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1 | INTRODUCTION
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Summary

Consuming a greater proportion of total energy intake earlier in the day rather than
in the evening is proposed to positively influence weight loss and health, potentially
due to greater synchronization of human body circadian rhythms. This systematic
review provides an update on existing evidence regarding earlier distributed eating
patterns in weight loss interventions. Using a robust search strategy in five electronic
databases, nine randomized controlled trials investigating the impact of energy intake
distribution on weight loss were identified. Following critical appraisal, a random-
effects meta-analyses found that, in the context of an energy-reduced diet, distribut-
ing energy intake with a focus on earlier intake resulted in significantly greater weight
loss (—1.23 kg; 95% Cl 2.40, —0.06, p = 0.04). Improvements in HOMA-IR, fasting
glucose, and LDL cholesterol were also seen. The current study provides a timely
update on the evidence linking distribution of total daily energy intake and health,
showing that a focus on earlier intakes can result in greater short-term weight loss
compared with later intakes. Future studies are needed to elucidate the impact that

earlier intakes may have on weight management and metabolic health.

KEYWORDS
chrononutrition, energy distribution, obesity, weight loss

weight loss interventions primarily focus on maintaining decreased

total energy intake to create a sustained energy deficit,*° leading to

Globally, rates of obesity continue to increase, with an estimated 33%
of the adult population being classified as having overweight and 13%
having obesity.> Obesity increases an individual's risk of metabolic
disease, such as diabetes and cardiovascular disease, musculoskeletal

disorders such as osteoarthritis, and some cancers.>® Current dietary

Abbreviations: BMI, body mass index; HbA1c, glycated hemoglobin; HDL cholesterol,
high-density lipoprotein cholesterol; HOMA-IR, homeostatic model assessment for insulin
resistance; LDL cholesterol, low-density lipoprotein cholesterol; OGTT, oral glucose tolerance
test.

metabolism of fat, protein, and glycogen stores to make up for the
energy deficit, and resulting in a reduction in body mass.®” However,
not all individuals appear to respond to simple energy restriction for
weight loss, and in the search for the mechanisms behind responders
and nonresponders to traditional weight loss diets, it has been found
that the distribution of energy intake across the day may also be
factor in achieving weight loss success.®?

“Chrononutrition” relates to the timing of meals and distribution
of total energy intake across the day.!° Evidence is building for
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chrononutrition as a potential target in both weight loss and metabolic
disease interventions.®*° Thus far, there are no recommendations on
how energy intake should be distributed throughout the day.
However, there is increasing evidence that distributing total energy
intake towards the morning and early afternoon, as compared with
late afternoon and evening, is favored for weight loss and metabolic

improvements 1112

It has been suggested that later eating patterns,
where total energy intake is distributed towards evenings, may
cause the desynchronization of peripheral and central circadian
rhythms.*3%* Our central circadian rhythm is responsible for sleep,
body temperature, and melatonin production and is controlled by the
suprachiasmatic nuclei with light as the major synchronizer.?
Peripheral circadian rhythms are, on the other hand, responsible for
regulation of metabolic hormones and enzymes, such as insulin and
ghrelin, and as such a desynchronization may cause disruption to
metabolic pathways and hunger signals.*>*> It is hypothesized that
earlier distributed energy intakes result in enhanced synchronization
of circadian rhythms and improved metabolic health.1%*¢

Distribution of total energy intake favoring the late afternoon and
evening, and late-night eating, have become the norm in many
countries. This is seen particularly in many western societies, where
dinner is viewed as the main meal of the day, is the meal with the
largest proportion of daily total energy intake, and is commonly
designated a social occasion.?’"2° Restrictions placed on individuals
by common work hours also allow for greater meal preparation and
eating time in the evenings and can lead to individuals skipping
breakfast in the mornings when they are more time poor.??? Foods
consumed in the evening are also typically higher in energy density
compared with those consumed during the day,?>* leading to a later
overall distribution of total energy intake. Later distribution of energy
intake, including night eating, has also been associated with increased
Weight,“’z5 with shift workers having a higher body mass index (BMI)
than their daytime working counterparts.?® Studies have also shown
the potential for higher energy intakes in the evening to have a
negative impact metabolic health, with later eating patterns and
distribution of intake associated with reduced insulin sensitivity.?”2

The aim of this systematic review was to examine the impact of
earlier versus later distribution of total daily energy intake on weight
loss, and to evaluate the potential for utilizing altered energy
distribution as a tool in weight loss interventions. We build on
previous findings by Fong et al. (2017),° by limiting eligible studies
to clinical trials only, and investigating how earlier distribution of

total energy intake affects body weight and metabolic outcomes

in adults.
2 | METHODS
21 | Literature search strategy

The following bibliographic databases were searched for articles from
inception to 20/11/2021; MEDLINE, SCOPUS, Cochrane Library of
Clinical Trials, CINAHL, PsycINFO, and Embase. Google Scholar was

also used to search gray literature. The search terms included the
MeSH terms and key words for overweight, obesity, BMI, weight loss,
energy metabolism, body composition, glucose, insulin, ghrelin,
hunger, and combinations of meal timing, nutrient timing, food timing,
and chrononutrition. These were combined appropriately using the
Boolean operators. The search was not limited by publication date.
References that resulted from the search were entered into
Covidence (Covidence systematic review software, Veritas Health
Innovation, Melbourne, Australia. Available at www.covidence.org)
where duplicates were removed. The search strategies used in the
search have been presented in the Supporting Information for this
review. The reference lists of included studies were also
hand-searched for additional relevant studies; however, no studies
were added from this search. This study was registered with the
International  Prospective Register for Systematic Reviews,
PROPSERO ID: CRD42020160741. The study protocol for this
review was not submitted for publication.

2.2 | Study selection

221 | Exclusion criteria

Studies in children (under 18 years) and animal studies were excluded.
Review articles were not included; however, bibliographies of these
were hand-searched for additional relevant primary studies. Articles
on shift workers were excluded as their eating and sleeping schedules
are driven by external factors other than hunger and sleep cycles, and
shift work has been shown to affect weight management.?? 3! As this
review focused on how the distribution of energy intake across the
day affects weight loss in the general population, studies that involved
a period of fasting such as time restricted feeding, intermittent fasting,
or Ramadan were excluded. Studies on drug or surgical interventions,
such as bariatric surgery, were also excluded as these interventions
may have an impact on metabolism and weight loss independently of
eating patterns.

2.2.2 | Inclusion criteria

For inclusion in this review, studies were limited to clinical trials
(randomized or nonrandomized) which reported the effect of dietary
intervention on body weight in adults (>18 years) of any BMI, with at
least two treatment arms, where participants were advised to alter
eating patterns to meet a specified distribution of energy intake
across the day. Details of the dietary changes that participants were
advised to make to their distribution of total energy intake across the
day was required as an independent variable, and this needed to be
quantified or quantifiable by researchers. For example, this needed to
be reported as a percentage of energy intake or number of total
calories/kilojoules consumed per meal (tsnacks) across the day. For
inclusion in this review, studies were required to report body weight

(preintervention and postintervention or preintervention and change
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in body weight). Compliance to the advised energy distribution

needed to be reported by the researchers.

2.3 | Data management and data extraction

The titles and abstracts of all identified citations identified in the
systematic search were screened by two of the researchers
independently (IY and HP). The full texts of all potentially eligible
studies were then screened independently by the same two
researchers. Any discrepancies were screened by a third researcher
(KS) to gain consensus.

Data were extracted by one researcher (IY) from each relevant
full-text study and tabulated (Tables 1 and 2), including participant
demographic characteristics, distribution of total energy intake across
the day (as a percentage or in calories/kilojoules), study outcomes
including anthropometry (body weight, BMI, and waist circumference),
biochemistry (lipid profile, fasting blood glucose, and hormones
including insulin, ghrelin, and leptin) and measures of sleep which
were measured via self-reported survey and arm-worn trackers.
Outcome data were extracted: mean and standard deviation at
baseline, postintervention, and change score if reported by the

authors.

2.4 | Risk of bias assessment

Risk of bias was assessed by two researchers (IY and HP) indepen-
dently using methodology from the Joanna Briggs Institute.* Use of
these tools allowed for classification of the risk for selection, detec-
tion, attrition, and reporting bias as low, high, or unclear. Disagree-
ments were brought to a third researcher (KS) if required to achieve

consensus.

2.5 | Data analysis

Data on variables of interest were collated and reported as mean and
standard deviation where available and statistically significant results
noted. Where necessary, biochemical and hormone values were math-
ematically converted to one reporting standard.>®> Where change in
weight was not reported, authors were contacted to obtain this infor-
mation.3* Two papers by Versteeg et al. reported different outcomes
from the same study; however, the 2018 publication35 was selected
for inclusion as it reported metabolic outcomes relevant to this
review.

Meta-analysis was conducted using Review Manager (RevMan
[computer program], Version 5.4, The Cochrane Collaboration, 2020),
and random-effects model was used. All studies reporting the out-
come of interest were included in the meta-analysis for that outcome.
Body weight and other outcome measures were weighted by the
inverse of the variance of their respective mean difference (MD), so

that the overall weighted MDs and 95% confidence intervals of the

various risk factors from all the studies could be estimated. One
study®® focused the change in energy distribution on the final meal
and snack of the day only. While this study altered energy intake
distribution across the day, and did not include a set period of fasting,
and therefore fitted the inclusion criteria, as the focus on energy
intake distribution differed markedly from the other studies, a
sensitivity test was conducted with this study removed to determine
the impact of this study on the meta-analysis.

Subgroup analysis was also undertaken to explore possible causes
for heterogeneity. Studies with interventions <12 and 212 weeks
(which was the median study duration) were analyzed separately. Six
of the nine studies examined females only; therefore, a subanalysis
was conducted with studies reporting female participants only, and a
subsequent analysis was conducted on those reporting males with or

without females.

3 | RESULTS

Following removal of duplicates, 13,230 records were screened by
title and abstract; full-text screening was conducted for 52 articles
(further details on full-text screening can be seen in the Supporting
Information). From these, nine studies (10 papers) were identified for
data extraction and quality appraisal (Figure 1).

3.1 | Study characteristics

Nine clinical trials were included in the meta-analysis. Studies were
the United States,>*®” [ran3%® Italy,® the

Netherlands,> and Israel.*°~? While the exclusion criteria did not

conducted in

specify that studies needed to be RCTs, all included studies were
found to be RCTs. Total number of participants was 485 (earlier
distributed total energy intakes: n = 244, later distributed total energy
intakes; n = 241), sample size ranged from n=8 to n= 193. Six
studies included females only, two males only, and one included both
males and females. Mean age and BMI of participants ranged from
2953 years and 22-46 kg/m?. One study was an experimental RCT

conducted under laboratory conditions,®”

and the remaining eight
were pragmatic RCTs. Duration of intervention ranged from
516 weeks; one study reported a follow-up period to 32 weeks;
however, as participant compliance with dietary intervention was not
measured during the 16-week follow-up period, only immediate
postintervention data were included in the meta-analysis. While it
was not a requirement for inclusion in this systematic review,
all studies employed energy-restricted diets in both intervention arms.
These diets were advised by study dietitians, with two studies
providing either meals or nutritional supplements to control altered
energy distribution. Compliance to dietary advice on energy
distribution was measured in all studies using food diaries which were
assessed for adherence by study dietitians. Completion rates ranged
from 74% to 100%. Study characteristics are further summarized
in Table 1.
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3.2 | Risk of bias analysis
Critical appraisal of included papers using the Joanna Briggs Institute
Checklist for Randomised Controlled Trials®? resulted in seven studies

34-36,38,40-42 and two

being assessed as having a moderate risk of bias
with high risk of bias.®”*? Only five of the nine studies used true ran-
domization, and three or the nine concealed allocation of treatment
groups. No studies were blinded to participants or those delivering
treatment; one study blinded outcome assessors. All studies reported
baseline characteristics to be similar between groups, measured com-
pliance, and had consistent collection of data; however, validation and
reliability of measures were unclear. Risk of bias assessments is

detailed in the Supporting Information.

3.3 | Outcomes

3.3.1 | Dietary intake

Eight of the nine included studies reported the percentage of total
energy intake that was to be consumed at each main meal (mean
percentages of energy intake per meal for earlier distributed intakes—
breakfast: 34% + 16%, lunch: 38% + 7%, dinner: 20% + 6%, and for
later distributed intakes—breakfast: 19% + 6%, lunch: 30% + 10%,
dinner; 40% + 11%). The final study presented the advised percentage
of energy intakes as pooled morning (breakfast, morning tea, and
lunch) and afternoon/evening intakes (afternoon tea, dinner, and
supper) with 70%:30% for the earlier distributed group and 55%:45%
for the later distributed group.®’ Details on the energy distribution of
each study are detailed in Table 1. One study altered the energy distri-
bution of the evening period (dinner + snacks) only.>¢ Five studies
specified an allowance of 18% + 7% of total energy intake for snacks

throughout the day. Compliance was high in all studies with

participants removed for analysis as needed for not meeting
compliance requirements.

All studies advised participants to consume energy-restricted
diets in conjunction with altering the distribution of total energy
intake. Six studies specified macronutrient intake on prescribed diets.
Two of these six studies also prescribed differing macronutrient
distributions between intervention groups.*®*? These differences in
macronutrient intake were at the breakfast meal, with one study
comparing a higher proportion of fat/protein to a high carbohydrate

,*? and the other study comparing a low carbohydrate meal to a

|40

mea
high carbohydrate/protein mea

3.3.2 | Body weight
Five of the nine studies reported significantly greater weight loss with
earlier compared with later distribution of total energy intake, with
mean weight loss in interventions arms with earlier distributions of
intake ranging from 2.9 to 13.6 kg, and later distributed arms ranging
from 3.715.3 kg (Supporting Information).343¢384142 One study®
reported a 16-week postintervention follow-up period, during which
the participants who were originally advised to consume a greater
proportion of their total energy intake energy intake earlier in the day
continued to lose weight postintervention, whereas those with later
distribution of energy intake gained weight postintervention.
Meta-analysis (Figure 2A) of weight loss difference between
intervention arms showed that there was significantly greater weight
loss in groups with earlier distributed energy intake compared with
later distributed intakes (I? = 98%; —1.23 kg; 95% Cl —2.40, —0.06,
p =0.04). The sensitivity test excluding Madjd et al. (2020)%¢
(Figure 2B) showed that weight loss with earlier distributed intake
was no longer significantly different between the groups (I? = 98%;
—1.14 kg; 95% Cl —2.38,0.11, p = 0.07).
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Early Late Mean Difference Mean Difference

Study or Subgroup  Mean [kg] SD [kg] Total Mean [kg] SD [kg] Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI

Keim 1997 -2.91 0.08 4 -3.69 0.15 6 12.2% 0.78 [0.64, 0.92] 1997 o

Jakubowicz 2012 -13.6 2.3 74 -156.3 19 70 11.7% 1.70[1.01, 2.39] 2012 e

Jakubowicz 2013 -8.7 1.4 38 -3.6 1.5 36 11.8% -5.10 [-5.76, -4.44] 2013 -

Rabinovitz 2014 -2.43 0.46 23 -1.86 0.4 23 12.2% -0.57 [-0.82, -0.32] 2014 =

Lombardo 2014 -8.2 3 18 -6.5 3.4 18 8.8% -1.70 [-3.79, 0.39] 2014 =7

Madjd 2016 -5.73 1.91 35 -4.31 1.93 34 11.4% -1.42[-2.33,-0.51] 2016 s

Versteeg 2017 -7 1.4 12 -6.8 2 11 10.4% -0.20 [-1.62, 1.22] 2017 I

Raynor 2018 -7.55 1.008 4 -4.58 1.144 4 10.2% -2.97 [-4.46, -1.48] 2018 -

Madjd 2020 -6.74 1.92 36 -4.81 222 39 11.3% -1.93[-2.87,-0.99] 2020 -

Total (95% Cl) 244 241 100.0%  -1.23 [-2.40, -0.06] L 4

Heterogeneity: Tau? = 2.93; Chi2 = 416.94, df = 8 (P < 0.00001); I = 98% 4_10 + 5 5 10:

Test for overall effect: Z = 2.05 (P = 0.04) Early Late

(A)

Experimental Control Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI Year IV, Random, 95% CI

Keim 1997 -2.91 0.08 4 -369 0.15 6 13.8% 0.78[0.64,0.92] 1997 n

Jakubowicz 2012 -13.6 23 74 -153 1.9 70 13.2% 1.70[1.01, 2.39] 2012 =

Jakubowicz 2013 -8.7 1.4 38 -36 1.5 36 13.3% -5.10 [-5.76, -4.44] 2013 -

Lombardo 2014 -8.2 3 18 -6.5 3.4 18  9.9% -1.70 [-3.79, 0.39] 2014 - =

Rabinovitz 2014 -243 0.46 23 -1.86 04 23 13.7% -0.57 [-0.82, -0.32] 2014 =

Madjd 2016 573 1.91 35 -431 1.93 34 12.9% -1.42[-2.33,-0.51] 2016 -

Versteeg 2017 -7 1.4 12 -6.8 2 1M1 1.7% -0.20 [-1.62, 1.22] 2017 .

Raynor 2018 -7.55 1.008 4 -458 1.144 4 11.5% -2.97 [-4.46, -1.48] 2018 _—

Total (95% CI) 208 202 100.0%  -1.14[-2.38, 0.11] -

Heterogeneity: Tau? = 2.93; Chi? = 396.68, df = 7 (P < 0.00001); I = 98% F t t {

Test for overall effect: Z=1.79 (P = 0.07) -19 e o 2 10
Early Late

(B)

FIGURE 2

(A) Forest plot for meta-analysis of trials reporting weight loss (kg) for earlier versus later eating patterns. (B) Forest plot for meta-

analysis of trials reporting weight loss (kg) for earlier versus later eating patterns (excluding Madijd et al. [2020]%%)

Subgroup analysis was conducted to determine if participants
gender or study duration contributed to the heterogeneity. No
subanalyses results were found to be significant. Forest plots for
these analyses can be seen in the Supporting Information.

3.3.3 | Other outcomes

Seven studies reported changes in lipid profile with six showing
changes in lipid profiles: two studies had equal improvements across
both groups postintervention with no differences seen between
groups, while four studies saw significantly greater improvements
with earlier intakes.3¢%7-41 Fasting insulin, glucose, HbA1lc, and
HOMA-IR were reported in seven studies. Four of these showed no
significant differences in the changes observed between groups from
baseline to end of intervention, two studies reported significantly
greater decreases in fasting insulin and HOMA-IR with earlier

intakes, 3841

with one of these also reporting significantly greater
reductions in fasting glucose.41 One study found significantly
decreased HbA1c postintervention with earlier intakes after adjusting
for baseline differences.*? Rabinovitz et al.*? also found that earlier
distributed intakes resulted in a significantly greater proportion of par-
ticipants with type 2 diabetes having their medication doses reduced
postintervention (31% vs. 0% for earlier vs. later distributed energy
intakes, p = 0.002). Both fasting and bedtime glucose levels measured

via continuous glucose monitoring were also significantly reduced in

those consuming earlier distributed energy intakes (fasting: —0.83
vs. —0.27 mmol/L, p = 0.001; before sleep: —1.70 vs. —0.28 mmol/L,
p = 0.009; earlier compared with later distribution of energy intake,
respectively).

Meta-analysis was performed on triglycerides, HDL, LDL, HbA1lc,
fasting glucose, and HOMA-IR (preferred assessment for insulin resis-
tance) where postintervention data were reported. Meta-analysis was
not attempted on fasting insulin as it is not a standardized measure
for metabolic disease. Random-effects models showed that there
were significantly greater reductions in LDL cholesterol (MD:
—0.11 mmol/L; 95% CI —0.14, —0.07, p < 0.01), fasting glucose (MD:
0.15 mmol/L, 95% CI —0.23, —0.06, p < 0.001), and HOMA-IR (MD:
—0.38; 95% Cl —0.64, —0.11, p = 0.005) in groups with earlier energy
intakes compared with later intakes (Figures 3-5). No significant
differences between early and later intakes were seen for
triglycerides, HDL, and HbA1c (figures included in the Supporting
Information).

Appetite and hunger were measured via survey in two

studies*®4?

which found significantly improved satiety and hunger
management with earlier distribution of energy intake, where urge to
eat, preoccupation with food, and cravings for sweets and fats were
all reduced compared with later distribution of energy intake. Ghrelin
was measured as an outcome in four studies, with only one study
finding that earlier intakes resulted in significantly greater suppression
of postprandial ghrelin compared with later distribution of energy

intake.*® Only one study®* measured sleep, and it was found that
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Early Late Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Madjd 2020 -0.54 0.27 36 -0.14 0.25 39 22.6% -0.40[-0.52, -0.28] -
Rabinovitz 2014 0.05 0.18 23 0.2 0.12 23 24.9% -0.15 [-0.24, -0.06] -
Lombardo 2014 -0.1 041 18 -0.03 0.003 18  27.4% -0.07 [-0.12, -0.02] u
Madjd 2016 -0.37 0.2 35 -0.32 0.16 34 251% -0.05 [-0.14, 0.04] -
Total (95% Cl) 112 114 100.0%  -0.16 [-0.28, -0.04] <
Heterogeneity: Tau? = 0.01; Chi? = 28.74, df = 3 (P < 0.00001); I> = 90% =_2 1 . 1 2=
Test for overall effect: Z =2.54 (P =0.01) Early Late
FIGURE 3 Forest plot of meta-analysis for change in fasting serum LDL cholesterol
Early Late Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Lombardo 2014 -0.14 0.06 18 0.04 0.02 18  47.9% -0.18[-0.21, -0.15] 2014 |
Rabinovitz 2014 -05 03 23 -03 0.2 23 20.0% -0.20 [-0.35, -0.05] 2014 I
Madjd 2020 -0.46 0.18 36 -04 0.22 39 321% -0.06 [-0.15, 0.03] 2020 —=
Total (95% Cl) 77 80 100.0%  -0.15[-0.23, -0.06] L 4
Heterogeneity: Tau? = 0.00; Chi2 = 6.26, df = 2 (P = 0.04); I> = 68% F p 0 = 5 0=5 1=
Test for overall effect: Z = 3.37 (P = 0.0008) Early Late

FIGURE 4 Forest plot of meta-analysis for change in fasting glucose
Early Late Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Lombardo 2014 -1.37 0.27 18 -0.74 0.12 18 33.8% -0.63 [-0.77, -0.49] 2014 u
Madjd 2016 -0.68 0.31 35 -0.46 0.23 34 34.1% -0.22 [-0.35, -0.09] 2016 u
Madjd 2020 -0.83 0.37 36 -0.55 0.39 39 32.1% -0.28 [-0.45, -0.11] 2020 =
Total (95% CI) 89 91 100.0%  -0.38 [-0.64, -0.11] ¢
Heterogeneity: Tau? = 0.05; Chi? = 20.13, df = 2 (P < 0.0001); I> = 90% i1 2 S 2 i
Test for overall effect: Z = 2.80 (P = 0.005) Early Late

FIGURE 5 Forest plot of meta-analysis for change in HOMA-IR

regularity of sleep onset and waking times were significantly greater
with earlier distributed energy intakes compared with later energy
intakes, and there was a significant increase in the number of hours
between the last meal and sleep onset in both groups.

4 | DISCUSSION

This systematic review and meta-analysis of nine RCTs found that
energy intakes with a focus on earlier distribution resulted in
significantly greater weight loss when compared with similarly
energy-restricted diets with individuals consuming a larger proportion
of their total energy intake later in the day and into the evening.
Significantly greater improvements in metabolic outcomes including
HOMA-IR, fasting glucose, and LDL cholesterol were also seen with
earlier distributed energy intakes. While the MD in weight loss was
modest, and removal of one study focusing on evening intakes only
resulted in loss of significance in weight loss outcomes, the results of
this review still highlight the need for further investigation into the
effects on weight management of distribution of total energy intake

across the day and into the evening.

The greater weight loss seen with earlier intakes may be due to
the superior synchronization of peripheral and central circadian
rhythms in the body.*® Feeding times have been shown to be a key
environmental cue for peripheral circadian rhythms, with later meals
providing conflicting stimuli to that being received by our central
circadian control center from other cues such as light/darkness,
hormone secretion, and changes to body temperature.***° This
results in disturbances to metabolism which may favor weight gain
and hinder weight loss as well as increasing risk of metabolic
diseases.’®*3 It has also been shown that earlier intakes result in
higher thermogenesis and lower glycemic responses.®?” Taken
together, these findings suggest that the human body has metaboli-
cally evolved around earlier-weighted daily energy intake, where dark-
ness in the evening is associated with sleep onset rather than heavy
intake of food.'??” One study altered distribution of energy in the
evening only with participants in that study consuming either a later
or earlier dinner. While sensitivity testing showed only a small change
to the MD for weight loss when excluding this study, the pooled
results were no longer significant (excluding Madjd et al. [2020]%¢:
1.14 kg, p = 0.07; all studies: 1.23 kg, p = 0.04). This highlights the
potential for the limiting of late-night eating, rather than a shift in
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energy intake with a focus on the earlier parts of the day, as a
key contributor to health improvements and greater weight loss
seen in these studies. Late-night eating, particularly intake after
8 p.m., has been shown to negatively impact metabolic outcomes
and weight.?>#¢%7 |t has also been shown in shift workers where
those working the evening and night shifts have poorer health
outcomes compared with those working day shifts.24*® The impact
that this study has on the results suggests that this area needs
further exploration to determine whether the greater weight loss is
a result of reduced late-night eating or overall earlier distribution
of intake.

The metabolic improvements seen in this review contribute to
explaining some of the relationship between eating patterns and
weight change and suggest that earlier distribution of energy intake
may be beneficial to health, independent of weight loss. The readiness
of the human body to digest and metabolize food earlier in the day
may also contribute to the decreased fasting glucose and HOMA-IR
seen with earlier intakes.2 Mechanistically, synchronization of feeding
times with the natural rhythms of peripheral hormonal clocks results
in improved glucose metabolism.*’ These peripheral clocks include
glucagon, leptin, and insulin and their receptors and transporters.>°->2
Similar findings have been reported in a review by Beccuti et al., who
found weight gain, hyperglycemia, and diabetes were associated with
energy intake later in the day and evenings.2 From a more clinical
perspective, Rabinovitz et al., included in the present review, found
that participants with type 2 diabetes were able to decrease their
medication doses after weighting their meals towards the beginning
of the day.42 However, in the current review, some studies also
altered macronutrient composition of meals in addition to distribution
of total energy intake.*>*? As macronutrient composition of meals has
been shown to alter satiety,>® these findings warrant further research
into whether altering distribution of total energy intake across the day
may additionally contribute to satiety benefits seen with certain
dietary macronutrient compositions.

Only one study included in the meta-analysis included a delayed
follow-up period, measuring outcomes again 16 weeks postinterven-
tion.*° It was found that during this time, participants who were origi-
nally advised to distribute their energy intake more heavily in the
morning were better able to maintain weight loss and even continue
to lose weight, while the group with later distributed energy intake
regained their initial weight loss. As long-term weight maintenance
continues to be an important barrier to successful weight
management,>*>> future studies should employ postintervention
follow-up. Additionally, poor sleep outcomes have also been
associated with higher energy intake in the later part of the day and
evening, as well as decreased diet quality, consumption of higher
energy dense foods and disrupted metabolism.?® In the present
review, Raynor et al.>* was the only study to include measures of
sleep. With increasing evidence to show that eating in the late
evening results in poor sleep quality and increased intake of energy

dense foods at this time,>®>’

weight management interventions
focusing on earlier distribution of energy intake may have clinical util-

ity for improving sleep.

This review has both strengths and limitations: While all but one
study were conducted in free-living participants, and therefore
exposed to the known difficulties of self-reported intake in dietary
interventions, all included measures of compliance to prescribed diets
and protocols for exclusion, thereby strengthening the validity of their
results. The studies completed in free-living participants also provide
a realistic “real-world” representation of how these diets may be
adhered to in a clinical setting. However, the studies were also rela-
tively short in duration (5-16 weeks) with high levels of compliance,
indicating that further research is needed to determine if longer dura-
tion studies with more flexibility in eating patterns are similarly as suc-
cessful. In contrast, the study by Keim et (1997)%” was conducted
under laboratory conditions with strict control of intake; however, a
sensitivity test removing this study did not meaningfully alter hetero-
geneity between studies. This review found high heterogeneity
between studies, which may be due to the diversity among the meth-
odological approaches in each study. There was no uniformity in the
distributions of energy intake across the day which limited the ability
to quantify the distribution of energy intake that would most effec-
tively increase weight loss. The studies were also of varying length
and sample size, and the intensity of intervention (e.g., number and
frequency of education or counseling sessions) in each also differed,
all of which may have contributed to the high heterogeneity seen in
the meta-analysis. While subgroup analysis was conducted, it did not
identify specific contributors to the heterogeneity between study out-
comes. As mentioned earlier in this discussion, one of the studies also
differed in their distribution of energy across the day, choosing to
change only the main evening meal. As sensitivity testing showed that
exclusion of this study resulted in loss of significance between weight
loss experienced by earlier and later distributed energy intakes, fur-
ther research is needed to elucidate the different effects on weight
loss of altering energy distribution across the whole day versus that of
the evening and late night only.

The current review strengthens the evidence for the relationship
between weight loss and distribution of total energy intake across the
day with earlier eating patterns being favored. While the average dif-
ference in weight loss between groups was modest at 1.23 kg, earlier
intakes may be a promising tool to be used in conjunction with other
weight loss strategies such as energy restriction to enhance weight
loss. As a result, further research is needed with longer follow-up
periods and more uniform energy distributions to elucidate the addi-
tional positive impacts that earlier distributed total energy intakes
may have on weight and metabolic health.
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