Journal of Diabetes & Metabolic Disorders (2019) 18:657-664
https://doi.org/10.1007/s40200-019-00446-7

REVIEW ARTICLE m

Check for
updates

The link between breakfast skipping and overweigh/obesity
in children and adolescents: a meta-analysis of observational studies

Edris Ardeshirlarijani’ - Nazli Namazi? - Masoumeh Jabbari® - Mina Zeinali® - Hadis Gerami® - Reza B. Jalili® -
Bagher Larijani” - Leila Azadbakht>%°

Received: 2 August 2019 / Accepted: 23 September 2019 /Published online: 28 November 2019
© Springer Nature Switzerland AG 2019

Abstract

Purpose Childhood overweight/ obesity is one of critical public health concern. It has been suggested that there is a link between
breakfast skipping and obesity. However, results are conflicting. The aim of the present study was to summarize the association
between breakfast skipping and overweight/obesity in children and adolescent.

Methods We performed a literature search using Pubmed/Medline, Scopus, Web of Science and EMBASE electronic databases
from 2000 through 28 February 2018 without language limitation. Observational studies in which risk measures were reported
regarding the link between breakfast skipping and obesity in children and adolescent were included. Studies with at least the score
of 5 from Newcastle-Ottawa Scale were considered as low risk of bias. Random effect model was used for data synthesis.
Results Of 3276 publications, finally 16 studies (14 cross-sectional studies, 2 cohort studies) were included for meta-analysis.
Based on cross-sectional studies, we found a positive association between breakfast skipping and obesity (Odd ratio (OR) yim &
an: 1.43; 95%CI: 1.32, 1.54), while cohort studies showed no significant link (OR:1.01, 95%CI: 0.93, 1.11; 12: 48%, p =0.14).
Subgroup analysis in cross-sectional studies showed that the association between breakfast skipping and the risk of obesity in
boys was OR: 1.64; 95% CI: 1.38, 1.95; I?: 38.3%, p =0.18, while it was 1.56 (95% CI: 1.38, 1.77, I*: 0.0%, p = 0.49) in girls.
Conclusion The risk of obesity in children and adolescents who skipped breakfast was 43% greater than those who ate breakfast
regularly in cross-sectional studies, while no significant link was found in cohort studies. However, due to high heterogeneity and
limited cohort studies, findings should be interpreted by caution.
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Introduction

Childhood overweight/ obesity is one of critical public health
concern in the twenty-first century. The prevalence of obesity
in children and adolescence have been rising at alarming level
[1]. Based on the report by the World Health Organization
(WHO), obesity rate increased markedly from 11 million in
1975 to 124 million in 2016 among subjects under 18 years
olds across the world [2]. Childhood obesity is worrisome due
to the evidence that obese children and adolescence are greater
at risk for obesity and other chronic diseases including diabe-
tes mellitus, cardiovascular diseases and dyslipidemia in
adulthood [3].

Although certain mechanisms of obesity in children
and adolescent have not been identified so far, it is well
established that healthy dietary patterns play key roles
in total energy intake and weight management [4-6].
One of the proposed dietary factors influencing body
weight and energy intake is breakfast eating [7]. Based
on earlier studies, breakfast eating is associated with
healthy dietary patterns [8]. For instance, the consump-
tion of whole grain, fruit and dairy products in children
who skipped breakfast was less than breakfast eaters
[9]. It has been suggested that there was a link between
breakfast skipping and the consumption of larger meal
portions and snacks in the rest of the day. Accordingly,
breakfast is an important meal to regulate energy bal-
ance and probably is a preventing strategy to decrease
the risk of adiposity.

Although several studies found positive association be-
tween breakfast skipping and obesity [10—15], some studies
did not show any significant association [16—18]. Based on
such discrepancies, we cannot make a certain decision wheth-
er breakfast skipping increases the risk of obesity in children
and adolescent or not.

To the best of our knowledge, there is only one meta-
analysis on skipping breakfast and obesity. In the study by
Horikawa et al., it has been reported that the risk of
overweight/ obesity in subjects in the lowest category was
75% greater than those in the highest one [7]. However, they
did not report the association in children, separately. In this
study, most included studies were on adult populations and the
link remained unclear in subjects under 18 years old. In addi-
tion, they limited their study to Asian and Pacific regions. Due
to differences in cultural, social and economic status among
countries, we cannot generalize the findings by Horikawa
et al., to all societies. Moreover in the previous meta-analysis,
methodological quality of the included studies were not ex-
amined. All the aforementioned issues points to the necessity
for doing a meta-analysis. The purpose of the present study
was to summarize the association between breakfast skipping
and overweight/obesity in children and adolescents in obser-
vational studies and do a meta-analysis, if possible.
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Methods & materials
Search strategy

We performed a literature search using Pubmed/Medline,
Scopus, Web of Science and EMBASE electronic databases
from 2000 through 28 February 2018 without language limi-
tation. To find publications examining the association between
breakfast skipping and risk of overweight or obesity in chil-
dren and adolescent the following free terms and the Medical
Subject Headings (MeSH) were used: breakfast OR meal in
combination with obesity OR obese OR adiposity OR weight
OR “body mass index” OR “BMI” AND child OR adolescent
OR boy OR girl and their synonyms. To avoid missing any
relevant publications, we also searched the reference lists of
the relevant articles manually.

The protocol of the study was registered in the international
prospective register of systematic reviews (PROSPERO) da-
tabase (http://www.crd.york.ac.uk/PROSPERO; registration
number: CRD42019115665).

Selection criteria

The inclusion criteria for publications were as follows: i) ob-
servational (cross-sectional, cohort, case-control) studies, ii)
studies on children and adolescent, iii) reporting breakfast as
an exposure and overweight and/or obesity as an outcome, iv)
reporting risk measures for overweight and/or obesity based
on BMI criteria, iv) reporting relative risk (RR) or odd ratio
(Odd ratio) and 95% confidence intervals (CIs). Studies were
excluded if they were clinical trials, case reports, case series,
animal studies, or other types of studies except observational
studies, examined adult populations, report overall meal pat-
tern or other meals skipping, and considered other criteria
expect BMI for obesity, or report results by providing frequen-
cy or mean and standard deviations or other forms except RR/
OR and 95% CI for obesity. It is notable that only studies that
examine the association between breakfast skipping and
overweight/obesity as their primary outcome was included.
In addition, grey literatures including theses, conference pa-
pers, interviews, etc. were not included.

“Breakfast skipping group” is commonly defined as sub-
jects who consumed breakfast at all or ate maximum two
times per week in an individual study. Although the definition
of overweight/ obesity varied among studies, we considered
all studies that reported overweight and/or obesity as an out-
come. When more than one paper was published from the
same population, the newest one with the most complete data
was included.

Three investigators independently examined the eligibly of
each study (N.N, H.G, E.A) for qualitative and quantitative
synthesis. In addition, studies that reported changes in BMI
instead of BMI, was not included. In some studies,
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overweight/obesity was considered exposure and breakfast
skipping as an outcome, such studies that their aims were
different from the purpose of the current meta-analysis were
not included.

Data extraction

Two reviewers (N.N, M.J, R.J) independently extracted the
following data based on pre-defined standard form from each
publication: the first author’s name, year of publication, loca-
tion, sample size, participants’ characteristics (age, gender),
method for anthropometric measurements, comparison
groups, and controlled covariates. It is notable that if more
than one measurement was conducted, the last measurement
was extracted. In each step, when there was any discrepancy, it
was resolved by principal investigators (L.A or B.L).

Quality assessment

The methodological quality of the included studies was eval-
uated with two independent investigators (E.A, M.Z) indepen-
dently using the Newcastle-Ottawa Scale for cross-sectional
and cohort studies [19]. Studies with at least the score of 5
were considered as high-quality. Any discrepancy was re-
solved by the third investigator (R.J).

Statistical analysis

To examine the association between skipping breakfast
and the risk for obesity, pooled RR and 95% confidence
intervals (Cls) for skippers vs. non-skippers were com-
puted using a random-effect model. For meta-analysis,
the most fully adjusted model was pooled with the
DerSimonian and Laird method. Between-study hetero-
geneity was assessed using I? index. I values greater
than 50% were considered as substantial heterogeneity.
To reduce heterogeneity, subgroup analysis was per-
formed if there were at least two studies in each cate-
gory. Complementary analyses including sensitivity
analysis and full & trim were performed as well. To
examine publication bias, Egger’s regression asymmetry
test was performed. Statistical analyses were conducted
using Stata, version 11.0 (Stata Corp, College Station,
TX). P value <0.05 was considered statistically
significant.

Results
Study characteristics

As it is illustrated in Fig. 1, the initial search of four electronic
databases yielded 3276 (2147 duplicates) studies. After the

evaluation of'titles and abstracts (z = 1129), 1088 studies were
excluded. In the next step, of 41 fulltexts, 28 studies
did not meet our criteria were excluded due to the fol-
lowing reasons: irrelevant (n=10), did not report corre-
lation (n=7), were on individuals older than 18 (n=23),
review paper (n=2), and have neither our interest ex-
posure nor outcome (n=5). In addition, two studies
were on same participants, therefore, only one [12] of
them with greater sample size that its main purpose was
the evaluation of the link between breakfast skipping
and the risk of obesity was included. Three relevant
papers were found from reference lists as well. Finally,
16 papers (14 cross-sectional studies, 2 cohort studies)
that evaluated the association between breakfast skip-
ping and the risk of overweight/obesity in children and
adolescent were included (Fig. 1).

Main characteristics of studies are represented in Table 1.
The 16 included studies [10—18, 20-26] in qualitative studies
were published between 2005 and 2018. Sample size ranged
from 523 [15] to 25,176 [10] individuals. The design of the
most studies was cross-sectional (n=14) [10-16, 20-26] and
only two [17, 18] were cohort studies. In addition, all studies
obtained minimum the half score of quality checklist and con-
sidered as high quality.

Findings from a meta-analysis

Based on the pooled 23 effect sizes extracted from 14
cross-sectional studies, we found that there was a positive
association between breakfast skipping and the risk of
overweight/obesity (Pooled OR: 1.51; 95% CI: 1.39,
1.63). However, the heterogeneity was high (I*: 70.3%,
p=0001) (Fig. 2). Meta-analysis of two cohort studies
(three effect sizes) showed that the link between breakfast
skipping and obesity is not significant (OR: 1.01; 95% CI:
0,93, 1.11; 12: 48%, p =0.14) (Fig. 2).

In cross-sectional studies, subgroup analysis on sex re-
vealed that the association between breakfast skipping and
the risk of obesity in boys was 1.64; 95% CI: 1.38, 1.95;
1:38.3%, p=0.18), while it was 1.56; 95% CI: 1.38, 1.77,
1:0.0%, p = 0.49) Besides, stratification by age showed that
in individuals less than 12 years OR was 1.53; 95% CI: 1.33,
1.77, while the association was 1.49; 95% CI: 1.35, 1.65 in
olders (Table 2). After excluding two studies adjusted for en-
ergy intake, the association did not change considerably (OR:
1.49, 95%CI: 137, 1.62; 1:71.6, p = 0.0001).

For cross-sectional studies, sensitivity analysis showed the
robustness of findings and based on Funnel plot, there was
publication bias that was confirmed by the Egger test (p =
0.001). After using fill and trim test to correct the pooled
RR, 5 studies were added and the effect estimate declined to
1.43 (95%CT: 1.32, 1.54), while remained significant.

@ Springer



J Diabetes Metab Disord (2019) 18:657-664

Records identified through
database searching
(n=3276)

A4

Records after duplicates removed

(n =1129)

A 4

Records screened
(n=1129)

l—»

Full-text articles assessed
for eligibility
(n=41)
|

Records excluded
(n=1088)

|

Studies included in
qualitative synthesis
(n=13)

Full-text articles excluded (n
=28)

Reasons:

-Irrelevant (n=10)

-Did not report correlation
(0=7)

-Were on individuals older
than 18 (n=3)

Additional records
identified through
other sources (n=3)

- Review paper (n=2)

-Have neither our interest
exposure nor outcome (n=5)
-Two papers on one population

660

Fig. 1 Selection processes of )

eligible papers £
.g
5
s
£
c
8
A
Z
3
B

Discussion

Findings of the current meta-analysis, proved the hypothesis
that breakfast skipping increased the risk of overweight/
obesity in cross-sectional studies. It was revealed that the risk
of overweight /obesity in children and adolescent who skipped
breakfast was 43% greater than those who ate breakfast regu-
larly, while no significant link was found in cohort studies. As
most studies had cross-sectional design and only two were
cohort studies, we cannot make a decision regarding the
cause-effect relationship between breakfast skipping and over-
weigh/obesity. Therefore, more studies are needed to clarify
this link. Overall, findings should be interpreted by great
caution.

To the best of our knowledge, it is the first meta-analysis on
the association between breakfast skipping and the risk of
overweight/obesity among children and adolescent covering
all countries. In the meta-analysis by Horikawa et al., all stud-
ies without any age range limitation were included. Most in-
cluded studies were on adult populations and no subgroup
analysis was conducted to provide findings in adult and chil-
dren, separately. Horikawa et al., found that breakfast skipping

@ Springer

(1 out of 2 was excluded)

(n=1)

A 4

Studies included in
quantitative synthesis
(meta-analysis)
(n=16):
Cross-sectional studies
(n=14)

Cohort studies (n=2)

increased the risk of overweight/ obesity by 75% in individ-
uals living in Asian and Pacific regions [7]. Differences in the
amount of RRs, can be explained by the difference in age
range of the study populations and locations. In the study by
Horikawa et al., [7] all age groups in only Asia and Pacific
countries were included, while we did not put any limitations
for the study location.

It should be kept in mind that cut-off points for the defini-
tion of breakfast skipping were different among studies that
might affect the result. However, due to limited studies with
similar cut-off points, we could not compare the results among
them. Furthermore, time of eating breakfast, breakfast compo-
sition, eating or skipping other meals and dietary patterns can
play pivotal roles on the risk of obesity. However, in the most
included studies they were not evaluated. Breakfast is defined
as the first meal of the day that it is eaten within 2 h after
waking up and typically it should be no later than 10:00
a.m. and including 20 to 35% of total energy need [23].
Therefore, consuming breakfast after this time might not be
as useful as eating late. It is notable to consider this point when
studying on the effects of breakfast on people’s health. Based
on the study by Dubios et al., the snacks of breakfast skippers
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Quality

score

Adjustment

Anthropometric Comparison groups

Age
range assessment

Characteristics of

Sample
participants

size

Location

Study
design

Table 1 (continued)
First Author (Year)
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(years)

8

Age, sex, family history of chronic diseases, screen

0-2 days/wks vs.

Standard

6-18

Children and

13,486

Cross-section Iran

Ahadi et al., 2015 [20]

time, physical activity, socio-economic status

5-7 days/wks

measurement

adolescents, both
genders

Children

Skipper vs. eaters

Standard

7-9

2620

Cross-section Sweden

Nilsen et al., 2017 [23]

measurement

Standard

Age, sex, ethnicity, fathers education, income,

Skippers vs. regular

6-17

Children and

5332

Cross-section Malaysia

Tee et al., 2018 [25]

physical activity

eaters

measurement

adolescents

had greater energy and their diet consisted of larger servings of
dairy products, grains, carbohydrate, total fat and protein [12].
Children who skipped breakfast consumed less protein than
those who ate breakfast regularly. All in all, interactions be-
tween time of eating meals, meal patterns and quantity of each
macronutrient can also affect the association [12].

Potential factors that can affect skipping breakfast are edu-
cational level, family composition (two- parents, single- par-
ent families), ethnicity, physical activity level, age and gender.
In the present meta-analysis, all the included studies were
adjusted for such confounding factors. However, only two
studies adjusted results for energy intake. Total energy intake
plays a key role on BMI and ignoring this can affect the re-
sults. Furthermore, all the included studies had high quality.
Therefore, the quality cannot affect the pooled RR and we can
rely on findings.

In the current meta-analysis, subgroup analysis was con-
ducted to reduce the heterogeneity. Stratification by gender,
relatively could justify the between-study heterogeneity.
Although heterogeneity was reduced in boy and girl catego-
ries, heterogeneity remained high in studies in which findings
were reported for a combination of both genders.

Girls, particularly at younger age pay more attention to
their body shape and weight compare to boys. When someone
skipped breakfast, usually they have poorer dietary quality
and lower physical activity levels [25]. Some previous studies
have indicated that skipping breakfast is linked with less
healthy dietary patterns characterized by high intake of fast
foods, soft drinks and high fat and salt meals. It is likely that
this factor affect the results [25]. However, in our studies,
overlap points were observed in CIs in boys and girls catego-
ries and no considerable differences were observed between
two genders.

It is notable that in the present meta-analysis, all studies
except two [17, 18] had cross-sectional design. Accordingly,
we cannot make a decision whether it is a cause and effect
relationship or not.

According to the MSNS study, a lack of appetite and time
was the main reason to skip breakfast. Feeling stomachache
after breakfast and waking up late in the morning were also
reported as the most common reasons to eliminate breakfast
[25]. However, in the included studies, they did not examine
the reason of skipping and only focused on the association
with obesity.

Based on previous studies, individuals who consumed
breakfast regularly had greater thermogenesis than those
who skipped breakfast [7]. Through this possible mechanism,
having daily breakfast can control weight. Another proposed
mechanism that can justify the association is related to the
effects of breakfast on appetite and total energy intake.
Indeed, meal frequency impact upon energy balance and eat-
ing breakfast can modulate energy intake in the next meals
and it prevents overeating throughout the day. Hence, the
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Fig. 2 The association between

breakfast skipping and Study
overweight/obesity in children o
and adolescents cross-section

Andersen (2005)

Harding (overweight girls) (2008)
Harding (obese girls) (2008)
Harding (overweight boys) (2008)
Harding (obese boys) (2008)
Dialektakou (2008)

Dubios (2008)

Crozen (13-14yrs) (2009)
Crozen (15-16yrs) (2009)
Maddah (2009)

Thompson (2010)

Dupuy (2011)

Duncan (2011)

Shafiee (2013)

Bjonara (overweight) (2013)
Bjonara (obese) (2013)

Ahadi (overweight) (2015)

Ahadi (obese) (2015)

Nilsen (2017)

Tee (boy, 6-12 yrs) (2018)

Tee (boy, 13-17yrs) (2018)

Tee (girl, 6-12 yrs) (2018)

Tee (girl, 13-17 yrs) (2018)
Subtotal (I-squared = 70.3%, p = 0.000)

cohort

Kim (girl) (2012)
Kim (boy) (2012)
Kuper (2014)

%

ES (95% Cl) Weight
i
|

——— 1.69 (0.99, 2.89) 2.00
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— 1.53(1.27, 1.84) 4.45
C— 2.06 (1.57,2.70) 3.74
—— 2.14 (1.47,3.11) 2.94
—— 2.27 (1.34, 3.87) 2.02
—— 1.68 (1.43, 1.97) 4.65
- 1.32(1.14, 1.54) 4.72
— 1.40 (1.20, 1.70) 4.54
- 1.15(1.06, 1.26) 5.12
—— 1.36 (1.13, 1.66) 4.39
—_—— 1.69 (1.33,2.17) 3.96
—— 1.47 (1.20, 1.82) 4.26
- 1.20 (1.00, 1.40) 4.59
|——— 1.80 (1.50, 2.30) 4.22
1! 1.11 (0.95, 1.30) 4.67
—— 1.61(1.39, 1.89) 4.70
—_— 1.90 (1.18,3.13) 2.24
— 1.71(1.26,2.32) 3.46
T 1.31(0.92, 1.87) 3.08
—— 1.36 (1.02, 1.81) 3.61
—— 1.38 (1.01, 1.90) 3.38
< 1.51(1.39, 1.63) 88.71

1.00 (0.99, 1.12) 5.23

Subtotal (I-squared = 48.0%, p = 0.146)

Overall (I-squared = 85.6%, p = 0.000)

0.46 (0.19, 1.11) 0.96

|
|
-— |
-~ 1.05 (0.96, 1.15) 5.10
|
<> ! 1.01 (0.93, 1.11) 11.29
\

<> 1.44 (1.31, 1.59) 100.00

NOTE: Weights are from random effects analysis L
T
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component of breakfast can play a key role on the link be-
tween breakfast and weight management. Fiber-rich break-
fasts, for instance, are likely to improve postprandial glycemic
responses, satiety and insulin sensitivity compared to other
types. In addition, consuming more energy at dinner may re-
duce appetite in the morning. Therefore, nutrition recommen-
dation regarding energy disturbance and attention to the inter-
val between dinner and sleep may solve this problem.

Nutrition education at schools can be an effective strategy
to encourage children and their parents to consume regular
meals. Although nutrition education is not a formal course in
school curriculum, dedicating even a short time to introduce
healthy diets can be helpful to prevent some chronic diseases
throughout life.

The present meta-analysis have several limitations as fol-
lows: (i) most studies had cross-sectional design and thus

1 5.26

casual relationship remained unclear, (ii) the between-study
heterogeneity was not attenuated considerably even after sub-
group analysis, and (iii) search was not conducted systemati-
cally, (iv) time and composition of breakfast was not evaluat-
ed. However, the present study was the first meta-analysis in
children and adolescent population in this regard. Other
strength points of the present meta-analysis were due to eval-
uating study quality and doing sensitivity analysis.

In conclusion, the risk of obesity in children and adoles-
cents who skipped breakfast was 43% greater than those who
ate breakfast regularly in cross-sectional studies, no signifi-
cant link was found in cohort studies. However, due to high
heterogeneity findings should be interpreted by great caution.
In addition, more cohort studies are needed to clarify the cause
and effect association between breakfast skipping and the risk
of overweight/obesity in children and adolescent.

Table 2 Subgroup analysis for

the association between breakfast Outcome No. effect size Pooled effect size (95% CI) ? (%) P heterogeneity

skipping and overweight/obesity

in children and adolescents Gender
Boy 4
Girl 4
Both 15
Overweight 8
Obese 5
Both in combination 10
Age (years)
<12 8
>12 15

1.64 (1.38, 1.95) 383 0.18
1.56 (1.38, 1.77) 0 0.49
1.47 (1.33, 1.63) 75.2 0.0001
1.44 (1.26, 1.65) 71.9 0.001
1.68(1.52, 1.86) 11.1 0.34
1.45 (1.28, 1.65) 64.7 0.002
1.53 (1.33, 1.77) 51.6 0.04
1.49 (1.35, 1.65) 76.1 0.0001
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