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ArtiC{e history: Objective: In recent years, many original studies have shown that skipping breakfast has been associated
Received 27 September 2019 with overweight and obesity; however, the results of different studies are inconsistent. Therefore, we
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conducted a systematic review and meta-analysis of observational studies to synthesize the associations
between skipping breakfast and the risk of overweight/ obesity.

Methods: We did a systematic search using Pubmed, and Ovid searched up to August 2019. Observational
studies (cohort studies and cross-sectional studies) reporting adjusted Odds Ratio or Risk Ratio estimates

gle!’ W‘.)rdS: for the association between breakfast skipping and overweight/obesity (including abdominal obesity).
kipping breakfast . R R . .
Overweight Summary odds ratio (or Risk Ratio) and 95% confidence intervals calculated with a random-effects model.
Obesity Results: 45 observational studies (36 cross-sectional studies and 9 cohort studies) were included in this
Meta-analysis meta-analysis. In cross-sectional studies, The ORs of low frequency breakfast intake per week versus
high frequency were 1.48 (95% CI 1.40-1.57; 1>=54.0%; P=0.002) for overweight/obesity, 1.31 (95%
CI 1.17-1.47; 12 =43.0%; P=0.15) for abdominal obesity. In cohort studies, The RR of low-frequency
breakfast intake per week versus high frequency was 1.44 (95% CI 1.25-1.66; 12=61%; P=0.009) for
overweight/obesity.
Conclusions: This meta-analysis confirmed that skipping breakfast is associated with overweight/obesity,
and skipping breakfast increases the risk of overweight/obesity. The results of cohort studies and cross-
sectional studies are consistent. There is no significant difference in these results among different ages,
gender, regions, and economic conditions.
© 2019 Asia Oceania Association for the Study of Obesity. Published by Elsevier Ltd. All rights
reserved.
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Introduction ping breakfast (i.e. “morning meal”, “meal, morning”, “morning

The number of overweight and obesity is increasing worldwide
[1,2]. Obesity is considered to be one of the defining health and
is recognized as the most prevalent form of malnutrition, which
increases the incidence of obesity-related complications and the
global burden of disease [3,4]. However, the etiology of obesity
is likely multifactorial but not well understood. It was generally
believed that genes and environment are involved in the occur-
rence and development of obesity [5]. A recent study has shown
that energy imbalance can cause obesity through hypothalamic
regulation, and dietary habits are closely related to energy balance
[6].

“Breakfast is the most important meal of the day” [7] is a con-
sensus in public. However, the definition of breakfast varies across
studies. Here are two standard definitions [8] as follows: (1) Eat the
first meal of the day before or at the beginning of the activity within
2 h of waking up, usually no later than 10 am, the calorie content is
20% to 35% of the total daily energy requirement. (2) The consump-
tion of food or beverage (excluding water) between 5 and 9 am.
However, with the change of life rhythm, the patterns of dietary
behavior have changed over the past 40 years. Typical break-
fast, lunch, and dinner meals are difficult to distinguish because
skipping meals, notably skipping breakfast, have become more
prevalent among school-age children, adolescents and working
adults [9,10]. Nowadays, skipping breakfast has become a con-
troversial public health issue. Many people believe that skipping
breakfast can help with weight control. However, this behavior may
increase in the prevalence of obesity and obesity-related compli-
cations [11-16], and regularly eating breakfast can reduce the risk
of obesity effectively [17-19]. Recently, some studies have found
no significant correlation between skipping breakfast and obesity
[20-22]. What's more, some studies even indicate that skipping
breakfast led to weight loss and eating breakfast may be harmful
to health [23-26]. Accordingly, many studies have been performed
during the past decades to explore the relationship between skip-
ping breakfast and the risk of overweight/obesity. But the results
of these studies are not consistent. Thus, the question of whether
skipping breakfast was associated with obesity remained to be
determined. On this basis, we performed the systematic review and
meta-analysis of observational studies to systematically assess the
association between breakfast skipping and the risk of obesity.

Methods
Search strategy

This meta-analysis was conducted following the Meta-analysis
Of Observational Studies in Epidemiology (MOOSE) guidelines
[27]. We searched the PubMed and Ovid databases from their
inception up to August 2019. The search terms were based on Med-

» o«

ical Subheadings related to obesity (i.e. “obesity”, “overweight”,

” o« ” o«

“abdominal obesity”, “bodyweight”, “body mass index”) and skip-

” ” o« ” o« ” o«

meals”, “meal timing”, “omitting breakfast”, “skipping meals”, “eat-
ing habits”, “eating pattern”. We added a manual search using the
reference lists of the relevant articles. The search was restricted to

published English articles.
Eligibility and study selection

Two authors (XMM and QC) independently screened the titles,
abstracts, and full texts of the identified studies to determine eligi-
bility. Disagreements were resolved through consultation with the
third author (YLP). The inclusion criteria for reviews were (1) an
observational study using a cross-sectional or cohort design (had
follow-up duration more than one year, (2) data on risk measures
for overweight or obesity according to BMI criteria and corre-
sponding confidence intervals (Cls) related to breakfast skipping
or information sufficient to calculate them. A “breakfast skipping
group” was defined as the lowest category of breakfast frequency
in an individual study. The definition of skipping breakfast is to eat
nothing between 5 and 9 am or only drinking something energy-
containing or only eating something sweet, such as a bun, cookie
or biscuit. Therefore, we included studies that defined breakfast-
skippers as those who only sometimes ate breakfast as well as
reviews in which breakfast-skippers never ate breakfast. Although
the definition of overweight or obesity varied among studies, we
included all studies that analyzed overweight or obesity as a depen-
dent variable. The most updated article was selected if two or more
items were published for the same observational study. Articles
were excluded if they did not include original data; if they were
editorials, letters, comments, or conference proceedings; or if they
did not meet the inclusion criteria described above. The search was
limited to human studies published in the English language.

Data extraction and quality assessment

Two authors (XMM and QC) extracted the following informa-
tion from the included studies: first author name, publication year,
country, area, economics, mean age and/or any range, number of
participants (number of skippers, number of overweight/obesity),
male ratio, measurement, diagnosis criteria of outcome, risk esti-
mates (OR and/or adjusted OR) and corresponding 95% CI, and
covariates adjusted in multivariate analysis. Interobserver agree-
ment was assessed using Cohen’s kappa, and any disagreements
were resolved by discussion with the third author (YLP). Two
authors (XMM and QC) independently performed quality assess-
ments. The Newcastle-Ottawa Scale was applied for cohort studies.
Studies with scores of 0-3, 4-6, and 7-9 were considered as low,
moderate, and high quality, respectively.

Data synthesis and analysis
The OR/RR were calculated for overweight/obesity and abdom-

inal obesity who skip breakfast versus those who regularly eat
breakfast. Between-study heterogeneity was assessed by calculat-
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19,373 citation were found in
PUBMED --- 2,094

OVID ---17,279

databases using search terms

: 1,298 were excluded after
45 references were obtained o ) -
from manual searches d duplicate checkng.
. 7117,576 were excluded based
on title and abstract.
\ 4

544 potentially relevant studies for more
detailed evaluations.

497 articles excluded for the following reasons:
207 didn't give data on eating breakfast
frequency or prevalence of overweight/obesity.
158 didn’t provide estimate of risk of
overweight/obesity.

66 didn’t analyze overweight/obesity as a
study outcome.

10 were animal studies.

6 were intervention studies.

5 overlapped with other studies included in
our analysis.

4 defined overweight not using BMI.

v

A\ 4
45 articles were included in our analysis.
36 were cross-sectional studies.

9 were cohort studies.

Fig. 1. Flowchart of meta-analysis.

ing the I? statistic, which is a quantitative measure of inconsistency
across studies. Studies with an I? statistic of 25% to 50% were
considered to have low heterogeneity, those with an I? statis-
tic of 50% to 75% were believed to have moderate heterogeneity,
and those with an I? statistic of >75% were supposed to have
high heterogeneity. A random-effects model was used regardless
of heterogeneity. Because participants’ characteristics, breakfast
frequency, the definition of outcomes, and other confounding fac-
tors were not consistent among studies. Data were analyzed using
Revman 5.3 software and Stata 12.

Results
Literature search result

As presented in Fig. 1, the systematic search identified 19,373
articles, of which 1,298 were duplicates, and another 17,576 were
considered as not- relevant based on title and abstract. After
including 45 items obtained from the manual search, 554 studies
were selected for full-text review. Finally, 45 studies, including 36
cross-sectional studies [18,28-62] and nine cohort studies [63-71],
published between 2003 and 2019, were included in the meta-
analysis. Interobserver agreement between the authors for study
inclusion was outstanding (k =0.95).

Characteristics of included studies

The characteristics of the included studies are presented in
Tables S1 & S2 (Supplementary material 1). Among the selected
45 studies, 9 was a cohort study (63-71), and the remaining
36 studies were cross-sectional studies or surveys (18, 28-62).
Most of the studies were from Europe and Asia, of which 19
from Europe [32,35,38,40-43,46,47,53,57-61,64,68-70] and 18
from Asia [18,28-31,37,39,44,48-52,54,56,63,66,71], and the
rest were from Africa [67], North America [45,55,62,65], South
America [33] and Oceania [34,36]. The studies examined sub-
jects of different ages: 33 studies enrolled children or adolescents

[18,28,30,32-34,36-38,40,41,43,44,46-51,53-56,59-61,63,69,70],11
recruited adults of different ages [29,31,35,39,42,45,52,57,58,62],
and 1 study did not mention age [71]. In most of the stud-
ies, only one study involved females only [51], and the
remaining studies included both males and females. The def-
inition of overweight or obesity varied among studies. 16
studies used the World Health Organization (WHO) defi-
nition [18,28,30,32,33,35,37,44,50,47-51,56,57,64,65,67,68],
20 the International Obesity Task Force definition
[29,31,34,38,40,42,41-43,46-49,53,54,59,58-61,63,66,70,71]

and 3 US Centers for Disease Control and Prevention (CDC) growth
charts [36,41,55] and 6 studies used the study-specific definition
of overweight or obesity [39,45,52,58,62,69]. In addition, 15
studies acknowledged the importance of potentially relevant
confounding factors such as socioeconomic status (SES)—or its
proxies (e.g., social class and occupation, income, education)
[18,28,30,31,37,44-46,51,52,58,60,61,64,71], and physical activ-
ity [28,30,37,39,44-47,51,52,54,55,57,62,68], although these
factors may have a substantial effect on weight [32]. In detail,
most provided an adjusted OR for multiple confounding factors
[18,28-35,37-39,42,44-47,52-55,57-64,66-68,71].

Skipping breakfast and overweight/obesity (36 cross-sectional
studies)

Thirty-five cross-sectional studies investigated the relationship
between skipping breakfast and overweight/obesity. The sum-
mary odds ratio for low versus high-frequency breakfast eating
per week was 1.48 (95% CI 1.40-1.56; I2=54.0%; P<0.0001) for
overweight and obesity (Fig. 2). According to Fig. 2, skipping break-
fast is associated with overweight and even obesity. To explore
the origin of the heterogeneity, we performed subgroup analyses
across several key study characteristics to examine the effect of the
attributes on study results (Table S3 in Supplementary material
1). A positive association between skipping breakfast and preva-
lence of overweight/obesity was consistently observed throughout
all subgroups of the specified study characteristics. No significant
difference in the strength of the association of breakfast skipping
with overweight or obesity was observed according to whether
study participants lived in Asia, Europe, Oceania, North or South
America, or whether the researched countries were developed
countries or developing countries. And the strength of the associ-
ation between breakfast skipping and overweight/obesity did not
differ between child/adolescents and adults/the elderly. Moreover,
study-specific adjustments for covariates did not influence the
study result. Besides, four of the 36 cross-sectional studies included
reported the association between skipping breakfast and abdom-
inal obesity. According to Fig. 3, the summary odds ratio for low
versus high-frequency breakfast eating per week was 1.31 (95% CI
1.17-1.47; > =43.0%; P=0.15).

Sensitivity analysis and publication bias

To test the stability of the results, we carried out sensitivity anal-
ysis. First of all, we use fixed effect model and random effect model
to calculate respectively. The results (Figs. S1 and S2 in Supplemen-
tary material 2) show that whether we use random effect model
(OR 1.48 95% CI 1.40-1.57) or fixed-effect model (OR 1.44 95% CI
1.40-1.49), there is no significant impact on the results of com-
bined effect. And, we identify and correct funnel asymmetry caused
by publication bias by using pruning and complementing method.
According to the results of the diagram (Fig. S3 in Supplementary
material 2), 10 additional studies are needed. We selected OR as the
effective index and use fixed effect model and random effect model
respectively for shear compensation analysis. The point estimation
and 95% confidence interval estimation results of the combined
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Fig. 2. Forest plot of odds ratios (ORs) of overweight/obesity
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Fig. 3. Forest plot of odds ratios (ORs) of abdominal obesity for the lowest frequency breakfast eating per week vs. the highest.

effect amount are shown in the table (Table S4 in Supplementary
material 2). The results show that the point estimation and 95% con-
fidence interval of the combined effect amount have no significant
change before and after the shear compensation, suggesting that
the conclusion of this meta-analysis is stable. Then, we examine
the impact of individual studies on the total combined effect (influ-
ence analysis), and the results (Fig. S4 in Supplementary material
2) showed that each study included has little impact on the over-
all combined effect. Finally, publication bias analysis showed that
there was no significant publication bias (Fig. S5 in Supplementary
material 2).

Skipping breakfast and overweight/obesity (9 cohort studies)

Nine cohorts (4 prospective cohort studies and 5 retrospec-
tive cohort studies) investigated the relationship between skipping
breakfast and overweight/obesity. The quality of each cohort study
included was assessed independently using the Newcastle-Ottawa
scale (NOS) (Table S5 in Supplementary material 1). The results
showed that each study scored no less than 6 points and was there-
fore considered to be of medium-to-high quality. The follow-up
period for each study was not less than one year, and the longest
was 20 years. In a random-effects meta-analysis of the 9 studies,
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Fig. 4. Forest plot of risk ratios (RRs) for the lowest frequency breakfast eating per week vs. the highest and the risk of overweight/obesity.

we observed that at the end of the trials, participants who skipped
breakfast had a higher risk of overweight/obesity than those ate
breakfast. The summary Risk Ratio for the lowest frequency break-
fast eating per week versus the highest was 1.44 (95% CI 1.25-1.66;
2=61%; P=0.009) for overweight/obesity (Fig. 4). No significant
difference in the strength of the association of breakfast skipping
with overweight or obesity was observed according to whether
prospective cohort studies or retrospective cohort studies. The fun-
nel diagram (Fig. S5 in Supplementary material 2) is symmetrical,
suggesting no significant publication bias.

Discussion

This systematic review and meta-analysis included both cohort
studies and cross-sectional studies examining weight change
in consuming or skipping breakfast found skipping breakfast
increases the risk of overweight/obesity and abdominal obesity.
The results of cohort studies and cross-sectional studies are con-
sistent. There was no significant difference in these results among
different age groups, gender groups, regions, and economic con-
ditions. Although previous articles have reported the correlation
between breakfast and obesity, this article still has its unique fea-
tures. First, it includes the largest sample size of the population.
Furthermore, cross-sectional and cohort studies were included.
Therefore, in studying the relationship between breakfast and obe-
sity, we can also prove the causal relationship.

This result extended those of a previous report examining the
association between skipping breakfast and obesity [72]. That study
was conducted in 2011 and included cross-sectional surveys from
1994 to 2011, and the authors reported that skipping breakfast
corresponded with a 1.75-times increase in the risk of obesity com-
pared with those who regularly ate breakfast. However, contrary
to the conclusion, another meta-analysis of randomized controlled
trials examining weight change in adults consuming or skipping
breakfast found no evidence to support the notion that breakfast
consumption promotes weight loss or that skipping breakfast leads
to weight gain [73]. As the quality of the included studies was
mostly low, the findings should be interpreted with caution. The
present meta-analysis included original articles of observational
studies (cross-sectional and cohort studies were also included)
from 2003 to 2019. Our research found that skipping breakfast
increased the risk of overweight/obesity by 48% in cross-sectional
studies and 44% in cohort studies. Second, we also analyzed the
meta-analysis of the correlation between breakfast and abdomi-
nal obesity. We found that skipping breakfast increased the risk
of abdominal obesity by 31% in cross-sectional studies. Finally, we

found there was no significant difference in these results among
different age, gender, regions, and economic conditions.

These data suggest that the association between skipping break-
fast and overweight and obesity is global, regardless of differences
in cultural and economic backgrounds among countries in which
studies were performed, although this association has not been
confirmed in some African countries because of lack of research in
those regions. In Western countries, school breakfast programs are
rather common. Many districts have implemented Breakfast in the
Classroom (BIC), offering breakfast directly to students at the start
of the school day, to increase the frequency of breakfasts. Although
some opponents caution BIC has harmful effects on child weight,
studies showed that breakfast does not increase obesity. Ochoa-
Aviles et al. conducted a cluster randomized controlled trial of
school-based intervention improved dietary intake outcomes and
found that students who regularly ate breakfast had lower waist cir-
cumference [74].Vik et al. also confirmed that having regular family
breakfast was inversely associated with overweight [75]. Blondin
et al. conducted an updated review of the literature and suggested
that a possible, protective role for breakfast consumption in pre-
venting excess adiposity during childhood and adolescence [76].
Current research is mainly concentrated in Asia and the Pacific, so
we can further expand the scope of the study.

Although the current meta-analysis based on cross-sectional
studies only showed an association between skipping breakfast
and obesity and could not reveal cause-effect relationships. In our
meta-analysis, based on nine cohort studies, we found that skip-
ping breakfast increased the risk of overweight/obesity. There have
been reports of plausible findings suggesting reasons that skip-
ping breakfast leads to the development of obesity. First, breakfast
skipping is associated with changes in appetite and decreased
satiety, which may lead to subsequent overeating and impaired
insulin sensitivity. In contrast, eating breakfast is useful for regu-
lating appetite, and it can also improve blood sugar response and
increase insulin sensitivity in the next meal. Breakfast can break
the prolonged overnight fast immediately. However, the longer the
fasting time, the higher the concentration of ghrelin (peptide hor-
mone that stimulates hunger), which can mimic fasting to enhance
human hedonic, orbitofrontal cortex, and hippocampal responses
to food [77]. Chowdhury et al. conducted a randomized controlled
trial and demonstrated that in obese adults, daily breakfast leads
to more significant physical activity during the morning, whereas
morning fasting results in partial dietary compensation (i.e. higher
energy intake) later in the day [78]. Besides, another randomized,
cross-over trial reported that the adverse effects of skipping break-
fast, including more elevated insulin and free fatty acid levels after
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lunch, increased hunger, and reduced satiety [79]. Second, from the
metabolic aspect, skipping breakfast may lead to obesity through
genes, hormones, etc. A randomized clinical trial conducted by pro-
fessor Daniela Jakubowicz clarified the effect of breakfast on the
expression of clock genes, and the clock gene could regulate the glu-
cose level of healthy individuals and diabetics after a meal, that is
insulin reaction. He showed that skipping breakfast increased post-
prandial hyperglycemia after lunch and dinner in association with
lower iGLP-1 and impaired insulin response [80], and omission of
breakfast also altered the expression of genes involved in the circa-
dian clock and metabolism (Per1, Cry1, Rora, Sirt1, and Clock), which
affected circadian hormone secretion and increased postprandial
glycemia [81]. Also, a clinical trial indicates that individuals who
skip breakfast are associated with stress-independent over-activity
in the hypothalamic-pituitary-adrenal (HPA) axis contribute to dis-
rupted cortisol rhythms [82].

The first major limitation of this study is that it cannot resolve
the frequency-effect correlation between breakfast and obesity
index. However, our findings are supported by several studies. For
example, Sun et al. [71] demonstrated that compared with peo-
ple who almost daily eat breakfast, people who rarely eat have
a higher risk of obesity. Similar results were reported by Shafiee
[44], Tee [28] and Croezen [60]. However, more prospective stud-
ies are needed to ascertain the relationship between breakfast
skipping and future obesity risk. A second major limitation is dif-
ferent adjusted factors, such as the differences among studies in
physical activity, ethnicity, dietary energy content, types of items
typically consumed at breakfast, and cultural and socio-economical
background for skipping breakfast, which might influence the asso-
ciation between breakfast skipping and the prevalence of obesity.
Thirdly, other factors of breakfast, such as the type of breakfast,
the definition of breakfast, and even the eating time, may have an
impact on the correlation between breakfast and obesity, but this
paper lacks the analysis of these factors. Forth, the frequency of hav-
ing breakfast among breakfast skippers varied between and within
studies. For example, the report in which breakfast skipping was
regarded as a dichotomous variable could have weakened the asso-
ciation with the prevalence of obesity or overweight, although the
possibility was not statistically significant. Finally, because EMBASE
and Web of Science are not reviewed when retrieving databases,
there may be bias caused by incomplete retrieval.

In conclusion, results from this study confirmed the asso-
ciation between breakfast skipping and increased risk of over-
weight/obesity. This meta-analysis indicates that breakfast is
critical for the risk of obesity. Therefore, promoting eating breakfast
regular in all population is a useful recommendation to reduce the
risk of overweight/obesity in primary prevention. For future stud-
ies, we suggest that trials should be fully adjusted for dietary factors
and physical activities. We also recommend that the dose-response
relationship between breakfast quantity and body mass index
(BMI) should be further investigated. Finally, more observational
and interventional studies are needed to identify the underlying
mechanisms that link skipping breakfast with overweight/obesity.
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