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Experimental manipulation of breakfast in normal and
overweight/obese participants is associated with changes to nutrient
and energy intake consumption patterns

Abstract
The effect of breakfast and breakfast omission on daily food intake in normal and
overweight participants was investigated.

37 participants were recruited for this

experimental study and assigned to one of four groups on the basis of their body mass
index (BMI) (normal weight BMI <25 kg/m2 or overweight/obese BMI > 25 kg/m2)
and habitual breakfast habits (breakfast eater or breakfast omitter). All participants
were requested to eat breakfast for an entire week, and then following a washout
period, omit breakfast for an entire week, or vice versa. Seven-day food diaries
reporting what was consumed and the timing of consumption were completed for each
breakfast condition. Overall more energy was consumed during the breakfast than the
no breakfast condition. The present study revealed significant effects of timing on
energy intakes; more energy was consumed during the afternoon in the no breakfast
condition compared to the breakfast condition. Overweight participants consumed
greater amounts of energy than normal weight participants early evening. Breakfast
omitters consumed more than breakfast eaters later in the evening.

All groups

consumed significantly less energy, carbohydrate and fibre in the no breakfast
condition

however

overweight

participants

increased

their

sugar

intakes.

Consumption of the micronutrients iron and folate was reduced in the no breakfast
condition. The findings highlight that the timing of food intake and habitual breakfast
eating behaviour are important factors when investigating why breakfast consumption
may be associated with BMI.
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1. Introduction
Food intake has been described as a rhythmic behaviour that is com- prised of
episodes of eating interspersed with periods of fasting [11]. This rhythm of eating
has been demonstrated to be both circadian and ultraradian (e.g. meal to meal), in
animals and humans in both laboratory and free-living situations [10,19,35,36].
Recently, a number of studies have shown that the timing of food intake may
affect the amount consumed and be linked to weight gain and obesity [1,21,24].
Higher energy intakes in the morning are correlated with lower energy intakes
over the entire day [12], but some studies have shown that even when energy
intakes are similar, people who consume more of those calories later in the day
tend to put on more weight [21]. In a study of 156 females and 863 males aged
21–69 years, participants who consumed more than a third of their daily energy
intake in the evening were twice as likely to be overweight or obese [44].
Similarly in a study of French children aged 7–12 years who were grouped
according to their BMI classiﬁcation there were no differences in energy intake
between groups. However, there were differences in the timing and distribution of
the food intakes. Obese children generally ate less at breakfast and more at dinner
than leaner children and consumed a greater proportion of their energy as fat at
lunch and dinner. It was concluded that disturbed metabolic and or behaviour
circadian rhythms may contribute to weight gain [6]. Therefore if people who eat
more of their daily energy intakes in the morning are less likely to be overweight
or obese then this may be one of the reasons why people who eat breakfast tend to
be slimmer than people who omit breakfast [14,15]. However results from various
breakfast studies investigating energy intake in adults and children are conﬂicting;
some demonstrating that eating breakfast inﬂuences total daily food intakes by
actually increasing energy intake [28,41] whereas other studies report no effect on
energy intakes [9,43].

The role that routine plays in daily food intakes is also an important
consideration, since many people habitually eat or omit breakfast. In a study
conducted by Schlundt et al. [39] investigating obese women wanting to lose
weight, half of the participants were assigned a diet where they maintained their
usual routine of either eating or omitting breakfast. The remaining participants
were asked to switch regime i.e. breakfast eaters omitted breakfast and breakfast
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omitters consumed breakfast. Participants who had switched their usual morning
routine, regardless of whether that constituted eating or omitting breakfast, lost
the greatest amounts of weight. However, eating regularity may also be a feature
of routine food intakes and Farshchi et al. [17] have shown that in healthy obese
women regular eating is associated with lower energy intakes, as well as being
beneﬁcial in terms of fasting lipid and post-prandial insulin proﬁles. Furthermore
in a study of healthy lean women following a prescribed irregular meal pattern, it
was shown that even when total food intake data was not directly affected,
sporadic food intakes may have inﬂuenced post-prandial energy expenditure, and
in that way impact upon long term weight gain [18]. There are few studies that
distinguish differences in food daily intake patterns between genders; in a study
of spontaneous human feeding patterns there was no relationship with gender and
meal pattern other than males tended to eat signiﬁcantly larger meals [13].
Changes in sleep patterns also illustrate how routine affects food intakes; in a
study of 12 men who underwent sleep restriction it was found that there was
increased hunger and food intake the day after sleep restriction [8], and altered
sleep–wake routines generally disrupting normal feeding patterns [35]. It has also
been reported that ‘evening types’ i.e. people who prefer to be active later in the
day or during the night have a higher propensity to put on weight and less ability
to lose weight than ‘morning types’ (early risers) [23].

Given the suggested circadian and routine nature of food intakes this study aims
to investigate the effect of breakfast and breakfast omission on food intake but
also the timing of subsequent food intakes. By recruiting participants with
different BMIs and breakfast habits, this will allow assessment of the effect of
breakfast on daily food intake in normal and overweight/obese participants, and
habitual breakfast eaters and breakfast omitters.

2. Methods
2.1 Participants
Sixteen male and twenty one female adult participants (n= 37) were recruited from the
University of Roehampton and the Greater London area. Ethical approval was
obtained from the University of Roehampton Ethics Committee. All interested
participants were asked to read an information sheet and if they were agreeable sign a
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participant consent form. Exclusion criteria included dieting, diabetes, symptoms
such as dizziness, fainting and blackouts, high blood pressure or cholesterol
medication. The participants were assigned to one of four groups according to their
BMI and normal habitual breakfast habit. Two groups were made up of participants
with BMIs under 25 kg/m2 (18.3 to 24.5 kg/m2 ), described as normal weight, and two
other groups were composed of participants with BMI over 25 kg/m2 (25.4 to 48.0
kg/m2), comprising overweight and obese participants; hereafter referred to as
overweight. One of the normal weight groups and one of the overweight groups
comprised habitual breakfast eaters whereas the other normal weight group and
overweight group comprised habitual breakfast omitters. Verbal information on usual
breakfast habit was collected upon recruitment. A breakfast eater was classified as
someone who normally ate breakfast (at least 100 kcal from food) more than 5 days a
week, a breakfast omitter only ate breakfast on two or fewer occasions per week.
Participants who did not fall neatly into either breakfast category were excluded at
recruitment (6 participants were excluded on this basis). Participant characteristics
are provided in table 1.

Table 1.
Description of participants
About here

Regardless of breakfast habit all participants were requested to eat breakfast for an
entire week (breakfast condition) and omit breakfast for an entire week (no breakfast
condition); the order was assigned randomly. There was a minimum of a one week
wash-out period between breakfast conditions.

In menstruating women, each

breakfast condition was started at the same point in their cycles.

2.2 Food Intake measurements
Seven-day food diaries were completed by the participants in each breakfast
condition. The participants were provided with verbal and written instructions on how
to complete the diaries. Participants were asked to carry the diaries with them at all
times, recording everything they consumed including drinks. Details about the type
and brand of the items consumed, how they were prepared, as well as the quantities,
were reported.

The diaries also contained descriptions and photos to depict typical
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medium sized portions of a range of foods to aid accurate reporting of the amounts
consumed. The food diaries were analysed using Dietplan 6 (Forestfield Software,
Horsham, UK) and estimates of nutrient and energy intake (kcal) per day were
calculated. Energy intake was further analysed for intake per hour of the day, where a
‘day’ was defined to start at 06:00 h and end at 05:59 h such that eating after midnight
but prior to typical waking hours was included as part of the intake of the previous
calendar day.

2.3 Data analysis
The data were collated using Excel (version 2003 Microsoft Corp. Redmond, USA)
and SPSS (version 17; SPSS. Chicago, USA) was used for statistical analysis. All
data are reported as the mean  SD. Data were checked for violation of normality
assumptions prior to statistical analysis; equality of variances was assessed using
Levene’s test. Food intake data were statistically analysed using a repeated measures
3-way ANOVA to examine the effects of condition, BMI and breakfast habit. Onesample t-tests were used to compare mean daily intake of calcium and folate for
breakfast and no breakfast conditions against the reference nutrient intake (RNI) for
the United Kingdom. To analyse the timing of mean energy intake following the
experimental intervention, 12-noon to 24 h midnight was divided into four 3 hour
periods starting at 12:00 h, 15:00 h, 18:00 h and 21:00 h. ANOVA was used to
examine the effects of experimental breakfast condition, time-period, BMI and
breakfast habit on energy intake. Evidence for statistical significance was deemed
strong when p ≤ 0.05; Bonferroni adjustment was applied to multiple (more than two)
dependent comparisons.

3. Results
3.1 Energy intake and its timing
Energy intake data is presented as the total daily intake as well as totals for hourly and
3-hourly periods from 12:00 noon onwards. More energy was consumed per day
during the breakfast condition compared to the no breakfast condition across all
participant groups (1948  488 kcal vs 1788  516 kcal; F1,33 = 5.13, p = 0.03).
Neither BMI nor breakfast habit influenced energy intake (F-values < 1.0; p-values >
0.50), but there was some evidence for an interaction between condition and BMI.
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There were no differences in energy intakes between normal and overweight
individuals in either breakfast condition (F1,33 = 2.18; p = 0.15). The possibility of a
sequence effect, i.e. a systematic change of energy intake from week 1 to week 2
independent of experimental intervention was tested, but was found not to be
signiﬁcant (t36 = 0.89; p = 0.38).

To explore the link between breakfast condition and weight, hourly energy intake
figures for breakfast and no breakfast are presented, with participants grouped into
normal weight (Figure 1a) and overweight (Figure 1b) respectively. The figures
confirm the fidelity of the conditions in that very little energy was consumed during
the no breakfast condition (white coloured bars) during the morning hours. A surge in
energy intake can be observed in the figures after 12:00 noon when participants were
permitted to eat.

Figure 1 a & b
Hourly energy intakes
About here (to be printed side by side)

Statistical analysis of the data presented in figure 1 a & b focused on the period post
noon until 24:00 hours midnight, after which energy intake was very low. For data
analytic purposes this time period was divided into four 3-hour periods, starting at
12:00 noon, 15:00 h etc. Repeated measures analysis of variance with breakfast
condition (2 levels) and time periods (4 levels) was carried out; weight and breakfast
habit, as before, were entered as between subject factors. This analysis confirmed the
strong effect of experimental condition (F1,33=7.94; p = 0.008) with lower energy
consumption during the no breakfast condition; there was little evidence of a 2-way
interaction between condition and BMI (F1,33= 2.94; p = 0.096). The main effect of
the factor time period was highly significant as expected (F1,31= 22.1; p < 0.0005).
However, the time period factor did not interact with BMI (F1,31=0.15; p = 0.70), but
with breakfast habit (F1,31=6.9; p = 0.013). No other main effects or interactions
reached significance.
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On the basis of the highly significant main effect of time period, the four time periods
were analysed separately using repeated measures ANOVA with breakfast condition
as a single repeated measures factor, and weight and breakfast habit as between
subject factors. For the first time period (12:00 noon -15:00 h), breakfast condition
was highly significant associated with participants consuming more energy in the no
breakfast condition (F1,33=7.67; p = 0.009), but interactions with BMI (F1,33=1.32; p =
0.26) and breakfast habit (F1,33=3.36; p = 0.08) did not reach significance. During the
late afternoon period (15:00 – 18:00 h) more energy was consumed during the no
breakfast condition (267 ± 160 vs. 208 ± 138kcal; F1,33=4.42; p = 0.043); no other
main effect or interaction reached significance (all F-values ≤ 2.0; p-values > 0.15).
During the early evening (18:00 – 21:00 h) BMI had a significant effect on energy
intake with the overweight group consuming more (637 ± 219 vs. 450 ± 162 kcal;
F1,33=8.1; p < 0.0005); again no other main effect or interaction reached significance
(all F-values < 1.6; p-values > 0.20). For the final time period (21:00 – 24:00 h)
habitual breakfast eaters consumed fewer calories compared to breakfast omitters
(186 ± 116 vs. 325 ± 227 kcal; F1,33=5.14; p = 0.03). No other main effects or
interactions were significant (all F-values < 1.0; p-values > 0.35). To summarise the
above findings, during the afternoon (12:00 – 18:00 hrs.) more calories were
consumed in the no breakfast condition compared to the breakfast condition. After
18:00 h the overweight and obese individuals consumed more irrespective of
experimental manipulation and breakfast habit, and after 21:00 h breakfast habit
influenced energy intake with breakfast omitters consuming more than breakfast
eaters.

3.2 Macronutrient Intakes
More carbohydrate was consumed per day (breakfast: 239.2  74.9 g; no breakfast
202.7  76.1 g) during the breakfast condition by all groups (F1,33 = 16.38, p < 0.001);
There was also a significant interaction between breakfast condition and BMI for total
sugar intake (F1,33 = 9.01, p = 0.005). Normal weight and overweight participants had
similar total sugar intakes during the breakfast condition (normal weight: 104.9  43.4
g; overweight: 100.1  64.5 g).

However, during the no breakfast condition

overweight participants consumed more sugar (112.6  62.2 g) while normal weight
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participants consumed less sugar (75.3  37.5 g). Full results arranged by breakfast
condition, BMI and breakfast habit are shown in Table 2.

Table 2.
Energy and macronutrient intakes
About here

There was a significant three-way interaction between breakfast condition and BMI
and breakfast habit on alcohol intake (F1,33 = 4.87, p = 0.03).

Analysis of the

interaction plots indicated that during the no breakfast condition, normal weight
breakfast eaters and overweight breakfast omitters had similar alcohol intakes which
were both higher than the intakes of both groups of breakfast eaters. Normal weight
breakfast eaters had the lowest mean alcohol intake in the no breakfast condition. The
highest alcohol intake was observed for overweight breakfast omitters during the
breakfast condition, while regular breakfast eaters who were overweight consumed
least alcohol. Normal weight breakfast eaters and omitters had similar intakes (see
Table 2).

3.3 Micronutrients
The micronutrient intakes for each group are reported in Table 3. Folate (breakfast:
268.1  102.4 g; no breakfast 197.5  94.0 g), iron (breakfast: 12.2  4.0 mg; no
breakfast 9.6  3.1 mg) and fibre intake (breakfast: 16.5  5.9 g; no breakfast 14.5 
6.6 g) were significantly greater in the breakfast condition (F1,33 = 16.70, p < 0.001,
F1,33 = 22.79, p < 0.001 and F1,33 = 11.14, p = 0.002 respectively).
There was a significant main effect of breakfast habit. Regular breakfast eaters had
higher calcium (eaters: 738.3  307.8 mg; omitters: 581.7  203.0 mg), vitamin E
(eaters: 8.3  3.39 mg; omitters: 6.4  2.7 mg) and fibre intakes (eaters: 17.8  6.8 g;
omitters: 12.9  4.5 g) than breakfast omitters (F1,33 = 4.16, p = 0.05, F1,33 = 4.57, p =
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0.04 and F1,33 = 7.454, p = 0.01, respectively). There was no significant difference
between mean daily intake of calcium and the reference nutrient intake for the UK
(RNI) of 700mg/d, for any group in the breakfast (694.86  294.16 mg/d; t(36) = 0.11; p = 0.92) and no breakfast conditions (629.32  247.51 mg/d; t(36) = -1.74; p =
0.09). Mean daily intakes of folate were significantly greater than the RNI of 200
µg/d, in the breakfast condition (268.08  102.43 µg/d; t(36) = 4.04; p < 0.001). Folate

intake during the no breakfast condition was similar to the RNI (197.5  94.03 µg/d;
t(36) = -0.16; p = 0.87).
Table 3.
Micro-nutrient intakes
About here

4. Discussion
The present study demonstrated significant interactions of timing, BMI and habitual
breakfast habit on energy intake. Overweight participants consumed greater amounts
of energy than normal weight participants during the early evening, whereas breakfast
omitters consumed more energy later in the evening when compared to habitual
breakfast eaters.
In a US study investigating sleep timing and macronutrient intake in 52
participants of a similar age and gender distribution to this study, it was found
that eating in the evening or before sleep resulted in higher daily energy intakes
which was associated with greater body weight [3]. Although the overweight and
obese participants in this study did not appear to be consuming greater total
amounts of energy, they were consuming more in the evening; however, underreporting in the obese participants needs to be considered [34]. It has been
suggested that eating in the evening causes circadian disruption which may
affect dietary patterns and body weight regulation long term [22] since eating has
been described as a very potent synchronizer (Zeitgeber) for peripheral body
clocks [20]. Similarly to food intakes, sleep inﬂuences circadian rhythms and
late sleepers tend to consume more calories in the evening [3]; furthermore, late
sleepers in some age groups are reported as being more likely to be breakfast
omitters [7]. In a previous study it was shown that degree of ‘morningness’ (a
11

validated measure of circadian rhythm and diurnal preference that can be
assessed using the Composite Morningness Questionnaire) [4] is positively
correlated with frequency of breakfast consumption [26]. People classiﬁed as
having ‘evening type’ behaviour being less likely to consume breakfast;
however, sleep habits were not recorded as part of this study.

Perhaps not surprisingly, and similarly to the work of Astbury et al. [2] and Hubert,
King & Blundell [27] it was found that energy compensation occurred at lunchtime
and later in the afternoon when breakfast was omitted. Although greater amounts were
consumed later in the day following breakfast omission, in terms of total intakes over
the whole day, greater amounts of energy and carbohydrate were eaten by all
participant groups in the breakfast condition. It has been reported previously that
people compensate less for an energy surplus than for an energy deﬁcit [30,31], but
studies comparing daily energy intakes when breakfast is eaten and when it is omitted
have presented conﬂicting results. Some suggest that consuming breakfast is
associated with the ingestion of more energy per day than when it is omitted [33,43]
and that reducing the amount of energy consumed at breakfast can lower total daily
energy intakes [40]. However, these studies contradict the ﬁndings of Ruxton & Kirk
[37] and Song et al. [41] who found no difference in daily energy intake regardless of
whether breakfast was eaten or not. Taking this into consideration, our study adds to
the existing evidence that omitting breakfast per se does not necessarily result in
increased daily energy intakes, and may actually be associated with lower overall
daily energy intakes as in this study. However, timing of food intake may be an
important consideration since overweight and obese individuals tended to
consume more calories in the evening com- pared to normal weight individuals.
However, energy intake later in the evening (21:00 h to midnight) is more
dependent on habitual breakfast eating or omission rather than BMI. Other than
some immediate partial compensation following the omission of breakfast, neither
of the effects of BMI nor breakfast habit was modiﬁed by the experimental
conditions; BMI and breakfast habits having independent effects on early and late
evening energy consumption respectively.

Interestingly, protein and fat intakes did not change across breakfast conditions in
the present study nor differ between groups; seemingly these macronutrients are
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more easily compensated for as they are per- haps less offset by a carbohydratebased breakfast. However, whilst sugar intakes were similar between groups
during the breakfast condition there were differences during the no breakfast
condition where the overweight participants consumed more sugar and normal
weight participants consumed less sugar than during the breakfast condition.
Sugar intakes have previously been reported to be higher in people who omit
breakfast [16] and may reﬂect differences in food selection between the normal
weight and overweight participants when compensating for an energy deﬁcit.

Differences were reported in alcohol intakes, with overweight habitual breakfast
eaters consuming less than normal and overweight breakfast omitters. This ﬁnding has
been reported previously [25,38] and perhaps adds weight to the theory that breakfast
eating is a marker of a healthy lifestyle [2,37]. However, these ﬁndings should be
interpreted with caution as the behaviour of the normal weight eaters in the current
study was more variable. Although they had the lowest alcohol consumption of all
groups in the no breakfast week they consumed similar amounts to normal weight
omitters during the breakfast week. Further studies on the links between healthy
behaviours, such as breakfast consumption, and alcohol intake are required.
Similarly to the ﬁndings of Halsey et al. [26] there is evidence that omitting
breakfast results in lower daily intakes of folate and calcium. The present study
also found evidence of reduced intakes of ﬁbre (see also Barton et al. [5]), and
iron when breakfast was not eaten. Breakfast cereals are commonly high in ﬁbre
and are fortiﬁed with folic acid and iron and consumed with milk and therefore
make important contributions to the intakes of these micronutrients [45]. Given
that under-reporting of food intake is common and is often reported as being more
prevalent in overweight participants [32,34], studies further investigating the
minutiae of energy intakes and food composition eaten by groups with different
BMIs during the evening and nocturnally and with a greater number of
participants are perhaps warranted. Other limitations of the study are that one
week may simply not be a long enough time frame to see changes in eating habits;
eating habits that affect energy intakes may take longer to establish and are
dependent on levels of motivation [29]. This study is also reliant on self-reported
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data that may not always be accurate; however, there are studies that suggest that
food diaries are reasonably robust [42,13].

This study has shown that overweight participants consumed greater amounts of
energy than normal weight participants in the early evening, and breakfast
omitters consumed more late at night compared to breakfast eaters, independent
of experimental condition. Removing breakfast also affected the timing of
subsequent energy intakes with more energy being consumed during the
afternoon. Regardless of BMI and usual breakfast habit, signiﬁcantly less energy,
carbohydrate and ﬁbre were consumed in no breakfast conditions. However,
supplementary work including physiological and psychological studies that
incorporate measures of circadian rhythm, are clearly required to further elucidate
links between breakfast consumption, the timing of food in- take and BMI. As
such habitual food behaviours and the timing of food intake are important
considerations when investigating why breakfast consumption may be associated
with BMI.
Acknowledgements
This study was supported by Kellogg’s Ltd.

References
[1]

Arble DM, Bass J, Laposky AD, Vitaterna MH, Turek FW. Circadian timing
of food intake contributes to weight gain. Obesity 2012;17: 2100-2102.

[2]

Astbury NM, Taylor MA, Macdonald IA. Breakfast consumption affects
appetite, energy intake and the metabolic and endocrine responses to food
consumed later in the day in male habitual breakfast eaters. J Nutr 2011;141:
1381-1389.

[3]

Baron KG, Reid KJ, Van Horn L, Zee PC. Role of sleep timing in caloric
intake and BMI. Obesity 2011;19:1374-1381.

[4]

Barton J, Spelton E, Totterdell P, Smith, L, Folkard S, Costa G. The standard
shiftwork index. Work & Stress 1995;9:4–30.

[5]

Barton BA, Eldridge AL, Thompson, D, Affenito SG, Striegel-Moore RH,
Franko DL, Albertson AM, Crockett SJ. The relationship of breakfast and
14

cereal consumption to nutrient intake and body mass index: the National
Heart, Lung, and Blood Institute Growth and Health Study. J Am Diet Assoc
2005:105:1383-1389.
[6]

Bellisle F. Obesity and food intake in children: Evidence for a role of
metabolic and/or behavioral daily rhythms Appetite, 1988; 11, 111–118

[7]

Boschloo A, Ouwehand C, Dekker S, Lee N, de Groot R, Krabbendam L,
Jolles J. The relationship between breakfast skipping and school performance
in adolescents. Mind, Brain & Educ 2012; 6: 81-88.

[8]

Brondel L. et al. Acute partial sleep depreviation increase food intake in
healthy men. Am J Clin Nutr 2010;91:1550-9.

[9]

Cho S, Dietrich M, Brown CJ, Clark CA, Block G. The Effect of Breakfast
Type on Macronutrient Intakes and Body Mass Index (BMI) of Americans. J
Am Coll Nutr 2003;22:296-302.

[10]

De Castro J M. Circadian rhythms of the spontaneous meal patterns,
macronutrient intake, and mood of humans. Physiol Behav 1985;40:437-446.

[11]

De Castro JM. How can eating behaviour be regulated in the complex
environment of free-living humans? Neuro Behav Rev 1996;20:119-131.

[12]

De Castro JM. The time of day of food intake influences overall intake in
humans. J Nutr 2004;134:104-111.

[13]

De Castro J, Kreitzman SM. A microregularory analysis of spontaneous
human feeding patterns. Physiol Behav 1985;35:329–35.

[14]

De la Hunty A, Ashwell M. Are people who regularly eat breakfast cereals
slimmer than those who don’t? A systematic review of the evidence. Nutr
Bull, 2007;32:118-128.

[15]

De la Hunty A, Gibson S, Ashwell M. Are children and adolescents who eat
breakfast cereals slimmer than those who don’t? A systematic review and
meta-analysis. Obesity Facts 2013;6:70-85.

[16]

Deshmukh-Taskar PR, Radcliffe JD, Liu Y, Nicklas TA.

Do breakfast

skipping and breakfast type affect energy intake, nutrient intake, nutrient
adequacy, and diet quality in young adults? NHANES 1999–2002. Am Coll
Nutr, 2010;29:407–418.
[17]

Farshchi H, Taylor M, Macdonald I. Regular meal frequency creates more
appropriate insulin sensitivity and lipid profiles compared with irregular meal
frequency in healthy lean women. Eur J Clin Nutr 2004;58:1071-1077.
15

[18]

Farshchi, H, Taylor M, Macdonald I. Deleterious effects of omitting breakfast
on insulin sensitivity and fasting lipid profiles in healthy lean women. Am J
Clin Nutr 2005;81:388-396.

[19]

Froy O. The relationship between nutrition and circadian rhythms in mammals
Frontiers in NeuroEndo 2007; 28;61–71.

[20]

Froy O. Metabolism and circadian rhythms – implications in obesity.
Endocrine Rev 2010;31:1-24.

[21]

Garaulet M, Gomez-Abellan P, Alburgerque-Bejar JJ, Lee YC, Orddovas JM,
Scheer FAJL. Timing of food intake predicts weight loss effectiveness. Int J
Obes 2013;doi 10.1038/ijo.2012.229.

[22]

Garaulet M, Sanchez-Moreno C, Smith CE, Lee YC, Nickolas F, Orddovas
JM. Ghrelin, sleep reduction and evening preference Relationships to CLOCK
3111 T/C SNP and Weight Loss. PLOS One 2011;6:e17435.

[23]

Garaulet M, Esteban Tardido A, Lee YC, Smith CE, Parnell LD, Ordovas JM.
SIRT1 and CLOCK 3111 T N C combined genotype is associated with
evening preference and weight loss resistance in a behavioural therapy
treatment for obesity. Int J Obes 2012;36:1436–41.

[24]

Garaulet M, Gómez-Abellán P. Timing of food intake and obesity: a novel
association. Physiol Behav 2014.
http://dx.doi.org/10.1016/j.physbeh.2014.01.001.

[25]

Gikas A, Triantafillidis JK, Perdikaki P. Breakfast skipping and its association
with other unhealthy food habits among Greek high school adolescents. Ann
of Gastroent 2003;16:321-327.

[26]

Halsey LG, Huber JW, Low T, Ibeawuchi C, Woodruff P, Reeves S. Does
consuming breakfast influence activity levels? An experiment into the effect
of breakfast consumption on eating habits and energy expenditure. Public
Health Nutr 2011;15:238-245.

[27]

Hubert P, King NA, Blundell JE. Uncoupling the effects of energy expenditure
and energy intake: appetite response to short-term energy deficit induced by
meal omission and physical activity. Appetite 1998;31:9-19.

[28]

Kosti RI, Panagiotakos DB, Zampelas A, Mihas C, Alevizos A, Leonard C,
Tountas Y, Mariolis A. The association between the consumption of breakfast

16

cereals and BMI in school children aged 12-17 years: The VYRONAS study.
Public Health Nutr 2008;11:1015-1021.
[29]

Kumanika SK, Bowen D, Rolls BJ, Van Horn L, Perri MG, Czajikowski SM,
et al. Maintenance of dietary behaviour change. Health Psychol 2000;19:42–
56.

[30]

Levitsky, DA Putting behaviour back into feeding behaviour: a tribute to
George Collier. Appetite 2002:38;143–148.

[31]

Levitsky DA & Paconowski CR . Effects of skipping breakfast on subsequent
energy

intake.

Physiol

Behav

(2013).

http://dx.doi.org/10.1016/j.physbeh.3013.05.006.
[32]

Lichtman S W, Pisarska K, Berman E R, Pestone M, Dowling H, Offenbacher
E, Weisel H, Heshka S, Matthews, DE, Heymsfield SB. Discrepancy between
self-reported and actual caloric intake and exercise in obese subjects. New Eng
J Med 1992;327:1893–1898.

[33]

Martin A, Normand S, Sothier M, Peyrat, J, Louche-Pelissier C, Lavill. M. Is
advice for breakfast consumption justiﬁed? Results from a short term dietary
and metabolic experiment in young healthy men. Brit J Nutr 2000:84;337–
344.

[34]

Prentice AM, Black AE, Coward WA, Davies HL, Goldberg GR, Murgatroyd
PR, Ashford J, Sawyer M, Whitehead RG. High levels of energy expenditure
in obese women. Brit Med J 1986; 292: 983–987.

[35]

Reilly T, Waterhouse J. Altered sleep-wake cycles and food intake: the
Ramadan model. Physiol Behav 2007;90:219-228.

[36]

Rosenwasser AM, Boulos Z, Terman M. Circadian organization of food intake
and meal patterns in the rat. Physiol Behav 1981;27:3-39.

[37]

Ruxton K, Kirk RT. Breakfast: a review of associations with measures of
dietary intake, physiology and biochemistry. Brit J Nutr, 1997;78: 199–213.

[38]

Sakata K, Matumura Y, Yoshimura N, Tamaki J, Hashimoto T, Oguri S,
Okayama A, Yanagawa H. Relationship between skipping breakfast and
cardiovascular disease risk factors in the national nutrition survey data. Nihon
Koshu Eisei Zasshi 2001;48: 837-841.

17

[39]

Schlundt, DG, Hill JO, Sbrocco T, Pope-Cordle J, Sharp T. The role of
breakfast in the treatment of obesity: a randomised clinical trial. Am J Clin
Nutr 1992;55:645-651.

[40]

Schusdziarra V, Hausmann M, Wittke C Mittermeier J, Kellner M, Naumann
A, Wagenpfeil S, Erdmann J. Impact of breakfast on daily energy intake – an
analysis of absolute versus relative breakfast calories. Nutr J 2011;10:5.

[41]

Song WO, Chun OK, Obayahi S, Cho S, Chung CE. Is consumption of
breakfast associated with body mass index in US adults? J Am Diet Assoc
2005;105:1373-1382.

[42]

St Jeor ST, Guthrie HA, Jones MB. Variability on nutrient intake in a 28 day
period. J Am Diet Assoc 1983;83:155–62.

[43]

Timlin MT, Pereira M.A, Story M, Neumark-Sztainer, D. Breakfast eating and
weight change in a 5-year prospective analysis of adolescents: Project EAT
(Eating Among Teens). Pediatrics 2008;121:e638-645.

[44]

Wang JB, Patterson RE, Ang A, Emond JA, Shetty N, Arab L. Timing of
energy intake during the day is associated with risk of obesity in adults. J Hum
Nutr Diet 2013.http://dx.doi.org/10.1111/jhn.12141.

[45]

Williamson CS.Breakfast cereals - why all the bad press?

Nutr Bull

2010;35:30-33.

18

Table 1: Descriptions (mean  SD) of participants according to breakfast habit and
body mass index (BMI).
Weight
Breakfast
Habit

Combined
(n = 18)

BMI
(kg/m2)

21.31 
1.79

Weight
(kg)

63.67 
7.69

Height
(m)

1.73 
0.10

Waist
circumference
(m)

0.77 
0.062

Age
(years)
Frequency of
usual
breakfast
consumption
(days/week)

29.5  7.9

N/A

Normal weight
breakfast
breakfast
eaters
omitters
(n= 9)
(n= 9)

Combined
(n = 19)
29.63 
5.32

21.55 
1.32

21.08 
2.22

66.66 
5.88

60.68 
8.43

1.76 
0.09

1.70 
0.09

0.79 
0.056

0.75 
0.06

30.0  7.9

29.0  8.4

36.2 
16.3

6.8  0.7

0.4  0.7

N/A

86.76 
19.73
1.71 
0.09
0.94 
0.16

Overweight
breakfast
breakfast
eaters
omitters
(n= 10)
(n= 9)
30.49 
6.72

28.68  3.33

91.15 
25.12

81.89 
10.73

1.72 
0.11

1.69  0.06

0.98 
0.18

0.89  0.12

36.2 
15.6

36.1  18.0

5.9  1.4
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Figure 1: Mean hourly energy intake over 24-hour period during breakfast and no breakfast conditions for (a) normal weight individuals, and (b)
overweight individuals.
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Table 2: Mean ( SD) energy and macronutrient intakes per day in breakfast and no breakfast conditions
Condition

Breakfast Condition

No Breakfast Condition

Energy (Kcal)

Normal
weight
breakfast
eaters
2031  499

Normal
Overweight Overweight
weight
breakfast
breakfast
breakfast
eaters
omitters
omitters
1900  555 1965  445
1894  528

Normal
Total mean
weight
breakfast
 SD
eaters
1948  488* 1714  569

Normal
weight
breakfast
omitters
1683  623

1859  402

1887  519

1787  516

Carbohydrate (g)

252  66

233  74

239  73

234  96

239  75** 192  47

187  77

225  70

205  106

202  76

Protein (g)
Fat (g)
Alcohol (g) 

80  31
77  28
74  84

69  29
64  32
70  84

77  17
79  17
49  80

69  23
70  22
104  96

67  22
70  29
82  92

72  16
74  17
60  69

72  24
72  25
90  92

70  20
73  28
61  77

Group

74  25
73  25
74  85

71  20
77  40
14  25

Overweight
breakfast
eaters

Overweight
breakfast
omitters

Total mean

 SD

* Significantly greater energy intake in the breakfast condition compared to no breakfast condition (p=0.03)
** Significantly greater carbohydrate intake in the breakfast condition compared to no breakfast condition (p=0.001)

There was a significant three-way interaction between breakfast condition and BMI and breakfast habit on alcohol intake (p = 0.03)
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Table 3: Mean (SD) Sugar and micronutrient intakes in breakfast and no-breakfast conditions
Condition
Group

Breakfast Condition

No Breakfast Condition

Normal
weight
breakfast
eaters

Normal
weight
breakfast
omitters

Overweight
breakfast
eaters

Overweight
breakfast
omitters

Total mean
 SD

Normal
weight
breakfast
eaters

Normal
weight
breakfast
omitters

Overweight
breakfast
eaters

Overweight
breakfast
omitters

Total mean
 SD

Total sugar
(g) *
Fibre (g) **,

Calcium (mg)
**

119 ± 43

91 ± 41

97 ± 51

104 ± 80

102 ± 55

82 ± 35

69 ± 41

106 ± 50

119 ± 76

94 ± 54

19.6 ± 4.8

13.5 ± 4.4

17.9 ± 8.0

14.6 ± 3.8

16.5 ± 5.9

19.0 ± 6.2

10.3 ± 4.3

15.0 ± 7.7

13.4 ± 5.1

14.4 ± 6.6

762 ± 339

580 ± 216

845 ± 343

576 ± 179

695 ± 294

664 ± 314

593 ± 262

678 ± 244

577 ± 181

629 ±248

Zinc (mg)

9.0 ± 2.9

7.1 ± 3.2

8.6 ± 2.1

7.7 ± 3.5

8.1 ± 2.9

7.3 ± 2.9

7.6 ± 2.9

7.9 ± 3.1

7.6 ± 2.1

7.6 ± 2.7

Iron (mg) 

14.3 ± 3.9

11.0 ± 3.3

12.8 ± 4.4

10.8 ± 3.9

12.2 ± 4.0

10.7 ± 3.7

8.7 ± 3.3

9.3 ± 2.6

9.8 ± 3.0

9.6 ± 3.1

Folate (µg) 

295 ± 82

255 ± 112

271 ± 140

251 ± 68

268 ± 102

258 ± 140

160 ± 70

188 ±79

185 ± 50

198 ± 94

167 ± 130

204 ± 188

67 ± 41

143 ± 174

143 ± 146

99 ± 45

83 ± 79

126 ±120

107 ± 100

104 ± 89

3.6 ± 3.4

3.0 ± 1.1

4.1 ± 1.9

3.2 ± 1.9

3.5 ± 2.2

4.2 ± 2.5

3.0 ± 1.7

3.7 ± 1.8

4.2 ± 2.5

3.8 ± 2.1

1.5 ± 1.6

1.8 ± 1.2

2.7 ± 2.2

2.1 ± 1.3

2.0 ± 1.6

2.3 ± 2.0

1.6 ± 1.3

3.2 ± 2.7

1.5 ± 0.8

2.2 ± 1.9

8.1 ± 4.0

6.4 ± 3.0

8.8 ± 3.5

7.0 ± 2.8

7.6 ± 3.4

8.7 ± 3.8

5.9 ± 2.7

7.7 ± 2.7

6.1 ± 2.6

7.1 ± 3.1

Vitamin C
(mg) *
Vitamin B12
(µg)
Vitamin D
(µg)
Vitamin E
(mg) **

* Significant interaction of breakfast condition x BMI for total sugar (p = 0.005) and vitamin C (p = 0.01) intakes.
** Breakfast habit is significantly associated with fibre (p = 0.01), calcium (p = 0.050) and vitamin E (p = 0.04) intakes.
 Breakfast condition had significant effects on fibre (p = 0.002), iron (p < 0.001), folate (p < 0.001) and vitamin C (p = 0.04) intakes.
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