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Abstract

Obijective: This study estimated the effect of hypothetical interventions of higher
and lower frequency of breakfast and post-dinner snack consumption (breakfast con-
sumption 0-4 vs. 5-7 times/week and post-dinner snack consumption 0-2 vs. 3-7
times/week) on changes in body weight and composition over 18 months after a suc-
cessful 6-month standard behavioral weight-loss program.

Methods: The study analyzed data from the Innovative Approaches to Diet, Exercise
and Activity (IDEA) study.

Results: If all participants consumed a breakfast meal 5 to 7 times/week over
18 months, they would have regained 2.95 kg of body weight on average (95% CI:
2.01 to 3.96), which is 0.59 kg (95% Cl: —0.86 to —0.32) lower than if all participants
consumed breakfast O to 4 times/week. If all participants consumed a post-dinner
snack O to 2 times/week, they would have regained 2.86 kg of body weight on aver-
age (95% Cl: 0.99 to 5.25), which is 0.83 kg (95% CI: —1.06 to —0.59) lower than if
all consumed a post-dinner snack 3 to 7 times/week.

Conclusions: Regular breakfast consumption and minimizing post-dinner snacking may

INTRODUCTION

The primary challenge in obesity care and prevention is long-term
body weight maintenance, particularly after weight loss [1, 2]. Body
weight maintenance has multiple determinants, including a growing
body of evidence that informs the hypothesis that, in addition to diet
quality and energy intake, the timing of eating occasions may influ-
ence metabolic and weight-related health outcomes owing to the
influence on circadian rhythms [3, 4]. Eating occasions that bookend
the daily meal pattern have drawn particular interest, given the poten-
tial interactions with metabolism and circadian patterns [5, 6].
Although these observations have led to weight-loss interventions
aiming to leverage the hypothesized basic biological phenomena, the
optimal meal timing strategy for weight management remains poorly
defined [7, 8].

modestly mitigate weight and body fat regain over 18 months after initial weight loss.

In particular, the role of the timing of eating occasions on weight
maintenance after initial weight loss remains largely unaddressed. To
begin informing this question, we estimated the causal effects of
hypothetical randomized dietary interventions using existing cohort
data. Specifically, we estimated the effects of habitual sustained
breakfast meal intake versus avoidance/irregular breakfast meal
intake and avoidance/rare consumption of post-dinner snacks versus
habitual post-dinner snacks on 18-month weight-loss maintenance in
a population that had lost significant weight after 6 months of a stan-
dard weight-loss program. We estimated absolute and relative change
in weight and body composition variables and applied modeling
assumptions that appropriately account for time-varying confounding
[9]. Based on basic biological, clinical, and observational epidemiologic
research, we hypothesized that habitual sustained breakfast consump-

tion and avoidance or rare consumption of after-dinner snacks would
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be more favorable dietary approaches for mitigating weight regain

after initial weight loss.

METHODS

First, we outline a hypothetical randomized trial design to test the ques-
tion of interest. Then we describe the methods we used to emulate this

randomized trial using the available observational data.

Target trial specification

Table 1 summarizes the key components of the target trial. Briefly,
the trial would enroll young adults with overweight and obesity into a
standard 6-month behavioral weight-loss intervention. After 6 months,
usually the nadir of weight loss, they would be randomly assigned to a
dietary strategy intended to inform whether the timing of eating occa-
sions impacts weight-loss maintenance. Each eligible participant
would be followed from assignment until withdrawal/loss to follow-
up or administrative end of follow-up (18 months after assignment),
whichever happens first. The primary outcomes would be weight,

body fat, and lean body mass change.

Dietary strategies

Participants would be randomly assigned after 6 months of the
weight-loss intervention to one of the following dietary strategies for
18 months to test the hypotheses related to mitigating weight gain:
(1) regular breakfast meals (breakfast 5-7 times/week); (2) irregular to
rare breakfast (breakfast 0-4 times/week); (3) avoidance to rare post-
dinner eating (post-dinner snacks 0-2 times/week); (4) frequent to

habitual post-dinner eating (post-dinner snacks 3-7 times/week).

Causal contrasts and statistical analysis

The target trial’s primary (intent-to-treat) effect would be estimated by
comparing the body weight and composition change since the randomi-
zation to each breakfast and post-dinner snack strategy (with adjust-
ment for loss to follow-up, if necessary). However, the information
provided by the intent-to-treat effect would be limited if, as expected,
many individuals deviated from their dietary assignments during the
18-month follow-up. In this setting, a contrast of the body weight and
fat change that would have been observed if all individuals had adhered
to their assigned dietary strategy (i.e., per-protocol effect) may be more
relevant for informing the potential effects of the dietary approaches
[10]. These estimates can be generated in the target trial using
a marginal structural model (MSM) with inverse-probability weights
(IPW) [11, 12]. Briefly, IPW of MSM is an alternative to the parametric
g-formula. The standardized outcome estimates are calculated as a

weighted average of the outcome estimates conditional on the time-

Study Importance
What is already known?

o Maximum weight loss with behavioral approaches tends
to plateau after 6 months, whereby the fundamental chal-
lenge becomes minimizing weight regain following the
initial weight loss.

e The timing of eating occasions, specifically breakfast and
post-dinner snack consumption, is hypothesized to influ-

ence weight regain after weight loss.

What does this study add?

e Regular breakfast consumption and minimizing post-
dinner snacking might have a modest impact on lessening
weight and body fat regain over 18 months after initial

weight loss.

How might these results change the direction of
research or the focus of clinical practice?

e The analytic approach and results in this research helped
define and compare dietary strategies that could be used
to inform randomized interventions and potential recom-
mendations for weight-maintenance programs in the face
of the lack of long-term randomized trials investigating

the timing of eating occasions on weight maintenance.

varying confounders, with the distribution of the time-varying con-
founders used as weights. Unlike standard statistical methods, weight-
ing can appropriately adjust for confounding and selection bias caused
by time-varying covariates affected by prior exposure. If our emulation
procedures had been successful, the estimates would have a straightfor-
ward interpretation because the target trial is well defined. The robust-
ness of the estimates and causal inference is achieved by minimizing
unmeasured confounding (selection of confounders through a thorough
review of existing studies), selection bias (incomplete follow-up
expanded to include questionnaire nonresponses and incomplete
responses to dietary questions), measurement error (quality control of
the assessments and data in the Innovative Approaches to Diet, Exer-
cise and Activity [IDEA] study), and model misspecification (using
directed acyclic graphs to select potential confounders) and maximizing
consistency (indicated range of dietary exposure like frequency of
breakfast and post-dinner snack consumption and the starting points
and durations of the dietary interventions and follow-up periods)
[9,10, 13].

To identify potential subgroups of participants for whom the die-
tary strategies may be more beneficial, analyses can be conducted
separately in subsets of the study population defined at baseline

according to pre-baseline breakfast consumption (regular vs. irregular
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TABLE 1 Specification and emulation of a target trial of meal timing interventions among young adults with BMI of 25.0 to <40.0 kg/m?

using observational data from the IDEA study

Component Target trial specifications

Aim To estimate the effect of the timing of eating occasions
that likely influence circadian metabolic and energy
intake considerations, specifically breakfast and post-
dinner snack intake, on body weight, body fat, and lean
mass maintenance for 18 months after initial weight
loss among young US adults with overweight and
obesity.

Age 18-35 years and pre-baseline BMI of 25.0-40.0 kg/m?2.
Exclusion criteria: had past or planned weight-loss
surgery, current participation in another weight-loss
intervention study.

Eligibility criteria

Each individual would be assigned to one of the following
strategies:

Treatment strategies

o Regular early morning eating (breakfast 5-7 times/week),

e Irregular to rare early morning eating (breakfast 0-4
times/week),

e Avoidance to rare post-dinner evening eating (evening
snacks 0-2 times/week),

o Frequent to habitual post-dinner evening eating (evening
snacks 3-7 times/week).

Participants assigned to a dietary strategy are expected to
maintain their dietary intake within the range
prespecified by the corresponding intervention.

Participants are randomly assigned to a strategy at baseline
and aware of their assigned strategy.

Treatment assignment

Follow-up From assignment until withdrawal/loss to follow-up or
administrative end of follow-up (18 months after
assignment), whichever happens first.

Outcome Change in body weight, body fat, and lean mass

composition 3 years after baseline.

Causal contrast of interest Intention-to-treat effect, that is, the effect of being
assigned to a regular early morning eating frequency
versus rare early morning eating frequency at baseline.

Per-protocol effect, that is, the effect that would have
been observed if all participants adhered to their
assigned strategy over the 18-month follow-up.

Apply MSM to compare 18-month estimates between
groups receiving each treatment strategy and no
treatment group with adjustment for pre- and post-
baseline covariate factors associated with adherence to
strategies and loss to follow-up.

Statistical analysis

Target trial emulation

Same. Because of the lack of timing of eating occasions
measures in the observational data, we assumed that
regular breakfast consumption stands for regular early
morning eating and rare evening (post-dinner) snack
consumption stands for rare post-dinner eating.

Same. We also required complete questions on breakfast
and evening snack frequency, body composition and
weight data, and plausible energy intake (<600 or
>6000 kcal/d for women and <800 or >8000 kcal/d for
men) at pre-baseline and baseline.

Baseline is defined as the 6-month follow-up to allow for
adjustment for pre-baseline confounding (0-month
follow-up).

Same. We assumed that breakfast consumption frequency
accurately reflects early morning eating frequency and
that post-dinner snack frequency reflects post-dinner
evening eating frequency.

We attempted to emulate randomized assignment by
adjusting for pre-baseline and baseline covariates: age,
sex, ethnicity, income, breakfast frequency, post-dinner
snack frequency, education, physical activity, smoking,
alcohol consumption, sleep duration, BMI, diet quality,
total energy intake, depression, and initial weight loss
between 0 and 6 months.

Same. Incomplete follow-up is defined as nonparticipation in
the outcome measure or nonresponses to the dietary
frequency questionnaire. The complete follow-up period
is 18 months.

Same for 18 months of follow-up.

Observational analogue of the per-protocol and intent-to-
treat analysis adjusted for adherence.

Same.

Abbreviation: MSM, marginal structural model.
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to rare) or post-dinner snack consumption (frequent to habitual vs.
avoidance to rare). Particularly, we selected the subgroups with no
exposure at pre-baseline for the treatment to estimate the effect of
the initiation of regular breakfast consumption and initiation of avoid-

ance of post-dinner snack in unexposed groups.

Target trial emulation

We emulated the described target trial using data from the IDEA
study [14], a randomized clinical trial that was one of the studies
within the Early Adult Reduction of Weight through Lifestyle inter-
vention (EARLY) Trials consortium.

Observational data

The participants with BMI of 25.0 to <40.0 kg/m? were enrolled at
the University of Pittsburgh between October 2010 and October
2012 using direct mail, mass media advertisements, or referral from
clinical research registries. Males and females aged 18 to 35
years reported detailed clinical and lifestyle information at enrollment
and every 6 months, including diet, cigarette smoking, alcohol con-
sumption, sleep practices, physical activity, and sociodemographic fac-

tors. The protocol of the study is mentioned elsewhere [15].

Eligibility criteria

To emulate the target trial using these observational data (Table 1),
we identified individuals in the cohort who met all eligibility criteria.
We applied all eligibility criteria to participants in the IDEA study and
excluded participants who did not have information on breakfast and
post-dinner snack frequency, body composition, and weight
measures or who had implausible energy intake (<600 or >6000 kcal/
d for women and <800 or >8000 kcal/d for men) at O and 6 months.

Modifications to the target trial protocol

Eligible individuals were followed from baseline assessments until
censoring (lack of outcome measures or incomplete responses to die-
tary questions) or 18 months after baseline, whichever happened first.
To allow for adjustments of pre-baseline covariates, we used data

from the 0-month time point or original study baseline.

Dietary strategies

The dietary strategies described earlier cannot be directly emulated
because dietary observational data lacked the time stamp of eating
occasion measures. Based on the assessment of daily meal patterns in

the study, breakfast was implied to be the first eating occasion/meal

of the day, and an evening snack occurred separately and after a din-
ner meal [15]. Therefore, we assumed that breakfast consumption
accurately reflects morning eating frequency and post-dinner snack
frequency reflects late evening eating frequency. For the analyses, we
defined dietary strategies as O to 4 (irregular to rare) and 5 to 7 (regu-
lar) times/week for breakfast and O to 2 (avoidance to rare) and 3 to 7
(frequent to habitual) times/week for a post-dinner snack
(online Supporting Information S1). Eligible individuals were analyzed
according to the following dietary strategies: (1) regular breakfast
meals (breakfast 5-7 times/week); (2) irregular to rare breakfast
(breakfast 0-4 times/week); (3) avoidance to rare post-dinner eating
(post-dinner snacks 0-2 times/week); (4) frequent to habitual post-
dinner eating (post-dinner snacks 3-7 times/week).

Treatment assignment

We attempted to emulate the randomization to the specified treatment
groups at the 6-month point (baseline for this analysis) by adjusting for
pre-baseline (time 0), time-invariant, and other “pre-intervention” con-
founders (age, sex, ethnicity, income, breakfast frequency, post-dinner
snack frequency, education, physical activity, smoking, alcohol con-
sumption, sleep duration, BMI, diet quality, total energy intake, depres-
sion, initial weight loss between 0 and 6 months) via IPW.

Primary outcome

The primary outcomes are changes in body weight and body composition
(fat mass and lean mass) 18 months after baseline. The IDEA study mea-
sured body composition using a GE Lunar iDXA dual-energy x-ray absorpti-
ometer (GE Healthcare, Madison, Wisconsin) every 6 months of the
follow-up. A calibrated digital scale that measures weight to 0.1 kg was
used to assess body weight. Absolute changes in body weight and body
composition were calculated as the following: measured value at
24 months - values of the same measure at 6 months, where a negative
change means a reduction in body weight or body composition. Relative
changes in body weight and body composition were calculated as (100 x

[(value at 24 months - value of the same measure at 6 months) / value of
the same measure at 6 months]), where a negative change means a reduc-

tion in body weight or body composition [16].

Statistical analysis

We implemented parametric MSM to estimate the causal effect of
each dietary strategy on body fat and weight maintenance between
6 and 24 months [12, 17]. To emulate the random strategy assign-
ment at baseline and adherence to the treatment for 18 months, we
adjusted for all baseline confounding factors required to maximize the
exchangeability (comparability) of the groups defined by initiation of
the treatment strategies [18]. The probability of treatment strategy
was estimated at 6 (baseline), 12, and 18 months of the follow-up.
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Participants with a missing measure of the outcome or nonresponse
to the breakfast or post-dinner snack frequency questionnaire were
censored at the time of nonresponse or at 18 months of follow-up.

We selected a list of potential confounders using directed acyclic
graphs to avoid unnecessary conditioning on covariates. The final
model for the weights included the following baseline covariates mea-
sured at pre-baseline (month 0): age, sex, race, smoking, education,
BMI, vigorous and moderate physical activity, breakfast frequency,
post-dinner snack frequency, energy intake, diet quality, alcohol
intake, sleep duration, and depression, as well as the following time-
varying covariates measured at all previous time points and at the
times of treatment: vigorous and moderate physical activity, body
mass/body fat change since pre-baseline, breakfast frequency, post-
dinner snack frequency, energy intake, diet quality, alcohol intake,
sleep duration, and depression. The estimates of IPW, which are used
to estimate the marginal causal effect, are not subject to multicolli-
nearity, unlike the estimates from standard regression analysis. Addi-
tionally, IPW is also protected from the collinearity between the same
covariates measured at several time points [19].

The last observation carried forward was used to impute income
and smoking status if not measured in a particular interval [20]. Other
covariates were imputed using the Monte Carlo multiple imputation
method, assuming that data were missing at random, and the models
used to perform the imputation were correctly specified (Supporting
Information Table S8) [21]. Owing to the extensive range of IPW,
weights were truncated at the 5th and 95th percentiles. This decision
was made to improve the trade-off between variance and residual
confounding by measured covariates, understanding the bias-variance
trade-off associated with weight truncation [11]. Because the esti-
mated weight distribution may serve as an indicator of the “positivity
assumption,” we examined the distribution of weights. We carefully
assessed the distribution of the resulting IPW, which consistently
averaged 1, to ensure appropriate adjustment for potential
confounders.

Nonparametric bootstrapping with 100 samples was used to con-
struct percentile-based 95% confidence intervals (Cls) of the esti-
mated mean differences between the estimated outcomes of
treatments (breakfast 0-4 vs. 5-7 times/week, post-dinner snack 0-2
vs. 3-7 times/week).

Sensitivity analysis. We used various cutoff points to define the
thresholds of the treatment strategies (0, 1-2, 3-4, 5-6, and 7 times/
week). However, for the final analysis, we collapsed the O and 1 to
2 times groups as well as the 5 to 6 and 7 times groups to ensure pos-
itivity (owing to the small sample size of groups 0, 1-2, 5-6, and
7 times on their own, the positivity assumption did not hold). We
assessed whether the initiation of treatment strategies in some partic-
ipants had a different effect on body weight and composition mainte-
nance compared with no treatment in the same participants. We also
performed an intent-to-treat analysis adjusting for adherence for all
participants, including those who did not adhere to the treatment
assigned at baseline. We also assessed the robustness of our esti-
mates to various analytical decisions. Specifically, we (1) evaluated

whether observed associations could have been driven by a small

Obesity [o E YY1 'l K

number of persons with extreme weights by applying various trunca-
tion rules to the treatment and censoring weights, (2) defined differ-
ent cutoff points for exposure categories, (3) additionally adjusted for
smoking as a time-varying confounder, (4) assessed dinner consump-
tion and before bed eating as a primary exposure, and (5) used only
age, sex, race, education, and BMI at baseline as baseline confounders.
All analyses were conducted using SAS 9.4 (SAS Institute Inc., Cary,
North Carolina).

RESULTS
Baseline characteristics of participants

Out of 647 screened participants of the IDEA study, 372 were eligible
for this analysis (Figure 1). Of 372 eligible individuals, 71% were
female (Tables 2 and 3). The mean age was 30 years, the mean BMI
was 31, mean body fat was 41%, mean body weight was 91 kg, 24%
had 2150 min/week of moderate-intensity physical activity, and 64%
had 275 min/week of vigorous-intensity physical activity.
In addition, 69% of participants consumed breakfast 5 to 7 times/
week (n = 245), and 41% of participants consumed post-dinner snacks
0 to 2 times/week (n = 151), most of whom were White, had bacca-
laureate degrees, and were nonsmokers. The crude mean weight-loss
percentage during the first 6 months of the weight-loss intervention

was 10.2% in the eligible population.

Participants that were enrolled in
the IDEA study met inclusion
criteria and provided written
concent (n=647)
[ BMLI of of 25<BMI<40 km/m? range|

v at 0 month (n=158)
Participants available for analysis
(n=489)
[ Missing data for meal frequency at
v 0 and 6 months (n=9)

Participants with availabble
exposure data (n=480)

Missing data for body weight or
body fat composition at 0 and 6
months (n=64)

[
v

Participants with available exposure
and outcome data at 0 and 6 months
(n=416)

I Implausible energy intake data at 0
v and 6 months (n=44)

v

Eligible participants (n=372)

[ Censored due to missing outcome
v measures at 24 months (n=110)

Analyzed using MSM adjusting for
the loss of follow-up (n=372)

FIGURE 1 Selection of participants to study meal frequency and
body weight and composition among young adults with BMI of 25.0
to <40.0 kg/m? using data from the Innovative Approaches to Diet,
Exercise and Activity (IDEA) study. MSM, marginal structural model
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TABLE 2 Pre-baseline® characteristics of 372 eligible participants by breakfast consumption frequency, the IDEA study

Breakfast frequency (times/wk)

Overall (n = 372) Oto 2(n=67) 3to 4 (n = 60) 5to 7 (n = 245)

Female sex, n (%) 264 (70.97) 45 (67.16) 45 (75) 174 (71.02)
Race, n (%)

White 305 (81.99) 49 (73.13) 39 (65) 217 (88.57)

Black 57 (15.32) 17 (25.37) 18 (30) 22 (8.98)

Asian 10 (2.69) 1(1.49) 3(5) 6(2.45)
Education, n (%)

HS, GED, or some college 84 (22.58) 21(31.34) 23(38.33) 40 (16.33)

College or baccalaureate 156 (41.94) 26 (38.81) 21 (35) 109 (44.49)

Graduate degree 132(35.48) 20 (29.85) 16 (26.67) 96 (39.18)
Annual household income, n (%)

<$5000 146 (39.25) 26 (38.81) 31 (51.67) 89 (36.33)

$5000 through $11,999 161 (43.28) 31 (46.27) 19 (31.67) 111 (45.31)

$12,000 through $15,999 65 (17.47) 10 (14.93) 10 (16.67) 45 (18.37)
Current smoker, n (%) 30 (8.06) 9(13.43) 9 (15) 12 (4.9)
Moderate PA®, n (%)

<150 min/wk 284 (76.34) 51(76.12) 39 (65) 194 (79.18)

2150 min/wk 88 (23.66) 16 (23.88) 21(35) 51 (20.82)
Vigorous PA®, n (%)

<75 min/wk 131(35.22) 31 (46.27) 19 (31.67) 81 (33.06)

275 min/wk 241 (64.78) 36(53.73) 41 (68.33) 164 (66.94)
Regular dieting®, n (%) 163 (43.82) 21 (31.34) 27 (45) 115 (46.94)
Depression?, n (%) (d/wk)

<1 288 (77.42) 51(76.12) 50 (83.33) 187 (76.33)

1-2 64(17.2) 10 (14.93) 8(13.33) 46 (18.78)

3-4 17 (4.57) 5(7.46) 2(3.33) 10 (4.08)

5-7 3(0.81) 1(1.49) 2(0.82)
Dinner€, n (%) (times/wk)

0-2 5(1.34) 1(1.49) 2(3.33) 2(0.82)

3-4 7(1.88) 3(4.48) 2(3.33) 2(0.82)

5-7 360 (96.77) 63 (94.03) 56 (93.33) 241 (98.37)
Post-dinner snack’, n (%) (times/wk)

0-2 151 (40.59) 25(37.31) 26 (43.33) 100 (40.82)

3-4 94 (25.27) 20 (29.85) 13(21.67) 61(24.9)

5-7 127 (34.14) 22 (32.84) 21 (35) 84 (34.29)
Eating within an hour of bedtime®, n (%) (times/wk)

0-2 227 (61.02) 34 (50.75) 34 (56.67) 159 (64.9)

3-4 78 (20.97) 21 (31.34) 8(13.33) 49 (20)

5-7 67 (18.01) 12 (17.91) 18 (30) 37(15.1)
Age, mean (SD) (y) 30.1(3.8) 30(3.9) 30.1(3.9) 30.2(3.8)
BMI, mean (SD) (kg/m?) 31.7 (4) 31.7 (3.8) 32.8 (4.5) 31.4(3.9)
Body weight, mean (SD) (kg) 91.4 (15.6) 90.6 (14.4) 95.4(18.1) 90.7 (15.2)
Body fat, mean (SD) (%) 40.8 (6.3) 41.7 (5.8) 41.6 (5.9) 40.4 (6.4)
Body weight change’, mean (SD) (%) —9.2 (6.6) —7.8(6.6) —7.4(6.4) —10 (6.6)
Alcohol®, mean (SD) (d/mo) 6.5 (5) 6.6 (5) 6.4 (5.1) 6.5 (5)

(Continues)
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TABLE 2 (Continued)

Obesity [o E VY |5 AVd B

Breakfast frequency (times/wk)

Overall (n = 372)

Sleep on weekdays", mean (SD) (h/d) 7.7 (2.1)
Total energy intake, mean (SD) (calories/d) 1900.5 (866.7)
Diet quality, mean (SD) (HEI out of 100) 64.6 (11.1)

Oto 2(n=67) 3to 4 (n = 60) 5to 7 (n = 245)
8.2(24) 7.6(1.9) 7.6(2)
1950.6 (935.5) 1928.4 (1130.6) 1879.9 (771.4)
60.1(9.2) 61.4(12) 66.5(10.8)

Abbreviations: HEI, Healthy Eating Index; HS, high school; GED, general equivalency diploma; PA, physical activity.

?Pre-baseline refers to the assessment of the characteristics at 0 months of the IDEA study.

b«Vigorous-intensity activities” are activities that require hard physical effort and cause large increases in breathing or heart rate; “moderate-intensity
activities” are activities that require moderate physical effort and cause small increases in breathing or heart rate.

“The participants who responded positively to the following statement: “Since my weight goes up and down, | have gone on reducing diets more than

once,” referring to the experience prior to the weight-loss intervention.

%The participants who responded positively to the following statement: “I felt depressed,” referring to the experience 1 week prior to the pre-baseline

(month 0) assessment.

®Referring to the meal consumption frequency in a typical week prior to the pre-baseline (month 0) assessment.
fWeight change during the first 6 months of the conventional weight-loss intervention. Relative body weight (percentage) change is calculated as (100 x
[(absolute body weight [kilograms] at 6 months — absolute body weight [kilograms] at O months)/(absolute body weight [kilograms] at O months)]). A

negative estimate means a decrease in body weight during the follow-up period.

EThe participants responded to the following question: “During the past 30 days, how many days did you have at least one drink of any alcoholic
beverage?” referring to the experience prior to the pre-baseline (month 0) assessment.

hReferring to the period between which the participants usually went to bed in the evening (turn out the lights in order to go to sleep) and the time they
usually got out of bed in the morning in the past month prior to the pre-baseline (month 0) assessment.

Body fat and body weight maintenance: emulated trial
results

Table 4 and Supporting Information Figure S3 show the estimated
change in body weight and fat and lean mass from month 6 to month
24 under strategies of consuming breakfast O to 4 versus 5 to
7 times/week. Compared with the 3.56 kg (95% Cl: 0.67 to 5.63)
increase in body weight under O to 4 times/week breakfast frequency,
the body weight increase would be 2.97 kg or 0.59 kg (95% Cl: —0.86
to —0.32) lower if all participants had followed the strategy of 5 to
7 breakfasts per week. These estimates should be interpreted as if all
participants adhered to the assigned treatment strategies at 6, 12, and
18 months of the follow-up. Similar trends were observed in body fat
maintenance. The proportion of participants who followed the hypo-
thetical intervention strategies in the source data set is shown in Sup-
porting Information Table S1.

Table 4 also shows the estimated change in body weight and
composition under strategies of consuming post-dinner snacks O to
2 and 3 to 7 times/week. Compared with the 3.7 kg (95% CI: 2.3 to
4.9) increase in body weight under 3 to 7 times/week post-
dinner snack frequency, the body weight increase would be 2.87 kg
or 0.83 kg (95% Cl: —1.06 to —0.59) lower in the strategy of O to
2 post-dinner snacks per week. Similarly, these estimates should be
interpreted as per-protocol as if participants adhered to the assigned
treatment strategies at 6, 12, and 18 months of the follow-up. Similar
trends were observed in body fat maintenance. Lean body mass
increased by 0.22 kg (95% Cl: —0.29 to —0.16) during the follow-up
among those who avoided consuming post-dinner snacks regularly.

The estimates from the analysis emulating an intent-to-treat anal-

ysis adjusted for adherence should be interpreted as if all participants

were assigned to treatment at baseline (month 6), but some were
non-adherent at 12 or 18 months of the follow-up, which was
adjusted for in the analysis. The results were in a similar direction with
the estimates obtained from emulating a per-protocol analysis.

Supporting Information Table S2 presents this analysis using rela-
tive measures of body weight (percentage) and body fat (percentage)
change as the outcome of interest.

Table 5 and Supporting Information Figure S4 show the sensi-
tivity analysis results of restricted populations. The estimates sug-
gest that if the participants who consumed breakfast O to 4 times/
week at pre-baseline (time 0) were to follow the strategy of break-
fast 5 to 7 times/week during the 18-month intervention they
would regain 2.21 kg, or 1.23 kg (95% Cl: —1.78 to —0.67) less
body weight than if they continued consuming O to 4 breakfasts
per week, where we estimated they would gain 3.44 kg (95% Cl:
1.57 to 5.64) of body weight. Owing to the small sample size
informing the models and a limited number of participants to inter-
vene on, the estimates for post-dinner snack interventions among
those who habitually consumed post-dinner snacks at pre-baseline
are not presented in this analysis.

Supporting Information Table S3 presents this analysis using rela-
tive measures of body weight (percentage) and body fat (percentage)
change as the outcome of interest. Supporting Information Tables S4
-S7 present sensitivity analyses using extreme threshold cutoff points
for breakfast consumption strategies (0-6 and 7 times/week). The
estimates did not materially change under any of the sensitivity ana-
lyses. Owing to the relatively small sample size and a limited number
of participants to intervene on (post-dinner snack O times/week strat-
egies), some estimates have inflated precision and thus they are not

presented in this analysis (Supporting Information Table S4).
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TABLE 3 Pre-baseline® characteristics of 372 eligible participants by post-dinner snack consumption frequency, the IDEA study

Post-dinner snack frequency, times/wk

Overall (n = 372) 0to 2 (n=67) 3to 4 (n=60) 5to 7 (n = 245)

Female sex, n (%) 264 (70.97) 111(73.51) 55(58.51) 98(77.17)
Race, n (%)

Asian 10 (2.69) 6(3.97) 3(3.19) 1(0.79)

Black 57 (15.32) 21(13.91) 9(9.57) 27 (21.26)

White 305 (81.99) 124 (82.12) 82 (87.23) 99 (77.95)
Education, n (%)

College or baccalaureate 156 (41.94) 72 (47.68) 41 (43.62) 43 (33.86)

HS, GED, or some college 84 (22.58) 31(20.53) 17 (18.09) 36(28.35)

Graduate degree 132(35.48) 48 (31.79) 36(38.3) 48 (37.8)
Annual household income, n (%)

$12,000 through $15,999 65 (17.47) 20 (13.25) 22 (23.4) 23(18.11)

$5000 through $11,999 161 (43.28) 61 (40.4) 44 (46.81) 56 (44.09)

Less than $5000 146 (39.25) 70 (46.36) 8(29.79) 48 (37.8)
Current smoker, n (%) 30 (8.06) 8(5.3) 8(8.51) 14 (11.02)
Moderate PA®, n (%)

<150 min/wk 284 (76.34) 110 (72.85) 76 (80.85) 98 (77.17)

2150 min/wk 88 (23.66) 41 (27.15) 18 (19.15) 29 (22.83)
Vigorous PA®, n (%)

<75 min/wk 131(35.22) 32(21.19) 40 (42.55) 59 (46.46)

275 min/wk 241 (64.78) 119 (78.81) 54 (57.45) 68 (53.54)
Regular dieting®, n (%) 163 (43.82) 56 (37.09) 43 (45.74) 64 (50.39)
Depression?, n (%)

<1 time/wk 3(0.81) 2(1.32) 0 1(0.79)

1-2 times/wk 17 (4.57) 6(3.97) 5(5.32) 6(4.72)

3-4 times/wk 288 (77.42) 120 (79.47) 72 (76.6) 96 (75.59)

5-7 times/wk 64 (17.2) 23(15.23) 17 (18.09) 4 (18.9)
Dinner€, n (%)

0-2 times/wk 5(1.34) 3(1.99) 0 2(1.57)

3-4 times/wk 7(1.88) 3(1.99) 1(1.06) 3(2.36)

5-7 times/wk 360 (96.77) 145 (96.03) 93(98.94) 122 (96.06)
Breakfast®, n (%)

0-2 times/wk 67 (18.01) 25 (16.56) 20 (21.28) 22(17.32)

3-4 times/wk 60 (16.13) 26(17.22) 13(13.83) 21(16.54)

5-7 times/wk 245 (65.86) 100 (66.23) 61 (64.89) 84 (66.14)
Eating within an hour of bedtime®, n (%)

0-2 times/wk 227 (61.02) 126 (83.44) 64 (68.09) 37 (29.13)

3-4 times/wk 78 (20.97) 19 (12.58) 24 (25.53) 35 (27.56)

5-7 times/wk 67 (18.01) 6(3.97) 6(6.38) 55 (43.31)
Age, mean (SD) (y) 30.1(3.8) 30(3.7) 30 (4) 30.3(3.9)
BMI, mean (SD) (kg/m?) 31.7 (4) 31.4(3.9) 31.9 (4.2) 31.7 (4.1)
Body weight, mean (SD) (kg) 91.4 (15.6) 90.3 (14.8) 92.9 (15.5) 91.6 (16.6)
Body fat, mean (SD) (%) 40.8 (6.3) 41 (6.1) 39.8 (6.3) 41.4(6.4)
Body weight change’, mean (SD) (%) —9.2(6.6) —10.1 (6.8) —-10.2 (6.1) —7.4(6.4)
Alcohol®, mean (SD) (d/mo) 6.5 (5) 6.6 (4.9) 6.8 (4.6) 6.1(5.4)

(Continues)

25L60 17 SUOLLLLIOD BATERID 3Rt ddde au) Aq poLLeA0B a2 SoILIE WO B8N J0'S3INI 10} AReIC1T BUIIUO AB]IAM UO (SUO1IPUOD-PUE-SULBI LD B M AReIcl1puIUO//'SA1IL) SUONIPUOD PLE S | 3U) 205 *[£202/50/80] U0 AIRIq 1T aUIUO 311 ‘BuIn] - BIUIOJIED JO AISIAIIN Ad 88982 AC0/Z00T OT/10P/LI0D" A8 1M AIR.q jBUI |UO//STy WOJ} POpOIUMOQ ‘Y ‘S22 X6ELOEET



TIMING OF DIETARY INTAKE AND WEIGHT REGAIN

TABLE 3 (Continued)

Ol D WILEYl®®

Post-dinner snack frequency, times/wk

Overall (n = 372)

Sleep on weekdays", mean (SD) (h/d) 7.7 (2.1)
Total energy intake, mean (SD) (calories/d) 1900.5 (866.7)
Diet quality, mean (SD) (HEI out of 100) 64.6 (11.1)

0to 2 (n=67) 3to 4 (n=60) 5to 7 (n = 245)
7.8(2) 7.7 (2.3) 7.8(1.9)
1731.1 (708.6) 1839.2 (790.5) 2147.2 (1026.8)
65.2 (10.8) 63.4(10.4) 64.7 (11.9)

Abbreviations: GED, general equivalency diploma; HEI, Healthy Eating Index; HS, high school; PA, physical activity.

?Pre-baseline refers to the assessment of the characteristics at 0 months of the IDEA study.

b«Vigorous-intensity activities” are activities that require hard physical effort and cause large increases in breathing or heart rate; “moderate-intensity
activities” are activities that require moderate physical effort and cause small increases in breathing or heart rate.

“The participants who responded positively to the following statement: “Since my weight goes up and down, | have gone on reducing diets more than

once,” referring to the experience prior to the weight-loss intervention.

%The participants who responded positively to the following statement: “I felt depressed,” referring to the experience 1 week prior to the pre-baseline

(month 0) assessment.

®Referring to the meal consumption frequency in a typical week prior to the pre-baseline (month 0) assessment.
fWeight change during the first 6 months of the conventional weight-loss intervention. Relative body weight (%) change is calculated as (100 x [(absolute
body weight [kilograms] at 6 months — absolute body weight [kilograms] at O months)/absolute body weight (kilograms) at O months]). A negative estimate

means a decrease in body weight during the follow-up period.

EThe participants responded to the following question: “During the past 30 days, how many days did you have at least one drink of any alcoholic
beverage?” referring to the experience prior to the pre-baseline (month 0) assessment.

hReferring to the period between which the participants usually went to bed in the evening (turn out the lights in order to go to sleep) and the time they
usually got out of bed in the morning in the past month prior to the pre-baseline (month 0) assessment.

DISCUSSION

This manuscript analyzes observational data that estimated the causal
effects of hypothetical meal timing-related dietary interventions on
weight maintenance after a weight-loss intervention in young adults.
The results suggest that limiting or avoiding post-dinner meals (post-
dinner snack) and habitual consumption of a morning meal (breakfast)
may have modest benefits for mitigating weight and body fat regain
over 18 months in young adults after clinically significant weight loss.
The estimated effect was of greater magnitude (i.e., less weight
regain) if all participants who ate breakfast O to 4 times before weight
loss increased their breakfast meal intake to 5 to 7 times as part of a
hypothetical intervention.

The validity of our effect estimates cannot be directly bench-
marked because no randomized trials have assessed the effect of
implementing early or avoiding late daytime eating on weight-loss
maintenance. However, the potential impact of the timing of food
intake on weight and body fat is informed by an understanding of
metabolism and circadian rhythms. Indeed, the timing of food intake
relative to melatonin onset is associated with the percentage of body
fat and BMI, which suggests that consumption of food during the cir-
cadian evening and/or night, independent of more traditional risk fac-
tors such as amount or content of food intake and activity level, plays
an important role in body composition [22, 23]. Further evidence sup-
ports that diet-circadian rhythm influences body weight, appetite, glu-
cose, and lipid metabolism [23-26]. A fundamental question we aimed
to inform is what the potential impact of leveraging this knowledge
has on weight and body composition dynamics in individuals who had
lost weight over 6 months.

Other salient research also informs this topic. A recent random-
ized controlled trial aimed to evaluate the effect of late versus early
evening meal consumption on weight loss in women and found that

eating an earlier evening meal resulted in favorable changes in weight
loss during a 12-week weight-loss program [26].

Time-restricted eating is a dietary strategy that focuses on con-
solidating all calorie intake in a restricted period of the day (usually
6-11 hours) and avoiding eating outside of this period. The short-term
TREAT trial demonstrated that time-restricted eating was associated
with a modest decrease (1.17%) in weight. However, the estimates
suggest that longer trials are needed to detect the long-term effect of
meal timing on weight regain [27]. If we stopped our emulated trial at
12 weeks post intervention initiation, the estimated weight difference
would also be close to null (Supporting Information Figures S1 and
S2). In addition, because our study population was younger with a
slightly lower range of baseline BMI than the TREAT trial, the dynamic
of weight change is expected to be different from that in participants
from that trial. The ongoing Rhythm trial aims to evaluate whether
restricting the timing of energy intake to a short-defined period during
wakefulness can improve fuel use patterns and enhance circadian
rhythms in metabolic tissues to optimize health, but results have yet
to be reported [28]. Breakfast is commonly defined as any caloric
intake after an overnight fast or fasting period of 28 hours [29].
A randomized trial that analyzed the effectiveness of the recommen-
dation for eating breakfast on weight loss in adults trying to lose
weight in a free-living setting concluded there was no discernable
effect of the recommendation for breakfast consumption on weight
loss [30]. Other recent trials suggest that late evening meals result in
less favorable changes in weight during weight-loss programs [26,
31, 32]. These prior studies are related but are fundamentally differ-
ent from our question and analysis, as we were focused on weight
maintenance/mitigation of weight regain.

In observational research, a large European cohort study that fol-
lowed up participants for 10 years suggests that daily breakfast con-
sumption has no association with weight maintenance during the
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follow-up period [33, 34]. Similar findings were made in the US
National Weight Control Registry cohort study [34]. A prospective
investigation of the association between breakfast consumption and
long-term weight gain in a US adult male population observed that
men who frequently consumed breakfast had less weight gain com-
pared with those who skipped breakfast [34]. Related, night eating
habits were associated with dyslipidemia and hypertriglyceridemia
among 17,534 workers and their spouses in Japan [36].

Other studies have demonstrated that breakfast skipping
impaired fasting lipids and postprandial insulin sensitivity and might lead
to weight gain in the presence of higher energy intake [37]. This could
be mediated by circadian interruptions and increased fat accumulation
due to decreased fat oxidation at night [38-40]. A cross-sectional study
of 872 middle-to-older aged adults suggested that higher dietary con-
sumption after waking up and lower consumption close to bedtime
were associated with lower BMI. However, the relationship differed by
chronotype, suggesting the importance of considering the timing of
food intake relative to sleep timing when studying the associations of
meal timing with obesity and metabolic health [41].

Given the evidence on this topic, this study’s research and analytic
design provide a better framework for explicit discussion of methodolo-
gic considerations and alternative explanations for findings [18]. First,
specifying the target trial clarifies the question of interest as a trial
would do, including the indicated range of dietary exposure, like fre-
quency of breakfast and post-dinner snack consumption, and the start-
ing points and durations of the dietary interventions and follow-up
periods. This framework aims to reduce the risk of bias and improve
data interpretation [18]. Second, unlike traditional outcome regression,
MSM with IPW appropriately adjusts for time-varying confounders
affected by previous exposure [42]. In weight-loss research, time-
varying confounders are present when weight-loss progress affects the
future dietary habits of participants, and weight loss itself can be
affected by past dietary habits, for example, the timing of eating. Last,
we performed several analyses to address the potential effectiveness of
newly assigned treatment to unexposed individuals and negative expo-
sure control as a tool for detecting bias in observational studies [43].

Nevertheless, our approach does not eliminate the potential for
uncontrolled confounding, measurement error, and model misspecifi-
cation. Like in any observational study, we cannot rule out the possi-
bility of uncontrolled confounding, despite adjustments for many
potential confounders. An estimated null effect of lunch frequency on
weight maintenance (which was not expected to be influenced by
lunch frequency) is reassuring but not proof of a lack of confounding.
In addition, we relied on self-report of breakfast and post-dinner
snacks, and therefore, some degree of measurement error in the diet
was expected. Because of logistics difficulties, a questionnaire is com-
mon to assess the adherence to timing for food intake strategies.
Therefore, per-protocol effect estimation is also susceptible to mea-
surement error in randomized trials [44]. Additionally, the lack of a
time stamp in regard to the typical meal frequencies assessed pre-
cludes being more specific in the hypothetical interventions modeled
and any conclusions beyond the occurrence of the eating occasion.

Finally, the results may not be generalizable to populations with

different dietary habits (because the effects are estimated in compari-
son with regular dietary practices), age distributions (because the abil-
ity to maintain lost weight differs in different age cohorts), or other
distributions of other confounders [45].

In summary, we estimated that avoiding post-dinner meals (post-
dinner snack) and habitual consumption of a morning meal (breakfast)
modestly reduce body weight and fat regain over 18 months after ini-
tial weight loss among young adults with overweight and obesity
defined by BMI. Furthermore, initiating habitual sustained breakfast
consumption might be more beneficial for weight-loss maintenance
over 18 months in people who did not habitually consume a breakfast
meal before weight loss. The analytic approach and results in this
research helped define and compare dietary strategies that could be
used to inform randomized interventions and potential recommenda-
tions for weight-maintenance programs in the face of the lack of long-
term randomized trials investigating the timing of eating occasions on

weight maintenance.O

CONFLICT OF INTEREST

The authors declared no conflict of interest.

ORCID
Valeria Elahy = https://orcid.org/0000-0003-4839-526X
Sunmin Lee " https://orcid.org/0000-0001-9652-9475

Andrew O. Odegaard > https://orcid.org/0000-0002-8357-8398

REFERENCES

1. Berthoud HR, Seeley RJ, Roberts SB. Physiology of energy intake
in the weight-reduced state. Obesity (Silver Spring). 2021;29(suppl 1):
$25-S30.

2. Aronne LJ, Hall KD, Jakicic JM, et al. Describing the weight-reduced
state: physiology, behavior, and interventions. Obesity (Silver Spring).
2021;29(suppl 1):59-S24.

3. Varkevisser RDM, Van Stralen MM, Kroeze W, Ket JCF,
Steenhuis IHM. Determinants of weight loss maintenance: a system-
atic review. Obes Rev. 2019;20(2):171-211.

4. Ostendorf DM, Blankenship JM, Grau L, et al. Predictors of long-
term weight loss trajectories during a behavioral weight loss inter-
vention: an exploratory analysis. Obes Sci Pract. 2021,;7:569-582.

5. Wehrens SMT, Christou S, Isherwood C, et al. Meal timing regulates
the human circadian system. Curr Biol. 2017;27(12):1768-1775.e3.

6. Adafer A, Messaadi W, Meddahi M, et al. Food timing, circadian
rhythm and chrononutrition: a systematic review of time-restricted
eating’s effects on human health. Nutrients. 2020;12:3770 doi:10.
3390/nu12123770.

7. Bijerre N, Holm L, Quist JS, Ferch K, Hempler NF. Watching, keeping
and squeezing time to lose weight: implications of time-restricted
eating in daily life. Appetite. 2021;161:105138. doi:10.1016/j.appet.
2021.105138

8. Gwin JA, Leidy HJ. Review of the evidence surrounding the effects
of breakfast consumption on mechanisms of weight management.
Adv Nutr. 2018;9(6):717-725.

9. Hernan MA, Robins JM. Causal Inference: What if. Chapman &
Hall/CRC; 2020.

10. Hernan MA, Robins JM. Per-protocol analyses of pragmatic trials. N
Engl J Med. 2017;377(14):1391-1398.

11. Cole SR, Hernan MA. Constructing inverse probability weights for
marginal structural models. Am J Epidemiol. 2008;168(6):656-664.

25L60 17 SUOLLLLIOD BATERID 3Rt ddde au) Aq poLLeA0B a2 SoILIE WO B8N J0'S3INI 10} AReIC1T BUIIUO AB]IAM UO (SUO1IPUOD-PUE-SULBI LD B M AReIcl1puIUO//'SA1IL) SUONIPUOD PLE S | 3U) 205 *[£202/50/80] U0 AIRIq 1T aUIUO 311 ‘BuIn] - BIUIOJIED JO AISIAIIN Ad 88982 AC0/Z00T OT/10P/LI0D" A8 1M AIR.q jBUI |UO//STy WOJ} POpOIUMOQ ‘Y ‘S22 X6ELOEET


https://orcid.org/0000-0003-4839-526X
https://orcid.org/0000-0003-4839-526X
https://orcid.org/0000-0001-9652-9475
https://orcid.org/0000-0001-9652-9475
https://orcid.org/0000-0002-8357-8398
https://orcid.org/0000-0002-8357-8398
info:doi/10.3390/nu12123770
info:doi/10.3390/nu12123770
info:doi/10.1016/j.appet.2021.105138
info:doi/10.1016/j.appet.2021.105138

TIMING OF DIETARY INTAKE AND WEIGHT REGAIN

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Hernan MA, Brumback BA, Robins JM. Estimating the causal effect
of zidovudine on CD4 count with a marginal structural model for
repeated measures. Stat Med. 2002;21(12):1689-1709.

Rochon J, Bhapkar M, Pieper C, Kraus W, C. S. Group. Application of the
marginal structural model to account for suboptimal adherence in a ran-
domized controlled trial. Contemp Clin Trials Commun. 2016;4:222-228.
Jakicic JM, Davis KK, Rogers RJ, et al. Effect of wearable technology
combined with a lifestyle intervention on long-term weight loss: The
IDEA randomized clinical trial. JAMA. 2016;316(11):1161-1171. doi:
10.1001/jama.2016.12858

Data and safety monitoring board protocol and report: Innovative
Approaches for Diet, Exercise, and Activity (IDEA) Published Febru-
ary 10, 2013. Accessed April 15, 2022. https://biolincc.nhlbi.nih.gov/
media/studies/idea/Protocol.pdf?link_time=2020-04-15_09:10:54.
795002

Tennant PWG, Arnold KF, Ellison GTH, Gilthorpe MS. Analyses of
‘change scores’ do not estimate causal effects in observational data.
Int J Epidemiol. 2021;51:1604-1615. doi:10.1093/1JE/DYABO50
Robins JM, Hernan MA, Brumback B. Marginal structural models and
causal inference in epidemiology. Epidemiology. 2000;11(5):550-560.
doi:10.1097/00001648-200009000-00011

Hernan MA, Robins JM. Using big data to emulate a target trial when
a randomized trial is not available. Am J Epidemiol. 2016;183(8):758-
764. doi:10.1093/AJE/KWV254

Qiu X, Wei Y, Wang Y, et al. Inverse probability weighted distributed
lag effects of short-term exposure to PM2.5 and ozone on CVD hos-
pitalizations in New England Medicare participants - exploring the
causal effects. Environ Res. 2020;182:109095. doi:10.1016/).
ENVRES.2019.109095

Mojaverian N, Moodie EEM, Bliu A, Klein MB. The impact of sparse
follow-up on marginal structural models for time-to-event data.
Am J Epidemiol. 2015;182(12):1047-1055. doi:10.1093/aje/kwv152
Moodie EEM, Delaney JAC, Lefebvre G, Platt RW. Missing con-
founding data in marginal structural models: a comparison of inverse
probability weighting and multiple imputation. Int J Biostat. 2008;
4(1):Article 13. doi:10.2202/1557-4679.1106

Romon M, Edme JL, Boulenguez C, Lescroart JL, Frimat P. Circadian
variation of diet-induced thermogenesis. Am J Clin Nutr. 1993;57(4):
476-480. doi:10.1093/AJCN/57.4.476

Ballon A, Neuenschwander M, Schlesinger S. Breakfast skipping is
associated with increased risk of type 2 diabetes among adults: a sys-
tematic review and meta-analysis of prospective cohort studies.
J Nutr. 2019;149(1):106-113. doi:10.1093/jn/nxy194

Berg C, Forslund HB. The influence of portion size and timing of
meals on weight balance and obesity. Curr Obes Rep. 2015;4(1):11-
18. doi:10.1007/s13679-015-0138-y

Garaulet M, Gémez-Abellan P. Timing of food intake and obesity: a
novel association. Physiol Behav. 2014;134:44-50. doi:10.1016/j.
physbeh.2014.01.001

Madjd A, Taylor MA, Delavari A, Malekzadeh R, Macdonald IA,
Farshchi HR. Effects of consuming later evening meal v. earlier evening
meal on weight loss during a weight loss diet: a randomised clinical
trial. Br J Nutr. 2021;126:632-640. doi:10.1017/s0007114520004456
Lowe DA, Wu N, Rohdin-Bibby L, et al. Effects of time-restricted eat-
ing on weight loss and other metabolic parameters in women and
men with overweight and obesity. JAMA Intern Med. 2020;180(11):
1491-1499. doi:10.1001/jamainternmed.2020.4153

Allaf M, Elghazaly H, Mohamed OG, et al. Intermittent fasting for the
prevention of cardiovascular disease. Cochrane Database Syst Rev.
2021;1(1):CD013496. doi:10.1002/14651858.CD013496.PUB2
Galioto R, Spitznagel MB. The effects of breakfast and breakfast
composition on cognition in adults. Adv Nutr. 2016;7(3):5765-589S.
doi:10.3945/AN.115.010231

Dhurandhar EJ, Dawson J, Alcorn A, et al. The effectiveness of break-
fast recommendations on weight loss: a randomized controlled trial.
Am J Clin Nutr. 2014;100(2):507-513. doi:10.3945/ajcn.114.089573

Obesity [o E VY 15 VA K

31. Dashti HS, Gémez-Abellan P, Qian J, et al. Late eating is associated with
cardiometabolic risk traits, obesogenic behaviors, and impaired weight
loss. Am J Clin Nutr. 2021;113(1):154-161. doi:10.1093/ajcn/ngaa264

32. Garaulet M, Gémez-Abellan P, Alburquerque-Béjar JJ, Lee YC, Ordovas
JM, Scheer FAJL. Timing of food intake predicts weight loss effective-
ness. Int J Obes (Lond). 2013;37(4).:604-611. doi:10.1038/1J0.2012.229

33. Karkkainen U, Mustelin L, Raevuori A, Kaprio J, Keski-Rahkonen A.
Successful weight maintainers among young adults-a ten-year pro-
spective population study. Eat Behav. 2018;29:91-98. d0i:10.1016/J.
EATBEH.2018.03.004

34. Phelan S, Wyatt HR, Hill JO, Wing RR. Are the eating and exercise
habits of successful weight losers changing? Obesity (Silver Spring).
2006;14(4):710-716. doi:10.1038/0by.2006.81

35. Van Der Heijden AAWA, Hu FB, Rimm EB, Van Dam RM. A prospec-
tive study of breakfast consumption and weight gain among
U.S. men. Obesity (Silver Spring). 2007;15(10):2463-2469. doi:10.
1038/0BY.2007.292

36. Yoshida J, Eguchi E, Nagaoka K, Ito T, Ogino K. Association of night
eating habits with metabolic syndrome and its components: a longi-
tudinal study. BMC Public Health. 2018;18(1):1366. doi:10.1186/
$12889-018-6262-3

37. Farshchi HR, Taylor MA, Macdonald IA. Deleterious effects of omit-
ting breakfast on insulin sensitivity and fasting lipid profiles in
healthy lean women. Am J Clin Nutr. 2005;81(2):388-396. doi:10.
1093/ajcn.81.2.388

38. McHill AW, Phillips AJK, Czeisler CA, et al. Later circadian timing of
food intake is associated with increased body fat. Am J Clin Nutr.
2017;106:ajcn161219. doi:10.3945/ajcn.117.161588

39. Ribeiro D, Hampton S, Morgan L, Deacon S, Arendt J. Altered post-
prandial hormone and metabolic responses in a simulated shift work
environment. J Endocrinol. 1998;158(3):305-310. doi:10.1677/joe.0.
1580305

40. Kutsuma A, Nakajima K, Suwa K. Potential association between
breakfast skipping and concomitant late-night-dinner eating with
metabolic syndrome and proteinuria in the Japanese population.
Scientifica (Cairo). 2014;2014:253581. doi:10.1155/2014/253581

41. Xiao Q, Garaulet M, Scheer FAJL. Meal timing and obesity: interac-
tions with macronutrient intake and chronotype. Int J Obes (Lond).
2019;43(9):1701-1711. doi:10.1038/s41366-018-0284-x

42. Robins JM. Marginal structural models. Proceedings of the American
Statistical Association, Section on Bayesian Statistical;1998.

43. Lipsitch M, Tchetgen Tchetgen E, Cohen T. Negative controls: a tool for
detecting confounding and bias in observational studies. Epidemiology.
2010;21(3):383-388. doi:10.1097/EDE.OBO13E3181D61EEB

44, Nakamura K, Tajiri E, Hatamoto Y, Ando T, Shimoda S, Yoshimura E.
Eating dinner early improves 24-h blood glucose levels and boosts
lipid metabolism after breakfast the next day: a randomized cross-
over trial. Nutrients. 2021;13:2424. doi:10.3390/NU13072424

45. Chiu YH, Chavarro JE, Dickerman BA, et al. Estimating the effect of
nutritional interventions using observational data: the American
Heart Association’s 2020 dietary goals and mortality. Am J Clin Nutr.
2021;114(2):690-703.

SUPPORTING INFORMATION
Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Elahy V, Jiang L, Lee S, Odegaard AO.
A hypothetical intervention of the timing of dietary intake on
weight and body composition after initial weight loss. Obesity
(Silver Spring). 2023;31(4):1095-1107. doi:10.1002/0by.23688

25L60 17 SUOLLLLIOD BATERID 3Rt ddde au) Aq poLLeA0B a2 SoILIE WO B8N J0'S3INI 10} AReIC1T BUIIUO AB]IAM UO (SUO1IPUOD-PUE-SULBI LD B M AReIcl1puIUO//'SA1IL) SUONIPUOD PLE S | 3U) 205 *[£202/50/80] U0 AIRIq 1T aUIUO 311 ‘BuIn] - BIUIOJIED JO AISIAIIN Ad 88982 AC0/Z00T OT/10P/LI0D" A8 1M AIR.q jBUI |UO//STy WOJ} POpOIUMOQ ‘Y ‘S22 X6ELOEET


info:doi/10.1001/jama.2016.12858
https://biolincc.nhlbi.nih.gov/media/studies/idea/Protocol.pdf?link_time=2020-04-15_09:10:54.795002
https://biolincc.nhlbi.nih.gov/media/studies/idea/Protocol.pdf?link_time=2020-04-15_09:10:54.795002
https://biolincc.nhlbi.nih.gov/media/studies/idea/Protocol.pdf?link_time=2020-04-15_09:10:54.795002
info:doi/10.1093/IJE/DYAB050
info:doi/10.1097/00001648-200009000-00011
info:doi/10.1093/AJE/KWV254
info:doi/10.1016/J.ENVRES.2019.109095
info:doi/10.1016/J.ENVRES.2019.109095
info:doi/10.1093/aje/kwv152
info:doi/10.2202/1557-4679.1106
info:doi/10.1093/AJCN/57.4.476
info:doi/10.1093/jn/nxy194
info:doi/10.1007/s13679-015-0138-y
info:doi/10.1016/j.physbeh.2014.01.001
info:doi/10.1016/j.physbeh.2014.01.001
info:doi/10.1017/s0007114520004456
info:doi/10.1001/jamainternmed.2020.4153
info:doi/10.1002/14651858.CD013496.PUB2
info:doi/10.3945/AN.115.010231
info:doi/10.3945/ajcn.114.089573
info:doi/10.1093/ajcn/nqaa264
info:doi/10.1038/IJO.2012.229
info:doi/10.1016/J.EATBEH.2018.03.004
info:doi/10.1016/J.EATBEH.2018.03.004
info:doi/10.1038/oby.2006.81
info:doi/10.1038/OBY.2007.292
info:doi/10.1038/OBY.2007.292
info:doi/10.1186/s12889-018-6262-3
info:doi/10.1186/s12889-018-6262-3
info:doi/10.1093/ajcn.81.2.388
info:doi/10.1093/ajcn.81.2.388
info:doi/10.3945/ajcn.117.161588
info:doi/10.1677/joe.0.1580305
info:doi/10.1677/joe.0.1580305
info:doi/10.1155/2014/253581
info:doi/10.1038/s41366-018-0284-x
info:doi/10.1097/EDE.0B013E3181D61EEB
info:doi/10.3390/NU13072424
info:doi/10.1002/oby.23688

	A hypothetical intervention of the timing of dietary intake on weight and body composition after initial weight loss
	INTRODUCTION
	METHODS
	Target trial specification
	Dietary strategies
	Causal contrasts and statistical analysis


	What is already known?
	Whatdoesthisstudyadd?
	How might these results change the direction of research or the focus of clinical practice?
	Target trial emulation
	Observational data
	Eligibility criteria
	Modifications to the target trial protocol
	Dietary strategies
	Treatment assignment
	Primary outcome

	Statistical analysis

	RESULTS
	Baseline characteristics of participants
	Body fat and body weight maintenance: emulated trial results

	DISCUSSION
	CONFLICT OF INTEREST
	REFERENCES




