were collected to assess the reliability of the single daily ratings.

Physical activity—Walking, the physical activity emphasized in the intervention, was
measured by daily step counts. Subjects were provided with calibrated pedometers and were
instructed in their use. They were required to record a minimum of 3 d of step counts every 2
wk in phase 1 and once per month in phase 2. The subjects recorded their step counts on the
same 3 days that they recorded their food intake and rated their hunger and satiety.

Diet satisfaction—Subjects completed a Diet Satisfaction Questionnaire at baseline and
months 3, 6, and 12 (42). The details of the development and validation of this instrument will
be presented in a separate publication. Briefly, this questionnaire evaluates a variety of issues
identified from the literature that may affect satisfaction with the diet. It assesses the following
7 factors, which were determined by principal components analyses: family dynamics, cost,
preparation, convenience, healthy lifestyle, negative aspects, and preoccupation with food. The
questionnaire provides a score for each of the factors as well as a global score for overall diet
satisfaction. Items are coded so that a higher score indicates greater satisfaction or perceived
benefit.

Psychosocial factors—The subjects completed several questionnaires at baseline, 6 mo,
and 12 mo, including the Eating Inventory (43) to measure dietary restraint (the tendency to
consciously restrict food intake to control body weight), disinhibition (the loss of control over
eating in response to emotional or social cues), and hunger (the tendency to subjective feelings
of hunger). At the same time points, the subjects also completed the Beck Depression Inventory
I1 (20), which measures symptoms of depression in obese individuals, and the Eating Habits
Checklist (23), which assesses the extent to which obese individuals experience binge eating
problems.

Laboratory analyses and blood pressure—Blood samples were taken and analyzed for
lipids and insulin at baseline and at 3, 6, and 12 mo and were analyzed for carotenoids at
baseline, 6 mo, and 12 mo. The subjects were required to fast for 12 h and to abstain from
alcohol for 48 h before providing a blood sample. Insulin and lipids were analyzed by Clinical
Laboratory Services, Penn State Milton S Hershey Medical Center. Serum concentrations of
total cholesterol and triacylglycerol were measured by enzymatic procedures (44). HDL
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cholesterol was measured after the precipitation of apolipoprotein B—containing lipoproteins
in whole plasma by heparin-manganese chloride (45); LDL-cholesterol concentrations were
calculated with use of the Friedewald equation (46). Carotenoids were analyzed by the
University of California, San Diego, Cancer Center Nutrition Shared Resource. Plasma
carotenoids were separated and quantified with an HPLC method (47). Blood pressure was
measured twice per counseling session according to a standard protocol (48).

Statistical methods

RESULTS

Subjects

All outcomes were analyzed by using a mixed model that included intervention group as a
fixed effect. For the outcomes that were measured at many time points, including body weight,
a random coefficients analysis was used to model the longitudinal response over time (49).
Time was treated as a continuous covariate in the model, and lower-order polynomial factors
of time were fitted if they were significantly related to the outcome. This model accounts for
the correlation of the repeated measures within subjects by allowing the longitudinal response
to vary randomly for each subject. Thus, the model can estimate changes in outcomes on the
basis of all observations, including data for subjects who withdraw from the trial (50). By use
of this method, the outcome of body weight was analyzed both for study completers and for
all randomly assigned subjects. For outcomes such as dietary intakes and blood lipids, which
were measured at few time points, the within-subject correlation was accounted for by using
a covariance pattern in the mixed model. For all outcomes, the baseline value was included as
a covariate; additionally, serum total cholesterol and BMI were included as covariates for the
analysis of blood carotenoids (51).

Multivariate ANOVA was used to test macronutrient intakes as a percentage of total energy
intake. Step-wise regression analyses were performed to predict weight loss on the basis of
dietary measures (energy intake, energy density of food, total fat intake, combined fruit and
vegetable intake, and total weight of food), physical activity (step counts), and scores from the
Eating Inventory (dietary restraint, disinhibition, and hunger) at months 1, 2, 3, 6, 9, and 12.
All analyses were performed by using SAS software (version 9; SAS Institute Inc, Cary, NC).
Results were considered significant at P < 0.05; values are presented as means + SEMs.

There were no significant differences at baseline in characteristics of the subjects assigned to
the 2 intervention groups (Table 1). Subjects ranged in age from 22 to 60 y, and 76% were
employed full-time. At 12 mo, 71 subjects (73%) remained in the trial; these subjects are
referred to as the study completers (Figure 1). The reasons given most frequently for withdrawal
were inability to attend the counseling sessions because of schedule conflicts and relocation
out of the area. There were no significant differences in baseline characteristics, including body
weight, between the participants who completed the trial and those who withdrew.

Changes in body weight and body composition

After 1y, study completers in both intervention groups (n = 71) had lost a significant amount
of weight compared with their baseline values (P < 0.0001; Table 2). Over the course of the
trial, however, study completers who were advised to reduce their dietary fat intake and increase
their intake of water-rich foods (RF+FV group) had a significantly different pattern of weight
loss than did subjects who were advised to reduce their fat intake alone (RF group) (P = 0.002
for group x time interaction; Figure 2). During the first 6 mo of the trial (phase 1), completers
in the RF+FV group lost more body weight (8.9 + 0.8 kg, or 19.6 + 1.8 Ib) than did those in
the RF group (6.7 £0.7 kg, or 14.7 + 1.5 Ib; P = 0.034), a difference of 33%. During the second
6 mo of the trial (phase 2), the pattern of weight change did not differ significantly between
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the groups (P = 0.056). In phase 2, when subject contact was less frequent, weight was well
maintained; subjects in both groups regained an average of 0.7 £ 0.4 kg (1.5 £ 0.9 Ib). At the
end of the trial, mean weight loss was 7.9 + 0.9 kg (17.4 + 1.9 Ib) in the RF+FV group and 6.4
+ 0.9 kg (14.1 = 1.9 Ib) in the RF group.

The analysis of all randomly assigned subjects (n = 97) yielded conclusions similar to the
analysis of study completers: over the course of the year, subjects in the RF+FV group lost
significantly more body weight than did subjects in the RF group (P = 0.021). When all
available data were included, the estimate of weight loss at the end of the trial was smaller in
both groups (6.4 + 0.8 kg in the RF+FV group and 4.9 + 0.8 kg in the RF group). As in the
analysis of completers, during phase 1 of the trial, there was a greater decline in body weight
in the RF+FV group than in the RF group (P = 0.003), and during phase 2, the pattern of weight
change did not differ significantly between the groups (P = 0.074).

Over the course of the study, study completers in both groups showed significant decreases in
BMI, percentage body fat, and waist circumference from baseline values (P <0.0001; Table
2). Subjects in the RF+FV group had a significantly different pattern in the change in BMI
than did subjects in the RF group (P < 0.0001 for group x time interaction). During phase 1,
completers in the RF+FV group had a greater decrease in BMI than did those in the RF group
(—3.3+£ 0.3 versus —2.5 + 0.3; P = 0.0001), whereas during phase 2, changes in BMI did not
differ significantly between the groups (2.9 £ 0.4 in the RF+FV group and —2.4 + 0.4 in the
RF group; P = 0.514). After 1y of intervention, 49% of subjects in the RF+FV group were no
longer classified as obese (BMI > 30) compared with 28% of subjects in the RF group (P =
0.071). Measured body fat decreased by an average of 7% for subjects in both groups. Apart
from differences in weight loss and BMI, there were no significant differences between the
groups in body-composition measures.

Reported diet composition, hunger and satiety, and physical activity

Examination of diet records indicated that study completers in both groups made dietary
changes that resulted in a significant decrease in the energy density of their diets (P < 0.0001;
Figure 3). Participants in the RF+FV group, however, reduced the energy density of their diets
during the intervention to a greater extent (1.23 £ 0.02 kcal/g) than did those in the RF group
(1.46 + 0.02 kcal/g; P =0.019). Diet records showed that subjects in both groups significantly
reduced their fat intake from 34.5 + 0.6% of energy at baseline to 28.4 + 0.4% during the
intervention (P < 0.0001). Fat intake did not differ significantly between the groups (P = 0.50;
Table 3); this was expected because both groups received the same advice for dietary fat
reduction. Similarly, reported intakes of carbohydrates and protein did not differ significantly
between the groups during the intervention; the groups consumed a mean of 54.4 + 0.5% of
energy from carbohydrate and 18.0 + 0.2% of energy from protein. The groups differed,
however, in reported fruit and vegetable intake; this was expected because the dietary advice
concerning fruit and vegetables differed between the groups. Subjects in the RF+FV group
reported a greater intake of fruit and vegetables (P = 0.037; Table 3) than did those in the RF
group; this was true regardless of whether fried and dried fruit and vegetables were included
in the analysis. Subjects in the RF+FV group also consumed significantly more dietary fiber
(9/1000 kcal; P = 0.001).

Diet records during the intervention showed a reduction in energy intake from baseline values
of =500 kcal/d (P <0.0001; Table 3), which did not differ significantly between the groups.
The difference in weight loss between the groups corresponded with an estimated difference
in energy intake of =100 kcal/d, whereas the SE of the difference in energy intake between the
groups was 113 kcal. Thus, given the variability in reported energy intake, we were not able
to detect a difference in energy intake between the groups that would account for the difference
in weight loss.
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There was a significant difference between the groups in the weight of food consumed during
the trial. Subjects in the RF+FV group reported consuming significantly more food than did
subjects in the RF group (P = 0.025; Table 3). Specifically, the subjects who were encouraged
to eat satisfying portions of low-energy-density, water-rich foods (RF+FV group) consumed
a mean of 225 g (25%) more food daily.

Daily ratings of hunger, as measured by visual analogue scales at the end of the day, did not
differ significantly from baseline for subjects in the RF group. Over the course of the study,
however, hunger ratings reported by subjects in the RF+FV group were significantly lower
than their ratings at baseline (P = 0.030). This resulted in significantly different ratings for
hunger between the groups during the intervention (RF+FV group: 46.7 + 2.2; RF group: 53.5
+2.2; P =0.003). Ratings for fullness did not differ significantly between the groups. Analyses
to assess the reliability of the daily measures showed that daily hunger ratings were
significantly correlated with hunger ratings collected before and after meals; these results will
be reported in a separate publication.

Physical activity, as measured by step counts, increased significantly from baseline for subjects
in both groups (P <0.0001; Table 3). Step counts did not differ significantly between the groups
during the trial (P = 0.50); this was expected because the advice given for physical activity
was the same for both groups. Subjects in both groups increased their daily step counts by an
additional 2427 + 100 steps/d to a total of 8735 + 70 steps/d over the course of the trial. This
exceeded the goal of an additional 2000 steps/d and increased the average daily step count by
38% from baseline, an increase that was maintained over the course of the year.

Questionnaires

Overall scores for satisfaction were significantly higher for the intervention diets (3.6 £ 0.1)
than for the baseline diets (3.2 + 0.1) for subjects in both groups (maximum score 5.0; P <
0.0001). There were no significant differences between the 2 dietary approaches in any of the
ratings of diet satisfaction. Subjects in both groups rated their intervention diets as providing
greater health benefits, having fewer negative aspects, working better within the family context,
and leading to less preoccupation with food than did their baseline diets (P < 0.0001). Ratings
of perceived cost effectiveness, preparation time, and convenience were lower for both diet
strategies than for the diets consumed at baseline (all P < 0.05), but there were no significant
differences between the groups.

Although there were significant changes from baseline on scores from the Eating Inventory,
the Beck Depression Inventory |1, and the Eating Habits Checklist, there were no significant
differences between the groups. Analysis of the Eating Inventory showed that for all subjects
there was a significant increase in dietary restraint scores at 6 and 12 mo (mean score 14.7 =
0.3; P <0.0001), whereas scores for disinhibition and hunger decreased at these time points
(mean scores: 7.3 £ 0.3 and 4.4 + 0.3, respectively; P < 0.0001). There were significant
improvements in depression scores for subjects in both groups (mean score: 4.6 £ 0.4; P <
0.0001), as well as a significant decrease in scores for degree of binge-eating problems at both
6 and 12 mo (mean score: 7.7 £ 0.4; P < 0.0001).

Laboratory outcomes and blood pressure

Subjects showed beneficial changes from baseline in several physiologic values, even though
baseline values were within normal ranges. Significant changes from baseline were seen in
both groups for insulin, and at some time points for all cholesterol measures except LDL
cholesterol (Table 4). Improvements in physiologic measures were significantly greater in the
RF+FV group than in the RF group at various time points during the study for insulin, non-
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HDL cholesterol, and triacylglycerols (all P < 0.044; Table 4). For LDL cholesterol and HDL
cholesterol, no significant differences were found between the groups.

There were increases in both groups over 1y in serum a-carotene, lycopene, and j-
cryptoxanthin concentrations (all P < 0.03). The RF+FV group showed a significantly greater
increase during the trial in a-carotene than did the RF group (54% increase versus 37% increase;
P = 0.023). For lutein and zeaxanthin concentrations, there was a significant change between
groups over time; subjects in the RF+FV group had greater concentrations of lutein and
zeaxanthin than did subjects in the RF group at 6 mo only (P = 0.047).

For all subjects, there was a significant decrease from baseline in systolic and diastolic blood
pressure (Table 4; P < 0.001); however, there were no significant differences between the
groups in the blood pressure measures over time (both P > 0.85).

Factors predicting weight loss

To investigate which factors were most predictive of weight loss, stepwise regression analyses
were performed by using data from dietary measures (energy intake, energy density of food,
total fat intake, combined fruit and vegetable intake, and total weight of food), physical activity,
and scores from the Eating Inventory. The primary predictor of weight loss at month 1 was the
energy density of food (RZ = 0.16) along with step counts (R2 = 0.05; both P < 0.040). Together,
these factors accounted for 21% of the variability in weight loss. Energy density was the only
significant predictor of weight loss at month 2 (R2 = 0.07; P = 0.022) and also at month 3
(R? = 0.17; P = 0.0004). The strength of the relation (regression coefficient) between food
energy density and weight loss increased significantly from month 1 to month 3 (P = 0.025).

At months 6, 9, and 12, fruit and vegetable intake became the primary predictor of weight loss
from baseline (R% = 0.26, 0.16, and 0.20, respectively; all P < 0.0006). The strength of the
relation (regression coefficient) between fruit and vegetable intake and weight loss did not vary
significantly from month 6 to month 12 (P = 0.92). Secondarily, the increase in the Eating
Inventory dietary restraint score and the decrease in the Eating Inventory hunger score
predicted weight loss during the second phase of the study (all P < 0.029). These scores
predicted an additional 20% of the variability in weight loss at month 6 and an additional 11%
at month 12.

DISCUSSION

In this randomized controlled trial with obese women, advice to reduce dietary energy density
led to significant weight loss, most of which was maintained over 1 y. Participants in both
intervention groups lost weight without being given specific limits for daily intakes of energy
or fat, and weight loss led to beneficial changes in serum lipids and plasma insulin. The
magnitude of weight lost was significantly affected by the dietary strategy that the participants
were instructed to follow. Participants who were advised to decrease the energy density of their
diets by adding water-rich foods and reducing their fat intake lost 33% more weight at 6 mo
than did those who were advised to decrease their fat intake alone. The 2 strategies were similar
in effectiveness for maintaining weight during the second 6 mo of the study. Thus, advice to
reduce the energy density of the diet, especially by combining fat reduction with increased
consumption of fruit and vegetables, was effective for weight loss and maintenance.

Analysis of diet records indicated that both strategies resulted in a decrease in dietary energy
density. By following the same dietary advice for fat reduction, participants in both groups
decreased their reported consumption of fat from 34% to 28% of energy. Participants who
received additional advice to consume more water-rich foods increased their reported fruit and
vegetable intake, which contributed to a further reduction in energy density. Over the course
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of the intervention, subjects in this group also reported eating 25% more food by weight and
rated hunger significantly lower than did subjects who were advised only to reduce their fat
intake. It is probable that greater food intake and reduced hunger led to better adherence to the
diet, thus contributing to the greater weight loss.

Previous clinical trials found that advice to reduce dietary fat was associated with decreased
energy intake and body weight (52,53). The results of the present study provide further evidence
of the effectiveness of fat reduction for weight loss. In previous trials of dietary fat reduction,
however, dietary energy density was not assessed. It is important to evaluate the impact of fat
reduction on energy density because these 2 dietary factors can change independently. Several
shorter-term studies indicated that the effect of fat reduction on energy intake is mediated by
areduction in energy density (54). The present trial further suggests that fat reduction leads to
weight loss by contributing to a reduction in the energy density of the diet. Regression analysis
showed that dietary energy density was the main predictor of weight loss during the period of
greatest weight change, and that dietary fat intake did not independently predict weight loss
after energy density was accounted for. It is critical that future studies of the effects of
macronutrients on body weight evaluate the contribution of energy density to the outcome.

Although fat reduction is one strategy for reducing dietary energy density, the addition of water-
rich foods can further reduce energy density. In the present trial, advice to incorporate water-
rich foods into a reduced-fat diet was more effective in controlling hunger, reducing body
weight, and improving some physiologic measures than was simply following a reduced-fat
diet. In addition to these outcomes, there are several other advantages of advice to increase
consumption of water-rich foods. Such advice presents a positive message that balances the
restrictive message to consume less fat; it has been shown that using positive messages results
in greater dietary changes (55). Increasing the consumption of fruit and vegetables is also
consistent with current dietary guidelines and is associated with high diet quality (56).
Promoting increased fruit and vegetable intake for weight management may lead to beneficial
effects on other health-related outcomes, such as reduction of risk for chronic illness (57-60).

Although there are many advantages to fruit and vegetable consumption, factors such as cost,
convenience, and preparation time are often cited as barriers to increased intake (61). In this
trial, although subjects in the 2 groups differed in reported consumption of fruit and vegetables,
they gave similar ratings of satisfaction with the 2 dietary approaches, particularly for cost,
convenience, and food preparation. These data indicate that specific instruction in techniques
for increasing fruit and vegetable intake was both effective and well accepted by the
participants.

In addition to the strategies to reduce dietary energy density, the effectiveness of the weight-
loss interventions was enhanced by the physical activity component. Participants in both groups
exceeded their goal of an additional 2000 steps/d and increased their daily step counts by an
average of 38%. Subjects maintained a significant increase in step counts over the course of
the intervention, which confirms continued adherence to the program for 1 y. These sustained
behavioral changes are likely to have contributed to the maintenance of weight loss (62-64).

The detailed diet records kept by the participants showed that energy intake during the
intervention declined significantly from baseline values in both groups. Between the groups,
however, there were no significant differences in reported energy intake that corresponded
with the differences in weight loss. This may be explained by the large variability in daily
energy intake, which limited the statistical power to detect modest differences in intake given
the number of subjects in the trial. Conversely, the much larger differences between groups in
the weight of food consumed allowed for the detection of significant changes in both food
weight and dietary energy density. In self-reported diet records from obese subjects there are
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also issues regarding underreporting of intake (65) and compliance bias (66,67). Because all
participants in this trial were obese and received the same amount of dietary information and
counseling, the potential for underreporting and bias was likely to have been similar in both
groups. The advice given to one group to increase intake of water-rich foods may have
influenced those participants to report a greater intake than they were actually consuming. It
is unlikely that compliance bias fully explains the reported increase in fruit and vegetable
consumption in this group, however, because the increase corresponded with an increase in
plasma carotenoids.

The promising results of this trial indicate the need to investigate the effects of low-energy-
density diets in a larger multicenter trial, which could include a diversity of populations and a
variety of settings. Future studies should also investigate the effectiveness of a less intensive
intervention. Adherence to both the diet and physical activity advice may have been improved
by the frequent contact with dietitians, which has been reported to increase compliance in other
studies (68,69). Of additional interest is determining whether adherence to a diet low in energy
density persists beyond 1 y. Clinical data from a weight-loss program in which individuals
were advised to add low-energy-density foods to a reduced-fat, energy-restricted diet showed
that weight loss was well maintained for 2 to 6 y after treatment (70,71), and at 2 y maintenance
was associated with a low-energy-density dietary pattern (72).

The 2 strategies for reducing energy density that were tested in this trial were both effective in
reducing body weight and maintaining weight loss without prescribing limits for energy or fat
intake. Diets that are low in energy density, particularly those that encourage increased
consumption of water-rich foods, allow individuals to eat adequate amounts of food while
restricting energy intake, which helps to control hunger. Because a wide variety of foods can
be included in a diet that is reduced in energy density (56,73), this type of eating plan can be
adapted to individual food preferences. Individuals should be encouraged to find a low-energy-
density eating pattern that is nutritionally balanced and that can be sustained for lifelong weight
management.
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FIGURE 1.

Flow diagram of subject enrollment, random assignment, and completion of the study protocol.

Am J Clin Nutr. Author manuscript; available in PMC 2008 June 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Ello-Martin et al.

Page 17

2 L4
Phase | = Phase Il o
Individual counseling Individual & group counseling
3 6 9 12
Months
5 4 2
2
£ 2
: M
2 g
el (=9
a 12 <
£ s
© a
=2 ! ¥
E 116 =
o =z
r=20
-4- RF group (n= 36) r-24
12 -8 RF+FV group (n = 35)
FIGURE 2.

Mean (£ SEM) change in body weight for study completers in the reduced-fat (RF) and
reduced-fat plus increased fruit and vegetable (RF+FV) intervention groups over time. Random
coefficients analysis was used to model the longitudinal response over time, with control for
baseline values. The group x time interaction (P = 0.002) indicates that the response over time
differed between the groups. The interaction remained significant (P = 0.021) when all
randomly assigned subjects were included in the analysis. Baseline values did not differ
significantly between the groups (unpaired t test).

Am J Clin Nutr. Author manuscript; available in PMC 2008 June 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Ello-Martin et al.

Page 18

2257 Phase | .:|_ Phase Il
2.00- " Individual counseling |i;1dividual & group counseling

Energy density of food (kcal/g)

0.25- -4~ RF group (n=36)
-8~ RF+FV group (n = 35)

o
o
S

T T

0 3 6 9 12
Months

FIGURE 3.

Mean (£ SEM) food energy density (kcal/g) for study completers in the reduced-fat (RF) and
reduced-fat plus increased fruit and vegetable (RF+FV) intervention groups over time.
Differences in dietary energy density between the groups were determined from a mixed linear
model with repeated measures, by using all available time points and with control for baseline
values. The group x time interaction was significant (P = 0.019), which indicated that dietary
energy density was significantly less in the RF+FV group than in the RF group during the
intervention. Baseline values did not differ significantly between the groups (unpaired t test).
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TABLE 1

Page 19

Baseline characteristics in the 2 intervention groups of all randomly assigned subjects and for subjects who

completed the triall

All randomly assigned subjects

Study completers

Characteristic RF group RF + FV group RF group RF + FV group
(n=49) (n=48) (n=236) (n=35)
Age (y) 445 + 1,32 453+1.4 451+15 46.7+15
Ethnicity [n (%)]
White 44 (90) 47 (97) 33(92) 34 (97)
Other 5(10) 1(3) 3(8) 1(3)
Educational level [n (%)]
High school diploma or less 14 (28) 12 (25) 10 (28) 9 (26)
Some college to associate degree 18 (37) 15 (31) 11 (30) 10 (28)
Bachelor’s to graduate degree 17 (35) 21 (44) 15 (42) 16 (46)
Hunger score 6.0+0.4 6.1+0.5 6.0+ 0.5 6.1+0.6
Disinhibition score 9.6+05 10.0+£0.5 9.7+0.6 10.2+£0.6
Dietary restraint score 9.4+0.6 8.9+05 9.5+0.7 9.0£0.6
Depression score 7509 6.8+0.8 70+10 69+1.0
12.6+0.9 13.3+0.9 11.8+1.0 13.1+09

Binge-eating score

RF, reduced-fat intervention; RF + FV, reduced-fat plus increased fruit and vegetable intervention. Baseline values did not differ significantly between

groups (unpaired t test), either for all randomly assigned subjects or for subjects who completed the trial.

27)( + SEM (all such values).
3Eating Inventory (40).
4Beck Depression Inventory (18).

5Ea’(ing Habits Checklist (21).
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