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Abstract

Studies show an inverse relationship between breakfast frequency and weight gain. This may reflect poor eating habits generally and
associated low physical activity (PA) or direct impacts of breakfast on mechanisms leading to lethargy and reduced PA. The relationship
between breakfast frequency and PA is inconclusive. We aimed to determine whether breakfast frequency is associated with PA levels in
British adolescents independent of body composition and socio-economic status (SES). Habitual breakfast frequency (self-report question-
naire) was assessed in 877 adolescents (43 % male, age 14-5 (sp 0-5) years old). PA was measured over 5d (accelerometry, average counts/
min; cpm). Associations between daily PA and breakfast frequency were assessed using linear regression adjusted for body fat percentage
and SES. Effect modification by sex and associations with PA during the morning (06.00—12.00 hours) were explored. For boys, there were
no significant associations between breakfast frequency and PA. For girls, less frequent breakfast consumption was significantly associated
with lower PA (cpm) during the morning (occasional v. frequent B — 6-1 (95% CI — 11-1, —1-1), P=0-017) when adjusted for body fat
percentage and SES. There were no associations between PA and breakfast consumption over the whole day; however, for girls, less fre-
quent breakfast consumption may be associated with lower PA levels during the morning, suggesting that breakfast consumption should
perhaps be taken into consideration when aiming to promote PA in adolescent girls.
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Breakfast is often considered to be the most important
meal of the day and skipping breakfast has been associated
with overweight'” and higher BMI in adolescents'®. The
majority of studies in a recent review examining breakfast
habits and body weight in youth found an association
between skipping breakfast and a higher BMI®.

Skipping breakfast may be associated with poor diet
generally, possibly explaining the association between
breakfast consumption frequency (breakfast frequency)
and overweight, and it has been shown that skipping
breakfast leads to the consumption of more high-fat
snacks later in the day™. However, a recent review con-
cluded that those who ate breakfast more frequently had
a higher total energy intake, but were less likely to be over-
weight than those who skip breakfast®. Therefore, break-
fast consumption may not solely influence body weight via
energy intake but also through an effect on energy expen-
diture. Those who skip breakfast may also be those who

do little physical activity (PA), which might, at least in
part, account for the association between breakfast fre-
quency and overweight. Another possible explanation is
that skipping breakfast could have a causal effect and actu-
ally lead to apathy and lethargy and therefore reduced
PA throughout the day®~". Some studies suggest that
physically active adolescents are less likely to skip break-
fast and are more likely to regularly eat breakfast than
289 " However, this relationship is
inconclusive, with several studies showing no association
between breakfast eating behaviours and PAY?71?
Most of the studies assessing breakfast consumption and
PA have used self-reported PA data; therefore, measure-
ment error or bias may partly explain why results vary
between studies.

Socio-economic status (SES), body composition and sex
are associated with both breakfast consumption and PA.
Individuals from low socio-economic backgrounds are

inactive individuals

Abbreviations: PA, physical activity; SES, socio-economic status.
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more likely to skip breakfast than those with a higher
SES@ 101319 - hereas the relationship between PA and
SES is inconclusive but tends towards a positive associ-
ation!>'® Several studies have shown that a less favour-
able body composition is associated with less frequent
breakfast consumption®®® and a lower PA level ¥,
Therefore, consideration of sex, SES and body composition
a priori and adequate adjustment for these confounders
are important for a thorough investigation of the associ-
ation between breakfast consumption and PA.

Despite PA and diet arguably being the two most import-
ant modifiable risk factors for overweight and obesity,
there has been relatively little research investigating the
detailed associations between these complex behaviours.
Furthermore, research into PA and diet often does not
take the other field into account. If missing breakfast is
associated with low PA levels, it is unclear whether the
lower levels of PA are restricted to the morning or persist
throughout the day.

The ROOTS study incorporates an objective measure of
PA in a large population-based sample of British adoles-
cents and is well placed to investigate the relationship
between breakfast frequency and PA. We aimed to deter-
mine whether breakfast frequency is associated with PA
levels in British adolescents independent of body compo-
sition and SES and whether the association differs in
boys and girls.

Methods
Participants

Volunteers consisted of 877 boys (2 379) and girls (1 498),
recruited to take part in the ROOTS study™”. The ROOTS
study is a longitudinal cohort study established to deter-
mine the relative contributions that specific genetic, phys-
iological, psychological and social variables make to the
overall risk of psychopathology during adolescence.
The study recruited 1238 adolescents through schools in
the counties of Cambridgeshire and Suffolk, UK. Teenagers
were recruited into the study at age 14 years to be reas-
sessed after 18 months and 3 years with repeat measures
of PA, diet and mental health.

For the baseline data collection, secondary schools from
Cambridgeshire and Suffolk, UK, the surrounding villages
and the area extending 30 miles north, 20 miles south
and 20 miles west of Cambridge city were approached.
Of the twenty-seven schools invited, eighteen agreed to
participate. Study information, invitation letters and
parent and student consent forms were sent to eligible
parents and students via eighteen Cambridgeshire and
Suffolk secondary schools (sixteen state and two indepen-
dent); those completing these forms were invited to the
baseline part of the study. A second information sheet
and consent form regarding the PA and diet assessment
phase of the study were sent to those attending the

baseline assessment and those returning the completed
consent forms were invited to a measurement session at
their school. The present study used data from this
second assessment approximately 6 months after the base-
line visit, which examined PA, diet and body composition
and was carried out between November 2005 and July
2007. In total, 1200 ROOTS baseline participants were
invited to the PA assessment part of the study. All pro-
cedures were verbally explained and participants could
choose to decline all or any part of the study at any
stage. The full ROOTS study was approved by the
Cambridge Local Research Ethics Committee.

Measurements

Volunteers were visited at school by a team of trained
researchers. Height was measured to the nearest 0-1cm
(Leicester Height Metre; Invicta Plastics, Leicester, UK),
weight was measured to the nearest 0-1kg (Tanita TBF-
300 MA, Tanita, Tokyo, Japan), in light clothing and with-
out shoes and socks. Fat-free mass and fat mass were
determined using bio-electrical impedance (Tanita TBF-
300 MA). Previously validated and published equations
were used to derive body fat percentage®”.

Breakfast frequency was assessed using a self-report
questionnaire, with the question: ‘How many days a
week do you usually eat breakfast” Response categories
were ‘rarely or never’, ‘1 to 2, ‘3 to 4’ or ‘5 or more’; the
middle two categories were combined for analysis and
therefore participants were categorised as either ‘never’,
‘occasional’ (1-4 times a week) or ‘frequent’ (=five
times a week) breakfast consumers. This question was
self-reported during the testing session at school.

PA was obijectively assessed using the Actiheart com-
bined heart rate and movement sensor (Cambridge Neuro-
technology, Papworth, UK). The monitor has been
validated to assess PA in youth®"** and was attached to
the torso with two standard electrocardiogram electrodes
and set to record in 30 s epochs, the shortest epoch allow-
ing for five consecutive days of recording. Volunteers were
instructed to wear the monitor continuously, including
during sleep and water-based activities for four consecu-
tive days from the testing session, always including a com-
plete weekend. Participants were asked to return the
monitors to school approximately 1 week after the visit,
where they were collected by the researchers. The PA
data were expressed as overall PA and were expressed as
an average value for each individual (mean daily counts/
min). We used the accelerometry data as a continuous vari-
able in the raw form because we hypothesised that lack of
breakfast could lead to apathy and lethargy and we were
interested in all movement including habitual PA. Conse-
quently, we used only the accelerometry data in this anal-
ysis, as heart rate monitoring has limitations for the
assessment of light-intensity habitual PA*®. Accelerometry
data were analysed using a batch processing program
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(www.mrc-epid.cam.ac.uk/Research/PA/Downloads.html).
When 20min of consecutive zeros were present in the
accelerometry data, they were removed and it was
assumed that the monitor was unworn at that time; conse-
quently, all the days consisting of over 500 min of valid
data were included in the analysis. Volunteers were
excluded if they did not have at least one complete day
of recording.

The ‘A classification of residential neighbourhoods’
(ACORN) index is used here as a proxy for area-level
SES. The ACORN index is a postcode-based classification
system, which categorises all UK postcodes into one of
five categories using 125 demographic and 287 lifestyle
variables”. From high to low SES, these categories are
wealthy achievers, urban prosperity, comfortably off, mod-
erate means and hard-pressed. Where postcodes were
missing and SES data were therefore unavailable (n 10),
the average score for the school was used.

Statistical analyses

Analyses were carried out using Stata 10 (Statacorp, Lake-
way Drive, College Station, TX, USA). Sex differences in
descriptive characteristics, breakfast frequency and PA
were assessed using Student’s ¢ tests or y* tests depending
on the nature of the variable. The analyses were stratified
by sex, as the majority of studies show that girls are signifi-
cantly more likely to skip breakfast than boys®>7:'32> and
that boys are more physically active than girls">'®. PA
(P=013) and breakfast frequency (P=0-46) did not differ
by school; so, analyses were not adjusted for school
clustering.

Linear regression analysis was used to investigate the
associations between PA and breakfast frequency. Firstly,

Table 1. Participant characteristics
(Mean values and standard deviations*)

K. Corder et al.

unadjusted models were examined, and then the two sets
of adjusted models; the first including SES and the
second including SES and body fat percentage. These
analyses were carried out with mean daily PA and for PA
during the morning (06.00—12.00 hours).

No differences were found between analyses carried out
separately for weekday and weekend days. Therefore, the
PA variable used here was derived as an average over both
weekend and weekdays.

Results

Of the 1200 adolescents invited into the study, 998 (83 %)
adolescents and parents completed postal informed con-
sent and 931 (93 % of those consenting) attended a testing
session at school. There was no significant difference in
SES (P=0-60) or sex (P=0-11) between those taking part
in only the baseline assessment in comparison and those
also measured in the PA and diet assessment. Data from
877 (88% of those consenting and 94 % of those attending
a testing session) adolescents with complete body
composition, PA and diet measurements were included in
the analyses presented here.

Descriptive characteristics of the participants are sum-
marised in Table 1. Approximately, 70 % of the participants
ate breakfast frequently, 21% ate breakfast occasionally
and 9% never ate breakfast. Breakfast frequency differed
by sex, with approximately 6 % of boys never eating break-
fast compared with about 12% of the girls (P<0-001)
and boys were significantly more active than the girls
(P<0-001). Compared with those with complete data,
those with missing PA or dietary data did not significantly
differ by sex (P=0-26), body weight (P=0-86), body fat
(P=0-37) or SES (P=097).

All (n 877) Boys (n 379) Girls (n 498)
Mean SD Mean SD Mean SD P value for difference

Age (years) 145 05 145 0-5 145 05 017
Wt (kg) 57-6 11.0 59.9 11.5 55-9 10-2 <0-001
Height (cm) 166-4 78 17141 76 162-9 5.9 <0-001
Body fat (%) 195 9-6 12.2 6.7 251 7-6 <0-001
SES (n, %)t 0-37

Wealthy achievers 492 56-1 206 54.3 286 575

Urban prosperity 58 6-6 31 8-2 27 5.4

Comfortably off 201 22.9 83 21.9 118 23.7

Moderate means 40 4-6 17 4.5 23 4-6

Hard pressed 86 9-8 42 111 44 8-8
Physical activity (counts/min)} 55-8 26-4 64-5 324 487 17.8 <0-001
Breakfast frequency (n, %) <0-001

Never 84 9-6 22 5-8 62 12.5

Occasional 184 21.0 65 172 119 239

Frequent 609 69-4 292 77-0 317 63-6

SES, socio-economic status.
*Unless otherwise stated.

1 Derived from home postcode (a classification of residential neighbourhoods category) scored highest SES (1) to lowest SES (5).

1 Mean daily physical activity.
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Table 2. Simple and adjusted associations between breakfast consumption frequency and physical activity*

(Mean values and 95 % confidence intervals)

Unadjusted Model 11 Model 21
Breakfast frequency B 95% CI P B 95% Cl P B 95% ClI P
Average counts/min (reference category: frequent breakfast consumer)
Boys (n 379)
Morning
Never -29 —20-8, 149 0-75 -4.8 —22:6, 13-1 0-60 -53 -238.2,12:5 0-56
Occasional 6-0 —4.98,17.0 0-28 5.0 -5.9,15.9 0-37 4.2 -6-7,15.2 0-45
Whole day
Never —-26 -16-7, 115 0-72 -4.0 —18-1, 10-1 0-58 —4.0 -18-2, 10-1 0-58
Occasional 41 —4-6,12.8 0-36 35 -52,12.3 0-43 35 -53,92 0-43
Girls (n 498)
Morning
Never -38 -10-2,2:5 0-69 —44 -10-8, 12.0 018 —4.5 -11.0,1-9 017
Occasional —41 -9.0,0-8 0-10 -5.9 -10-9, —1.0 0-020 —6-1 =111, - 11 0-017
Whole day
Never 1.5 —34,63 0-56 0-86 -4.0,58 0-73 0-70 —4.2,5.6 0-78
Occasional -1.0 —4.8,27 0-59 -21 -5.9,1.8 0-30 —-24 -6-2,15 0-23

SES, socio-economic status.

*Mean daily counts/min.

1 Model 1 adjusted for SES.

}Model 2 adjusted for SES and body fat percentage.

Table 2 shows a summary of PA data by breakfast group.
There were no significant differences in unadjusted
analyses in PA by breakfast group over the whole day or
morning for either boys or girls.

There were no significant associations between breakfast
frequency and PA over the whole day and no associations
were observed for boys. For girls, during the morning,
those who were occasional consumers of breakfast had a
significantly lower PA (Table 2) than those who were
frequent breakfast consumers when adjusted for SES.
This association was not attenuated by the addition of
body fat percentage to the model.

Discussion

The present results suggest that overall daily PA is not
associated with breakfast consumption in British adoles-
cents. However, less frequent breakfast consumption was
associated with lower PA during the morning for girls,
independent of body composition and SES. These results
indicate that the consumption of breakfast might influence
the PA differently across the day and further investigation is
warranted. This may be because skipping breakfast leads
to apathy and lethargy in the morning®~", but then the
effect may weaken, possibly influenced by later meals
and non-dietary factors.

Fewer boys than girls never ate breakfast and this more
homogeneous outcome may have contributed to the lack
of association in boys®. Additionally, participants were
not provided with a definition of breakfast; consequently,
boys and girls may have had different opinions of what
constitutes breakfast, and different factors may influence
this association in boys and girls. Further, the question
used to assess breakfast consumption was not validated;
comparison against a diet diary would help to ascertain

the accuracy of this question. Our finding of a significant
relationship between breakfast eating and PA in girls and
not in boys concurs with previous studies that have
shown stronger associations between breakfast skipping
and unhealthy behaviours in girls than boys®37:'32> 1t
is also possible that mood difficulties or depression could
play a role, as appetite loss and lethargy are both associ-
ated with depression, and mood difficulties are signifi-
cantly greater in girls than in boys®”.

The association between breakfast frequency and PA
became significant when adjusted for SES. This is likely
to be due to negative confounding®®, as higher SES is
associated with higher PA (P=0-04) and higher SES is
also associated with a higher breakfast frequency
(P=0-04). Therefore, if SES is not accounted for when
investigating the association between breakfast frequency
and PA, then it is likely that the true association will be
underestimated.

None of the significant associations observed in the pre-
sent study was attenuated by the addition of body fat per-
centage, suggesting that the association between breakfast
consumption and PA is independent of body composition.
This adds support to the hypothesis that breakfast
consumption may directly influence PA and may have an
impact on overweight via PA, rather than, or, in addition
to energy intake. However, this is a cross-sectional study,
so we cannot imply causation from these results.

There are a few studies assessing the association
between dietary behaviours and PA using objective PA
data(ll'”), but, to our knowledge, this is the first study
examining the association between breakfast frequency
and objectively measuring PA in adolescents. Two previous
studies using objective monitoring to assess PA and diet
have shown conflicting results, with one showing that PA
and fat consumption were inversely related®” and the
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other indicating no relationship between change in diet
or PA1Y,

The relatively small number of participants who never ate
breakfast (9%) is a limitation of the present study, but is
similar to other studies in adolescents. A Finnish study on
16-year-old boys and girls showed that 16% of boys and
13% of girls never ate breakfast”, with an American
study finding that 3:6% of children rarely ate breakfast",
suggesting that this may be an unavoidable limitation
when examining breakfast frequency. Another study
design, such as a case—control study, might be necessary
to gain sufficient power to adequately investigate this
research question and this may also imply that when inves-
tigating breakfast skipping, more precise measures are
needed. One possible reason for lower PA levels among
‘occasional’, but not for ‘never’ breakfast consumers may
be a lack of power, as relatively few boys reported never
eating breakfast. Day-by-day PA and breakfast data would
be useful to further explore the PA levels of these ‘never’
breakfast consumers and it would be interesting to examine
the characteristics of these participants, including the poten-
tial clustering of other health behaviours in this group. An
important point to note is that this would be much less of
a limitation for examination of breakfast consumption and
PA on a day-by-day basis, as 20% of adolescents in the
present study were occasional breakfast consumers and
therefore ate breakfast one to four times a week.

The objective measurement of PA used in all participants
is a strength of the present study as it allows comparison
between different breakfast frequency groups without
any recall bias in the PA measurement. The breakfast vari-
able used here assessed habitual breakfast frequency with
one question, not on a day-by-day basis, and not account-
ing for what the adolescents ate. It is also possible that
interpretations of ‘breakfast’ differ, especially in response
to a global question®” and may differ between boys and
girls, which could contribute to the differences seen here
and in other studies®*”'** As our breakfast variable
assesses habitual breakfast consumption, it is possible
that whether participants did or did not eat breakfast on
measurement days may have influenced their answer.
Furthermore, for the occasional breakfast consumers, we
cannot be certain whether they were more active on the
days when they ate breakfast or whether they ate breakfast
on the days on which their PA was measured. These results
represent a cross-sectional analysis of data embedded
within the ROOTS longitudinal study and this analysis
would have been more powerful if breakfast consumption
had been measured at baseline and PA at follow-up. Unfor-
tunately, although the present study was longitudinal for
some factors, only PA and breakfast consumption were
assessed in all the participants at this time point.

We cannot exclude the possibility that the association
between breakfast frequency and PA during the morning in
gitls could be due to a clustering of healthy behaviours
rather than a direct association between breakfast consumption

and PA**'3?_ 1t has been shown that breakfast skipping is
associated with smoking and frequent alcohol consump-
tion in adolescents and with body dissatisfaction, dieting
and disordered eating in adolescent girls'”. The classifi-
cation of SES used here is a proxy measure derived from
individual postcodes in five categories and we must
acknowledge that our finding relies on adjustment for
this confounding variable. It would have been preferable
to include an individual-level SES wvariable such as
parental education, rather than the neighbourhood-level
SES variable used; unfortunately, individual-level SES data
were unavailable. This may also be important, as it is
possible that different SES variables may show different
associations with PA and potentially with breakfast
consumption. Body composition data indicated that this
sample had slightly lower levels of overweight and obesity
(27-2% overweight and obese) than those from the East of
England of a similar age (34:1%)%%.

In the final adjusted model, girls who only occasionally ate
breakfast did 6-1 counts/min less PA over the morning than
those who frequently ate breakfast. This equates to approxi-
mately 12-5% of girl's average daily PA values and an
increase in PA of this magnitude would be substantial.

The importance of education promoting regular break-
fast eating to children, adolescents and their parents and
recommendations for the introduction of school breakfast
programmes have been stated as important targets for
reduce obesity in youth®®*¥. The present results add
weight to the arguments that these health promotion strat-
egies may warrant further investigation and may prove
important in programmes aiming to increase PA, especially
those targeted at girls. Further research is necessary to
determine whether the reduction of PA during the morning
for girls would be a sufficient justification for breakfast pro-
motion, as although compensated for during the rest of the
day, this may lead to other negative health outcomes such
as lower cognitive functioning or poorer mood. Further
examination of the relationship between breakfast con-
sumption and PA in more detail is potentially important
for informing interventions aiming to increase PA and
reducing overweight in youth.

Conclusions

Habitual breakfast frequency was not associated with
overall daily PA levels. However, more frequent breakfast
consumption may be associated with higher PA levels
during the morning for girls; breakfast consumption
should perhaps be taken into consideration when aiming
to promote PA in adolescent girls.
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