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Abstract

Purpose Despite current recommendations and guideli-
nes on the treatment of overweight and obesity, little is
known about what patterns of energy intake or expenditure
are ideal for weight loss. The present study examined
patterns in energy intake and expenditure and explored
whether those differences were associated with weight loss.
Methods Self-monitoring data on energy intake and
expenditure, along with minutes spent in exercise, were
obtained from 90 overweight or obese adults (mean
BMI = 38.0) enrolled in two behavioral weight loss pro-
grams. Energy intake and minutes of daily exercise were
self-reported and energy expenditure was obtained from
the Caltrac accelerometers that were provided to
participants.

Results On weekends (Friday through Sunday), partici-
pants consumed more calories from breakfast (271 vs. 241
kcals/day; p < .01), dinner (605 vs. 547 kcals/day;
p < .001), and alcohol (59 vs. 27 kcals/day; p < .01), as
well as total daily calories (1669 vs. 1520 kcals/day;
p < .001) and expended fewer total calories (2515 vs. 2614
kcals/day; p < .01) than on weekdays. Higher caloric
intake on weekdays was associated with less overall weight
loss (r = —.29, p < .01) and was marginally associated on
weekends (r = —.19, p = .051).
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Conclusion This investigation found evidence that while
eating patterns clearly contribute to daily energy intake on
weekdays and weekends, they may not necessarily con-
tribute to weight change. At the end of the day, what may
be most important is regular self-monitoring and total
caloric intake on both the weekdays and weekends.
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Introduction

The current guidelines on the treatment of overweight and
obesity in adults recommends, as an initial treatment goal,
about a 10 % reduction in baseline body weight, which can
be generally achieved by creating a caloric deficit of
500-1000 kilocalories (kcals) per day [1]. This results in
modest weight loss [1] and has been found to reduce the
occurrence of obesity-related medical conditions [2, 3].
The most effective way to create this deficit is through a
combination of reducing energy intake and increasing
energy expenditure [1]. However, despite these guidelines,
little is known about which patterns of energy intake or
expenditure are ideal for weight loss. And, with only about
a fifth of participants enrolled in behavioral weight loss
programs (BWLPs) successful in losing and maintaining
weight loss for at least a year [4], it is possible that dif-
ferences in eating and exercise patterns may be impacting
treatment success.

While there is limited research on eating and exercise
patterns, a number of studies have examined whether
breakfast consumption is associated with weight loss [5-7].
For example, these studies suggest that eating breakfast, or
earlier meals in the day, is associated with greater weight
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loss. Eating breakfast has also been found to be inversely
associated with weight regain [8] and is one of the char-
acteristics for “successful” weight maintenance [9].
However, less is known about other dietary and exercise
patterns, as neither the frequency of meals throughout the
day [10], the duration and intensity of exercise [11], nor the
length of exercise sessions (smaller bouts versus one con-
tinuous bout; [12]) have been associated with more suc-
cessful weight loss.

Research has also examined whether there is a difference
in energy intake and expenditure throughout the week [13—
17]. For example, in a nationally representative sample,
adults aged 19-50 were found to consume 115 more calo-
ries on weekends than on weekdays [14]. Adults also con-
sume more fat and alcohol and spend less time engaging in
physical activity on weekends [13, 14, 17]. However, it is
unclear how these patterns of eating and exercise relate to
weight loss. Confirmation of this pattern may be important,
given that adults at risk for obesity are more susceptible to
weight gain due to increased caloric intake on weekends
[16]. Thus, it is possible that if this pattern is observed
among adults enrolled in a BWLP then it could have a
significant impact on their treatment success.

The purpose of the current study was to examine patterns
in dietary intake and physical activity among treatment-
seeking overweight and obese adults and to determine
whether these differences were associated with weight loss.
While prior research has tended to focus on overall daily
caloric intake, this study sought to also examine differences
in caloric intake across individual meals, beverages, and
snacks. Identifying such differences and their association
with weight loss could greatly improve the effectiveness of
BWLPs by highlighting daily and weekly eating and exer-
cise patterns and identifying if there is in fact a more ben-
eficial pattern for treatment success. Generally speaking,
based on previous research [13, 14, 16, 17], it was
hypothesized that adults would consume more calories and
exercise less on weekends than weekdays. The association
between weekday and weekend eating and activity patterns
and weight loss was also examined. It was hypothesized that
consuming greater calories on weekdays and weekends
would be associated with less weight loss.

Methods
Participants

Self-monitoring data were obtained from 89 participants
enrolled in two similar BWLPs (Study 1: N = 45; [18];
Study 2: N = 44; [19]). Data were used from two similar
studies to increase statistical power.' Participants’ mean
age was 46.4 years (SD = 12.8) and mean BMI was 38.0
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(SD = 8.1; range = 26.5-63.4). Participants were primar-
ily Caucasian (85 %), female (75 %), and married or living
with a partner (80 %). Most participants (55 %) reported
an annual income of over $45,000 and 58 % had at least a
bachelor’s degree. There were no significant differences
between the two weight loss program participants in
baseline demographics. Eighty-two percent of participants
completed the program2 with an average weight loss of
7.0 % (SD = 5.0). The two programs did not differ in
overall percent weight loss (Study 1: 6.9 £ 4.3 %; Study 2:
7.0 £ 5.7 %). However, because of the longer duration but
less intensive nature of the intervention in study two,
weekly percent weight loss was lower than study one
(Study 1: 0.6 £ 0.4 %; Study 2: 0.4 £ 0.3 %, p < .01).

For both studies, participants were recruited through
advertisements on community bulletin boards, newspapers,
and emails sent to faculty and staff at a large Midwestern
university. Participants were included if they were over-
weight or obese (BMI > 25 kg/mz), received medical
clearance from their primary care physician, and were free
from major medical conditions (e.g., insulin-dependent
diabetes, uncontrolled hypertension, etc.). Additionally,
participants were excluded if they: (1) were pregnant or
currently nursing, (2) had undergone bariatric surgery, or
(3) had a serious mental illness (i.e., schizophrenia and
bipolar disorder) or an eating disorder. The procedures
used in both weight loss studies were approved by the
university’s human subject review board and all partici-
pants provided informed consent.

Weight loss programs

Both studies received similar program orientations and
instructions to self-monitor energy intake and total daily
energy expenditure (see “Self-monitoring”), and included
weekly weight assessments and a combination of didactic
instruction, group and individual in-class activities, and
take home assignments. In each study, small groups of
10-15 people met weekly for approximately 90 min.
Groups were led by a licensed clinical health psychologist
or graduate students specializing in health psychology.
Study one was 12 weeks in duration and study two was
18 weeks. However, both studies emphasized the modifi-
cation of participants’ relationships with food, their bodies,
and their weight, as well as healthy habit formation and
disruption of unhealthy habits.

! The statistical power for the main analyses ranged from 0.66 to
0.99, with effect sizes ranging from 0.2 to 0.7.

2 The attrition rate was in line with other BWLPs [32] and is a
common problem in weight loss treatment [33]. Reasons for dropout
were not known and could be due to factors, such as the time
commitment required, life circumstances, decreased motivation, or
dissatisfaction with their progress.
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Participants in both studies were instructed on how to
create a caloric deficit of 500-1000 kcals per day based on
their total daily energy expenditure, which was obtained from
the Caltrac accelerometers that were provided to participants.
While participants were not explicitly told which foods and
beverages they should or should not consume, they were
educated on topics, such as nutrition, food choice, and portion
control, which emphasized making healthier choices. In
addition, in-class activities, such as “taste tests”, which
involved trying healthier food options, and doing a “recipe
makeover” (i.e., taking a recipe used at home and making it
healthier), were done in class to further reinforce concepts
discussed. The current recommended federal guidelines of at
least 30 min of moderate-intensity aerobic activity for at least
5 days per week were provided as a target goal [1, 20]. Par-
ticipants were also advised to increase lifestyle activity, such
as taking the stairs instead of the elevator.

Measures
Self-monitoring

Participants were instructed on how to self-monitor dietary
intake. They were provided with demonstrations of com-
mon food measurement procedures, as well as instructions
for estimating food portion sizes, and were instructed on
how to use reputable online calorie databases, such as the
USDA’s SuperTracker and CalorieKing.com. Participants
were further instructed on how to electronically (or by
paper and pencil) submit daily records of energy intake
from breakfast, lunch, dinner, snacks, nonalcoholic bever-
ages, alcoholic beverages, and total energy intake. Meals
and snacks were defined by the participants based on their
own common practices.

Participants were also instructed to self-monitor time
spent in physical activity (minutes) and total daily energy
expenditure, based on the Caltrac accelerometer readings.
As with dietary intake, participants were encouraged to
submit daily records throughout the duration of treatment.

Energy expenditure

The Caltrac accelerometers were used to assess total daily
energy expenditure (i.e., total energy expenditure from
physical activity and rest). The Caltrac accelerometer
measures vertical acceleration as the individual moves
about and converts the measurement into an expenditure
value (kcals/day) based on their age, sex, height, and
weight, which are entered by the participants into the
accelerometer. Although accelerometers have been shown
to mildly overestimate the absolute energy cost (i.e., mea-
sured VO,) of selected activities, they provide a reliable
assessment of total energy expenditure [21, 22]. Participants

were instructed on the proper use of the accelerometer (e.g.,
wear over belt or waistband) and were reminded to record
and reset it at the same time each day (every 24 h), as the
accelerometers did not have a memory function.

Weight and body mass index (BMI)

Participants’ weights were measured to the nearest 0.1
pounds at baseline and post-treatment using a digital scale
(BF-350e; Tanita, Arlington Heights, IL). Height was
measured at baseline to the nearest 0.5 inch using a steel
height rod on a standard spring scale. Height and weight
were converted to meters and kilograms, respectively,
before calculating BMI as kg/m>.

Statistical analyses

Self-monitoring data were aggregated by participant and
day of the week by taking the average of each response
over the course of treatment (i.e., calories consumed from
each meal for each day of the week). All self-monitoring
entries that were submitted over the treatment period in
both studies were included in the analyses. We chose to be
conservative and not remove any data, since there is no
clear, consistent criterion used in the extant literature and
information on how adherence is measured is lacking [23].
Further, our dataset contained no consistent pattern of
missing or incomplete data. Consistent with prior research
[14], weekday was defined as Monday through Thursday
and weekend as Friday through Sunday.

Repeated measures ANOVAs were conducted to deter-
mine whether there was significant variability across the
week in energy intake and expenditure. If there were any
significant differences then paired samples ¢ tests were
utilized to examine if there were differences on weekdays
and weekends. When the assumption of sphericity was
violated, Huynh-Feldt or Greenhouse—Geisser corrections
were applied. The effect of treatment type was used as a
covariate (i.e., differences in each studies’ treatment
groups) to examine differences in overall percent weight
loss across weekdays and weekends. Missing data were
handled using pairwise deletion to allow for maximum
power to detect relationships between explanatory vari-
ables. The Benjamini and Hochberg procedure [24] was
applied to tests involving multiple comparisons.

Results
Preliminary analyses

This investigation used 4830 days of self-monitoring
entries submitted over the course of both studies. The mean
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number of entries that were submitted per person in study
one was 48.7 (SD = 31.4; total possible entries = 83) and
in study two was 60.0 (SD = 46.3; total possible
entries = 1397). In study one, participants self-monitored
on 59 % of weekdays and 58 % of weekends, while in
study two it was 44 and 42 %, respectively.* Participants
submitted significantly more entries on weekdays than on
weekends in study two (p < .01). A positive correlation
was found between age and number of entries (r = .39,
p < .001). No other significant differences emerged.

Differences in dietary intake and physical activity

Figure 1 shows daily energy intake and expenditure
throughout the week. Prior to examining differences in
eating and activity patterns between weekdays and week-
ends, repeated measures ANOVAs were conducted to
determine whether there was significant variability
throughout the week.

Significant differences were found across the week in
calories consumed from breakfast, F(4.7, 356.9) = 3.4,
p < .01, lunch, F(5.5, 412.1) = 3.7, p < .01, dinner, F(5.5,
425.0) = 6.2, p < .001, and alcoholic beverages, F(2.7,
178.4) = 4.6, p < .01, as well as total caloric intake, F(5.1,
389.5) = 14.6, p < .001 and total daily energy expendi-
ture, F(2.7, 204.1) = 6.4, p < .01. There were no signifi-
cant differences in calories consumed from snacks and
nonalcoholic beverages, or minutes exercised. Therefore,
comparisons between calories consumed from snacks and
nonalcoholic beverages, as well as minutes exercised on
weekdays and weekends were not examined further. To
avoid running an excessive number of statistical compar-
isons with the attendant risk of Type I error, we chose to
limit statistical analyses between weekdays and weekends.

Results from paired samples ¢ tests indicated significant
differences in eating and exercise on weekdays and
weekends (Table 1). Specifically, on weekends, adults
consumed a greater percentage of calories from breakfast,
dinner, and alcoholic beverages, consumed more total
calories, and expended fewer total daily calories.

3 The total possible number of self-monitoring entries that could be
submitted in study one was 12 weeks and in study two was 20 weeks,
as both studies also included an orientation and/or a screening visit.
The last week of each study’s weight loss program was not required,
as the final class took place on the first day of that week and no entries
were required to be submitted after the final class. There was also an
additional week included in study two due to a break that occurred
during the treatment period.

4 Study two’s compliance was lower than study one’s due to the
longer duration of treatment, as self-monitoring frequency has been
shown to decrease over the course of treatment [34].
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Association between dietary intake and weight loss

There was a significant correlation between overall percent
weight loss and total caloric intake on weekdays (r = —.29,
p < .01). This relationship was marginally significant for
total caloric intake on weekends (r = —.19, p = .051).
Greater caloric intake on both weekdays and weekends
combined was associated with less weight loss (r = —.25,
p < .05). No significant differences emerged from calories
consumed from breakfast, dinner, or alcoholic beverages, or
total daily calories expended. However, a significant asso-
ciation was found between the percentage of days self-
monitored and overall percent weight loss (weekdays:
r = .47, p < .001; weekends: r = .49, p < .001).

Association between weekday and weekend calorie
consumption

Given that all participants were trying to lose weight and
caloric intake was associated with weight loss, we were
curious if those who consumed more calories on the
weekends compensated for this by lowering their intake on
the weekdays or vice versa. Therefore, post hoc analyses
examining for compensation between calorie consumption
on weekends and weekdays were conducted. We ran a one-
sample ¢ test using serial correlation z-scores for overall
energy intake from one period to the next (e.g., weekdays
of week 1 to weekend days of week 1, etc.) and found no
evidence for compensation occurring in the overall sample,
1(75) = —1.23, p = .223. However, a marginally signifi-
cant finding was found among successful weight losers
(i.e., those who lost >5 % of their baseline weights),
1(45) = —1.99, p = .053.

Discussion

There is no shortage of advice on eating patterns that will
lead to weight loss. Nevertheless, few studies have exam-
ined patterns in dietary intake and physical activity across
the week, with the goal of determining whether these
patterns are associated with weight loss. Consistent with
previous research [14], the current investigation’s over-
weight and obese sample consumed approximately 150
more calories per day on weekends (Friday through Sun-
day) than weekdays. While modest, an extra 450 kcals on
the weekend could result in an extra 23,400 kcals over the
course of a year and likely contribute to significant weight
gain. The greater consumption during weekends was

> We used a 5 % cutoff because it is commonly included in the range
for “successful” weight loss due to its demonstrated health benefits

[2].
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Table 1 Paired samples ¢ test comparing dietary intake and physical activity on weekdays and weekends

Weekdays Weekends n Mean difference 95 % CI for mean difference t df

M SD M SD
Breakfast 241 111 271 124 87 -29 —46, —12 —3.5%* 86
Lunch 416 150 429 135 87 —13 —37,12 -1.0 86
Dinner 547 179 605 231 87 —58 —87, =29 —3.9%% 86
Alcohol 27 74 59 105 78 -32 —54, —10 —2.9%* 77
Energy intake 1520 409 1669 455 87 —149 —196, —102 —6.3%%* 86
Energy expenditure 2614 538 2515 498 85 99 33, 164 3.0%* 84

Weekdays was defined as Monday through Thursday and weekends as Friday through Sunday

All values are measured in kilocalories per day
M mean, SD standard deviation
* P < .05; ¥ P < .01; *** P <.001

distributed primarily among breakfast (20 % of increased
caloric consumption), dinner (39 %), and alcoholic bever-
ages (21 %), suggesting that it is overall consumption and
not one particular area. Although it was not assessed
whether meals were eaten in or out, anecdotally, weight
loss participants often report consuming more food and
alcohol on the weekends because of social gatherings,
celebrations, etc. These findings are summarized in Fig. 1
and are consistent with previous research on alcohol con-
sumption [14, 25]. Therefore, even among weight loss
participants who are closely monitoring their energy intake,
weekends appear to be a time of lower adherence.

Total daily energy expenditure was significantly lower
on weekends, however, minutes spent in physical activity
was not significantly different. It is possible that this dis-
crepancy is due to differences in the types of physical
activity that participants engaged in. In other words, while
formal exercise minutes is similar, participants may have
engaged in less unstructured exercise (e.g., walking) during
the weekend. This is consistent with prior research indi-
cating that adults take fewer steps on weekends (10,479 vs.
9091 steps/day; [13, 17]). Given that these patterns
observed in the general population were replicated among
weight loss participants suggests that it may be challenging
to modify existing activity habits or patterns.

In this investigation, all participants were actively
attempting to lose weight. Nevertheless, eating and activity
patterns between the weekdays and weekends were sig-
nificantly different and distinct (Fig. 1). Despite this, dif-
ferences in individual meals and beverages on weekdays
and weekends were not associated with overall weight loss.
Thus, it appears that having a little more alcohol and some
larger meals on the weekend may not completely sabotage
a diet. While total daily calories on weekdays were more
strongly associated with weight loss than on weekends, this
is not to say that the weekend is not important, as greater
caloric intake on both weekdays and weekends combined
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was associated with less weight loss. Additionally, the
frequency of self-monitoring on weekdays and weekends
was associated with weight loss; though, this finding was
not too surprising, given that the importance of regular
self-monitoring to successful weight loss has been well
established [26].

Our findings suggest that most people “let loose” on the
weekend. However, it may be that those who consume
more calories on the weekends compensate for this by
lowering their intake on the weekdays. Post hoc analyses
examining for compensation between calorie consumption
on weekends and weekdays found that, while there was no
evidence for compensation in the overall sample, there was
a marginally significant finding among successful weight
losers. This may suggest that successful weight losers are
able to offset days characterized by higher energy intake by
cutting back on successive days. If so, then this could prove
to be beneficial for long-term weight control, as adhering to
a strict eating routine every day may be tiring and lead to
issues with long-term compliance. In which case, having
some flexibility on the weekends may allow them to not
feel as psychologically deprived.

Interestingly, total daily calories expended were not
associated with weight loss. This finding is consistent with
previous research suggesting that regular exercise may
have only a modest ability to influence weight [11, 27]. To
illustrate, an individual who engages in 30 min of moder-
ate-intensity physical activity on five or more days each
week is likely to expend the equivalent of approximately
1000 kcal per week. However, one large meal can easily
exceed this, essentially offsetting a week’s worth of exer-
cise-related calories. Therefore, in the end, caloric intake
may have a larger influence on weight loss than caloric
expenditure.

This investigation has several limitations that should be
noted. First, individuals’ reports of dietary intake and
physical activity can be inaccurate, particularly among
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overweight individuals [28]. However, we are not familiar
with any research indicating systematic distortion by par-
ticular meals or days of the week and all participants in this
investigation were treatment-seeking overweight or obese
adults. Therefore, systematic weight-related differences
between subjects were likely minimized. Additionally,
consistent with observations from other BWLPs, many
individuals did not maintain consistent food records. These
inconsistencies likely reflect noncompliance with self-
monitoring instructions, secondary to sickness, motivation,
or time constraints. However, this study’s use of self-report
data does make it subject to social desirability bias and
misrepresentation. For example, when compared to direct
measurements (e.g., doubly labeled water technique, indi-
rect calorimetry), individuals tend to underestimate energy
intake and overestimate physical activity [29, 30]. Never-
theless, despite this, self-report measures continue to be
used, as they are a cost-effective, time-efficient method that
can provide an estimate of caloric intake and expenditure.
Further, while individuals were instructed on how to use
various reputable online calorie databases, it was not made
explicit to use a specific database. Nevertheless, programs
such as these primarily use the USDA’s National Nutrient
Database for Standard Reference. As such, the energy
values for foods and beverages across databases should be
relatively consistent. Finally, the sample is largely homo-
geneous (Caucasian, female, treatment-seeking), indicating
that generalizability of these findings may be limited.

Conclusion

Obesity continues to be a leading public health concern in
the United States, with over two-thirds of the population
either overweight or obese [31]. The current obesity epi-
demic has heightened interest in identifying consumption
patterns that might contribute to weight gain or poor health.
Individuals are commonly inundated with competing, and
often, contradictory messages about eating patterns and
weight loss. This investigation found evidence that while
eating patterns clearly contribute to daily energy intake on
weekdays and weekends, they may not necessarily con-
tribute to weight change. At the end of the day, what may
be most important to weight loss is regular self-monitoring
and total caloric intake on both the weekdays and
weekends.
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