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ABSTRACT
Background: Breakfast is associated with lower body weight in
observational studies. Public health authorities commonly recom-
mend breakfast consumption to reduce obesity, but the effectiveness
of adopting these recommendations for reducing body weight is
unknown.
Objective:We tested the relative effectiveness of a recommendation
to eat or skip breakfast on weight loss in adults trying to lose weight
in a free-living setting.
Design:We conducted a multisite, 16-wk, 3-parallel-arm randomized
controlled trial in otherwise healthy overweight and obese adults
[body mass index (in kg/m2) between 25 and 40] aged 20–65 y.
Our primary outcome was weight change. We compared weight
change in a control group with weight loss in experimental groups
told to eat breakfast or to skip breakfast [no breakfast (NB)]. Ran-
domization was stratified by prerandomization breakfast eating
habits. A total of 309 participants were randomly assigned.
Results: A total of 283 of the 309 participants who were randomly
assigned completed the intervention. Treatment assignment did not
have a significant effect on weight loss, and there was no interaction
between initial breakfast eating status and treatment. Among skippers,
mean (6SD) baseline weight-, age-, sex-, site-, and race-adjusted
weight changes were 20.71 6 1.16, 20.76 6 1.26, and 20.61 6
1.18 kg for the control, breakfast, and NB groups, respectively. Among
breakfast consumers, mean (6SD) baseline weight-, age-, sex-, site-,
and race-adjusted weight changes were 20.53 6 1.16, 20.59 6 1.06,
and 20.71 6 1.17 kg for the control, breakfast, and NB groups, re-
spectively. Self-reported compliance with the recommendation was
93.6% for the breakfast group and 92.4% for the NB group.
Conclusions: A recommendation to eat or skip breakfast for weight
loss was effective at changing self-reported breakfast eating habits,
but contrary to widely espoused views this had no discernable effect
on weight loss in free-living adults who were attempting to lose weight.
This trial was registered at clinicaltrails.gov as NCT01781780.
Am J Clin Nutr 2014;100:507–13.

INTRODUCTION

A common public health message from reputable sources is that
eating breakfast is important to achieve andmaintain a healthyweight
(1). Observational evidence suggests that there is an association of
breakfast with body weight and weight loss. However, there is little
causal evidence to support this conjecture. The need for evidence to

determine whether there is a causal effect of regular breakfast con-
sumption on weight loss was recently emphasized (2, 3).

The association of breakfast consumption with lower body
weight is well established (4–8); however, observational evidence
does not preclude the possibility that breakfast eaters tend to
weigh less because of other weight-related factors associated with
breakfast eating. Short-term studies highlight potential physiologic
mechanisms by which breakfast may influence appetite, energy
expenditure, fat oxidation, and body weight (9–12). Nevertheless,
whether the proposed physiologic mechanisms translate to long-
term effects on energy intake and body weight is unclear.

Some hypotheses with regard to breakfast consumption and
lower body weight are based on the conjecture that breakfast
consumption is important for the regulation of energy intake.
Some studies suggest that skipping breakfast results in higher
energy intake at lunch compared with when breakfast is con-
sumed (9, 13–15). Others suggest that skipping breakfast may
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not be compensated for through increasing energy intake later in
the day, resulting in net negative energy balance relative to when
breakfast is consumed (16, 17). Energy balance may be main-
tained through successive compensations over several days (18),
but long-term studies of the influence of breakfast consumption
compared with prolonged fasting on energy intake under free-
living, ad libitum conditions have not been conducted. There-
fore, the long-term impact of breakfast on energy intake and
weight loss is not clear.

An extensive review (3) showed only one randomized con-
trolled trial (RCT) pertinent to the effects of breakfast eating
compared with breakfast skipping on weight in a nonmalnourished
industrialized population. This RCT tested the impact of eating or
skipping breakfast on weight loss (19). Their findings suggested
that the effect of breakfast on weight loss might depend on
breakfast eating habits before the study, such that switching
breakfast eating habits as a result of study assignment increased
weight loss. However, the study was not well powered to detect
this interaction, and the result was only suggestive of significance
(P = 0.06).

Herein, we conducted an RCT to determine whether advising
good nutrition habits is more effective at producing weight loss if
paired with advice to skip or eat breakfast. We tested the effect of
breakfast recommendations on weight loss in free-living adults
who were attempting to lose weight, because this population is
likely affected by public health breakfast recommendations. On
the basis of previous findings (19), we stratified randomization by
baseline breakfast eating habits and hypothesized that individuals
whowere advised to switch their usual breakfast eating habits due
to their group assignment would lose more weight than the
control group.

SUBJECTS AND METHODS

Study design

We conducted a multisite, 3-parallel-arm RCT. Study sites
included the University of Alabama at Birmingham, University of
Copenhagen (Denmark), Boston Medical Center, Columbia
University, and the University of Colorado, Denver. All sites
conducted the study in a clinical research setting. After screening,
participants were randomly assigned to 1 of 3 groups [control,
breakfast, or no breakfast (NB)], and randomization was strat-
ified by typical breakfast eating habits at baseline. The study
duration was 16 wk, and the primary outcome measure was
weight change from baseline. Weight was measured at baseline
and after 16 wk, and additional contacts included phone calls at
weeks 4, 8, and 12. All study visits occurred between January
2013 and January 2014. The trial was stopped when recruitment
goals were met and all participants had completed the 16-wk
duration. The study was registered at clinicaltrials.gov (registry
no. NCT01781780).

Study sample

Inclusion criteria were as follows: aged 20–65 y, BMI (in kg/m2)
.25 but ,45, interested in weight loss, and beginning the day
by 0900 h at least 5 d/wk. Exclusion criteria were participation
in a weight-reduction program in the past 3 mo, weight loss or
gain $5% of body weight in the past 6 mo, taking medication

that affects appetite (weight-loss drugs or antidepressant, ste-
roid, or thyroid medication, unless dosage has been stable for
at least 6 mo), taking medication that requires eating food in
the morning, a history of prior surgical procedure for weight
control, current smoker or had smoked ,6 mo before the
start of the study, any major disease, a score on the Brief
Symptom Inventory that exceeded the 90th percentile (20) or
a T-score $63 on the global severity index or on 2 of the 9
symptom scales on the Symptom Checklist 90-R (21), current
eating disorder [a 26-item Eating Attitudes Test (22) score .20],
a recent or ongoing problem with drug abuse or addiction,
excessive alcohol intake, night shift work, pregnancy, or
breastfeeding.

Participants were recruited from cities of participating sites
through e-mail, campus newspaper advertisements, flyers, and
word of mouth. Participants were screened over the phone for
initial eligibility criteria and asked to come into the clinic for
a second level of screening. After informed consent, weight and
height, a pregnancy test for all women, the Brief Symptom
Inventory–18 (20), or Symptom Checklist 90-R21 (Copenhagen
site only), and the Eating Attitudes Test (22) were all adminis-
tered at a second screening to determine final eligibility. If
participants passed the second level of screening and were in-
terested, they underwent random assignment. The institutional
review board, or ethical committee, of each participating in-
stitution approved the protocol, and all participants provided
written informed consent.

Intervention

Participants enrolled in the study were randomly assigned to 1
of 3 groups at the baseline visit. The control group received
a USDA pamphlet “Let’s Eat for the Health of It,” describing
general good nutrition habits (with no mention of breakfast)
(23), along with a handout emphasizing the main points of the
pamphlet. The breakfast group received the USDA pamphlet
with a handout instructing participants to consume breakfast
before 1000 h every day. The breakfast handout also provided
suggestions of food items that might constitute a healthy
breakfast; however, no specific restrictions were given on types
of foods that could be consumed for the breakfast meal. The NB
group received the USDA pamphlet with a handout instructing
participants not to consume any calories before 1100 h every
day, and that only water or zero-calorie beverages could be
consumed from the time of waking until 1100 h.

The study coordinators reviewed the USDA pamphlet and the
appropriate handout documents with participants in detail by
reading them aloud and answering any questions. It was rec-
ommended that participants incorporate the suggestions as best
they could into their daily life. Follow-up phone calls occurred at
weeks 4, 8, and 12 to enhance participant compliance and at-
trition. During these calls, participants were asked if they were
following the recommendations, keeping their compliance diary
(breakfast and NB groups), and if they were experiencing any
barriers to incorporating the recommendations into their diet.
Weight and height were measured at baseline, and body weight
was measured again at the end of the trial period. Participants
were not blinded to their treatment condition; however, all study
staff who measured final weights were blinded to participants’
group assignment.
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Randomization

Participants who ate breakfast regularly ($4 times/wk) were
randomly assigned separately from those who did not frequently
eat breakfast (#3 times/wk); hereafter, this distinction will
be referred to as “prerandomization status,” with participants
classified as either breakfast “eaters” or “skippers.” Participants
were randomly assigned to control, breakfast, or NB in a manner
enforcing equal (1:1:1) allocation, specifically a single block
size of n = 27, with 9 control, 9 breakfast, and 9 NB assign-
ments. This was done within each site and prerandomization
status classification. Because of implementation errors or sites
not meeting recruitment goals, perfect balance was achieved at
only one site; however, these issues did not cause treatment
assignments to be unduly unbalanced across sites or pre-
randomization statuses (see Figure 1). The assigned treatment
groups were specified on cards contained in sequentially num-
bered, opaque, sealed envelopes that were prepared by the Office
of Energetics at the University of Alabama at Birmingham.
Sealed envelopes were sent to participating sites, and study
coordinators enrolled participants and opened the next consec-
utively numbered envelope in the appropriate site-by-initial-
status series in the presence of the participant. Randomization
was performed with R, version 2.15.3 (24), by using a pseudo-
random number generator with an arbitrary but fixed seed.

Measures

Participants’ height was measured at baseline without shoes
by using a wall-mounted stadiometer. Weight was measured at
baseline and at the final study visit after 16 wk by using elec-
tronic scales to the nearest 0.1 kg with participants wearing light
clothing without shoes. Weight change from baseline to follow-
up was the primary outcome of interest. BMI was calculated as
kilograms divided by meters squared by using measured weight
and height for the purpose of screening. Compliance with the
recommendations in the breakfast and NB groups was tracked
by using a self-report diary that asked participants to circle

“yes” or “no” for each day they were enrolled in the study to
indicate if they had complied with the breakfast recommenda-
tion. Compliance with the intervention was calculated as the
percentage of days participants complied with the breakfast
recommendation, and this was a secondary outcome.

Statistical analyses

All analyses were performed by using R (version 2.15.3) (24).
An intent-to-treat analysis of change in body weight over the
16-wk intervention period (n = 309) was used to determine the
primary outcome of this RCT. Multiple imputation was used to
account for missing data. A completers-only analysis was also
conducted (n = 283). Ordinary least-squares linear regression
models, adjusted for baseline measurements and including ini-
tial weight as a covariate, were used to compare participants
across assignment groups. Means and SDs were calculated on
the basis of data at the baseline and week 16 time points, as well
as for changes in the outcome measures between these 2 time
points.

As a secondary analysis, data from the diaries of completers
were used to assess the impact of compliance on the breakfast and
NB arms, to perform an as-treated analysis (n = 185). Participants
in the control group did not complete diaries, because they were
not given specific instructions with respect to breakfast con-
sumption. For the breakfast and NB participants, their group
indicator was multiplied by the proportion of days in compliance
and treated as a continuous covariate. During an exit interview
with participants, it was determined that circled diary days were
sometimes used by participants to indicate breakfast had been
eaten on that day, rather than compliance with their group in-
structions, as was instructed (see Supplemental Figure 1, A and
B, under “Supplemental data” in the online issue). Therefore,
because it was recorded for most participants during their exit
interview if they filled out the diary according to breakfast
consumption, or compliance with instructions, compliance pro-
portions were discerned through participant intent when filling

FIGURE 1. Flow of participants through enrollment, allocation, and follow-up: CONSORT diagram. “Eat” indicates participants who were breakfast eaters
before the study ($4 times/wk); “Skip” indicates participants who were breakfast skippers before the study (#3 times/wk). B, breakfast group; C, control
group; CONSORT, Consolidated Standards of Reporting Trials; incl/excl, inclusion/exclusion; LTFU, lost to follow-up; NB, no-breakfast group.

THE EFFECT OF BREAKFAST RECOMMENDATIONS ON WEIGHT 509



out the diary as best as possible (see Supplemental Figure 1, C
and D, under “Supplemental data” in the online issue). Because
this information was not available for every participant and our
efforts did not completely ameliorate the compliance question
(note the tails bounded by the dashed boxes in panels C and D),
we performed the secondary analysis twice, once with compli-
ance as given in panels C and D and once with the compliance
“yes” and “no” counts swapped for boxed individuals. In cases
in which compliance proportion could not be ascertained, either
due to missing diaries or an inability to discern intent, this
“missingness” was handled by multiple imputation.

As a tertiary analysis, we examined whether or not participants
randomly assigned to the control group changed their self-
reported breakfast eating habits, with specific interest in pre-
randomization status. Logistic regression was used to perform
this analysis of completers (n = 105).

To accommodate missing values in the participants who did
not complete the week 16 follow-up or who were missing
compliance information, multiple imputation was performed. In
the imputation process, a total of 10 imputed data sets were
created and analyzed. For this trial, given the very small amount
of missing data (8.4% of weight-change data and 12% of com-
pliance data), 10 imputations were sufficient for imputation (25).
The software package used to implement the multiple imputation
and pooling procedure was Multivariate Imputation by Chained
Equations library, version 2.18 (26), found in R, version 2.15.3
(24). As a sensitivity analysis, we also conducted the same overall
modeling with the use of completers only. Tests of significance
were conducted at the 0.05 2-tailed significance level.

The study sample was calculated such that we had at least 90%
power at a 2-tailed a of 0.05 for pairwise comparisons between
groups to detect an interaction between treatment and stratifi-
cation group. We did this by first using the Schlundt et al (19)
study interaction effect to determine sample size with the use of

the calculation in Tiwari et al (27). Because the Schlundt et al
study was a 2-group study, and we had 3 treatment groups, the
sample size of 177 was multiplied by 1.5 to account for the extra
group, making 266 participants necessary for our study. To ac-
count for a dropout rate of 13.5% as reported in the Schlundt
et al article, a total of 308 participants were expected to be re-
cruited. This would leave an adequate sample size of 266 for 90%
power to detect a small to moderate effect size of r = 0.22–0.34
reported in Schlundt et al.

RESULTS

Demographic characteristics

Of the 309 participants who were randomly assigned, 283
completed the study. Fourteen participants were lost to follow-up,
and 12 participants discontinued the study for various reasons
(pregnancy, time or work constraints, or did not wish to participate
in the control group). Comparisons of baseline covariates across
treatment groups are given in Table 1. There were no significant
differences in baseline covariates between the treatment groups at
baseline.

Effect of treatment on weight loss

For the completers-only analysis (n = 283), there was no effect
of treatment assignment on weight loss (P = 0.77; see Table 2
and Figure 2). Among breakfast skippers, baseline mean (6SD)
weight-, age-, sex-, site-, and race-adjusted weight changes
were20.716 1.16,20.766 1.26, and20.616 1.18 kg for the
control, breakfast, and NB groups, respectively. Among break-
fast eaters, baseline mean (6SD) weight-, age-, sex-, site-, and
race-adjusted weight changes were 20.53 6 1.16, 20.59 6

TABLE 1

Baseline demographic characteristics1

Group

Control (n = 105) Breakfast (n = 101) No breakfast (n = 103) P

Height (cm) 168.2 6 8.12 167.0 6 7.3 166.7 6 10.0 0.42

Weight (kg) 90.8 6 16.8 89.6 6 13.9 91.9 6 15.9 0.57

Women (n) 79 74 81 0.66

Age (y) 42.1 6 11.2 40.6 6 12.0 42.0 6 12.4 0.58

Race (n) 0.39

White non-Hispanic 54 45 48

Black non-Hispanic 32 40 34

White Hispanic 6 5 12

Black Hispanic 2 5 3

Other 11 6 6

Site (n) 1.00

UAB3 24 25 23

Columbia University 24 20 23

Colorado 15 14 15

Copenhagen 18 18 18

Boston 24 24 24

Breakfast skippers (n) 52 45 50 0.73

1 n = 309. There were no missing data for these variables. P values were calculated by using either an F test or Fisher’s

exact test, as appropriate.
2Mean 6 SD (all such values).
3UAB, University of Alabama at Birmingham.
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1.06, and 20.71 6 1.17 kg for the control, breakfast, and NB
groups, respectively.

After adjustment for age, race, site, sex, prerandomization
status, and baseline weight, there was no evidence of an interaction
between treatment assignment and site (P = 0.32) nor between
treatment assignment and prerandomization status (P = 0.70) on
weight change. With restriction to a strictly additive model (see
Table 3), weight change was not significantly affected by pre-
randomization status (P = 0.71). Subject sex was nominally
significant, with men losing, on average, 0.99 kg more than
women (P = 0.040). The age of the subject was suggestive of
a linear trend, with older individuals losing more weight, on

average, than their younger counterparts (a difference of 0.34 kg
for every 10 y of age; P = 0.050). Significant differences in
weight change by race (P = 0.034) were primarily driven by
evidence that black Hispanics tended to lose less weight than
other ethnicities (weight change shifted by +3.4 kg), although
the sample size for this subgroup was quite small (n = 10).
Significant differences in weight change by site (P = 0.035) were
primarily driven by the University of Copenhagen site, where
participants lost more weight, on average, than those at other
sites (weight change shifted by 21.75 kg). All of the afore-
mentioned effects in the additive model were calculated simul-
taneously (type II ANOVA). The multiple imputation produced
comparable results, with no differences in weight change by
treatment assignment or interactions of treatment assignment
with site or with prerandomization status. Findings with regard
to adjusted covariates were also similar, with no change in
nominal significance.

Compliance-adjusted treatment effects

On average, self-reported compliance (calculated as percentage
of days that participants followed breakfast recommendation after
determining intent when filling out the diary) was 93.6% for the
breakfast group and 92.4% for the NB group in completers.
Adjustment of treatment assignment by compliance did not result
in a significant effect of treatment on weight loss (P = 0.82) when
using the compliance information “as is” in a completers-only
analysis (Table 4). Results were not different under multiple
imputation, “fixing” the compliance information, or both.

Effect of control condition on breakfast eating habits

Among those assigned to the control group, there were 44
a priori breakfast skippers and 52 breakfast eaters. Over the
course of the experiment, 15 of 44 breakfast skippers began
eating breakfast regularly, whereas only 4 of 52 regular breakfast
eaters began skipping breakfast. The difference in odds of changing
behaviors cannot be explained by initial weight, age, race, study
site, or sex (Table 5); thus, the proclivity of changing breakfast
eating habits differed significantly by prerandomization status,
with skippers more likely to become breakfast eaters during the
intervention than vice versa (covariate-adjusted OR: 6.1; 95%

TABLE 2

Completer interaction model: weight-loss type II ANOVA1

Sum of squares df F P

Initial weight 10.47 1 1.05 0.31

Age 31.16 1 3.12 0.079

Race 112.25 4 2.81 0.026

Site 107.45 4 2.69 0.032

Male sex 42.57 1 4.26 0.040

Prerandomization status 0.73 1 0.07 0.79

Assignment 5.13 2 0.26 0.77

Site 3 assignment 7.12 2 0.36 0.70

Prerandomization status 3 assignment 92.98 8 1.16 0.32

Residuals 2578.91 258

1 n = 283. Values were determined by type II ANOVA for the analysis of

weight loss as a function of initial weight, age, race, site, sex, prerandom-

ization status, and experimental assignment under a “completers only” anal-

ysis. In addition, interactions of assignment by site and by prerandomization

status were considered. No effect involving assignment was significant.

FIGURE 2. Mean (6SD) covariate-adjusted weight changes by treatment
and stratification. The gray dashed line represents “0” or no weight change
from baseline. ANOVA found no significant effects of treatment or stratifi-
cation on weight change. Among breakfast skippers, baseline mean (6SD)
weight-, age-, sex-, site-, and race-adjusted weight changes were 20.71 6
1.16, 20.76 6 1.26, and 20.61 6 1.18 kg for the C, B, and NB groups,
respectively. Among breakfast eaters, baseline mean (6SD) weight-, age-,
sex-, site-, and race-adjusted weight changes were 20.53 6 1.16, 20.59 6
1.06, and 20.71 6 1.17 kg for the C, B, and NB groups, respectively. B,
breakfast group; C, control group; NB, no-breakfast group.

TABLE 3

Completer additive model: weight-loss type II ANOVA1

Sum of squares df F P

Initial weight 6.43 1 0.64 0.42

Age 38.69 1 3.87 0.050

Race 105.99 4 2.65 0.034

Site 104.74 4 2.62 0.035

Male sex 42.70 1 4.27 0.040

Prerandomization status 1.38 1 0.13 0.71

Assignment 5.13 2 0.26 0.77

Residuals 2679.77 268

1 n = 283. Values were determined by type II ANOVA for the analysis of

weight loss as a function of initial weight, age, race, site, sex, prerandom-

ization status, and experimental assignment in a strictly additive model (no

interactions allowed) under a “completers only” analysis. Assignment was

not significant.
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CI: 1.72, 27.65; P = 0.01) (Table 5). Results were not different
under multiple imputation.

DISCUSSION

Although breakfast consumption can help ensure adequate
nutrient intake and may have several health benefits (28–30), this
RCT showed no effect of a recommendation to eat or skip
breakfast on weight loss. This experiment was not designed to
test the efficacy of a particular breakfast [eg, protein quality
(31)] or of the precise timing of isocaloric amounts of food on
weight loss (32), and conclusions with regard to the influence of
breakfast type or meal timing on weight loss cannot be drawn
from this study. Rather, we intended to test the effectiveness of
a public health recommendation to skip or eat breakfast in
causing weight loss in free-living individuals attempting to lose
weight over a 16-wk period.

Compliance with recommendations to eat or skip breakfast, at
least as judged by self-report, was high (93.6% for the breakfast
group and 92.4% for the NB group), suggesting that the rec-
ommendation was effective at producing the intended effects on
breakfast consumption. Therefore, we tested the effect of public
health breakfast recommendations among individuals who
wanted to lose weight and who took the recommendation seri-
ously and made an attempt to follow that recommendation. It

should also be noted that some individuals interpreted the control
general nutrition recommendations to mean that they should
begin eating breakfast, particularly if they were skippers before
the study, even though breakfast was not mentioned in the control
group instructions. This may have weakened our power to detect
differences between the control and breakfast groups but not
between the breakfast-skipping group and the other groups.

Contrary to the near-significant interaction found by Schlundt
et al (19) between initial breakfast eating habits and treatment
assignment that suggested that individuals who switch their
breakfast eating habits may lose more weight, we saw no in-
teraction of prerandomization status and treatment assignment.
They tested the impact of breakfast on weight loss as part of
a clinical weight-loss program that involved specific caloric
intake reduction targets and counseling to help participants meet
that target. Our findings suggest that the observed interaction in
the Schlundt et al study may have been a type 1 error.

Alternatively, intake was considerably more ad libitum in our

study than in the Schlundt et al study and reflective of what

individuals would do in a free-living condition if exposed to

a public health recommendation to eat more healthfully and

either skip or eat breakfast. It is likely that participants were freer

to compensate for any changes in energy intake that would have

resulted from changes in breakfast eating habits in our study

compared with the Schlundt et al study, which may account for

a lack of treatment by prerandomization status interaction in our

study. Our findings do not preclude the possibility that in a more

controlled, clinical weight-loss setting, switching breakfast

eating habits would produce more weight loss and only suggest

that in a free-living less controlled setting, breakfast eating habits

do not influence weight loss.
Several strengths of our study design should be considered.

This is the largest RCT designed to determine the effectiveness of

breakfast recommendations on weight loss. The large sample size

and multiple sites ensure both adequate power and reasonable

generalizability. In addition, our randomized design and rigorous

statistical analysis strengthen inferences about causation.
Several limitations of our study should also be considered. We

did not measure body composition or other metabolic variables.

Previous findings suggest that breakfast consumption may affect

endocrine regulation of appetite and body fatness (9–12), In

addition, our study was 16 wk in duration, which may not have

been long enough to detect an effect on body weight if the

overall change in energy intake resulting from the breakfast

habit changes is very small.
Because a general recommendation to eat or skip breakfast did

not influence weight loss in this study, future research might

assess whether more specific recommendations with regard to the

timing and quantity of meals or meal compositions might im-

prove weight-loss outcomes. In addition, our findings can only be

applied to free-living adults who are attempting to lose weight,

and therefore trials to determine the effectiveness of breakfast

recommendations in a clinical weight-loss setting, or in children

and adolescents, merit consideration. This is an important area in

need of investigation to ensure that public health recommen-

dations are effective and not unnecessarily using public resources

or discouraging public trust of authorities in the efforts to reduce

the population prevalence of obesity.

TABLE 4

Completer additive model: compliance-adjusted weight loss1

Sum of squares df F P

Initial weight 11.72 1 1.14 0.28

Age 27.36 1 2.65 0.10

Race 93.69 4 2.27 0.062

Site 76.34 4 1.85 0.12

Male sex 41.51 1 4.03 0.046

Prerandomization status 0.87 1 0.08 0.77

Compliance-adjusted assignment 4.05 2 0.20 0.82

Residuals 2574.32 250

1 n = 183. Values were determined by type II ANOVA for the analysis

of weight loss as a function of initial weight, age, race, site, sex, preran-

domization status, and compliance-adjusted assignment in a strictly addi-

tive model (no interactions allowed) under a “completers only” analysis.

Compliance-adjusted assignment was not significant.

TABLE 5

Control group breakfast habit changes: completers1

Likelihood ratio x2 df P

Initial weight 1.71 1 0.19

Age 0.030 1 0.86

Race 8.94 4 0.063

Site 9.11 4 0.058

Male sex 0.15 1 0.70

Prerandomization status 6.65 1 0.010

1 n = 105. Values were determined by type II analysis of deviance for

the analysis of spontaneous changing of breakfast eating habits among the

control group. The binary outcome of habit change was considered in a lo-

gistic regression, regressing on prerandomization status while adjusting for

initial weight, age, race, site, and sex under a “completers only” analysis.

There was a significant effect for prerandomization status (15 of 44 breakfast

skippers became breakfast eaters, whereas only 4 of 52 breakfast eaters

became breakfast skippers).
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