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1 | BACKGROUND

Lifestyle modification is the gold-standard non-surgical approach to
reducing overweight/obesity via clinically meaningful weight loss of
5%-10% of one's initial body weight.! Lifestyle modification in-
terventions involve a daily calorie prescription and physical activity
goal, which serve to create a negative energy balance.? Lifestyle
modification also typically involves provision of behavioral and
cognitive strategies to facilitate adherence to the prescribed diet and
activity goals (e.g., stimulus control, meal planning, coping with
stress).r3

Research has shown that the dietary prescription serves as one
of the most important drivers of weight change in lifestyle modifi-
cation.* Adherence to prescribed dietary goals, as measured by
doubly labeled water or self-reported food diaries, has been robustly
associated with overall rates of weight loss during lifestyle modifi-
cation interventions.’ %2 Consistent with these findings, research on
dietary lapses (i.e., specific instances of nonadherence to one or more
of the dietary goals set forth in lifestyle modification interventions)
indicates that momentary deviations from the prescribed diet can
have a meaningful deleterious impact on weight loss. Previous
studies have shown dietary lapses occur anywhere from 2.7 to 11.8
times per week during lifestyle modification interventions.*1”
Having more lapses has been associated with less weight loss in a
given week of treatment, as well as less weight lost overall at the
conclusion of lifestyle modification protocols.'>'® These studies
benefit from using ecological momentary assessment (EMA) to
repeatedly prompt individuals to report on lapses directly in the
moment or very soon after.!® EMA represents a substantial
improvement over non-momentary measurement methods (e.g.,
retrospective recalls), as the near real-time nature of assessment
improves the ecological validity and reliability of self-reported eating
behavior.2%22 By studying dietary lapses in precise moments, rather
than measuring overall dietary (non)adherence via doubly labeled
water or food diary, EMA can elucidate temporal patterns of
(non)adherence and help researchers to hone precision approaches
for improving adherence to lifestyle modification diets.?®

Given the robust research on the association between dietary
nonadherence and poorer weight loss outcomes during lifestyle
modification, it stands to reason that dietary lapses likely influence
weight via increased caloric intake. However, there are virtually no
studies that examine whether instances of self-described non-
adherence objectively impact caloric intake or key macronutrient
intake (e.g., protein, fiber, saturated fat). One study of dietary lapses
throughout a 12-month lifestyle modification intervention posited
that, based on participant food records kept during treatment, lapses
may incur an additional 600-750 kcals of intake per week; but this

estimate was never empirically assessed.!® Because lapses are

broadly defined (i.e., non-adherence to one or more dietary goals, not
necessarily referring to a calorie goal specifically) and can be
comprised of a broad set of intake behaviors (e.g., overall energy
intake, but also eating specific types of food one was intending to
avoid),?* it is not a certainty nor a requirement that self-identified
lapses are meaningfully reflective of overall caloric intake. For
example, lapses could instead be more indicative of the macronu-
trient make-up of the foods consumed (e.g., high in fat).?®> Thus,
empirical research on the roles of dietary lapses and dietary intake is
important for concretely establishing a mechanism by which lapses
influence weight and will strengthen the argument for more directly
targeting lapses to improve dietary adherence and, subsequently,
lifestyle modification outcomes.2¢-28

The current study sought to examine the association between
lapses and daily caloric and macronutrient intake during lifestyle
modification. Participants (n = 32) underwent a 6-month in-person
lifestyle modification intervention (3 months of active weight loss
treatment individually with an interventionist with 3 months of
monthly booster sessions). Each participant's dietary prescription
included a calorie target range that was based on their starting
weight. They completed EMA every other week (biweekly) to self-
report on dietary lapses and telephone-based 24-h dietary recalls
every 6 weeks throughout the program. This research empirically
assessed, for the first time, lapses' contribution to dietary intake.
Moreover, the use of multi-modal, repeated assessment throughout
lifestyle modification and follow-up allowed for precise and robust
estimates of these effects. The aims of this research were three-fold:
(1) Examine the association between daily lapse (i.e.,, whether a
participant reported a lapse on a given day or not) and daily recalled
caloric intake; (2) Examine the associations between daily lapse and
daily recalled macronutrient intake (i.e., grams of added sugars,
saturated fat grams, percent daily intake from fat, carbohydrates, and
protein, and fiber grams); and (3) Examine the association between
daily lapse and whether an individual exceeded their recommended
daily calorie goal. It was hypothesized that daily lapses would be
associated with higher daily caloric intake, unhealthy dietary intake
patterns (i.e., higher grams of added sugar, saturated fat grams,
percent daily intake from fat, and percent daily intake from carbo-
hydrates; lower percent daily intake from protein and fiber grams),
and greater likelihood of exceeding the recommended calorie goal.

2 | MATERIALS AND METHODS
2.1 | Participants

Eligible participants were men and women who met the following
criteria: body mass index (BMI) of 25-50 kg/m?, aged 18-70 years,
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and had been diagnosed by a physician with one or more cardio-
vascular disease risk factors (Type 2 diabetes, prediabetes, hyper-
cholesterolemia, or hypertension). Exclusion criteria included:
reporting a medical condition contraindicating weight loss, pregnant
or breastfeeding within the last 6 months, enrolled in another weight
loss program, reporting weight loss >5% in the last 6 months, taking
weight loss medication, history of a weight loss surgical procedure, or
reporting a clinically diagnosed eating disorder, excluding Binge
Eating Disorder.

2.2 | Procedure

Individuals were recruited on a rolling basis from October 2018 to
September 2020 via advertisements in local newspapers, the
research center's website, email newsletters through the Miriam
Hospital and by physician referrals. Interested participants were
contacted by phone and screened for eligibility. All assessments and
treatment sessions occurred in-person until the beginning of the
COVID-19 pandemic in March 2020, when regular in-person
assessment visits were discontinued and participants received the
remainder of their weight loss counseling via telephone. After con-
firming eligibility, participants provided informed consent at an in-
person orientation, which was immediately followed by a baseline
assessment. During the baseline assessment height and weight were
measured, questionnaires completed, and participants were shown
how to self-monitor dietary intake using either a paper record or the
MyFitnessPal smartphone application, per their preference. Partici-
pants were asked to complete a 7-day run-in, in which the minimum
criteria for starting treatment included tracking dietary intake (>2
meals/day for 7 days) and gaining their physician's confirmation of
eligibility (cardiovascular disease risk factor diagnosis) and permis-
sion to participate in the study.?’ Participants who met the run-in
requirements began their initial treatment session approximately
1 week after their baseline appointment and continued weekly ses-
sions for the first 12 weeks with monthly boosters during the final
12 weeks. Participants were asked to complete regular EMA surveys
and phone-based 24-h dietary recalls (schedule for each assessment
described below). The current study utilized data from the EMA
surveys and phone-based dietary recalls, and the timing of these
assessments were predeclared at the outset of this trial. All study
procedures followed were in accordance with the ethical standards
of the Miriam Hospital Institutional Review Board and in accordance
with the Helsinki Declaration of 1975 as revised in 1983.

2.2.1 | Ecological momentary assessment protocol

At the first treatment session (week 1) participants were trained in
how to complete EMA surveys, with once-per-month training re-
freshers throughout the 24-week study. Participants who did not
own a smartphone were provided one. Ecological momentary

assessment surveys were delivered through LifeData, a HIPAA-

compliant platform with iOS/Android compatible smartphone appli-
cation (“app”). Participants were instructed to complete 7 days of
EMA every other week starting on week 1, ending on week 23.
Participants were prompted via app notification to complete EMA
surveys semi-randomly throughout the day around 5 anchor times
(9:00 a.m., 11:00 a.m., 2:00 p.m., 5:00 p.m., 8:00 p.m.), within £1 h of
the anchor time. Semi-random prompting ensured an even distribu-
tion of assessment points throughout the day while minimizing
reactivity.?? Participants had 1 h to complete the survey and received
a reminder after 30 min. Ecological momentary assessment surveys
measured dietary lapses and non-lapse eating occasions.?’ Note that
analyses for this study only utilized EMA completed on days in which

24-h food recalls were conducted (see below).

2.2.2 | Dietary assessment

Reported dietary intake was measured via 24-h dietary recalls, a
well-established dietary assessment tool, with demonstrated validity
and reliability in estimating energy and macronutrient intake.*°-32
Telephone-based, 24-h dietary recalls were collected during weeks
1, 5, 11, 17, and 23 to coincide with the weeks of EMA surveys.
Dietary recalls were collected by trained by research staff using the
University of Minnesota Nutrition Data System for Research (NDSR)
software (version 2018; Nutrition Coordinating Center, Minneapolis).
On the week of assessment, participants provided their general
availability and recalls were conducted on three random, non-
consecutive days (2 weekdays, 1 weekend day) via telephone.
Nutrition Data System for Research employs an automated multiple-
pass method and a standardized portion-size manual, which has been
shown to reduce measurement error.>>3* Participants were taught
how to use the portion-size manual during their first treatment
session (week 1) and were provided with a copy for use during the
subsequent recalls. Nutrition Data System for Research also required
the assessor to ask if the rating of recalled intake is more, less, or a
typical amount of food for them (intake amount) and this variable
was included in the below-described models. Nutrition Data System
for Research output files were used to determine reported energy
intake, as well as reported intake of grams of added sugars, saturated
fat, and fiber, and percent daily intake from fat, carbohydrates, and

protein.®

2.3 | Lifestyle modification intervention

Both content and session structure of the lifestyle modification
intervention were based on the Diabetes Prevention Program (DPP)
and LookAHEAD trials.**3” Consistent with DPP and LookAHEAD,
each participant was given a calorie goal based on their starting
weight (<250 Ibs, 1200-1500 kcals per day, and >250 Ibs, 1500~
1800 kcals per day). In addition, participants were asked to follow the
Mediterranean diet due to its association with improved cardiovas-

cular health as well as successful weight loss.>®3? The Mediterranean
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diet focuses on eating whole vegetables, whole grains, nuts and fruits,
with a moderate intake of fish and poultry and low intake of dairy
products, and red meat.*® Participants were also provided with a
physical activity prescription, with weekly goals for aerobic activity
(i.e., a minimum of brisk walking) that worked up to 200 min/week of
moderate intensity activity by week 12 of the program. Participants
measured and tracked their daily calorie intake, physical activity and
weight using My Fitness Pal. Treatment sessions were 30 min in
length and conducted individually with postdoctoral level clinicians
supervised by a licensed clinical psychologist. Each session covered
personalized feedback on dietary intake and physical activity, and
behavioral and cognitive strategies for meeting weight loss goals (e.g.,
stimulus control, restaurant stress

meal planning, eating,

management).

2.4 | Measures

2.4.1 | Dietary lapse

Each EMA survey assessed dietary lapses, defined as any “eating or
drinking likely to cause weight gain, and/or put weight loss/mainte-
nance at risk”,}> by asking participants to report whether they had
experienced a lapse since the last survey. For the proposed analyses,
reports of daily lapses were dichotomized by day; any day in which a
participant reported a lapse (regardless of the number of lapses re-
ported) was coded as a “lapse day” for that participant, conversely,
any day in which a participant did not report a lapse was coded as a
“non-lapse day” for that participant.

2.4.2 | Daily caloric intake, usual intake, and
likelihood of exceeding daily calorie goal

Total daily caloric intake estimates were determined for each 24-h
dietary recall using NDSR. Calorie goal differences were calculated
by subtracting the upper limit of the prescribed daily calorie goal
(i.e., 1500 kcals/day for <250 lbs and 1800 kcals/day for >250 Ibs)
from the NDSR total daily caloric intake; a dichotomous variable
indicating whether the calorie goal was exceeded or not was
created from these data and used in the below analyses. Usual
intake was calculated using an average of weighted daily calorie
intake estimates by weekend versus week day, and used as a
covariate to account for between-subjects differences in day-to-

day intake.

2.4.3 | Daily macronutrient intake

The following daily macronutrient estimates were determined for
each 24-h dietary recall using NDSR: grams of added sugars, grams of
saturated fat, percent daily intake from fat, percent daily intake from

carbohydrates, percent daily intake from protein, and grams of fiber.
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244 | Demographic information
A baseline assessment questionnaire collected participant de-
mographics, including age, sex, race, and ethnicity.

2.4.5 | Weight and height

Baseline weight (kg) was measured to the nearest 0.1 kg using a
calibrated digital scale. Height (mm) was measured during the
baseline assessment using a wall-mounted stadiometer. Height
and weight measurements were used to calculate BMI (kg/m?).
Participants who completed the trial during the COVID-19
pandemic were encouraged to attend their final assessment in-
person, with the appropriate precautions in place to reduce risk
of exposure (e.g., sanitization, surgical-grade face masks), so that
they could be weighed by the research staff. Those who declined
an in-person appointment were permitted to self-weigh at home
and report their weight to the research staff during a remote

final assessment.

2.5 | Statistical approach

Given the nested structure of study days within individuals,
multilevel modeling ([generalized] linear mixed models) was
employed to acknowledge that both individual-level and day-level
effects might contribute to variation in our dependent variables
of interest (i.e., daily caloric intake, daily macronutrient intake,
and exceeding the prescribed goal). Individual-level effects on
dependent variables were considered using a test of significance
for variance in a null model where participant identification
number (ID) was the clustering variable. Data were analyzed with
R version 4.0.2.%° Descriptive statistics included means and
standard deviations of dependent variables, as well as the inde-
pendent variable of interest, daily dietary lapses. Assumptions of
linearity were evaluated and met for independent variables and
dependent variable of interest over time (days in the study).
Assumptions of normality were tested for each dependent vari-
able of interest and non-normal dependent variables (i.e., daily
intake of saturated fat grams and daily intake of fiber grams)
were log transformed.

Multilevel analyses were performed for all continuous
dependent variables using linear mixed models with the “nime”
package.** An autoregressive [AR (1)] correlation structure was
used to account for greater correlations between caloric and
macronutrient intake across adjacent days.*?> Mixed effects logistic
regression, with a binomial distribution and logit link function,
the dichotomous

was used to model dependent variable

(exceeding one's calorie goal) with the “Ime4” package.*®
Maximum-likelihood estimation was used to account for missing
data (days in which recall was completed but there were no EMA

surveys completed). Analyses proceeded via an iterative model
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building approach using a stepwise examination of a series of four
nested models. First, a null model (Model 0) was assessed to
examine the variation in dependent variables across participant 1D
(random effect) and estimate the intraclass correlation coefficient
(ICC). Then, study day (i.e., numbered day on which assessment
occurred) was added (Model 1) to determine whether the
dependent variables varied linearly as a function of time. Within
Model 1, study day was evaluated as both a fixed linear effect
and as a random effect to determine whether individuals vary
with regard to their rate of change over time. Third, individual-
level predictors (i.e., age, sex, race, ethnicity, baseline BMI, usual
intake) and day-level predictors (i.e., percent of EMA surveys
completed, rating of recalled intake as more/less/typical amount
of food [intake amount], and day of the week coded from 1 to 7)
were added as fixed effects to control for their potential impact
on the dependent variables (Model 2). In all models, intake
amount and the day of the week of intake were not significant
covariates; therefore, model building proceeded without them. All
other covariates, regardless of whether they were significant,
were retained in the model due to conceptual relevance. Fourth,
a “lapse day” variable was added to the model as a fixed effect
(Model 3). Dichotomizing a day as either having a lapse (i.e.,
“lapse day”) or not (i.e., “non-lapse day”) ensures that individuals

reporting many more lapses do not skew the results.

2.5.1 | Sample size considerations

As detailed in Goldstein et al.2’ the target sample size (N = 40) was
derived via a Monte Carlo simulation using data from prior work
studying lapses and weight loss in the context of lifestyle modifica-
tion (primary aim of the main trial). According to rules of thumb for
multi-level modeling, the recruited sample of N = 32 (with an average
of ~7-8 repeated observations per person [5 food recall assessment
weeks, 3 daily recalls occurring each week, accounting for expected
attrition and data loss]) was 80% powered to detect a minimum ef-
fect size between 0.25 and 0.26 at alpha = 0.05, assuming a medium
(ICC) of 0.3-0.5.** Because minimum detectable effects fall in the
small-to-medium range in Cohen's effect size taxonomy,*” this trial
adequately powered to evaluate day-level effects of lapses on intake

(a secondary aim of the main trial).??

3 | RESULTS

3.1 | Participant characteristics

See Figure 1 for the CONSORT diagram, depicting participant flow
through the trial. Analyses represent available data from 32 partici-
pants who attended and completed their first treatment session. As
specified prior to the trial start, participants who dropped out of the
program were no longer followed because assessment of dietary

lapse (primary independent variable of interest) is dependent on

adhering to a dietary prescription.?’ Participants were majority fe-
male (68.8%), with an average BMI of 38.37 (SDgm = 4.89) and
average age of 54.50 (SD,g. = 10.70). The sample self-identified as
75.0% White, 9.4% Black or African American, and 15.6% “other”.
Participants self-identified as 18.8% Hispanic or Latino. The majority
of participants reported being college-educated (71.8%), working
full- (50.0%) or part-time (43.8%), and having >$75,000 per year
annual income (56.3%). Participants self-reported diagnoses of high
cholesterol (65.6%), hypertension (65.6%), and Type 2 diabetes
(34.3%). Participants lost an average of 6.5% of their initial body
weight (SDgweight loss = 6.1%, rangegyweight loss = —7.120.4%) during
the 24-week intervention. Two participants self-reported their final
weight using a home scale during the COVID-19 pandemic, and the
remainder of participants attended an in-person assessment to pro-
vide their final study weight as described above. Missing data from
participants who dropped out were imputed via baseline weight

carried forward.

3.2 | Recalled intake and dietary lapses

There were 231 total food recalls conducted (across 5 timepoints
and 32 participants). An average of 7.52 recalls per participant were
conducted out of 15 possible recalls (SDcompleted = 2.95, range
[0,12]). There were 2 significant sources of data loss in this trial: (1)
30 food recalls were collected but were lost to hard-drive failure,
and (2) 72 food recalls (and corresponding EMA data) were not
collected due to halting study procedures for participant and
researcher safety during the COVID-19 pandemic. One food recall
was removed for poor intake reliability (i.e., participant could not
reliably identify type/quantities of food consumed). Participants
completed EMA surveys for 7-day periods every other week,
resulting in 12 weeks of EMA in which participants completed
74.8% of all surveys.

Of the 231 recall days, 210 of them had associated EMA data
(Mdays/person = 6.77, SDdays/person = 2.91) and participants completed
an average of 79.83% of EMA surveys administered on recall days
(SDg EMA complete = 19.34). Of the 210 recall days with EMA, there
were 60 days in which lapses were reported (“lapse days”) and
150 days in which no lapses were reported (“non-lapse days”). Chi
square tests of independence indicated that participants were not
significantly less likely to complete dietary recalls on lapse days (x?
[1] = 0.44, p = 0.51) or significantly less likely to report lapses during
weeks of dietary recall compared to non-recall weeks (x? [11] = 8.81,
p = 0.64). Across the 60 lapse days, participants reported a total of
84 lapses, with an average of 2.71 total lapses per participant
(SDjapses = 3.39). There were 8 participants who had no “lapse days”
that overlapped with recall days. On the 60 lapse days, participants
reported an average of 1.28 lapses per recall day (SDjapses = 0.45),
with 71.67% of lapse days containing 1 lapse, 20.0% of lapse days
containing 2 lapses, 5.0% containing 3 lapses, and 3.33% containing 4
lapses. Table 1 characterizes total recalled intake, as well as intake on

lapse and non-lapse days. Consistent with the Strengthening the
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Drop-out (n=3)
“Dissatisfied with weight loss (n= 1)

“Program too stressful (n=2)

Drop-out (n=2)
“Family emergency (n= 1)

A 4

“Non-compliance with assessment protocol
(n=1)

Weight Loss Tx s

(12 weeks) Began Treatment (n=32)

A 4
Maintenance . -

(12 weeks) Began Booster Sessions (n=29)

v
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Citation: Eldridge SM, Chan CL, Campbell MJ, Bond CM, Hopewell S, Thabane L, et al. CONSORT 2010 statement:
extension to randomised pilot and feasibility trials. BMJ. 2016;355.

FIGURE 1 CONSORT diagram illustrating participant flow

Reporting of Observational Studies in Epidemiology guidelines,
Figure 2 illustrates lapses and total caloric intake over time in the
study.*®

3.2.1 | Association between daily lapses and daily
caloric intake

Results from model development for the association between daily
lapses and daily caloric intake are presented in Table 2. Examination
of results from the null model (Model 0) with a random effect of
participant ID estimated an ICC of 0.25, which indicates that the

between-subjects difference in daily caloric intake is relatively low

(i.e., the majority of the variance in daily caloric intake is attributable
to day-to-day variability within a given participant vs. overall dif-
ferences between one participant and the next). In Model 1, days in
the study had a non-significant effect on caloric intake, which is
expected given the consistency of the dietary prescription
throughout the lifestyle modification. The random effect of study
day on caloric intake was not significant, and nested model com-
parison tests revealed that constraining it to zero did not signifi-
cantly impact model fit (x? [1] = 0.10, p = 0.75). Thus, Models 2 and
3 included only the fixed effect of study days as a covariate. As
expected, Model 2 demonstrated significant positive effects of a
participant's usual intake on daily caloric intake. Consistent with

hypotheses, a lapse day (compared to a non-lapse day) was
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TABLE 1 Raw means of daily energy and macronutrient intake across 24-h food recalls, depicted across “lapse days” and “non-lapse days”

Lapse days Non-lapse days No EMA completed Total recalled intake No lapse versus Lapse days
(n = 60) (n = 150) (n=21) (N = 231) unadjusted analysis
Caloric intake M (SD) 1793.85 1496.84 (416.13) 1528.89 (371.09) 1576.48 (448.35) t (95.35) = —4.16***
(486.52)
Saturated fat grams M (SD) 20.37 (9.22) 19.27 (10.25) 15.81 (6.57) 19.21 (9.73) t (120.04) = —0.75
Fiber grams M (SD) 24.24 (11.86) 20.89 (8.61) 23.69 (9.26) 22.03 (9.69) t (85.01) = -1.99*
Percent energy from fat M (SD)  34.84 (9.26) 34.92 (9.71) 33.22 (10.83) 34.73 (9.68) t (113.55) = 0.06

Percent energy from 4641 (11.48) 44.99 (11.43) 44.27 (12.9) 45.29 (11.57) t (108.25) = —-0.81
carbohydrates M (SD)
Percent energy from 18.27 (6.03) 19.48 (6.49) 20.92 (5.99) 19.31 (6.35) t (116.37) = 1.29

protein M (SD)
Added sugar grams M (SD) 42.47 (32.16) 27.43 (22.57)

253.85
(500.84)

Calories exceeding —79.16 (439.55)

goal M (SD)?

Number of days calorie goal was 41 (68.3%) 69 (46.0%)

exceeded N (%)

2173 (16.16)
—127.35 (364.89)

6 (28.6%)

30.73 (25.80) t (83.26) = -3.13***

2.95 (472.89) t (97.29) = —-4.50***

116 (50.2%) X2 (1) = 7.69*

®Negative values indicate participants were under daily calorie goal, positive values indicate participants were over daily calorie goal.

*p < 0.05, *p < 0.01, ***p < 0.001.

significantly positively associated with greater daily caloric intake in
Model 3, such that lapse days conferred 139.20 more calories than

non-lapse days.

3.3 | Association between daily lapses and
macronutrient intake

Results from model development for the association between daily
lapses and daily grams of added sugar intake are presented in
Table 3. Examination of results from the null model (Model 0) with a
random effect of participant ID estimated an ICC of 0.21, which in-
dicates that the between-subjects difference in daily added sugar
intake is relatively low. In Model 1, days in the study had a non-
significant effect on added sugar intake, which suggests that partic-
ipants were consistent in their added sugar consumption throughout
the lifestyle modification. The random effect of study day on added
sugar intake was significant, and nested model comparison tests
revealed that constraining it to zero did significantly improve model
fit (¢ [1] = 10.9, p < 0.001). Thus, Models 2 and 3 included fixed and
random effects of days in the study. Model 2 demonstrated signifi-
cant positive effects of age and ethnicity on added sugar intake, such
that older individuals and individuals identifying as Hispanic
demonstrated greater daily added sugar intake. Consistent with hy-
potheses, a lapse day (compared to a non-lapse day) was significantly
positively associated with greater daily added sugar intake in Model
3, such that lapse days conferred 16.24 more grams of added sugar
than non-lapse days.

The remainder of the macronutrient models were non-
significant with regards to the association between dietary lapses

and macronutrient intake. For brevity, the final model results

(Models 3) are briefly summarized here, and the full model devel-
opment information is presented in Online Supplementary Tables
S1-S5. All macronutrient intake variables met assumptions for
normality except saturated fat grams and fiber grams, which were
log transformed to meet the assumption of normality. The effects of
daily dietary lapse on daily intake from fat (B = —1.57, SE = 1.44,
p = 0.28), percent daily intake from carbohydrates (B = 1.82,
SE = 1.67, p = 0.27), percent daily intake from protein (B = —0.67,
SE = 0.98, p = 0.49), daily saturated fat grams (B = —0.02, SE = 0.04,
p = 0.65), and daily fiber grams (B = —0.001, SE = 0.03, p = 0.98)

were non-significant.

3.4 | Association between daily lapses and
exceeding a recommended daily calorie goal

Results from model development for the association between daily
lapses and exceeding one's daily calorie goal are presented in Table 4.
Examination of results from the null model (Model 0) with a random
effect of participant ID estimated an ICC of 0.21, which indicates that
the likelihood of exceeding one's calorie goal varied each day within
participants. In Model 1, days in the study had a non-significant effect
on exceeding a daily calorie goal. The random effect of study day on
exceeding a daily calorie goal was significant, and nested model
comparison tests revealed that constraining it to zero significantly
impacted model fit (x? [2] = 12.12, p < 0.01). Thus, Models 2 and 3
included fixed and random effects of days in the study. Model 2
revealed no significant covariates, however they were retained for
conceptual purposes. Note that usual intake was not included as a
covariate in these models because the outcome variable does not

involve estimates of intake. Consistent with hypotheses, Model 3
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showed that a lapse day was significantly positively associated with
exceeding one's daily calorie goal, such that individuals on lapse days

were 2.4 times more likely to exceed their calorie goal.

4 | DISCUSSION

This is the first study to investigate how self-identified dietary lapses,
which are defined broadly as eating that is inconsistent with one or
more dietary goals, affect reported dietary intake among individuals
undergoing a lifestyle modification intervention. It is also the first to

explore which macronutrients are implicated in lapse-associated

increased energy intake. Findings suggest that, when controlling for
their usual intake, participants consumed significantly more calories
and added sugar on days on which they reported dietary lapses. By
accounting for one's usual intake, findings illustrate that lapses
resulted in an individual consuming more than is usual for themself,
rather than just consuming more than what is typical for the entire
sample.

Moreover, results support that increased intake on these days is
clinically meaningful, as individuals were 2.4 times more likely to
exceed their daily calorie goal if they reported a lapse. In comparison
to prescribed calorie goals (1200-1800 kcals/day based on starting

weight), participants consumed an unadjusted average of 253.85
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Model 3
B (SE)

124.48 (365.82)
—0.45 (0.52)
—10.53 (70.19)
0.06 (2.88)
-12.12 (91.44)
—31.07 (101.21)
-1.97 (5.48)
19.43 (116.34)

0.99 (0.13)***

TABLE 2 Model results for
association between daily lapses and
daily caloric intake

Model 0 Model 1 Model 2
B (SE) B (SE) B (SE)

Intercept 1567.83 (48.49)***  1621.46 (58.38)*** 127.21 (376.83)
Days in study? —1.06 (0.63) —0.72 (0.54)
Sex© —39.28 (70.23)
Age 0.79 (2.92)
Race” 10.96 (93.51)
Ethnicity” —48.26 (104.97)
Baseline BMI -3.19 (5.54)
EMA compliance 8.38 (119.39)
Intake amount* -30.61 (33.98)
Usual intake 1.09 (0.13)***
Day of intake —7.48 (15.74)
Lapse day
Fit statistics

Model AlC BIC Deviance

Model O 3488.23 3508.93 -1738.11

Model 1 3453.08 3470.29 -1721.54

Model 2 3096.46 3143.32 -1534.22

Model 3 3091.28 3134.79 —-1532.64

139.20 (61.13)*

Abbreviations: AIC, Akaike information criterion; BIC, Bayesian information criterion.

®Entered as fixed effect in the model.
PWhite is reference.

‘Female is reference.

9Normal amount is reference.

*p < 0.05, **p < 0.01, ***p < 0.001.

calories (SD = 500.84) above their prescribed goal on lapse days
compared to an unadjusted average of 79.16 calories (SD = 439.55)
below their prescribed goal on non-lapse days. In the context of

k, > these data

lapses occurring approximately 3-4 times per weel
indicate that lapse days could contribute to an excess of approxi-
mately 750-1000 excess kcals per week. Thus, the cumulative effect
of lapses over an entire course of lifestyle modification interventions
lasting 6-12 months is likely to correspond to several pounds of
potential weight loss that is not achieved (and represents potential
for weight gain).

Results also indicate that sugar intake was significantly higher on
lapse days, and could be responsible for the increase in energy intake
on lapse days. However, the causality of this association is unknown.
One explanation is that foods consumed during a lapse may contain
more added sugar than other “on-plan” foods typically consumed on a
lifestyle modification diet. Alternatively, consuming more sugar prior
to a lapse could lead to a lapse later in the day. Calories from added
sugars tend to provide poor satiation and have been shown to in-
crease appetite in a feed-forward manner, which could lead partici-
pants to feel hungrier than usual and consequently lapse by
overeating.*”**® Analyses in the current study focused on within-day

associations, but future investigations using a more fine-grained
temporal analytic approach could explore the causal direction of
this relationship.

Despite their known associations with weight change, there was
no significant association between lapse reporting and intake of
saturated fat, total fat, carbohydrates, protein, or fiber.47-54 Notably,
the contribution of sugar intake (approximately 16g, or given that
added sugars are 4 kcals/g, 64 daily calories per day) is unlikely to
account for the entire overall increase in calorie intake on lapse days
(average of 139 kcal over non-lapse days). Other macronutrients may
have also contributed to calories from lapses, but these associations
may have been more difficult to detect as processed foods (which
individuals are more likely to lapse on) have a mixed macronutrient
profile. Another explanation is that the overall sample size (n = 32)
did not capture enough variability in intake to reliably detect sig-
nificant associations among these daily macronutrients. Moreover,
analyses were confined to the major macronutrients, but there are
many micronutrients (e.g., sodium intake)>® not assessed here that
could explain the elevated caloric intake on lapse days. In fact, larger
daily variations are often observed in micronutrient intake while
macronutrient intake tends to be consistent from day to day.>®
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TABLE 3 Model results for
association between daily lapses and
added sugar grams
Intercept

Days in study?®
Sex©
Age
Race®
Ethnicity®
Baseline BMI
EMA compliance
Intake amount®
Usual intake
Day of intake
Lapse day
Fit statistics
Model
Model O
Model 1
Model 2
Model 3
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Model O Model 1 Model 2 Model 3

B (SE) B (SE) B (SE) B (SE)

29.59 (2.67)** 28.89 (2.93)*** -56.96 (32.39) —49.85 (31.88)

0.006 (0.42) 0.002 (0.05) 0.02 (0.05)
—-1.38 (5.65) 2.13 (5.67)
0.72 (0.24)** 0.66 (0.24)*
1.14 (7.48) 1.11 (7.37)
21.93 (8.34)* 20.69 (8.08)*
0.19 (0.49) 0.36 (0.49)
11.86 (8.19) 10.71 (7.74)
1.52 (2.13) -
0.004 (0.01) —0.007 (0.01)
—-0.61 (0.98) --
16.24 (3.74)*

AIC BIC Deviance

215343 2167.23 -1072.71

2127.73 2148.38 -1057.86

1955.02 2005.23 -962.51

1935.51 1982.37 -953.75

Abbreviations: AIC, Akaike information criterion; BIC, Bayesian information criterion.

?Entered as fixed and random effect in the model.

PWhite is reference.
“Female is reference.

9Normal amount is reference.
*p < 0.05, **p < 0.01, **p < 0.001.

Overall, additional research with larger sample sizes and additional
dietary quality measures is required to replicate and extend these
findings.

Results from this study validate prior research indicating that
individuals who report more dietary lapses tend to lose less

weight,15'27

and that this association is likely in part driven by
increased caloric intake above a prescribed calorie goal. The finding
that lapses are associated with meaningful increases in daily caloric
intake is especially interesting in light of the fact that participants
were undergoing lifestyle modification intervention, which does
employ cognitive and behavioral strategies to reduce lapse and
improve adherence. Thus, this work indicates that more robust at-
tempts to target dietary lapses in gold-standard lifestyle modification
interventions may be needed to improve weight loss outcomes via
reduced caloric intake. For example, outcomes may be strengthened
by self-monitoring discrete lapse events in addition to self-monitoring
overall daily caloric intake. Self-monitoring such information could
improve awareness of lapses, as well as offer participants important
insights regarding problem-solving and preventing these eating epi-
sodes.’” Future work might also consider whether individuals who
successfully meet weight loss goals can maintain their weight loss by

only tracking lapses during their weight loss maintenance period,’®
which would reduce participant burden (a common risk factor for
disengagement, nonadherence, and weight regain).>>¢° Lastly, these
findings support the development of interventions that specifically
target the prevention of lapse in order to improve weight loss out-
comes, such as just-in-time interventions.?®

There were several strengths and limitations to this research.
This study was strengthened by assessments of diet and eating
behavior that maximize both feasibility and rigor relative to retro-
spective self-reports covering long durations or doubly-labeled wa-
ter. Furthermore, assessments were conducted repeatedly over the
course of a 6-month lifestyle modification protocol and therefore
representative of participants' experiences across multiple phases of
intervention (i.e,, initial weight loss and weight loss maintenance).
Lastly, this was the first study to focus on lapses specifically among
individuals with overweight/obesity and cardiovascular disease risk.
Future research should investigate whether dietary lapses are
uniquely detrimental in adults already at increased risk for cardio-
vascular disease, and also replicate these findings among the general
population of individuals with overweight/obesity undergoing life-
style modification.
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Model 0 Model 1 Model 2
B (SE) B (SE) B (SE)
Intercept 0.02 (0.23) 0.42 (0.32) —-1.05 (3.27)
Days in study? —0.01 (0.01) —0.01 (0.012)
Sex© 1.33 (0.79)
Age 0.03 (0.02)
Race” -0.51 (0.76)
Ethnicity® 0.45 (0.95)
Baseline BMI —0.04 (0.06)
EMA compliance —-1.72 (1.01)
Intake amount? —0.48 (0.25)
Day of intake -0.09 (0.11)
Lapse day
Fit statistics
Model AIC BIC Deviance
Model O 308.1 315.0 -152.0
Model 1 300.2 317.4 -145.1
Model 2 271.8 3154 -122.9
Model 3 270.0 310.2 -123.0

®Entered as fixed and random effect in the model.
PWhite is reference.

‘Female is reference.

9Normal amount is reference.

*p < 0.05, **p < 0.01, ***p < 0.001.

Important study limitations must also be considered. First, data
collection was interrupted by the COVID-19 pandemic, and some
collected data were lost due to hard drive failure. This reduced the
amount of data available for analysis, which is particularly important
given the small sample size. Second, both lapses and dietary intake
were documented via participant self-report, and there may be
variability in reporting accuracy and reliability across participants.
While analyses accounted for the variance in lapse reporting, results
may be less generalizable to participants with limited insight into
their lapse behavior or poor EMA compliance. Further, lapses could
contribute to increased error in dietary intake reports, thus creating
non-systematic error in 24-h food recall data. Third, analyses oper-
ationalized lapses as days, rather than momentary instances. This
ensured that results remained conservative and robust to outliers
(i.e., rare cases in which there were several lapses on a given day).
Thus, it is unclear if excess calories or added sugars were consumed
during a lapse event, or the extent to which the number of lapses
affected intake. Future research examining lapses at the momentary
level could investigate the effects of lapse severity (e.g., multiple daily
lapses, or a reportedly large deviation from one's dietary prescription
vs. a small one) on intake, as well as how lapses affect other proximal

outcomes such as intake on subsequent days or treatment drop-out.

TABLE 4 Model results for
association between daily lapses and
exceeding the daily recommended
calorie goal

Model 3
B (SE)

—0.20 (2.99)
—0.01 (0.01)
—-1.34 (0.75)

0.02 (0.02)
-0.62 (0.72)

0.69 (0.87)
—0.04 (0.05)
-1.23 (0.92)

0.89 (0.41)*

Fourth, lapses are difficult to measure among individuals who have
dropped out of a lifestyle modification intervention (as they have no
diet to lapse from or have substantially changed the diet/program
they are following) and so these individuals were not followed. Re-
sults should be interpreted with caution, as they are representative
of individuals who remain in lifestyle modification programs. Addi-
tional research is necessary to understand how patterns of dietary
(non)adherence may differ between completers and drop-outs. Fifth,
additional research will be required to replicate and extend the
presented results to lapses from other types of lifestyle modification
interventions with different dietary prescriptions, which could, in
turn, impact the operationalization and reporting of dietary lapse.
This study contributes to a growing body of literature suggesting
that dietary lapses pose a critical threat to weight loss success during
lifestyle modification. Results highlight the importance of reducing
lapse frequency to reduce overall caloric intake and added sugar
consumption. Future research should explore the individualized
nature of lapses via investigation of between- and within-subjects
differences in foods consumed during lapses and non-lapse eating,
and whether targeting lapse prevention during lifestyle modification
interventions can improve dietary intake, weight loss and associated

health outcomes.
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