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ABSTRACT

The recommendation to eat breakfast has received scrutiny due to insufficient causal evidence for improvements in weight management. Despite
the limited number of randomized controlled trials examining the effects of breakfast consumption compared with skipping breakfast on weight
loss, an increasing number of studies target the hormonal and behavioral mechanisms underlying weight management. This review provides a
comprehensive examination of the intervention-based clinical trials that test whether breakfast consumption improves appetite control and satiety
as well as energy expenditure compared with skipping breakfast. Several factors were considered when interpreting the body of evidence. These
include, but were not limited to, the following: the composition of breakfast, with a specific focus on dietary protein; meal size and form; and
habitual breakfast behaviors. The evidence within this review shows positive to neutral support for the inclusion of breakfast for improvements in
appetite control, satiety, and postprandial energy expenditure. The protein content, energy content, and form of themeal (i.e., beverages compared
with foods) are key modulating factors for ingestive behavior and energy expenditure mechanisms. Specifically, breakfast meals containing a larger
amount of protein (≥30 g protein/meal) and energy (≥350 kcal/meal) and provided as solid foods increased the magnitude of the appetite and
satiety response compared with breakfast skipping. Longer-term randomized controlled trials including the measurement of ingestive behavior
and weight management are needed to identify the role of breakfast for health promotion. Adv Nutr 2018;9:717–725.

Keywords: breakfast, appetite, breakfast skipping, energy expenditure, circadian, sleep

Introduction
Demand for dietary recommendations to improve health
and mitigate lifestyle-related chronic diseases is increasing at
both the individual and population levels (1). Breakfast con-
tinues to be touted as an important part of a healthy dietary
pattern, potentially as a result of the myriad of observational
studies documenting strong associations between breakfast
consumption and the promotion of weight management
(2). Despite the fact that breakfast recommendations have
recently come under scrutiny due to a postulated lack
of causal evidence supporting breakfast for weight and
fat loss (3, 4), increasing consumer demand and sales
of breakfast foods are climbing in the United States (5).
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Thus, it is imperative to examine the strength of evidence
concerning the consumption of breakfast on health-related
outcomes.

Our previous review (6) evaluated intervention-based
studies comparing habitual breakfast consumption with
breakfast skipping on outcomes related to weight manage-
ment. Given the paucity of data from long-term randomized
controlled breakfast trials, we were unable to support
(or refute) the usefulness of daily breakfast consumption
to promote weight loss, changes in body composition, or
reductions in daily food intake (6). An extension to answer-
ing the breakfast–weight management question includes the
evaluation of shorter-term, acute trials to assess whether
breakfast alters the hormonal and behavioral mechanisms
underlying weight management. Therefore, the purpose of
this review was to critically evaluate the intervention-based
literature examining the effects of breakfast consumption
compared with breakfast skipping on appetite, satiety, energy
expenditure, and circadian health because each contribute to
the regulation of energy balance and thus modulate weight
management.
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FIGURE 1 Flow diagram of the article selection process for appetite control and satiety.

Several dietary factors known to affect the hormonal and
behavioral mechanisms will also be explored. These include
breakfast meal composition, food form (beverages compared
with foods), and breakfast size (i.e., energy content).

Methodology for the Comprehensive Review
Search strategies and terms
Breakfast was defined as the first eating occasion of the day
before 1000, whereas skipping breakfast was the omission of
any food or beverage besides water until 1000 (6, 7). The
search terms included “breakfast,” “breakfast skipping,” and
“morningmeal” along with the following outcomes: appetite,
hunger, satiety, fullness, ghrelin, glucagon-like peptide 1
(GLP-1), peptide YY (PYY), energy expenditure, physical
activity, resting metabolism, resting metabolic rate (RMR),
thermic effect of food, and postprandial energy expenditure.

Searches in PubMed encompassed all articles published
before and including 31 August 2017. References from exist-
ing reviews and select articles were examined to supplement
the electronic search.

Selection criteria and outcomes
This review was limited to articles published in English
and peer-reviewed journals and included the following:
1) human clinical trials [i.e., randomized controlled trials
(RCTs), randomized crossover designs, and parallel designs],
2) all age groups, 3) all diseases/conditions, 4) breakfast and
breakfast skipping comparisons, and 5) studies including any
of the following: a visual analog scale (VAS) for postprandial
perceived hunger and fullness; postprandial ghrelin, GLP-1,
and PYY concentrations; daily energy expenditure, physical
activity, resting metabolism, and RMR; postprandial energy
expenditure; and circadian phasing outcomes [including
dim-light melatonin onset, circulating melatonin, core body
temperature, heart rate (HR), and HR variability]. Circadian
phasing refers to the periodicity and timing of circadian
rhythms and is used to quantify changes (8). For a more
extensive methodologic discussion, see the reviews in
references 9–12.

We sought to assess whether breakfast composition,
specifically protein quantity at breakfast, affects the outcomes
of interest. A higher-protein breakfast was defined as a
breakfast that included ≥30 g protein because this was the
quantity shown to achieve elevated satiety (13). In addition to
protein content, the food formof the breakfast was examined.
Beverage breakfasts included only fluids that were consumed
by drinking; a solid breakfast included only food items that
were eaten; and the mixed breakfast contained beverages,
solid foods, and liquids added to solid foods (i.e., milk on
cereal). Last, breakfast meal size, based on energy content,
as well as habitual breakfast habits were assessed.

Acute trials were defined as ranging from 1 d to 6 wk.
Epidemiologic, observational, and cross-sectional studies
were excluded. For the perceived and hormonal responses,
postprandial individual time points, averages, and AUC
analyses were included. The search flow diagrams are
presented in Figures 1–3. Details of the study designs and
breakfast characteristics were extracted from all included
studies.

Appetite control and satiety. Themajority of data assessing
the effects of breakfast on indexes of appetite control and
satiety originated from single-meal, acute, crossover-design
trials that included pre- and postprandial VAS questionnaires
for perceived hunger and fullness and/or serum or plasma
ghrelin, PYY, or GLP-1 responses typically collected over
4 h. Twenty-two studies comprised this sectionand included
49 breakfast and breakfast skipping comparisons. Twenty-
one studies reported VAS responses and 8 studies examined
≥1 hormonal response (Table 1, extended detail provided in
Supplemental Table 1).

The majority (66%) of the study comparisons showed
postprandial reductions in hunger when breakfast was
consumed compared with when it was skipped. Similarly,
postprandial fullness increased in 68% of the study com-
parisons when breakfast was consumed instead of skipped.
Although postprandial ghrelin was assessed in 14 compar-
isons, postprandial PYY and/or GLP-1 measures were only
included in 6 and 4 comparisons, respectively. Forty-three
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FIGURE 2 Flow diagram of the article selection process for energy expenditure.

percent of the comparisons reported greater reductions
in postprandial ghrelin after breakfast compared with
after skipping breakfast, whereas ≥80% showed increased
postprandial PYY and/or GLP-1 concentrations. These
findings suggest that breakfast consumption modulates
ingestive behavior through enhanced satiety as evidenced by
increased fullness and associated satiety hormones.

Experimental design and duration are key factors when
determining the strength of evidence. To date, only 1 long-
term RCT and only 2 subchronic (i.e., ≥1 wk) randomized
crossover trials have examined the effects of breakfast
compared with breakfast skipping on these outcomes. The
remaining studies included single-day, acute randomized
crossover trials.

Farshchi et al. (21) conducted a randomized crossover
trial in which 10 healthy, breakfast-consuming women
[mean ± SD age: 25.5 ± 5.7 y; mean ± SD BMI (kg/m2):
23.2 ± 1.6] consumed 250-kcal breakfasts or skipped
breakfast for 14 d/pattern (pattern is defined as the dietary
treatment and is the pattern of consumption within the
study design). At the end of each pattern, the participants
completed repeated VAS measures of hunger and fullness
collected every 30 min for 3 h. No differences in post-
prandial hunger and fullness were observed after breakfast
consumption compared with skipping breakfast. However,
the small sample size and relatively small breakfast energy
content may have limited the ability to detect differences.

Furthermore, the participants were given a midmorning
snack (∼200 kcal) each testing day. It is possible, although
speculative, that the snack differentially influenced the
postprandial responses between breakfast patterns because
the snack initiated “breaking the fast” during the breakfast
skipping trial.

In a contrasting population, Leidy et al. (3) completed
a randomized crossover study examining the effects of
breakfast consumption in 20 overweight, breakfast-skipping,
adolescent girls (age: 19 ± 1 y; BMI: 28.6 ± 0.7). The
participants consumed 2 breakfast meals, similar in energy
(i.e., 350 kcal) but varying in macronutrient content, for
6 d/pattern or continued to skip breakfast. At the end of
each period, a 10-h testing day was conducted and included
repeated VAS questionnaires and plasma blood sampling
across the day. Daily hunger and ghrelin responses were
reduced, whereas daily fullness and PYY responses were
increased after breakfast compared with breakfast skipping;
however, these responses were dependent on the breakfast
composition. Although both breakfast meals increased full-
ness compared with breakfast skipping, the higher-protein
breakfast treatment elicited greater increases in fullness than
the normal-protein version. In addition, only the higher-
protein breakfast elicited improvements in PYY and ghrelin
responses compared with skipping breakfast.

Last, Leidy et al. (27) completed a 12-wk RCT
in 57 breakfast-skipping adolescents (age: 19 ± 1 y;

FIGURE 3 Flow diagram of the article selection process for circadian rhythms.
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TABLE 1 Acute and longer-term trials investigating the effects of breakfast consumption on appetite and satiety outcomes1

Breakfast elicited (↑, ↓, or Ø)
response vs. breakfast skipping

First author
(reference)

Trial type
(duration of
treatment)

Habitual
breakfast habit

Breakfast
composition,
kcal (protein/
CHO/fat, g)

Breakfast
form

Hunger/
appetite

Fullness/
satiety Ghrelin PYY GLP-1

Allerton (14) R-Cross (1 d) Unknown 430 (9/93/2) Mixed ↓ ↑ — — —
520 (22/95/2) ↓ ↑ — — —

Astbury (15) R-Cross (1 d) Consumers 260 (9/21/4) Mixed ↓ ↑ — — —
Blom (16) R-Cross (1 d) Unknown 180 (15/29/1) Beverages Ø Ø Ø — —

640 (13/146/1) ↓ ↑ ↓ — —
640 (13/146/1) ↓ ↑ ↓ — —

Chowdhury (17) R-Cross (1 d) Consumers and
skippers

520 (7/91/10) Mixed ↓ — ↓ ↑ —

Clayton (18) R-Cross (1 d) Consumers 740 (20/130/14) Mixed ↓ ↑ Ø — ↑
de Graaf (19) R-Cross (1 d) Unknown 400 (1/99/1) Beverages Ø — — — —

400 (3/5/92) Ø — — — —
400 (70/27/3) ↓ — — — —
250 (1/62/0) Ø — — — —
250 (2/3/58) Ø — — — —
250 (44/17/2) ↓ — — — —
100 (0/25/0) Ø — — — —
100 (1/1/23) Ø — — — —
100 (18/7/1) Ø — — — —

Defeyter (20) R-Cross (1 d) Skippers 180 (9/32/2) Mixed ↓ ↑ — — —
Farshchi (21) R-Cross (14 d) Consumers 250 (11/41/5) Beverages Ø Ø — — —
Gottero (22) R-Cross (1 d) Unknown 400 (13/45/19) Mixed — Ø — —

400 (0/100/0) Beverages — Ø — —
Hutchison (23) R-Cross (1 d) Unknown 130 (30/0/0) Beverages ↓ Ø ↓ — ↑

280 (70/0/0) ↓ Ø ↓ — ↑
Irvine (24) R-Cross (1 d) Unknown 250 (4/39/9) Beverages Ø Ø — — —

250 (20/39/2) ↓ Ø — — —
Kral (25) R-Cross (1 d) Consumers 350 (11/69/4) Mixed ↓ ↑ — — —

350 (10/68/5) ↓ ↑ — — —
350 (12/69/4) ↓ ↑ — — —

Leidy (26) R-Cross (1 d) Skippers 510 (18/95/8) Foods ↓ Ø Ø ↑ —
510 (49/63/8) ↓ ↑ Ø ↑ —

Leidy (3) R-Cross (7 d) Skippers 350 (13/57/8) Mixed ↓ ↑ Ø Ø —
350 (35/35/8) Foods ↓ ↑ ↓ ↑ —

Leidy (27) RCT (12 wk) Skippers 350 (13/57/8) Mixed Ø Ø — — —
350 (35/35/8) Foods ↓ Ø — — —

Levitsky (28) R-Cross (1 d) Consumers and
skippers

340 (9/74/<1) Mixed ↓ — — — —

340 (15/64/2) ↓ — — — —
620 (18/121/12) ↓ — — — —

Neumann (29) Parallel (8 d) Skippers 350 (10/59/8) Foods Ø ↑ — — —
350 (30/39/8) Ø ↑ — — —

Rains (30) R-Cross (1 d) Consumers 288 (3/44/11) Foods ↓ ↑ — — —
280 (30/13/12) ↓ ↑ — — —
294 (38/3/14) ↓ ↑ — — —

Stewart (31) R-Cross (1 d) Consumers 340 (10/77/2) Mixed ↓ ↑ — — —
Thomas (32) R-Cross (1 d) Consumers and

skippers
500 (29/75/18) Mixed Ø Ø Ø ↑ ↑

Veasey (33) R-Cross (1 d) Unknown 240 (9/38/4) Mixed ↓ ↑ — — —
120 (6/30/3) ↓ ↑ — — —

Vozzo (34) R-Cross (1 d) Unknown 700 (25/107/20) Foods Ø — — — —
700 (25/73/31) Ø — — — —
700 (51/78/18) Ø — — — —

1CHO, carbohydrate; GLP-1, glucagon-like peptide 1; PYY, peptide YY; R-Cross, randomized crossover trial; RCT, randomized controlled trial; ↑, increased response; ↓, decreased
response; Ø, no difference in response.
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BMI: 29.7 ± 4.6) who were provided with higher-protein
breakfasts or normal-protein breakfasts or continued
skipping breakfast. Baseline and poststudy 3-d free-living
assessments of hourly hunger and fullness were collected.
The consumption of breakfast, particularly the higher-
protein version, led to reductions in daily hunger compared
with breakfast skipping; however, the normal-protein
breakfast did not. No differences in fullness were detected
between the breakfast groups.

Collectively, the majority of study comparisons (67%)
showed ≥1 improvement in select indexes of appetite and
satiety after the consumption of breakfast compared with
skipping. Moreover, none of the comparisons reported
deleterious effects of breakfast consumption, such that all
findings indicated either positive or neutral effects.

Point of consideration: breakfast meal protein content.
Increased dietary protein at breakfast is of interest given
the documented satiety effects of consuming ≥30 g protein
(35). Of the 22 studies within this review, 8 studies (3, 19,
23, 26, 29, 30, 34, 36) included higher-protein breakfast
and breakfast skipping comparisons. All but one study (34)
reported improvements in ≥1 of the outcomes of interest
after the higher-protein breakfast compared with breakfast
skipping. The 5 studies that included a normal-protein
breakfast comparison reported greater improvements in ≥1
of the appetitive and/or hormonal responses after a higher-
protein breakfast compared with normal-protein versions
(3, 19, 26, 30, 36). Regardless, the limited number of studies
reduce the overall strength of evidence and suggest that
further investigation is warranted.

Point of consideration: breakfast food form. Meal replace-
ment beverages are frequently promoted as part of a reduced-
calorie diet for weight loss and weight management (37).
However, when compared with solid foods, beverages elicit
a weaker satiety effect, reduced dietary compensation, and
greater subsequent energy intake, possibly due to the faster
digestive and absorptive rates of beverages (38–41). Of the
22 studies reviewed, 5 included beverage breakfasts (16, 19,
21, 23, 34). The beverage meals led to minimal to no effects
on postprandial hunger and fullness compared with the
solid or mixed meals. When the studies containing beverage
meals were removed, the impact of breakfast consumption
on appetite and satiety strengthened comparedwith breakfast
skipping. Collectively, the evidence supports the inclusion of
solid foods at breakfast to elicit improvements in appetite
control and satiety.

Point of consideration: breakfast meal size. Meal size may
also be a factor to consider. Work from Lombardo et al.
(42) showed that consuming larger meals earlier in the day
led to greater weight loss after a 3-mo intervention than
consuming larger meals later in the day. Two studies
within the current review directly compared lower-
calorie with higher-calorie meals (16, 19). Blom et al. (16)
examined lower-calorie (i.e., 180 kcal) and higher-calorie

(i.e., 640 kcal), carbohydrate-rich breakfast meals in 20
healthy men. The larger breakfast led to greater reductions
in postprandial hunger and ghrelin responses and greater
increases in postprandial fullness than the lower-calorie
version. de Graaf et al. (19) compared 100-, 200-, and
450-kcal breakfasts containing only carbohydrates, fats, or
proteins in 29 healthy females. No differences in postprandial
hunger among meals varying in energy content were
detected. Because beverage breakfasts not mixed meals were
utilized, identification of meal-size effects is problematic.
Regardless, in comparing the appetite and satiety responses
after lower-calorie breakfasts (i.e., <200 kcal) and breakfast
skipping, half of the studies showed improvements in the
appetite and satiety outcomes, whereas the remaining half
reported no differences.

Further examination of the energy and macronutrient
content as well as food form indicated that breakfast meals
containing a larger amount of energy (≥350 kcal/meal) and
protein (≥30 g protein/meal) and provided as solid foods
increased the magnitude of the appetite and satiety response
compared with breakfast skipping (3, 26, 27). However, due
to the small number of studies including these comparisons,
the recommendation to consume larger, higher-protein solid
breakfasts should be viewed as preliminary.

Point of consideration: breakfast consumption habits. Last,
habitual breakfast patterns might be an important mod-
erating factor often left unaddressed. To our knowledge,
only Thomas et al. (32) has directly compared appetite
and satiety responses between habitual breakfast consumers
with breakfast skippers. The breakfast consumers reported
greater hunger and lower fullness during breakfast skipping
compared with when the breakfast skippers continued to
skip. Although these data are from a single study and have
not been replicated in the literature, this work suggests a
need to consider breakfast habits when determining the
appetitive effects of breakfast. Schlundt et al. (43) also showed
that individuals with the most substantial change in their
breakfast habits lost the greatest weight over 3 mo, lending
further support for the potential moderation of breakfast
effects by habitual dietary behaviors.

In the current review, nearly half of the studies included
habitual breakfast consumption as subject inclusion criteria.
Five studies targeted habitual breakfast skippers (i.e., con-
sumed breakfast ≤2 d/wk) (3, 20, 26, 29, 36) and 6 included
breakfast consumers (i.e., consumed breakfast ≥5 d/wk)
(15, 18, 21, 25, 30, 31). The remaining studies either
documented or did not report habitual breakfast habits.
It is possible, albeit untested, that the effects of breakfast
consumption are more robust in breakfast skippers simply
due to the significant change in eating behavior uponwaking.
When comparing all postprandial responses on the basis of
breakfast habit, no differences were detected. We conclude
that additional work directly comparing the responses of
breakfast consumers with breakfast skippers is required.

In summary, the majority of studies reported improve-
ments in appetite control and satiety indexes after the
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TABLE 2 Acute and long-term trials investigating the effects of breakfast consumption on energy expenditure1

Breakfast elicited (↑, ↓, or Ø) response vs.
breakfast skipping

First author
(reference)

Trial type
(duration of
treatment)

Habitual
breakfast habit

Breakfast
composition,
kcal (protein/
CHO/fat, g) Food form

Resting
energy

expenditure

Postprandial
energy

expenditure
Physical
activity

Betts (44) R-Cross (6 wk) Consumers and
skippers

≥700 (varied) Mixed Ø ↑ ↑

Bo (45) R-Cross (7 d) Unknown 1168 (88/114/40) Foods Ø ↑ —
Chowdhury (17) RCT (6 wk) Consumers and

skippers
≥700 (varied) Mixed Ø ↑ Ø

Clayton (18) R-Cross (1 d) Consumers 724 (19.5/130/14) Mixed ↑ ↑ Ø
Halsey (46) R-Cross (3 d) Consumers Ad libitum Mixed — — Ø
Karst (47) R-Cross (1 d) Unknown 239 (0/60/0) Beverages — Ø —

239 (60/0/0) — ↑ —
239 (60/0/0) — ↑ —
239 (60/0/0) — ↑ —

Kobayashi (48) R-Cross (1 d) Breakfast 689 ± 492

(32/98/16)
Not

Reported
Ø ↑ Ø
— — —

Nair (49) NR-Cross (1 d) Unknown 300 (0/75/0) Beverages — ↑ —
300 (0/0/33) — ↑ —
300 (75/0/0) — ↑ —

Neumann (29) R-Cross (8 d) Skippers 350 (10/59/8) Foods Ø ↑ —
350 (30/39/8) Ø ↑ —

Reeves (50) R-Cross (7 d) Consumers and
skippers

Bf: 544 (unknown) Mixed Ø Ø Ø

Steiniger (51) P (1 d) Unknown Bf1: 239 (60/0/0) Beverages Ø ↑ —
Bf2: 480 (120/0/0) Ø ↑ —

Welle (52) R-Cross (1 d) Unknown Bf1: 400 (0/100/0 Beverages — ↑ —
Bf2: 400 (0/0/44) — ↑ —
Bf3: 400 (100/0/0) — ↑ —

1Bf, Breakfast, CHO, carbohydrate; NR-Cross, non-randomized crossover trial; P, parallel trial; R-Cross, randomized crossover trial; RCT, randomized controlled trial.
2Mean ± SD.

consumption of breakfast compared with skipping breakfast.
However, the limited number of RCTs and variability in
breakfast composition, size, and food form across studies
might contribute to discrepant findings.

Energy expenditure. Another key component of energy
balance and weight management includes the assessment
of energy expenditure. Table 2 (expanded detail provided
in Supplemental Table 2) includes the energy expenditure-
related outcomeswhen breakfast is consumed comparedwith
when it is skipped.

Compared with skipping breakfast, the addition of break-
fast increased postprandial energy expenditure in most
(17, 18, 29, 44, 45, 48, 49, 51, 52), but not all (47, 50), studies.
When extrapolated across 24 h, the increase in postprandial
energy expenditure after breakfast intake ranged from ∼40
to 200 kcal/d and varied according to breakfast composition.

Eight studies examined whether breakfast consumption
increased RMR compared with breakfast skipping (17, 18,
29, 44, 45, 48, 50, 51). RMR was measured via 24-h
chamber-based indirect calorimetry (48, 51) as well indirect
calorimetry across single andmultiple time points (17, 29, 44,
50). Regardless, 7 of 8 studies reported no difference between
breakfast pattern (17, 29, 44, 45, 48, 50, 51). Clayton et al. (18)
was the only study to show increased RMR after breakfast

consumption compared with breakfast skipping; however,
this measurement only spanned a 2.5-h postbreakfast
period.

The most variable component of energy expenditure is
physical activity, which includes both exercise and nonex-
ercise activity thermogenesis (NEAT). Our search captured
6 studies that examined the effects of breakfast on these
outcomes (17, 18, 44, 46, 48, 50). All studies except for one
(44) concluded there were no effects of breakfast on physical
activity. The exception, Betts et al. (44), included a combina-
tion of HR monitoring and accelerometry rather than only
pedometry or accelerometry, which may have increased the
measure’s sensitivity. The trial showed greater 24-h physical
activity after 6 wk of consuming breakfast (mean ± SD:
1449± 666 kcal/d) than after skipping breakfast (1007± 370
kcal/d) (P < 0.05). The additional 400 kcal expended was
primarily from increased NEAT across morning hours (44).
Collectively, the strength of evidence as to whether breakfast
improves energy expenditure components is poor and should
not be considered a primary mechanism (of breakfast) for
weight management.

Finally, whether breakfast meals containing higher quan-
tities of protein result in increased energy expenditure
compared with skipping breakfast is relatively unexplored.
Our search identified 7 trials (29, 45, 47–49, 51, 52), 6 of
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which showed greater postprandial energy expenditure after
the consumption of a higher-protein breakfast compared
with breakfast skipping or compared with a normal-protein
breakfast. Interpretation limitations include the composition
and type of breakfasts. For example, most of the studies
within this section of the review used only protein and
were beverage breakfasts. Thus, the current evidence is only
supportive of beverage breakfasts composed of protein.

Circadian rhythms. Circadian clocks are a complex system
of rhythms within the body that promote synchrony of
biological processes (8). Nutrient timing is established as
one potent synchronizer of circadian systems, and alterations
(i.e., meal-skipping)may affect the regulation of metabolism,
ingestive behavior, weight management, and sleep (53–56)
and increase chronic disease risk (57, 58). Because breakfast
is known to have positive regulatory effects onmetabolism, it
is plausible that breakfast consumption may positively affect
these systems.

Only 4 studies were identified. Qin et al. (59) completed a
randomized crossover study in which 7 healthy young adults
(age: 21.7 ± 1.3 y; BMI: 22.9 ± 3.0) either maintained
3 meal times or skipped the morning meal and snacked
late for 21 d/pattern. Plasma melatonin, a robust circadian
marker involved in establishing the sleep-wake cycle, was
assessed across the overnight hours. Breakfast consumption
led to greater plasma melatonin concentrations across the
overnight hours (all, P < 0.01) compared with breakfast
skipping. The blunted melatonin response after the breakfast
skipping trial resembled that which is observed in individuals
with clinically diagnosed sleep disturbances (i.e., nighttime
eating syndrome), suggesting a protective effect with break-
fast consumption.

Kräuchi et al. (60) examined the effects of consuming
breakfast (1600 kcal; protein: 44 g; carbohydrate: 300 g; fat:
25 g) compared with skipping breakfast. Breakfast led to
beneficial changes in time to peak core body temperature
and HR rhythm–related outcomes compared with skipping
breakfast. However, dim-lit melatonin onset, a primary
phase indicator of the central circadian pacemaker, was not
different between treatments.

Pivik et al. (61) conducted a randomized parallel trial
assessing morning resting HR and HR variability after the
consumption of a 340-kcal (protein: 14 g; carbohydrate:
57 g; fat: 6 g) breakfast or breakfast skipping. Breakfast
consumption increased morning HR but decreased HR
variability compared with breakfast skipping (all, P < 0.05).

Last, Yoshizaki et al. (62) assessed whether a standard
meal pattern, including breakfast, compared with breakfast
skipping and a late-night meal altered HR variability over a
2-wk period. Breakfast consumption led to a phase shift of
HR variability compared with breakfast skipping, indicating
that meal timing affects the circadian rhythmicity of the
autonomic nervous system.

Although limited, the evidence suggests that breakfast
(skipping) has the potential to dysregulate circadian rhythms
and autonomic balance (63, 64), contributing to reduced

weight management (54) and increased risk of chronic
diseases. However, in addition to the small number of
studies, there is a lack of control for and/or documentation
of the quality, size, and type of breakfasts included within
the study protocols. Thus, a conclusive understanding of
how these factors may affect circadian-related outcomes and
downstream eating behaviors remains unclear.

After completion of the current review search, we discov-
ered a recent publication concerning breakfast and periph-
eral clock genes and felt that a brief discussion of the findings
was pertinent. Jakubowicz et al. (65) completed a randomized
crossover study assessing the effects of breakfast (572 kcal;
protein: 46 g; carbohydrate: 70 g; fat: 12 g) compared with
breakfast skipping on peripheral clock genes (i.e., period
circadian clock 1, cryptochrome circadian clock 1, and
clock circadian regulator) known to influence metabolism
(56). Breakfast consumption led to a maintenance of clock
gene oscillations, whereas breakfast skipping led to adverse
changes (i.e., dysregulation of the normal cyclic upregulation
and downregulation). This study provides the first direct
evidence, to our knowledge, that breakfast consumption
effects circadian clock and clock-controlled gene expression.

Future breakfast research agenda—sleep and ingestive
behavior interactions
Over the past few years, there has been a heightened focus
in the interactions between unhealthy eating patterns, poor
sleep health, and chronic diseases, including obesity and type
2 diabetes (66, 67).Of particular interest is the cross-sectional
NHANES analysis byKant andGraubard (68) inwhich adults
with poor sleep duration (i.e.,<6 h/night) skipped breakfast,
ate later in the day, and had a greater contribution of daily
energy intake from snacking occasions compared with adults
with healthy sleep duration (7–8 h/night) (all, P < 0.05).
Two other trials (59, 69) similarly showed that shortened
sleep was associated with an increase in unhealthy patterns,
particularly of skipping breakfast.

Although sleep appears to influence eating behaviors, it
is possible that eating behaviors affect sleep health. This po-
tential bidirectional relation is supported by the observations
that eating near sleep onset is negatively associated with poor
sleep quality and shortened sleep (68, 70, 71). Delayed intake
may dysregulate sleep-wake cycles and peripheral circadian
processes, thus feeding-forward to induce sleep disturbances.
Although untested, it is possible that breakfast consumption
may indirectly modulate sleep health because previous find-
ings document a protective effect against increased snacking
behavior later in the afternoon/evening when breakfast is
consumed or skipped (3).

Thus, we conducted a randomized, crossover, pilot
study examining the effects of breakfast compared with
skipping breakfast on sleep health in 13 young healthy
adults (72). Perceived sleep quality and sleep onset tended
to improve after breakfast consumption compared with
breakfast skipping (P = 0.06 and P = 0.07, respectively).
Furthermore, sleep duration and sleep quality were inversely
associated with evening snacking (r= –0.623, P< 0.001, and
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r = –0.505, P < 0.009, respectively). Future breakfast inter-
vention research in overweight or obese habitual breakfast
skippers with documented poor sleep health will allow us
to determine whether eating behaviors may be optimized to
improve sleep and healthy eating and promote overall health.

Summary and Conclusions
The present review examined the effects of breakfast con-
sumption and composition on appetite and satiety and
energy expenditure as underlying mechanisms of weight
management. The findings showed modest support for the
consumption of breakfast for appetite control and satiety.
Further investigation of breakfast consumption utilizing
longer-term interventions accounting for study duration,
meal composition and size, and habitual breakfast behaviors
is required to determine the beneficial effects of breakfast to
promote health.
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