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Abstract

Lifestyle-based interventions, which typically promote various behavioral modification strategies,
can serve as a setting for evaluating specific behaviors and strategies thought to promote or hinder
weight loss. The aim of this study was to test the associations of self-monitoring (self-weighing,
food journal completion) and eating-related (dietary intake, diet-related weight-control strategies,
and meal patterns) behaviors with weight loss in a sample of postmenopausal overweight-to-obese
women enrolled in a 12-month dietary weight loss intervention. Changes in body weight and
adoption of self-monitoring and eating-related behaviors were assessed in 123 participants.
Generalized linear models tested associations of these behaviors with 12-month weight change
after adjusting for potential confounders. Mean percent weight loss was 10.7%. In the final model,
completing more food journals was associated with a greater % weight loss (interquartile range,
3.7% greater weight loss; p<0.0001) while skipping meals (4.3% lower weight loss; p<0.05) and
eating out for lunch (at least once a week, 2.5% lower weight loss; p<0.01) were associated with a
lower amount of weight loss. These findings suggest that a greater focus on dietary self-
monitoring, home-prepared meals, and consuming meals at regular intervals may improve 12-
month weight loss among postmenopausal women enrolled in a dietary weight loss intervention.

Keywords
Women; behavioral strategies; eating behaviors; weight loss

INTRODUCTION

Evidence from randomized controlled trials show that diets can vary in macronutrient
composition and lead to successful weight loss, as long as total calories are reduced (1, 2).
Consequently, identifying strategies and eating patterns that can feasibly and healthfully
support the global goal of calorie restriction are still needed.

Identifying correlates and predictors related to weight loss has been a key focus of obesity
related research in the last decade (3-11). A variety of eating habits may play significant
roles in modifying weight management both positively and negatively. Cross-sectional
studies suggest that individuals who usually eat breakfast weigh less than those who
typically skip this meal (12, 13). Prospective studies have demonstrated higher rates of
weight gain with fast food intake (14-16). Recent systematic reviews suggest that
approaches that involve self-monitoring such as self-weighing or food journal use may lead
to improved weight loss outcomes for participants in intervention trials (17, 18).
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Lifestyle-based interventions, which typically promote various behavioral modification
strategies, can serve as a setting for evaluating specific behaviors and strategies thought to
promote or hinder weight loss. Identifying diet-related strategies that predict weight change
can improve our understanding of the type of behavior change needed in order to improve
weight loss outcomes. These evidence-based strategies can then be translated into specific
recommendations and disseminated to appropriate audiences. Therefore, the objective of the
present study was to identify which self-monitoring behaviors, diet/eating-related weight
loss strategies, and meal patterns were associated with weight change at the end of a year-
long dietary weight loss intervention among overweight-to-obese postmenopausal women, a
group at high risk for chronic diseases due to their weight status (19).

This was an ancillary study to the Nutrition and Exercise for Women (NEW) study, a four-
arm randomized controlled trial that tested the individual and combined effects of dietary
weight-loss and exercise-based interventions on circulating hormones and other outcomes
(20-23) in overweight-to-obese postmenopausal women. Eligible women were randomized
into 1 of 4 study arms: 1) diet-induced weight loss (Diet); 2) aerobic exercise; 3) both
interventions combined (Diet + Exercise); or 4) control (no intervention). Full details of the
trial methods have been published(23). The purpose of this ancillary study was to examine
diet-related strategies related to weight loss; therefore, women enrolled in either the Diet or
Diet + Exercise arms from June 2007 to August 2008 formed the cohort (n=143) for this
ancillary study. However, only women who completed 12-month measures were included in
this analytic sample (n=123, Diet n=59, Diet+ Exercise n=64). The Fred Hutchinson Cancer
Research Center Institutional Review Board reviewed and approved all study procedures
and all study participants provided written informed consent.

Lifestyle-Based Interventions

The dietary weight-loss intervention was based on the Look AHEAD (Action for Health in
Diabetes)(24)and Diabetes Prevention Program (DPP) clinical trial diet interventions(25),
with the following goals: total intake of 1200-2000 kcals/day based on baseline weight,<
30% calories from fat, and 10% reduction in weight by 6-months with maintenance to 12-
months. Registered dietitians (RD) with training in behavior modification delivered identical
curriculum to both Diet and Diet + Exercise intervention arms; however, instruction groups
were held separately. Participants met individually with an RD at least twice, followed by
weekly group meetings (5-10 women) for 6-months. Thereafter, participants attended group
meetings monthly with additional phone or e-mail contact. Those struggling with initial
weight loss or maintenance received additional RD assistance. Participants were asked to
record all foods eaten daily on paper diaries (7 days of entries per booklet) and submitted
one booklet per week to the study dietitian for the first 6-months or until they reached the
10% weight loss goal. Women also received instructions on how to read labels and were
given a booklet that contained calorie amounts of common foods so that they could count
their calories; however, no formal recommendations were given regarding calorie counting.
Participants were also encouraged to self-weigh at home at least weekly for 12-months.

The goal of the exercise intervention was 45-minutes of moderate-to-vigorous intensity
aerobic exercise, 5 days per week for 12-months. Participants attended 3 sessions per week
at the study facility, supervised by an exercise physiologist, and 2 sessions per week at
home.
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Demographic and Anthropometric characteristics

Self-reported information on age, race/ethnicity, marital status, and education level were
collected as baseline measures. Anthropometric measurements were performed at baseline
and at 12-months with the participant in a hospital gown. Trained technicians obtained
height and weight using a balance beam scale(DETECTO, Web City, MO)and stadiometer
(Perspective Enterprises, Portage, Ml),rounding up to the nearest 0.1 cm and 0.5 kg,
respectively.

Diet-related measures

Participants completed a series of self-administered questionnaires to assess dietary intake,
eating-related weight control strategies, self-monitoring behaviors, and meal patterns at 12-
months. A list of weight control behaviors (23-items) originally developed for the Pound of
Prevention study (26) was modified to examine diet-related weight loss strategies. Strategies
related to physical activity, smoking, and use of commercial weight loss programs were
omitted and items specific to dietary intake and unhealthful weight-control behaviors were
retained. Seven items (reduce calories, decrease fat intake, eat less high carbohydrate foods,
increase fruit and vegetables, eat less meat, cut out sweets, drink fewer alcoholic beverages)
were used to assess common diet-related strategies and 7 items (skip meals, fast or go
without food, vomit after you eat, take diet pills, take appetite suppressants, and take
laxatives) were used to assess unhealthful weight-control behaviors. Prevalence of use was
assessed by a yes or no response to each strategy. To estimate the magnitude of dietary
change, the 120-item Women’s Health Initiative food frequency questionnaire(FFQ)(27)
was used to assess change from baseline to 12-months. Among a sample of postmenopausal
women (n=113), the Women’s Health Initiative FFQ demonstrated high test-retest reliability
and produced mean nutrient estimates within 10% of 24-hour recalls (4 days) and food
records (4 days) for most nutrients (27). Additional eating-related strategies were assessed
using questions from the Health Styles survey reported by Kruger et al (planning meals,
thinking about foods on the plate, measuring foods)(28).

Meal frequency was assessed by asking “On average, how many times per week do you eat
home-prepared meals” and “ ...how many times per week do you eat out”, respectively, for
breakfast, lunch, and dinner. These questions were originally developed for the Women’s
Health Initiative Dietary Modification trial(29) and response categories ranged from “none”
to “5 or more”. Fast food intake was also assessed by asking: “Thinking about how often
you eat out, how many times in a week or month do you eat breakfast, lunch, or dinner in a
fast food restaurant such as McDonald’s, Burger King, Wendy’s, Arby’s, Pizza Hut, or
Kentucky Fried Chicken”, which was originally used in the in the CARDIA (Coronary
Avrtery Risk Development in Young Adults) study (16). Response categories for this
question was slightly modified by adding “less than once a month” or “never” as categorical
response categories in addition to continuous response categories (i.e. number of times per
week or number of times per month).

Self-monitoring behaviors assessed included self-weighing, submission of completed food
journals, and calorie counting. For self-weighing frequency, participants were asked: “How
frequently do you weigh yourself? (on your own, not weighed by another person)” and
response categories included: less than monthly, once a month, a specific number of times
per week (up to 6 times/week), daily, and more than daily. To assess the regular use of
calorie counting, a question reported by Kruger et al. from the Health Styles questionnaire
was asked: “Which of the following, if any, do you do most days of the week? Count how
many calories you eat?” with “yes” and “no” as response categories (28). The question was
posed in a manner to determine a respondent’s weekly practice of calorie counting. Lastly,
food journal use was based on the mean number of booklets a participant submitted weekly
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to the study dietitian through the first 6-months of the intervention. This time frame was
selected because all participants were given the same instructions regarding frequency of
food journal use during the first 6-months of the intervention.

Statistical Analyses

Descriptive data were presented as means (SD) or proportions, as appropriate. The main
outcome variable was the percent of weight change observed from baseline to 12-months.
Generalized linear models were used to examine each weight loss strategy with percent
weight change individually and adjusted means were reported. However, in the case of “diet
related” strategies (e.g. decrease fat intake, increase fruits and vegetables), change in dietary
intake as assessed by the FFQ (12-month minus baseline) was used in place of these
variables in the model as more accurate estimates of dietary pattern. Means were adjusted
for study arm (Diet and Diet + Exercise), baseline BMI, and demographic variables (e.g.
age, race, education, marital status). All behaviors significantly related to weight change at p
<0.05 were potential candidates for the multivariate model. The purpose of the multivariate
model was to identify all behaviors that were still significantly associated with 12-month
weight change after adjusting for potential confounders and all other behaviors thought to be
significantly associated with 12-month weight change. All statistical tests were two-sided
with an alpha of <0.05 and all analyses were performed using STATA, version 11.1, 2010
(College Station (TX): Stata Corp).

Demographic characteristics and 12-month weight outcomes of this subsample have been
previously published(30). Briefly, study participants were on average 58 years old, primarily
Non-Hispanic White (84%), and with a mean baseline BMI of 31.3 kg/m2. There were no
significant differences in baseline characteristics between the Diet and Diet + Exercise arms.
At 12-months, participants lost an average of 10.7% (SD: 7.1) of their initial body weight.
Percent weight loss was higher in the Diet + Exercise (11.6% SD: 6.5) compared to Diet arm
(9.6% SD: 7.7); however, this difference was not statistically significant.

The most common strategies reported were: increase fruit and vegetable intake (90.2%),
decrease fat intake (88.6%) and reduce number of calories (86.9%) (Table 1). Dietary intake
change as assessed by the FFQ (12-month minus baseline) revealed significant decreases in
total calories (kcals/d), % calories from fat, % calories from saturated fat, and added sugar
intake (g/d), and significant increases in % calories from carbohydrates, fruits and
vegetables (svgs/d), and dietary fiber (g/d) (Table 1). After adjusting for confounders, only
change in % calories from fat and carbohydrates, respectively, were significantly associated
with weight change (%) at 12-months (Table 1).

Women who were at the median number (ie. 17 booklets) of food journal booklets submitted
at 6-months lost significantly more weight (mean: 12.8%, 95% ClI: 11.3, 14.2) than those
below the median (mean: 8.2%, 95% ClI: 6.6, 9.8, p<0.0001). Most participants (88%)
reported weighing themselves at least weekly; therefore, response options were collapsed
into two categories: 1) daily or more (n=45) and 2) less than daily (n=78). No significant
difference in adjusted mean weight change (%) was observed in the “daily or more” vs. the
“less than daily” group (Table 2). Women who reported “yes” to counting calories most
days of the week experienced greater weight loss (mean: 11.7%, 95% ClI: 10.2, 13.1) than
those who reported “no” (mean: 9.0%, 95% ClI: 7.2, 10.8, p=0.03).

Eating-related weight loss strategies associated with weight change included measuring

foods and skipping meals. Women who measured their foods lost significantly more weight
than those who did not use this strategy (Table 2). Women who skipped meals lost less
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weight (mean: 7.1%, 95% CI 4.4, 9.8) than women who did not skip meals (mean: 11.4%,
95% ClI 10.2, 12.6, p=0.005). Less weight loss was also observed among women who
reported eating out more frequently (at least weekly) at all meal times compared to women
who ate out less often (Table 2). Specifically, mean differences between the two groups
were statistically significant for breakfast (mean diff: —3.4% p=0.04), lunch (mean diff:
-3.5% p=0.003), and dinner (mean diff: -2.8% p=0.03). A similar trend was observed with
fast food intake (> monthly vs. <monthly); however, the difference was not statistically
significant (mean diff: —2.2 p=0.084) after adjusting for confounders.

Table 3 presents the final model of self-monitoring and eating-related behaviors associated
with weight loss (%) over the last 12-months. Nine behaviors were significantly associated
with % weight change at 12-months and were included in the model: change in % calories
from fat, % change in % calories from carbohydrates, measuring foods, food journal use
(continuous), counting calories, skipping meals, and eating out for breakfast, lunch, and
dinner, respectively. Food journal use, skipping meals, and eating out for lunch were still
significantly associated with weight change (%) at 12-months after controlling for all other
weight loss behaviors and potential confounders. Specifically, women at the 75™ percentile
of number of food journals submitted had a 3.7% greater weight loss (p<0.0001) than those
at the 25t percentile. Women who reported skipping meals lost 4.3% less weight (p<0.01)
compared to women who did not report skipping meals and women who reported eating out
for lunch at least weekly vs. none lost 2.5% less weight (p<.0.05). The adjusted R? for the
multivariate model overall was 0.45.

DISCUSSION

Lifestyle-based interventions can be useful in evaluating the effectiveness of specific weight
loss strategies. Findings from these studies can inform the development of practical, yet
evidence-based weight loss recommendations. In this study, more frequent food journal use
predicted greater weight loss at 12-months; while skipping meals and eating out for lunch at
least weekly were associated with less weight loss.

Similar to other trials, initial adherence to dietary self-monitoring was a good predictor of
weight loss outcomes. Participants in the DPP trial who more successfully adopted dietary
self-monitoring during the first 6-months of the intervention were more likely to meet the
7% weight loss goal at 6-months (OR = 1.08 per one record increase, p <0.0005) and at 24-
months OR = 1.02, p= 0.0005)(31). Among younger (~ mean age of 45 years) non-Hispanic
White obese adults, Wadden et al. found a positive correlation between weight loss at 12-
months with the number of diet records submitted(r=0.31, P<0.001) during the first 18-
weeks (32). The Weight Loss Maintenance trial also reported that better adherence to food
records was associated with greater initial weight loss (6-months); however, this association
was stronger in non-Hispanic Whites compared to African-Americans (33). While this
behavior can significantly improve weight outcomes, adherence to this activity is
particularly challenging (34) and should be acknowledged. In our study, only a small
percentage (<5%) of women were able to submit 7-days worth of food journals to the study
dietitian each week (without missing a week) for the first 6-months. Nevertheless, even
women at or above the 50™ percentile of food records submitted experienced improved
weight outcomes compared to those below the median. This finding suggests that even
modest adherence to this type of behavior may improve weight outcomes; however, efforts
to improve adherence to this behavior are still needed. Recent studies have proposed
methods to alleviate some of the burdens of dietary self-monitoring through the use of
technology (35-37). In the SMART (Self-Monitoring And Recording using Technology)
trial, a randomized controlled trial comparing three modes of dietary self-monitoring, Burke
and colleagues found adherence to be significantly greater at 6-months in two groups using
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the personal digital assistant (80-90%) compared to paper records (55%)(38). Improved
efforts to increase adherence to this behavior might make it easier for participants to adopt
it, but further evaluation will be required.

More frequent consumption of foods prepared away from home (e.g. restaurants) negatively
impacted body weight change in this study, which is consistent with findings in younger
cohorts (14, 16, 39, 40). No previous studies, to our knowledge or according to a recent
systematic review, have examined this relationship in postmenopausal women specifically
(11). Eating out may be a barrier for making healthful dietary changes since it usually means
less individual control over ingredients and cooking methods, as well as larger portion sizes.
In this study, eating out at lunch was associated with less weight loss after controlling for
eating out at breakfast and dinner. The lunch meal might more accurately reflect the habitual
eating patterns of this population; however, more research is needed to confirm this. While a
significant relationship was observed between eating out and weight change; the relationship
was not as strong for fast food intake (p=0.08) specifically. One reason for the lack of
significant findings may be due to the small percentage of women in our study that reported
consuming fast food on a weekly basis (9.7%). While this rate is low relative to the general
adult population in the United States(41), previous studies (based on nationally
representative samples and other large cohorts) have consistently found lower rates of fast
food intake in women and particularly in older adults(41-46). The lower response rates may
also be attributed to the way the fast food question was framed. For instance, the question
only provided examples of large national fast food chains (e.g. McDonalds, Burger King,
etc); however, local chains and individual restaurants also make up a significant portion of
restaurants that can be considered “fast food” establishments in the Seattle area (47).
Therefore, inclusion of only large national chains in the question posed to the women in this
study might have attenuated the response rate; however, further research will be needed to
confirm this.

In this study, skipping meals as a weight control strategy was more common among women
who lost less weight. It has been suggested that meal skipping negatively impacts energy
metabolism and may be associated with greater energy intake (48, 49). The mechanism for
this is not entirely clear. Using functional magnetic resonance imaging scanning, a
randomized crossover study demonstrated greater activity in the reward pathway of the brain
in response to pictures of high calorie foods after a fast vs. a fed state and higher subjective
ratings for these foods (50). Also, skipping meals might cluster together with other
behaviors. For instance, the lack of time and effort spent on planning and preparing meals
may lead to eating out more and/or skipping meals. A better understanding of barriers to
meal planning and preparation could help to inform future weight loss interventions in this
population.

There are some limitations to our study. While study staff measured weight and collected
food journals from participants, the weight loss-related behaviors were assessed by self-
report. There is the potential that bias such as social desirability could affect a participant’s
response (51) such that behaviors promoted in the intervention might be over-reported,
while the inverse would occur for behaviors that were discouraged by the intervention staff
or presumed to be negative (e.g. fast food intake). Since social desirability can vary by
weight status and participant characteristics (52-54), we attempted to minimize the effects of
social desirability bias by controlling for baseline BMI and demographic variables. Finally,
this study population was primarily Non-Hispanic White and therefore the present findings
may only be generalizable to a select group of postmenopausal overweight-to-obese women.
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CONCLUSIONS

Greater food journal use predicted better weight loss outcomes while skipping meals and
eating out more frequently were associated with less weight loss. This study identified
specific behaviors linked to weight outcomes that can inform the development of practical,
evidence-based weight loss recommendations for overweight/obese postmenopausal women.
From a clinical point of view, these findings are promising and suggest fundamentals such
as eating out less, eating at regular intervals, and use of food journals are weight loss
strategies that may be effective for postmenopausal women. However, future studies are
needed to determine if these behaviors extend to postmenopausal women of color and other
populations, and to longer-term weight loss maintenance.
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Table 3

Multivariate Regression Model between 12-month % Weight Change and Dietary intake, Eating-related and
Self-Monitoring Behaviors among Postmenopausal Overweight/Obese Women in a 12-month Dietary Weight
Loss Intervention

Variables % Wt Changed 95% ClI
Change in % calories from fat 0.04 (-0.14,0.22)
Change in % calories from carbohydrates 0.11 (—0.04,0.27)
Measure foods on the plate? 131 (-0.87, 3.50)
Food Journals? 3.72 (2.10,5.34) 7
Count Calories? -0.47 (-2.84,1.91)
Skip Meals? -4.32 (-7.38,-1.25)""
Eat out for breakfast® -0.85 (-3.45,1.74)
Eat Out for Lunch® -2.45 (-4.70,-0.21) "
Eat out for dinner® -2.66 (-6.32,0.99)

Aok

indicates p value <0.0001,
Ak
<0.01,
*
<0.05,

a
compares no (reference group) vs yes

Food journals (submitted at 6 months) entered the model as a continuous variable and value refers to the predicted weight change by interquartile
range

c .
compares none(reference group) vs >=1 times/wk or more

dparameter estimates have been multiplied by 100

Model includes all independent variables plus the following covariates: intervention arm, race, baseline body mass index, marital status
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