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Executive summary   

Background 
In a typical fiscal year, almost 91,000 schools served low-cost or free breakfasts through the U.S. School 
Breakfast Program (SBP) to about 15 million students daily.a Involvement in the SBP can play an influential 
role in school-age children’s development of a healthy dietary pattern.b   

The USDA Nutrition Evidence Systematic Review (NESR) team conducted a rapid review for the USDA Food 
and Nutrition Service, Office of Policy Support to summarize evidence on the relationship between eating 
breakfast and school performance, weight-related and health outcomes, and on best practices in the SBP, 
including models of student costs and breakfast delivery.  

Key findings 
• Eating breakfast may result in improved learning achievement later in the day, although long-term effects and 

impact on cognitive development is unclear.  

• Increased breakfast frequency in childhood and adolescence may be associated with healthier weight status, 
though a large proportion of studies find no association. 

• Eating breakfast may lead to health benefits throughout the morning, including lower hunger and appetite, 
higher satiety and glucose levels, and perhaps better mood, but long-term impacts on cardiometabolic and 
mental health outcomes are unclear. 

• SBP universal-free breakfast and breakfast-after-the-bell delivery models, particularly breakfast in the 
classroom, significantly and substantially increases SBP participation and may increase rates of consuming a 
nutritionally substantive breakfast.  

Methods 
A literature search using 4 databases (PubMed, Cochrane CENTRAL, Web of Science, CINAHL Plus) 
identified articles published from January 2005 through August 2021 that met pre-defined inclusion and 
exclusion criteria. Eligible interventions examined (a) the intervention or exposure of breakfast consumption, 
compared to breakfast skipping, in relation to measures of school performance, weight-related outcomes, and 
health outcomes, or (b) models of SBP delivery, compared to variations in SBP models, in relation to SBP 
participation, diet quality, breakfast skipping, school preformance and learning achievement, weight-related 
outcomes, student or teacher satisfaction with the SBP, and health outcomes.  

Articles were partially dual screened by 2 NESR analysts based on pre-determined criteria, and a third analyst 
adjudicated disagreements. Eligible study designs included randomized controlled trials (RCT), non-
randomized controlled trials (NRCT), prospective cohort studies (PCS), retrospecitve cohorts, pre-post studies 
with a control, case control studies, and for acute school preformance and health outcomes only, cross-
sectional studies (CS). The SBP best practices review included CS and uncontrolled pre-post studies (UPP) to 
inform research recommendations. Studies were published in English in peer-reviewed journals, were 

 
a United States Department of Agriculture Food and Nutrition Service National Data Bank. Accessed April 25, 2022. 
https://afnazre3ws08/NDB8/Home/Signin2.aspx  
b U.S. Department of Agriculture and U.S. Department of Health and Human Services. Dietary Guidelines for Americans, 2020-2025. 
9th Edition. December 2020. Available at DietaryGuidelines.gov. 

https://afnazre3ws08/NDB8/Home/Signin2.aspx
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conducted in countries with high or very high levels of human development, and enrolled children and 
adolescents (5 to 18 years). Studies on SBP best practices were conducted in the U.S. only. Data were 
extracted and risk of bias was assessed for each article. Evidence was qualitatively synthesized, with attention 
given to overarching themes, similarities and differences between studies, and factors that may affect results. 
Summary statements were developed and compared with findings from a previously published comprehensive 
reviewa.  

Findings 
Breakfast and school performance, 2 RCTs, 1 PCS and 1 CS (nested within a cluster RCT) examined the 
relationship between eating breakfast and learning achievement, and 12 RCTs, 1 NRCT, 1 cohort study and 3 
CS examined breakfast and cognitive development.  

• Eating breakfast may result in improved learning achievement later in the day in school-aged children. The 
evidence comes from four small well-conducted studies with marked heterogeneity. Additional studies are 
needed to assess acute and longitudinal effects of breakfast consumption in school-aged children.  

• The effect of eating breakfast, compared to fasting, on measures of cognitive development in school-aged 
children is unclear. Despite a reasonable number of studies, the ability to draw conclusions was restricted by 
inconsistency in study findings, heterogeneity in cognitive tests, and small sample sizes.    

Breakfast and weight-related outcomes, 1 RCT and 37 PCS examined the association between breakfast 
intake during childhood or adolescence and weight-related outcomes.  

• Increased frequency of breakfast intake in childhood (5-9y) may be associated with healthier weight-related 
outcomes, though roughly half of the studies found no statistically significant association. No studies 
examining overall breakfast intake found an association with greater frequency and less healthy outcomes. 
These studies enrolled large cohorts of participants with substantial diversity in race/ethnicity and 
socioeconomic status, as well as long follow-up periods, but they were also limited by high attrition, 
inconsistent definitions of breakfast, and intake assessments at baseline only.  

• Increased frequency of breakfast intake in early adolescence (10-12y) may be associated with healthier 
weight-related outcomes, particularly lower BMI and healthier weight status, though roughly half of the 
studies found no statistically significant association. No studies found an association between increased 
breakfast intake and less healthy BMI or weight status. These studies included long follow-up periods but 
were limited by high attrition, small sample sizes, greater age group overlap, inconsistent definitions of 
breakfast, and intake assessment at baseline only.  

• Increased frequency of breakfast intake in later adolescence (13y+) showed a more consistent association 
with healthier weight-related outcomes than in younger populations, particularly for BMI and weight status, 
with eight of twelve studies supporting that finding. However, these eight studies came from only two cohorts, 
and the remaining four studies from other cohorts did not find statistically significant associations. No studies 
found an association between greater breakfast intake and less healthy BMI or weight status. These studies 
enrolled large cohorts of participants with substantial diversity in race/ethnicity and socioeconomic status, as 
well as long follow-up periods, but they were limited by high attrition and intake assessments at baseline 
only. 

 
a Murphy, JM. Breakfast and learning: an updated review. Current Nutrition & Food Science. 2007; 3(1):3-36. 
https://doi.org/10.2174/1573401310703010003 

https://doi.org/10.2174/1573401310703010003
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Breakfast and health, 19 articles, including 8 RCT, 1 NRCT, and 10 PCS examined the association between 
breakfast intake during childhood or adolescence and health outcomes.    

• Eating breakfast, compared to no breakfast, results in lower hunger, lower appetite, and higher satiety, with 
effects measured as long as 4 hours after breakfast. The evidence, from three randomized controlled trials, is 
most generalizable to early adolescence (ages 12 to 14 years), as there is no evidence from other age 
groups. These findings are limited because participants could not be blinded, which could have had an 
impact on their subjective, self-reported outcomes.  

• Eating breakfast may result in favorable mood outcomes throughout the morning. However, some of the 
available evidence suggests that these subjective, participant-reported outcomes may have been influenced 
by a lack of participant blinding. 

• Eating breakfast results in higher glucose levels than fasting, with effects measured as long as 3 hours after 
breakfast. The evidence, from two well-conducted randomized controlled trials, was consistent in 9-year-olds 
with obesity and a sample of predominantly female 16-year-olds with a normal BMI.  

• Some studies found that eating breakfast, compared with fasting, results in higher triglycerides, insulin, PYY, 
resting energy expenditure, and carbohydrate oxidation, and lower glucagon, ghrelin, and lipid oxidation 
during the morning. However, few studies examined these outcomes, and the evidence is limited in its 
generalizability. 

• Associations between breakfast consumption during childhood and adolescence and long-term 
cardiometabolic and mental health outcomes are unclear. The evidence was inconclusive because it was 
from a small number of studies with inconsistent findings and limitations. 

SBP best practices, 24 articles from 3 RCT, 8 NRCT, 6 CS, and 3 UPP studies examined SBP best practices, 
RCT and NRCT informed summary statements. 

• U.S. School Breakfast Program universal-free breakfast and breakfast-after-the-bell delivery models, 
particularly breakfast in the classroom (or a combination of these models) compared to traditional School 
Breakfast Program delivery, significantly and substantially increases School Breakfast Program participation. 
Evidence is from large, well designed intervention studies conducted in diverse grades and socioeconomic 
student groups.  

• Universal-free breakfast or breakfast in the classroom may increase rates of consuming a nutritionally 
substantive breakfast (e.g., consume food from at least two of five food groups and intake of greater than 
10% of daily energy requirements). Evidence is from two large, rigorous intervention studies conducted in 
high-poverty, urban elementary and middle schools.   

• The effect of universal-free breakfast in the classroom on weight-related outcomes is unclear due to 
insufficient evidence. However, one rigorous study conducted in high-poverty urban schools found breakfast 
in the classroom increased the incidence of obesity but found breakfast in the classroom had no significant 
effect on combined incidence of overweight and obesity at 2.5 years of intervention. Additional longitudinal 
research is needed on the impact of free breakfast in the classroom on weight-related outcomes and eating 
behaviors using research designs with sufficient power to explore the effect of baseline weight, 
socioeconomic status, and urbanicity.    

• Breakfast in the classroom and universal-free School Breakfast Program have little effect on measures of 
attendance and academic achievement during the first year of implementation in elementary and middle 
school children. Additional longitudinal research is needed on universal-free breakfast and breakfast-after-
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the-bell models and measures of attendance, and chronic absenteeism, particularly among high school 
students. 

• The relationship between the School Breakfast Program student cost and delivery models and breakfast 
skipping, student/teacher satisfaction, and health is unclear due to lack of evidence. 

Recently published studies provide new evidence and confirms previous findings published by Murphy, 2007a 
with more rigorous study designs and data exclusively from studies conducted in school-aged children and 
adolescents from high and very high development countries. There are several research recommendations 
that apply to evidence examining breakfast eating and SBP models in schoolchildren.   

• Conduct experimental studies that examine a variety of breakfast interventions that more closely resemble 
students’ habitual breakfast consumption.  

• Evaluate characteristics of the breakfast meal (e.g., location, timing, type of food, macronutrient 
composition, specific portion size, and calorie content) and other foods and beverages consumed through 
the day using well-controlled studies to enhance understanding of relationships identified.  

• Explore the impact of BIC on weight-related outcomes using strong, longitudinal study designs that have 
sufficient power to evaluate the effect of baseline weight, school level, SES, and urbanicity. 

• Enroll adequate samples of students with a range of demographic characteristics including more middle 
school and high school students, and students of varying weight status, and socioeconomic status to 
improve generalizability of results. 

• Use valid measures consistently to build a body of evidence specifically for cognitive and health outcomes.  

 
a Murphy, JM. Breakfast and learning: an updated review. Current Nutrition & Food Science. 2007; 3(1):3-36. 
https://doi.org/10.2174/1573401310703010003. 

https://doi.org/10.2174/1573401310703010003
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Rapid reviews  

Introduction 
The School Breakfast Program (SBP) is a federally assisted meal program that operates in public and non-
profit private schools and residential childcare institutionsa. The USDA Food and Nutrition Service (FNS) 
administers SBP at the federal level, and institutions that participate in the SBP operate non-profit breakfast 
programs that serve meals that meet federal nutrition requirementsb and offer free or reduced-price breakfast 
to eligible students. Free breakfast is provided to children who participate in certain federal assistance 
programs, such as the Supplemental Nutrition Assistance Program, and children from families with incomes at 
or below 130 percent of the federal poverty level, and reduced-price breakfast (costing no more than 30 cents) 
is provided to children from families with incomes between 130 and 185 percent of the federal poverty levele.  

In a typical fiscal year, almost 91,000 schools served low-cost or free breakfasts through the SBP to about 15 
million students daily.c In light of recent disruptions due to the COVID-19 pandemic, FNS has issued waivers 
granting increased flexibilities to ensure students can continue to access healthy breakfasts and lunches.d 

The FNS Office of Policy Support (OPS) conducts and oversees research to promote effective policies and 
strong management of the SBP.e The rapid reviews reported herein were sponsored by OPS and conducted 
by USDA’s Nutrition Evidence Systematic Review (NESR) team to inform SBP communication and research 
activities. NESR is a team of systematic review scientists at the USDA Center for Nutrition Policy and 
Promotion who specialize in conducting evidence-based reviews to inform Federal nutrition policies and 
programs.  

A narrative review from 2007, which summarized evidence about the associations of breakfast consumption or 
school breakfast with student outcomes, provided a foundation for these rapid reviews.f The goal of the rapid 
reviews was to expand upon the conclusions of that existing review, or draw new conclusions, after identifying, 
evaluating, and synthesizing new peer-reviewed research with evidence about: 

• The relationship between eating breakfast and school performance, 

• The relationship between eating breakfast and weight-related outcomes, 

• The relationship between eating breakfast and health, and 

• Best practices in SBP, including models of student costs and breakfast delivery.

 
a United States Department of Agriculture Food and Nutrition Service. School Breakfast Program. Accessed March 21, 2022. 
https://www.fns.usda.gov/sbp/school-breakfast-program  
b United States Department of Agriculture Food and Nutrition Service. Nutrition Standards for School Meals. March 11, 2022. Accessed 
March 21, 2022. https://www.fns.usda.gov/cn/nutrition-standards-school-meals  
c United States Department of Agriculture Food and Nutrition Service National Data Bank. Accessed April 25, 2022. 
https://afnazre3ws08/NDB8/Home/Signin2.aspx  
d United States Department of Agriculture Food and Nutrition Service. Child Nutrition COVID-19 Waivers. Accessed April 25, 2022. 
https://www.fns.usda.gov/fns-disaster-assistance/fns-responds-covid-19/child-nutrition-covid-19-waivers  
e United States Department of Agriculture Food and Nutrition Service. Research & Analysis. Accessed March 21, 2022. 
https://www.fns.usda.gov/research-analysis  
f Murphy, JM. Breakfast and learning: an updated review. Current Nutrition & Food Science. 2007; 3(1):3-36. 
https://doi.org/10.2174/1573401310703010003.g Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS, Boutron I, Cates CJ, 
Cheng H-Y, Corbett MS, Eldridge SM, Hernán MA, Hopewell S, Hróbjartsson A, Junqueira DR, Jüni P, Kirkham JJ, Lasserson T, Li T, 
McAleenan A, Reeves BC, Shepperd S, Shrier I, Stewart LA, Tilling K, White IR, Whiting PF, Higgins JPT. RoB 2: a revised tool for 
assessing risk of bias in randomised trials. BMJ 2019; 366: l4898. https://doi.org/10.1136/bmj.l4898. 

https://www.fns.usda.gov/sbp/school-breakfast-program
https://www.fns.usda.gov/cn/nutrition-standards-school-meals
https://afnazre3ws08/NDB8/Home/Signin2.aspx
https://www.fns.usda.gov/fns-disaster-assistance/fns-responds-covid-19/child-nutrition-covid-19-waivers
https://www.fns.usda.gov/research-analysis
https://doi.org/10.2174/1573401310703010003


Rapid reviews: Methods 
 

 
11 

Methods 
A NESR rapid review is an evidence-synthesis project that answers a nutrition question of public health 
importance using streamlined systematic review methods. Methods used to search for, evaluate, synthesize, or 
assess the evidence may be tailored to conserve resources and produce a timelier product when full 
systematic review methods are not needed or feasible. 

NESR team members coordinated development of the rapid review protocol with study sponsors. The protocol 
was developed a priori and defined the scope of the research questions, including the analytic framework and 
inclusion and exclusion criteria, and defined the rapid review methods appropriate to meet project objectives. 
Herein, we report the final methods used to conduct the rapid reviews.  

Rapid review questions: 

• Key Question 1a: What is the relationship between eating breakfast and school performance? 

• Key Question 1b: What is the relationship between eating breakfast and weight-related outcomes? 

• Key Question 1c: What is the relationship between eating breakfast and health? 

• Key Question 2: What best practices exist in SBP, including models of student costs and breakfast delivery?

Develop analytic frameworks 
Analytic frameworks visually represent the overall scope of the rapid review questions and depict the 
contributing elements that were examined and evaluated.  

Figure 1 is the analytic framework for the rapid review conducted to answer Key Question 1: What are the 
relationships between eating breakfast and school performance, weight-related outcomes, and health? The 
intervention or exposure of interest was breakfast consumption in school-aged children and adolescents from 
kindergarten through 12th grade or ages 5 to 18 years. The comparator was breakfast skipping. Key Question 
1a examined school performance outcomes in school-aged children and adolescents, including measures of 
school participation (e.g., enrollment, attendance, tardiness, absenteeism, visits to the school nurse’s office, 
disciplinary incidents, concentration, focus, completion of tasks or assignments, dropout rates, and grade 
repetition), and measures of learning achievement and cognitive development (e.g., standardized test scores, 
grades, verbal fluency, memory, reasoning, and intelligence). Key question 1b examined weight-related 
outcomes in school-aged children through adults, including anthropometric measures (e.g., weight, height, 
weight change, size and growth indices, body composition indices, percent body fat, and body mass index), 
and the incidence and prevalence of healthy weight, overweight, and obesity. Key question 1c examined three 
categories of health outcomes. The first category was physiological effects of breakfast consumption in school-
aged children and adolescents, including perceived hunger and satiety, gastrointestinal hormones, blood 
glucose, blood lipids, resting energy expenditure, and macronutrient oxidation in a fasted versus fed state.The 
second category was cardiometabolic health outcomes in school-aged children through adults, including 
metabolic syndrome, type 2 diabetes, blood pressure, blood lipids, glucose, and insulin, and fitness. The third 
category was mental health outcomes in school-aged children through adults, including mood, happiness, 
stress, anxiety, and depression. The key confounders for Key Question 1 were age, sex, socioeconomic 
status, race/ethnicity, and physical activity. The additional key confounder of baseline and parent BMI was 
included for Key Question 1b: body weight, and the additional key confounder of body weight was included for 
Key Question 1c: health. 
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Figure 1. Analytic framework for Key Question 1: What are the relationships between eating breakfast and school 
performance, weight-related outcomes, and health? 
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Figure 2 is the analytic framework for the rapid review conducted to answer Key Question 2: What best 
practices exist in the U.S. School Breakfast Program, including models of student costs and breakfast 
delivery? The interventions or exposures of interest were SBP models of student costs and breakfast delivery 
in school-aged children and adolescents from kindergarten through 12th grade. SBP models of student costs 
and delivery models include breakfast location (such as classrooms vs. cafeteria vs. grab-and-go/hallway), 
breakfast timing (such as before vs. after school begins), duration of breakfast period, and student pricing 
(such as universal-free vs. eligibility-based pricing). The comparator was variations in SBP cost and delivery 
models. Outcomes included SBP participation, breakfast skipping, diet quality, teacher and student SBP 
satisfaction, school performance/participation (attendance, absenteeism, tardiness, visits to the school nurse’s 
office, disciplinary incidents, concentration, focus, completion of tasks or assignments, dropout rates, and 
retention), learning achievement (e.g., standardized test scores, grades), cognitive development (e.g., verbal 
fluency, memory reasoning, and intelligence), weight-related outcomes, and health outcomes. The key 
confounders were age or grade, SES (e.g., parent education, free and reduced-price meal 
eligibility/certification, family income), race/ethnicity, school characteristics (for studies conducted with 
participants from more than one school).  

Figure 2. Analytic framework for Key Question 2: What best practices exist in the U.S. School Breakfast Program, 
including models of student costs and breakfast delivery?  
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Develop inclusion and exclusion criteria 
The inclusion and exclusion criteria for the rapid reviews are presented in Table 1 and Table 2. These criteria 
are a set of characteristics used to determine which articles identified in the literature search will be included in 
or excluded from the rapid review. 

Table 1. Inclusion and exclusion criteria for Key Question 1: What are the relationships between eating breakfast 
and school performance, weight-related outcomes, and health?  

Category Inclusion Criteria Exclusion Criteria 

Publication 
status 

Studies published in peer-reviewed journals (including accepted pre-publication 
manuscripts)  

Grey literature, including 
unpublished data, manuscripts, 
reports, abstracts, conference 
proceedings 

Date range January 2005-August 2021 Before 2005 

Publication 
language 

English Languages other than English 

Study 
design 
 

Randomized controlled trials (including crossover trials) 

Non-randomized controlled trials (including quasi-experimental studies) 

Prospective and retrospective cohort studies  

Pre-post studies with a control 

Case-control studies 

Cross-sectional studies (acute outcomesa only) 

Intervention studies without a 
control or comparison group 

Cross-sectional studies (non-
acute outcomes) 

Treatment studies enrolling 
100% 
underweight/overweight/obeseb  

Multi-component interventions 
that do not statistically parse 
out the unique impact of 
breakfast 

Systematic reviews, reports 
from government, 
clearinghouses, and other 
authoritative organizations 

Study 
setting 

Studies conducted in countries listed as very high or high on the 2016 Human 
Development Indexc 

Studies conducted in countries 
listed as medium or low on the 
2016 Human Development 
Index 

Age of 
study 
participants  

 

Intervention/exposure age: school-aged children and adolescents in grades K 
through 12, ages 5-18 years 

Outcome age: school-aged children and adolescents in grades K through 12, ages 
5-18 years for all outcomes; adults ages 19 years and older for weight-related and 
health outcomes 

Infants/children younger 5 
years of age 

Adults ages 19 years and older 
for school performance 
outcomes 

Intervention/ 
exposure 

Breakfast consumption; definitions will vary across studies and may include:  

• Breakfast on a target day (i.e., on a day designated by the study), or 
usual/habitual breakfast 

• Consumption of foods/beverages within specified parameters, including time, 
location, and adequacy of the foods/beverages consumed, for example: 

o Consumption of any food or beverage anywhere and at any time in the 
morning 
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o Breakfast intake of food energy greater than 10 percent of the Recommended 
Dietary Allowance 

o Consumption of foods from at least two of five main food groups and intake of 
food energy greater than 10 percent of the Recommended Dietary Allowance 

Comparator 

 

Breakfast skipping; definitions will vary across studies and may include: 

• Missing breakfast one or more times per week or missing breakfast often or 
sometimes 

• Lower frequency of breakfast 

• Consuming foods/beverages insufficient to meet the study’s definition of 
breakfast 

Skipping breakfast because of 
religious fasting or time-shifted 
eating (e.g., intermittent 
fasting) 

Outcome  Key Question 1a: school performance  

• Measures of school participation such as enrollment, attendance, tardiness, 
absenteeism, visits to the school nurse’s office, disciplinary incidents, 
concentration, focus, completion of tasks or assignments, dropout rates, and 
grade repetition 

• Measures of learning achievement and cognitive development such as 
standardized test scores, grades, verbal fluency, memory reasoning, and 
intelligence 

Key Question 1b: weight-related outcomes 

• Anthropometric measures such as weight, height, weight change, size and 
growth indices, body composition indices, percent body fat, body mass index 

• Incidence and prevalence of healthy weight, overweight, obesity (BMI-for-age 
percentile or z-score) 

Key Question 1c: health 

• Physiological effects of breakfast consumption, including perceived hunger, 
satiety, and thirst; GI hormones, blood glucose, blood lipids, resting energy 
expenditure, and macronutrient oxidation in a fasted vs. fed state 

• Longitudinal cardiometabolic health outcomes, including metabolic syndrome; 
type 2 diabetes; blood pressure; blood lipids, glucose, and insulin; fitness 

• Longitudinal mental health outcomes including mood, happiness, stress, anxiety, 
and depression 

 

 
a Short-term effects of breakfast, which must be assessed using a cross-sectional design, relevant for school performance and health 
outcomes only 
b Relevant for weight and health outcomes only 
c United Nations Development Programme. Human Development Indices and Indicators, 2016 Statistical Update. New York, 2016.  
 

Table 2. Inclusion and exclusion criteria for Key Question 2: What best practices exist in the U.S. School 
Breakfast Program, including models of student costs and breakfast delivery? 

Category Inclusion Criteria Exclusion Criteria 

Publication 
status 

Studies published in peer-reviewed journals (including accepted pre-
publication manuscripts) 

Grey literature, including 
unpublished data, manuscripts, 
reports, abstracts, conference 
proceedings 
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Date range January 2005-August 2021 Before 2005 

Publication 
language 

English Languages other than English 

Study design 
 

Randomized controlled trials 

Non-randomized controlled trials (including quasi-experimental studies) 

Prospective and retrospective cohort studies  

Cross-sectional studies  

Uncontrolled pre-post-studies 

Systematic reviews, reports from 
government, clearinghouses, and 
other authoritative organizations 

 

Study setting U.S. only  

Age of study 
participants  

 

School-aged children and adolescents in grades K through 12, ages 5-18 
years  

 

Infants/children younger than 5 
years of age 

Adults ages 19 years and older 

Intervention/ 
exposure 

U.S. SBP models of student costs and breakfast delivery, for example:  
• Breakfast location (classrooms vs. cafeteria vs. grab-and-go/hallway) 
• Breakfast timing (before vs. after school begins) 
• Duration of breakfast period 
• Student costs (universal-free vs. eligibility-based pricing) 

 

Comparator Variations in SBP models of student costs and breakfast delivery (breakfast 
locations, timing, duration, or student pricing) 

 

Outcome  • SBP participation 

• Diet quality 

• Breakfast skipping 

• Student/teacher satisfaction with SBP 

• School performance/school participation (attendance, absenteeism, 
tardiness, visits to the school nurse’s office, disciplinary incidents, 
concentration, focus, completion of tasks or assignments, dropout rates, 
and retention), learning achievement (e.g., standardized test scores, 
grades), cognitive development (e.g., verbal fluency, memory reasoning, 
and intelligence) 

• Weight-related outcomes 

• Health outcomes 

 

 

Search for and select studies 
The NESR librarians conducted literature searches in PubMed, Cochrane CENTRAL, Web of Science, and 
CINAHL Plus with Full Text to identify studies that examined (1) breakfast consumption in school-aged children 
and adolescents and (2) SBP best practices. The full search strategies are described in Table 3, Table 4, 
Table 5, and Table 6. An initial search was in June 2018 and an updated search was run in August 2021.  

NESR analysts screened the electronic database search results, after the removal of duplicate records, using 
systematic review software (DistillerSR, Evidence Partners Inc., Ottawa, Ontario, Canada). To streamline 
NESR’s systematic review methods for this rapid review, the search results were not fully dual-screened. 
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Instead, for the initial search results, a second analyst dual screened 10-20% percent of the full-text articles. 
For the updated search results, all articles were dual screened. A third analyst adjudicated disagreements. 

A second element of the streamlined approach was that a manual search of the reference lists of included 
articles was not conducted.  

Table 3. Literature search conducted June 25, 2018 and August 31, 2021 in the database PubMed (provider: U.S. 
National Library of Medicine) with a search date range of January 2005 through August 2021  

Concept Set #  Syntax 

Breakfast 

 

1 "Breakfast"[Mesh] OR breakfast* OR morning meal*  

 2 (morning AND (meal* OR foods OR "Food and Beverages"[Mesh] OR "Food Services"[Mesh] OR snack* OR 
beverage* OR appetite OR hunger OR "diet"[tiab] OR "diet"[Mesh] OR dietary[tiab] OR "Diet, Food, and 
Nutrition"[Mesh] OR "Feeding Behavior"[Mesh] OR "nutrition"[tiab] OR eat* OR "eating habits" OR 
carbohydrate* OR cereal* OR "Edible Grain"[Mesh] OR fruit* OR "milk"[Mesh] OR "milk"[tiab] OR egg* OR 
meat* OR "protein"[tiab] OR "Proteins"[Majr] OR ready-to-eat OR "sugar"[tiab] OR "Sugars"[Mesh] OR 
"caloric intake" OR "Energy Intake"[Mesh])))   

 3 #1 OR #2 

Child 
(ages 5-18 y) 

4 (child*[tiab] OR "child"[MeSH] OR adolescen* OR "Adolescent"[Mesh] OR youth* OR "young people" OR 
schoolchild* OR teen* OR kids OR student* OR "high school" OR "middle school" OR "elementary school" 
OR k-12 OR "Child Nutrition Disorders"[Mesh] OR "Adolescent Nutritional Physiological Phenomena"[MAJR] 
OR "Child Nutritional Physiological Phenomena"[MAJR]) 

Limits 5 NOT (Animal* [mh] NOT (Animal* [mh] AND Human* [mh])) 

NOT (("Review"[Publication Type] OR "systematic review"[tiab] OR "meta-analysis"[Publication Type] OR 
"meta synthesis"[tiab] OR "rapid review"[tiab] OR "editorial"[Publication Type] OR "comment"[Publication 
Type] OR "news"[Publication Type] OR "letter"[Publication Type] OR "Congresses"[Publication Type] OR 
"Clinical Conference"[Publication Type]) 

AND ("2005/01/01"[PDAT] : "2018/12/31"[PDAT]  

AND English[LANG])) 

Breakfast 
AND Child 
AND Limits 

6 #3 AND #4 AND #5 

 

Table 4. Literature search conducted June 25, 2018 and August 31, 2021 in the database Cochrane Central 
Register of Controlled Trials (Cochrane CENTRAL, provider: John Wiley & Sons) with a search date range of 
January 2005 through August 2021. 

Concept Set # Syntax 

Breakfast 1 Breakfast* OR morning meal*:ti,ab,kw   
(Word variations have been searched) 

 2 MeSH descriptor: [Breakfast] explode all trees 

 3 morning NEAR (meal* OR foods OR "Food and Beverages" OR "Food Services" OR snack* OR beverage* 
OR appetite OR hunger OR diet OR dietary OR "Diet, Food, and Nutrition" OR eat* OR "eating habits" OR 
"Feeding Behavior" OR nutrition OR carbohydrate* OR cereal OR "edible grain" OR fruit* OR milk OR egg* 
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OR meat* OR protein* OR ready-to-eat OR sugar OR "caloric intake" OR "energy intake"):ti,ab,kw  (Word 
variations have been searched) 

 4 #1 OR #2 OR #3 

Child 

(ages 5-18 y) 

5 [mh Child] OR [mh Adolescent] OR [mh ^"Adolescent Nutritional Physiological Phenomena"] OR [mh 
^"Child Nutritional Physiological Phenomena"] 

 6 child* OR adolescen* OR youth* OR "young people" OR schoolchild* OR teen* OR kids OR student* OR 
high school* OR middle school* OR elementary school* OR k-12 

 7 ((child* or adolescen* or youth*or "young people" or teen* or kids* or student* or pre-school or preschool) 
NEAR (school* or school-based or education or k-12)) 

 8 #5 OR #6 OR #7 

Breakfast 
AND Child 

9 #4 and #8  
(Word variations have been searched) 

Limits 10 Dates: Publication Year from 2005 to June 2018  
Content Type: Trials 

 

Table 5. Literature search conducted June 25, 2018 and August 31, 2021 in the database Web of Science Core 
(provider: Clarivate) with a search date range of January 2005 through August 2021. 

Concept Set # Syntax 

Breakfast 1 ts= (breakfast* OR morning meal*)   

 2 ts= (morning NEAR/4 (meal* OR foods OR "Food and Beverages" OR "Food Services" OR snack* OR 
beverage* OR appetite OR hunger OR diet OR dietary OR "Diet, Food, and Nutrition" OR eat* OR 
"eating habits" OR "Feeding Behavior" OR nutrition OR carbohydrate* OR cereal OR "edible grain" OR 
fruit* OR milk OR egg* OR meat* OR protein* OR ready-to-eat OR sugar OR "caloric intake" OR 
"energy intake")) 

 3 #1 OR #2  

Child 

(ages 5-18 y) 

4 
 
ts=(child* OR adolescen* OR youth* OR "young people" OR schoolchild* OR teen* OR kids OR 
student* OR "high school" OR "middle school" OR "elementary school" OR k-12 OR "Child Nutrition 
Disorders" OR "Adolescent Nutritional Physiological Phenomena" OR "Child Nutritional Physiological 
Phenomena")  

 

 5 ts=((school* or k-12 or education) NEAR/3 (child* or adolescen* or kids* or student* or pre-school or 
preschool or "young people" or youth) 

 6 #4 OR #5   

Breakfast 
AND Child 

7 #3 AND #6  

Limits 8 Dates: Timespan 2005-2018 
Document Types: (Article OR Early Access)  

Language: English 

Refined by: [excluding] Document Types: (Proceedings paper or book chapter)  
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Table 6. Literature search conducted June 25, 2018 and August 31, 2021 in the database Cumulative Index to 
Nursing and Allied Health Literature Plus (CINAHL Plus, provider: EBSCOhost) with a search date range of 
January 2005 through August 2021. 

Concept Set # Syntax 

Breakfast 1 (MM "Breakfast") OR breakfast* OR morning meal*   

 2 (morning) N4 (meal* OR foods OR (MH "Food and Beverages+") OR (MH "Food Services+") OR snack* OR 
beverage* OR appetite OR hunger OR diet OR dietary OR (MH "Nutrition+") OR eat* OR "eating habits" OR 
(MH "Eating Behavior+") OR nutrition OR carbohydrate* OR cereal OR "edible grain" OR fruit* OR milk OR 
egg* OR meat* OR protein* OR ready-to-eat OR sugar OR "caloric intake" OR "energy intake") 

 3 #1 OR #2 

Child 
(ages 5-18 y) 

4 (child* OR adolescen* OR youth* OR "young people" OR schoolchild* OR teen* OR kids OR student* OR "high 
school" OR "middle school" OR "elementary school" OR k-12)  

 5 (MM "Adolescent Nutrition") OR (MM "Child Nutrition") OR (MM "Child Nutrition Disorders") 

 6 #4 OR #5 

Breakfast 
AND Child 

7 #3 AND 6 

Limits  8 Dates: 2005-2018 

Document Type: Peer Reviewed 

English: Language 

Exclude MEDLINE records; Publication Type: meta-analysis, systematic review 

 

Extract data and assess the risk of bias 
A single NESR analyst independently extracted data and completed the appropriate risk of bias tool for each 
included study. The data extraction items were chosen a priori and were related to the study characteristics, 
participant characteristics, intervention(s), comparator(s), outcome(s), and results. A second NESR analyst 
reviewed the extracted data to verify accuracy and completeness.  

The revised Cochrane Risk-of-Bias 2.0 (RoB 2.0) tool was used to assess risk of bias for randomized 
controlled trials (RCTs). The most recent versions of RoB 2.0 at the time of review were used according to 
study design: the 2019 version of RoB 2.0 was used for individually randomized trials,a whereas the 2016 
version of RoB 2.0 was used for cluster-RCTsa and the ROBINS-I tool was used for non-randomized studies.b 

 
a Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS, Boutron I, Cates CJ, Cheng H-Y, Corbett MS, Eldridge SM, Hernán MA, 
Hopewell S, Hróbjartsson A, Junqueira DR, Jüni P, Kirkham JJ, Lasserson T, Li T, McAleenan A, Reeves BC, Shepperd S, Shrier I, 
Stewart LA, Tilling K, White IR, Whiting PF, Higgins JPT. RoB 2: a revised tool for assessing risk of bias in randomised trials. BMJ 
2019; 366: l4898. https://doi.org/10.1136/bmj.l4898. 
a Higgins JPT, Sterne JAC, Savović J, Page MJ, Hróbjartsson A, Boutron I, Reeves B, Eldridge S. A revised tool for assessing risk of 
bias in randomized trials In: Chandler J, McKenzie J, Boutron I, Welch V (editors). Cochrane Methods. Cochrane Database of 
Systematic Reviews 2016, Issue 10 (Suppl 1). https://doi.org/10.1002/14651858.CD201601. 
b Sterne JAC, Hernán MA, Reeves BC, Savović J, Berkman ND, Viswanathan M, Henry D, Altman DG, Ansari MT, Boutron I, Carpenter 
JR, Chan AW, Churchill R, Deeks JJ, Hróbjartsson A, Kirkham J, Jüni P, Loke YK, Pigott TD, Ramsay CR, Regidor D, Rothstein HR, 
Sandhu L, Santaguida PL, Schünemann HJ, Shea B, Shrier I, Tugwell P, Turner L, Valentine JC, Waddington H, Waters E, Wells GA, 
Whiting PF, Higgins JPT. ROBINS-I: a tool for assessing risk of bias in non-randomized studies of interventions. BMJ 2016; 355; i4919. 
https://doi.org/10.1136/bmj.i4919. 
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The NESR Risk of Bias for Nutrition Observational Studies tool (RoB-NObs) was used to assess risk of bias for 
observational studies.a  

Synthesize the evidence 
NESR analysts qualitatively compared, contrasted, combined, and evaluated the body of evidence available to 
answer the rapid review questions. The qualitative synthesis of evidence, which is accompanied by summary 
data tables and a description of the body of evidence, identifies and explains similarities and differences 
between studies and determines whether certain factors impact the relationships being examined. 

Develop summary statements 
After the body of evidence was described and synthesized, the NESR analyst considered the strengths and 
limitations of the body of evidence, and then developed summary statements answering the rapid review 
questions. The summary statements reflected general agreement or disagreement among the studies, and 
highlighted the populations, interventions or exposures, comparators, and outcomes represented in the 
literature. Summary statements also indicate where evidence was insufficient or not available. 

Recommend future research 
Research gaps and methodological limitations identified throughout the rapid review process were used to 
develop research recommendations that describe the research and methodological advances needed to 
strengthen the body of evidence. Across the reviews, findings and research recommendations were compared 
with findings and research recommendations described in an exiting narrative reviewb to assess progress over 
the past decade. 

Peer-review 
Three government content experts reviewed the initial report, prior to the update. One Federal government 
content expert reviewed the final report for clarity.  

Protocol amendments 
Amendments made to the rapid review protocol are documented in Table 7. 

Table 7. Protocol amendments 

Date Protocol change Description 

September 2021 Additional inclusion criterion for 
publication status:  

Include accepted pre-publication 
manuscripts. 

This protocol change was made during screening to include 
relevant peer-reviewed research that would be published. 

September 2021 Date range modified (from 2005 to June 
2018) to Jan 2005 through August 2021 

This protocol change was made to update the review before 
posting to the NESR website 

 
a Risk of Bias for Nutrition Observational Studies tool (RoBNObs) (Dietary Guidelines Advisory Committee. 2020. Scientific Report of 
the 2020 Dietary Guidelines Advisory Committee: Advisory Report to the Secretary of Agriculture and the Secretary of Health and 
Human Services. U.S. Department of Agriculture, Agricultural Research Service, Washington, DC. 
b Murphy, JM. Breakfast and learning: an updated review. Current Nutrition & Food Science. 2007; 3(1):3-36. 
https://doi.org/10.2174/1573401310703010003. 

https://doi.org/10.2174/1573401310703010003
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Results 
Literature search and screening results 
The combined literature search yielded 5,667 search results after the removal of duplicates (see Figure 3). 
Screening resulted in the exclusion of 5,405 titles and abstracts, and 174 full-text articles. Reasons for full-text 
exclusion are in Appendix 2. The body of evidence included 88 articles. Some articles included data for 
multiple key question 1 reviews. 

Figure 3. Literature search and screen flowchart 
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Key Question 1a: What is the relationship between eating breakfast and school 
performance? 
To facilitate meaningful synthesis this body of evidence is presented by outcome: 1) learning achievement and 
2) cognitive development. 

Description of the evidence – Learning achievement 

Study characteristics 
The evidence in this rapid review includes 2 randomized controlled trials (RCTs),1,2 one prospective cohort 
study,3 and one cross-sectional study4 (nested within a cluster RCT) that examined the relationship between 
eating breakfast and learning achievement. The search timeframe spanned 01/2005 to 08/2021. 

The search included articles from very high and high Human Development Indexa (HDI) countries. Two studies 
in this body of evidence were conducted in U.S.,1,4 and one each in U.K.3 and Singapore.2 Both U.S. based 
studies were funded by the government.1,4 While the U.K. study was co-funded by the government, and 
research councils and medical charities,3 the Singapore-based trial was funded by the university.2 

Sample characteristics 
• Sample size: The RCTs in this body of evidence had relatively small sample size (n=40,2 811) when 

compared to the cohort3 (n=1,216) and cross-sectional4 (n=162) studies.  

• Age range: Two studies enrolled children with a mean age <10 years.1,4 Littlecott et al.3 enrolled 
participants in the age range of 9 to 11 years, while Kawabata et al.2 primarily enrolled adolescents (14-19 
years).  

• Race/ethnicity: Except Ptomey et al.4 who noted that the majority of their participants were non-Hispanic 
whites, none of the other studies reported participant’s race/ethnicity.1-3  

• Socio-economic status (SES): Pivik et al.1 reported SES using four-factor index of social positions but did 
not explain the interpretation of this index. Littlecott et al. noted that ~22% of their participants were from 
low-income families that were eligible to receive free school meals.3 Ptomey et al.4 noted the percentage of 
participants with household income ≤$50,000 did not differ significantly between breakfast consumers 
(~37%) and non-consumers (~59%). Kawabata et al.2 did not report data on SES. 

• Health characteristics: Pivik et al.1 reported mean BMI percentiles of 66.5 and 67.2 among children 
randomized to fasting and feeding groups, respectively. Ptomey et al.4 noted that there was no significant 
difference in the BMI between breakfast consumers and non-consumers. While Kawabata et al. did not 
report participant’s BMI, they noted that none of their participants had clinically diagnosed learning or 
attention disorders.2 

Interventions/exposures  
• Both RCTs assessed acute effects of breakfast and provided a cereal-based breakfast (e.g., ready-to-eat 

cereal, sandwich) to the intervention group and included a ‘no breakfast’ comparator group.1,2  

• Littlecott et al.3 used a validated questionnaire to collect data on exposure to breakfast 16-18 months and 
4-6 months prior to outcome assessment. The exposure group were those who consumed breakfast on 

 
a United Nations Development Programme. Human Development Indices and Indicators, 2016 Statistical Update. New York, 2016. 
Available at: http://hdr.undp.org/sites/default/files/2016_human_development_report.pdf  

http://hdr.undp.org/sites/default/files/2016_human_development_report.pdf
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both days of assessment, whereas the comparator group included subjects that consumed breakfast <2 
days. Ptomey et al.4 asked participants to recall their breakfast consumption on the morning of the outcome 
assessment using USDA multiple pass method.  

Outcomes and results  
Studies assessed learning achievement, measured based on tests (e.g. WIAT-III, WRAT arithmetic) 
administered later in the day. All studies assessed math performance,1-4 and a few others considered 
additional aspects of learning achievement. For example, Kawabata et al. assessed oral word fluency,2 and 
Ptomey et al. assessed spelling, reading fluency and comprehension.4 Littlecott et al.3 assessed the 
association between breakfast consumption to scores on Key Stage 2 Statutory Assessment Tests, a 
mandatory test for all students in England and Wales for English, Math and Science. The results from each 
study are presented in Table 8 and discussed below.  

Randomized controlled trials 
Kawabata et al.2 showed that adolescents who consumed breakfast had greater improvements in their math 
computation time, but not math test scores, when compared to their fasted counterparts. Both groups received 
exercise as an intervention, in addition to breakfast or no breakfast (i.e., fasting). Pivik et al.1 showed no 
significant difference in arithmetic scores between breakfast and fasting groups. However, a significant within-
group difference in math performance was found in the breakfast group, with a significantly higher number of 
correct responses observed on a test administered after breakfast compared to before breakfast. This increase 
was not observed in the fasting group. In contrast, the fasting group showed a significant decrease in response 
time with prolonged fasting (p<0.05).  

Observational studies 
Littlecott et al.3 evaluated the association between breakfast intake and standardized scores. In this cohort 
study, habitual breakfast intake 16-18 months (baseline) and 4-6 months (follow-up) prior was associated with 
statutory assessment tests. This study included participants from lower SES (22%) and the analysis adjusted 
for appropriate confounders. The association with learning achievement was statistically significant regardless 
of whether habitual breakfast intake was assessed at baseline or follow-up; however, the associations were 
slightly stronger between follow-up (4-6 months) breakfast intake and learning achievement.  

In a cross-sectional study, Ptomey et al.4 showed a significant association between breakfast intake and math 
scores, spelling standard scores, and reading comprehension and fluency standard scores later that day, 
compared to no breakfast intake. Although the study presented cross-sectional analysis, this study was part of 
a cluster RCT designed to assess the differences in academic achievement between students in schools that 
were randomized to receive physically active lessons (i.e., two 10-min physically active academic lessons 
five days/week over the three-year intervention) and those in control schools that received traditional 
classroom instructions (Donnelly et al. 2013)a. The study used robust exposure assessment, using the USDA 
multiple pass method. To eliminate bias due to systematic differences, breakfast and non-breakfast groups 
were matched on age, sex, race, education level of both parents, household income, BMI, and cardiovascular 
fitness. The study included subjects from lower SES and was conducted in a school-based setting, thereby 
making findings more generalizable. 

 

 

 
a Donnelly JE, Greene JL, Gibson CA, et al. Physical activity and academic achievement across the curriculum (A + PAAC): rationale 
and design of a 3-year, cluster-randomized trial. BMC Public Health. 2013;13:307. https://doi.org/10.1186/1471-2458-13-307. 
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Description of the evidence – Cognitive development 

Study characteristics 
The evidence in this rapid review includes 12 RCTs,2,5-15 one NRCT,16 one prospective cohort studies,17 and 
three cross-sectional studies 18-20 that examined the relationship between eating breakfast and cognitive 
development. The search timeframe spanned 01/2005 to 08/2021. 

The search included articles from very high and high Human Development Indexa (HDI) countries. Three of the 
17 studies were conducted in the U.S.,9,10,12 one each in Chile,20 China,17 and Singapore.2 The remaining 
studies were conducted in Europe (8 studies in UK,5-8,14,16,18,19 two in Germany13,15 and one in Italy.11 

Sample characteristics 
• Sample size: The RCTs included in this rapid review had a sample size that ranged from 1011  to 845,15 

with a median sample size of ~60. The cross-sectional studies had wide variations in sample sizes with one 
study19 enrolling only 20 participants and the other studies enrolling 1,18120 and 1,38618 participants, each. 
The longitudinal cohort had 51117 participants, while the non-RCT16 included 213 participants. 

• Age range: Studies enrolled children and adolescents in the age range of 4 to 20 years, with five studies 
including participants with a mean age <10 years9-11,16,19 and eight studies including participants with mean 
age ≥10 years.2,5-8,13,14,20 Mahoney et al. enrolled two groups of participants (6 to 8 years and 9 to 11 years) 
and conducted a separate analysis for each of the age group.12 Wesnes et al.18 enrolled participants in the 
age range of 6 to 16 years with mean ages between 10 to 11 years. Liu et al.17 assessed breakfast intake 
at 6 years and assessed cognitive outcomes at 12 years. Zipp et al.15 noted that the participants were 8 to 
18 years of age. 

• Race/ethnicity: Among four studies that reported race/ethnicity, Adolphus et al.14 noted that the majority of 
their participants were non-Hispanic whites; Kral et al.10 noted that 76.2% of the subjects were African 
Americans; and Iovino et al.9 reported that 31.3% and 37.5% of the study participants were African 
American and Hispanic, respectively. The remaining studies did not report race/ethnicity.2,5-8,11-13,15-20 

• Socio-economic status (SES):  

o Among the intervention studies that reported SES, Mahoney et al.12 and Smith16 noted that their 
participants belonged to the middle-class, while Defeyter and Russo7 reported that all of their 
participants were from the lower middle-class. In a trial conducted in the U.S.,9 about 50% of the 
participants had a household income <$50,000 and more than half of their participants (54.7%) 
were eligible for free lunch at school. More than 2/3rd of the participants in a trial by Adolphus et al. 
were eligible for free school meals.14 Zipp et al.15 mentioned that the participants in the trial were 
from lowest, medium, and higher SES, but did not provide additional details. The remaining trials 
did not report data on SES.2,5,6,8,10,11,13  

o The cohort study reported that most of the study participants were from households with parents 
employed as professionals or labor workers.17 The cross-sectional studies did not report 
participants’ SES.18-20   

• Health characteristics: 

o Average Body Mass Index (BMI) of the participants in most studies was in the normal range. 

 
a United Nations Development Programme. Human Development Indices and Indicators, 2016 Statistical Update. New York, 2016. 
Available at: http://hdr.undp.org/sites/default/files/2016_human_development_report.pdf  

http://hdr.undp.org/sites/default/files/2016_human_development_report.pdf
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o Adolphus et al.14 reported that there were no significant differences in BMI between the 
breakfast and no breakfast groups. A few studies reported BMI z-scores, which ranged 
between 0.2510 and 0.64.6  

o Kral et al.10 noted that a third of their participants were overweight (BMI-for-age between 
85th and 94th percentile). Two studies excluded subjects with BMI >95th percentile.9,10  

o On the other hand, Maffeis et al.11 exclusively enrolled participants with obesity, resulting in 
a median BMI of 26.2 kg/m2 and BMI z-score of 2.2. However, children did not have other 
overt conditions. Similarly, Peña-Jorquera et al.20 noted that more than half of their 
participants were overweight or obese.  

o Fulford and Zipp et al.8,15 did not report children’s BMI. Similarly, the cohort and two cross-
sectional studies did not report children’s BMI.17-19  

o Some studies excluded participants with neurological, developmental or learning disabilities9,10,12 or 
explicitly mentioned that their participants did not have clinically diagnosed learning or attention 
disorders.2 

Interventions/exposures  
o RCTs in this body of evidence assessed acute effects of breakfast on different cognitive outcomes. 

All RCTs provided a cereal-based breakfast (e.g., ready-to-eat cereal, bread) to the intervention 
group and included a ‘no breakfast’ comparator group.2,5-15   

o The NRCT assessed the association between breakfast consumption and parent’s perception of 
alertness and cognitive function. At the beginning of the study, each child was invited to try the 
cereals, and was assigned to the cereal group of their choice. The non-breakfast consumers, who 
normally did not eat breakfast, formed the comparator group.16   

o The cross-sectional studies18-20 assessed the correlation between self-reported breakfast 
consumption and cognitive outcomes on the same day. Peña-Jorquera et al.20 asked participants to 
recall their breakfast consumption on the morning of the outcome assessment. Wesnes et al.18 also 
asked participants to recall habitual breakfast intake as well as breakfast consumption for that 
morning; but this was not using a validated tool. Benton and Jarvis19 assessed breakfast 
consumption over the previous four days. In terms of the comparator, Benton and Jarvis19 stratified 
breakfast caloric content for the past four days and used the group that consumed <150 kcal as 
their comparator; whereas, the other three studies used a ‘no breakfast’ comparison group. 

o In the cohort study,17 breakfast consumption at 6 years of age was stratified into two groups – 
breakfast consumed at least 4 days per week (exposure group) and 3 days or less (comparator 
group).   

Outcomes and results 
Neurocognitive developmental domains included the following: cognitive development (including intelligence 
quotient (IQ) assessment), language and communication development (including verbal IQ), movement and 
physical development and socio-emotional and behavioral development. Overall, there were more than 50 
different tests used in 20 studies to assess four neurocognitive developmental domains. It is acknowledged 
that cognitive tests sometimes span across different domains and are not mutually exclusive. However, for the 
purposes of this review, each test is assigned to a domain based on the author’s intent as stated in the article. 
When the domains were not specified by the author, it was assigned based on further review of the literature.  
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Nine of the 12 trials2,5-7,11-15 reported at least one statistically significant finding that breakfast consumption had 
a beneficial effect on cognitive development in children, but all 12 articles reported at least one non-significant 
result (p>0.05).2,5-15 Evidence from one NRCT,16 one cohort17 and three cross-sectional studies,18-20 showed 
that breakfast consumption was associated with at least some aspects of cognitive outcomes. The results from 
the individual studies are presented in Table 11 and discussed below.  

Randomized controlled trials  
Adolphus et al.14 assessed acute effects of breakfast vs. fasting using a CANTAB test battery which included 
Simple Reaction Time, 5-Choice Reaction Time, Rapid Visual Information Processing (RVIP), and Paired 
Associates Learning (PAL). PAL test was significantly different between breakfast and fasting groups when 
baseline reached level 2, but it was not significant for levels 3 or 4. There was also baseline by intervention 
interaction for total errors made on the PAL test. There was a positive effect of breakfast on some aspects of 
reaction time and visual-sustained attention.  

Cooper et al.6 assessed attention using the Flanker test and Stroop test and assessed working memory using 
Sternberg Paradigm. While there were no significant differences between breakfast (both high and low 
glycemic index (GI)) and fasting groups in terms of response time and accuracy for Flanker test, there was a 
trial*session time interaction for response time and accuracy for low GI breakfast vs. fasting groups. In Stroop 
test, the low GI group had better accuracy and quicker response compared to the fasting group; however, 
there was no statistically significant difference between high GI vs. fasting groups. The response time was 
better for both high and low GI breakfast, compared to fasting; however, accuracy was better only in the low GI 
group and not high GI group, when compared to fasting.  

In another trial, Cooper et al.5 used visual search test, in addition to Stroop test, Strenberg Paradigm. The 
authors concluded that the breakfast group had a greater accuracy in visual search test (in complex level), but 
there were no main effects of breakfast on response time and accuracy. Similarly, there was no main effect of 
breakfast on Stroop test and Sternberg Paradigm’s response time. However, certain aspects of both tests 
showed statistically significant effects (e.g., trial*session*memory load interaction for Sternberg Paradigm).  

Defeyter and Russo7 assessed attention using choice reaction time, serial subtraction and rapid visual 
information processing. The main effects for none of these tests were statistically significant. However, 
breakfast*time interaction was statistically significant only for serial subtraction, but not for other tests.  

Kawabata et al.2 assessed attention using Stroop color-word test and Go/No-Go task, and assessed working 
memory task using Digit Span. There was no significant difference in accuracy and reaction times between the 
breakfast and fasting groups at ~120 minutes for Stroop test and Digit Span. For the Go/No-Go task, the 
reaction time improved for the breakfast group, but this finding reversed from the middle to the end of the 
morning (p=0.02).   

Maffeis et al.11 measured attention using Continuous Performance Test II and noted that attention was reduced 
in children that skipped breakfast. Mahoney et al.12 assessed visual attention and found no main effect in the 
breakfast group, compared to fasting in children 9-11 years. There was no main effect for breakfast type for 
hits or misses and task duration for auditory attention. However, the study showed an interaction between 
breakfast type and task duration, suggesting that they made fewer false alarms when the participants had 
breakfast. Auditory attention (hits and miss rates) was significantly different between breakfast and no 
breakfast groups for 6–8-year-olds, although false alarms and reaction times were not.  

Widenhorn-Müller et al.13 assessed sustained attention and noted that there were no main effects on the total 
number of items processed, concentration performance or number of errors. However, the authors reported 
that there was breakfast by group interaction for total number of items processed and concentration 
performance. Zipp et al.15 assessed working memory capacity based on KAI General intelligence test and 
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noted that the breakfast group had significantly different working memory capacity, when compared to the 
group without breakfast. Specifically, this was significant when children did not have breakfast at home. 

In addition to the above, three RCTs found no effect of breakfast on any of their tests (decision-making task,8 
identification task,10 detection task,10 digit span forward,9 CPI-II omissions total score,9 WRAML2 processing 
speed index, 9 WISC-IV coding9 and WISC-IV symbol search9).  

Non-randomized controlled trials and observational studies 
In the longitudinal study,17 breakfast consumption at 6 years of age was significantly associated with better 
verbal IQ and full IQ, but not performance IQ. The NRCT16 concluded that breakfast consumption was 
associated with perception of greater alertness and less cognitive difficulties. Benton et al.19 noted that those 
who ate breakfast (<150 kcal) were more likely to be distracted and spend significantly less time on task than 
children who ate a larger meal (>150 kcal). Wesnes et al.18 reported that participants who had breakfast were 
faster on the power of attention factor score, showed lower response speed variability, detected more targets 
and made fewer false alarms in digit vigilance task. However, there was no significant difference on choice 
reaction time. Peña-Jorquera et al.20 reported that adolescents who ate breakfast before a cognitive test 
performed significantly better than those who did not.      

Funding sources for breakfast and learning achievement and cognitive development  
• Two studies were funded by the government17,20 and one funded by the university2 
• Three studies were co-funded by the government and industry9,11  
• Five studies were funded by industry or private entities7,10,14,16,18  
• Two studies were funded by industry, but the component of the study that was funded by industry was 

not included in this rapid review8,19  
• Five studies had either no funding6 or unknown funding sources.5,12,13,15 One of the co-authors in 

Mahoney et al.12 was affiliated with industry 
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Key Question 1b: What is the relationship between eating breakfast and weight-related 
outcomes? 
Thirty-eight studies, including one randomized controlled trial (RCT) and 37 prospective cohort studies (PCS) 
examined the association between breakfast intake during childhood or adolescence and weight-related 
outcomes.21-58  

To facilitate meaningful synthesis and conclusion development, this body of evidence is presented by age at 
baseline: childhood, early adolescence, or later adolescence. A small number of studies enrolled participants 
across these age periods. In these cases, the study is synthesized with the age group represented by the 
majority of participants, and the full age range is noted for each.  

Description of the evidence - Breakfast in childhood and weight-related outcomes 

Study characteristics 
Sixteen PCS from eleven independent cohorts first measured breakfast intake in childhood (5-9 years).21-24,30,35-

37,43,45,47,49,52,54-56 

Seven of these studies originated from five independent US cohorts,21-24,30,45 three from one cohort in 
Germany,36,37,56 two from a single cohort in Hong Kong,54,55 and one each from Australia,43 China,49 Japan,47 
and the UK.30 Analytic sample sizes varied widely across studies, ranging from 16143 to 68,606.54,55 

Participant characteristics 
Roughly half the studies enrolled children at ages 5-7 years,24,30,35-37,43,45,47,56 and the remaining studies enrolled 
older children age 9-10 years.21-23,49,52,54,55  

Of the eight studies that reported on race/ethnicity, roughly half enrolled a diverse sample, while the remaining 
studies enrolled predominantly white participants.  

• The NHLBI Growth and Health Study (NGHS) cohort produced three studies in this body of evidence 
and enrolled roughly 50% white and 50% black participants who were all female.21-23  

• Another study enrolled 48% Latino participants (Carlson) 

• The remaining studies that reported race/ethnicity data enrolled more than two thirds white 
participants.30,35,45,52  

The SES of participants in these study samples varied greatly, as did the indices used to define SES. Many 
studies enrolled a substantial portion of lower SES participants, evidenced by three US studies with 65% of 
participants reporting family income <$40,00021-23 and another reporting 40% of the sample had an annual 
income <$50,000.52 In others, 29% of participants were eligible for free school lunch,45 and 32% of participants 
were considered low income (Germany: ≤ €1750/month56). One final study reported >80% of parents had less 
than thirteen years of education.49 

Most studies reported either BMI or combined prevalence of overweight and obesity at baseline. Average BMI 
ranged from 16.0 kg/m2 37 to 18.6 kg/m2,22 while prevalence of overweight/obesity at baseline ranged from 4%52 
to 35%.24 

Exposures 
Twelve of the sixteen studies measured overall breakfast intake in childhood, while the remaining four studies 
looked at breakfast consumed at home with family,24,43,45 at school,45 or away from home.55 Six of the sixteen 
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studies measured breakfast intake at multiple time points,21-23,30,47,52 while the remainder of studies measured it 
at baseline only. 

Intake was parent reported for most of the younger cohorts, though the longer-term studies often transitioned 
to child report as the participant got older. The assessment tool varied widely across studies but most often 
consisted of a global measure of breakfast intake frequency that either remained continuous or dichotomized 
responses into ‘often/always’ representing habitual breakfast eating and ‘rarely/never’ representing breakfast 
skipping.  

• Single item assessing habitual intake, typically over the past week or month 24,30,35-37,43,45,47,49,54-56 

• 3-day food recalls21-23 

• 7-day dietary records measuring energy intake (EI) from 6:00-10:59AM as a percentage of total energy 
intake (TEI) across the day 

Outcomes and results 
Twelve of the studies in this body of evidence measured BMI or BMI z-scores as their outcome of interest, 
though a small number of studies looked at waist-to-height ratio,37,56 prevalence of overweight and obesity,43,47 
or abdominal obesity36 instead of or in addition to BMI. Outcome data were collected by trained researchers in 
all but one study where parent report was used.47 The results described here are presented in Table 15, 
described below, and synthesized in the discussion section Evidence synthesis: Breakfast intake during 
childhood and weight-related outcomes. 

Nine studies examined the association between overall breakfast intake and BMI or risk of overweight and 
obesity: 

• Three studies from the same all-female, racially diverse, lower SES cohort (NHLBI Growth and Health 
Study)21-23 found mixed results. Affenito et al.21 and Barton et al.23 found no association between 
average breakfast intake across repeat assessments from age 9-18 years and BMI, BMIZ, or risk of 
overweight (BMI ≥85th percentile) over the same follow-up period. Albertson et al.22 stratified 
participants by baseline BMI percentile and found those at or above the 95th percentile at baseline with 
a higher average breakfast consumption across time showed significantly greater reduction in BMI at 
follow up nine years later.  

• Gingras et al.30 found eating breakfast daily throughout childhood (age 4-11 years) compared to 
breakfast ≤6 days per week was related to lower BMIZ at age 13 years in both male and female 
participants. 

• Another study found habitual breakfast skipping in early childhood (5 years) was associated with 
increased odds of BMI instability over time. Specifically, those reported to regularly skip breakfast were 
more likely to have a significantly increasing or decreasing BMI across eight years of follow up.35  

• Okada et al.47 examined annual prevalence of overweight or obesity across five years of follow up (age 
7-12 years) and found breakfast skipping at each age (defined as skipping ‘usually’ or ‘sometimes’) was 
associated with significantly greater odds of having overweight or obesity the subsequent year of follow 
up. For instance, breakfast skipping at age 7 years was associated with greater odds of overweight or 
obesity at age 8, 9, 10, 11, and 12 years. In parallel, breakfast skipping at age 9 years related to 
greater odds of overweight or obesity at age 10, 11, and 12 years, etc. 

• Shang et al.49 showed breakfast intake in childhood (mean age: 9 years, range 6-13 years) was not 
related to change in BMIZ, waist circumference, or percent fat mass across one year of follow up. 
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• Thompson et al.52 assessed energy intake in the morning hours (6:00-10:59am) as a percentage of 
daily TEI at both baseline and at least one other time point 2-10 years later. They found no association 
between morning energy intake and change in BMIZ across the follow-up period (mean follow-up 
length: 6y, Range: 2-10 years). 

• A final study examined change in BMI over two years and found habitual breakfast skipping at baseline 
(age 9-10 years) related to significantly greater increase in BMI across the next two years compared to 
those who did not skip breakfast at baseline.54 

Three studies examined the association between breakfast intake at home with family and BMI: 

• Carlson et al.24 measured frequency of eating breakfast with family at age 6-7 years and found 
increased frequency was associated with decreased BMIZ over two years of follow up. 

• MacFarlane et al.43 found consuming breakfast at home daily compared to less than daily in early 
childhood (5-6 years) was not related to BMIZ or risk of overweight or obesity at three-year follow up. 

• A third study found increased frequency of eating breakfast with family at 6 years was associated with a 
slower rate of BMI growth across a five-year follow up.45 

Two studies examined the association between breakfast intake at school or away from home and BMI: 

• The same study that found increased frequency of eating breakfast with family at 6 years was 
associated with a slower rate of BMI change found the opposite for frequency of school breakfast. 
Increased school breakfast consumption at 6 years related to a faster rate of BMI change across a five-
year follow up period.45 

• Tin et al.55 found that habitual eating breakfast away from home or skipping breakfast were both related 
to a significantly greater increase in BMI over two years compared to participants who ate breakfast at 
home. 

Three studies examined the association between overall breakfast intake and abdominal obesity or waist-to-
height ratio: 

• Three studies from the same cohort found habitually skipping versus eating breakfast at 7 years was 
associated with higher waist-to-height ratio at one-year follow up,37 greater change in waist-to-height 
ratio across that time56 and greater incidence of abdominal obesity at one-year follow up.36  

Description of the evidence - Breakfast in early adolescence and weight-related outcomes 

Study characteristics 
Ten PCS from 10 independent cohorts first measured breakfast intake in early adolescence (~10-12 
years).25,26,29,31,32,34,43,50,51,57 

All ten studies in early adolescence represent independent cohorts, and they originated from the US,26,51,57 the 
UK,29,31 Australia,43,50 Belgium,32 and Brazil.25,34 Analytic sample sizes varied widely across studies, ranging 
from 8625 to 6,220.26 

Participant characteristics 
Studies in early adolescence enrolled primarily 10- and 11-year-old participants, though three studies enrolled 
participants across a broader range of ages, including 10-16 years,34 9-13 years,51 and 9-15 years.50 The 
majority of participants in those studies fell in the early adolescent age group, so they are synthesized with this 
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body of evidence. Data on race/ethnicity and SES were rarely reported, but three of the four that did report 
these data enrolled diverse samples,31,51,57 while the third enrolled predominantly white participants.26 

Most studies reported either BMI or combined prevalence of overweight and obesity at baseline. Average BMI 
ranged from 22.1 kg/m2 25 to 24.7 kg/m2,31 while prevalence of overweight/obesity at baseline varied 
substantially across studies, ranging from 9%50 to 42%.34 

Exposures 
Seven of ten studies in the early adolescent body of evidence assessed overall breakfast intake.25,29,31,32,34,50,57 
Two of those studies also measured breakfast consumption by location (e.g., home, school).34,57 One 
additional study measured both home and school breakfast intake,51 while the remaining two studies measured 
only breakfast at home.26,43 Only three of the ten studies measured breakfast intake at multiple time 
points.32,34,50  

Participants reported breakfast intake by answering either one or two questions in all studies. The assessment 
tool varied widely across studies but most often consisted of a global measure of breakfast intake frequency 
that either remained continuous or dichotomized responses into ‘often/always’ representing habitual breakfast 
eating and ‘rarely/never’ representing breakfast skipping.  

Outcomes and results 
Six studies in this body of evidence measured BMI or BMI z-score as their primary outcome of interest. Two 
studies measured odds of overweight/obesity, and two studies measured trunk and whole-body fatness. These 
outcomes were measured by training research personnel in all but one study where self-report data were 
used.32 The results described here are presented in Table 17, discussed below, and synthesized in the 
discussion section Evidence synthesis: Breakfast intake during early adolescence and weight-related 
outcomes. 

Breakfast intake and BMI or risk of overweight and obesity 

• Elgar et al.29 found no association between frequency of breakfast intake at baseline (age 11-14 years) 
and BMI at four-year follow up.   

• A second study reported less than daily breakfast intake at 11-13 years related to higher BMI at 10-year 
follow up compared to daily intake.31   

• Haerens et al.32 found greater frequency of breakfast intake at age 10 years was associated with lower 
BMIZ across four years of follow up. Change in breakfast intake across those four years was not 
associated with BMIZ across the same period. 

• Hassan et al.34 found breakfast frequency at baseline (10-16 years) categorized as ‘none’, 
‘intermediate’, or ‘regular’ was not related to BMIZ trajectory across three years of follow up. 
Persistence in breakfast habits between baseline and 3-year follow up was also not related to BMIZ 
trajectory across the same period. 

• An additional study found breakfast skipping compared to daily breakfast intake at 10-12 years did not 
relate to BMIZ at 3-year follow up but did relate to risk of overweight/obesity. Breakfast skipping was 
significantly related to increased odds of overweight or obesity at follow up.43 

• Smith et al.50 found breakfast skipping in 9- to 15-year-olds was related to significantly higher BMI at 
21-year follow up. 

Breakfast intake at home with family and BMI or risk of overweight and obesity 
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• Chang and Gable26 found frequency of breakfast at home with family at baseline (5th grade) was not 
associated with change in weight status over three years of follow up.  

• Hassan et al.34 found frequency of breakfast with family at baseline (10-16 years) categorized as ‘none’, 
‘intermediate’, or ‘regular’ was not related to BMIZ trajectory across three years of follow up. 
Persistence in breakfast with family habits between baseline and 3-year follow up was also not related 
to BMIZ trajectory across the same period. 

• Wang et al.57 examined breakfast intake across contexts at baseline (5th grade), including home and 
school, as well as participants who ate breakfast at both locations (double breakfast eaters). They 
found that relative to double breakfast eaters, those who skipped breakfast, inconsistently ate breakfast 
at school or home, or regularly at breakfast at home were all significantly more likely to be overweight 
or have obesity across a two-year follow up. 

Breakfast intake at school and risk of overweight and obesity 

• Sudharsanan et al.51 looked specifically at school breakfast consumption at baseline (5th grade) and 
found no difference in obesity prevalence or change in obesity status by 8th grade between participants 
who had no school breakfast versus any. The same absence of association was found for family 
breakfast frequency at baseline. 

• Wang et al.57 examined breakfast intake across contexts, including home and school, as well as 
participants who ate breakfast at both locations (double breakfast eaters). They found that relative to 
double breakfast eaters, those who skipped breakfast, inconsistently ate breakfast at school or home, 
or regularly at breakfast at home were all significantly more likely to be overweight or have obesity 
across a two-year follow up. 

Breakfast intake and trunk or whole-body fatness 

• Cayres et al.25 found a higher average frequency of breakfast intake across baseline and 1-year follow-
up measures related to a significantly greater decrease in trunk and whole body fat over the same 
follow up period. When physical activity was entered as a mediator, the association between breakfast 
intake and whole-body fatness remained significant, while the association between breakfast and truck 
fatness did not. 

• Hassan et al.34 found female intermediate breakfast consumers (1-4 days per week) at baseline (10-16 
years), as well as those females who persisted as irregular breakfast consumers across the follow-up 
period, showed smaller increases in percent body fat across that same period. No significant 
association was found for overall breakfast intake in male participants. However, results were mixed for 
frequency of family breakfast, with female ‘intermediate’ family breakfast consumers at baseline 
showing a smaller increase in percent body fat across time, while males did not. And conversely, male 
participants who had inconsistent breakfast with family across the follow-up years had larger decreases 
in percent body fat compared to those who regularly ate family breakfast across time; and the 
association was non-significant for females.  

Description of the evidence – Breakfast in later adolescence and weight-related outcomes 

Study characteristics 
One RCT and 12 PCS from 6 independent cohorts first measured breakfast intake in later adolescence (13-18 
years).27,28,33,38-42,44,46,48,53,58 
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The majority of studies from later adolescence were conducted in the US,27,33,39-42,44,46,48,53 with one each in 
Korea,38 the Netherlands,28 and Sweden.58 The RCT analyzed data for 105 participants (ITT; Kim, 2021),38 
while the PCS analyzed sample sizes ranging from 56239 to 13,568.41 

Participant characteristics 
At enrollment, most studies in this body of evidence enrolled participants that were 15-16 years old, on 
average. However, roughly half of the studies enrolled a broad range of ages from 12-20 years.27,33,38-41,44  

Of the 10 studies reporting race/ethnicity data: 

• Five studies from the Add Health cohort examined predominantly white participants (59-69%)27,40,41,44,46 

• Three studies from the Project EAT cohort examined ~50% white, ~20% black, and ~20% Asian 
participants33,48,53  

• An additional study enrolled 56% white, 20% black, and 19% Hispanic participants42 

• The final study reporting race/ethnicity data enrolled 87% white participants39 

Data on SES were reported infrequently in this body of evidence, and the scales and definitions used varied 
greatly across studies.   

• The Add Health cohort studies reported a range of SES outcomes, including >60% of families with low 
SES,40 37-46% of parents having high school education or less,41,46 and 14% of families below the 
poverty line44  

• The Project EAT studies reported ~35% of enrolled families had low or low-middle SES33,48  

• The Northern Swedish cohort enrolled ~39% participants with low SES, while the remaining study 
reporting SES data enrolled higher-SES participants (5.4 on a 0-7 scale of affluence)42 

Most studies reported either BMI or combined prevalence of overweight and obesity at baseline. Average BMI 
ranged from 19.5 kg/m258 to ~25 kg/m2,38 while prevalence of overweight/obesity at baseline ranged from 9%28  
to 29%.46 

Interventions/exposures 
The RCT randomized participants to one of three breakfast groups: rice-based, wheat-based, or general (usual 
consumption control group). Participants were provided the breakfast meals on weekdays only for 12 weeks, 
and compliance was monitored using meal consumption data. 

All cohort studies that enrolled participants in later adolescence measured overall breakfast intake, though the 
cutoff used to distinguish breakfast eaters from skippers varied across studies. Repeat assessment of 
breakfast intake was more common in this body of evidence than in younger populations, with eight of 12 
studies measuring breakfast intake at least twice during the follow-up period, though one study only used 
baseline data,28 and the remaining four studies measured intake at baseline only.27,40,41,58 No context-specific 
measures (e.g., breakfast at home or school) were included in this body of evidence.  

• All but one study assessed breakfast intake with a single self-report question27,28,33,40,41,44,48,53,58  

o Two studies further defined a poor breakfast habit as eating nothing at all or eating a poor 
quality breakfast (i.e., only eating something sweet (e.g., bun, cookie) or drinking something 
energy-containing)58 or as eating nothing at all or only a glass of milk or fruit juice42 
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o One study only assessed weekday breakfast intake41 

• The remaining study used a 3-day dietary record and defined breakfast intake as a meal called 
‘breakfast’ containing ≥50 kcal39  

Outcomes and results 
The RCT looked at the outcomes of BMI, percent fat mass, and waist-to-hip ratio. Though there were 
significant differences across groups in the amount of change in BMI, body fat mass, and percent fat mass at 
the end of 12 weeks, there were no significant between-group differences in these outcomes.38 The results 
described here are presented in Table 19, described below, and synthesized in the discussion section 
Evidence synthesis: Breakfast intake during later adolescence and weight-related outcomes. 

All but one cohort study examined BMI or the incidence or prevalence of overweight and obesity as the 
outcome of interest. The remaining study focused on abdominal obesity.58 Self-reported outcome measures 
were more common in this body of evidence, with six studies relying on participant reports of height and weight 
for at least one time point.33,40-42,44,48,53  

Overall breakfast intake and BMI, overweight, or obesity in cohort studies: 

• The five studies from the Add Health cohort found mixed results: 

o Crossman et al.27 found breakfast skipping at baseline (12-20 years) was associated with BMI at 
6-year follow up in males but not in females. 

o Lee et al.40 found breakfast skipping at baseline (skipping breakfast ‘usually’ or 5-7 days per 
week) related to obesity persistence across the 6-year follow up in both males and females, 
while breakfast skipping at baseline related to higher obesity incidence in males but not 
females.  

o Liechty and Lee41 found weekday breakfast skipping in adolescence did not relate to overweight 
incidence in males at 1-year follow up; however, in females there was a significantly increased 
risk of overweight both before and after adjusting for BMIZ.  

o Merten et al.44 examined patterns of consistency and inconsistency in breakfast intake at 
baseline (12-19y) and follow up (18-26 years) and their association with chronic obesity (defined 
as both ≥95th percentile at baseline and >30 kg/m2 at follow up). Participants who ate breakfast 
irregularly (<4 times per week) were more likely to have chronic obesity than those who ate 
breakfast more regularly.  

o Niemeier et al.46 examined breakfast intake frequency over the past week at both baseline and 
5-6y follow up and found that greater frequency of breakfast intake at baseline and greater 
intake in breakfast intake frequency from baseline to follow up were both associated with lower 
BMIZ at follow up.  

• The Project EAT studies found consistently beneficial associations with breakfast intake: 

o Haines et al.33 assessed prevalence of overweight at 5-year follow up and found greater 
frequency of breakfast intake at baseline was associated with reduced prevalence of 
overweight. Greater increase in frequency of breakfast intake from baseline to follow up also 
related to lower incidence of overweight at five years. 
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o A longer-term study of this cohort examined the same association and found greater frequency 
of breakfast intake at baseline was associated with reduced prevalence of overweight at 10-year 
follow up, but in females only.48 

o A third study examined a more nuanced breakfast categorization and discovered both 
intermittent breakfast consumers and breakfast skippers showed a significantly greater BMI 
increase over 5-year follow up compared to daily breakfast consumers.53 

• De Winter et al.28 found skipping breakfast compared to regularly consuming breakfast (≥5 days per 
week) did not relate to incidence of overweight and obesity at 1-4-year follow up. 

• Another study measured breakfast intake at baseline and 2-year follow up using 24-hour dietary recalls. 
They determined the percent of three recall days containing a meal called ‘breakfast’ containing ≥50 
kcal was not associated with BMI at 2-year follow up, either with or without adjustment for TEI.39 

• Lipsky et al.42 found no association between frequency of breakfast skipping (eating nothing at all or no 
more than a glass of milk or fruit juice) measured annually across four years and change in BMI over 
the same period of follow up.  

Overall breakfast intake and abdominal obesity 

• Wennberg et al.58 found that skipping breakfast entirely or eating a poor-quality breakfast (e.g., bun, 
cookie, beverage) at baseline was not associated with prevalence of abdominal obesity at 27-year 
follow up.  
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Key Question 1c: What is the relationship between eating breakfast and health? 
This body of evidence included 19 articles: eight randomized controlled trials (RCT), one non-randomized 
controlled trial (NRCT), and 10 prospective cohort studies (PCS).  

To facilitate meaningful synthesis and conclusion development, this body of evidence is presented by outcome 
category:  

1. Physiological effects of breakfast consumption,  

2. Breakfast consumption and longitudinal cardiometabolic health outcomes, and  

3. Breakfast consumption and longitudinal mental health outcomes. 

Description of the evidence – Physiological effects of breakfast consumption 

Study characteristics 
Seven randomized controlled trials, including five crossover studies7,10,11,13,59 and two parallel studies,2,14 
examined outcomes measured following a breakfast meal. 

The studies were conducted in the United States,10,59 United Kingdom,7,14 Germany,13 Italy,11 and Singapore.2 

The studies had small analytic samples (10 to 104 participants), which is expected because each participant in 
a crossover study serves as his or her own control.  

Participant characteristics 
Participant age is described for each study below. Other participant characteristics are noted, when they were 
part of the sampling strategy (e.g., pubertal status, weight status, breakfast habit, socioeconomic status), or 
when they were notable (e.g., majority female, majority African American).  Participants were: 

• Prepubescent nine-year-olds with obesity,11 

• Nine-year-olds who were predominantly female (71%), African American (76%), habitual breakfast 
consumers (90%), and had a normal to overweight BMI,10 

• Twelve-year-olds who were mostly of low socioeconomic status (68% eligible for free school meals),14 

• Fourteen-year-olds of low socioeconomic status who were habitual breakfast skippers with a normal 
BMI,7  

• Fourteen-year-old habitual breakfast skippers with a normal to overweight BMI,59  

• Predominantly female (78%) 16-year-olds with a normal BMI,2 and 

• Seventeen-year-olds who were predominantly (88%) habitual breakfast consumers.13 

Interventions 
All seven studies compared one or two breakfast conditions to a fasting condition. In every study, participants 
in the fasting condition received water.  

• Six studies had one breakfast condition: 
o Adolphus et al.14 fed participants ready-to-eat breakfast cereal (corn flakes, toasted rice, sugar-

topped shredded whole wheat, or wheat/corn/oat shapes) with 1.8% fat cow’s milk ad libitum up to 
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70g cereal and 300 mL milk (kcal and macronutrients varied depending on intake). 
o Defeyter and Russo7 fed participants 35g Allbran plus 125mL skim milk (kcal and macronutrients 

were not reported). 
o Kawabata et al.2 fed participants two slices of multi-grain bread with 20g Nutella, and a chocolate 

malt powder drink (382 kcal, 52.7g carbohydrate, 12.4g fat, 14.3g protein). The intervention in this 
study also included 30 minutes of exercise 30 minutes before the experimental conditions. 

o Kral et al.10 fed participants a 350 kcal breakfast consisting of 32g ready-to-eat breakfast cereal, 
192g 1% milk, 60g banana, and 187g orange juice, which (depending on the breakfast cereal) had 
a total of 9.9-12.4g protein, 68.0-69.1g carbohydrates, 3.3-5.1g fat, 2.6-3.9g fiber, and 42.9-45.9g 
sugar.  

o Maffeis et al.11 fed participants 200mL whole milk, 31.6g toasted bread, and 25g marmalade 
(295kcal, 13% protein, 27% lipid, 60% carbohydrates).  

o Widenhorn-Müller et al.13 fed participants 60g whole wheat bread, 20g butter, 20g Nutella, 30g 
strawberry jam, and ad libitum water and unsweetened peppermint tea which had a total of 992kJ 
carbohydrates, 103kJ protein, and 895kJ fat. 

• Leidy and Racki59 had two breakfast conditions (normal-protein and protein-rich), but also studied the 
effect of breakfast across both conditions for some outcomes. The normal-protein and protein-rich 
breakfast conditions both consisted of pancakes with butter and syrup, scrambled eggs with cheese, 
and 266mL water, and the participants rated them equally palatable. The two breakfast conditions 
were isocaloric (513kcal) and had the same amount of lipids (13%), fiber, sugar, and energy density, 
but the normal-protein condition had 14% protein and 73% carbohydrates whereas the protein-rich 
condition had 38% protein and 49% carbohydrates.  

Outcomes and results 
The timing of each outcome measure is described relative to the timing of the intervention (Figure 4).   

The results described here are presented in Table 22 and synthesized in the discussion section Evidence 
synthesis: Physiological effects of breakfast consumption.  



Rapid reviews: Results – Breakfast consumption and health  
 

 
39 

Figure 4. Outcome measure timing in relation to the intervention in studies that examined the physiological effects of breakfast consumption 
Experimental conditions (breakfast or continued fasting) occurred at time 0 (vertical line). Outcome measures (dots on the horizontal lines for each study) occurred 
before and after time 0. Negative numbers represent the number of minutes before time 0 and positive numbers represent the number of minutes after time 0. 
Outcomes measured before time 0 were preprandial (pre-meal) outcomes, and outcomes measured after time 0 were postprandial (post-meal) outcomes for 
participants allocated to a breakfast condition. Abbreviations: VAS: visual analog scale, B: blood draw, IC: indirect calorimetry, SS: subjective scale. 
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Perceived hunger, appetite, satiety, and fullness 
Four studies measured perceived hunger, appetite, satiety, and/or fullness using visual analog scales.2,7,14,59 
Participants placed a mark on a horizontal 100mm line to indicate their hunger, appetite, satiety, or fullness 
someplace from the lowest level on the left to the highest level on the right.  

• Two studies assessed the effect of breakfast or fasting on hunger14 or on appetite and satiety59 at 
specific points in time.  
o Adolphus et al.14 reported that participants in the breakfast condition had significantly lower hunger 

than participants in the fasting condition at +15, +70, +95, +215, and +240 minutes (15, 70, 95, 
215, and 240 minutes after time 0 when participants in the breakfast condition were fed).  

o Likewise, Leidy and Racki59 reported that participants in the normal-protein and high-protein 
breakfast conditions had a significantly lower appetite and higher satiety at +20 and +240 minutes 
than participants in the fasting condition. 

• One study2 assessed the effect of breakfast or fasting on the change in hunger, appetite, satiety, and 
fullness from -70 to +15 and +140 minutes. However, participants in the breakfast condition reported 
higher hunger and lower satiety and fullness at baseline than participants in the fasting condition (at -
70 minutes). Since participants did not start at a similar level of hunger, satiety, or fullness, it is difficult 
to interpret the findings after the conditions were implemented. Therefore, these findings will not be 
considered in the evidence synthesis. 

• Two studies examined the interaction of the experimental conditions and time on hunger7,14 and 
satiety,7 or how the effect of breakfast or fasting on hunger and satiety changed depending on time. 
Adolphus et al.14 measured hunger at -25, 0, +15, +70, +95, +215, and +240 minutes, while Defeyter 
and Russo7 measured hunger and satiety at -30 and +135 minutes.  
o Adolphus et al.14 reported a significant interaction effect of the experimental conditions*time on 

hunger. Hunger increased in both conditions across the study, but it increased in a less 
pronounced way in the breakfast condition (which had an initial decrease in hunger at +15 minutes 
after being fed) than in the fasting condition.  

o Likewise, Defeyter and Russo7 reported significant interaction effects of the experimental 
conditions*time on hunger and satiety. Hunger decreased and satiety increased in both conditions 
across the study, but hunger decreased and satiety increased in a more pronounced way in the 
breakfast condition than in the fasting condition.  

• One study assessed the global effect of breakfast or fasting on appetite and satiety during the study 
period. Leidy and Racki59 measured appetite and satiety every 20 minutes from time 0 to +240 minutes 
to calculate the area under the curve (AUC) for the entire 240-minute period. The appetite AUC was 
significantly lower and the satiety AUC was significantly higher in the breakfast conditions (normal-
protein and high-protein breakfast conditions combined) than in the fasting condition. Further 
exploration of these relationships revealed that the protein-rich breakfast condition resulted in a 
significantly lower appetite AUC but the normal-protein breakfast condition did not. On the other hand, 
both the normal-protein and protein-rich breakfast conditions resulted in a significantly higher satiety 
AUC.  

Perceived mood 
This section describes outcomes measured following a breakfast meal. See the section Description of the 
evidence: Breakfast consumption and longitudinal mental health outcomes for longitudinal outcomes. 
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Four studies measured perceived mood.2,7,10,13 Two of the studies used visual analog scales, which Defeyter & 
Russo7 used to assess alertness, calmness, and contentment (the Bond-Lader mood scalea) and which Kral et 
al.10 used to assess energy level, tiredness, well-being, and cheerfulness. The other two studies used a variety 
of subjective scales. Widenhorn-Müller et al.13 used the Mood Assessment Scaleb to assess 15 outcomes 
classified into five dimensions of mood: negative affect (depressed, unhappy, queasy), positive affect (happy, 
well, cheerful), information update (fascinated, interested, uninterested), arousal (calm, nervous, agitated), and 
alertness (tired, sleepy, awake). Kawabata et al.2 used different scales to assess motivation, arousal, feeling, 
and mental effort. Motivation was assessed using a 10-point scale from “not interested at all” to “very 
interested”. Arousal was assessed using the 6-point Felt Arousal Scalec (“low arousal” to “high arousal”). 
Feeling was assessed using the 11-point Feeling Scaled (“very bad” to “very good”). Mental effort was 
assessed using the Rating Scale for Mental Effort,e which ranged from 0 to 150 points with nine anchors, 
including “no effort at all” at 3, “a fair amount of effort” at 58, and “extreme effort” at 114 points.  

• One study assessed the effect of breakfast or fasting on mood at specific points in time. Widenhorn-
Müller et al.13 reported that participants in the breakfast condition had significantly lower negative affect 
at +15 minutes, significantly higher positive affect at +15 and +120 minutes, significantly higher 
information uptake at +15 minutes, and significantly higher alertness at +15 and +120 minutes than 
participants in the fasting condition. The differences in positive affect and information uptake were 
driven by significant differences among male students, whereas the difference in alertness was driven 
by significant differences among female students.  

• One study2 assessed the effect of breakfast or fasting on the change in mood outcomes across the 
morning. The study assessed the change in arousal and feeling from -70 to +15 and +140 minutes. 
The study also assessed the effect of breakfast or fasting on changes in motivation preceding each of 
three cognitive tests described in the section Results for Key Question 1a: What is the relationship 
between eating breakfast and school performance? (from -70 to +15 and +110 minutes) and changes 
in mental effort following those three cognitive tests (from -40 to +45 and +140 minutes). Participants 
in the breakfast condition reported a larger increase in feeling (towards the “very good” end of the 
scale) from -70 to +15 minutes than participants in the fasting condition, but the change across the rest 
of the morning did not differ significantly between groups. Change in mental effort differed significantly 
between groups from -40 to +45 minutes; participants in the breakfast condition reported a decrease in 
mental effort whereas participants in the fasting condition reported an increase. Change in arousal and 
motivation across the morning did not differ significantly between groups.  

• Two studies examined the interaction of the experimental conditions and time on mood outcomes,7,10 
or how the effect of breakfast or fasting on mood outcomes changed depending on time. Defeyter and 
Russo7 measured outcomes at -30 and +135 minutes, while Kral et al.10 measured outcomes at +30, 
+45, +90, +135, and +175 minutes. 
o Defeyter and Russo7 reported significant interaction effects of the experimental conditions*time on 

alertness, calmness, and contentment. Alertness and contentment increased across the study in 
the breakfast condition but decreased in the fasting condition. Calmness decreased in both 

 
a Bond A, Lader M. The use of analogue scales in rating subjective feelings. British Journal of Medical Psychology. 1974;47(3):211-218. 
https://doi.org/10.1111/j.2044-8341.1974.tb02285.x.  
b Feist A, Stephan E. Verfahren zur Erfassung des Gefühlszustandes [Mood Assessment Scale; in German]. Cologne, Germany: 
University of Cologne; 2004.  
c Svebak S, Murgatroyd S. Metamotivational dominance: A multimethod validation of reversal theory constructs. J Pers. Soc. Psychol. 
1985;48(1):107–116. https://doi.org/10.1037/0022-3514.48.1.107.  
d Hardy CJ, Rejeski WJ. Not What, but How One Feels: The Measurement of Affect during Exercise. J. Sport Exerc. Psychol. 
1989;11(3):304–317. https://doi.org/10.1123/jsep.11.3.304.  
e Zijlstra FRH. Efficiency in Work Behavior: A Design Approach for Modern Tools. Delft, The Netherlands: Delft University Press: 1993. 

https://doi.org/10.1111/j.2044-8341.1974.tb02285.x
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conditions across the study, but it decreased in a more pronounced way in the fasting condition.  
o Kral et al.10 reported nonsignificant interaction effects of the experimental conditions*time on 

perceived energy level, tiredness, well-being, and cheerfulness.  
o Both studies reported significant main effects of breakfast (independent of time) on some 

outcomes: Defeyter and Russo7 reported favorable main effects of breakfast on alertness, 
calmness, and contentment, and Kral et al.10 reported favorable main effects of breakfast on 
cheerfulness and energy level. This suggests that simply being allocated to the breakfast condition 
may have impacted mood outcomes, which could be due to a lack of participant blinding 
(participants may have been in a better mood if they knew they would eat breakfast).   

Glucose, triglycerides, and hormones 
This section describes outcomes measured following a breakfast meal. See the section Description of the 
evidence: Breakfast consumption and longitudinal cardiometabolic health outcomes for longitudinal outcomes.  

Three studies measured glucose, triglycerides and/or hormones from blood.2,11,59 Kawabata et al.2 used a 
finger stick, while Leidy and Racki59 and Maffeis et al.11 inserted an IV catheter into the antecubital vein of 
participants’ arms to allow for repeated blood draws across the study period. 

• Two studies assessed the effect of breakfast or fasting on triglycerides and/or glucose: 
o Kawabata et al.2 measured glucose at -80 and +150 minutes to assess the effect of breakfast or 

fasting on the change in glucose across the study period. Participants in the fasting condition had a 
greater change in glucose than participants in the breakfast condition from -80 to +150 minutes, 
which was a net decrease. 

o Maffeis et al.11 measured glucose and triglycerides at 0, +30, +60, +120 and +180 minutes to 
assess the effect of breakfast or fasting at each time point, as well as the global effect across the 
180-minute using AUC. Participants were similar at time 0, but glucose was significantly higher in 
the breakfast condition than in the fasting condition at +30, +120, and +180 minutes, and 
triglycerides were significantly higher in the breakfast condition than in the fasting condition at +60, 
+120, and +180 minutes. Likewise, the glucose AUC and triglycerides AUC were significantly 
higher in the breakfast condition. 

• One study assessed the effect of breakfast or fasting on insulin and glucagon, which are hormones 
that synthesize glycogen from glucose in a fed state and break down glycogen into glucose in a fasting 
state, respectively. Maffeis et al.11 measured insulin and glucagon at 0, +30, +60, +120 and +180 
minutes to assess the global effect of breakfast or fasting across the 180-minute using AUC. The 
insulin AUC was significantly higher, and the glucagon AUC was significantly lower, in the breakfast 
condition than in the fasting condition. 

• Two studies assessed the effect of breakfast or fasting on ghrelin, peptide YY (PYY), and/or glucagon-
like peptide-1 (GLP-1). Ghrelin is an appetite-stimulating (hunger) hormone that is higher in a fasted 
state, while PYY and GLP-1 are appetite-suppressing (satiety) hormones that are higher in a fed state.  
o Leidy and Racki59 measured active ghrelin and total PYY every 20 minutes from time 0 to +240 

minutes to assess the effect of breakfast or fasting at +20 and +240 minutes and across the 240-
minute period with AUC.  
The active ghrelin AUC was lower in participants fed breakfast (inclusive of both normal-protein 
and protein-rich conditions) than in participants in the fasting condition, but it was not statistically 
significant. Likewise, the normal-protein or protein-rich breakfast conditions were not significantly 
related to active ghrelin at +20 or +240 minutes.  



Rapid reviews: Results – Breakfast consumption and health  
 

 
43 

On the other hand, the PYY AUC was significantly higher in participants fed breakfast (inclusive of 
both normal-protein and protein-rich conditions) than in participants in the fasting condition. Further 
exploration of this relationship revealed that the PYY AUC was significantly higher in both the 
normal-protein and protein-rich breakfast conditions. In addition, PYY was higher at +20 and +240 
minutes in the protein-rich breakfast condition than the fasting condition (the normal-protein 
breakfast condition was not reported). 

o Maffeis et al.11 measured total ghrelin (active as well as inactive), PYY, and GLP-1 at 0, +30, +60, 
+120, and +180 minutes to assess the global effect of breakfast or fasting across the 180-minute 
period with AUC.  
The total ghrelin AUC was a significantly lower in the in the breakfast condition than in the fasting 
condition. The PYY AUC and GLP-1 AUC were higher in the breakfast condition than in the fasting 
condition, but these results were not statistically significant. 

Resting energy expenditure and macronutrient oxidation 
One study11 examined the effect of breakfast or fasting on resting energy expenditure and macronutrient 
oxidation rates (markers of the metabolism of carbohydrates, lipids, and proteins) using indirect calorimetry. 
Participants rested under a transparent ventilated hood that measured their respiration and the exchange of O2 
and CO2. Resting energy expenditure and macronutrient oxidation rates were calculated from O2 consumption 
and CO2 production using appropriate formulas. Indirect calorimetry occurred during a 30-minute period before 
time 0 and during 3 periods after time 0 (-60 to -30, +30 to +60, +90 to +120, and +150 to +180 minutes).  

All participants had similar REE and macronutrient oxidation before the experimental conditions were 
administered. After being fed, participants in the breakfast condition had significantly higher REE and 
carbohydrate oxidation than participants in the fasting condition, and participants in the fasting condition had 
significantly higher lipid oxidation. Participants had similar protein oxidation. 

Description of the evidence – Breakfast consumption and longitudinal cardiometabolic health 
outcomes 

Study characteristics 
Eight prospective cohort studies30,31,49,50,58,60-62 examined associations between breakfast consumption and 
longitudinal cardiometabolic health outcomes. 

The studies were conducted in the United States,30,60 United Kingdom,31 Switzerland,61 Sweden,58 Australia,50 
and China,49 and there was a multi-national study conducted in Belgium, Cyprus, Estonia, Germany, Hungary, 
Italy, Spain, and Sweden.62 

The studies had analytic samples of between 223 and 6,964 participants. 

Participant characteristics 
The age of participants across the observation period, and participant breakfast habit (when reported), are 
described for each study below. Other participant characteristics are described when they were part of the 
sampling strategy (e.g., representative of London), or when they were notable (e.g., mostly white, highly 
educated mothers). Participants were: 

• Children observed from age four to 13 years who were mostly habitual breakfast consumers (~85%), 
mostly white (65%), and mostly from households with incomes >$70,000/year (64%) and college-
educated mothers (71%),30 
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• Eleven- to 13-year-olds from a diverse sample representative of the city of London, who were mostly 
habitual breakfast consumers (63%) and observed until age 22 years,31  

• Adolescents who were mostly white (82%) and who were observed from about 15 to 16 years of age,60 

• Children who were observed from age eight to 12 years who were mostly habitual breakfast 
consumers (93%),61 

• Six- to 13-year-olds observed for one year who were mostly habitual breakfast consumers (84%), and 
mostly from families with parents who had up to 12 years of education (66% of mothers, 67% of 
fathers),49 

• Nine- to 15-year-olds from a sample representative of the nation of Australia who were observed until 
age 28 to 36 years,50 

• Sixteen-year-olds from a sample representative of the nation of Sweden who were mostly habitual 
breakfast consumers (90%) and who were observed to age 43 years,58 and 

• Children from a multi-national European sample with an average breakfast frequency of six days per 
week, who were observed from age six to eight years.62 

Exposures  
Five studies examined breakfast consumption at baseline, only.  

• Goff et al.31 compared 11- to 13-year-olds who self-reported consuming breakfast fewer than five days 
per week with those who reported consuming breakfast every day.  

• Meyer et al.61 compared children (mean age 8.71 years) whose parents reported that they skipped 
breakfast at least two days per week with children whose parents reported that they did not skip 
breakfast at least two days per week.  

• Shang et al.49 compared breakfast frequencies of zero, one to six, and seven days per week, which 
was self-reported by six- to 13-year-old participants with the help of their parents or tutors. 

• Smith et al.50 compared nine- to 15-year-olds who self-reported that they usually eat something before 
school with those who reported that they do not.   

• Wennberg et al.58 compared 16-year-olds who self-reported consuming no breakfast or consuming 
foods/beverages that did not meet the study’s definition of breakfast (i.e., a caloric drink or something 
sweet), collectively classified as “poor breakfast habits”, with those who reported consuming other food 
items, classified as “eating breakfast”.  

Three studies examined breakfast consumption across the observation period.  

• Gingras et al.30 compared eating breakfast daily with eating breakfast six or fewer days per week 
throughout childhood (ages four through 10 years). Breakfast frequency was reported by mothers 
when children were four through eight years old, and self-reported by participants at ages nine and 10 
years, on a yearly questionnaire.  

• Kim et al.60 examined “usually skipping breakfast” from a mean age of 14.9 through 16.2 years, which 
was self-reported by students in the fall and spring of two sequential school years.  

• Zaqout et al.62 examined change in breakfast frequency (times/week) from a mean age of six years to 
eight years, which was parent-reported using a food frequency questionnaire. 

Outcomes and results 
The results described here are presented in Table 24 and synthesized in the discussion section Evidence 
synthesis: Breakfast consumption and longitudinal cardiometabolic health outcomes.  
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Metabolic syndrome 
Three studies examined metabolic syndrome, which is a name given to a cluster of risk factors for 
cardiovascular disease, type 2 diabetes, and related cardiometabolic outcomes. The studies used similar 
definitions of metabolic syndrome, which were based upon waist circumference/central obesity, triglycerides, 
HDL cholesterol, fasting glucose, and blood pressure. 

• Meyer et al.61 assessed high cardiovascular risk at a mean age of 12.59 years, which was defined as 
the highest tertile of a score calculated by averaging the z-scores for the five components of the 
metabolic syndrome: waist circumference, the mean of systolic and diastolic blood pressure, glucose, 
inverted HDL cholesterol, and triglycerides. All components were measured at school after an 
overnight fast. High cardiovascular risk at age 12 years did not differ significantly between participants 
who did and did not skip breakfast at least two days per week at age eight years. 

• Smith et al.50 calculated a continuous metabolic syndrome score at age 28 to 36 years, which was 
derived from a sex-specific principal components analysis. Two principal components (with 
eigenvalues ≥1.0) were identified that explained 34% and 26% of the variance in men and 31% and 
25% of the variance in women: (1) waist circumference, fasting triglycerides, and HDL cholesterol, and 
(2) fasting glucose and blood pressure. The principal components were summed and weighted 
according to the relative proportion of variance explained. The continuous metabolic syndrome score 
at 28 to 36 years did not differ significantly between participants who reported “yes” and participants 
who reported “no” to the question “do you usually eat something before school” at age nine to 15 years 
(all participants reported eating breakfast at age 28 to 36 years). 

• Wennberg et al.58 defined metabolic syndrome at age 43 years as central obesity (≥80cm for women 
and 94cm for men), plus at least two of the following: increased triglycerides (≥1.7mmol/L) or specific 
treatment for that lipid abnormality, reduced HDL cholesterol (<1.29mmol/L for women and 
1.03mmol/L for men) or specific treatment for that lipid abnormality, increased blood pressure (systolic 
≥130mmHg or diastolic ≥85mmHg), and/or increased fasting glucose (≥5.6mmol/L) or diagnosed type 
2 diabetes. Participants classified as having “poor breakfast habits” at age 16 years had significantly 
higher odds of metabolic syndrome at age 43 years than participants classified as “eating breakfast”. 

Blood lipids, glucose, and insulin  
This section describes longitudinal outcomes. See the section Description of the evidence: Physiological 
effects of breakfast consumption for outcomes measured following a breakfast meal.  

Five studies examined blood lipids, glucose, and insulin.  

• Gingras et al.30 assessed insulin resistance [homeostatic model assessment for insulin resistance 
(HOMA-IR)] at a mean age of 13 years, stratified by sex. In males, eating breakfast daily throughout 
childhood (from age 4 through 10 years), compared with six or fewer days per week, was associated 
with a significantly lower HOMA-IR. In females, the association was in the same direction but lacked 
statistical significance.  

• Goff et al.31 assessed total and HDL cholesterol at a mean age of 22 years, which was not significantly 
associated with eating breakfast fewer than 5 days per week, compared with daily, at age 11 to 13 
years. 

• Shang et al.49 assessed the changes in total cholesterol, HDL cholesterol, LDL cholesterol, the ratio of 
total:HDL cholesterol, triglycerides, and fasting glucose from baseline, when participants were six to 13 
years old, to the one-year follow-up visit. The changes in HDL cholesterol and total:HDL cholesterol 
were significantly different across the three exposure groups, which reported breakfast frequencies of 
zero, one to six, or seven days per week. HDL cholesterol increased in all breakfast frequency groups, 
but increased the most in participants who reported eating breakfast seven days per week. Likewise, 
total:HDL cholesterol decreased in all breakfast frequency groups, but decreased the most in 
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participants who reported eating breakfast seven days per week. The changes in total cholesterol, LDL 
cholesterol, triglycerides, and fasting glucose were not statistically different across breakfast 
frequencies. 

• Smith et al.50 assessed fasting triglycerides, total cholesterol, LDL cholesterol, HDL cholesterol, 
glucose, and insulin at 28 to 36 years, and calculated HOMA-IR. None of these outcomes differed 
significantly between participants who reported “yes” and participants who reported “no” to the 
question “do you usually eat something before school” at age nine to 15 years (all participants reported 
eating breakfast at age 28 to 36 years). 

• Wennberg et al.58 assessed high triglycerides (≥1.7mmol/L, or specific treatment for that lipid 
abnormality), low HDL cholesterol (<1.29mmol/L for women and 1.03mmol/L for men or specific 
treatment for that lipid abnormality), and high fasting glucose (≥5.6mmol/L or diagnosed type 2 
diabetes). Participants classified as having “poor breakfast habits” at age 16 years had significantly 
higher odds of high fasting glucose at age 43 years than participants classified as “eating breakfast”. 
The odds of high triglycerides and low HDL cholesterol at age 43 years were not significantly 
associated with breakfast at age 16 years. 

Blood pressure 
Four studies examined blood pressure. 

• Goff et al.31 assessed systolic blood pressure at a mean age of 22 years, which was not significantly 
associated with eating breakfast fewer than 5 days per week, compared with daily, at age 11-13 years. 

• Kim et al.60 examined the increases in systolic blood pressure and diastolic blood pressure over the 
two-school-year observation period (from a mean age of 14.9 to 16.2 years). An increase in “usually 
skipping breakfast” across the same period was associated with a significant increase in systolic, but 
not diastolic, blood pressure. 

• Shang et al.49 assessed the changes in systolic and diastolic blood pressure from baseline (when 
participants were six to 13 years old) to the one-year follow-up visit. The changes in systolic and 
diastolic blood pressure did not differ significantly between participants who reported eating breakfast 
zero, one to six, or seven days per week at baseline.  

• Wennberg et al.58 assessed high blood pressure (systolic ≥130mmHg or diastolic ≥85mmHg) at age 43 
years. The odds of high blood pressure at age 43 years was not significantly associated with having 
“poor breakfast habits” at age 16 years compared with “eating breakfast”. 

Fitness 
Zaqout et al.62 examined change in cardiorespiratory fitness, muscular strength, speed, flexibility, and balance 
from a mean age of six years to eight years. Change in cardiorespiratory fitness was assessed using the 
number of shuttles run during progressive 20-meter shuttle runs, and by calculating the maximal oxygen 
consumption (VO2max) from the number of shuttles run. Change in muscular strength was assessed using 
handgrip strength and a standing long jump. Speed was assessed with a 40-meter sprint. Flexibility was 
assessed with a sit-and-reach test. Balance was assessed with a flamingo balance test, which measured the 
number of participant attempts before successfully standing on one leg for one minute with the other leg bent 
at the knee with the foot held by the hand on the same side.  

The study found a significant correlation between an increase in breakfast frequency from six years to eight 
years and an increase in the number of seconds to complete a 40-meter sprint (i.e., worse speed) over the 
same period. There were no significant associations between change in breakfast frequency and change in the 
measures of cardiorespiratory fitness, muscular strength, flexibility, or balance. 
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Description of the evidence – Breakfast consumption and longitudinal mental health outcomes 

Study characteristics 
One randomized controlled trial,38 one non-randomized controlled trial,16 and two prospective cohort studies63,64 
examined associations between breakfast consumption and longitudinal mental health outcomes.  

The samples were conducted in the United Kingdom,16 China,64 Korea,38 and Japan.63 

The trials had small analytic samples of 10538 and 21316 participants. The prospective cohort studies had large 
analytic samples, because they consisted of a birth cohort (7,794 participants63) and population-based cohort 
(115,217 participants64).  

Participant characteristics 
The age or grade of participants across the observation period, and participant breakfast habit (when 
reported), are described for each study below. Other participant characteristics are described when they were 
part of the sampling strategy (e.g., birth cohort, population-based cohort). Participants were: 

Participants were: 

• A birth cohort consisting of all the children born from April 1989 to April 1990 in Toyama Prefecture, 
Japan who were observed from age nine to 12 years,63 

• A population-based cohort of all districts in Hong Kong, who were observed from grade Primary 6 (P6, 
equivalent to U.S. grade 6) to grade Secondary 6 (S6, equivalent to U.S. grade 12),64 

• Eight-year-old children who were followed for a 14-day period,16 and 

• Twelve- to 18-year-olds with an habitual breakfast frequency of fewer than three days per week who 
were followed for 12 weeks.38  

Interventions/exposures 

Randomized controlled trial  
Kim et al.38 allocated participants to a rice-based or wheat-based breakfast condition for 12 weeks. The 
breakfast conditions provided 761 kcal, 96-113g carbohydrates, 27-32g protein, and 20-31g fats. Participants 
in each of the breakfast conditions were compared to participants in a control group, who continued their usual 
habit of consuming breakfast fewer than 3 times per week.  

Non-randomized controlled trial 
Participants in the study by Smith16 self-selected one of three breakfast groups based on their preference for 
Cornflakes, Rice Krispies, or Rice Krispies Multigrain. The breakfast cereal conditions were not standardized; 
children ate their selected cereal, plus milk and sugar to taste, ad libitum, each day for 14 days. Participants in 
each of the breakfast conditions were compared to participants in a control group, who continued their usual 
habit of not eating breakfast.  

Prospective cohort studies 
Chen et al.63 examined self-reported breakfast frequency in two ways. One set of analyses examined breakfast 
frequency at a mean age of 9.7 years. Participants who reported eating breakfast often, sometimes, and 
almost never, were compared with participants who reported eating breakfast every day. The second set of 
analyses examined breakfast frequency patterns across time from a mean age of 9.7 years to a mean age of 
12.8 years. Participants who reported increasing their breakfast frequency (from sometimes or almost never to 



Rapid reviews: Results – Breakfast consumption and health  
 

 
48 

often or every day), participants who reported decreasing their breakfast frequency (from often or every day to 
sometimes or almost never), and participants who reported eating breakfast sometimes or almost never across 
both time points, were compared to participants who reported eating breakfast often or every day across both 
time points. 

Gong et al.64 examined self-reported breakfast habits in grades P6, S2, and S4 (equivalent to U.S. grades 6, 8, 
and 10). Participants reported whether they ate no breakfast, breakfast at home, or breakfast away from home. 
Eating breakfast away from home included eating breakfast at a fast-food stall, cafeteria, restaurant, or “some 
other place”. Breakfast away from home did not include breakfast eaten as part of a school breakfast program, 
because the study authors state there is a “lack of such programs in Hong Kong”.  

Outcomes and results 
The results described here are presented in Table 26 and synthesized in the discussion section Evidence 
synthesis: Breakfast consumption and longitudinal mental health outcomes. 

• Chen et al.63 assessed quality of life using the Japanese version of the Dartmouth Primary Care 
Cooperative Project Quality of Life Chart,a which asked participants, “how have things been going for 
you during the past 4 weeks?” Participants who responded, “good and bad parts about equal”, “pretty 
bad”, and “very bad” were classified as having a “poor quality of life” and participants who responded 
“very well” and “pretty good” were classified as having a “good quality of life”. The study authors 
assessed the odds of having poor (as opposed to good) quality of life at a mean age of 12.8 years.  
Skipping breakfast at age nine years (eating breakfast almost never or sometimes or often in 
comparison to every day), was not significantly associated with the odds of poor quality of life at age 
12 years. On the other hand, an increase in breakfast frequency from nine to 12 years (from 
sometimes or almost never at nine years to often or every day at 12 years) was associated with 
significantly lower odds of poor quality of life at 12 years, and a decrease in breakfast frequency (from 
often or every day at nine years to sometimes or almost never at 12 years) was associated with 
significantly higher odds of poor quality of life. 

• Gong et al.64 assessed total emotional/behavioral problems in grades S2, S4, and S6 (equivalent to 
U.S. grades 8, 10, and 12) using the Youth Self-Report instrument.b The study also assessed the eight 
instrument subscales: withdrawal, somatic complaints, anxiety/depression, social problems, thought 
problems, attention problems, delinquent behaviors, and aggressive behaviors.  
Skipping breakfast in grades P6, S2, and S4 was associated with higher odds of total 
emotional/behavioral problems in grades S2, S4, and S6 when compared with eating breakfast at 
home and away from home. When compared to eating breakfast at home, skipping breakfast was 
associated with significantly higher odds of all eight subscales. However, when compared with eating 
breakfast away from home, skipping breakfast was associated with significantly higher odds of somatic 
complaints, thought problems, and aggressive behaviors, only.  

• Kim et al.38 assessed change in perceived stress from baseline to the 12-week follow-up using a 
Korean adaptation of the Perceived Stress Scale.c Perceived stress increased significantly in 

 
a Westbury RC, Rogers TB, Briggs TE, Allison DJ, Gérvas J, Shigemoto H, Elford W. A multinational study of the factorial structure and 
other characteristics of the Dartmouth COOP Functional Health Assessment Charts/WONCA. Family practice. 1997;14(6):478-485. 
https://doi.org/ 0.1093/fampra/14.6.478 
b Achenbach TM, Rescorla LA. Manual for the ASEBA School-Age Forms & Profiles. Burlington, VT: University of Vermont, Research 
Center for Children, Youth, and Families; 2001. 
c Park JH, Seo YS. Validation of the perceived stress scale (PSS) on samples of Korean university students. Korean J. Psychol. Gen. 
2010; 29(3):611–629. 
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participants allocated to the wheat-based breakfast condition in comparison to participants allocated to 
the “usual intake” group (who continued to eat breakfast fewer than three days per week). Change in 
perceived stress did not differ between participants allocated to the rice-based breakfast condition and 
the “usual intake” group.   

• Smith16 measured parent-reported mood outcomes at day seven and 14 of the study. The outcomes 
were alertness before and after breakfast (authors did not specify how alertness before and after 
breakfast were measured in the group of children who did not eat breakfast but, based on the analysis, 
parents rated alertness at two time points), emotional distress, depression, fatigue, and negative 
mood. The authors used visual analog scales with the anchoring points “drowsy” on the far left and 
“alert” on the far right to measure alertness; Profile of Fatigue-Related Symptoms questionnairea to 
measure emotional distress and fatigue; Hospital Anxiety and Depression Scaleb to measure 
depression; and Mood questionnairec to measure negative mood. 
Alertness before and after breakfast was significantly higher while emotional distress, depression, 
fatigue, and negative mood were significantly lower, at days seven and 14 in the children who ate no 
breakfast than in the children in the three ready-to-eat cereal groups.

 
a Ray C, Weir WR, Phillips S, Cullen S. Development of a measure of symptoms in chronic fatigue syndrome: the profile of fatigue-
related symptoms (PFRS). Psychology and Health. 1992;7(1):27-43. 
b Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta psychiatrica scandinavica. 1983;67(6):361-370. 
c Zevon MA, Tellegen A. The structure of mood change: An idiographic/nomothetic analysis. Journal of Personality and Social 
Psychology. 1982;43(1):111. 
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Key Question 2: What best practices exist in the U.S. School Breakfast Program, 
including models of student costs and breakfast delivery? 
This rapid review includes evidence from 11 trials (13 articles) which inform summary statements: 

• Three cluster-RCTs (five articles)65-69 

• Eight NRCTs70-77 

Several trials are represented by more than one article:  

• One Healthy Breakfast Initiative (n=2 studies)65,68  

• Project BreakFAST (n=2 studies)66,67  

Evidence from 9 observational studies (11 articles) provided context and informed research recommendations. 

• Six cross-sectional studies (7 articles).78-84 Two cross-sectional studies shared the same data set.79,80 

• Three pre-post studies without a control (4 articles).85-88 

To facilitate meaningful synthesis and conclusion development, this body of evidence is presented by student 
cost model, delivery method and outcome category. Universal Free Breakfast (UFB) is the student cost model 
reviewed, and breakfast delivery methods reviewed include Breakfast in the Classroom (BIC), grab-and-go 
breakfast, second chance breakfast (SCB), and combinations of these models. Breakfast after the Bell (BAB) 
may include any model served after the start of the school day e.g., BIC, SCB or a grab-and-go meal. 
Traditional SBP is the breakfast meal served before school in the cafeteria with eligibility pricing. In this review, 
traditional SBP is commonly the comparator; however, some studies used UFB served in the cafeteria as the 
comparator. Details on SBP models are available at https://www.fns.usda.gov/sbp/school-breakfast-program.  

Description of the evidence - Student cost model 

Study characteristics 
One cluster-RCT and four NRCTs examined the effect of UFB compared to traditional eligibility-based 
breakfast pricing in elementary schools,69,75 elementary and middle schools,74 and in elementary, middle, and 
high schools.71,77 

The trials included a representative U.S. sample,69 a Texas state-wide sample,77 data from Wisconsin 
schools71 (excluding those in Milwaukee), and schools located in urban areas in North Carolina,75 and in New 
York City.74 Trials range in size from 10 schools75 to 2,797 schools.77 

Participant characteristics 
The five studies were conducted in elementary, middle, and high schools with racial and ethnic diversity and 
high proportions (between 54 and 84 percent) of students eligible for free or reduced-price (FRP) meals.  

• Crepinsek et al.69 reported data from the SBP Pilot Project, a cluster-RCT with 4,278 students from 153 
elementary schools within 6 geographically and economically diverse school districts across the 
country. Fifty-four percent of students were eligible for FRP meals and 38 percent of students were 
non-white. 

• Bartfeld et al.71 used data from 1,007 Wisconsin elementary schools. Approximately 80 percent of 
students were white and approximately 31 percent were likely-eligible for FRP meals. Student-level 

https://www.fns.usda.gov/sbp/school-breakfast-program
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data on SBP participation were not used, but “likely-SBP eligible students” were identified using state 
administrative data. “Likely-SBP eligible students” were from low-income families (income less than 
185% of the poverty line) that received Supplemental Nutrition Assistance Program (SNAP) benefits at 
some point during the previous 3 years. Higher-income students were those with a family income 
greater than 185 percent of the poverty line and not deemed categorically eligible for FRP meals. Sub-
analyses were conducted for these subgroups. 

• Schneider et al.77 evaluated data from 2,797 elementary, middle, and high schools across the state of 
Texas that were ever Community Eligibility Provision (CEP) eligible and ever opted in during a 6-year 
period. Sixty-eight and 13 percent of students were Hispanic and black, respectively. Eighty percent of 
students were FRP meal eligible. 

• Leos-Urbel et al.74 included 773,843 students from 667 elementary and middle schools in New York 
City. Thirty eight percent were Hispanic and 33 percent black. Results were stratified by eligibility 
status. Approximately 84 percent were eligible for FRP meals. 

• Ribar et al. 75 included ten elementary schools (8,078 students) from one North Carolina school district. 
Between 46 and 69 percent of students were black and between 12 and 24 percent of students were 
Hispanic. Results were reported for all students and stratified by eligibility status. Eligibility for free 
meals ranged from 56 to 81 percent, eligibility for reduced priced meals ranged from 7 to 14 percent. 

Interventions 
Included studies examined UFB compared to the traditional SBP with eligibility-pricing over a one-year69,74,75,77 
or five-year71 period. In traditional SBP, free breakfast is restricted to students with a household income less 
than 185 percent of the federal poverty level. Data on student cost models were provided via administrative 
records.  

• Crepinsek et al.69 randomly assigned schools to receive UFB or to continue SBP with eligibility 
pricing for one year. Eighteen of the 79 intervention schools implemented UFB using the BIC delivery 
model.  

• Three NRCTs used difference-in-difference analyses to evaluate policies impacting SBP pricing. 

o Schneider et al. 202177 examined outcomes in schools that opted into CEP (offered UFB), 
versus schools that did not opt into CEP (used eligibility-based pricing). Schools in the highest 
poverty areas may opt into the Community Eligibility Provision (CEP) to offer free meals to all 
students and to simplify administrative requirements. 

o Leos-Urbel et al. 201374 compared schools adopting UFB due to a New York City policy 
change, with schools that experienced no price change (e.g., schools that had UFB pricing 
before and after the new policy). In 2003, New York City made free breakfast available to all 
students, regardless of household income. Analysis is based on student, school, and meal 
data from 2001-2002 to 2007-2008. 

o A North Carolina school district examined UFB compared to eligibility pricing during a period 
when UFB availability was reduced in schools, due to budgetary constraints.75  

• One NRCT, Bartfeld et al.71 examined 5-year data (2009-2010 through 2013-2014) from schools that 
reported availability of UFB versus eligibility-pricing in the cafeteria. Results reflect availability of UFB 
at a school, not student participation in the SBP.  

Outcomes and results 
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Studies examined the effect of UFB compared to eligibility pricing on SBP participation, diet quality, breakfast 
skipping, school performance (attendance and low attendance) and learning achievement. The results 
described here are presented in Table 30 and synthesized in the discussion section Evidence syntheses: 
Student cost models 

SBP participation  
One RCT69 and three NRCT74,75,77 found UFB compared to eligibility-based pricing significantly increased SBP 
participation in elementary, middle, and high schools over a one-year period. SBP participation was assessed 
by studies via administrative records.69,74,75,77 The RCT,69 reported the increase in SBP participation among 
UFB elementary schools (from 16% to 40%) was 18 percentage points more than among control schools (from 
16% to 22%) over a one-year period. Leos-Urbel et al.74 found implementation of UFB compared to a balanced 
panel of schools (K-12) that experienced no pricing change (because they were already implementing UFB) 
increased SBP participation among all FRP meal categories, with the largest increase in the subsample of 
students eligible for full-price meals and smaller increases in students eligible for free and reduced-priced 
meals. In contrast, Ribar and Haliman,75 evaluated outcomes during a period when numerous UFB schools 
returned to eligibility-based pricing due to budget constraints. UFB schools that returned to eligibility-based 
pricing and one school that switched from eligibility-pricing to UFB were compared to matched schools (by 
size, demographic, and economic characteristics) that did not have a change in SBP pricing. Access to UFB 
was associated with higher rates of SBP participation compared to the eligibility-based pricing model in the full 
sample as well as across FRP meal categories. Finally, Schneider et al.77 used state-wide Texas data to 
evaluate the impact of opting into CEP on SBP participation and found opting into CEP significantly increased 
SBP participation by 3.44 percentage points during a one-year period.   

Diet quality and breakfast skipping outcomes 
The RCT69 evaluated the effect of UFB compared to eligibility-pricing on diet quality and breakfast skipping. 
Breakfast intake was assessed via 24-hour dietary recall from a student and parent interview conducted after 
breakfast was served near the end of the first year of UFB implementation. Any breakfast consumption was 
defined as intake of any food or beverage (other than plain water) on the target school day. The authors noted 
that breakfast skipping was rare in the sample (4%), and they found no significant difference between 
intervention and control schools in terms of rate of any breakfast consumption. UFB schools reported 
significantly higher rates of nutritionally substantive breakfast consumption (80% vs 76%). Nutritionally 
substantive breakfast was defined as consumption of food from at least 2 of 5 food groups and intake of food 
energy greater than 10% of the 1989 Recommended Energy Allowance on the target school day.  

School performance and learning achievement 
Three NRCTs examined student meal costs and attendance, and results were inconsistent and learning 
achievement results primarily null. Leos-Urbel et al.74 using difference-in-difference analysis in 667 high-
poverty New York City schools found UFB implementation had no significant effect on attendance rates among 
all third through eighth graders, and in subgroups of students eligible and not eligible for free meals. Sub- 
analyses found two positive findings among higher income Asian and low-income black students, but analyses 
were not controlled for multiple comparisons. In a study conducted in 10 high-poverty North Carolina schools, 
Ribar and Haliman,75 examined attendance in schools switching from UFB to eligibility pricing using student-
level data and found UFB was significantly associated with marginally lower (-0.5 percentage point) attendance 
rates in elementary school students (equivalent to almost a full day per school year), and among economically 
disadvantaged students. In contrast, among a predominately white population of elementary school children 
with approximately 31 percent students likely-eligible for FRP meals, Bartfeld et al.71 found availability of UFB 
associated with a 0.24 percentage-point higher annual attendance rate (p<0.05). In likely-SBP participants, 
availability of UFB was not significantly associated with attendance; however, among higher-income students, 
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UFB was associated with a 0.31 percent increase in annual attendance rate. Bartfeld et al.71 also assessed low 
attendance defined as the probability of attending less than 95% of annual school days. In the overall sample, 
Bartfeld et al.71 found UFB had a 3.5 percentage-point reduction in the percentage of students with low 
attendance (P < 0.001)). Among likely-SBP participants, low attendance was significantly reduced by 3.3 
percentage points (P < 0.001) and among higher-income students, a 3.5 percent reduction in the percentage of 
students with low attendance (P < 0.001) was found. 

Three NRCTs examined the effect of UFB on standardized reading and math scores65,74,75 and on science 
proficiency scores75 assessed via administrative records. Two studies evaluated results from a 1-year period of 
implementation, and one study evaluated five-year data71; results in full samples were null. Student cost model 
was not associated with math and reading standardized test scores in third through eighth grade students from 
New York City who were and who were not eligible for free meals.74 In a North Carolina sample, student SBP 
cost was not associated with math and reading test scores in third to fifth graders. On the other hand, UFB 
pricing was associated with higher science proficiency test scores in economically disadvantaged fifth graders 
(approximately seven percentage point increase) (p<0.05) but not among non-disadvantaged students.75 
Among third through fifth graders, Bartfeld et al.71 found UFB compared to eligibility pricing had no significant 
effect on reading and math standardized test scores in all and in likely-SBP participants over a five-year period; 
however, scores were significantly greater in math (0.07 SD, p=0.001) and reading (0.04 SD, p=0.045) among 
high-income students.  

Description of the evidence – Breakfast delivery models 

Study characteristics - Breakfast in the classroom model 
One cluster-RCT65,68 and four NRCTs70-73 examined the BIC delivery model.  

• The cluster-RCT was conducted in eight matched pairs of elementary and middle schools from low-
income urban communities in Philadelphia.  

• Four NRCTs were conducted in U.S. urban school districts located in New York City,72 in the 
southwest73 and in the northeast70 and in Wisconsin schools located outside Milwaukee.71  

Study characteristics - Other breakfast after the bell delivery models 
One cluster-RCT (two articles)66,67 and one NRCT76 examined the effect of other BAB delivery models 
compared to traditional SBP.  

• The cluster-RCT reported on Project BreakFAST and was conducted in 16 rural high schools in 
Minnesota and examined the effect of a grab-and-go, SCB intervention added to the traditional SBP.67  

• The NRCT76 is a natural experiment which used 3-years of state-wide data from Colorado and Nevada 
schools to explore the effect of state-wide policy mandates to implement BAB in elementary, middle, 
and high schools with 70 percent or more students qualifying for FRP meals. 

Participant Characteristics - Breakfast in the classroom model 
Most studies were conducted in elementary and middle schools primarily located in racially and ethnically 
diverse, low-income communities (over 78 percent of students were FRP meal eligible). One study included 
elementary, middle, and high schools located in predominately white and higher income schools. 

• The RCT65,68 was conducted in 1,362 fourth through sixth graders from 16 urban, high-poverty schools 
of whom 66 percent and 17 percent were black and Hispanic, respectively.  
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• Two NRCTs70,73 were conducted in high-poverty, majority Hispanic/Latinx populations (64-73 percent).   

o Anzman-Frasca et al.70 included kindergarten through 6th grade students from 446 schools.  

o Imberman et al.73 examined attendance and grades in students in first through fifth grades from 
87 schools. Math and reading achievement were examined in 5th graders from 84 schools and 
sub-analyses were conducted to examine achievement scores by sex, race, ethnicity, prior 
academic achievement, English proficiency, and BMI category.   

• Corcoran et al.72 included 1,088 elementary and middle schools and analyzed data by degree of 
implementation. Schools that fully implemented BIC versus those that never implemented BIC had a 
greater percentage of students eligible for FRP meals (81 versus 67 percent), higher proportions of 
black and Hispanic students, lower average reading (-0.28 SD) and math (-0.31 SD) standardized test 
scores, and higher BMI.  

• Bartfeld et al.71 examined 5-year data from schools that reported availability of BIC (UFB or eligibility 
pricing) versus traditional SBP. Note, results reflect availability of BIC at a school, not student 
participation in the BIC, since student level information was not utilized.  

Participant characteristics - Other breakfast after the bell delivery models 
• The cluster-RCT67 included predominately white, economically advantaged high school students from 

16 high schools with low SBP participation (13 percent at baseline). Approximately 88 percent (median) 
of students were non-Hispanic white and approximately 32 percent were eligible for FRP meals. Hearst 
et al.66 evaluated a subset of study participants (n=636) who reported eating breakfast less than or 
equal to three days per week. Students were classified as “traditionally low resource” (n=141) or “high 
resource” (n=495) using latent class analysis based on five sociodemographic measures (i.e., race, 
FRP meal status, household receives public assistance, food insecure, and school-level percent of 
students eligible for FRP meals). Results were reported for all habitual breakfast skippers and for low- 
or high-resource groups. 

• Kirksey and Gottfried,76 included 1,883 schools with close to 70 percent students eligible for FRP 
meals. Participants were 35 percent Latins, 5 percent black, and 3 percent Asian; and 48 percent of 
students qualified for FRP meals. Baseline chronic absenteeism was approximately 22 percent overall, 
and 15, 19 and 29 percent in elementary, middle, and high schools, respectively.   

Interventions - Breakfast in the classroom model 
One RCT and four NRCTs compared UFB-BIC to UFB in the cafeteria65,68,72,73 or compared universal free-
BIC70 or BIC71 to traditional SBP in the cafeteria.70,71 Intervention duration ranged from 11 weeks73 to 5 
years.71,72 

• In the RCT,65,68 schools were randomized to receive universal free-BIC with breakfast-specific nutrition 
education (18, 45-minute lessons), a social marketing campaign, (e.g. posters for classrooms and 
cafeteria), corner store marketing of healthy choices (e.g. 1-2 shelf talkers with message or logo at 
stores within 0.5 miles of school), and parent outreach (e.g. monthly newsletters) or to received UFB 
served in the cafeteria and existing Supplemental Nutrition Assistance Program nutrition education. The 
duration of the intervention was 2.5 years. 

• Four NRCT were natural experiments.70-73  

o Anzman-Frasca et al.70 compared outcomes in 257 schools (57.6%) that implemented UFB-BIC 
with those from 189 schools that did not implement BIC and used eligibility pricing in the 
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cafeteria during the 2012-2013 school year. Data on SBP model was derived from 
administrative records. Propensity score weights were used to adjust for baseline differences 
between groups, and an intent-to-treat analysis was used.  

o Bartfeld et al.71 examined data from a 5-year period (2009-2010 through 2013-2014) in schools 
that reported availability of BIC versus eligibility pricing in the cafeteria. Results reflect 
availability of BIC, not student participation. 

o Two NRCTs employed a difference-in-difference design and intent-to-treat analysis to evaluated 
universal free-BIC with UFB in the cafeteria. Data on model type was derived from 
administrative records. 

 Corcoran et al.72 evaluated staggered implementation of UFB-BIC over a five-year 
period, and analyses were stratified by intensity or level of BIC coverage (low: <25%; 
moderate: >25% and <100%; full: 100% of classrooms).  

 Imberman et al.73 examined the short-term effect of moving UFB from the cafeteria to the 
classroom during the first 11 weeks of implementation.   

Interventions - Other breakfast after the bell delivery models 
Two studies evaluated BAB models. The Project BreakFAST intervention66,67 augmented breakfast in the 
cafeteria by offering grab-and-go carts for SCB outside the cafeteria; permitted students to eat in the hallway 
and some classrooms; was supported by a School Breakfast Expansion Team of stakeholders; provided 
funding ($4000/school) for a marketing firm to support development of a student-led marketing campaign; and 
provided implementation training with booster webinars for foodservice directors and one other staff member 
per school. Schools could tailor how they expanded SBP, some offered grab-and-go meals before and after 
the school day started, others just offered it after the start of the school day. The control schools received 
traditional SBP and eligibility pricing was used in both the intervention and control schools.  

Kirksey and Gottfried76 used sharp and fuzzy regression discontinuity designs to explore the effect of a sudden 
state-wide policy mandate to implement BAB in 1,883 schools with 70 percent or more students qualifying for 
FRP meals during the 2014-2015 school year. BAB interventions include both BIC and grab-and-go SCB 
interventions. BAB data were provided for Colorado schools from operational reports which described SBP 
model type (e.g., cafeteria, BAB, BIC, grab n’ go) and for Nevada, schools reported whether they intended to 
implement BAB in the 2015-2016 school year in grant applications completed by the vast number of schools 
required to adopt BAB.  

Outcomes and results - Breakfast in the classroom model 
Studies examined the effect of BIC on SBP participation, breakfast skipping, diet quality, attendance, academic 
achievement, and weight-related outcomes. The results described here are presented in Table 31 and 
synthesized in the discussion section Evidence syntheses: Breakfast delivery models. 

SBP participation 
SBP participation was assessed in three NRCTs using administrative records70,72 or reported by teachers in the 
intervention schools or food service staff in the control schools.68  

• Polonsky et al.68 reported that SBP participation was significantly higher in intervention schools serving 
UFB in the classroom than in control schools serving UFB in the cafeteria (72% vs 25.9% at 1.5 years 
and 53.8 vs 24.9% at 2.5 years).  
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• Two large NRCTs conducted in elementary and middle schools72 and in elementary schools70 reported 
that universal free-BIC resulted in substantial increases in SBP participation in comparison to both 
traditional SBP70 and UFB served in the cafeteria.72  

o Over a five-year period, Corcoran et al.72 found significant increases in SBP participation in 
schools offering BIC, with the rate of participation increasing with increasing levels of BIC 
implementation within the school. The largest increase (30.2 percentage points) was in schools 
with implementation of BIC in all classrooms.  

o Anzman-Frasca et al.70 found that universal free-BIC compared with traditional SBP was 
associated with significantly higher rates of SBP participation (73.7% vs 42.9%) in kindergarten 
through sixth grade students during the first year of implementation.  

Breakfast skipping  
Breakfast skipping was assessed in one RCT using the Breakfast Patterns Survey, designed to collect food 
and drink consumption among ethnically diverse low-income school-aged children (validity not reported).65 
Students completed the survey on one morning at baseline, 1.5 and 2.5 years. Skipped breakfast was counted 
if the student reported no intake of foods or beverages other than water. Bauer et al.65 reported significantly 
lower odds of skipping breakfast in schools offering universal free-BIC compared to schools serving UFB in the 
cafeteria at 1.5 years, but the effect did not persist to 2.5 years.  

Diet quality 
Bauer et al.65 assessed diet quality using the Breakfast Patterns Survey which included a 24-hour recall. The 
food consumption pattern assessment was based on USDA’s meal component requirements: whether students 
consumed one of the following: 1 fruit or vegetable, 1 grain, and 1 milk; 1 fruit or vegetable and 2 grains; or 1 
fruit or vegetable,1 grain, and 1 meat or meat alternative. Bouer et al. reported significantly higher odds of 
consuming a food pattern meeting the USDA nutritional requirements among students from intervention 
schools (universal free-BIC) than among control schools (UFB in the cafeteria) at 1.5 and 2.5 years. 

Attendance and learning achievement  
Four studies assessed attendance70-73 one also assessed high attendance (the percentage of students who 
attend greater than or equal to 96% of enrolled school days)70 and one also assessed low attendance (the 
probability of attending less than 95% of annual school days)71 using administrative data.  

• Three of four NRCTs71-73 found BIC71 or universal free-BIC72,73 compared to traditional SBP71 or UFB in 
the cafeteria72,73 had no effect on attendance in the full sample. Imberman and Kugker73 analyzed 
results by grade and prior year achievement and found no significant effect.  

• One NRCT70 found universal free-BIC compared to traditional SBP had a small but significant beneficial 
effect on attendance, and high attendance in high-poverty, urban elementary schools.  

Four NRCTs70-73 reported BIC had no significant effect on student standardized math and reading test scores 
in the full sample of students. Test scores were provided from administrative records. Imberman and Kugker73 
also evaluated mean grade across all courses at the 9-week point in implementation and found BIC had no 
effect. 

• Anzman-Frasca et al.70 found universal free-BIC compared to eligibility-priced breakfast in the cafeteria 
for one-year was associated with no significant differences in math or reading achievement in second 
through sixth graders.  
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• Corcoran et al.72 found universal free-BIC had little effect, compared with UFB in the cafeteria, among 
elementary and middle school on changes in math and reading standardized test scores across most 
levels of BIC coverage. The only significant finding was a small increase in math test scores (0.007 SD 
increase) when using student-level, but not school-level data.  

• Bartfeld et al.71 found BIC had no significant effect on normalized math and reading test scores in third 
through fifth graders.  

• Finally, Imberman and Kugker,73 studied the impact of moving UFB from the cafeteria to the classroom 
during the first 11 weeks of BIC intervention and found no significant effect on mean course grade over 
a 9-week period in students in first through fifth grade. Also, among fifth grade students, BIC had no 
significant effect on math and reading standardized test scores. Imberman and Kugker,73 further 
evaluated fifth grader achievement outcomes by sex, race, ethnicity, SES, academic achievement the 
previous year, English language proficiency, and weight status and found a significant association 
within some subgroups (e.g., an increase in math, and reading scores among Hispanic students); 
however, analyses were not controlled for multiple comparisons. 

Weight-related outcomes 
Weight-related outcomes were assessed in two studies.68,72 Trained researchers68 or school staff72 measured 
height and weight using a standard protocol. BMI-z score values were used to assess weight status (i.e., 
overweight, obese) and change in BMI-z score.  

• Among sixth through eighth graders, Polonsky et al.68 reported that the incidence of obesity was 
significantly higher in schools serving universal free-BIC compared to UFB in the cafeteria at 1.5 years 
(7.1% vs 4.3%), and at 2.5 years (11.6% vs 4.4%). Prevalence of obesity was significantly higher in 
schools receiving BIC at 2.5 years (28.0% vs 21.2%), while the increase was not significant at 1.5 years 
(25.2% vs 23.6%). No significant difference was found between intervention and control schools in 
combined incidence of overweight and obesity, or in BMI z-score at 1.5 and at 2.5 years.  

• Corcoran et al.72 found the universal free-BIC delivery model compared to UFB in the cafeteria had no 
effect on BMI z-score and obesity across most levels of BIC implementation; however, they did find 
very small, significant increases in BMI z-score (p<0.05) and obesity (p<0.05) in elementary schools 
with low BIC coverage (less than 25 percent implementation) when using student-level data. 

Outcomes and results: Other breakfast after the bell delivery models 
Studies examined other BAB delivery methods and SBP participation, attendance and learning achievement. 
Results are presented in Table 31 and synthesized in the discussion section Evidence syntheses: Breakfast 
delivery models. 

SBP participation  
Nanney et al.67 evaluated change in school-level mean SBP participation rate via administrative records. The 
investigators found an environmental intervention that augmented breakfast in the cafeteria with grab-and-go, 
SCB, policy change, and marketing significantly increased median SBP participation by 3 percent in the 
intervention schools, while there was a 0.5 percent increase in the control group during the first year of 
implementation.  

Attendance and learning achievement  
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Hearst et al.66 in the same RCT, evaluated unweighted cumulative GPA in 12 high schools. Among all habitual 
breakfast skippers and in low-resource or high-resource groups, no significant difference was found between 
the intervention and control groups in unweighted GPA at one year.  

Kirksey and Gottfried,76 evaluated data on chronic absenteeism (defined as the percent of students missing 
greater than 15 days of the school year) derived from administrative records and change in school-level 
standardized reading and math test scores from Colorado and Nevada state’s Department of Education. 
Investigators found schools with BAB compared to those without BAB significantly reduced chronic 
absenteeism. Effect on chronic absenteeism varied by school level. Reduction was 4 percent among all 
students, 3 percent in elementary, 3 percent in middle school and 7 percent in high school students. No 
significant effect was observed between BAB and standardized math or reading scores in Colorado or Nevada 
at any school level. 

Kirksey and Gottfried, 202176 also evaluated school-level characteristics which may moderate the effect of BAB 
on chronic absenteeism, including: FRP and overall SBP participation; change in overall and in FRP eligible 
participation; Title 1 status; universal free meal status; urbanicity; lag in BAB implementation, achievement, or 
chronic absence; district effects; covariates. Among schools that offered BAB, a significantly greater decline in 
chronic absenteeism was observed in those that: offered UFB (-0.04 (0.01) p<0.01), increased overall SBP 
participation (−0.05 (SE=0.02), p<0.05), increased FRP meal eligible participation (−0.06 (SE=0.02), p<0.05), 
and were suburban (−0.02 (0.01), p<0.05).   

Description of evidence - Observational studies 
Six cross-sectional studies (7 articles)78-84 and three pre-post studies without a control (4 articles)85-88 evaluated 
SBP student cost and delivery models in a range of populations. Participant characteristics, exposures, 
comparators, outcomes and results are described in Table 32 and discussed in context with trial findings 
below. 

Student cost model 
Two CS studies, one in a U.S representative sample81 and the other in a statewide sample from North 
Carolina,83 analyzed data from elementary, middle, and high schools with greater than 60 percent students 
eligible for FRP meals. Both studies found UFB increased SBP participation. Soldovini et al.83 did not control 
for all key confounders and used multiple significance testing without correction. Leider et al.81 assessed 
breakfast liking using a validated Child/Youth Interview survey and found a positive association between UFB 
and acceptance or liking of SBP.  

Breakfast delivery models 
Four CS studies and one UPP study compared BIC or universal free-BIC with traditional SBP in the cafeteria 
or UFB in the cafeteria in elementary schools71,79,80,82,84,87 and elementary, middle, and high schools.83 Results 
are consistent with findings from trials and indicate that BIC71,79,80,82 and universal-free-BIC84,87 compared with 
traditional SBP78-80,82,83,87 or UFB in the cafeteria84 are associated with increased SBP participation,71,80,83,84,87 
and improved diet quality.82 Soldavini et al.83 found eligibility-based BIC versus breakfast before school in the 
cafeteria increased SBP participation among elementary and high school students, and universal-free BIC 
versus traditional SBP increased SBP participation at all school levels. CS studies found BIC was associated 
with reduced breakfast skipping.82,84,87 Baxter79 examined BMI (calculated from measured heights and weights) 
and found BIC was associated with a higher BMI but not with BMI category (i.e., underweight, healthy weight, 
overweight, obese, severely obese). Ritchie et al.82 reported BIC was significantly associated with more 
students eating breakfast both at home and at school.  
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Two CS studies82,83 and one UPP study87 examined outcomes associated with grab-and-go and/or SCB 
interventions and result were consistent with trial data for SBP participation and diet quality. Soldavini et al.83 
found serving breakfast for free to all student alone or in combination with BIC, grab-and-go breakfast or SCB 
increased SBP participation at all levels of schools in North Carolina. BIC plus grab-and-go was significantly 
associated with an increase in SBP participation in elementary and high school students and grab-and-go and 
SCB was significantly associated with improved SBP participation in middle and high school students. Moeltner 
et al.87 found assembling students in the cafeteria and extending traditional SBP by 10 minutes past the bell 
significantly increased SBP participation in elementary school students. Ritchie et al.82 found BIC versus SCB 
(i.e., breakfast served in the cafeteria before school and again at first recess) was significantly associated with 
improved student Health Eating Index 2010 score and SCB was not significantly association with breakfast 
skipping among fourth and fifth graders from California. Bartfeld et al.71 found BIC and increasing the duration 
of the school breakfast period was associated with increased SBP participation but serving breakfast in 
common areas or other locations was not associated with significant change in SBP participation. CS studies 
are subject to serious risk of bias due to the inadequate adjustment for all key confounders79,80,82,84 and the use 
of self-reported outcome data.78,84  One study used multiple significance testing without correction83 and the 
pre-post test had no control group.87  

Three UPP studies provide additional context for Project BreakFAST RCT results.85,86,88 Larson et al.86 found 
grab-and-go and SCB increased SBP participation in all students, in habitual breakfast skippers, and in 
students eligible for FRP meals, students not eligible for FRP meals, Hispanic and white students. Grannon et 
al.85 evaluated the effect of the grab-and-go and the SCB intervention components in 12 schools that were able 
to record the time of breakfast purchases. SBP participation was assessed at the school-level and among 
habitual breakfast skippers, and in both groups, SBP participation increased significantly from the time when 
traditional SBP was offered to the time when traditional SBP was augmented with grab-and-go SCB. During 
that transition, participation in traditional SBP decreased while grab-and-go SCB was responsible for 12.4% 
participation. Finally, a small pilot-study conducted in one middle school in the same school district years 
earlier found grab-and-go breakfast in the hallway (eligibility pricing) for 6-weeks was significantly associated 
with an increase in SBP participation in all students and in students eligible and not eligible for FRP meals.88 
UPP study results are interpreted with caution since the studies are subject to serious risks of bias because 
they lack a control group.   
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Discussion 
Key Question 1a: What is the relationship between eating breakfast and school 
performance? 

Evidence synthesis – Learning achievement 
Four studies, including two RCTs,1,2 one cohort,3 and one cross-sectional study4 assessed the association 
between breakfast consumption and learning achievement. The observational studies were well-conducted, 
and the cross-sectional study was nested within a cluster RCT. All studies showed that there was an 
association between breakfast consumption and at least one measure of learning achievement. However, due 
to a high degree of heterogeneity between studies in terms of study design and methodology, it was difficult to 
draw a stronger summary statement. Some of the notable issues in this body of evidence is discussed below – 

• Despite randomization, there were baseline differences in math scores in both trials, with the fasting 
group scoring significantly higher on baseline test than the breakfast group.1,2 It is possible that the 
baseline differences in these trials could have blurred the post-intervention differences between the 
intervention and control groups.  

• Kawabata et al.2 noted that the study may not have been sufficiently powered to assess the effect. 

• While these trials1,2 were conducted in a laboratory-based setting, which provided greater control for 
monitoring compliance, generalizability of the findings in a general setting is unclear.  

Risk of bias for this body of evidence is presented in Table 9 and Table 10. 

Evidence synthesis – Cognitive development 
With 12 RCTs,2,5-15 one non-RCT,16 one cohort study17 and three cross-sectional studies,18-20 there was a 
modest body of evidence available to examine the relationship between breakfast consumption and cognitive 
outcomes in children and adolescents. Most of these, except one cohort study,17 assessed acute breakfast 
effects. 

The studies that assessed cognitive development had notable limitations, irrespective of the study designs. 
However, these limitations may not necessarily explain all inconsistencies in findings. Risk of bias for this body 
of evidence is presented in Table 12, Table 13, and Table 14. 

Randomized controlled trials   
• Sample size: Some studies in this body of evidence had small sample sizes (e.g., 10,11 19,8 21,10 40,2,7 

416 participants) and almost half of the trials 5,6,10,12,13,15 did not report power calculations. Further, 
Fulford et al.8 and Kawabata et al.2 acknowledged that their studies were underpowered to assess the 
impact on cognitive task performances.  

• Blinding: None of the studies were able to blind participants to breakfast or no breakfast.2,5-15 Kawabata 
et al.2 reported that the researchers disclosed the allocation at the start of the morning, rather than 
waiting until the treatment began. It is unclear if this resulted in some differences but given that most 
measures in this study were objective, it is unlikely to have impacted the findings.  

• Timing of outcome assessment: There were wide variations in the time of outcome assessment, which 
ranged from 6012 to 245 minutes14 post-breakfast. Studies assessed the cognitive outcomes at baseline 
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and had one follow-up,7-9,11-13,15 whereas others had repeated follow-up measures2,5,6,10,14 on the same 
day.    

• Outcome:  
o In this review, studies used multiple tests or multiple aspects of the same test to assess 

cognitive outcomes. For example, Defeyter and Russo7 measured complex attention using rapid 
visual information processing, choice reaction time, and serial subtraction. Mahoney et al.12 
reported four different measures (hits, miss rates, false alarm and reaction time to hits) for a 
single auditory attention test. While assessing a single domain using multiple tests allowed 
studies to ensure comprehensive assessment, there was also a high likelihood of finding 
spurious effects because of multiple testing. Further, none of the trials used Bonferroni 
correction for multiple testing except one trial,9 which found no effect on any of its tests.  

o There was lack of consistency in study findings. It was rare to use the same tests across 
studies; even when they did so, studies did not report consistent findings. For example, Cooper 
et al. (2011)5 showed that accuracy on the Stroop test was better maintained in breakfast 
consumers, but there was no effect on the response time. Similarly, Cooper et al. (2012)6 
showed that breakfast consumers were quicker and more accurate in Stroop test, but this was 
observed only in those in the low-GI breakfast group compared to no breakfast; this was not 
noted in the high-GI breakfast group. Defeyter & Russo7 who also administered Stroop test, 
showed no difference in reaction time or percent correct in both easy and difficult versions. 

o Further, there was heterogeneity in the mode of administration, which included: 1) computerized 
testing;2,6-8,10,14 and 2) pencil and paper testing.9,12,13 The equivalence of computer- and paper-
based testing has been shown to be reasonable for some tests in an older population, but is 
unknown for many tests that are administered in children.   

• A priori hypothesis: Another notable challenge is that most studies did not provide a priori hypotheses 
or a rationale for choosing the test(s). Further, it is unclear whether the tests chosen were sensitive 
enough to dietary interventions and were capable of detecting small changes in performance. While 
these concerns are most relevant for RCTs, they are applicable for observational studies as well.  

• Study setting: Study setting is an important consideration, with studies in laboratory settings offering 
greater control, but is being less reflective of real-life settings. On the other hand, in school-based 
studies, it is possible that the cognitive demand of class lessons administered during a waiting period 
could interfere with participant’s performance. However, such information is not provided in most of the 
studies.  

Non-randomized controlled trial and cross-sectional studies 
• Sample size: Except Peña-Jorquera et al.20 other studies16-19 did not report power calculations. While 

this is less of an issue for studies with sufficient sample sizes, it is unclear if Benton and Jarvis19 had 
the power to detect the differences given that they included only 20 participants.  

• Confounders: Two cross-sectional studies18,19 and the NRCT16 did not adjust for important confounders 
such as SES, parent’s education or family income in their analysis. Peña-Jorquera et al. adjusted for 
schools, since it is associated with socio-economic background, and other important characteristics.20 
Liu et al. adjusted for parental education and maternal occupations.17 Since these studies are 
observational, residual and unmeasured confounding cannot be ruled out. 

• Timing: The time window for administering cognitive test post-breakfast may be important to observe 
association with breakfast consumption. Yet, the exact time between breakfast consumption and 
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cognition assessment was not reported for any of the studies that assessed acute breakfast effects.16,18-

20  

• Exposure:  

o The only non-RCT study in this body of evidence,16 enrolled habitual breakfast consumers and 
skippers and assigned them to the type of breakfast cereal, based on participant’s preference. 
Although the study encouraged ad libitum breakfast (i.e., instructing participants to self-select and 
eat breakfast until comfortably full), the study did not report participant’s fidelity to a particular cereal 
consumption. Further, children were allowed to add ad libitum milk and sugar, were not restricted to 
a specific time of eating the cereal, and were free to consume the amount they wanted.  

o Peña-Jorquera et al.20 assessed breakfast intake based on a question from Mediterranean Diet 
Quality index. Two other cross-sectional studies18,19 assessed breakfast consumption using a non-
validated questionnaire that asked a few questions about breakfast intake, frequency, and portion 
size. 

o Liu et al.17 collected habitual breakfast consumption by asking the parents about how often their 
children have breakfast. It is unclear if the questionnaire was validated.    

• Outcome:  

o One cross-sectional study18 used multiple tests to assess cognitive outcomes such as attention and 
memory, but did not appropriately adjust the p-values for multiple testing.  

o There was heterogeneity in how outcomes were assessed in cross-sectional studies. For example, 
two studies18,20 used computerized testing to assess complex attention; whereas, one study 
assessed cognition by observing students’ behavior.19 However, it is not clear how comparable 
these measures are.  

o Liu et al.17 assessed cognitive outcomes with Chinese version of the Wechsler Preschool and 
Primary Scale of Intelligence—Revised. Specifically, verbal IQ, performance IQ and full-scale IQ 
were measured. It is unclear if it was validated and how comparable this translated version is to 
other tools. 

o The NRCT assessed child’s alertness and cognitive difficulties using parent’s perception of 
children’s behavior as opposed to a standardized cognitive test.16 It is possible that parent’s 
preconceived notions about the benefits of breakfast may have impacted their perception and how 
they assessed their child’s performance on these tests.  

Summary statement: 

Eating breakfast may result in improved learning achievement later in the day in school-aged 
children. The evidence comes from four small well-conducted studies with marked heterogeneity. 
Additional studies are needed to assess acute and longitudinal effects of breakfast consumption in 
school-aged children. 

The effect of eating breakfast, compared to fasting, on measures of cognitive development in school-
aged children is unclear. Despite a reasonable number of studies, the ability to draw conclusions was 
restricted by inconsistency in study findings, heterogeneity in cognitive tests, and small sample sizes.   
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Research recommendations 
• The RCTs in this body of evidence assessed acute breakfast effects. While the temporary effects of 

breakfast consumption are important, there is a need to conduct RCTs and well-designed longitudinal 
cohort studies with multiple time point measures to assess the sustained effects of habitual breakfast 
intake. 

• Future research should include intervention/exposure that closely resemble participants’ habitual 
breakfast consumption. Observational studies should use validated questionnaires to collect exposure 
data. 

• Studies should articulate their aim and hypothesis a priori and choose appropriate cognitive tests that 
are sensitive to acute nutritional manipulations. Further, studies are needed to assess the effect of 
breakfast on other relevant outcomes such as observed classroom behavior. 

• Many RCTs had small sample sizes and were probably underpowered to observe an effect. There is a 
need to conduct studies with larger sample sizes, derived on power calculations based on effect sizes 
and practical significant differences.  

• Studies should include different population sub-groups (e.g., children of lower SES and racial/ethnic 
group minorities) to examine the relationship between breakfast consumption and learning achievement 
and cognitive outcomes. Further, studies should collect data on confounders such as SES and sex and 
should account for them in the analyses, especially in observational studies.  

• To improve generalizability of study findings, more studies should be conducted in school-based 
settings, in addition to those that are conducted in a well-controlled laboratory setting. 

• Studies that measure acute breakfast effects should aim to assess whether breakfast effects on the 
outcome are impacted by timing of assessment. 

Rapid review conclusions in context of existing narrative review 

Learning achievement 
Overall, the conclusions from this rapid review that breakfast consumption may be associated with some 
measures of learning achievement is somewhat consistent with what Murphya summarized.  Murphy’s 
conclusions are based on studiesb,c,d,e published in developed and developing countries prior to 2005 exploring 
the relationship between breakfast consumption or skipping and learning achievement outcomes. Two studies, 
conducted in Malaysiac and Saudi Arabiaa, reported that breakfast skipping was more prevalent among 
students with poor performance. One study conducted in South Koread noted that regular breakfast 

 
a Murphy, JM. Breakfast and learning: an updated review. Current Nutrition & Food Science. 2007; 3(1):3-36. 
https://doi.org/10.2174/1573401310703010003. 
bAbalkhail, B., & Shawky, S. (2002). Prevalence of daily breakfast intake, iron deficiency anaemia and awareness of being anaemic 
among Saudi school students. Int J Food Sci Nutr, 53(6), 519-528. https://doi.org/10.1080/09637480220164370 

c Berkey, C. S., Rockett, H. R., Gillman, M. W., Field, A. E., & Colditz, G. A. (2003). Longitudinal study of skipping breakfast and weight 
change in adolescents. Int J Obes Relat Metab Disord, 27(10), 1258-1266. https://doi.org/10.1038/sj.ijo.0802402 
d Boey, C. C., Omar, A., & Arul Phillips, J. (2003). Correlation among academic performance, recurrent abdominal pain and other 
factors in Year-6 urban primary-school children in Malaysia. J Paediatr Child Health, 39(5), 352-357. https://doi.org/ 10.1046/j.1440-
1754.2003.00173.x 
e Kim, H. Y., Frongillo, E. A., Han, S. S., Oh, S. Y., Kim, W. K., Jang, Y. A., . . . Kim, S. H. (2003). Academic performance of Korean 
children is associated with dietary behaviours and physical status. Asia Pac J Clin Nutr, 12(2), 186-192.  

https://doi.org/10.2174/1573401310703010003
https://doi.org/10.1080/09637480220164370
https://doi.org/10.1038/sj.ijo.0802402


Rapid reviews: Discussion – Breakfast consumption and school performance 
 
 

 
64 

consumption was associated with higher GPA. In a study conducted in the U.S. (which Murphya noted as being 
“somewhat more subjective(ly)”) children who skipped breakfast at least once per week rated themselves as 
doing less well in school. The evidence on learning achievement in this rapid review comes from four studies 
conducted in school-aged children, which examined the association between acute breakfast or longitudinal 
intake of breakfast and academic performance using standardized tests.1-4 Beyond school performance, 
Murphye reported that breakfast consumption improved attendance and tardiness, based on city, state and 
non-U.S. school breakfast studies and school breakfast pilot project (SBPP); however, none of the studies in 
this rapid review measured attendance and tardiness outcomes.  

Cognition 
Based on studies until late 1990s, Murphy (citing the work of Pollitt and Mathewsb) noted that “no definitive 
conclusions can be drawn from the existing data on either a) long- and b) short-term benefits of breakfast on 
cognition” or the underlying mechanisms. Murphy (Murphy, 2007) also noted that skipping breakfast interfered 
with cognition and learning based on one pilot study conducted by Jacoby et al.c in Peru in early 1990s. While 
Jacoby et al. did not find a breakfast effect on vocabulary scores, there was a significant interaction with weight 
suggesting an improved vocabulary performance among heavier children.   

Murphy summarized studies on overall breakfast consumption and cognition published between 1999 and 
2004 and reported potential beneficial breakfast effects on cognitiond, e, f, g, h. Available studies were conducted 
in adult men and womenh,i,k evaluating short-term breakfast interventions (i.e., a combination of breakfast/no 
breakfast and caffeinated/decaffeinated conditioni, high vs. low GI index mealsj, assessing glucose tolerancek, 
cereal breakfast vs. no breakfastl). One cross-sectional study was described as the first study to report on the 
relationship between habitual breakfast and intellectual performance in a well-nourished population of school 

 
a Murphy, JM. Breakfast and learning: an updated review. Current Nutrition & Food Science. 2007; 3(1):3-36. 
https://doi.org/10.2174/1573401310703010003. 
b Pollitt, E., & Mathews, R. (1998). Breakfast and cognition: an integrative summary. Am J Clin Nutr, 67(4), 804S-813S. 
https://doi.org/10.1093/ajcn/67.4.804S 
c Jacoby, E. R., Cueto, S., & Pollitt, E. (1996). Benefits of a School Breakfast Programme among Andean Children in Huaraz, Peru. 
Food and Nutrition Bulletin, 17(1), 1-11. https://doi.org/10.1177/156482659601700111 
d Benton, D., Ruffin, M. P., Lassel, T., Nabb, S., Messaoudi, M., Vinoy, S., . . . Lang, V. (2003). The delivery rate of dietary 
carbohydrates affects cognitive performance in both rats and humans. Psychopharmacology (Berl), 166(1), 86-90. 
https://doi.org/10.1007/s00213-002-1334-5. 
e Donohoe, R. T., & Benton, D. (2000). Glucose tolerance predicts performance on tests of memory and cognition. Physiol Behav, 71(3-
4), 395-401. https://doi.org/10.1016/s0031-9384(00)00359-0. 
f Lopez-Sobaler, A. M., Ortega, R. M., Quintas, M. E., Navia, B., & Requejo, A. M. (2003). Relationship between habitual breakfast and 
intellectual performance (logical reasoning) in well-nourished schoolchildren of Madrid (Spain). Eur J Clin Nutr, 57 Suppl 1, S49-53. 
https://doi.org/10.1038/sj.ejcn.1601815. 
g Smith, A. P., Clark, R., & Gallagher, J. (1999). Breakfast cereal and caffeinated coffee: effects on working memory, attention, mood, 
and cardiovascular function. Physiol Behav, 67(1), 9-17. https://doi.org/10.1016/s0031-9384(99)00025-6. 
h Wesnes, K. A., Pincock, C., Richardson, D., Helm, G., & Hails, S. (2003). Breakfast reduces declines in attention and memory over 
the morning in schoolchildren. Appetite, 41(3), 329-331. https://doi.org/ 10.1016/j.appet.2003.08.009. 
i Smith, A. P., Clark, R., & Gallagher, J. (1999). Breakfast cereal and caffeinated coffee: effects on working memory, attention, mood, 
and cardiovascular function. Physiol Behav, 67(1), 9-17. https://doi.org/ 10.1016/s0031-9384(99)00025-6. 
j Benton, D., Ruffin, M. P., Lassel, T., Nabb, S., Messaoudi, M., Vinoy, S., . . . Lang, V. (2003). The delivery rate of dietary 
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childrena. Based on the above evidence, Murphy noted a positive association between breakfast and cognitive 
measures.   

This rapid review was able to extend Murphy’s finding in a few important ways. First, Murphy included a 
number of non-experimental studies in the review and noted that non-experimental study design could 
potentially introduce a selection bias. This review was able to address this limitation by including evidence that 
was mostly experimental. Further, all the studies included in this review were conducted in the U.S. or in 
similar high-income countries, and participants were school-aged children. Second, Murphy noted that no 
definitive conclusions can be drawn on the short-term benefits of a single breakfast on learning. Because most 
of the studies included in this review assessed short-term effects of breakfast, this rapid review filled this 
important gap. Murphy identified a number of methodological limitations such as non-experimental study 
designs, small sample sizes, limited attention to any one outcome and use of multiple significance testing 
without correction. While a few of these persist, especially in the cognition literature, this rapid review has been 
able to address many of them. In summary, this review was able to confirm some of Murphy’s conclusions on 
school performance and cognition. There were some similarities in the evidence base, but there were also 
subtle differences. Readers are thus encouraged to keep in mind the uniqueness of each review (and its 
evidence base) when comparing, contrasting, and interpreting the findings.  

 
a Lopez-Sobaler, A. M., Ortega, R. M., Quintas, M. E., Navia, B., & Requejo, A. M. (2003). Relationship between habitual breakfast and 
intellectual performance (logical reasoning) in well-nourished schoolchildren of Madrid (Spain). Eur J Clin Nutr, 57 Suppl 1, S49-53. 
https://doi.org/10.1038/sj.ejcn.1601815. 
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Table 8: Effects of breakfast consumption on learning achievementa 

Study Notable participant 
characteristics 

Intervention and 
comparator 

Outcomes Results 

Pivik et al. 20121 

RCT (parallel) 

US 

Analytic N: 81 

Mean age: 9.8+0.8 

 

Breakfast vs 
fasting condition 

WRAT-3 Arithmetic subtest scores, 
baseline 

Fasting (108.2±10.3) higher than breakfast (101.6±12.7) 
(p=0.01) 

 

   Correct responses for fasting vs. 
breakfast group (estimated from figures) 

Between group differences 

Before breakfast: 58 vs. 53; post-breakfast/fasting: 61 vs. 
57, P > 0.05 

   Correct responses for fasting vs. 
breakfast group (estimated from figures) 

Within group differences 

 

Breakfast: Significantly greater increases (53 to 57) 
from before and after breakfast, P < 0.001 

Fasting: No significant changes (58 to 61) from before and 
after the breakfast treatment, P > 0.05 

   Response time for fasting vs. breakfast 
group (estimated from figures) 

Between group differences (ms) 

Before breakfast: 960 vs. 890; post-breakfast/fasting: 940 
vs. 910, P > 0.05 

   Response time for fasting vs. breakfast 
group (estimated from figures) 

Within group differences 

 

Breakfast: Significant decrease in response time (960 
vs. 940 ms) from before and after the breakfast 
treatment, P < 0.05 

Fasting: No significant differences in response time (890 vs. 
910 ms) from before and after breakfast, P > 0.05 

Kawabata et al. 
20212 

RCT (parallel) 

Singapore 

Analytic N: 40 

Mean age 16y 

Majority female (78%) 

Normal BMI 

Breakfast condition 
vs fasting condition 

(both conditions 
include 30 min of 
exercise at -30min) 

Math test scores at -30 min Fasting higher than breakfast (p=0.04) 

   Math test score from -30 to ~+180 min β=-2.81, p=0.08 

   Computational time (math speed) at -30 
min 

NS (data NR); p>0.05 
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   Computational time from -30 min to 
~+180 min 

β=-0.057, p=0.04 

   Oral word fluency (i.e. total number of 
valid words retrieved or speed of word 
retrieval) at -30 min and change over the 
study duration  

NS (data NR); p>0.05 

Littlecott et al. 
20163 

Prospective 
Cohort Study 

UK 

Analytic N:1216 

Mean range: 9-11 y 

School lunch eligibility 
(based on low-income 
status): 21.6% 

Exposure: 
Breakfast 
consumed during 2 
assessment days  

Comparator: 
Breakfast 
consumed for less 
than 2 days during 
assessment 

Educational outcomes: Breakfast 
consumed 16-18 mo prior 

  

OR: 1.61 (95% CI: 1.24, 2.47) 

 
 

   Educational outcomes: Breakfast 
consumed 4-6 mo prior 

OR: 2.02 (95% CI: 1.44, 2.84) 

Ptomey, 20164 

Cross-sectional  

US 

Analytic N:162 

Mean age: 7.5 + 0.6 y 

Exposure: 
Breakfast 
consumed, the 
morning of 
assessment 
 
Comparator: No 
breakfast 

WIAT-III Mathematics standard score Breakfast: 103.25±12.86, No breakfast: 98.19±8.95, P = 
0.007 

 

   WIAT III Spelling standard score Breakfast: 100.49±12.73 vs. No breakfast: 95.85±10.27, P 
< 0.05 

   WIAT III Reading comprehension and 
fluency standard score 

Breakfast: 100.05±14.25 vs. No breakfast: 95.16 ± 12.93, 
P < 0.05 

 
a Abbreviations: WRAT Wide Range Achievement Test, WIAT Wechsler Individual Achievement Test 
RCT: randomized controlled trial; UK: United Kingdom; US: United States; y: years 
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Table 9: Risk of bias for the randomized controlled trial examining the effects of breakfast consumption on learning achievementa 

Article Randomization Period and carryover 
effects 

Deviations from 
intended 

interventions 
Missing outcome data Outcome 

measurement 
Selection of the 
reported result 

Kawabata et al. 
20212 

Parallel RCT 

SOME CONCERNS 

Baseline differences 
between groups may 

relate to randomization 
or outcome 

measurement 

N/A LOW LOW 

 

LOW 

 

SOME CONCERNS 

No registered protocol 
reported 

Pivik et al. 20121 

Parallel RCT 

SOME CONCERNS 

Baseline differences in 
arithmetic scores 

N/A LOW LOW LOW 
SOME CONCERNS 

No registered protocol 
reported 

Table 10: Risk of bias for the observational studies examining the association between breakfast consumption and learning achievementb 

Article 

Confounding 

(Key confounders: age, sex, 
SES, race/ethnicity, physical 

activity) 

Selection of 
participants 

Classification 
of exposures 

Deviations from 
intended 

exposures 
Missing data Outcome 

measurement 
Selection of the 
reported result 

Littlecott et 
al. 20163 

MODERATE 

Not adjusted for age, 
race/ethnicity, BMI 

LOW 

MODERATE 

Exposures 
measured in 
two intances 

spread across 
in time 

MODERATE 

Number of 
participants that 

had the exposure 
changed from 
baseline to f/u 

LOW LOW 

MODERATE 

No-pre-
registered 
protocol 

Ptomey et 
al. 20164 LOW LOW LOW LOW LOW LOW 

MODERATE 

No-pre-
registered 
protocol 
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a Possible ratings of low, some concerns, or high determined using the "Cochrane Risk-of-bias 2.0" (RoB 2.0) (August 2016 version)” (Higgins JPT, Sterne JAC, Savović J, Page MJ, 
Hróbjartsson A, Boutron I, Reeves B, Eldridge S. A revised tool for assessing risk of bias in randomized trials In: Chandler J, McKenzie J, Boutron I, Welch V (editors). Cochrane 
Methods. Cochrane Database of Systematic Reviews 2016, Issue 10 (Suppl 1). https://doi.org/10.1002/14651858.CD201601.) 
b Possible ratings of low, moderate, serious, critical, or no information determined using the "Risk of Bias for Nutrition Observational Studies" tool (RoB-NObs) (Dietary Guidelines 
Advisory Committee. 2020. Scientific Report of the 2020 Dietary Guidelines Advisory Committee: Advisory Report to the Secretary of Agriculture and the Secretary of Health and 
Human Services. U.S. Department of Agriculture, Agricultural Research Service, Washington, DC.) 

https://www.riskofbias.info/welcome/rob-2-0-tool
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Table 11: Effects of breakfast consumption on cognitive developmenta 

Study Notable participant 
characteristics 

Intervention and 
comparator 

Outcomes Results 

Adolphus et al. 
202114 

RCT (parallel) 

UK 

Analytic N: 234 

Mean age 12y 

Majority low SES (68% 
eligible for free school 
meals) 

Habitual breakfast 
consumers: 42.7%; Nearly 
every day: 23.5%; Rarely 
consumed: 33.8%” 

Experimental 
condition 
(breakfast, no 
breakfast) * time 
(baseline (-25), 
+70, +215, post-
intervention) 
interaction 

CANTAB test battery: Simple Reaction 
Time (SRT), 5-Choice Reaction Time (5-
CRT), Rapid Visual Information 
Processing (RVIP), and Paired 
Associates Learning (PAL) 

 

 

   Visual-spatial memory (PAL test): # of 
levels successfully passed as an effect of 
intervention  

 

Cochran-Mantel-Haenszel (CMH) test: 7.29, p<0.01 

Jonckheere-Terpstra (JT) test: z=2.58, p<0.01, when 
baseline reached level 2 (JT test NS when baseline 
reached level 3 or 4).  

Baseline performance reached level 2, 100% (Intervention) 
vs. 41.7% (comparator) reached maximum level 4. P value: 
NR 

   Visual-spatial memory (PAL test): Total 
errors made on the PAL test 

 

Baseline*intervention interaction: (F[1,202] = 6.95, p < 
0.01) 

Least square (LS) means NS between breakfast vs. no 
breakfast when baseline was 0 (t[202]=-1.85); 10 (t[202]=-
0.25). When baseline=50, LS means: t[202]=-2.43, p<0.05 

   SRT CMH[1]=8.67, p<0.01 

Other SRT outcomes: NS 

   5-CRT (ms) F[1,204] = 9.90, p<0.01 and baseline*session interaction 
(F[1,203] = 12.75, p<0.001) (Note: Mean baseline 
performance the difference between intervention vs 
comparator significant (t[204]=3.15, p<0.01) 

Other 5-CRT outcomes: NS 
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   Visual-sustained attention F[1,202]=6.00, p<0.05, significant baseline*intervention 
interaction for blocks 3 (F[1,202] = 6.29, p < 0.05) and 4 
F[1,202] = 4.01, p < 0.05). Significant baseline*session 
interaction for block 4 F[1,202] = 4.54, p < 0.05 

NS for blocks 3 (mean baseline 7.44; t(202) = 0.02) and 4 
mean baseline 7.42; t(202) = 1.25) across test sessions 1 
and 2  

Block 3, LS means significant only when baseline=0 
(t[202] = − 2.45, p < 0.05), 2 (t[202] = − 2.41, p < 0.05) and 
10 (t[202]2.16, p < 0.05). Block 4, LS means significant 
only when baseline=9 (t[202] = 2.30, p < 0.05) 

   Visual-sustained attention/RVIP false 
alarm 

F[1,202]=3.92, p<0.05, significant baseline*intervention 
interaction (F[1,202] = 8.19, p < 0.01).  

LS Mean comparison between breakfast vs. no breakfast 
was NS when baseline=5.71 across tests 1 and 2 (t(202) = 
− 0.00.  

Significant when baseline=20 (t[202] = 2.58, p < 0.05) 
and 50 (t[202] = 2.82, p < 0.01) and when baseline =0 
(t[202] − 1.98, p < 0.05) (i.e. when there is poorer 
baseline performance) 

   Visual-sustained attention/Guessing 
tendency 

(F[1,218]=10.24, p<0.01), significant 
baseline*intervention interaction (F[1,218] = 9.74, 
p<0.01);  

LS Mean comparison when baseline = 0.84 (t[218] = − 0.76, 
NS) and 1.00 (t[218] = 1.95) NS 

LS mean comparison when baseline = 0.20 (t[202] = − 
3.21, p < 0.01) (i.e. breakfast beneficial for test sessions 
one and two evident for those with a poorer 
performance at baseline) 

Cooper et al. 
20115 

RCT (crossover) 

UK 

Analytic N: 96 

Mean age: 13.3+1.2 

Mean BMI: 20.1+3.0 

Experimental 
condition 
(breakfast, no 
breakfast) * time 
(20 min, 120 min 
after breakfast) 

Stroop Test – Response time, main effect NS, P > 0.05 
 

   Stroop Test – Response time, interaction • Response times across the morning (trial*session 
interaction): P > 0.05 

• Trial*test level interaction: P > 0.05 
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• 3-way interaction test level*session time*test level 
interaction: P > 0.05 

   Stroop Test – Accuracy, main effect More correct responses in breakfast (vs. no breakfast): 
0.01, z(1, 22,973)=2.0, P = 0.04 

   Stroop Test – Accuracy, interaction • Trial*session time interaction: 0.016, z(1,22,973 =−2.3, 
P = 0.02 

• Complex level (trial*test interaction): 0.011, z(1, 
22,973)=−2.0, P > 0.05) 

• No difference between trials across morning 
(trial*session time*test level interaction): P > 0.05 

   Sternberg Paradigm – Response Time, 
main effect 

NS, t(1, 28,225)=2.0, P = 0.051 

   Sternberg Paradigm – Response Time - 
Basic 

Breakfast had quicker response times (vs. no 
breakfast), NR (P < 0.05) 

   Sternberg Paradigm – Response Time - 
Intermediate 

No difference between breakfast vs. no breakfast, NR (P > 
0.05) 
 

   Sternberg Paradigm – Response Time - 
Advanced 

No breakfast quicker than breakfast, t(1, 28,225)=−2.6, P 
= 0.010 

   Sternberg Paradigm – Response Time, 
Interaction 

Trial*session time interaction: Patterns of change in 
response time: t(1,28,225)=−1.8, P=0.07) 
• Significant three-way trial by session time by 

memory load interaction: t(1, 28,225): 2.5, P = 0.012 
o Basic: Greatest improvement across morning 

for no breakfast (P< 0.05) 
o Intermediate: Improvement in response times 

similar across morning for both (P > 0.05) 
o Advanced: Breakfast had significantly 

improved response time across the morning P 
< 0.05 

   Sternberg Paradigm – Accuracy, main 
effect 

NS, P > 0.05 
 

   Sternberg Paradigm – Accuracy, 
interaction 

• No differences in change of accuracy across the morning 
(trial*session time), P > 0.05 

• Trial memory load interaction, P > 0.05 
• 3-way interaction (trial*session time*memory load): P > 

0.05 

   Visual search test – Response time, main 
effect 

NS, P > 0.05 
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   Visual search test – Response time, 
interaction 

• Trial*session time interaction: Pattern of change not 
different, P > 0.05 

• Effect of breakfast between test levels (trial*test level 
interaction): P > 0.05 

• 3-way interaction: trial*session time* test level: P > 0.05 

   Visual search test – Accuracy, main effect • No main effect of breakfast, P > 0.05 
o Breakfast (vs. no breakfast) greater accuracy in 

the complex level: −0.029, z(1, 16,427)=−2.7, P = 
0.007 

   Visual search test – Accuracy, interaction Trial*session time interaction: Accuracy across morning did 
not differ by breakfast: P > 0.05 

Cooper et al. 
20126 

RCT (crossover) 

UK 

Analytic N: 41 

Mean age: 12.8+0.4 

Mean BMI: 20.5+3.3 

Experimental 
condition (high-GI 
breakfast, low-GI 
breakfast, 
breakfast 
omission)*time 
(+30 min, +120 
min) 

Flanker Test – Response time, main 
effect 

NS, P>0.05 
 

   Flanker Test – Response time • High GI vs. no breakfast: P > 0.05 
• Low GI vs. no breakfast: P > 0.05 

   Flanker Test, interaction Change in response time across morning (trial*session 
time interaction): low GI greater improvements in 
response time t(1, 13,630): 2.0, P = 0.045 

   Flanker Test - Accuracy • High GI vs. no breakfast: P > 0.05 
• Low GI vs. no breakfast: P > 0.05 
• Proportion of correct responses between the trials, NS 

   Flanker Test – Accuracy, interaction Incongruent (more complex) level:  
• low GI vs. no breakfast: Better accuracy with low GI 

(trial*session time*test interaction): 0.042, z(1, 
14,700), P = 0.001 

• high GI vs. no breakfast: NR 

   Stroop Test – Response time • High-GI breakfast vs. no breakfast: t(1, 13530)=1.8, P > 
0.05 

• Low GI breakfast vs. no breakfast (120 min): t(1, 
9019): 2.6, P=0.009 

   Stroop Test - Accuracy • Low GI vs. no breakfast: More correct in low GI: 0.27, 
z(1, 14820): 3.6, P < 0.001 

• High GI vs. no breakfast: P > 0.05 

   Sternberg Paradigm – Response Time • High GI vs. no breakfast: No breakfast responded 
quicker than high GI t(1, 17,468): 3.6, P < 0.001 

• Low GI vs. no breakfast: No breakfast responded 
quicker than low GI t(1, 17,468): 2.5, P =0.01 
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   Sternberg Paradigm – Response Time, 
interaction 

• Greater improvement in response times across 
morning for low-GI breakfast (trial * session time 
interaction) t(1, 17438): 2.5, P = 0.01 

   Sternberg Paradigm - Accuracy • Low GI vs. no breakfast: More correct response in 
low GI: 0.01, z(1, 19,520): 2.1, P = 0.04 

• High GI vs. no breakfast: P > 0.05 

   Sternberg Paradigm -interaction Complex levels (time*test level interaction) low GI vs. no 
breakfast: 0.025 z(1, 19520): 2.0, P > 0.05 

Defeyter and 
Russo., 20137 

RCT (Crossover) 

UK 

Analytic N: 40 

Mean age: 14.2 

Lower-middle class children 

Experimental 
condition 
(Breakfast vs. no 
breakfast)*time 
(baseline, +120 
min) 

Rapid visual information processing-Easy, 
% correct 

Breakfast (T1): 58.69±18.48, Breakfast (T2): 55.65±21.88; 
No breakfast (T1) 58.55±21.84; No breakfast (T2): 
55.37±23.02, P > 0.05 

 

   Rapid visual information processing-Easy, 
Reaction time (ms) 

Breakfast (T1):  506.08±37.87, Breakfast (T2): 
494.61±42.31; No breakfast (T1): 505.99±45.79; No 
breakfast (T2): 491.34±41.29, P > 0.05 

 

   Rapid visual information processing-Easy Breakfast*time interaction: P > 0.05 

   Rapid visual information processing - 
Easy, analysis of accuracy and reaction 
time data 

No main effects or interaction (Fs < 3.6, P > 0.05, largest, η2 
< 0.084) 

   Rapid visual information processing-Hard, 
% correct 

Breakfast (T1): 45.99±15.41; Breakfast (T2); 49.13±17.84; 
No breakfast (T1): 49.17±12.99, No breakfast (T2): 
46.50±17.56, P > 0.05 

   Rapid visual information processing-Hard, 
Reaction time (ms) 

Breakfast (T1): 502.13±38.62, Breakfast (T2): 502.57±44.0;  
No breakfast (T1): 500.59±37.08, No breakfast (T2): 
493.15±45.05, P > 0.05 

   Rapid visual information processing-Hard Breakfast*time interaction: P > 0.05 

   Rapid visual information processing- 
Analysis of accuracy and reaction time 
data 

Main effect NS and NS interaction (Fs < 3.46, ps > 0.05, 
largest η2 < 0.081) 

   Choice Reaction Time – Easy, Accuracy Breakfast (T1): 97.15±3.35, Breakfast (T2): 96.45±2.92; No 
Breakfast (T1): 96.65±3.18, No Breakfast (T2): 96.70±2.62, 
P > 0.05 

   Choice Reaction Time – Easy, Reaction 
time (ms) 

Breakfast (T1): 427.78±63.76, Breakfast (T2): 
422.47±63.76; No breakfast (T1): 421.43±59.86; No 
Breakfast (T2):  423.01±61.27, P > 0.05 
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   Choice Reaction Time – Easy Breakfast*time interaction: P > 0.05 
 

   Choice Reaction Time – Easy, Analysis of 
accuracy and reaction time 

Analysis of accuracy and reaction time data showed no 
significant interaction or significant main effects (Fs < 1) 

   Choice Reaction Time – Hard, Accuracy Breakfast (T1): 98.08±2.92, Breakfast (T2): 98.13±2.56; No 
Breakfast (T1): 98.75±2.04; No Breakfast (T2):  98.38±2.13, 
P > 0.05 

   Choice Reaction Time – Hard, Reaction 
time (ms) 

Breakfast (T1): 475.75±61.76, Breakfast (T2): 
466.26±60.85; No breakfast (T1): 481.64±60.70, No 
breakfast (T2): 477.52±84.31, P > 0.05 

   Choice Reaction Time - Hard Breakfast*time interaction: P > 0.05 
 

   Choice Reaction Time – Hard, Analysis of 
accuracy and reaction time  

No significant interaction or significant main effects (Fs < 
1.83, P > 0.05, largest η2 < 0.045) 

   Serial subtraction – Easy serial 3’s Breakfast (T1): 31.1 ± 12.3, Breakfast (T2): 32.3 ± 13.0; No 
breakfast (T1): 35.4 ± 12.5, No breakfast (T2): 31.9 ± 11.5 P 
> 0.05 

 

   Serial subtraction – Easy serial 3’s, main 
effects 

Main effects of breakfast and of time were not significant (Fs 
< 2.64, p > 0.05, largest η2 < 0.064) 
 

   Serial subtraction – Easy serial 3’s, 
interaction 

Breakfast*time interaction: F(1, 39) = 6.23, P < 0.05, η2 = 
0.138 

   Serial subtraction – Hard serial 7’s Breakfast (T1): 20.58 ± 9.7, Breakfast (T2): 21.8 ± 9.3; No 
breakfast (T1): 21.6 + 8.6, No breakfast (T2): 19.2 ± 8.7 P > 
0.05 

   Serial subtraction – Hard serial 7’s, main 
effects 

Not significant (F<1) 

   Serial subtraction – Hard serial 7’s, 
breakfast*time interaction 

F(1, 39) = 5.25, P < 0.05, η2 = 0.119 
Three-way interaction between breakfast*difficulty of 
task*timing: P > 0.05 

Fulford et al. 
20168 

RCT (Crossover) 

UK 

Analytic N: 19 

Mean age: 13.3 + 0.7 y 

Experimental 
condition 
(Breakfast vs. 
fasting) 

Decision-making task, reaction time 

 

Breakfast: 493.0±76.0 vs. Fasting: 493.3±51.0, P > 0.05 
 

   Decision-making task, number of incorrect 
responses 

Breakfast: 9.7±4.9 vs. Fasting: 8.7±4.1, P > 0.05 
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   1-back task, reaction time Breakfast: 543.0±89.0 vs. Fasting: 548.6±88.2, P > 0.05 
 

   1-back task, number of no-response Breakfast: 2.1±2.3 vs. Fasting: 2.8±3.5, P > 0.05    

   1-back task, number of false-positives Breakfast: 1.6±1.8 vs. Fasting: 1.5±1.9, P > 0.05 

   2-back task, reaction time Breakfast: 611.6±111.6 vs. Fasting: 617.06±100.8, P > 0.05 
  

   2-back task, number of no-response Breakfast: 8.3±1.2 vs. Fasting: 8.6±3.6, P > 0.05 
 

   2-back task, number of error Breakfast: 1.5±1.2 vs. Fasting: 2.8±3.6, P > 0.05   

Kawabata et al. 
20212 

RCT (parallel) 

Singapore 

Analytic N: 40 

Mean age 16y 

Majority female (78%) 

Normal BMI 

Experimental 
condition 
(Breakfast vs 
fasting)   

(both conditions 
included 30 min of 
exercise at -30min) 

Stroop Color-Word Test, Digit-Span and 
No-Go Task at -30 min 

NS (data NR); p>0.05 

   Change in reaction time measured by 
Stroop Color-Word Test at ~+120 min 

Congruent: β= 24.39, p>0.05;  
Incongruent: β= -69.52, p>0.05; 

Control: β=73.0; p>0.05 

   Stroop Color-Word Test, Accuracy 
(measured at ~+120 min) 

Congruent: β= -2.58, p>0.05;  
Incongruent: β= 0.33, p>0.05; 

Control: β=0.20; p>0.05 

   Change in reaction time, accuracy, 
interference score from ~+120 min to 
~240 min measured by Stroop Color-
Word Test  

NS (data NR); p>0.05 

   Digit span: Maximum number of digits 
memorized in the forward and backward 
direction over the study duration 

NS (data NR); p>0.05 

   No-Go Task reaction time from -30 min to 
+120 min 

β=33.99, p=0.02 

   No-Go Task reaction time from +120 min 
to ~240 min 

Findings reversed (β=-15.29, p=0.02) 
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   Go/No-Go task error rates NS (data NR); p>0.05 

Kral et al. 201210 

RCT (Crossover) 

US 

Analytic N: 21 

Mean age: 9.2 ± 0.8 y 

Majority African Americans 

~30% overweight 

Experimental 
condition 
(Breakfast vs. no 
breakfast)* time (-
30, +45, +90, +135 
min after 
breakfast) 

Identification task Breakfast: T1: 2.91±0.02, T2: 2.96±0.02, T3: 2.95±0.01, T4:  
2.97±0.02 

No breakfast: T1: 2.92±0.01, T2: 2.93±0.02, T3: 2.98±0.02, 
T4: 2.95±0.02 

P > 0.05 

   Detection task Breakfast: T1: 2.77±0.02, T2: 2.80±0.02, T3: 2.80±0.02, T4: 
2.81±0.02 

No breakfast: T1: 2.77±0.02, T2: 2.78±0.02, T3: 2.78±0.02, 
T4: 2.80±0.02 

P > 0.05 

   1-back task Breakfast: T1: 1.14±0.04, T2: 1.12±0.06, T3: 1.09±0.06, T4: 
1.08±0.05 

No breakfast: T1: 1.17±0.04, T2: 1.09±0.06, T3: 1.02±0.05, 
T4: 1.06±0.06 

P > 0.05 

   1-back task, interaction Breakfast-condition*time interaction: P > 0.05 

   Groton Maze learning test Breakfast: T1: 73.7±6.19, T2: 76.0±6.51, T3: 82.8±7.62, T4: 
73.8±7.67 

No breakfast: T1: 70.7±5.30, T2: 78.1±5.75, T3: 80.6±5.60, 
T4: 82.2±4.96 

P > 0.05 

   Groton Maze learning test, interaction Breakfast-condition*time interaction: P > 0.05 

   Continuous paired associate learning task Breakfast: T1: 1.17±0.06, T2: 1.14±0.04, T3: 1.18±0.06, T4: 
1.14±0.05 

No breakfast: T1: 1.19±0.05, T2: 1.09±0.04, T3: 1.18±0.05, 
T4: 1.21±0.04 

   Continuous paired associate learning 
task, main effect 

NS, P>0.05 
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   Continuous paired associate learning 
task, interaction 

Breakfast-condition*time interaction: P > 0.05 

   Groton maze learning test - delayed recall Breakfast: T1: 11.2±1.50, T2: 13.5±1.68, T3: 12.1±1.63,T4: 
12.2±1.27 

No breakfast: T1: 11.8±1.60, T2: 12.2±0.92, T3: 12.4±1.00, 
T4: 11.4±0.99 

   Groton maze learning test - delayed 
recall, main effect 

NS, P>0.05 

   Groton maze learning test - delayed 
recall, interaction 

Breakfast-condition*time interaction: P > 0.05 

   One Card Learning task Breakfast: T1: 0.93±0.03, T2: 0.92±0.02, T3: 0.88±0.03, T4: 
0.92±0.02 

No breakfast (t1, t2, t3, t4): 0.97±0.02, 0.91±0.03, 
0.89±0.03, 0.86±0.03 

   One Card Learning task, main effect NS, P > 0.05 

   One Card Learning task, interaction Breakfast-condition*time interaction: P > 0.05 

   Chase Test Breakfast group: T1: 1.00±0.05, T2: 1.13±0.06, T3: 
1.16±0.04, T4: 1.18±0.06 

No breakfast group: T1: 1.02±0.05, T2: 1.13±0.04, T3: 
1.12±0.05, T4: 1.16±0.05 

   Chase Test, main effect NS, P>0.05 

   Chase Test, interaction Breakfast-condition*time interaction: P > 0.05 

Iovino et al. 
20169 

RCT (Crossover) 

US 

Analytic N: 128 

Mean age: 9.2 + 0.8 

~72% non-white 

50% < $50,000 

>50% Free lunch eligible 

Experimental 
condition 
(Breakfast 
(Hazelnut spread, 
Waffles), vs No 
breakfast) 

Digit span, forward Hazelnut spread: 10.40±0.22, Waffles: 10.14±0.22, No 
breakfast: 10.23±0.22, P > 0.05 
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   CPT II Omissions total score Hazelnut spread: 50.92±1.02, Waffles: 52.53±1.02, No 
breakfast: 53.73±1.02, P = 0.04, but was not significant after 
applying Bonferroni correction (P <0.004) 

   CPI-II Commissions total score Hazelnut spread: 48.68±1.04, Waffles: 48.33±1.04, No 
breakfast: 49.38±1.04, P > 0.05 

   Wide range assessment of memory and 
learning (WRAML2)– Processing speed 
index 

Hazelnut: 105.77±1.18, Waffles: 105.73±1.18, No breakfast: 
106.14±1.18, P > 0.05 

   WISC-IV Coding Hazelnut: 10.34±0.24, Waffles: 10.34±0.24, No breakfast: 
10.44±0.24, P > 0.05 Sig. difference between different 
breakfast groups is unknown 

   WISC –IV Symbol search Hazelnut spread: 11.66±0.23, Waffles: 11.60±0.23, No 
breakfast: 11.65±0.23, P > 0.05 

Maffeis et al. 
201211 

RCT (Crossover) 

Italy 

Analytic N: 10 

Median age: 9.6  

Experimental 
condition 
(Breakfast vs No 
breakfast)*time 
(baseline, +180 
min) 

CPT II - Overall Index Pre- vs postprandial (error %): 27.3 (4.5) vs 33.7 (6.7), P 
< 0.05 

   TOMAL– Word selective reminding 
(percentile) 

Pre vs. Postprandial: 34.2 (2.6) vs. 38.6 (2.3) P < 0.05 

 

   TOMAL - Visual Sequential memory Pre, percentile: 88.3 (3.1) vs. Postprandial: 87.1 (7.4), P > 
0.05 

Mahoney et al. 
201612 

RCT (Crossover) 

US 

Analytic N (Group 1): 30 

Analytic N (Group 2): 30 

Age range (Group 1): 9-11 
y 

Age range (Group 2): 6-8 y 

Experimental 
condition 
(Breakfast vs no 
breakfast) 

Visual attention, Group 1 No effect by breakfast type for hits, misses and false 
alarms, P > 0.05 

   Auditory attention, Group 1 No effect by breakfast type for hits or misses, task duration 
P > 0.05 

   Auditory attention, Group 1 Breakfast type*task duration interaction: F(4, 92)=2.79, 
P <0.05, MSe=6.22 
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   Auditory attention, Group 2, hits (M, 
SEM), Main effect 

F(2, 38)=3.54, p <0.05, MSe=123.90; Oatmeal: 36.6, 2.42; 
RTEC: 26.8, 3.03; No breakfast: 29.5, 2.91 
Oatmeal vs. no breakfast: NR; RTEC vs, no breakfast: NR 

   Auditory attention, Group 2, miss rates, 
main effect 

F(2, 38)=5.37, P < 0.05, MSe=97.59; Oatmeal: 13.4, 2.36; 
RTEC: 24.3, 2.65; No breakfast: 17.2, 2.31 
Oatmeal vs. No breakfast: P < 0.05 

   Auditory attention, Group 2, false alarms P>0.05 

   Auditory attention, Group 2, reaction time 
to hits 

P>0.05 

   Spatial memory, Group 1, short-term 
recall 

Main effect: F(2, 44)=3.98, P < 0.05, MSe=12.33 
• Short-term recall: Participants correctly recalled 

most items after oatmeal (17.0±1.12), followed by 
ready-to-eat cereal (15.7±1.21) and no breakfast 
(14.0±1.42) P < 0.05 

• Post-hoc analysis of oatmeal vs. no breakfast: P < 
0.05 

• Incorrect and incorrect location items: P > 0.05 

   Spatial memory, Group 1, long-term NS, P > 0.05 

   Spatial memory, Group 1, short-term, 
analysis of blanks (M±SEM) 

Main effect: F(2, 44)=3.68, P < 0.05, MSe=8.96 
• Short-term: Oatmeal: 6.0±1.0; No breakfast: 8.4±1.17 

(P < 0.05); RTEC (7.1+1.04) vs. No breakfast: NR 
 

   Spatial memory, Group 1, long-term, 
analysis of blanks (M±SEM) 

NS, P > 0.05 

   Spatial memory, Group 2, short-term 
recall, correct items 

Breakfast type significantly altered recall of correct 
items F(2, 40)=3.65, P < 0.05, MSe=13.01 
Oatmeal: 15.9±0.47 vs. No breakfast: 13.0±1.12 (P < 
0.05) 
RTEC: 14.1, 0.92 vs. No breakfast: 13.0, 1.12 (P > 0.05) 

   Spatial memory, Group 2, long-term 
recall, correct items 

NS, P>0.05 

   Spatial memory, Group 2, long-term 
recall, analysis of blanks 

No differences between breakfast conditions on number of 
countries left blank, P > 0.05  
 

   Spatial memory, Group 2, short-term 
recall, incorrect location items 

Short-term recall: Main effect of breakfast on the 
analysis of incorrectly placed map items following no 
breakfast F(2, 40)=3.58, P < 0.05, MSe=12.94 Oatmeal: 
2.0, 0.47 vs. No breakfast: 4.9, 1.12 (P < 0.05) 
RTEC vs. no breakfast: P > 0.05 
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   Spatial memory, Group 2, long-term 
recall, incorrect location items 

NS, P > 0.05 

   Short-term memory (digit span-
backward), Group 1, interaction 

Breakfast type by sex interaction, F(2, 54)=4.46, P < 
0.05, MSe=1.25 
 

   Short-term memory (digit span-
backward), Group 1, girls 

Oatmeal vs. no breakfast (M±SEM): 5.0±0.37 vs. 
3.9±0.32, P < 0.05 
 

   Short-term memory (digit span-
backward), Group 1, boys 

Oatmeal vs. no breakfast (M±SEM): 3.8±0.33; 4.4±0.33; P > 
0.05 

   Short-term memory (digit span-
backward), Group 2, interaction 

Breakfast type by sex interaction, F(2, 52)=4.74, P < 
0.05, MSe=0.67 
 

   Short-term memory (digit span-
backward), Group 2, boys 

RTEC: 3.3 (0.30); Oatmeal: 3.0 (0.35); No breakfast: 3.1 
(0.25); P > 0.05 
 

   Short-term memory (digit span-
backward), Group 2, girls 

RTEC: 2.5 (0.32); Oatmeal: 3.6 (0.37); No breakfast: 2.9 
(0.27); P > 0.05 

   Short-term memory (digit span-forward), 
Group 1 

No significant differences between breakfast types, P > 0.05 

   Short-term memory (digit span-forward), 
Group 2 

No significant differences between breakfast types, P > 0.05 

   Visual perception, Group 1, main effect F(2, 52)=5.13, P < 0.05, MSe=11.06 
Copy scores better in oatmeal and RTEC vs. no 
breakfast 
Oatmeal: 31.7, 0.83; RTEC: 31.8, 0.74; No breakfast: 
29.3, 0.96; P < 0.05 

   Visual perception, Group 1, delayed recall NS, P > 0.05, data NR 
 

   Visual perception, Group 1, long-term 
memory 

NS, P > 0.05, data NR 

   Visual perception, Group 2 Copy measure revealed an interaction between 
breakfast type and sex, F(2, 48)=5.94, p <0.05, 
MSe=19.50 

   Visual perception, Group 2, boys Boys: RTEC: 21.3, 2.64; No breakfast: 17.5, 1.67; P < 
0.05 
Difference in performance was NS for oatmeal (M=21.6, 
SEM=2.3) vs. no breakfast 
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   Visual perception, Group 2, girls Performance was significantly better after no breakfast 
than RTEC and oatmeal 
No breakfast: 20.4, 2.25; RTEC: 15.8, 2.37; Oatmeal: 
19.0, 1.71; P < 0.05 

Widenhorn-
Muller, 200813 

RCT (Crossover) 

Germany 

Analytic N: 104 

Mean age: 17.2 ± 1.6 y 

Experimental 
condition 
(breakfast vs. no 
breakfast) 

Sustained attention – Total number of 
items processed, main effects 

NS, P > 0.05;  
• Male: Breakfast: 371.00±62.48; No breakfast: 

372.30±58.13, P > 0.05 
• Female: Breakfast: 390.56±74.51; No breakfast: 

371.96±61.70, P > 0.05 

   Sustained attention – Total number of 
items processed, interaction 

Breakfast*group interaction: P< 0.05 

   Sustained attention – Concentration 
performance, main effects 

NS, P > 0.05  
• Male: Breakfast: 138.05±28.59; No breakfast: 

137.961±25.72, P > 0.05 
• Female: Breakfast: 150.40±27.87; No 

breakfast:141.16±23.17, P > 0.05 
 

   Sustained attention – Concentration 
performance, interaction 

Breakfast*group interaction: F=134.73, P< 0.001 

   Sustained attention – Number of errors, 
main effects 

NS, P > 0.05;  
• Males: Breakfast: 19.02±18.45; No breakfast: 

19.86±21.45, P > 0.05 
• Female: Breakfast: 14.28+10.49; No breakfast: 

16.92+12.72 

   Sustained attention – Number of errors, 
interaction 

Breakfast*group interaction: P > 0.05 

   LGT-3, total score, main effect NS, P > 0.05 
• Males: Breakfast: 43.02±11.38; No breakfast: 

42.12±10.77, P > 0.05 
• Females: Breakfast: 51.76±12.69, No breakfast: 

50.14±11.67, P > 0.05 

   LGT-3, objects, main effect Main effect: NR 
• Males: Breakfast: 8.28+3.13; No breakfast:8.11+3.08, P 

> 0.05 
• Females: Breakfast: 11.30±3.58, No breakfast: 

10.78+3.13, P > 0.05 

   LGT-3, overall verbal memory No main effect, P > 0.05 
• Males: Breakfast: 43.22±10.92, No breakfast: 

43.80±8.83, P > 0.05 
• Females: Breakfast: 49.68±9.90, No breakfast: 

47.82±10.18, P > 0.05  
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   LGT-3, Turkish vocabulary • Male: Breakfast: 9.11±3.58, No breakfast: 9.57±3.26, P > 
0.05 

• Female: Breakfast: 11.96±3.46, No breakfast: 
12.00±3.62, P > 0.05 

   LGT-3, telephone numbers • Males: Breakfast: 4.83±2.68; No breakfast:4.74±3.10, P 
> 0.05 

• Females: Breakfast: 6.06±3.19, No breakfast: 5.74±3.15 
P > 0.05 

   LGT-3, telephone numbers, interaction • Breakfast*group interaction: P < 0.001 
 

   LGT-3, Cued recall subtests • Males: Breakfast: 9.54±3.81; No breakfast: 9.63±4.29, P 
> 0.05 

• Females: Breakfast: 11.26±4.14; No breakfast: 
10.08±4.63, P > 0.05 

   LGT-3, Cued recall subtests, interaction Breakfast*group interaction: P < 0.001, only for girls 

   Overall visuospatial memory, main effect F= 4.95, P = 0.028 
• Male: Breakfast: 48.79±9.91, No breakfast: 

45.47±9.51, F=5.38, P =0.024 
• Female: Breakfast: 51.18±11.76, No breakfast: 

50.56±10.11, P > 0.05 
 

   Overall visuospatial memory, interaction Breakfast*group interaction: P=0.035, for boys only 

   Overall visuospatial memory, trail • Males: Breakfast: 17.02+5.55; No breakfast: 17.19+5.72, 
P > 0.05 

• Females: Breakfast: 17.66+5.09; No breakfast: 
17.02+6.04, P > 0.05 

   Overall visuospatial memory, logos • Males: Breakfast: 10.33+3.35; No breakfast: 9.43+3.26, 
P > 0.05 

• Females: Breakfast: 11.54+3.91; No breakfast: 
11.34+2.95, P > 0.05 

Zipp, 201915 

RCT (Crossover) 

Germany 

 

Analytic N: 845 

Mean age: NR (Grades 3-
12) 

 

 

Test procedure 
with intervention 
(standardized 
breakfast meal at 
~9:30 am) 

Test procedure 
without 
intervention 
(without breakfast 
meal, but were 

Cognitive information processing (KAI: 
general intelligence) (mean+SD) 

 

Work memory capacity, breakfast grp: 75.24+27.15; 
Work memory capacity, no breakfast grp: 77.49 + 29.06; 
P≤0.001 (It seems like breakfast and no breakfast groups 
are flipped in table 3. Data, reported as is from the 
publication) 
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provided mineral 
water) 

   Cognitive information processing (KAI: 
general intelligence), primary school 
pupils, without breakfast at home, 
(mean+SD) 

No breakfast in school (n=104): 60.1+20.5; Breakfast in 
school (n=104): 63.1+20.8; P=NS 

 

   Cognitive information processing (KAI: 
general intelligence), primary school 
pupils, with breakfast at home, 
(mean+SD) 

No breakfast in school (n=238): 62.4+20.3; Breakfast in 
school (n=238): 63.5+21.8; P=NS 

   Cognitive information processing (KAI: 
general intelligence), secondary school 
pupils, without breakfast at home 
(mean+SD) 

No breakfast in school (n=92): 98.8+24.8; Breakfast in 
school (n=92): 104.3+28.6; P=0.024 

 

   Cognitive information processing (KAI: 
general intelligence), secondary school 
pupils, with breakfast at home (mean+SD) 

No breakfast in school (n=93): 104.3+25.8; Breakfast in 
school (n=93): 107.9+26.0; P=NS 

   Concentration (KT 3-4 R: General 
performance) - Total correct answers 
(mean+SD) 

Breakfast grp: 104.75+45.23; No breakfast grp: 
107.29+45.90; P≤0.001 (It seems like breakfast and no 
breakfast groups are flipped in table 3. Data, reported as is 
from the publication) 

   Concentration (KT 3-4 R: General 
performance) - Total number of cubes 
(mean+SD) 

Breakfast grp: 108.62+45.79; No breakfast grp: 
111.27+46.58; P≤0.001 (It seems like breakfast and no 
breakfast groups are flipped in table 3. Data, reported as is 
from the publication) 

   Concentration (KT 3-4 R: General 
performance) – Concentration 
performance (mean+SD) 

Breakfast grp: 31.15+14.34; No breakfast grp: 
31.83+14.52; P=0.004 (It seems like breakfast and no 
breakfast groups are flipped in table 3. Data, reported as is 
from the publication) 

   Concentration (KT 3-4 R: General 
performance) – Concentration 
performance, primary school pupils 
without breakfast at home, total correct 
answer (mean+SD) 

No breakfast in school (n=104): 77.2+28.4; Breakfast in 
school (n=104): 82.1+28.0; P=0.009 
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   Concentration (KT 3-4 R: General 
performance) – Concentration 
performance, primary school pupils 
without breakfast at home, total number of 
cubes (mean+SD) 

No breakfast in school (n=104): 80.3+29.3; Breakfast in 
school (n=104): 85.7+28.7; P=0.006 

 

   Concentration (KT 3-4 R: General 
performance) – Concentration 
performance, primary school pupils 
without breakfast at home, concentration 
performance (mean+SD) 

No breakfast in school (n=104): 23.1+9.4; Breakfast in 
school (n=104): 24.1+9.6; P=NS 

   Concentration (KT 3-4 R: General 
performance) – Concentration 
performance, primary school pupils with 
breakfast at home, total correct answer 
(mean+SD) 

No breakfast in school (n=238): 81.1+28.5; Breakfast in 
school (n=238): 84.1+30.4; P=0.022 

   Concentration (KT 3-4 R: General 
performance) – Concentration 
performance, primary school pupils with 
breakfast at home, total number cubes 
(mean+SD) 

No breakfast in school (n=238): 84.5+28.7; Breakfast in 
school (n=238): 87.5+31.0; P=0.028 

   Concentration (KT 3-4 R: General 
performance) – Concentration 
performance, primary school pupils with 
breakfast at home, concentration 
perfomance (mean+SD) 

No breakfast in school (n=238): 24.1+9.6; Breakfast in 
school (n=238): 25.0+10.0; P=0.021 

   Concentration (KT 3-4 R: General 
performance) – Concentration 
performance, secondary school pupils 
without breakfast at home, total correct 
answer (mean+SD) 

No breakfast in school (n=92): 149.3+35.1; Breakfast in 
school (n=92): 158.0+32.6; P≤0.000 

 

   Concentration (KT 3-4 R: General 
performance) – Concentration 
performance, secondary school pupils 
without breakfast at home, total number 
cubes (mean+SD) 

No breakfast in school (n=92): 154.2+35.3; Breakfast in 
school (n=92): 162.6+33.4; P≤0.000 

 

   Concentration (KT 3-4 R: General 
performance) – Concentration 

No breakfast in school (n=92): 44.5+11.3; Breakfast in 
school (n=92): 47.3+9.8; P=0.001 
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performance, secondary school pupils 
without breakfast at home, concentration 
perfomance (mean+SD) 

   Concentration (KT 3-4 R: General 
performance) – Concentration 
performance, secondary school pupils 
with breakfast at home, total correct 
answer (mean+SD) 

No breakfast in school (n=93): 159.8+35.2; Breakfast in 
school (n=93): 159.5+32.1; P=NS 

 

   Concentration (KT 3-4 R: General 
performance) – Concentration 
performance, secondary school pupils 
with breakfast at home, total number 
cubes (mean+SD) 

No breakfast in school (n=93): 163.8+35.7; Breakfast in 
school (n=93): 163.3+32.6; P=NS 

 

   Concentration (KT 3-4 R: General 
performance) – Concentration 
performance, secondary school pupils 
with breakfast at home, concentration 
perfomance (mean+SD) 

No breakfast in school (n=93): 48.1+11.1; Breakfast in 
school (n=93): 48.2+9.6; P=NS 

Smith, 201016 

NRCT 

UK 

Analytic N: 213 

Mean age: 8.1+2.0 

Daily ad libitum 
consumption of 
self-selected 
RTEC vs. children 
that does not 
normally eat 
breakfast 

Cognitive difficulties Day 7 
Cornflakes: 17.7 (SE: 0.7), Rice Krispies: 15.0 (SE: 0.7), 
Muddles: 14.6 (SE: 0.8) vs. No breakfast: 20.4 (SE: 1.0) P 
< 0.001 
 
Day 14 
Cornflakes: 15.6 (SE: 0.7), Rice Krispies: 14.3 (SE: 0.6), 
Muddles: 13.7 (SE: 0.7) vs. No breakfast: 18.2 (SE: 0.9) P 
< 0.001 

   Alertness Day 7 

Before breakfast: Cornflakes: 430 (SE: 18), Rice 
Krispies: 459 (SE: 17), Muddles1: 498 (SE: 19) vs. No 
cereal: 377 (SE: 24) P < 0.001 

After breakfast: Cornflakes: 611 (SE: 13), Rice Krispies: 
617 (SE: 12), Muddles1: 653 (SE: 14) vs. No breakfast: 
583 (SE: 17) P < 0.05 

Day 14 

Before breakfast: Cornflakes: 434 (SE: 18), Rice 
Krispies: 474 (SE: 18), Muddles1: 501 (SE: 20) vs. No 
cereal: 414 (SE: 25) P < 0.05 
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After breakfast (one-tailed test): Cornflakes: 635 (SE: 
13), Rice Krispies: 640 (SE: 12), Muddles1: 674 (SE: 13) 
vs. No breakfast: 623 (SE: 18) P<0.05 

Liu, 202117  

Prospective 
Cohort Study 

China 

Analytic N: 511 
(longitudinal); 835 (cross-
sectional) 

Mean age of exposure: 6 y 

Mean age of outcome 
assessment: 12 y 

 

Intervention: 
Breakfast 
consumption at 6 
y, assessed using 
a questionnaire 
completed by 
parents 

Breakfast 
consumption at 12 
y, assessed using 
a questionnaire 
completed by 
children 

 

At age 12: Cognition assessed using 
Wechsler Intelligence Scale for Children-
Revised (WISC- R); VIQ, PIQ and FIQ 
(combination of VIQ and PIQ); Academic 
Performance 

 

   Breakfast consumption at 6 y and IQ 
during wave 2, VIQ:  

  

≤ 3d/w (n=27): 94.7+12.2; ≥4d/w (n=484): 101.9+11.4; 
P=0.002 

   Breakfast consumption at 6 y and IQ 
during wave 2, PIQ:  

 

≤ 3d/w (n=27): 105.0+12.7; ≥4d/w (n=484): 106.6+12.2; 
P=0.503 

 

   Breakfast consumption at 6 y and IQ 
during wave 2, FIQ:  

 

≤ 3d/w (n=27): 99.6 + 12.9; ≥4d/w (n=484: 105.0+11.9; 
P=0.021 

   Multivariable mixed model, Breakfast 
always or often vs. sometimes or rarely, 
VIQ 

 

5.54 (1.42); P<0.001 

 

   Multivariable mixed model, Breakfast 
always or often vs. sometimes or rarely, 
PIQ 

2.20 (1.38); P=0.113 
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   Multivariable mixed model, Breakfast 
always or often vs. sometimes or rarely, 
FIQ 

4.35 (1.31); P=0.001 

   Categorical breakfast consumption 
Combination of wave (w) 1 and 2 (n=504) 
- More wave 1 + more wave 2 (n=454), 
VIQ 

Fewer wave 1 + fewer wave 2 (n=5): VIQ: 
Ref; PIQ: Ref; FIQ: Ref 

19.81 (5.46), P<0.001 

   Categorical breakfast consumption 
Combination of wave (w) 1 and 2 (n=504) 
- More wave 1 + more wave 2 (n=454), 
PIQ 

0.30 (6.05), P=0.96 

   Categorical breakfast consumption 
Combination of wave (w) 1 and 2 (n=504) 
- More wave 1 + more wave 2 (n=454), 
FIQ 

12.95 (5.71); P=0.024 

   Categorical breakfast consumption 
Combination of wave (w) 1 and 2 (n=504)- 
Fewer wave 1 + more wave 2 (n=21): VIQ 

17.66 (5.93), P=0.003 

   Categorical breakfast consumption 
Combination of wave (w) 1 and 2 (n=504)- 
Fewer wave 1 + more wave 2 (n=21): PIQ 

0.33 (6.57), P=0.96 

   Categorical breakfast consumption 
Combination of wave (w) 1 and 2 (n=504)- 
Fewer wave 1 + more wave 2 (n=21): FIQ 

11.99 (6.21), P=0.054 

   Categorical breakfast consumption 
Combination of wave (w) 1 and 2 (n=504)- 
More wave 1 + fewer wave 2 (n=24): VIQ  

15.90 (6.01), P=0.008 

   Categorical breakfast consumption 
Combination of wave (w) 1 and 2 (n=504)- 
More wave 1 + fewer wave 2 (n=24): PIQ 

-0.90 (6.66), P=0.89 
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   Categorical breakfast consumption 
Combination of wave (w) 1 and 2 (n=504)- 
More wave 1 + fewer wave 2 (n=24): FIQ 

9.87 (6.29), P=0.12 

Benton et al. 
200719 

Cross-Sectional 

UK 

Analytic N: 20 

Mean age: 9.4 

Exposure: Based 
on nutrition 
composition of 
habitual breakfast 
intake for 4 days 

1. >230 kcal 
2. 151-230 

kcal 
Comparator: <150 
kcal 

Time of task Those eating a breakfast of <150 kcal spend 
significantly less time on task than those who had 
eaten a larger meal (P < 0.03) 

Children who had eaten a breakfast <150 kcal and 
consumed no snack were significantly more likely to be 
distracted than those who had eaten more (P < 0.03) 

Peña-Jorquera, 
202120 

Cross-sectional 

Chile 

Analytic N: 1181 

Mean age: 11.7+1.06 

Cognitive test score at 
baseline (P<0.001) 

Overall: 100.0+8.8 

Normal BMI: 100.5+8.8 

OW/OB BMI: 99.6+8.9 

Skipping breakfast regularly 
(P<0.001) (Yes (Y), No, 
(N)) 

Overall: Y: 24.0%; N: 
76.0% 

Normal BMI: Y: 9.5%; 
N: 38.7% 

Overwt/Obese BMI: Y: 
14.6%; N: 37.2% 

Have breakfast 
(Yes/No) 

Breakfast quality 
score computed 
according to 
EndKid Study 
criteria, assessing 
yes for the 
following: a) 
cereals/bread, b) 
dairy, c) fruits or 
natural juice 
without sugar in 
breakfast 

Neurocognitive performance test Have breakfast before a cognitive test: F(6, 796)=9.67; 
P<0.001; ƞ2p=0.007 

By BMIz: F(7, 795)=8.31; P<0.001; ƞ2p=0.007 

 

   Neurocognitive performance test Breakfast quality score: F(11, 805)=6.04; P<0.001; 
ƞ2p=0.008 

By BMIz: F(11, 794)=3.96; P<0.001; ƞ2p=0.010 

Wesnes, 201218 

Cross-sectional 

Analytic N: 1386 

Mean age: 10.4+2.0 

Exposure: 
Breakfast 
consumed, the 

Power of attention Breakfast: 1,505±13.6 vs. No breakfast: 1,609±35.5, 
F(1,1372) = 7.4, P = 0.007 
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UK morning of 
assessment 

Comparator: No 
breakfast 

Participants who had breakfast were faster on the power of 
attention factor score 

Significant interaction between breakfast and gender 
for power of attention (F(1,1372) = 4.6, P = 0.03) 

   Response speed variability (CV%) Breakfast: 109±1.1 vs. No breakfast: 120±2.8,  

F(1,1366) = 12.5, P = 0.0004 

Participants who had breakfast showed lower response 
speed variability 

   Choice Reaction Time (%) Breakfast: 84.1±0.36 vs. No breakfast: 84.0±0.95, P > 0.05 

   Digit vigilance targets detected (%)  

 

Breakfast: 75.1±0.5 vs. No breakfast: 69.6±1.3 
F(1,1379) = 14.3, P = 0.0002 

Participants who had breakfast detected more targets 

   Digit vigilance – false alarms (#) Breakfast: 20.1±0.5 vs. No breakfast: 24.8±1.3 
F(1,1379) = 11.7, P = 0.0006 
 

 

 
a Abbreviations: BMI Body Mass Index; CANTAB: Cambridge Neuropsychological Test Automated Battery; CPT Continuous Performance Test; FIQ: Full IQ; IQ Intelligence Quotient; 
LGT3  Lern- und Gedaechtnistest; PIQ: Performance IQ; RCT  Randomized controlled trials; RTEC  Ready-to-eat-cereal; SES  Socio-economic status; TOMAL  The Test of Memory 
and Learning; VIQ: Verbal IQWIAT Wechsler Individual Achievement Test; WISC  Wechsler Intelligence Scale for Children; WRAT Wide Range Achievement Test; WRAML  Wide 
range assessment of memory and learning 
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Table 12: Risk of bias for the randomized controlled trial examining the effects of breakfast consumption on cognitive developmenta 

Article Randomization Period and carryover 
effects 

Deviations from 
intended 

interventions 
Missing outcome data Outcome 

measurement 
Selection of the 
reported result 

Adolphus et al. 
202114 

Parallel RCT 

SOME CONCERNS 

Allocation sequence 
may not be concealed 

N/A LOW LOW LOW 
SOME CONCERNS 

Retrospective protocol 

Cooper et al. 
20115 

Crossover RCT 
LOW  LOW LOW LOW LOW 

SOME CONCERNS 

No registered protocol 
reported 

Cooper et al. 
20126 

Crossover RCT 
LOW LOW LOW LOW LOW 

SOME CONCERNS 

No registered protocol 
reported 

Defeyter & 
Russo, 20137 

Crossover RCT 
LOW LOW LOW LOW 

SOME CONCERNS 

Lack of participant 
blinding may have 

affected participant-
reported outcomes 

SOME CONCERNS 

No registered protocol 
reported 

Fulford et al. 
20168 

Crossover RCT 
LOW LOW LOW LOW LOW 

SOME CONCERNS 

No registered protocol 
reported 

Iovino et al. 
20169 

Crossover RCT 
LOW LOW LOW LOW LOW LOW 

Kawabata et al. 
20212 

Parallel RCT 

SOME CONCERNS 

Baseline differences 
between groups may 

relate to randomization 
or outcome 

measurement 

N/A LOW LOW 

 

LOW 

 

SOME CONCERNS 

No registered protocol 
reported 

Kral et al. 201210 

Crossover RCT 

SOME CONCERNS 

Minimal information on 
randomization or 
baseline status 

LOW LOW LOW LOW 
SOME CONCERNS 

No registered protocol 
reported 
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Maffeis et al. 
201211 

Crossover RCT 
LOW LOW LOW LOW LOW 

SOME CONCERNS 

No registered protocol 
reported 

Mahoney et al. 
200512 

Crossover RCT 

SOME CONCERNS 

Minimal information on 
randomization or 
baseline status 

LOW 
SOME CONCERNS 

Minimal information 
reported 

LOW LOW 
SOME CONCERNS 

No registered protocol 
reported 

Widenhorn-
Muller et al. 
200813 

Crossover RCT 

LOW LOW LOW LOW LOW LOW 

Zipp and Eissing, 
201915 

Crossover RCT 

SOME CONCERNS 

Minimal information on 
randomization or 
baseline status 

HIGH 

Carryover effect may 
not have disappeared 

HIGH 

Impact on the results 
since participants were 
not analyzed in the 
allocated group 

HIGH 

Participants might have 
been excluded because 

of poor performance 

HIGH 

Outcome measurement 
may not have been 

appropriate  

SOME CONCERNS 

No registered protocol 
reported 

Table 13: Risk of bias for the non-randomized controlled trial examining the effects of breakfast consumption on cognitive developmentb 

Article 

Confounding 

(Key confounders: 
age, sex, 

race/ethnicity, 
physical activity) 

Selection of 
participants 

Classification of 
interventions 

Deviations from 
intended 

interventions 
Missing data Outcome 

measurement 
Selection of the 
reported result 

Smith, 201016 

CRITICAL 

None of the key 
confounders 

accounted for 

LOW LOW LOW LOW 

MODERATE 

Outcome maybe 
influenced by 
knowledge of 

exposure 

LOW 

Table 14: Risk of bias for the observational studies examining the association between breakfast consumption on cognitive developmentc 

Article Confounding Selection of 
participants 

Classification 
of exposures 

Deviations from 
intended 

exposures 
Missing data Outcome 

measurement 
Selection of the 
reported result 
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(Key confounders: age, sex, 
SES, race/ethnicity, physical 

activity) 

Benton 
and Jarvis, 
200719 

CRITICAL 

Confounding inherently present 
NO INFORMATION 

SERIOUS 

Methods for 
assessing 

exposure not 
valid 

NO 
INFORMATION NO INFORMATION 

SERIOUS 

Outcome 
influenced by 
knowledge of 

exposure 

NO 
INFORMATION 

Liu et al. 
202117 

SERIOUS 

Key confounders (age, physical 
activity, BMI) not accounted for 

MODERATE 

Start of follow-up and 
exposure may not 

have coincided 

SERIOUS 

Methods for 
assessing 

exposure may 
not be valid 

LOW NO INFORMATION LOW 
MODERATE 

No pre-registered 
protocol 

Peña-
Jorquera 
et al. 
202120 

 

SERIOUS 

Key confounders (age, 
race/ethnicity, SES) not 

accounted for 

NO INFORMATION 

MODERATE 

Breakfast 
intake self-
reported 

MODERATE 

BMI was different 
and varied by 
cognitive test 

scores 

NO INFORMATION 

All results were obtained 
from figures 

MODERATE 

Outcome could 
have been 

influenced by 
the exposure 

MODERATE 

No pre-registered 
protocol 

Wesnes et 
al. 201218 

CRITICAL 

Confounding inherently present 

NO INFORMATION 

No information on 
how many schools 

contacted agreed to 
participate. No data 
on how many of the 
contacted students 

participated 

SERIOUS 

Lack of 
information on 
how exposure 
was assessed 

NO 
INFORMATION 

No data on co-
exposure 

LOW 

 
LOW 

MODERATE 

No pre-registered 
protocol 

 

 

 
a Possible ratings of low, some concerns, or high determined using the "Cochrane Risk-of-bias 2.0" (RoB 2.0) (August 2016 version)” (Higgins JPT, Sterne JAC, Savović J, Page MJ, 
Hróbjartsson A, Boutron I, Reeves B, Eldridge S. A revised tool for assessing risk of bias in randomized trials In: Chandler J, McKenzie J, Boutron I, Welch V (editors). Cochrane 
Methods. Cochrane Database of Systematic Reviews 2016, Issue 10 (Suppl 1). https://doi.org/10.1002/14651858.CD201601.) 
b Possible ratings of low, moderate, serious, critical, or no information determined using the “Risk of Bias in Non-randomized Studies of Interventions (ROBINS-I) tool” (Sterne JAC, 
Hernán MA, Reeves BC, Savović J, Berkman ND, Viswanathan M, Henry D, Altman DG, Ansari MT, Boutron I, Carpenter JR, Chan AW, Churchill R, Deeks JJ, Hróbjartsson A, 
Kirkham J, Jüni P, Loke YK, Pigott TD, Ramsay CR, Regidor D, Rothstein HR, Sandhu L, Santaguida PL, Schünemann HJ, Shea B, Shrier I, Tugwell P, Turner L, Valentine JC, 
Waddington H, Waters E, Wells GA, Whiting PF, Higgins JPT. ROBINS-I: a tool for assessing risk of bias in non-randomized studies of interventions. BMJ 2016; 355; i4919; 
https://doi.org/10.1136/bmj.i4919.) 
 

https://www.riskofbias.info/welcome/rob-2-0-tool
https://www.riskofbias.info/welcome/home/current-version-of-robins-i
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c Possible ratings of low, moderate, serious, critical, or no information determined using the "Risk of Bias for Nutrition Observational Studies" tool    
Advisory Committee. 2020. Scientific Report of the 2020 Dietary Guidelines Advisory Committee: Advisory Report to the Secretary of Agriculture       
Human Services. U.S. Department of Agriculture, Agricultural Research Service, Washington, DC.) 
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Key Question 1b: What is the relationship between eating breakfast and weight-related 
outcomes? 
Evidence on the associations between breakfast intake and weight-related outcomes shares many similarities 
across the three groups of school-aged participants discussed above. The majority of studies assessed 
breakfast intake at baseline only. Breakfast intake was most commonly assessed using a single question, such 
as ‘Do you eat breakfast? Y/N’ or ‘How many times in the past week have you eaten breakfast?’ Very few 
studies gave guidance on how participants should define breakfast or how to answer yes/no questions if the 
answer was nuanced. There was also marked heterogeneity in how the intake categories were defined across 
studies. For instance, one study categorized ‘breakfast skipping’ as skipping breakfast every day, while others 
defined it as eating breakfast 0-3 times per week. Comparability across studies was limited as a result. 

Outcomes of interest also remained fairly consistent across studies, with most examining either BMI (often as 
z-scores) or weight status (most often defined as overweight: ≥85th percentile and obesity as ≥95th percentile 
on sex- and age-specific growth charts). A small number of studies examined outcomes such as abdominal 
obesity and percent fat mass, but the evidence base was very small. 

The full body of evidence is strengthened by large sample sizes and long follow-up periods, with almost all 
studies following participants for at least two years. However, this body of evidence is also affected by multiple, 
similar limitations including predominantly observational study designs, inconsistent methods for measuring 
and quantifying breakfast intake, measuring intake at baseline only despite long follow-up periods, and findings 
that – while statistically significant – have unclear practical significance.  

Evidence synthesis – Breakfast intake during childhood and weight-related outcomes 
The evidence synthesized here is presented in Table 15 and described in the results section Description of the 
evidence: Breakfast intake during childhood and weight-related outcomes. 

The largest body of evidence in this rapid review examined breakfast intake in childhood (5-9 years) and 
contributed large sample sizes and substantial racial/ethnic and SES diversity, overall. Three-quarters of the 
evidence in children measured overall breakfast intake, though the methods varied across studies, which limits 
interpretation. An additional three studies asked about breakfast eating at home, which shows the highest 
prevalence in this youngest school-aged population. Therefore, asking about breakfast intake overall and 
breakfast intake at home, specifically, likely represents a very similar exposure.   

Findings for overall breakfast intake were inconsistent across studies. All studies examined either BMI or 
weight status, and roughly half found a significant, beneficial association between greater frequency of 
breakfast intake and healthier BMI or weight status. The other half found no significant association between 
breakfast intake and BMI or weight status. This discrepancy does not appear to be explained by sample size, 
breakfast definition, whether breakfast intake was measured at baseline only versus repeatedly, or length of 
follow up. 

The evidence for location-specific breakfast intake (e.g., home, school) was much smaller and therefore more 
difficult to draw conclusions around. All studies measured intake at baseline only despite follow up of two to 
five years. Two of the three studies on breakfast at home found an association between greater frequency and 
healthier BMI, while the third found no significant association. Both studies on school breakfast found a 
detrimental association between more frequent intake and BMI change. However, given the number of studies 
that assessed overall breakfast intake without gather location information, it is difficult to disentangle the 
exposure measurements across studies or draw any conclusions around associations by breakfast location. 
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Additional outcomes of interest, including abdominal obesity and waist-to-height ratio, were examined in one 
cohort only, which prevented conclusions from being drawn for this age group. 

This body of evidence reflects a relatively large number of studies, particularly examining the association 
between overall breakfast intake and BMI or weight status. Most studies in this body of evidence also enrolled 
large samples, with only three studies24,43,52  enrolling fewer than 900 participants. However, in addition to the 
limitations discussed above for the full body of evidence, numerous limitations affected this body of evidence, 
specifically, primarily high attrition, with multiple studies reporting >40% loss to follow up. Table 16 contains 
the risk of bias assessments for these studies.  

Summary statement: Breakfast intake in childhood (5-9y) 

Increased frequency of breakfast intake in childhood (5-9y) may be associated with healthier weight-related 
outcomes, though roughly half of the studies found no statistically significant association. No studies examining 
overall breakfast intake found an association with greater frequency and less healthy outcomes. These studies 
enrolled large cohorts of participants with substantial diversity in race/ethnicity and socioeconomic status, as 
well as long follow-up periods, but they were also limited by high attrition, inconsistent definitions of breakfast, 
and intake assessments at baseline only. 

The association between breakfast intake and other weight-related outcomes of interest is unclear due to a 
lack of evidence. 

Evidence synthesis – Breakfast intake during early adolescence and weight-related outcomes 
The evidence synthesized here is presented in Table 17 and described in the results section Description of the 
evidence: Breakfast intake during early adolescence and weight-related outcomes. 

The evidence on breakfast intake during the early adolescent years (10-12 years) was similar to the childhood 
evidence in that studies primarily measured overall breakfast intake and its association with BMI or weight 
status. Findings were again equally split between studies showing a beneficial association between breakfast 
intake and BMI and weight status and those finding no significant association.  

Location-specific breakfast intake was consistently not associated with BMI or weight status, and this was true 
for both school breakfast and breakfast at home.  

In addition to the limitations discussed above for the full body of evidence, this body of evidence was also 
limited by overlap in age groups (e.g., enrolling participants 11-14 years old) and smaller samples than the 
studies in childhood or later adolescence. Table 18 contains the risk of bias assessments for these studies. 

Summary statement: Breakfast intake in early adolescence (10-12y) 

Increased frequency of breakfast intake in early adolescence (10-12y) may be associated with healthier 
weight-related outcomes, particularly lower BMI and healthier weight status, though roughly half of the studies 
found no statistically significant association. No studies found an association between increased breakfast 
intake and less healthy BMI or weight status. These studies included long follow-up periods but were limited by 
high attrition, small sample sizes, greater age group overlap, inconsistent definitions of breakfast, and intake 
assessment at baseline only. 

The association between breakfast intake in early adolescence and other weight-related outcomes is unclear 
due to a lack of evidence. 
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Evidence synthesis – Breakfast intake during later adolescence and weight-related outcomes 
The evidence synthesized here is presented in Table 19 and described in the results section Description of the 
evidence: Breakfast intake during later adolescence and weight-related outcomes. 

The associations between increased breakfast intake and healthier weight-related outcomes appear more 
consistently in older adolescents, though certain outside factors may be impacting that association. For 
instance, eight studies in older adolescents came from two cohorts, potentially making the full body of evidence 
for this age group appear more consistent than if findings were from independent cohorts. None of the other 
cohorts in this body of evidence found significant associations. Furthermore, the increased prevalence of 
breakfast skipping in this older population compared to the younger groups may contribute to these findings by 
increasing variability and ability to detect an association. 

Older adolescents were not asked about location-specific breakfast intake in this body of evidence, so no 
conclusions can be made in those areas. Similar to the other bodies of evidence, additional weight-related 
outcomes were rarely studied, so conclusions cannot be drawn. 

Repeat exposure assessment was far more common in the later adolescent populations, strengthening 
findings by allowing researchers to examine how intake patterns across time relate to the outcomes of interest 
across the same periods. However, in addition to the limitations discussed above for the full body of evidence, 
the evidence in older adolescents was limited by high attrition and findings with unclear practical significance. 
Table 20 and Table 21 contain the risk of bias assessments for these studies. 

Summary statement: Breakfast intake in later adolescence (13y+) 

Increased frequency of breakfast intake in later adolescence (13y+) showed a more consistent association with 
healthier weight-related outcomes than in younger populations, particularly for BMI and weight status, with 
eight of twelve studies supporting that finding. However, these eight studies came from only two cohorts, and 
the remaining four studies from other cohorts did not find statistically significant associations. No studies found 
an association between greater breakfast intake and less healthy BMI or weight status. These studies enrolled 
large cohorts of participants with substantial diversity in race/ethnicity and socioeconomic status, as well as 
long follow-up periods, but they were limited by high attrition and intake assessments at baseline only. 

The association between breakfast intake in later adolescence and other weight-related outcomes is unclear 
due to a lack of evidence. 

Research recommendations 
The development of a stronger evidence base around the question of breakfast intake and weight-related 
outcomes could be facilitated by additional research that:  

• Uses valid and reliable measures, particularly for the key variables of interest, such as dietary intake 
and BMI 

• Assesses the exposure repeatedly rather than at baseline only to identify change over time and its 
relationship with the outcomes of interest 

• Determines the components of breakfast intake, such as location, timing, or amount, that predict the 
most beneficial long-term outcomes 

• Adjusts for key confounders and examines potential mediators and moderators  

• Focuses on more diverse racial/ethnic and socioeconomic groups to increase generalizability 
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• Examines other indicators of healthy growth, such as waist-to-height ratio and percent body fat. 
While these were assessed in a small number of studies in this body of literature, evidence was too 
limited to draw conclusions 

Rapid review conclusions in context of existing narrative review 
Primarily cross-sectional data looking at the relationship between breakfast intake and weight-related 
outcomes were available when the existing narrative reviewa was published. The numerous prospective 
studies conducted since then and detailed in this report serve to strengthen the conclusions made on the 
relationship between breakfast and weight-related outcomes. 

For the question of breakfast intake and weight-related outcomes, evidence from 1999 to 2004 was included in 
the existing review. The cross-sectional data concluded that breakfast intake was associated with weight-
related outcomes. Specifically, participants who reported more frequent breakfast skipping were more likely to 
be overweight or have obesity. Although cross-sectional data were not included in this present review, the 
findings from that narrative review parallel those detailed here.  

The conclusions drawn in the present rapid review parallel those of the existing narrative review with the added 
benefit of stronger study designs and a larger body of evidence. Findings from stronger study designs included 
in this review support the conclusion that more frequent breakfast intake may be associated with healthier 
weight-related outcomes. However, as with the older review, inconsistency in findings is still reported. A 
substantial number of studies found no relationship between breakfast intake and weight-related outcomes. 

There remains a lack of sufficient evidence to evaluate the unique impact of breakfast consumed in specific 
locations, such as home or school. The impact of breakfast intake on other weight-related outcomes, such as 
waist circumference, are also not able to be determined.  

 
a Murphy, JM. Breakfast and learning: an updated review. Current Nutrition & Food Science. 2007; 3(1):3-36. 
https://doi.org/10.2174/1573401310703010003. 

https://doi.org/10.2174/1573401310703010003
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Table 15: Evidence examining the relationship between breakfast intake in childhood (5-9 years) and weight-related outcomesa 

Study  Notable participant 
characteristics 

Intervention and 
comparator 

Outcomes Results 

Affenito, 200521 

PCS, NHLBI 
Growth and 
Health Study 

USA 

Analytic N: ~2,117 

Baseline age: 9y 

100% Female 

51% Non-Hispanic Black 

>70% family income 
<$50,000 

BMI: 18.6±3.8 kg/m2 

Average breakfast intake 
across all time periods (i.e., 
% of days with any eating 
between 5 AM and 10 AM 
on weekdays or 5 AM to 11 
AM on weekend)  

Assessed every 1-2y from 
age 9-18y using 3-day 
recall 

BMI across time, chi-square, p-value 

Breakfast intake: 

 

3.10, p=0.38 

Albertson, 
200722 

PCS, NHLBI 
Growth and 
Health Study 

USA 

Analytic N: ~2,117 

Baseline age: 9y 

100% Female  

51% Non-Hispanic Black 

>70% family income 
<$50,000 

BMI: 18.6±3.8 kg/m2 

Average breakfast intake 
across all time periods (i.e., 
% of days with any eating 
between 5 AM and 10 AM 
on weekdays or 5 AM to 11 
AM on weekend)  

Assessed every 1-2y from 
age 9-18y using 3-day 
recall 

BMIZ at 18y, R (95% CI), p-value 

• Baseline BMI at 50th percentile: 

• Baseline BMI at 95th percentile: 

• Baseline BMI at 97th percentile: 

 

0.02 (-0.01, 0.05), p>0.05 

-0.04 (-0.08, -0.01), p=0.04 

-0.05 (-0.10, -0.01), p=0.01 

Barton, 200523 

PCS, NHLBI 
Growth and 
Health Study 

USA 

Analytic N: ~2,117 
(unclear) 

Baseline age: 9y 

100% Female 

51% Non-Hispanic Black 

>70% family income 
<$50,000 

BMI: 18.6±3.8 kg/m2 

Average breakfast intake 
across all time periods (i.e., 
% of days with any eating 
between 5 AM and 10 AM 
on weekdays or 5 AM to 11 
AM on weekend)  

Assessed every 1-2y from 
age 9-18y using 3-day 
recall 

BMIZ, Chi-square, p-value 

Risk of overweight (BMI ≥85th percentile): 

4.54 (p>0.05) 

4.98 (p>0.05) 

Carlson, 201224 

PCS 

USA 

Analytic N: 254 

Baseline age: 6-7y 

48% Latino 

Breakfast with family (d/wk) 

Assessed at baseline using 
a single question  

BMIZ over 2y, β (95% CI), p-value 

Breakfast with family: 

 

 

-0.04 (-0.07, 0.00), p<0.05 
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Ovwt/Ob: 35% 

   % body fat over 2y, β (95% CI), p-value 

Breakfast with family: 

 

-0.35 (-0.69, -0.02), p<0.05 

Gingras, 201830 

PCS 

USA 

Analytic N: 995 

Age 4y at baseline 

Predominantly high SES 

BMIZ (Mean±SD): 
Males: 0.34±1.06; 
Females: 0.39±1.06 

Eating breakfast daily vs 
breakfast skipping ≤6 d/wk 

Assessed repeatedly from 
ages 4-10y using single 
question on average 
frequency over the past 
month 

BMIZ [β (95% CI)] at 13y (SD 0.9) 

• Daily breakfast: Males (n=502)  

• Daily breakfast: Females (n=489) 

 

-0.13 (-0.24, -0.02)  

-0.13 (-0.23, -0.02) 

   Waist circumference [β (95% CI), cm] at 13.2y (SD 0.9) 

• Daily breakfast: Males (n=504) 

• Daily breakfast: Females (n=491) 

 

-0.60 (-1.87, 0.68) 

-1.59 (-2.67, -0.51) 

   %FM [β (95% CI), %] at 13.2y (SD 0.9) 

• Daily breakfast: Males (n=355) 

• Daily breakfast: Females (n=366) 

 

-1.43 (-2.42, -0.45) 

-1.47 (-2.25, -0.68) 

   Trunk fat mass [β (95% CI), kg] at 13.2y (SD 0.9) 

• Daily breakfast: Males (n=355) 

• Daily breakfast: Females (n=366) 

 

-0.40 (-0.88, 0.08) 

-0.92 (-1.33, -0.51) 

   Trunk:peripheral fat [β (95% CI)] at 13.2y (SD 0.9) 

• Daily breakfast: Males (n=355) 

• Daily breakfast: Females (n=366) 

 

-0.02 (-0.03, -0.01) 

-0.05 (-0.06, -0.03) 

Kelly, 201635 

PCS 

UK 

Analytic N: 16,936 

Baseline age: 5y 

BMI: 16.4±1.9 kg/m2 

Breakfast skipping: 8% 

“Regularly skipping” 
breakfast vs. eating 
breakfast  

Assessed at baseline using 
single, yes/no question 

BMI trajectory across ages 3-11y, OR (95% CI), p-value 

• Decreasing BMI trajectory: 

• Moderate increasing BMI trajectory:   

• High increasing BMI trajectory:  

 

2.01 (1.03, 3.92), p<0.05 

1.66 (1.37, 2.02), p<0.001 

1.76 (1.21, 2.56), p<0.01 



Rapid reviews: Discussion – Breakfast consumption and weight-related outcomes 
 

 
101 

Kesztyus, 
201736 

PCS, Baden 
Württemberg 
Study 

Germany 

Analytic N: 1,733 

Age: 7y 

Ovwt/Ob: 13% 

Maternal or Paternal 
Ovwt/Ob: 71% 

Breakfast skippers (rarely 
or never) vs. eaters (often 
or always) 

Evaluated at baseline as 
part of a multi-component, 
school-based health 
promotion program 

Abdominal obesity at 1y follow up, OR (95% CI) 

• Complete breakfast data (n=1,538) 

• Missing breakfast data imputed (n=1,733) 

 

 

3.68 (1.85, 7.33) 

3.03 (1.59, 5.79) 

Kesztyus, 
201637 

PCS, Baden 
Württemberg 
Study 

Germany 

Analytic N: 1,545 

Baseline age: 7y 

Ovwt/Ob: 13% 

Maternal or Paternal 
Ovwt/Ob: 71% 

Skipping breakfast before 
school (eating breakfast 
‘never’ or ‘rarely’) vs. 
eating breakfast before 
school ‘often’ or ‘always’ 

Evaluated at baseline as 
part of a multi-component, 
school-based health 
promotion program 

Change in waist to height ratio over 1y follow up, β±SE, p-
value 

• Skipping vs. eating: 

• Skipping vs. eating (adjusting for school-level 
clustering): 

 
 

0.39±0.19, p<0.05 

0.36±0.19, p>0.05 

MacFarlane, 
200943 

PCS 

Australia 

Analytic N: 293 

Baseline age: Younger 
cohort (5-6y); Older 
cohort (10-12y) data in 
table below 

Ovwt/Ob: 19% 

Breakfast skipping: 9% 

Breakfast skipping (less 
than daily breakfast intake) 
vs. daily breakfast intake at 
home over the past few 
months 

Assessed at baseline by a 
single question 

BMIZ at 3y follow up, β (95% CI) 

• Younger cohort (n=161):  

Ovwt/Ob at 3y follow up, OR (95% CI) 

• Younger cohort (n=161): 

 

0.3 (-0.2, 0.7) 

 

1.2 (0.3, 4.4) 

Miller, 201145 

PCS 

USA 

Analytic N: ~11,400 

Baseline age: 6y 

Free school lunch: 29% 

BMI: NR 

Mean breakfast with 
family (past wk): 4.6 

Mean school breakfast 
(past 5 d): 0.9 

Frequency of breakfast 
with family (typical wk) or 
school breakfast (typical 5-
day school wk) 

Assessed at baseline using 
2 separate questions 

BMI rate of change over 5y follow up, β, p-value 

• Breakfast with family: 

• School breakfast: 

 

-0.01, p<0.001 

0.01, p<0.01 

Okada, 201847 

PCS 

Analytic N: 43,663 

Baseline age: 7y 

Breakfast skipping 
(skipping usually or 
sometimes) vs. normally 
eating breakfast  

Prevalence of ovwt/ob (≥95th percentile) at annual follow 
ups (ages 8, 9, 10, and 11y), OR (95% CI) 

Breakfast skipping at age 7y: 

 
 

Age 8: 1.46 (1.22, 1.75);  
Age 9: 1.58 (1.33, 1.88);  
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Japan Nationally representative 
sample 

BMI (parent report): NR 

Assessed repeatedly from 
age 7-11y 

Age 10: 1.52 (1.28, 1.81);  
Age 11: 1.54 (1.28, 1.84);  
Age 12: 1.67 (1.39, 2.00) 

   Breakfast skipping at age 8y: Age 9: 1.57 (1.32, 1.86); 
Age 10: 1.56 (1.31, 1.85);  
Age 11: 1.80 (1.52, 2.14);  
Age 12: 1.84 (1.55, 2.19) 

   Breakfast skipping at age 9y: Age 10: 2.04 (1.47, 2.82);  
Age 11: 2.16 (1.55, 2.99);  
Age 12: 1.94 (1.36, 2.76) 

   Breakfast skipping at age 10y: Age 11: 1.80 (1.29, 2.50);  
Age 12: 1.49 (1.04, 2.13) 

   Breakfast skipping at age 11y: Age 12: 1.51 (1.19, 1.92) 

Shang, 202049 

PCS 

China 

Analytic N: 6,964 

Baseline age: 9y (Range 
6-13y) 

>80% both parents with 
<13y education 

BMI: ~17.0 kg/m2 

Breakfast frequency at 
6-13y:  
2.2% 0 d/wk, 14.0% 1-6 
d/wk, 83.8% 7 d/wk  

Breakfast frequency at age 
6-13y; classified as 0, 1-6, 
and 7 d/wk 

Assessed at baseline using 
single question 

∆ BMIZ [kg/m2 (SE)] from baseline to 1y follow-up 

Breakfast 0 (n=137) vs 1-6 (n=900) vs 7 (n=5,327) d/wk: 

 

0.14 (0.05) vs 0.11 (0.02) vs 0.11 
(0.01), p(trend)= 0.48 

   ∆ Waist circumference [cm (SE)] from baseline to 1y 
follow-up at 6-13y: 

Breakfast 0 (n=137) vs 1-6 (n=904) vs 7 (n=5323) d/wk: 

 

 
0.24 (0.04) vs 0.20 (0.02) vs 0.20 
(0.01)), p(trend)= 0.53 

   ∆ %FM [% (SE)] from baseline to 1y follow-up at 6-13y: 

Breakfast 0 (n=129) vs 1-6 (n=864) vs 7 (n=5196) d/wk: 

 

0.29 (0.07) vs 0.22 (0.03) vs 0.23 
(0.03), p(trend)= 0.63 
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Thompson, 
200652 

PCS 

USA 

Analytic N: 101 

Baseline age: Median: 
9y (Range: 8-12y) 

Female: 100% 

White: 74% 

SES: Parental income: 
<$50K: 40% 

BMI ≥85th percentile: 
4%; TSF <85th 
percentile: 100% 

EI 6:00-10:59AM as a 
percentage of TEI, 
successfully  

Assessed using 7-day 
dietary records at baseline 
and at least 1 other time 
point across 10y follow up 

Δ BMIZ from baseline to ~6y follow up (Median: 6y, 
Range: 2-10y), R, r2, F-value, p-value 

• Weekday mornings: 

• Weekend mornings: 

• Weekday + weekend mornings: 

 
 

R: -0.46, r2: 0.61, F: 0.57, P > 0.05 

R: -0.22, r2: 0.55, F: 0.17, P > 0.05 

R: -0.65, r2: 0.73, F: 0.80, P > 0.05 

Tin, 201154 

PCS 

Hong Kong 

Analytic N: 68,606 

Baseline age: 9-10y 

SES: ≤secondary school 
education: 90% 

Ovwt/Ob: ~23% 

Breakfast skipping: 5% 

Breakfast skipping (“no 
breakfast at all”) vs. 
breakfast eating  

Assessed at baseline using 
a single question 

Δ BMI from baseline to 2y follow up, β (95% CI), p-value 

• Breakfast skipping 

 

Results stratified by lunch habit and TV viewing habit are 
available in paper 

 

0.11 (0.07, 0.16), p<0.001 

Tin, 201255 

PCS 

Hong Kong 

Analytic N: 68,606 

Baseline age: 9-10y 

SES: ≤secondary school 
education: 90% 

Ovwt/Ob: ~23% 

Breakfast skipping: 5% 

Eating breakfast at home 
vs. eating breakfast away 
from home or skipping 
breakfast 

Assessed at baseline using 
a single question 

Δ BMI from baseline to 2y follow up, β (95% CI), p-value 

• Eating at home (REF): 

• Eating away from home: 

• Skipping breakfast: 

 

 

0.15, 95% CI: 0.11, 0.18, p < 0.001 

0.13, 95% CI: 0.09, 0.18, p < 0.001 

  Consistent breakfast habits 
at baseline and 2y follow 
up 

Δ BMI from baseline to 2y follow up, β (95% CI), p-value 

• Eating at home at both time points (REF): 

• Eating away from home at both time points: 

• Skipping breakfast at both time points: 

 

0.21, 95% CI: 0.16, 0.26, p < 0.001 

0.18, 95% CI: 0.11, 0.24, p < 0.001 

  Eating breakfast at home 
at both time points VS. 
change in breakfast habits 
across 2 y 

Breakfast at home at both time points (REF)  

• At home at baseline but away from home at follow up 

• At home at baseline but skipped at follow up 

 

0.19, 95% CI: 0.15, 0.23, P < 0.001 

0.18, 95% CI: 0.14, 0.23, p < 0.001 



Rapid reviews: Discussion – Breakfast consumption and weight-related outcomes 
 

 
104 

• Away from home at baseline but at home at follow up  

• Away from home at both time points 

• Away from home at baseline and skip at follow up 

• Skip at both time points 

• Skip at baseline but eat at home at follow up 

• Skip at baseline but eat away from home at follow up  

0.11 (95% CI: 0.07, 0.16), p < 0.001 

0.21 (95% CI: 0.16, 0.26), p < 0.001 

0.28 (95% CI: 0.19, 0.37), p < 0.001 

0.17 (95% CI: 0.11, 0.24), p < 0.001 

0.08 (95% CI: 0.02, 0.15), p = 0.014 

0.33 (95% CI: 0.22, 0.45), p < 0.001 

Traub, 201856 

PCS, Baden 
Württemberg 
Study 

Germany 

Analytic N: 1,545 

Baseline age: 7y 

Ovwt/Ob: 13% 

Maternal or Paternal 
Ovwt/Ob: 71% 

Breakfast skipping: 13% 

Skipping breakfast (eating 
breakfast ‘never’ or ‘rarely’) 
vs. eating breakfast ‘often’ 
or ‘always’  

Evaluated at baseline as 
part of a multi-component, 
school-based health 
promotion program 

Δ Waist-to-height ratio (≥0.5 = obesity) from baseline to 1y 
follow up, β±SE, p-value 

• Skipping breakfast 

 

 
 

0.50±0.19, p<0.01 

   Δ BMI percentile from baseline to 1y follow up, β±SE, p-
value  

• Skipping breakfast 

 
 

2.01±0.90 (p<0.05) 

 
a Abbreviations: ANCOVA: analysis of covariance; CI: confidence interval; d: days; FM: fat mass; ITT: intention-to-treat analysis; NR: not reported; NRCT: non-randomized controlled 
trial; NS: nonsignificant; OR: odds ratio; Ob: obese; Ovwt: overweight; PCS: prospective cohort study; PP: per-protocol analysis; RCT: randomized controlled trial; ref: reference 
group; SD: standard deviation; SE: standard error; SES: socioeconomic status; TEI: total energy intake; wk: week; y: year(s) 
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Table 16. Risk of bias for observational studies examining breakfast intake in childhood (5-9 years) and weight-related outcomesa 

Article 

Confounding 

(Key confounders: age, sex, 
SES, race/ethnicity, physical 

activity, baseline BMI, parental 
BMI, TEI) 

Selection of 
participants 

Classification of 
exposures 

Deviations from 
intended 

exposures 
Missing data Outcome 

measurement 
Selection of the 
reported result 

Affenito21  
SERIOUS 

Key confounders not accounted 
for: parental BMI 

LOW LOW LOW 
LOW 

 
LOW 

MODERATE 

No pre-registered  
protocol 

Albertson2

2  

SERIOUS 

Key confounders not accounted 
for: parental BMI 

LOW LOW LOW LOW LOW 
MODERATE 

No pre-registered  
protocol 

Barton 23 
SERIOUS 

Key confounders not accounted 
for: parental BMI 

LOW LOW LOW 

MODERATE 

No information on 
adjustment for or proportion 

of missing data across 
groups 

LOW 
MODERATE 

No pre-registered  
protocol 

Carlson24 
SERIOUS 

Key confounders not accounted 
for: parental BMI, TEI 

LOW LOW 
MODERATE 

Measured at 
baseline only 

LOW LOW 
MODERATE 

No pre-registered  
protocol 

Gingras30 
SERIOUS 

Key confounders not accounted 
for: physical activity, TEI 

LOW LOW LOW 

SERIOUS 

No adjustment for missing 
data or information on 

missing data across groups 

LOW 
MODERATE 

No pre-registered  
protocol 

Kelly35 
MODERATE 

Key confounders not accounted 
for: None 

LOW 

MODERATE 

Unclear exposure 
definition and 
measurement 

technique & validity 

MODERATE 

Measured at 
baseline only 

LOW LOW 
MODERATE 

No pre-registered  
protocol 

Kesztyus, 
201736 SERIOUS LOW 

MODERATE 

Inadequate description 
of the type and validity 

MODERATE MODERATE LOW 
MODERATE 

Analyses not 
detailed in  
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Key confounders not accounted 
for: SES, physical activity, 

parental BMI, TEI 

of exposure 
assessment tool 

Measured at 
baseline only 

Proportion of missing data 
varied by exposure level 

pre-registered 
protocol 

Kesztyus, 
201637 

SERIOUS 

Key confounders not accounted 
for: TEI 

LOW 

 

MODERATE 

Inadequate description 
of the type and validity 

of exposure 
assessment tool 

MODERATE 

Measured at 
baseline only 

MODERATE 

Proportion of missing data 
varied by exposure level 

LOW 

MODERATE 

Analyses not 
detailed in  

pre-registered 
protocol 

MacFarlan
e43 

SERIOUS 

Key confounders not accounted 
for: TEI 

LOW LOW 
MODERATE 

Measured at 
baseline only 

SERIOUS 

Unbalanced missingness 
across group without 

adjustment 

LOW 
MODERATE 

No pre-registered  
protocol 

Miller45 
SERIOUS 

Key confounders not accounted 
for: Parental BMI, TEI 

LOW LOW 
MODERATE 

Measured at 
baseline only 

SERIOUS 

Participants excluded for 
missing data; missingness 
unbalanced across groups; 

inadequate statistical 
adjustment 

LOW 
MODERATE 

No pre-registered  
protocol 

Okada47 

SERIOUS 

Key confounders not accounted 
for: race/ethnicity, physical 
activity, parental BMI, TEI 

LOW 

MODERATE 

Unclear question 
wording; no info on 

validity 

LOW 

SERIOUS 

Unclear if amount of 
missingness varied across 

groups; no info on 
statistical adjustment 

MODERATE 

Parent report 

MODERATE 

No pre-registered  
protocol 

Shang49 
SERIOUS 

Key confounders not accounted 
for: SES 

LOW 
LOW 

 

MODERATE 

Measured at 
baseline only 

MODERATE 

Participants with missing 
data varied from those 

without and were excluded 

LOW 
MODERATE 

No pre-registered  
protocol 

Thompson
52 

SERIOUS 

Key confounders not accounted 
for: TEI 

MODERATE 

Health-based 
inclusion 
criteria 

related to 
outcome 

LOW LOW 

SERIOUS 

Participants excluded for 
missing data; no info on 
how missingness varied 

across groups; inadequate 
statistical adjustment 

LOW 
MODERATE 

No pre-registered  
protocol 
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Tin, 
201255 

SERIOUS 

Key confounders not accounted 
for: race/ethnicity, physical 
activity, parental BMI, TEI 

LOW LOW 
MODERATE 

Measured at 
baseline only 

MODERATE 

Unclear how participants 
were excluded for missing 

data 

LOW 
MODERATE 

No pre-registered  
protocol 

Tin, 
201154 

SERIOUS 

Key confounders not accounted 
for: race/ethnicity, parental 

BMI, TEI 

LOW LOW 
MODERATE 

Measured at 
baseline only 

MODERATE 

Unclear how participants 
were excluded for missing 

data 

LOW 
MODERATE 

No pre-registered  
protocol 

Traub56 

SERIOUS 

Key confounders not accounted 
for: physical activity, baseline 

BMI, parental BMI 

LOW 

MODERATE 

Inadequate description 
of the type and validity 

of exposure 
assessment tool 

MODERATE 

Measured at 
baseline only 

MODERATE 

Proportion of missing data 
varied by exposure level 

LOW 

MODERATE 

Analyses not 
detailed in  

pre-registered 
protocol 

 

 
a Possible ratings of low, moderate, serious, critical, or no information determined using the "Risk of Bias for Nutrition Observational Studies" tool (RoB-NObs) (Dietary Guidelines 
Advisory Committee. 2020. Scientific Report of the 2020 Dietary Guidelines Advisory Committee: Advisory Report to the Secretary of Agriculture and the Secretary of Health and 
Human Services. U.S. Department of Agriculture, Agricultural Research Service, Washington, DC.) 
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Table 17: Evidence examining the relationship between breakfast intake in early adolescence (10-12 years) and weight-related outcomesa 

Study  Notable participant 
characteristics 

Intervention and 
comparator 

Outcomes Results 

Cayres, 201825 

PCS 

Brazil 

Analytic N: 86 

Baseline age: 11y 
(Range 11-14y) 

High breakfast skipping 
(≤6d/wk): 57% 

BMI: breakfast skippers: 
22.1 kg/m2; breakfast 
eaters: 19.8 kg/m2 

Higher vs. lower frequency 
of breakfast intake (0, 1-2, 
3-5, 7 d/wk) 

Assessed using a single 
question and summed 
baseline and 1-yr follow up 

Δ Whole body fatness, SEM with physical activity as 
mediator, r (95% CI) 

• Breakfast intake:  

 
 

-0.27 (-0.50, -0.05) 

   Δ Whole body fatness, SEM r (95% CI) 

• Breakfast intake:  

 

-0.27 (-0.46, -0.06) 

   Δ Trunk fatness, SEM with physical activity as mediator 

• Breakfast intake:  

 

-0.22 (-0.46, 0.01) 

   Δ Trunk fatness, SEM r (95% CI) 

• Breakfast intake:  

 

-0.23 (-0.42, -0.02) 

Chang, 201326 

PCS 

USA 

Analytic N: 6,220 

Baseline age range: 10-
12y 

BMI: NR 

 

Breakfast with family (d/wk) 

Assessed at baseline only 
by a single question 

Δ Weight status over 3y, OR (95% CI) 

• Ob/ovwt to healthy vs. stable ob:  

• Ovwt to healthy vs. stable ovwt: 

• Ovwt to obese vs. stable ovwt: 

• Healthy to ovwt/ob vs. stable healthy: 

 

1.00 (0.98, 1.01) 

1.02 (1.00, 1.03) 

1.01 (0.99, 1.02) 

1.00 (0.99, 1.00) 

Elgar, 200529 

PCS (cluster) 

UK 

Analytic N: 355 (20 
schools) 

Baseline age range: 11-
14y 

Ovwt/ob: 20% 

Frequency of breakfast 
skipping during a typical 
week 

Assessed at baseline only 

BMI at 4-yr follow up, β±SE (p-value) 

• Breakfast skipping: 

 

0.13 (p<0.05) 

   BMI change across 4 years, β±SE (p-value)  
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• Breakfast skipping 0.02 (p=NS) 

Goff, 201931 

PCS 

UK 

Analytic N: 665 

Baseline age: 11-13y 

20% Black African, 17% 
Bangladeshi/Pakistani, 
16% White British, 15% 
Black Caribbean, 15% 
Indian, 17% Other 

Ovwt/Ob: 39% 

Any breakfast skipping vs. 
breakfast every day at age 
11-13y 

Assessed by a single 
question at baseline 

BMI at 21-23y (N=664), β (95% CI), p-value 

• Skipping breakfast at 11-13y:  

 

1.41 (0.57, 2.26), p<0.001 

   Waist:height ratio (N=635), β (95% CI), p-value 

• Skipping breakfast at 11-13y: 

 

0.02 (0.01, 0.03), p<0.001 

Haerens, 
201032 

PCS 

Belgium 

Analytic N: 585-1066, 
depending on time point 

Baseline age: 10y 

BMI (self-report): NR 

Frequency of breakfast 
intake (d/wk), continuous 

Assessed by a single item 
annually across 4 years 

BMIZ across 4y follow up, β±SE, p-value 

• Baseline breakfast intake: 

• Change in breakfast intake across 4y follow-up: 

 

-0.04±0.01 (p<0.01) 

-0.03±0.02 (p>0.05) 

Hassan, 201934  

PCS  

Brazil 

Analytic N: 809 

Baseline age: 10-16y 

White: 46% 

Ovwt/ob: 42% 

Breakfast frequency at 10-
16y (baseline) (never or 
almost never: ‘none’; 1-
4x/wk: ‘intermediate’; 5-
7x/wk: ‘regular’) 

Change in breakfast with 
family frequency over 3y 
follow up (≥5 d/wk: regular; 
<5 d/wk: irregular) 

BMIZ trajectory across 1y, 2y, and 3y follow up:  

• Baseline breakfast frequency (10-16y, n=809):  

o Males: 

o Females: 

• 3-year persistence of breakfast frequency (n=488):  

o Males: 

o Females: 

 

 

NS 

NS 

 

NR 

NR 

   %BF trajectory across 1y, 2y, and 3y follow up:  

• Baseline breakfast frequency (10-16y, n=809):  

o Males:  

o Females:   

 

• 3-year persistence of breakfast frequency (n=488): 

o Males: 

 

 

NS 

Smaller increase in %BF over 3y in 
intermediate breakfast consumers 
vs. regular consumers (p<0.05) 

 

NS 
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o Females: Smaller increase in %BF in 
persistently intermediate breakfast 
consumers vs. persistently regular 
consumers (p<0.05) 

  Breakfast with family 
frequency at 10-16y 
(baseline) (never or almost 
never: ‘none’; 1-4x/wk: 
‘intermediate’; 5-7x/wk: 
‘regular’) 

Change in breakfast with 
family frequency over 3y 
follow up (≥5 d/wk: regular; 
<5 d/wk: irregular) 

BMIZ trajectory across 1y, 2y, and 3y follow up:  

• Baseline breakfast with family frequency (10-16y, 
n=809):  

o Males & Females 

 

 
 

NS 

   • 3-year persistence of breakfast with family frequency 
(n=488):  

o Males & Females 

 
 

NR 

   %BF trajectory across 1y, 2y, and 3y follow up:  

• Baseline breakfast with family frequency (10-16y, 
n=809):  

o Males:  

o Females:   

 

 
 

NS 

Smaller increase in %BF over 3y in 
persistently intermediate breakfast 
with family consumers vs. 
persistently regular consumers 
(p<0.05) 

   • 3-year persistence of breakfast with family frequency 
(n=488): 

o Males: 

 
 
 

o Females: 

 
 

Larger decrease in %BF in those 
whose family breakfast frequency 
changed over 3y vs. those who 
regularly ate with family at both 
time points (p<0.05) 

NS 

MacFarlane, 
200943 

Analytic N: 293 Breakfast skipping (less 
than daily breakfast intake) 

BMIZ at 3y follow up, β (95% CI)  
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PCS 

Australia 

Baseline age: Older 
cohort (10-12y); Younger 
cohort (5-6y-data in 
previous table) 

Ovwt/Ob: 21% 

Breakfast skipping: 8% 

vs. daily breakfast intake at 
home over the past few 
months 

Assessed at baseline by a 
single question 

• Older cohort (n=132):  

Ovwt/Ob at 3y follow up, OR (95% CI) 

• Older cohort (n=132): 

0.3 (-0.3, 0.9) 

 

2.2 (1.1, 4.7) 

Smith, K. 
201050 

PCS 

Australia 

Analytic N: 1,723 

Baseline age range: 9-
15y 

SES: Low or Medium 
low: 45% 

Breakfast intake in 
childhood: 86%, 
adulthood: 73%, and 
both: 62% 

Ovwt/Ob: 9%  

Breakfast skipping in 
childhood (9-15y) or both 
childhood and adulthood 
(26-36y) vs. eating 
breakfast at both time 
points 

Breakfast in childhood: 
eating something before 
school 

In adulthood: eating a 
snack, small, or large meal 
6-9AM 

BMI (kg/m2) at 21y follow up (26-36y), β (95% CI) 

Breakfast skipping as a: 

• Neither 

• Child (n=167-178): 

• Both (n=69-72): 

 

 

REF 

0.86 (0.04, 1.69) 

1.68 (0.41, 2.95) 

   Waist circumference at follow up (26-36y), β (95% CI) 

Breakfast skipping as a: 

• Child (n=167-178): 

• Both (n=69-72): 

 

 

1.55 (-0.33, 3.42) 

4.63 (1.72, 7.53) 

Sudharsanan, 
201651 

PCS 

USA 

Analytic N: 6,495 

Baseline age: 9-13y, 
mean ~11y 

Below federal poverty 
line: 20% 

Race/ethnicity: White: 
59%; Hispanic: 18%; 
Black: 16% 

School breakfast ≥1x/wk: 
17% 

Family breakfast 
frequency: ~3.5x/wk 

School breakfast (≥1x/wk) 
vs. no school breakfast 

Assessed at baseline using 
a single question 

 

 

 

Obesity (≥95th percentile) at 3y follow up, OR (95% CI) 

• Any vs. no school breakfast (REF) at baseline: 

 

 

1.31 (0.92, 1.87) 

Analyses stratified by SES quintile 
and poverty line available in paper 
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Obesity (≥95th 
percentile): 12% 

  Change in school breakfast 
between 5th and 8th grades 
vs. no change 

Change in Obesity status over 3y, OR (95% CI) 0.72 (0.39, 1.31) 

Analyses stratified by SES quintile 
and poverty line available in paper 

  Higher vs. lower frequency 
of family breakfast 

Change in Obesity status over 3y, OR (95% CI) 0.92 (95% CI: 0.84, 1.01) 

Analyses stratified by SES quintile 
and poverty line available in paper 

Wang, 201757 

PCS 

USA 

Analytic N: 468-553 
depending on time point 

Baseline age: 5th grade 

Hispanic: 47%, Non-
Hispanic black: 36%, 
Non-Hispanic white: 
17% 

Ovwt/Ob: 53% 

Breakfast skipping: 
~32% 

Breakfast skippers (skip 4-
7 d/wk)  
Inconsistent school eaters 
(eat 1-5 d/wk)  
Inconsistent home eaters 
(eat 1-5 d/wk) 
Regular home eaters (eat 
6-7 d/wk) 
Regular school eaters (eat 
6-7 d/wk)  
vs. double breakfast eaters 
(100% ate at home and 
school the previous day) 

Assessed at baseline only 
using a frequency question 
and a location question 

Odds of having ovwt/ob over 2y follow up, OR (95% CI) 

• Double breakfast eaters (10%) (REF) 

• Breakfast skippers (12%): 

• Inconsistent school eaters (7%): 

• Inconsistent home eaters (16%): 

• Regular home eaters (44%): 

• Regular school eaters (12%):  

 

 

2.66 (1.67, 4.24) 

2.11 (1.29, 3.46) 

2.02 (1.27, 3.21) 

1.70 (1.13, 2.56) 

NR 

 
a Abbreviations: ANCOVA: analysis of covariance; CI: confidence interval; d: days; FM: fat mass; ITT: intention-to-treat analysis; NR: not reported; NRCT: non-randomized controlled 
trial; NS: nonsignificant; OR: odds ratio; Ob: obese; Ovwt: overweight; PCS: prospective cohort study; PP: per-protocol analysis; RCT: randomized controlled trial; ref: reference 
group; SD: standard deviation; SE: standard error; SES: socioeconomic status; TEI: total energy intake; wk: week; y: year(s) 
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Table 18. Risk of bias for observational studies examining breakfast intake in early adolescence (10-12 years) and weight-related outcomesa 

Article 

Confounding 

(Key confounders: age, sex, 
SES, race/ethnicity, physical 

activity, baseline BMI, 
parental BMI, TEI) 

Selection of 
participants 

Classification 
of exposures 

Deviations from 
intended 

exposures 
Missing data Outcome 

measurement 
Selection of the 
reported result 

Cayres25  

SERIOUS 

Key confounders not 
accounted for: race/ethnicity, 
baseline BMI, parental BMI, 

TEI 

LOW 

MODERATE 

No exposure 
definition or info 

on validity 

LOW 

SERIOUS 

No info on missingness 
across groups; inadequate 

statistical adjustment 

LOW 
MODERATE 

No pre-registered  
protocol 

Chang26  

SERIOUS 

Key confounders not 
accounted for: physical 

activity, TEI 

LOW 

MODERATE 

Unclear 
assessment 

technique; no 
info on validity 

MODERATE 

Measured at 
baseline only 

SERIOUS 

Unclear if missingness 
resulted in exclusion, was 

balanced across groups, or 
was adjusted for statistically 

LOW 
MODERATE 

No pre-registered  
protocol 

Elgar29  

SERIOUS 

Key confounders not 
accounted for: race/ethnicity, 

parental BMI, TEI 

LOW 

MODERATE 

Unclear 
exposure 
definition 

MODERATE 

Measured at 
baseline only 

CRITICAL 

High attrition (46%) with 
inadequate statistical 

adjustment 

LOW 
MODERATE 

No pre-registered  
protocol 

Goff31 
SERIOUS 

Key confounders not 
accounted for: parental BMI 

LOW LOW 
MODERATE 

Measured at 
baseline only 

MODERATE 

Inadequte adjustment for 
missing data; no information 

on missing data across 
groups 

LOW 
MODERATE 

No pre-registered  
protocol 

Haerens32 

SERIOUS 

Key confounders not 
accounted for: race/ethnicity, 
baseline BMI, parental BMI, 

TEI 

LOW LOW LOW 

SERIOUS 

Unequal proportion of 
missingness across groups; 

inadequate statistical 
adjustment 

SERIOUS 

Self-report 

MODERATE 

No pre-registered  
protocol 

Hassan34 SERIOUS LOW LOW LOW MODERATE LOW 
MODERATE 

No pre-registered  
protocol 
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Key confounders not 
accounted for: race/ethnicity, 

SES, parental BMI, TEI 

High attrition (40%) with no 
information on proportions 

across groups 

MacFarlane43 
SERIOUS 

Key confounders not 
accounted for: TEI 

LOW LOW 
MODERATE 

Measured at 
baseline only 

SERIOUS 

Unbalanced missingness 
across groups without 

adjustment 

LOW 
MODERATE 

No pre-registered  
protocol 

Smith50 

SERIOUS 

Key confounders not 
accounted for: race/ethnicity, 
physical activity, parental BMI 

LOW LOW LOW 

SERIOUS 

No info on proportion of 
missingness across groups; 

inadequate statistical 
adjustment 

LOW 
MODERATE 

No pre-registered  
protocol 

Sudharsanan
51 

SERIOUS 

Key confounders not 
accounted for: parental BMI, 

TEI 

LOW LOW 
MODERATE 

Measured at 
baseline only 

SERIOUS 

No info on proportion of 
missingness across groups; 

inadequate statistical 
adjustment 

LOW 
MODERATE 

No pre-registered  
protocol 

Wang57 

SERIOUS 

Key confounders not 
accounted for: SES, 

race/ethnicity, physical 
activity, parental BMI, TEI 

LOW LOW 
MODERATE 

Measured at 
baseline only 

MODERATE 

Inadequate statistical 
adjustment for missing data 

LOW 
MODERATE 

No pre-registered  
protocol 

 
a Possible ratings of low, moderate, serious, critical, or no information determined using the "Risk of Bias for Nutrition Observational Studies" tool (RoB-NObs) (Dietary Guidelines 
Advisory Committee. 2020. Scientific Report of the 2020 Dietary Guidelines Advisory Committee: Advisory Report to the Secretary of Agriculture and the Secretary of Health and 
Human Services. U.S. Department of Agriculture, Agricultural Research Service, Washington, DC.) 
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Table 19: Evidence examining the relationship between breakfast intake in later adolescence (13+ years) and weight-related outcomesa 

Study  Notable participant 
characteristics 

Intervention and 
comparator 

Outcomes Results 

Kim, 202138  

RCT (parallel) 

Korea 

Analytic N: 105 (ITT) 

Baseline age: 15y  
(Range 12-18y) 

100% Habitual breakfast 
intake <3 d/wk 

BMI: ~25 kg/m2 

3 breakfast arms: Rice-
based (n=35) vs. wheat-
based (n=35) vs. usual 
intake control (n=35) 
weekdays for 12 wk 

Δ Obesity rate, Chi-square, p-value 

Across arms at 12 wk follow up: 

 

0.41 (x2=8.93) 

   Δ %FM, ANCOVA, Mean±SD, p-value 

Across arms at 12 wk follow up: 

 

Rice: -0.2±3.4; Wheat: 0.1±2.4; 
Control: -0.3±2.1, (p=0.03) 

   Δ Waist:hip ratio, ANCOVA, Mean±SD, p-value 

Across arms at 12 wk follow up: 

 

Rice: 0.02±0.03; Wheat: 0.02±0.03; 
Control: 0.00±0.04; (p=0.98) 

Crossman, 
200627 

PCS, Add 
Health 

USA 

Analytic N: 6,378 

Baseline age: 15y 
(Range 12-20y) 

59% White, 21% Black, 
15% Hispanic, 10% 
Native American, 7% 
Asian 

Ovwt/Ob (self-report): 
22% 

Breakfast skipping: 19% 

Breakfast skippers vs. 
breakfast eaters  

Assessed at baseline only 
using a single, Y/N 
question 

BMI at 6y follow up (18-26y), OR, p-value 

• Males:  

• Females: 

 

1.37, p<0.05 

1.23, p>0.05 

De Winter, 
201628 

PCS 

The 
Netherlands 

Analytic N: 1,816 

Baseline age: ~13y 

Breakfast skipping: 23% 

Ovwt/Ob: 9% 

Breakfast skipping vs. 
regular breakfast eating 
(≥5 d/wk) 

Assessed using a single 
item at multiple time points 
but only baseline data used 

Incidence ovwt/ob 1-4y after baseline, OR (95% CI) 

• Breakfast skipping: 

 

1.41 (0.97, 2.06) 
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Haines, 200733 

PCS, Project 
EAT 

USA 

Analytic N: 2,516 

Baseline age: 13-16y 

White: 48%; Black: 19%; 
Asian: 20%; Hispanic: 
6%; Native American: 
4% 

Low or middle SES: 37% 

Ovwt/Ob (self-report): 
26% 

Breakfast intake 
(times/wk): Females: 
3.5; Males: 4.3 

Frequency of breakfast 
intake over past wk 

Assessed using a single 
question at baseline and 5-
year follow up 

 

 

Prevalence of ovwt (>85th percentile) at 5y follow up, OR 
(95% CI) 

• Females (n=1,380): 

• Males (n=1,119): 

 
 

0.89 (0.83, 0.97) 

0.89 (0.82, 0.97) 

  Increase in frequency of 
breakfast intake from 
baseline to 5y follow up: 

Incidence ovwt (>85th percentile) in those normal weight at 
baseline, OR (95% CI): 

• Females (n=964): 

• Males (n=785): 

 
 

0.84 (0.74, 0.96) 

0.84 (0.74, 0.96) 

Laska, 201239 

PCS 

USA 

Analytic N: 562 

Baseline age: ~15y 
(grade range 6-11th) 

White: 87% 

Free/reduced price lunch 
eligible: ~11% 

BMI: males: 22.1±5.08; 
females: 21.9±4.91 

Breakfast intake 
(meals/d): Males: 0.91, 
Females: 0.88 

Percent of 3 recall days 
containing a meal called 
‘breakfast’ that was ≥50 
kcal 

Assessed at baseline and 
2y follow up using 3, 24-hr 
dietary recalls 

BMI at 2y follow up, β±SE, p-value 

Males: 

• TEI adjusted:  

• TEI not adjusted:  

Females: 

• TEI adjusted:  

• TEI not adjusted:  

 

 

-0.21±0.48, p=0.65 

-0.19±0.48, p=0.69 

 

-0.31±0.45, p=0.49 

-0.26±0.46, p=0.57 

   % Body fat at 2y follow up, β±SE, p-value 

Males: 

• TEI adjusted:  

• TEI not adjusted:  

Females: 

 

 

-1.80±1.23, p=0.14 

-1.47±1.27, p=0.25 
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• TEI adjusted:  

• TEI not adjusted: 

-0.38±0.86, p=0.66 

-0.18±0.86, p=0.83 

Lee, 200940 

PCS, Add 
Health 

USA 

Analytic N: 9,730 

Baseline age: ~15y 
(range 12-19y) 

Low SES: >60% 

White: 69%, Black: 15%, 
Hispanic 11% 

BMI (self-report): NR 

Parental obesity: 22% 

Breakfast skipping 6-
7x/wk: Females: 13%; 
Males: 9% 

Breakfast skipping 
(baseline: usually eating 
nothing for breakfast; 
follow up: eating breakfast 
0-2x in past wk) vs. eating 
breakfast ≥3x/wk 

Assessed using a single 
item at baseline only 

Obesity incidence at ~6y follow up, OR±SE, p-value 

• Females:  

• Males:  

Obesity persistence at ~6y follow up, OR±SE, p-value 

• Females: 

• Males: 

 

0.20±0.15, p>0.05 

0.63±0.18, p<0.01 

 

0.60±0.20, p<0.01 

0.87±0.20, p<0.001 

Liechty, 201541 

PCS, Add 
Health 

USA 

Analytic N: 13,568 

Baseline age: 16y 

Parent education: 46% 
high school or less 

White: 65%, Black, 16%, 
Hispanic 12% 

Ovwt/Ob (self-report): 
males: 22%; females: 
27% 

Breakfast skipping: 
Females: 22%; Males: 
16% 

Breakfast skipping vs. 
eating breakfast (only 
measured weekdays) 

Assessed using a single 
item at baseline only 

Overweight incidence at 1y follow up, RR (95% CI), p-
value 

Male:  

• Not adjusted for BMIZ:  

• Adjusted for BMIZ: 

Female:  

• Not adjusted for BMIZ: 

• Adjusted for BMIZ: 

 
 

 

1.00 (0.63, 1.13), p=0.99 

0.78 (0.49, 1.24), p=0.30 

 

1.60 (1.13, 2.28), p=0.009 

1.44 (1.00, 2.07), p=0.048 

   Obesity incidence at 1y follow up, RR (95% CI), p-value 

Male:  

• Not adjusted for BMIZ:  

• Adjusted for BMIZ: 

Female:  

• Not adjusted for BMIZ: 

 

 

1.80 (1.11, 2.91), p=0.02 

1.39 (0.87, 2.21), p=0.17 

 

1.14 (0.79, 1.64), p=0.48 

0.73 (0.47, 1.13), p=0.16 
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• Adjusted for BMIZ: 

Lipsky, 201542 

PCS 

USA 

Analytic N: 2,785 

Baseline age: 16y 

White: 56%, Black: 20%, 
Hispanic 19% 

Family affluence: 5.4 (0-
7 scale where 7 is ‘high’) 

Ovwt/Ob (self-report): 
39% 

Higher vs. lower frequency 
of breakfast intake (more 
than a glass of milk or fruit 
juice) across 4y follow up 

Assessed using a single 
item annually across 4y 

Δ BMI across 4y follow up, β±SE, p-value 

• Higher vs. lower frequency of breakfast intake 

 

 

-0.05±0.05, p=0.25 

Merten, 200944 

PCS, Add 
Health 

USA 

Analytic N: 7,788 

Baseline age: 16y (range 
12-19y) 

Below poverty: 14% 

Chronic obesity (self-
report, adolescence and 
young adulthood): 12% 

Adolescent breakfast 
≥4x/wk: 59% 

Regular breakfast intake 
(≥4 d/wk) vs. no regular 
breakfast intake <4 d/wk in 
adolescence (Adol) and/or 
young adulthood (YA): 

Assessed using a single 
question at baseline (12-
19y) and follow up (18-26y) 

 

Chronic obesity (≥95th percentile in adolescence (12-19y) 
and >30 kg/m2 in adulthood (18-26y)), OR (95% CI), p-
value 

• No regular breakfast (Adol only, controlling for YA 
breakfast habit) 

• Regular breakfast (Adol only) vs. regular breakfast 
(YA only) 

• Regular breakfast (Adol only) vs no regular breakfast 
(Adol & YA) 

• Regular breakfast (Adol & YA) vs. no regular 
breakfast (Adol & YA) 

• Regular breakfast (Adol & YA) vs. regular breakfast 
(Adol only) 

 
 
 

0.59 (0.52, 0.68), p<0.001 
 

0.90 (0.84, 1.02), p>0.05 
 

0.69, 0.60, 0.81), p<0.001 
 

0.41 (0.34, 0.48), p<0.001 
 

0.58 (0.49, 0.69), p<0.001 

Niemeier, 
200646 

PCS, Add 
Health 

USA 

 

Analytic N: 9,919 

Baseline age: 16y (age 
range: 11-21y) 

White: 66%, Black: 15%, 
Hispanic 12% 

Parent education ≤High 
school: 37% 

Ovwt/Ob: 29% 

Frequency of breakfast 
intake (past 7 d) 

Assessed using a single 
question at baseline and 5-
6y follow up 

BMIZ at 5-6y follow up, β, p-value 

• Baseline breakfast: 

• Change in breakfast from baseline to follow up:  

 

 

-0.02, p<0.001 

-0.01, p<0.01 

Quick, 201348 Analytic N: 1,643 Frequency of breakfast 
intake (previous wk): 

Incidence of overweight (≥25 kg/m2) at 10y follow up, OR 
(95% CI) 
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PCS, Project 
EAT 

USA 

Baseline age: 15y (range 
junior-senior high 
school) 

Race/ethnicity: White: 
49%, Black: 17%, Asian: 
18%, Hispanic: 6%; 
Native American: 3% 

SES: Low or Low-
Middle: ~35% 

Ovwt/Ob (self-report): 
26% 

Breakfast frequency: 
~4x/wk 

Assessed using a single 
question at baseline and 
10y follow up 

Baseline breakfast: 

• Females (n=887):  

• Males (n=756): 

 

0.91 (0.86, 0.97) 

0.95 (0.90, 1.01) 

 

  Change in frequency of 
breakfast intake from 
baseline to 10y follow up: 

Change in breakfast intake: 

• Females (n=887): 

• Males (n=756): 

 

0.97 (0.91, 1.04) 

1.02 (0.95, 1.09) 

Timlin, 200853 

PCS, Project 
EAT 

USA 

Analytic N: 2,216 

Baseline age: ~15y 

Ovwt/Ob (self-report): 
26% 

Breakfasts: daily: ~33%, 
intermittent: ~53%, 
never: ~15% 

Never or intermittent (1-
6x/wk) vs. daily breakfast 
intake 

Assessed at baseline at 5y 
follow up using a single 
question 

Δ BMI from baseline to 5y follow up, Mean±SE, p-value 

• Daily (n=764):  

• Intermittent (n=1,152):  

• Never (n=300):  

 

1.6±0.16 

2.0±0.09 (p<0.05) 

2.2±0.19 (p<0.05) 

Wennberg, 
201558 

PCS  

Sweden 

 

Analytic N: 889 

Baseline age: 16y 

Low SES: ~39% 

BMI: ~19.5 kg/m2 

Breakfast skipping or 
poor quality: 10% 

Eating breakfast vs. 
skipping or eating a poor 
quality breakfast (i.e., only 
eating something sweet 
(e.g., bun, cookie) or 
drinking something energy-
containing) 

Assessed using a single 
item at baseline only 

Central obesity at 27y follow up (waist circumference ≥80 
cm for women and ≥94 cm for men), OR (95% CI) 

• Poor breakfast habits 

 
 

1.71 (95% CI: 1.00, 2.92) 
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a Abbreviations: ANCOVA: analysis of covariance; CI: confidence interval; d: days; FM: fat mass; ITT: intention-to-treat analysis; NR: not reported; NRCT: non-randomized controlled 
trial; NS: nonsignificant; OR: odds ratio; Ob: obese; Ovwt: overweight; PCS: prospective cohort study; PP: per-protocol analysis; RCT: randomized controlled trial; ref: reference 
group; SD: standard deviation; SE: standard error; SES: socioeconomic status; TEI: total energy intake; wk: week; y: year(s) 
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Table 20. Risk of bias for randomized controlled trials examining breakfast intake in older adolescence (13+ years) and weight-related outcomesa 

Article Randomization 
Deviations from intended 

interventions  
(effect of assignment) or 

(per-protocol) 
Missing outcome data Outcome 

measurement 
Selection of the reported 

result 

Kim, 202138  LOW LOW LOW 

SOME CONCERNS 

Outcome assessors 
aware of intervention 

assignment 

LOW 

  

 
a Possible ratings of low, some concerns, or high determined using the "Cochrane Risk-of-bias 2.0" (RoB 2.0) (August 2016 version)” (Higgins JPT, Sterne JAC, Savović J, Page MJ, 
Hróbjartsson A, Boutron I, Reeves B, Eldridge S. A revised tool for assessing risk of bias in randomized trials In: Chandler J, McKenzie J, Boutron I, Welch V (editors). Cochrane 
Methods. Cochrane Database of Systematic Reviews 2016, Issue 10 (Suppl 1). https://doi.org/10.1002/14651858.CD201601.) 

https://www.riskofbias.info/welcome/rob-2-0-tool
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Table 21. Risk of bias for observational studies examining breakfast intake in older adolescence (13+ years) and weight-related outcomesa 

Article 

Confounding 

(Key confounders: age, 
sex, SES, race/ethnicity, 
physical activity, baseline 
BMI, parental BMI, TEI) 

Selection of 
participants 

Classification of 
exposures 

Deviations from 
intended 

exposures 
Missing data Outcome 

measurement 
Selection of the 
reported result 

Crossman27 
SERIOUS 

Key confounders not 
accounted for: TEI 

LOW 

SERIOUS 

Inadequate exposure 
definition, measurement 
description and validity 

info 

MODERATE 

Measured at 
baseline only 

 

MODERATE 

Inadequate statistical 
adjustment 

SERIOUS 

Self report 

MODERATE 

No pre-registered  
protocol 

De Winter28 

SERIOUS 

Key confounders not 
accounted for: 

race/ethnicity, parental 
BMI, TEI 

LOW LOW 

MODERATE 

Used only 
baseline intake 

data 

LOW LOW 
MODERATE 

No pre-registered  
protocol 

Haines33 

SERIOUS 

Key confounders not 
accounted for: parental 

BMI 

LOW LOW LOW LOW 
SERIOUS 

Self report 

MODERATE 

No pre-registered  
protocol 

Laska39 

SERIOUS 

Key confounders not 
accounted for: parental 

BMI 

LOW 
LOW 

 
LOW 

MODERATE 

No info on proportion 
of missingness across 

groups but low 
missing data overall 

LOW 
MODERATE 

No pre-registered  
protocol 

Lee, 200940 
SERIOUS 

Key confounders not 
accounted for: TEI 

LOW LOW 

MODERATE 

Measured at 
baseline only 

 

SERIOUS 

Unbalanced 
missingness across 

group without 
adjustment 

LOW 
MODERATE 

No pre-registered  
protocol 

Liechty41 SERIOUS LOW LOW 
MODERATE 

Measured at 
baseline only 

MODERATE 

No info on proportion 
of missingness across 

MODERATE 

Self report at follow 
up 

MODERATE 

No pre-registered  
protocol 
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Key confounders not 
accounted for: physical 

activity, parental BMI, TEI 

groups or statistical 
adjustment 

Lipsky42 

SERIOUS 

Key confounders not 
accounted for: parental 

BMI, TEI 

LOW 
MODERATE 

Inadequate exposure 
definition 

LOW LOW 
SERIOUS 

Self report 

MODERATE 

No pre-registered  
protocol 

Merten44 

SERIOUS 

Key confounders not 
accounted for: physical 

activity, parental BMI, TEI 

LOW 

MODERATE 

Inadequate exposure 
definition and info on 

validity 

LOW 

MODERATE 

No info on proportion 
of missingness across 

groups or statistical 
adjustment 

SERIOUS 

Self report 

MODERATE 

No pre-registered  
protocol 

Neimeier46 
SERIOUS 

Key confounders not 
accounted for: TEI 

LOW 

MODERATE 

Inadequate exposure 
definition and info on 

validity 

LOW 

MODERATE 

No info on proportion 
of missingness across 

groups or statistical 
adjustment 

MODERATE 

Some participant self 
reported (~10%) 

MODERATE 

No pre-registered  
protocol 

Quick48 
MODERATE 

Key confounders not 
accounted for: None 

LOW 

MODERATE 

Inadequate exposure 
definition and info on 

validity 

LOW 

SERIOUS 

No info on proportion 
of missingness across 

groups; inadequate 
statistical adjustment 

MODERATE 

Self report, validated 
in subsample 

MODERATE 

No pre-registered  
protocol 

Timlin53 

SERIOUS 

Key confounders not 
accounted for: Parental 

BMI 

LOW LOW LOW 

SERIOUS 

No info on proportion 
of missingness across 

groups; inadequate 
statistical adjustment 

MODERATE 

Self report at follow 
up 

MODERATE 

No pre-registered  
protocol 

Wennberg58 

SERIOUS 

Key confounders not 
accounted for: 

race/ethnicity, parental 
BMI, TEI 

LOW 

 

MODERATE 

Inadequate info on 
validity 

MODERATE 

Measured at 
baseline only 

LOW LOW 
MODERATE 

No pre-registered  
protocol 



Rapid reviews: Discussion – Breakfast consum     
 

 
 

 
a Possible ratings of low, moderate, serious, critical, or no information determined using the "Risk of Bias for Nutrition Observational Studies" tool    
Advisory Committee. 2020. Scientific Report of the 2020 Dietary Guidelines Advisory Committee: Advisory Report to the Secretary of Agriculture       
Human Services. U.S. Department of Agriculture, Agricultural Research Service, Washington, DC.) 
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Key Question 1c: What is the relationship between eating breakfast and health? 

Evidence synthesis – Physiological effects of breakfast consumption 
The evidence synthesized here is presented in Table 22 and described in the results section Description of the 
evidence: Physiological effects of breakfast consumption. 

Perceived hunger, appetite, satiety, and fullness 
Across three randomized controlled trials, participants who ate breakfast reported significantly lower hunger 
and appetite,7,14,59 and significantly higher satiety,7,59 than participants who fasted. These effects were 
measured throughout the morning, up to 240 minutes after breakfast, and were found in participants who were 
a mean age of 12 and 14 years old, who were habitual breakfast consumers and skippers, and who had a 
range of BMI levels.   

One of the studies conducted additional analyses of normal-protein and high-protein breakfast conditions.59 
Participants in both breakfast conditions reported significantly higher satiety than participants in the fasting 
condition.  However, the study presented some evidence that a high-protein breakfast had a stronger effect on 
participant appetite than a normal-protein breakfast. Participants in both breakfast conditions reported 
significantly lower appetite at +20 and +240 minutes than participants in the fasting condition; however, the 
global measure across the study period (240-minute AUC) was significant for the high-protein breakfast 
condition, only. The effect of the macronutrient composition of a breakfast on hunger and satiety (and other) 
outcomes may warrant additional examination. The literature search for this rapid review did not target 
macronutrient composition, specifically.   

These studies share a common limitation, which is the inability to blind participants to their condition. For these 
subjective, participant-reported outcomes, the lack of participant blinding could result in bias. And, in fact, this 
may have been the case in a fourth study, not included in the synthesis,2 in which participants, who knew their 
condition, reported significantly different levels of hunger, satiety, and fullness at baseline. Risks of bias are 
summarized in Table 23. 

Perceived mood 
This section synthesizes evidence about outcomes measured following a breakfast meal. See the section 
Evidence synthesis: Breakfast consumption and longitudinal mental health outcomes for longitudinal 
outcomes.   

Evidence from three of four randomized controlled trials suggests that eating breakfast, compared with fasting, 
results in favorable mood outcomes.2,7,13 The fourth study did not report significant effects of breakfast versus 
fasting on mood outcomes.10  

Summarizing the evidence is complicated by a few factors. First, each study assessed different mood 
outcomes. Second, not all mood outcomes that were assessed were favorably impacted, or favorably impacted 
at all time points. Mood outcomes that were not favorably impacted by breakfast were simply not impacted by 
breakfast at all; no mood outcomes were unfavorably impacted by breakfast. Third, evidence from one study13 
suggested that breakfast impacts mood outcomes differently in girls and boys; but no other studies stratified by 
participant sex so it’s unclear if this finding holds true across different studies. Fourth, as with perceived hunger 
and satiety (above), a limitation of this evidence is that a lack of participant blinding could result in bias for 
these subjective, participant-reported outcomes, and evidence from two studies7,10 suggested that simply being 
allocated to the breakfast condition did result in favorable mood outcomes. Risks of bias are summarized in 
Table 23. 
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Despite these complications, the evidence generally points to a favorable impact of breakfast on mood.  

Glucose, triglycerides, and hormones 
This section synthesizes evidence about outcomes measured following a breakfast meal. See the section 
Evidence synthesis: Breakfast consumption and longitudinal cardiometabolic health outcomes for longitudinal 
outcomes.   

Across two randomized controlled trials,2,11 participants who ate breakfast had significantly higher glucose 
levels throughout the morning (measured until 150 and 180 minutes after breakfast, respectively) than 
participants who fasted. Participants included prepubescent children (mean age of nine years) with obesity, 
and a predominantly female (78%) sample of adolescents (mean age of 16 years) with a normal BMI. These 
findings have low risk of bias, summarized in Table 23.  One of the studies also measured triglycerides, 
insulin, and glucagon, and reported that triglycerides and insulin were significantly higher, and glucagon was 
significantly lower, in the breakfast condition than in the fasting condition.11  

Two randomized controlled trials examined the effects of breakfast and fasting on the gastrointestinal 
hormones ghrelin and PYY.11,59 While the effects were consistent in direction, they were inconsistent with 
regard to their statistical significance. Maffeis et al.11 reported that participants who ate breakfast had 
significantly lower total ghrelin and non-significantly higher PYY than participants who fasted. On the other 
hand, Leidy and Racki59 reported that participants who ate breakfast had non-significantly lower active ghrelin 
and significantly higher PYY than participants who fasted. The inconsistency in statistical significance may or 
may not be explained by differences between the studies in participant age, pubertal status, weight status, 
breakfast habits, or outcome measures: Maffeis et al.11 studied prepubescent nine-year-olds with obesity (with 
the rationale that differences in endocrinology due to differences in pubertal status or weight status between 
participants may confound the findings), and assessed total (active and inactive) ghrelin, while Leidy and 
Racki59 studied 14-year-olds who were habitual breakfast skippers with a normal to overweight BMI, and 
assessed active ghrelin. 

One randomized controlled trial11 examined the effect of breakfast or fasting on the gastrointestinal hormone 
GLP-1, which was higher, but not significantly, in the breakfast condition than in the fasting condition.  

Resting energy expenditure and macronutrient oxidation 
One randomized controlled trial11 examined the effects of breakfast and fasting on resting energy expenditure 
and macronutrient oxidation. After being fed, participants in the breakfast condition had significantly higher 
resting energy expenditure and carbohydrate oxidation than participants in the fasting condition, and 
participants in the fasting condition had significantly higher lipid oxidation. Participants had similar protein 
oxidation. Participants were prepubescent children (mean age 9 years) with obesity. These findings have low 
risk of bias, summarized in Table 23. 

Summary statement: 

• Eating breakfast, compared to no breakfast, results in lower hunger, lower appetite, and higher satiety, with 
effects measured as long as 4 hours after breakfast. The evidence, from three randomized controlled trials, is 
most generalizable to early adolescence (ages 12 to 14 years), as there is no evidence from other age 
groups. These findings are limited because participants could not be blinded, which could have had an 
impact on their subjective, self-reported outcomes.  

• Eating breakfast may result in favorable mood outcomes throughout the morning. However, some of the 
available evidence suggests that these subjective, participant-reported outcomes may have been influenced 
by a lack of participant blinding. 
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• Eating breakfast results in higher glucose levels than fasting, with effects measured as long as 3 hours after 
breakfast. The evidence, from two well-conducted randomized controlled trials, was consistent in 9-year-olds 
with obesity and a sample of predominantly female 16-year-olds with a normal BMI.  

• Some studies found that eating breakfast, compared with fasting, results in higher triglycerides, insulin, PYY, 
resting energy expenditure, and carbohydrate oxidation, and lower glucagon, ghrelin, and lipid oxidation 
during the morning. However, few studies examined these outcomes, and the evidence is limited in its 
generalizability. 

Evidence synthesis – Breakfast consumption and longitudinal cardiometabolic health outcomes   
The evidence synthesized here is presented in Table 24 and described in the results section Description of the 
evidence: Breakfast consumption and longitudinal cardiometabolic health outcomes. 

Metabolic syndrome 
Associations between breakfast consumption and metabolic syndrome are unclear. The body of evidence is 
very small, with just three studies.50,58,61 All used a prospective cohort study design, with risks of bias noted in 
Table 25. The three studies presented inconsistent findings. One study reported a significant association 
between skipping breakfast in adolescence and higher odds of metabolic syndrome in adulthood,58 while the 
other two studies reported no significant associations between breakfast frequency in childhood and metabolic 
syndrome later in childhood61 and between breakfast skipping in childhood and adolescence and metabolic 
syndrome in adulthood.50 

Blood lipids, glucose, and insulin  
This section synthesizes evidence about longitudinal outcomes. See the section Evidence synthesis: 
Physiological effects of breakfast consumption for outcomes measured following a breakfast meal. 

Evidence from four prospective cohort studies31,49,50,58 suggests that breakfast consumption in childhood and 
early adolescence may have short-term associations with some blood lipid outcomes, but that associations do 
not persist into adulthood. The only study that reported significant associations49 assessed breakfast frequency 
at baseline, when participants were six to 13 years old, and change in blood lipids from baseline to one year 
later. Participants who reported eating breakfast more frequently had the largest increases in HDL cholesterol 
and largest decreases in total:HDL cholesterol, but changes in total cholesterol, LDL cholesterol, and 
triglycerides were not statistically different across breakfast frequency groups. The three remaining 
studies31,50,58 were consistent in not reporting significant associations between breakfast consumption in 
adolescence (assessed between the ages of 11 and 16 years) and total cholesterol, HDL cholesterol, LDL 
cholesterol, or triglycerides in adulthood (assessed between the ages of 22 and 43 years). This finding is 
rational, because it is not biologically plausible for the childhood and adolescent diet to effect blood lipid 
measures in adulthood. This evidence should be interpreted with caution because it consists of just four 
observational studies, with risks of bias noted in Table 25. 

Associations between breakfast consumption and fasting glucose and insulin are unclear. Evidence from three 
prospective cohort studies49,50,58 that examined glucose was inconsistent. One study reported a significant 
association between skipping breakfast in adolescence and higher odds of high fasting glucose in adulthood,58 
but the other two studies reported no significant associations between breakfast frequency or breakfast 
skipping in childhood and adolescence and fasting glucose one year later49 or in adulthood.50 Likewise, 
evidence from two prospective cohort studies30,50 that examined insulin was inconsistent. One study reported a 
significant association between eating breakfast daily throughout childhood, compared with less frequently, 
and lower HOMA-IR in adolescent males (but not females) (Gingras et al. 2018),30 but the other study found no 
significant association between skipping breakfast in childhood and adolescence and HOMA-IR in adulthood 
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(Smith et al. 2010).50 All of the studies in this small body of evidence were observational, with risks of bias 
noted in Table 25. 

Blood pressure 
Associations between breakfast consumption and blood pressure are unclear. The body of evidence is very 
small; two studies assessed short-term outcomes,49,60 and two assessed long-term outcomes.31,58 The studies 
that examined short-term outcomes reported inconsistent findings; one found no significant associations 
between breakfast frequency and 1-year changes in blood pressure in children and young adolescents,49 while 
the other found a significant association between an increase in breakfast skipping and an increase in systolic 
(but not diastolic) blood pressure across a one-year period in adolescents.60 Both studies that assessed long-
term outcomes reported no significant association between child and adolescent breakfast consumption 
(measured at ages 11 to 1331 and 1658 years) and adulthood blood pressure (measured at ages 2231 and 4358 
years). The four studies used a prospective cohort design, with risks of bias noted in Table 25. 

Fitness 
The association between breakfast consumption and fitness is unclear due to insufficient evidence. A single 
prospective cohort study62 reported that an increase in breakfast frequency from age six to eight years was not 
associated with improvements in cardiorespiratory fitness, muscular strength, flexibility, or balance, but was 
associated with worse speed. These findings should be interpreted with caution because they are from a single 
observational study with a few key risks of bias noted in Table 25. 

Summary statement: 

• Associations between breakfast consumption during childhood and adolescence and long-term 
cardiometabolic health outcomes are unclear. The evidence was inconclusive because it was from a small 
number of studies with inconsistent findings and limitations. 

Evidence synthesis – Breakfast consumption and longitudinal mental health outcomes 
The evidence synthesized here is presented in Table 26 and described in the results section Description of the 
evidence: Breakfast consumption and longitudinal mental health outcomes. 

This small body of evidence found inconsistent associations between breakfast consumption and longitudinal 
mental health outcomes. Summarizing the evidence is complicated by the use of heterogeneous comparisons, 
outcomes, and analytic methods, and risks of bias (which are presented by study design in Table 27, Table 
28, and Table 29).  

Evidence from the single randomized controlled trial38 was inconsistent with evidence from the remaining 
studies.16,63,64 It found that one of the two 12-week breakfast conditions had an effect of higher perceived 
stress, when compared with the control group who maintained their usual habit of eating breakfast fewer than 3 
days per week. Participants were 12 to 18 years of age. 

The remaining studies reported both significant and nonsignificant associations, but all the significant 
associations pointed to a beneficial association between breakfast consumption and mental health outcomes: 

• In a very large population-based cohort in Hong Kong, skipping breakfast in grades P6, S2, and S4 
was associated with prospective emotional and behavioral problems in grades S2, S4, and S6.64 
Participants who reported skipping breakfast had higher odds of total emotional/behavioral problems 
than participants who reported eating breakfast at home and away from home. When compared with 
eating breakfast at home, skipping breakfast was associated with significantly higher odds of all 
subscales (withdrawal, somatic complaints, anxiety/depression, social problems, thought problems, 
attention problems, delinquent behaviors, and aggressive behaviors). On the other hand, when 
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compared with eating breakfast away from home (such as at a fast-food restaurant), skipping breakfast 
was associated with significantly higher odds of somatic complaints, thought problems, and aggressive 
behaviors, only. 

• In a large Japanese birth cohort, Chen et al.63 reported that skipping breakfast at age nine years was 
not associated with poor quality of life three years later in a Japanese birth cohort. However, an 
increase in breakfast frequency from nine to 12 years was associated with significantly lower odds of 
poor quality of life at age 12 years, and a decrease in breakfast frequency from nine to 12 years was 
associated with significantly higher odds of poor quality of life at 12 years. This finding should be 
interpreted with caution, because it is possible that the significant associations result from reverse 
causality; that is, changes in the children’s quality of life over the three-year period may have affected 
their breakfast frequency. 

• In a non-randomized controlled trial, Smith16 found that parent-reported mental health outcomes 
(alertness, emotional distress, depression, fatigue, negative mood) were better on day seven and day 
14 in the ready-to-eat breakfast cereal groups than in the breakfast skipping groups. However, the 
findings should be interpreted with caution. Participants allocated to the breakfast skipping condition 
differed from participants allocated to the ready-to-eat cereal conditions because they were habitual 
breakfast skippers as opposed to habitual breakfast consumers. In addition, the findings may have 
resulted from reverse causality; that is, participants’ mental health may have impacted their breakfast 
habits (and, therefore, group allocation in this study).  

Summary statement: 

• Associations between breakfast consumption during childhood and adolescence and long-term mental health 
outcomes are unclear. The evidence was inconclusive because it was from a small number of studies with 
inconsistent findings and limitations. 

Research recommendations 
1. Conduct additional trials and well-controlled longitudinal studies to examine relationships between 

breakfast consumption and health outcomes.  

Rationale: A small number of studies examined each health outcome. The generalizability of the 
findings is, therefore, limited. Additional studies need to be conducted for the body of evidence to 
represent school-aged children and adolescents across the entire 5- to 18-year age range and with 
differences in key characteristics (e.g., breakfast habit, weight status).  

Future studies should endeavor to: 

• Use strong study designs.  

Randomized controlled trials may be useful for examining acute effects of breakfast but may not 
be ethical to assess longitudinal effects if they allocate children and adolescents breakfast-
skipping conditions across long periods of time. Non-randomized controlled trials and 
prospective cohort studies can assess longitudinal outcomes but must be carefully designed 
and conducted to reduce risks of bias (see next bullet). 

• Reduce the risk of bias through sound study design and conduct. 

The studies in the body of evidence had some risks of bias that could not be avoided. For 
example, in the randomized controlled trials, participants could not be blinded to their condition 
(they knew whether or not they were eating breakfast), and a lack of participant blinding could 
have impacted participant-reported outcomes. However, other risks of bias can and should be 
minimized. For example, pre-registering study protocols helps make it clear that there is not 
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selective reporting bias. Prospective cohort studies need to carefully assess and control for key 
confounders. Valid and reliable methods should be used to assess all variables of interest, 
including breakfast exposures, outcomes, and confounders. Studies of multi-component 
programs that intend to impact many health behaviors need to isolate the associations of 
breakfast habits on outcomes. Research teams should attempt to minimize and clearly report 
missing data.   

2. One study included in the body of evidence reported a finding that the Special Nutrition Research and 
Analysis Division at the FNS Office of Policy Support may deem worthy of a targeted examination: 
breakfast with different macronutrient compositions may impact appetite differently. In the case of the 
included study, a high-protein breakfast condition had a significant effect on appetite across the 
morning, but a normal-protein breakfast condition did not. The protocol for this rapid review did not 
target macronutrient composition; therefore, additional studies may exist that were not identified by the 
literature search and screening process. 

Rapid review conclusions in context of existing narrative review 
Murphya summarized evidence published through 2005 that addressed breakfast consumption and a variety of 
health outcomes. In this section, we present Murphy’s conclusions and discuss the results of the rapid review 
on breakfast consumption and health within the context of Murphy’s literature review.  

Murphy (Murphy, 2007) concluded that research from 1999 to 2005 “demonstrated a significant association 
between usual breakfast skipping and poorer mental health and health in children” (p 31).  

The majority of research that Murphy summarized about mental health outcomes (i.e., stress, depression, 
mood, and “negative feeling states”) was conducted in samples that were not part of the target population for 
our rapid review, such as young adults, undergraduate students, and adults. Only two cited studies (Cartwright 
et al. 2003; Fulkerson, Sherwood, Perry, Neumark-Sztainer, & Story, 2004) examined mental health outcomes 
(i.e., stress and depressive symptoms) in a target population (i.e., adolescents); however, both would have 
been excluded from the current rapid review due to their use of a cross-sectional analysis to study outcomes 
that were not acute.  

Similarly, the majority of research Murphy summarized about other health outcomes examined topics that were 
not selected for examination in this rapid review, such as anemia, dysmenorrhea, and dental caries. Only two 
cited studies (Ball et al. 2003; Warren, Henry, & Simonite, 2003) examined health outcomes addressed in this 
rapid review (i.e., perceived hunger and satiety in children and adolescents); however, both lacked a breakfast-
skipping comparison group and would have, therefore, been excluded from the current rapid review.  

Murphy went on to conclude that “the findings about the connection between breakfast skipping and poorer 
mental health… replicate several previous studies of children and adults” and that “[t]he findings about the 
connection between breakfast skipping and poorer health are new for children” (p 31). The mental health 
findings prior to 1999 to which Murphy refers are also from studies of non-target populations, such as 
university students and adults, and studies that do not include breakfast-skipping comparison groups. 

Therefore, the evidence presented in our rapid review, which included studies published since 2005, is distinct 
from the evidence published prior to 2005 presented in Murphy’s literature review. We identified a small body 
of experimental and strong observational studies that compared breakfast consumption with breakfast skipping 
in school aged children and adolescents and examined outcomes within three domains of health: physiological 

 
a Murphy, JM. Breakfast and learning: an updated review. Current Nutrition & Food Science. 2007; 3(1):3-36. 
https://doi.org/10.2174/1573401310703010003. 
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effects of breakfast consumption, longitudinal cardiometabolic health outcomes, and longitudinal mental health 
outcomes.  
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Table 22. Physiological effects of breakfast consumptiona 

Study Notable participant 
characteristics 

Intervention and 
comparator 

Outcomes Results 

Adolphus et 
al. 202114 

RCT (parallel) 

UK 

Analytic N: 234 

Mean age 12y 

Majority low SES (68% 
eligible for free school 
meals) 

Mean BMI SDS 0.69 

Experimental 
condition 
(breakfast, fasting) 
* time (-25, 0, +15, 
+70, +95, +215, 
+240 min) 
interaction 

Hunger [mm; F(5, 1130)] ≥ 2.54, p<0.05b 

(Smaller increase from -25 to +240min in 
the breakfast condition than in the fasting 
condition) 

  Breakfast condition 
vs fasting condition 

Hunger at +15min [mm (SE)] 19.86 (2.33) vs 72.46 (2.84), p< 0.0001 

   Hunger at +70min [mm (SE)] 40.96 (2.99) vs 72.81 (2.85), p< 0.0001 

   Hunger at +95min [mm (SE)] 38.30 (3.06) vs 74.62 (2.80), p< 0.0001 

   Hunger at +215min [mm (SE)] 75.91 (2.45) vs 82.53 (2.38), p=0.0042 

   Hunger at +240min [mm (SE)] 77.53 (2.48) vs 85.49 (2.08), p=0.0016 

Defeyter & 
Russo, 20137  

RCT 
(crossover) 

UK 

Analytic N: 40 

Mean age 14y 

Habitual breakfast skippers 

Low SES  

Normal BMI 

Experimental 
condition 
(breakfast, fasting) 
* time (-30 min, 
+135 min) 
interaction  

Hunger [mm; F(1,39)] 6.73, p<0.05 

(Larger decrease from -30 to +135 min in 
the breakfast condition than the fasting 
condition) 

   Satiety [mm; F(1,39)] 11.06, p<0.05 

(Larger increase from -30 to +135 min in 
the breakfast condition than the fasting 
condition) 

   Alertness [mm; F(1,39)] 12.89, p<0.05 
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(Increase from -30 to +135 min in the 
breakfast condition and decrease in the 
fasting condition) 

   Calmness [mm; F(1,39)] 5.96, p<0.05 

(Smaller decrease from -30 to +135 min 
in the breakfast condition than the fasting 
condition) 

   Contentment [mm; F(1,39)] 9.53, p<0.05 

(Increase from -30 to +135 min in the 
breakfast condition and decrease in the 
fasting condition) 

Kawabata et 
al. 20212 

RCT (parallel) 

Singapore 

Analytic N: 40 

Mean age 16y 

Majority female (78%) 

Normal BMI 

Breakfast condition 
vs fasting condition 

(both conditions 
include 30 min of 
exercise at -30min) 

Hunger at -70min [mm (SD)] 60.8 (25.5) vs 51.6 (27.3), p<0.05 

   Change in hunger from -70 to +15min [mm (SD)] 60.8 (25.5) to 16.8 (17.2) vs 51.6 (27.3) 
to 62.6 (30.2), p<0.05 

   Change in hunger from -70 to +140min [mm (SD)] 60.8 (25.5) to 54.6 (31.9) vs 51.6 (27.3) 
to 57.0 (25.7), p<0.05 

   Appetite at -70min [mm (SD)] 71.6 (24.5) vs 67.8 (26.7), NS 

   Change in appetite from -70 to +15min [mm (SD)] 71.6 (24.5) to 26.5 (18.7) vs 67.8 (26.7) 
to 66.6 (31.3), p<0.05 

   Change in appetite from -70 to +140min [mm (SD)] 71.6 (24.5) to 39.1 (24.9) vs 67.8 (26.7) 
to 73.8 (25.2), p<0.05 

   Satiety at -70min [mm (SD)] 16.9 (17.0) vs 28.6 (21.9), p<0.05 

   Change in satiety from -70 to +15min [mm (SD)] 16.9 (17.0) to 73.2 (19.6) vs 28.6 (21.9) 
to 20.4 (20.6), p<0.05  

   Change in satiety from -70 to +140min [mm (SD)] 16.9 (17.0) to 53.4 (24.8) vs 28.6 (21.9) 
to 13.3 (15.0), p<0.05 
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   Fullness at -70min [mm (SD)] 7.6 (11.1) vs 21.9 (24.2), p<0.05 

   Change in fullness from -70 to +15min [mm (SD)] 7.6 (11.1) to 69.3 (25.5) vs 21.9 (24.2) to 
25.1 (27.8), P<0.05  

   Change in fullness from -70 to +140min [mm (SD)] 7.6 (11.1) to 55.5 (28.7) vs 21.9 (24.2) to 
23.1 (30.7), P<0.05 

   Arousal at -70min [mm (SD)] 2.80 (1.11) vs 2.86 (0.88), NS 

   Change in arousal from -70 to +15min [mm (SD)] 2.80 (1.11) to 4.25 (1.12) vs 2.86 (0.88) to 
3.75 (1.16), NS 

   Change in arousal from -70 to +140min [mm (SD)] 2.80 (1.11) to 3.60 (1.27) vs 2.86 (0.88) to 
3.20 (1.44), NS 

   Feeling at -70min [mm (SD)] 1.25 (1.89) vs 1.35 (1.69), NS 

   Change in feeling from -70 to +15min [mm (SD)] 1.25 (1.89) to 2.90 (1.29) vs 1.35 (1.69) 
vs (1.80 (1.80), p<0.05 

   Change in feeling from -70 to +140min [mm (SD)] 1.25 (1.89) to 2.00 (1.78) vs 1.35 (1.69) to 
1.30 (1.98), NS 

   Motivation at -70min [mm (SD)] 6.90 (1.41) vs 6.80 (1.70), NS 

   Change in motivation from -70 to +15min [mm (SD)] 6.90 (1.41) to 7.25 (1.77) vs 6.80 (1.70) to 
6.25 (2.38), NS 

   Change in motivation from -70 to +110min [mm (SD)] 6.90 (1.41) to 7.05 (1.79) vs 6.80 (1.70) to 
5.45 (2.31), NS 

   Mental effort at -40min [mm (SD)] 70.1 (24.9) vs 61.4 (23.1), NS 

   Change in mental effort from -40 to +45min [mm (SD)] 70.1 (24.9) to 59.3 (31.6) vs 61.4 (23.1) 
to 62.4 (26.5), p<0.05 

   Change in mental effort from -40 to +140min [mm (SD)] 70.1 (24.9) to 54.6 (31.9) vs 61.4 (23.1) to 
57.0 (25.7), NS 

  Fasting condition vs 
breakfast condition 
(ref) 

Change in glucose from -80 to +150min (mmol/L) -1.28, p<0.001 
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Kral et al. 
200510 

RCT 
(crossover) 

US 

Analytic N: 21 

Mean age 9y 

Majority female (71%) 

Majority African-American 
(76%) 

Majority habitual breakfast 
consumers (~90%) 

Normal/overweight BMI 

Experimental 
condition 
(breakfast, fasting) 
* time (+30, +45, 
+90, +135, +175 
min) interaction 

Energy (mm)  Data NR, NS 

   Tiredness (mm)  Data NR, NS 

   Well-being (mm)  Data NR, NS 

   Cheerfulness (mm)  Data NR, NS 

Leidy & Racki, 
201059  

RCT 
(crossover) 

US 

Analytic N: 13 

Mean age 14y 

Habitual breakfast skippers 

Normal/overweight BMI 

Breakfast 
conditions (normal-
protein and protein 
rich combined) vs 
fasting condition  

Appetite, 240-min AUC (mm*240 min) Lower in breakfast condition (data NR), 
p<0.005 

   Satiety, 240-min AUC (mm*240 min) Higher in breakfast condition (data 
NR), p<0.01 

   Active ghrelin, 240-min AUC (pg/mL*240 min) Lower in breakfast condition (data NR), 
NS 

   Total PYY, 240-min AUC (pg/mL*240 min) Higher in breakfast condition (data 
NR), p<0.001 

  Normal-protein 
breakfast condition 
vs fasting condition  

Appetite, 240-min AUC [mm*240 min (SEM)] -8473 (2995) vs 4564 (3044), NS 

   Appetite at +20min (mm) Lower in breakfast condition (data NR), 
p<0.05 

   Appetite at +240min [mm (SEM)] 60.2 (4.4) vs 75.1 (4.4), p<0.05 
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   Satiety, 240-min AUC [mm*240 min (SEM)] 2996 (1223) vs -876 (572), p<0.01 

   Satiety at +20min (mm) Higher in breakfast condition (data 
NR), p<0.05 

   Satiety at +240min [mm (SEM)] 18.5 (4.0) vs 7.3 (2.2), p<0.005 

   Active ghrelin at +20min (pg/mL) NS (data NR) 

   Active ghrelin at +240min (pg/mL) NS (data NR) 

   Total PYY, 240-min AUC [pg/mL*240 min (SEM)] 1202 (769) vs -1587 (547), p<0.01 

  Protein-rich 
breakfast condition 
vs fasting condition  

Appetite, 240-min AUC [mm*240 min (SEM)] -13542 (3667) vs 4564 (3044), p<0.01 

   Appetite at +20min (mm) Lower in breakfast condition (data NR), 
p<0.05 

   Appetite at +240min [mm (SEM)] 48.9 (5.9) vs 75.1 (4.4), p<0.05 

   Satiety, 240-min AUC [mm*240 min (SEM)] 4597 (1783) vs -876 (572), p<0.01 

   Satiety at +20min (mm) Higher in breakfast condition (data 
NR), p<0.05 

   Satiety at +240min [mm (SEM)] 32.1 (5.8) vs 7.3 (2.2), p<0.005 

   Active ghrelin at +20min (pg/mL) NS (data NR) 

   Active ghrelin at +240min (pg/mL) NS (data NR) 

   Total PYY, 240-min AUC [pg/mL*240 min (SEM)] 1830 (718) vs -1587 (547), p<0.001 

   Total PYY at +20min [pg/mL (SEM)] 64.0 (3.6) vs 57.5 (4.1), p<0.01 

   Total PYY at +240min [pg/mL (SEM)]  69.5 (5.2) vs 47.9 (4.6), p<0.0001 

Maffeis et al. 
201211 

Analytic N: 10 

Median age 9y; prepubertal 

Breakfast condition 
vs fasting condition 

Glucose, 180-min AUC [mmol/L*180min (SEM)] 116.4 (19.7) vs 6.1 (11.4), p=0.001 
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RCT 
(crossover) 

Italy 

Obese BMI 

   Glucose at 0, +30, +60, +120, and +180min (mg/dL) ~79, 105, 89, 90, 89 vs 
~79, 80, 80, 79, 81; 
p<0.05 at +30, +120, +180 min;  
NS at 0, +60 min 

   Triglycerides, 180-min AUC [mmol/L*180min (SEM)] 36.7 (11.5) vs -8.2 (5.5), p=0.003 

   Triglycerides at 0, +30, +60, +120, and +180min (mg/dL) ~95, 100, 105, 125, 130 vs 
~85, 80, 80, 80, 80; 
p<0.05 at +60, +120, +180 min; 
NS at 0, +30 min 

   Insulin, 180-min AUC [pmol/L*180min (SEM)] 4856.2 (453.9) vs -927.0 (336.6), 
p<0.001 

   Glucagon, 180-min AUC [pmol/L*180min (SEM)] -115.4 (25.9) vs 83.0 (21.3), p=0.001 

   PYY, 180-min AUC [pmol/L*180min (SEM)] -1.6 (5.2) vs -5.5 (7.5), NS 

   Total GLP-1, 180-min AUC [pmol/L*180min (SEM)] 16.3 (13.6) vs 4.9 (9.9), NS 

   Total ghrelin, 180-min AUC [pmol/L*180min (SEM)] -363 (103) vs -151 (81), p<0.02 

   Preprandial REE [kcal/min (SEM)] 1.04 (0.04) vs 1.04 (0.02), NS 

   Postprandial REE [kcal/min (SEM)] 1.16 (0.02) vs 1.07 (0.03), p<0.05 

   Preprandial protein oxidation [mg/min (SEM)] 32.7 (1.2) vs 32.7 (0.9), NS 

   Postprandial protein oxidation [mg/min (SEM)] 34.8 (1.4) vs 32.1 (1.1), NS 

   Preprandial carbohydrate oxidation [mg/min (SEM)] 80.0 (9.7) vs 64.8 (9.8), NS 

   Postprandial carbohydrate oxidation [mg/min (SEM)] 122.3 (9.0) vs 64.6 (8.6), p<0.05 

   Preprandial lipid oxidation [mg/min (SEM)] 68.4 (5.3) vs 72.2 (5.4), NS 

   Postprandial lipid oxidation [mg/min (SEM)] 58.0 (4.8) vs 73.8 (5.2), p<0.05 
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Widenhorn-
Müller et al. 
200813 

RCT 
(crossover) 

Germany 

Analytic N: 104 

Mean age 17y 

Majority habitual breakfast 
consumers (88%) 

Fasting condition vs 
breakfast condition 

Negative affect at +15min [points (SD)] 

• In males 

• In females 

 

Higher vs lower (data NR), p=0.037 

• 3.96 (SD 3.25) vs 3.08 (SD 2.55), NS 

• 3.32 (SD 2.59) vs 2.82 (SD 2.63), NS 

   Negative affect at +120min [points (SD)] 

• In males 

• In females 

Higher vs lower (data NR), NS 

• 4.14 (SD 3.00) vs 3.92 (SD 3.25), NS 

• 4.12 (SD 2.95) vs 3.50 (SD 2.62), NS 

   Positive affect at +15min [points (SD)] 

• In males 
 

• In females 

Lower vs higher (data NR), p=0.016 

• 5.00 (SD 2.96) vs 6.38 (SD 2.69), 
p=0.002 

• 6.04 (SD 2.25) vs 6.04 (SD 3.00), NS 

   Positive affect at +120min [points (SD)] 

• In males 
 

• In females 

Lower vs higher (data NR), NS 

• 4.29 (SD 2.97) vs 5.23 (SD 3.10), 
p=0.006 

• 5.28 (SD 2.56) vs 5.18 (SD 3.04), NS 

   Information uptake at +15min [points (SD)] 

• In males 
 

• In females 

Lower vs higher (data NR), NS 

• 4.00 (SD 3.02) vs 5.33 (SD 2.64), 
p=0.012 

• 5.54 (SD 2.54) vs 5.26 (SD 3.11), NS 

   Information uptake at +120min [points (SD)] 

• In males 

• In females 

Lower vs higher (data NR), NS 

• 3.38 (SD 2.71) vs 3.79 (SD 3.12), NS 

• 4.50 (SD 2.89) vs 4.62 (SD 3.22), NS 

   Arousal at +15min [points (SD)] 

• In males 

• In females 

Higher vs lower (data NR), NS 

• 2.79 (SD 2.64) vs 2.44 (SD 2.11), NS 

• 2.64 (SD 2.28) vs 2.22 (SD 1.85), NS 

   Arousal at +120min [points (SD)] Higher vs lower (data NR), NS 
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• In males 

• In females 

• 3.38 (SD 2.29) vs 2.87 (SD 2.19), NS 

• 3.10 (SD 2.48) vs 2.92 (SD 2.39), NS 

   Alertness at +15min [points (SD)] 

• In males 

• In females 

Lower vs higher (data NR), p=0.004 

• 3.75 (SD 3.68) vs 4.79 (SD 3.33), NS 

• 3.78 (SD 2.86) vs 4.94 (SD 3.33), 
p=0.015 

   Alertness at +120min [points (SD)] 

• In males 

• In females 

Lower vs higher (data NR), p<0.001 

• 4.54 (SD 3.58) vs 5.52 (SD 3.35), NS 

• 3.59 (SD 3.01) vs 5.04 (SD 3.28), 
p=0.001 

 
a Abbreviations: AUC: area under the curve; BMI: body mass index; dL: deciliters; GLP-1: glucagon-like peptide-1; kcal: kilocalories; L: liters; mg: milligrams; min: minutes; mL: 
milliliters; mm: millimeters; mmol: millimoles; NR: not reported; NS: nonsignificant; pg: pictograms; pmol: picomoles; PYY: peptide YY; RCT: randomized controlled trial; REE: resting 
energy expenditure; ref: reference group; SD: standard deviation; SDS: standard deviation score; SE: standard error; SEM: standard error of the mean; SES: socioeconomic status; 
UK: United Kingdom; US: United States; y: years 
b The study authors reported results of hunger and energy together, because they were similar, stating that the smallest intervention*time effect was F(5,1130)=2.54, p<0.05   



Rapid reviews: Discussion – Breakfast consumption and health 
 

 
140 

Table 23. Risk of bias for studies that examined the physiological effects of breakfast consumptiona 

Article Randomization Period and carryover 
effects 

Deviations from 
intended 

interventions 
Missing outcome data Outcome 

measurement 
Selection of the 
reported result 

Adolphus et al. 
202114 

Parallel RCT 

SOME CONCERNS 

Unclear concealment of 
allocation and baseline 

imbalances 

N/A LOW LOW 

SOME CONCERNS 

Lack of participant 
blinding may have 

affected participant-
reported outcomes 

SOME CONCERNS 

Retrospective protocol 

Defeyter & 
Russo, 20137 

Crossover RCT 
LOW LOW LOW LOW 

HIGH 

Lack of participant 
blinding likely affected 

participant-reported 
mood outcomes  

SOME CONCERNS 

Lack of participant 
blinding may have 

affected participant-
reported hunger and 

satiety outcomes 

SOME CONCERNS 

No registered protocol 
reported 

Kawabata et al. 
20212 

Parallel RCT 

SOME CONCERNS 

Baseline differences 
between groups may 

relate to randomization 
or outcome 

measurement 

N/A LOW LOW 

HIGH 

Lack of participant 
blinding likely affected 

participant-reported 
outcomes at baseline 

LOW 

for objective outcomes 

SOME CONCERNS 

No registered protocol 
reported 

Kral et al. 201210 

Crossover RCT 

SOME CONCERNS 

Unclear concealment of 
allocation 

LOW LOW LOW 

HIGH 

Lack of participant 
blinding likely affected 

participant-reported 
outcomes 

SOME CONCERNS 

No registered protocol 
reported 
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Leidy & Racki, 
201059 

Crossover RCT 
LOW LOW LOW LOW 

SOME CONCERNS 

Lack of participant 
blinding may have 

affected participant-
reported outcomes 

LOW 

for objective outcomes 

SOME CONCERNS 

No registered protocol 
reported 

Maffeis et al. 
201211 

Crossover RCT 
LOW LOW LOW LOW LOW 

SOME CONCERNS 

No registered protocol 
reported 

Widenhorn-
Müller et al. 
200813 

Crossover RCT 

LOW LOW LOW LOW 

SOME CONCERNS 

Lack of participant 
blinding may have 

affected participant-
reported outcomes 

LOW 

 
a Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS, Boutron I, Cates CJ, Cheng H-Y, Corbett MS, Eldridge SM, Hernán MA, Hopewell S, Hróbjartsson A, Junqueira DR, 
Jüni P, Kirkham JJ, Lasserson T, Li T, McAleenan A, Reeves BC, Shepperd S, Shrier I, Stewart LA, Tilling K, White IR, Whiting PF, Higgins JPT. RoB 2: a revised tool for assessing 
risk of bias in randomised trials. BMJ 2019; 366: l4898. https://doi.org/10.1136/bmj.l4898. 

https://doi.org/10.1136/bmj.l4898
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Table 24. Associations between breakfast and longitudinal cardiometabolic health outcomesa 

Study Notable participant 
characteristics 

Exposure and comparator Outcomes Results 

Gingras et al. 
201830 

PCS (Project 
Viva) 

US 

Analytic N: 995 

Daily breakfast intake stable from 
age 4y (86%) to 10y (84%) 

BMI: mean z-score 0.37 at age 4y 

SES: Majority had mothers who 
were married/cohabitating (92%) 
and college educated (71%), 
household income >$70k/y (64%) 

Race/ethnicity: 65% White, 3% 
Black, 16% Asian, 5% Hispanic, 
12% Other 

Eating breakfast daily vs ≤ 6 d/wk (ref.) from 4y 
to 10y 

HOMA-IR at mean age 13y [% difference; β 
(95% CI)] 

• In males 

• In females 

 
 

• -15.6 (-22.7, -7.9) 

• -7.8 (-15.1, 0.1) 

Goff et al. 
201931  

PCS (DASH) 

UK 

Analytic N: 665 

Breakfast skipping: 37% at 11-13y, 
56% at 21-23y  

BMI: 24.7 kg/m2 (39% >25 kg/m2) 
at 21-23 y  

SES: representative of London  

Race/ethnicity: 16% White British, 
15% Black Caribbean, 20% Black 
African, 15% Indian, 17% 
Bangladeshi or Pakistani, 17% 
other/mixed 

Eating breakfast < 5 d/wk vs daily (ref.) at 11-
13y 

Total cholesterol at mean age 22y [mmol/L; β 
(95% CI)]  

0.15 (-0.01, 0.31) 

 

   HDL cholesterol at mean age 22y [mmol/L; β 
(95% CI)]  

0.01 (-0.06, 0.08) 

   Systolic blood pressure at mean age 22y 
[mmHg; β (95% CI)]  

0.74 (-0.89, 2.38) 

Kim et al. 
201460 

Analytic N: 582 

BMI: 23.5 kg/m2 at 14.9y; 24.5 
kg/m2 at 16.2y 

Increase in “usually skipping breakfast” from 
mean age 14.9y to 16.2y 

Increase in systolic blood pressure from mean 
age 14.9y to 16.2y [mmHg; β (95% CI)] 

1.27 (0.13, 2.41), 
p=0.0295 
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PCS 
(HEROES) 

US 

Race: 18% Nonwhite, 82% White  

   Increase in diastolic blood pressure from 
mean age 14.9y to 16.2y [mmHg; β (95% CI)] 

0.31 (-0.52, 1.14) 

Meyer et al. 
201461 

PCS (Kinder-
Sportstudie) 

Switzerland 

Analytic N: 223 

Breakfast skipping: 7% at 8y 

BMI: z-score 0.17, 20% overweight 
at 8y 

Skipping breakfast ≥2 d/wk vs not skipping 
breakfast ≥2 d/wk at mean age 8y 

High cardiovascular risk at mean 12y 
[probability (95% CI)] 

0.64 (0.37, 0.84) 

Shang et al. 
202049 

PCS 

China 

Analytic N: 6964 

Breakfast frequency at 6-13y:  
2.2% 0 d/wk, 14.0% 1-6 d/wk, 
83.8% 7 d/wk  

BMI: boys ~17, girls ~16 kg/m2 

SES: Mother’s education: 9.2% 
<7y, 65.5% 7-12y, 23.2% ≥13y; 
Father’s education: 13.1% <7y, 
66.7% 7-12y, 17.82% ≥13 y 

Breakfast frequency of 0 vs 1-6 vs 7 d/wk at 6-
13y 

Change in systolic blood pressure from 
baseline to 1y follow-up at 6-13y [mmHg (SE)] 

4.06 (0.90) vs 2.14 
(0.43) vs 2.41 (0.31), 
NS 

   Change in diastolic blood pressure from 
baseline to 1y follow-up at 6-13y [mmHg (SE)] 

2.55 (0.77) vs 0.68 
(0.38) vs 1.08 (0.27), 
NS 

   Change in total cholesterol from baseline to 1y 
follow-up at 6-13y [mmol/L (SE)] 

−0.10 (0.05) vs −0.06 
(0.02) vs −0.06 (0.02), 
NS 

   Change in HDL cholesterol from baseline to 1y 
follow-up at 6-13y [mmol/L (SE)] 

0.09 (0.03) vs 0.11 
(0.02) vs 0.14 (0.01), 
p(trend)=0.0044 

   Change in LDL cholesterol from baseline to 1y 
follow-up at 6-13y [mmol/L (SE)] 

0.02 (0.05) vs 0.07 
(0.03) vs 0.06 (0.02), 
NS 
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   Change in total:HDL cholesterol from baseline 
to 1y follow-up at 6-13y [ratio (SE)] 

−0.20 (0.05) vs −0.20 
(0.03) vs −0.26 (0.02), 
p(trend)=0.0023 

   Change in triglycerides from baseline to 1y 
follow-up at 6-13y [mmol/L (SE)] 

0.01 (0.04) vs 0.06 
(0.02) vs 0.04 (0.01), 
NS 

   Change in fasting glucose from baseline to 1y 
follow-up at 6-13y [mmol/L (SE)] 

0.17 (0.05) vs 0.20 
(0.03) vs 0.20 (0.03), 
NS 

Smith et al. 
201050 

PCS (CDAH) 

Australia 

Analytic N: 1583 

Breakfast skipping: 0% at 28-36y 

Nationally representative 

Not usually eating something before school at 
9-15y vs Usually eating something before 
school at 9-15y (ref) 

Metabolic syndrome at 28-36y [β (95% CI)] 0.02 (-0.07, 0.10) 

   Fasting glucose at 28-36y [mmol/L; β (95% 
CI)] 

-0.01 (-0.09, 0.06) 

   Fasting insulin at 28-36y [mU/L; β (95% CI)] -0.06 (-0.71, 0.59) 

   HOMA-IR at 28-36y [β (95% CI)] -0.02 (-0.19, 0.14) 

   Triglycerides at 28-36y [mmol/L; β (95% CI)] -0.02 (-0.15, 0.12) 

   Total cholesterol at 28-36y [mmol/L; β (95% 
CI)] 

-0.12 (-0.29, 0.05) 

   LDL cholesterol at 28-36y [mmol/L; β (95% 
CI)] 

-0.09 (-0.24, 0.06) 

   HDL cholesterol at 28-36y [mmol/L; β (95% 
CI)] 

-0.01 (-0.06, 0.04) 

Wennberg et 
al. 201558 

PCS (Northern 
Swedish 
Cohort) 

Sweden 

Analytic N: 889 

Breakfast skipping: 10% “poor 
breakfast habits” (no breakfast or 
just a caloric drink or sweet food) 
at 16y 

Nationally representative 

Poor breakfast habits at 16y vs Eating 
breakfast at 16y (ref) 

Metabolic syndrome at 43y [OR (95% CI)] 1.68 (1.01, 2.78) 
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   High triglycerides at 43y [OR (95% CI)] 1.48 (0.86, 2.53) 

   Low HDL cholesterol at 43y [OR (95% CI)] 1.25 (0.76, 2.07) 

   High fasting glucose at 43y [OR (95% CI)] 1.75 (1.01, 3.02) 

   High blood pressure at 43y [OR (95% CI)] 1.17 (0.71, 1.91) 

Zaquot et al. 
201662 

PCS 
(IDEFICS) 

Belgium, 
Cyprus, 
Estonia, 
Germany, 
Hungary, Italy, 
Spain, Sweden 

Analytic N: 948-2263, depending 
on the outcome 

Breakfast frequency: mean 6 d/wk 

BMI: mean z-score 0.4 

 

Increase in breakfast frequency (times/wk) from 
6y to 8y 

Change in 20m shuttle run from 6y to 8y 
(number of shuttles; β) 

-0.047, NS 

   Change in VO2max from 6y to 8y (ml/kg/min; β)  0.063, NS 

   Change in handgrip strength from 6y to 8y [kg; 
β (95% CI)] 

-0.002, NS 

   Change in standing long jump from 6y to 8y 
[cm; β (95% CI)] 

-0.019, NS 

   Change in 40m sprint from 6y to 8y [s; β (95% 
CI)] 

0.076, p=0.008 

   Change in sit-and-reach flexibility test from 6y 
to 8y [cm; β (95% CI)] 

-0.021, NS 

   Change in flamingo balance test from 6y to 8y 
[number of attempts; β (95% CI)] 

-0.001, NS 

 
a Abbreviations: BMI: body mass index; CDAH: Childhood Determinants of Adult Health study; CI: confidence interval; cm: centimeters; d: days; DASH: Determinants of Adolescent, 
now young Adults, Social well-being and Health study; HDL: high-density lipoprotein; HEROES: Healthy, Energetic, Ready, Outstanding, Enthusiastic Schools initiative; HOMA-IR: 
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homeostatic model assessment for insulin resistance; IDEFICS: IDentification and prevention of dietary and lifestyle induced health EFfects In Children and infantS study; kg: 
kilograms; L: liters; LDL: low-density lipoprotein; m: meters; mmHg: milimeters of mercury; min: minutes; ml: mililiters; mmol: milimoles; mU: miliunits; NS: nonsignificant; OR: odds 
ratio; PCS: prospective cohort study; ref: reference group; s: seconds; SE: standard error; SES: socioeconomic status; UK: United Kingdom; US: United States; VO2max: maximal 
oxygen consumption; wk: week; y: years  
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Table 25. Risk of bias for studies that examined associations between breakfast consumption and longitudinal cardiometabolic health outcomesa 

Article 
Confounding 

(Key confounders: age, sex, race/ethnicity, 
physical activity, body weight) 

Selection of 
participants 

Classification 
of exposures 

Deviations from intended 
exposures Missing data Outcome 

measurement 
Selection of 
the reported 

result 

Gingras et 
al. 201830 

SERIOUS 

Key confounders not accounted for:  
physical activity, body weight  

LOW LOW LOW 
SERIOUS 

~50% 
LOW LOW 

Goff et al. 
201931 

SERIOUS 

Key confounders not accounted for:  
age, body weight  

LOW LOW LOW 

MODERATE 

~25% for 
blood lipid 

data 

LOW  

for blood 
pressure data 

LOW 

MODERATE 

No registered 
protocol 
reported 

Kim et al. 
201460 

SERIOUS 

Key confounders not accounted for:  
race/ethnicity 

LOW LOW 

SERIOUS 

Multicomponent program 
intended to impact many 

behaviors (co-exposures); 
it’s unclear if co-exposures 

occurred and were balanced 
across exposure groups or 
adjusted for appropriately 

MODERATE 

~26% 
LOW 

MODERATE 

No registered 
protocol 
reported 

Meyer et 
al. 201461 

SERIOUS 

Key confounders not accounted for:  
race/ethnicity, physical activity, body 

weight  

LOW LOW 

SERIOUS 

Original trial intended to 
impact many behaviors (co-
exposures); it’s unclear if co-

exposures occurred and 
were balanced across 

exposure groups  

CRITICAL 

~56% and 
those with 

missing data 
were more 

likely to skip 
breakfast 

LOW 

MODERATE 

No registered 
protocol 
reported 

Shang et 
al. 202049 

SERIOUS 

Key confounders not accounted for:  
race/ethnicity 

LOW LOW LOW 
MODERATE 

~19% 
LOW 

MODERATE 

No registered 
protocol 
reported 



Rapid reviews: Discussion – Breakfast consumption and health 
 

 
148 

Smith et 
al. 201050 

SERIOUS 

Key confounders not accounted for:  
race/ethnicity, body weight  

LOW LOW LOW 

CRITICAL 

~80% and 
those with 

missing data 
had higher 
BMI (and 
breakfast 

skipping had 
p=0.07) 

LOW 

MODERATE 

No registered 
protocol 
reported 

Wennberg 
et al. 
201558 

SERIOUS 

Key confounders not accounted for:  
age, race/ethnicity 

LOW 

 

MODERATE 

Unclear 
exposure 

assessment 
validity  

MODERATE 

Exposure status may not 
have been stable during the 

follow-up period 

LOW LOW 

MODERATE 

No registered 
protocol 
reported 

Zaquot et 
al. 201662 

SERIOUS 

Key confounders not accounted for:  
age, sex, SES, race/ethnicity 

LOW LOW 

SERIOUS 

Primary prevention program 
intended to impact many 
behaviors (co-exposures) 

associated with overweight/ 
obesity/related disorders; it’s 

unclear if co-exposures 
occurred and were balanced 

across exposure groups 

CRITICAL 

~88% and the 
proportion of 
and reasons 
for missing 
data across 
exposure 

groups were 
not reported  

LOW LOW 

 
a Risk of Bias for Nutrition Observational Studies" tool (RoBNObs) (Dietary Guidelines Advisory Committee. 2020. Scientific Report of the 2020 Dietary Guidelines Advisory 
Committee: Advisory Report to the Secretary of Agriculture and the Secretary of Health and Human Services. U.S. Department of Agriculture, Agricultural Research Service, 
Washington, DC. 
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Table 26. Associations between breakfast and longitudinal mental health outcomesa 

Study Notable participant 
characteristics 

Intervention or exposure 
and comparator 

Outcomes Results 

Chen et al. 
200563  

PCS (Toyama 
Birth Cohort 
Study) 

Japan 

Analytic N: 7794 

Age: Mean 9.7y at baseline, 
12.8y at follow-up  

Breakfast often vs every day 
(ref) at 9y 

Poor quality of life at 12y [OR (95% CI)] 1.09 (0.86, 1.38) 

  Breakfast sometimes vs every 
day (ref) at 9y 

Poor quality of life at 12y [OR (95% CI)] 1.17 (0.71, 1.95) 

  Breakfast almost never vs 
every day (ref) at 9y 

Poor quality of life at 12y [OR (95% CI)] 0.83 (0.39, 1.75) 

  Breakfast often or every day 
at 9y and sometimes or 
almost never at 12y vs often 
or every day at 9y and at 12y 
(ref) 

Poor quality of life at 12y [OR (95% CI)] 1.44 (1.07, 1.93) 

  Breakfast sometimes or 
almost never at 9y and often 
or every day at 12y vs often 
or every day at 9y and at 12 y 
(ref) 

Poor quality of life at 12y [OR (95% CI)] 0.57 (0.33, 0.93) 

  Breakfast sometimes or 
almost never at 9y and at 12 
y vs often or every day at 9y 
and at 12y (ref) 

Poor quality of life at 12y [OR (95% CI)] 1.52 (0.68, 3.40) 

Gong et al. 
202164 

PCS 

China 

Analytic N: 115,217 

Age: Mean 11.9y at baseline 
(grade P6) 

84.5% breakfast at home, 
8.7% breakfast away from 

No breakfast vs Breakfast at 
home (ref) in grades P6, S2, 
and S4 

Total emotional/behavioral problems in grades S2, 
S4, S6 [OR (95% CI)] 

1.87 (1.66, 2.10) 
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home, 6.8% no breakfast in 
grade P6 

   Withdrawal in grades S2, S4, S6 [OR (95% CI)] 1.52 (1.27, 1.82) 

   Somatic complaints in grades S2, S4, S6 [OR (95% 
CI)] 

2.12 (1.81, 2.48) 

   Anxiety/depression in grades S2, S4, S6 [OR (95% 
CI)] 

1.70 (1.40, 2.06) 

   Social problems in grades S2, S4, S6 [OR (95% CI)] 1.34 (1.08, 1.66) 

   Thought problems in grades S2, S4, S6 [OR (95% 
CI)] 

1.67 (1.37, 2.04) 

   Attention problems in grades S2, S4, S6 [OR (95% 
CI)] 

1.82 (1.51, 2.19) 

   Delinquent behaviors in grades S2, S4, S6 [OR (95% 
CI)] 

2.29 (1.89, 2.79) 

   Aggressive behaviors in grades S2, S4, S6 [OR (95% 
CI)] 

2.08 (1.73, 2.49) 

  No breakfast vs Breakfast 
away from home (ref) in 
grades P6, S2, and S4 

Total emotional/behavioral problems in grades S2, 
S4, S6 [OR (95% CI)] 

1.28 (1.11, 1.48) 

   Withdrawal in grades S2, S4, S6 [OR (95% CI)] 1.24 (1.00, 1.55) 

   Somatic complaints in grades S2, S4, S6 [OR (95% 
CI)] 

1.51 (1.23, 1.85) 

   Anxiety/depression in grades S2, S4, S6 [OR (95% 
CI)] 

1.19 (0.94, 1.53) 

   Social problems in grades S2, S4, S6 [OR (95% CI)] 1.18 (0.89, 1.54) 

   Thought problems in grades S2, S4, S6 [OR (95% 
CI)] 

1.31 (1.02, 1.70) 
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   Attention problems in grades S2, S4, S6 [OR (95% 
CI)] 

1.19 (0.95, 1.50) 

   Delinquent behaviors in grades S2, S4, S6 [OR (95% 
CI)] 

1.12 (0.89, 1.42) 

   Aggressive behaviors in grades S2, S4, S6 [OR (95% 
CI)] 

1.34 (1.06, 1.70) 

Kim et al. 202138 

RCT (parallel) 

Korea  

Analytic N: 105 (ITT), 87 
(PP), 81 (good compliance) 

Age 12-18y (mean 15y) 

Habitual breakfast 
consumption <3 d/wk 

Rice-based breakfast vs 
usual intake 

Change in perceived stress from baseline to 12-wk 
follow up [points (SD)] 
 

19.71 (3.61) to 19.37 (3.14) vs 19.31 
(4.79) to 19.17 (3.90); NS 

  Wheat-based breakfast vs 
usual intake 

Change in perceived stress from baseline to 12-wk 
follow up [points (SD)] 

21.00 (3.69) to 21.02 (4.09) vs 19.31 
(4.79) to 19.17 (3.90), p=0.016 

Smith, 201016 

NRCT 

UK 

Analytic N: 213 

Age: 8y 

No breakfast vs Cornflakes Alertness before breakfast [units NR, mean (SE)] 

• On day 7 

• On day 14 

 

• 377 (24) vs 430 (18), p<0.05 

• 414 (25) vs 434 (18), p<0.05 

   Alertness after breakfast [units NR, mean (SE)] 

• On day 7 

• On day 14 

 

• 583 (17) vs 611 (13), p<0.05 

• 623 (18) vs 635 (13), p<0.05 

   Emotional distress [units NR, mean (SE)] 

• On day 7 

• On day 14 

 

• 28.8 (1.4) vs 26.3 (1.0), p<0.05 

• 27.8 (1.3) vs 22.5 (1.0), p<0.05 

   Depression [units NR, mean (SE)] 

• On day 7 

• On day 14 

 

• 1.5 (0.2) vs 0.7 (0.2), p<0.05 

• 1.3 (0.2) vs 0.3 (0.2), p<0.05 

   Fatigue [units NR, mean (SE)] 

• On day 7 

 

• 18.2 (0.7) vs 14.8 (0.5), p<0.05 
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• On day 14 • 16.4 (0.7) vs 13.7 (0.5), p<0.05 

   Negative mood [units NR, mean (SE)] 

• On day 7 

• On day 14 

 

• 12.7 (0.09) vs 8.4 (0.7), p<0.05 

• 10.7 (0.09) vs 6.3 (0.7), p<0.05 

  No breakfast vs Rice Krispies Alertness before breakfast [units NR, mean (SE)] 

• On day 7 

• On day 14 

 

• 377 (24) vs 459 (17), p<0.05 

• 414 (25) vs 474 (18), p<0.05 

   Alertness after breakfast [units NR, mean (SE)] 

• On day 7 

• On day 14 

 

• 583 (17) vs 617 (12), p<0.05 

• 623 (18) vs 640 (12), p<0.05 

   Emotional distress [units NR, mean (SE)] 

• On day 7 

• On day 14 

 

• 28.8 (1.4) vs 23.6 (0.9), p<0.05 

• 27.8 (1.3) vs 21.9 (1.0), p<0.05 

   Depression [units NR, mean (SE)] 

• On day 7 

• On day 14 

 

• 1.5 (0.2) vs 0.7 (0.2), p<0.05 

• 1.3 (0.2) vs 0.6 (0.2), p<0.05 

   Fatigue [units NR, mean (SE)] 

• On day 7 

• On day 14 

 

• 18.2 (0.7) vs 14.8 (0.5), p<0.05 

• 16.4 (0.7) vs 14.3 (0.5), p<0.05 

   Negative mood [units NR, mean (SE)] 

• On day 7 

• On day 14 

 

• 12.7 (0.09) vs 7.9 (0.7), p<0.05 

• 10.7 (0.09) vs 7.0 (0.7), p<0.05 

  No breakfast vs Rice Krispies 
Multigrain 

Alertness before breakfast [units NR, mean (SE)] 

• On day 7 

• On day 14 

 

• 377 (24) vs 498 (19), p<0.05 

• 414 (25) vs 501 (20), p<0.05 
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   Alertness after breakfast [units NR, mean (SE)] 

• On day 7 

• On day 14 

 

• 583 (17) vs 653 (14), p<0.05 

• 623 (18) vs 674 (13), p<0.05 

   Emotional distress [units NR, mean (SE)] 

• On day 7 

• On day 14 

 

• 28.8 (1.4) vs 22.2 (1.0), p<0.05 

• 27.8 (1.3) vs 21.4 (1.0), p<0.05 

   Depression [units NR, mean (SE)] 

• On day 7 

• On day 14 

 

• 1.5 (0.2) vs 0.8 (0.2), p<0.05 

• 1.3 (0.2) vs 0.6 (0.2), p<0.05 

   Fatigue [units NR, mean (SE)] 

• On day 7 

• On day 14 

 

• 18.2 (0.7) vs 14.4 (0.5), p<0.05 

• 16.4 (0.7) vs 13.1 (0.6), p<0.05 

   Negative mood [units NR, mean (SE)] 

• On day 7 

• On day 14 

 

• 12.7 (0.09) vs 7.9 (0.7), p<0.05 

• 10.7 (0.09) vs 6.8 (0.7), p<0.05 

 
a Abbreviations: CI: confidence interval; d: days; ITT: intention-to-treat analysis; NR: not reported; NRCT: non-randomized controlled trial; NS: nonsignificant; OR: odds ratio; P6: 
primary grade 6; PCS: prospective cohort study; PP: per-protocol analysis; RCT: randomized controlled trial; ref: reference group; S2, S4, S6: secondary grades 2, 4, and 6; SD: 
standard deviation; SE: standard error; wk: week; y: years 
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Table 27. Risk of bias for the randomized controlled trial that examined associations between breakfast consumption and longitudinal mental health 
outcomesa 

Article Randomization Deviations from intended 
interventions Missing outcome data Outcome measurement Selection of the reported 

result 

Kim et al. 202138 

Parallel RCT 
LOW LOW LOW 

SOME CONCERNS 

Lack of participant blinding 
may have affected 
participant-reported 

outcomes 

LOW 

 
a Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS, Boutron I, Cates CJ, Cheng H-Y, Corbett MS, Eldridge SM, Hernán MA, Hopewell S, Hróbjartsson A, Junqueira DR, 
Jüni P, Kirkham JJ, Lasserson T, Li T, McAleenan A, Reeves BC, Shepperd S, Shrier I, Stewart LA, Tilling K, White IR, Whiting PF, Higgins JPT. RoB 2: a revised tool for assessing 
risk of bias in randomised trials. BMJ 2019; 366: l4898. https://doi.org/10.1136/bmj.l4898. 

Table 28. Risk of bias for the non-randomized controlled trial that examined associations between breakfast consumption and longitudinal mental 
health outcomes a 

Article 

Confounding 

(Key confounders: age, sex, 
race/ethnicity, physical activity, 

body weight) 

Selection of 
participants 

Classification 
of 

interventions 

Deviations from 
intended 

interventions 
Missing 

data Outcome measurement 
Selection of 
the reported 

result 

Smith, 201016 

CRITICAL 

Key confounders not accounted 
for: 

age, sex, race/ethnicity, physical 
activity, body weight 

LOW LOW LOW LOW 

SERIOUS 

Assessment may not have 
been valid/reliable for the age 

group, and lack of parent 
blinding may have affected the 

parent-reported outcomes 

LOW 

 
a Sterne JAC, Hernán MA, Reeves BC, Savović J, Berkman ND, Viswanathan M, Henry D, Altman DG, Ansari MT, Boutron I, Carpenter JR, Chan AW, Churchill R, Deeks JJ, 
Hróbjartsson A, Kirkham J, Jüni P, Loke YK, Pigott TD, Ramsay CR, Regidor D, Rothstein HR, Sandhu L, Santaguida PL, Schünemann HJ, Shea B, Shrier I, Tugwell P, Turner L, 
Valentine JC, Waddington H, Waters E, Wells GA, Whiting PF, Higgins JPT. ROBINS-I: a tool for assessing risk of bias in non-randomized studies of interventions. BMJ 2016; 355; 
i4919; https://doi.org/10.1136/bmj.i4919. 

https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1136/bmj.i4919
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Table 29. Risk of bias for the prospective cohort studies that examined associations between breakfast consumption and longitudinal mental health 
outcomes a 

Article 
Confounding 

(Key confounders: age, sex, race/ethnicity, 
physical activity, body weight) 

Selection of 
participants 

Classification 
of exposures 

Deviations from intended 
exposures Missing data Outcome 

measurement 
Selection of 
the reported 

result 

Chen et 
al. 200563 

SERIOUS 

Key confounders not accounted for: 
race/ethnicity 

LOW LOW LOW 
MODERATE 

~25% 
LOW 

MODERATE 

No registered 
protocol 
reported 

Gong et 
al. 202164 

SERIOUS 

Key confounders not accounted for: 
race/ethnicity 

LOW LOW LOW 
MODERATE 

~34% 
LOW 

MODERATE 

No registered 
protocol 
reported 

 
a Risk of Bias for Nutrition Observational Studies" tool (RoBNObs) (Dietary Guidelines Advisory Committee. 2020. Scientific Report of the 2020 Dietary Guidelines Advisory 
Committee: Advisory Report to the Secretary of Agriculture and the Secretary of Health and Human Services. U.S. Department of Agriculture, Agricultural Research Service, 
Washington, DC. 
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Key Question 2: What best practices exist in the U.S. School Breakfast Program, 
including models of student costs and breakfast delivery? 
This section briefly discusses findings from observational studies, and synthesis of evidence for student cost 
and breakfast delivery models and evidence across non-traditional SBP models. Rapid review summary 
statements are based on an evaluation of trial data; however, research recommendations took evidence from 
CS and UPP studies into consideration. Observational studies provide a link between findings reported by 
Murphya and trial evidence. Risk of bias assessment for RCTs are summarized in Table 33, risk of bias 
assessments for NRCTs are summarized in Table 34 and risk of bias assessment for observational studies are 
found in Table 35. The first column of each table indicates the article and the model/s tested. 

Evidence synthesis - Student cost models 
One cluster-RCT69 and four NRCTs71,74,75,77 examined the effect of UFB compared to eligibility pricing on SBP 
participation, diet quality, breakfast skipping, school performance (attendance and low attendance) and 
learning achievement. Results were consistent across studies for SBP participation and learning achievement, 
only one study evaluated diet quality and breakfast skipping, and results on student attendance were 
inconsistent. 

All studies were designed to answer the research question. The cluster-RCT used a strong study design with 
sufficient power, had a low attrition rate, and enrolled a geographically and economically diverse sample of 
elementary schools from around the country.69 A 24-hour recall from student and parent interviews was used to 
assess breakfast skipping and diet quality. NRCTs were large and one moderate sized, well-controlled and 
used strong analytic methods (e.g., difference-in-difference analysis). Studies included elementary schools, 
middle schools, and high schools from both urban and rural areas. Participants were from a range of SES and 
racial/ethnic backgrounds, with a high proportion of students eligible for FRP meals. Three NRCTs accounted 
for all key confounders;71,74,75 and one study did not.77 Authors reported no conflict of interest. 

Evidence synthesis - Breakfast delivery models 

Breakfast in the classroom model 
One RCT65,68 and four NRCTs70-73 examined the effect of BIC on SBP participation,68,70,72 breakfast skipping 
and diet quality, 65 attendance,70-73 academic achievement,70-73 and weight related outcomes.68,72 Results were 
consistent for SBP participation and learning achievement, results were inconsistent for attendance, and 
weight-related outcomes and only one study evaluated breakfast skipping and diet quality outcomes.  

Included studies were designed to answer the research question. Polonsky et al.68 used a rigorous RCT design 
to evaluate a BIC intervention with a strong nutrition education and marketing component in fourth to sixth 
graders from high-poverty, urban schools over a 2.5-year period. The RCT had a high attrition rate (42 percent) 
due to student transfer between schools; however, a weighted generalized estimate equation was used to 
address missing data and analysis focused on adherence to the protocol versus intention-to-treat. High attrition 
left the study underpowered. Outcome assessors were not blinded to the intervention but followed a standard 
protocol to measure student height and weight and determine weight status. Polonsky68  reported outcomes in 
an a priori analysis plan, however, outcomes from this trial reported by Bauer et al.65 (breakfast skipping and 
diet quality) were not describe in the plan. 

 
a Murphy, JM. Breakfast and learning: an updated review. Current Nutrition & Food Science. 2007; 3(1):3-36. 
https://doi.org/10.2174/1573401310703010003. 
 

https://doi.org/10.2174/1573401310703010003
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Corcoran et al.72 used a difference-in-difference design and intent-to-treat analysis to evaluate staggered 
intervention of BIC in New York City schools over a five-year period; however, analysis was not controlled for 
multiple comparisons. Height and weight were measured by school staff annually as part of the school physical 
education program. BMI results exclude students in school years where the fitness participation was lower than 
50 percent and results were stratified by degree of BIC implementation. 

The NRCTs70-73 were natural experiments, which used objective, reliable administrative sources for school 
delivery model data and outcomes on SBP participation, attendance, and academic achievement. Most studies 
controlled for all key confounders; however, one study did not control for: age/grade, race/ethnicity, and SES 
and another did not control for school or cluster. No NRCT had an a priori analysis plan, increasing risk for 
selective reporting. Most studies were conducted in racially diverse, low-income urban elementary and middle 
schools; and, one study included primarily white, higher-income elementary school students from Wisconsin 
(excluding schools from Milwaukee). BIC was not evaluated in high schools. Authors reported no conflict of 
interest. 

Other breakfast after the bell delivery models 
One RCT (2 articles) and 1 NRCT examined BAB delivery models.  

• Nanney et al.67 in a well-controlled and adequately powered RCT demonstrated a BAB intervention 
using eligibility pricing increased SBP participation in high schools with low SBP participation, and 
Hearst et al.66 found implementation of this BAB intervention for one year had no significant effect on 
weighted GPA among students who reported frequent breakfast skipping.  

• Kirksey and Gottfied 76 found schools with BAB compared to those without BAB significantly reduced 
chronic absenteeism at all school levels, but the magnitude of effect was particularly strong in high 
schools. Results from Kirksey and Gottfried, 2021 must be interpreted with caution, since analysis was 
based on school assignment to BAB, not student participation in BAB and analysis only included 
schools with close to 70 percent of students eligible for FRP meals.  

Evidence synthesis - Across non-traditional student cost and breakfast delivery models  
• Thirteen articles from three cluster-RCT and eight NRCT, published between January 2006 and August 

2021 examined the effect of SBP student cost and breakfast delivery models on SBP participation, 
breakfast skipping, diet quality, school performance, learning achievement, and weight-related 
outcomes. 

• Results were consistent across non-traditional student cost and breakfast delivery models 

o Most studies examined the effect of SBP student cost or breakfast delivery models on SBP 
participation. Three RCTs67-69 and five NRCTs70,72,74,75,77 found UFB and/or BAB delivery 
models, particularly BIC, significantly increased SBP participation among elementary, middle 
and high school students and among students eligible and not eligible for free and reduced 
priced meals. 

o Two rigorous RCTs65,69 found that UFB or BIC compared to traditional SBP delivery significantly 
increased rates of nutritionally substantive breakfast consumption. 

o Few studies evaluated weight-related outcomes and evidence was inconsistent.  One RCT68 
and one NRCT72 found universal free-BIC compared to UFB in the cafeteria had no significant 
effect on BMI z-score; however, the RCT reported an increase in the incidence and prevalence 
of obesity at 1.5 and 2.5 years among fourth through sixth graders, while the NRCT found little 
effect in second through sixth graders over a 5-year period.  
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o Predominately null effects were reported in NRCTs examining the effect of student cost74,75 or 
breakfast delivery models71-73,76 on student attendance; however, one study found significant 
findings when assessing the effect of BAB on chronic absenteeism.76  

o Predominately null effects were reported from NRCTs examining UFB,71,74,75 BIC or BAB70-73 
and learning achievement over periods ranging from 11-weeks to 5-years.  

• Studies used objective, reliable administrative sources for school delivery model data and outcomes 
related to SBP participation, attendance, and academic achievement and  

o RCTs predominantly had low risk of bias, however, some outcomes were not included in a pre-
registered analysis plan.  

o The majority of NRCTs were natural experiments which employed rigorous analytic methods 
(e.g., difference-in-difference analysis) and adjusted for age or grade, race/ethnicity, SES, and 
school or cluster characteristics. No NRCT had a registered protocol, and several studies failed 
to control for multiple comparisons, increasing the risk for spurious findings.  

• Studies were conducted in racially diverse, low-income urban elementary and middle schools; however, 
a few studies included high schools, and schools from rural and higher income communities. 

 

Summary statements 

• U.S. School Breakfast Program universal-free breakfast and breakfast-after-the-bell delivery models, 
particularly breakfast in the classroom (or a combination of these models) compared to traditional School 
Breakfast Program delivery, significantly and substantially increases School Breakfast Program participation. 
Evidence is from large, well designed intervention studies conducted in diverse grades and socioeconomic 
student groups.  

• U-free breakfast or breakfast in the classroom may increase rates of consuming a nutritionally substantive 
breakfast (e.g., consume food from at least two of five food groups and intake of greater than 10% of daily 
energy requirements). Evidence is from two large, rigorous intervention studies conducted in high-poverty, 
urban elementary and middle schools.   

• The effect of universal-free breakfast in the classroom on weight-related outcomes is unclear due to 
insufficient evidence. However, one rigorous study conducted in high-poverty urban schools found breakfast 
in the classroom increased the incidence of obesity but found breakfast in the classroom had no significant 
effect on combined incidence of overweight and obesity at 2.5 years of intervention. Additional longitudinal 
research is needed on the impact of free breakfast in the classroom on weight-related outcomes and eating 
behaviors using research designs with sufficient power to explore the effect of baseline weight, 
socioeconomic status, and urbanicity.    

• Breakfast in the classroom and universal-free School Breakfast Program have little effect on measures of 
attendance and academic achievement during the first year of implementation in elementary and middle 
school children. Additional longitudinal research is needed on universal-free breakfast and breakfast-after-
the-bell models and measures of attendance, and chronic absenteeism, particularly among high school 
students. 

• The relationship between the School Breakfast Program student cost and delivery models and breakfast 
skipping, student/teacher satisfaction, and health is unclear due to lack of evidence. 
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Research recommendations 
Additional research is needed to assess best practices in U.S. SBP pricing and breakfast delivery models that 
examine:  

• the impact of BIC on weight-related outcomes using strong, longitudinal study designs that have 
sufficient power to explore the effect of breakfast pricing, baseline weight, school level, SES, and 
urbanicity. 

• the effect of SBP delivery and student cost models over multiple years on different measures of 
attendance and absenteeism and across school levels, SES, and achievement subgroups. Research in 
high schools is particularly warranted.  

• the effect of BAB delivery methods in middle and high schools from all regions of the country, especially 
rural school districts. 

• diet quality, and a wider variety of school performance and learning achievement outcomes over 
multiple years. 

Rapid review conclusions in context of an existing narrative review 
Murphya reviewed literature on UFB pricing models from the national, state, and local UFB demonstration 
projects but did not review literature on SBP models of breakfast delivery. The author in that review reported 
findings from The SBP Pilot Project (conducted in 2000-2003), specifically, that UFB leads to statistically and 
clinically significant increases in SBP participation, which in turn increases the number of students who have a 
nutritionally substantive breakfast in the morning. Murphy also found SBP delivery and student cost models 
were not associated with attendance or standardized test scores. Based on the first year SBP Project report 
(2000-2001)b, Murphy reported no significant differences in terms of cognitive test results (visual 
discrimination, memory for digits, verbal fluency), parent- and teacher-rated psychosocial problems, and 
academic achievement (test scores for math and reading) between kids in schools that received UFB and kids 
in matched schools that received traditional SBP. Finally, Murphy reported that UFB is generally not associated 
with significant improvements in BMI, or health, although some early state and local demonstration projects 
found positive effects.  

The recent literature goes beyond Murphy’s analysis of UFB pricing by examining BIC, grab-and-go, and SCB 
delivery models. New evidence confirms and builds upon previous findings that UFB and BAB delivery models, 
particularly BIC (or a combination of these models), compared to the traditional SBP model, increases SBP 
participation and increases rates of nutritionally substantive breakfast consumption. Consistent with findings by 
Murphy, current evidence does not demonstrate that SBP student cost and delivery models effect student 
attendance or standardized test scores and evidence related to BMI and health is unclear. 

The recent literature differs from the literature reviewed by Murphy in a couple ways. First, Murphy reviewed 
data that were from governmental or research institution reports, and an unpublished analysis of SBP data. 
The conclusions drawn in the present review are based on large randomized controlled and non-randomized 
controlled studies identified using a systematic search of peer reviewed literature. Additionally, the recent 

 
a Murphy, JM. Breakfast and learning: an updated review. Current Nutrition & Food Science. 2007; 3(1):3-36. 
https://doi.org/10.2174/1573401310703010003. 
 
b McLaughlin J, Bernstein L, Crepinsek M, Daft L, Murphy JM.Evaluation of the School Breakfast Program Pilot Project: Findings 
from the First Year of Implementation. Alexandria VA: U.S.Department of Agriculture; 2002. http: //www.fns.usda.gov/oane/ 
MENU/Published/CNP/FILES/BreakfastPilotYr1.pdf. 

https://doi.org/10.2174/1573401310703010003
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literature includes data from elementary, middle, and high schools in both rural and urban settings, whereas 
the data available to Murphy included more information from middle school students in urban areas. 
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Table 30. Evidence from randomized controlled trials and non-randomized controlled trials on the effect of student cost 

Study, 
Design, 
Grade(s), 
Setting  

Notable participant 
characteristics 

Intervention and comparator Outcomes Results 

Crepinsek, 200669 

Cluster RCT (SBP 
Pilot Project)  

ES, grades 2-6 

Nationally 
representative  

Analytic N: 4,278 students (153 
schools) 

Race/ethnicity: 38% non-white 

SES: 54% FRP  

UFB (18/79 schools UFB-BIC) 
(N=2,212 students)  

vs 

Traditional SBPa (N=2,066 
students) 

Duration: 1 y 

Change in SBP participation during first year of 
implementation in grades 2-6 (%) 

 

16 to 40 vs 16 to 22, p<0.01 

   Any breakfast consumption in grades 2-6 
(units NR) 

NS (data NR) 

   Nutritionally substantive breakfast 
consumption in grades 2-6 (%) 

80 vs 76, p<0.01 

Bartfeld, 201971 

NRCT 

ES, grades 1-5 

WI (excluding 
Milwaukee 
schools) 

Analytic N: 1,007 schools 
(attendance: 481,799 students, 
325,815 likely SBP students, 
736,807 higher-income students; 
test scores: 248,328 students, 
105,341 likely-SBP students, 
308,478 higher-income students) 

Race/ethnicity: ~80% White; 
~5% Black; ~8% Hispanic; ~4% 
Asian 

SES: ~31% likely SBP students 
(<185% of the poverty line and 
received SNAP at some point in 
the past 3y)   

UFB  

vs 

Traditional SBP (ref) 

Duration: 5 y 

 

Attendance rate in grades 1-5 [% annual 
school days attended, β (SE)] 

All students  

Likely-SBP students  

Higher-income students 

 

 

 

0.24 (0.11), p=0.023 

0.23 (0.16), NS 

0.31 (0.09), p<0.01 

   Low attendance in grades 1-5 [probability of 
attending <95% of annual school days, β (SE)] 

All students 

Likely-SBP students  

 
 

-0.035 (0.009), p<0.001 

-0.033 (0.011), p<0.01 
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Higher-income students -0.035 (0.011), p<0.01 

   Normalized math scores in grades 3-5 [β (SD)] 

All students  

Likely-SBP students  

Higher-income students 

 

0.03 (0.03), NS 

−0.01 (0.03), NS 

0.07 (0.02), p<0.01 

 

   Normalized reading scores in grades 3-5 [β 
(SD)] 

All students 

Likely-SBP students  

Higher-income students 

 

 

0.01 (0.03), NS 

−0.03 (0.03), NS 

0.04 (0.02), p<0.05 

Leos-Urbel, 201374 

NRCT 

ES and MS, 
grades 3-8 

New York, NY 

Analytic N: 723,843 students 
(667 schools) 

Race/ethnicity: ~33.1% Black, 
~38.6% Hispanic, ~13.2% Asian, 
~15.1% White 

SES: ~84.1% FRP  

Change in SBP price from eligibility 
pricing to UFB (schools offered 
eligibility pricing before and UFB 
after a policy change)  

vs  

No change in SBP price/always 
UFB (schools offered UFB before 
and after a policy change) (ref) 

Duration: 1 y 

School-level SBP participation in grades 3-8 
[log average number of meals served per year 
per student, β (SE)] 

In students eligible for free meals 

In students eligible for reduced-price meals 

In students eligible for full-price meals 

Results reported among schools with <33% 
and <66% of students eligible for free lunch 
were also significant, see Leos-Urbel, 2013 

 
 
 

0.05 (0.02), p<0.05 

0.21 (0.08), p<0.01 

0.36 (0.12), p<0.01 

   Student-level attendance rate in grades 3-8 [% 
enrolled school days attended per year, β 
(SE)] 

In students eligible for free meals 

In students not eligible for free meals 

Additional results reported by eligibility status 
for black, Hispanic, Asian, and white students. 
Significant results found among black students 
eligible for free meals, and Asian students not 
eligible for free meals. See Leos-Urbel, 2013. 

 
 

0.11 (0.09), NS 

0.14 (0.10), NS 

   Student-level reading achievement in grades  
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3-8 [z-score on statewide standardized test, β 
(SE)] 

In students eligible for free meals 

In students not eligible for free meals 

All results reported by eligibility status for 
black, Hispanic, Asian, and white students not 
significant. See Leos-Urbel, 2013 

 
 

0.01 (0.01), NS 

0.01 (0.01), NS 

   Student-level math achievement in grades 3-8 
[z-score on statewide standardized test, β 
(SE)] 

In students eligible for free meals 

In students not eligible for free meals 

All results reported by eligibility status for 
black, Hispanic, Asian, and white students not 
significant. See Leos-Urbel, 2013 

 

 
 

0.02 (0.01), NS 

-0.01 (0.01), NS 

Ribar, 201375  

NRCT 

ES, grades 1-5 

NC 

 

Analytic N: 8,078 students (10 
schools); grade 1- 5; 4,797 
students grade 3-5: 4,797  

Race/ethnicity: 46.5-68.6% 
Black, 12.4-24.0% Hispanic 

SES: 70-95% FRP  

UFB  

vs.  

Traditional SBP  

Duration: 1 y 

 

SBP participation, difference-in-difference 
analyses 

All in grades 1-5 

Eligible for free meals  

Eligible for RP meals  

Eligible for paid meals  

 

β=0.164 (SE=0.054), p<0.05 

β=0.133 (SE=0.046), p<0.05 

β=0.209 (SE=0.085), p<0.05 

β=0.275 (SE=0.101), p<0.05 

   Attendance rate, using student-level data 

Grades 1-5 

Grades 3-5  

Economically disadvantaged (n=3,773) 

Non-disadvantaged (n=1,024) 

 

β=--0.005 (SE=0.001), p=0 .01 

β=--0.005 (SE=0.001), p=0 .01 

β=--0.006 (SE=0.002), p=0.01 
β =--0.003 (SE=0.002), NS 

   Math proficiency test scores in grades 3-5 

Economically disadvantaged  

Non-disadvantaged 

 

β=0.014 (SE=0.030), NS 

β=0.045 (SE=0.063), NS 

   Reading proficiency test scores grades 3-5  
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Economically disadvantaged  

Non-disadvantaged 

β=0.006 (SE=0.011), NS  

β=0.029 (SE=0.039), NS 

   Science proficiency test scores in 5th grade 

Economically disadvantaged  

Non-disadvantaged 

 

β=0.068 (SE=0.029), p<0.05 

β=0.740 (SE=0.911), NS 

Schneider, 202177 

NRCT 

ES, MS, HS, 
grades K-12 

TX, state-wide 

Analytic N: 2,797 schools  

Race/ethnicity: 15.1% White, 
12.9% Black, 68.8% Hispanic, 
1.5% Asian, 0.3% American 
Indian 

SES: 88.9% FRP  

Opting into CEP 
(among schools that were ever 
eligible and ever opted in during a 
6-y period)  

vs. 

Not opting into CEP 
(among schools that were ever 
eligible and ever opted in during a 
6-y period) 
 

Change in monthly SBP participation rate 
[average % (SE), difference-in-difference 
analysis] 

Full calendar year 

School year (excluding June-August) 

 
 
 

3.44 (0.50), p<0.001  

3.65 (0.52), p<0.001 

 
a Traditional SBP is breakfast served before school in the cafeteria with eligibility pricing. 
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Table 31. Evidence from randomized controlled trials and non-randomized controlled trials on the effect of breakfast delivery models of U.S. School 
Breakfast Program delivery on SBP participation, breakfast skipping, diet quality, school performance, learning achievement, and weight-related 
outcomesa  

Study, 
Design, 
Grade(s), 
Setting  

Notable participant 
characteristics 

Intervention and comparator Outcomes Results 

Bauer, 201965 

Cluster RCT (One 
Healthy Breakfast 
initiative) 

ES, grades 4-6 

Philadelphia, PA 

Analytic N: 16 schools (1,362 
students) 

Median schoolwide SBP 
participation rate: 18.2% 

Race/ethnicity: 66.6% Black, 
17.1% Hispanic, 6.1% Asian, 
7.3% White, 2.9% multiple or 
other 

SES: 78.9% FRP 

Weight status: 2.5% underweight, 
58.4% healthy weight, 17.7% 
overweight, 21.4% obese 

UFB-BIC + nutrition education + 
social marketing and marketing at 
nearby corner stores to promote 
healthy breakfast + parent outreach 
(N=639 students at 8 schools) for 
2.5 y 

vs 

UFB in the cafeteria + existing 
nutrition education through SNAP-
ED (ref) (N=723 students at 8 
schools) 

Duration: 2.5 y 

Breakfast skipping [OR (95% CI)] 

At 1.5y (grades 5-7) 

At 2.5y (grades 6-8) 

 

0.56 (0.37, 0.86) 

0.99 (0.72, 1.36) 

   Food Consumption pattern meeting USDA 
nutritional requirements [OR (95% CI)] 

At 1.5y (grades 5-7) 

At 2.5y (grades 6-8) 

 
 
 

3.43 (2.03, 5.80)  

3.09 (1.82, 5.25) 

Polonsky, 201968 

Cluster RCT (One 
Healthy Breakfast 
initiative)  

ES, grades 4-6 

Philadelphia, PA 

Analytic N: 16 schools (1362 
students) 

Median schoolwide SBP 
participation rate: 18.2% 

Race/ethnicity: 66.6% Black, 
17.1% Hispanic, 6.1% Asian, 
7.3% White, 2.9% multiple or 
other 

SES: 78.9% FRP 

Weight status: 2.5% underweight, 
58.4% healthy weight, 17.7% 
overweight, 21.4% obese 

UFB-BIC + nutrition education + 
social marketing and marketing at 
nearby corner stores to promote 
healthy breakfast + parent outreach 
(N=639 students at 8 schools)  

vs 

UFB in the cafeteria + existing 
nutrition education through SNAP-
ED (ref) (N=723 students at 8 
schools) 

Duration: 2.5 y 

SBP participation [β (95% CI)] 

At 1.5y (grades 5-7) 

At 2.5y (grades 6-8) 

 

0.46 (0.38, 0.53)  

0.33 (0.24, 0.42) 
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   BMI z-score [β (95% CI)]  

At 1.5y (grades 5-7) 

At 2.5y (grades 6-8) 

 

0.03 (−0.11, 0.17) 

0.07 (−0.08, 0.22) 

   Incidence of overweight and obesity [OR (95% 
CI)] 

At 1.5y (grades 5-7) 

At 2.5y (grades 6-8) 

 
 

1.63 (0.95, 2.80) 

1.42 (0.82, 2.44) 

   Prevalence of overweight and obesity [OR (95% 
CI)] 

At 1.5y (grades 5-7) 

At 2.5y (grades 6-8) 

 
 

1.16 (0.91, 1.48) 

1.22 (0.96, 1.54) 

   Incidence of obesity [OR (95% CI)] 

At 1.5y (grades 5-7) 

At 2.5y (grades 6-8) 

 

1.72 (1.02, 2.90) 

3.27 (1.87, 5.73) 

   Prevalence of obesity [OR (95% CI)] 

At 1.5y (grades 5-7) 

At 2.5y (grades 6-8) 

 

1.10 (0.89, 1.35) 

1.43 (1.08, 1.89) 

Hearst, 201966 

Cluster RCT 
(Project 
breakFAST) 

HS, grades 9-10 

MN (rural) 

Analytic N: 636 students (from 13 
schools) 

Habitual breakfast skippers (<3 
d/wk) 

Race/ethnicity: 76% White 

SES: 34% FRP 

Unweighted cumulative GPA: 
mean 2.82 (SD 0.78) 

Traditional SBP (N=336 students 
from 7 schools)  

vs 

Breakfast in the cafeteria before 
school + grab-n-go breakfast outside 
the cafeteria (before school and/or 
second-chance breakfast) + policy 
permitting eating in the 
hallway/some classrooms + SBP 
marketing campaign + 
implementation training (N=300 
students from 6 schools)   

Duration: 1 y 

Change in unweighted cumulative GPA from 
pre-intervention to end of 1 year of intervention 
in grades 10 and 11 [mean (SD)] 

All students 
 

Low-resource students 
 

High-resource students 

 

 
 
 

2.92 (0.74) to 2.92 (0.71) vs 
2.70 (0.82) to 2.68 (0.81), NS 

2.53 (0.82) to 2.54 (0.74) vs 
2.34 (0.82) to 2.28 (0.81), NS 

3.04 (0.67) to 3.04 (0.67) vs 
2.80 (0.79) to 2.79 (0.77), NS 

Nanney, 201967 Analytic N: 16 schools 

Low SBP participation at baseline 
(all <20%; median 13.1%) 

Traditional SBP (N=8 schools) 

vs 

School-level change in SBP participation 
following 1y intervention in grades 10-11 [%, 
median (IQR)]  

0.5 (0.7) vs 3 (13.5), p=0.03 
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Cluster RCT 
(Project 
breakFAST) 

HS, grades 9-10 

MN (rural) 

Race/ethnicity: median 87.8% 
non-Hispanic White 

SES: median 32.2% FRP 

Breakfast in the cafeteria before 
school + grab-n-go breakfast outside 
the cafeteria (before school and/or 
second-chance breakfast) + policy 
permitting eating in the 
hallway/some classrooms + SBP 
marketing campaign + 
implementation training (N=8 
schools)   

Duration: 1y 

Anzman-Frasca, 
201570 

NRCT 

ES, grades K-6 

“Large urban 
school district” 

Analytic N: 446 schools (423 
schools for SBP participation 
analyses) 

Race/ethnicity: >70% 
Hispanic/Latino 

SES: >80% FRP 

UFB-BIC (N=257 schools)  

vs 

Traditional SBPa (N=189 schools) 

Duration: 1 y of implementation 

SBP participation in grades K-6 (mean monthly 
% students) 

See Anzman-Frasca, 2015 for additional results 
reported by month 

73.7 vs 42.9, p<0.001 

 

   Attendance rate in grades K-6 (%) 

 

95.48 vs 95.34 (mean 
difference of 76 student-
days), p=0.004 

   High attendance in grades K-6 (% students who 
attend ≥96% of enrolled school days) 

Data NR, p=0.04 

   Math achievement in grades 2-6 (% students in 
each grade who achieved state benchmarks on 
yearly standardized tests) 

57.9 vs 57.4, NS 

   Reading achievement in grades 2-6 (% 
students in each grade who achieved state 
benchmarks on yearly standardized tests) 

44.9 vs 44.7, NS 

Bartfeld, 201971 

NRCT 

ES, grades 1-5 

WI (excluding 
Milwaukee 
schools) 

Analytic N: 1,007 schools 
(attendance: 481,799 students, 
325,815 likely SBP students, 
736,807 higher-income students; 
test scores: 248,328 students, 
105,341 likely-SBP students, 
308,478 higher-income students) 

Race/ethnicity: ~80% White; ~5% 
Black; ~8% Hispanic; ~4% Asian 

SES: ~31% likely SBP students 
(<185% of the poverty line and 

BIC (UFB and eligibility pricing) 

vs 

Traditional SBP  

Duration: 5 y  

Attendance rate in grades 1-5 [% annual school 
days attended, β (SE)] 

All students 

Likely-SBP students  

Higher-income students 

 

 

0.07 (0.09), NS 

-0.03 (0.12), NS 

0.13 (0.09), NS 
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received SNAP at some point in 
the past 3y)   

   Low attendance in grades 1-5 [probability of 
attending <95% of annual school days, β (SE)] 

All students 

Likely-SBP students  

Higher-income students 

-0.002 (0.007), NS 

0.007 (0.010), NS 

-0.006 (0.007), NS 

   Normalized math scores in grades 3-5 [β (SD)] 

All students 

Likely-SBP students  

Higher-income students 

−0.01 (0.01), NS 

−0.03 (0.02), NS 

0.00 (0.02), NS  

   Normalized reading scores in grades 3-5 [β 
(SD)] 

All students 

Likely-SBP students 

Higher-income students 

(0.01), NS 

−0.00 (0.02), NS 

0.00 (0.01), NS  

Corcoran, 201672 

NRCT 

ES and MS, 
grades K-8 

New York, NY 

 

Analytic N: 1,088 schools 

Race/ethnicity: never BIC, <25%, 
25-99%%, and 100% BIC 
adoption: 12%, 12%, 3%, 5% 
Asian; 34%, 35%, 43%, 35% 
Black; 15%, 14%, 3%, 56% 
Hispanic; 15%, 14%, 3%, 4% 
White 

SES: % eligible for free meal: 
67% never BIC, 69% BIC <25%, 
82% 25-99% BIC, 81% 100% 
BIC  

UFB-BIC 

vs 

UFB in the cafeteria before school 

Duration: 5 y 

Average daily SBP participation in grades K-8 
[β (SE)] 

In all schools with <25% BIC  

In ES only 

In MS only 

In all schools with 25-99% BIC 

In ES only 

In MS only 

In all schools with 100% BIC  

In ES only 

In MS only 

 
 

0.044 (0.006), p<0.001 

0.045 (0.007), p<0.001 

0.042 (0.011), p<0.001 

0.195 (0.018), p<0.001  

0.197 (0.021), p<0.001 

0.226 (0.040), p<0.001 

0.302 (0.032), p<0.001 

0.333 (0.043), p<0.001  

0.336 (0.032), p<0.001 

   BMIz [β (SE)] 
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School-level (pre-post indicator) 

In schools with <25% BIC 

In ES 

In MS 

In schools with 25-99% BIC 

In ES 

In MS 

In schools with 100% BIC 

In ES 

In MS 

 

Student-level (cumulative days of exposure) 

In schools with <25% BIC 

In ES 

In MS 

In schools with 25-99% BIC 

In ES 

In MS 

In schools with 100% BIC 

In ES 

In MS 

 

 

-0.0008 (0.0143), NS 

-0.0236 (0.0175), NS  

 

-0.0045 (0.0159), NS 

-0.0171 (0.0393), NS 

 

-0.0164 (0.0304), NS  

-0.0301 (0.0187), NS  

 

 

 

0.0107 (0.0053), p<0.05  

0.0080 (0.0045), NS  

 

-0.0017 (0.0067), NS 

0.0109 (0.0082), NS 

 

-0.0263 (0.0169), NS 

0.0040 (0.0087), NS 

   Obesity prevalence [β (SE)] 

 

School-level (pre-post indicator) 

In schools with <25% BIC 

In ES 

In MS 

In schools with 25-99% BIC 

In ES 

 

 

 

 

-0.0013 (0.0037), NS 

 -0.0085 (0.0062), NS 

 

0.0011 (0.0047), NS 
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In MS 

In schools with 100% BIC 

In ES 

In MS 

 

Student-level (cumulative days of exposure) 

In schools with <25% BIC 

In ES 

In MS 

In schools with 25-99% BIC 

In ES 

In MS 

In schools with 100% BIC 

In ES 

In MS 

-0.0100 (0.0154), NS 

 

 -0.0023 (0.0086), NS 

 -0.0053 (0.0066), NS 

 

 

 

0.0029 (0.0014), p<0.05 

0.0029 (0.0016), NS 

 

0.0018 (0.0020), NS 

0.0035 (0.0032), NS 

 

-0.0032 (0.0059), NS 

0.0015 (0.0033), NS 

   Attendance [β (SE)] 

 

School-level (pre-post indicator) 

In schools with <25% BIC 

In ES 

In MS 

In schools with 25-99% BIC 

In ES 

In MS 

In schools with 100% BIC 

In ES 

In MS 

 

Student-level (cumulative days of exposure) 

 

 

 

 

<0.001 (0.001), NS 

 0.001 (0.001), NS 

 

0.001 (0.001), NS 

0.004 (0.002), NS 

 

 0.001 (0.001), NS 

 0.005 (0.003), NS 
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In schools with <25% BIC 

In ES 

In MS 

In schools with 25-99% BIC 

In ES 

In MS 

In schools with 100% BIC 

In ES 

In MS 

 

 <0.001 (0.001), NS 

 0.001 (0.001), NS 

 

0.001 (0.001), NS 

0.001 (0.001), NS 

 

<0.001 (0.001), NS 

<0.001 (0.001), NS 

   ELA achievement [β (SE)] 

 

School-level (pre-post indicator) 

In schools with <25% BIC 

In grades 4-5 

In MS 

In schools with 25-99% BIC 

In grades 4-5 

In MS 

In schools with 100% BIC 

In grades 4-5 

In MS 

 

Student-level (cumulative days of exposure) 

In schools with <25% BIC 

In grades 4-5 

In MS 

In schools with 25-99% BIC 

In grades 4-5 

In MS 

 

 

 

 

-0.004 (0.009), NS 

 0.008 (0.010), NS 

 

-0.012 (0.015), NS 

-0.019 (0.010), NS 

 

 -0.043 (0.026), NS 

 -0.016 (0.019), NS 

 

 

 

 -0.002 (0.003), NS 

 0.001 (0.003), NS 

 

-0.005 (0.004), NS 

-0.005 (0.003), NS 
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In schools with 100% BIC 

In grades 4-5 

In MS 

 

-0.008 (0.009), NS 

-0.006 (0.004), NS 

   Math achievement [β (SE)] 

 

School-level (pre-post indicator) 

In schools with <25% BIC 

In grades 4-5 

In MS 

In schools with 25-99% BIC 

In grades 4-5 

In MS 

In schools with 100% BIC 

In grades 4-5 

In MS 

 

Student-level (cumulative days of exposure) 

In schools with <25% BIC 

In grades 4-5 

In MS 

In schools with 25-99% BIC 

In grades 4-5 

In MS 

In schools with 100% BIC 

In grades 4-5 

In MS 

 

 

 

 

-0.004 (0.011), NS 

 0.009 (0.013), NS 

 

-0.019 (0.019), NS 

0.010 (0.017), NS 

 

 0.023 (0.037), NS 

 -0.005 (0.034), NS 

 

 

 

 -0.003 (0.004), NS 

 0.002 (0.005), NS 

 

-0.006 (0.005), NS 

0.007 (0.004), p<0.05 

 

0.013 (0.010), NS 

0.013 (0.009), NS 

Imberman, 201473 

NRCT 

ES, grade 5 

Analytic N: Math and reading 
achievement 6,353 students (84 
schools), attendance 38,425 

UFB-BIC  

vs 

UFB in the cafeteria 

Math achievement in grade 5 [standardized test 
scores, β (SE)] 

All students 

 
 

β=0.086 (SE=0.046), NS 
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Urban district in 
southwest USA 

 

students (87 schools), grades 
37,309 students (87 schools)  

Race/ethnicity: 23% Black, 1-2% 
White, 73-74% Hispanic 

SES: 94% FRP  

Duration: 11 weeks Students not eligible for free lunch 

Students eligible for free lunch 

See Imberman, 2014 for results reported by 
sex, race, ethnicity prior-year achievement, 
English proficiency, and BMI category 

 0.008 (0.056), NS 

0.132 (0.050), p<0.01 

   Reading achievement in grade 5 [standardized 
test scores, β (SE)] 

All students 

Students not eligible for free lunch 

Students eligible for free lunch 

See Imberman, 2014 for results reported by 
prior-year achievement, sex, race, ethnicity, 
English proficiency, and BMI category 

 
 

β=0.062 (SE=0.034), NS  

0.083 (0.038), p<0.05 

0.046 (0.043), NS 

 

   Attendance rate in grades 1-5 [β (SE)] 

No significant results when analyzed by grade 
and prior-year achievement, see Imberman, 
2014 

0.060 (0.075), NS 

   Grades in grades 1-5 [mean across all courses 
in 9-week period, β (SE)] 

No significant results when analyzed by grade 
and prior-year achievement, see Imberman, 
2014 

0.010 (0.035), NS 

Kirksey, 202176 

NRCT  

ES, MS, HS, 
grades K-12 

CO and NV (state 
data) 

Analytic N: 1,883 schools  

Schools had close to 70% 
students eligible for FRP lunch 
(state policy required breakfast 
after the bell in schools with 
≥70% FRP lunch eligibility). 

Race/ethnicity: 35% Latinx, 5% 
Black, 3% Asian 

SES: 48% FRP 

Breakfast after the bell (including 
BIC, breakfast in the cafeteria after 
the bell, grab-n-go) 

vs 

Traditional SBP or UFB in the 
cafeteria 

Duration: 1 y 

Change in school-level rate of chronic 
absenteeism [% students missing >15d of the 
school year (SE)] 

All schools close to 70% FRP  

ES (1,111 schools) 

MS (301 schools)  

HS (339 schools) 

 
 
 

-0.04 (0.01), p<0.01 

-0.03 (0.01), p<0.01 

-0.03 (0.01), p<0.05 

-0.07 (0.02), p<0.001 

   Change in school-level reading achievement [% 
(SE)]  
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In CO (1,381 schools) 

In NV (502 schools)  

-0.02 (0.02), NS 

0.04 (0.07), NS 

   Change in school-level math achievement [% 
(SE)] 

In CO (1,381 schools) 

In NV (502 schools) 

 
 

0.01 (0.02), NS 

0.03 (0.04), NS 

  

 
a Abbreviations: BIC: breakfast in the classroom; BMI: body mass index; CI: confidence interval; CO: Colorado; ES: elementary school; FRP: eligible for free and reduced-price 
school meals; GPA: grade point average; HS: high school; K: kindergarten; MN: Minnesota; MS: middle school, NR: not reported; NRCT: Non-randomized controlled trial; NS: non-
significant; NV: Nevada; NY: New York; OR: odds ratio; PA: Pennsylvania; Project breakFAST: Fueling Academics and Strengthening Teens; RCT: randomized controlled trial; SBP: 
U.S. School Breakfast Program; SD: standard deviation; SE: standard error; SES: socioeconomic status; SNAP-ED: Supplemental Nutrition Assistance Program Education; UFB: 
universal free breakfast; USA: United States of America; USDA: U.S. Department of Agriculture; vs: versus; WI: Wisconsin; y: year 
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Table 32: Evidence from cross-sectional and uncontrolled pre/post studies on the relationship between U.S. SBP models of student cost and breakfast 
delivery and SBP participation, breakfast skipping, diet quality, satisfaction, school performance, and weighta 

Study, 
Design, 
Grade(s), 
Setting 

Notable participant 
characteristics 

Exposure and comparator Outcomes 

Bartfeld, 201078b 

CS 

ECLS-K (2002 data) 

ES, grade 3 

National sample 

 

Analytic N: 6,680 students 
(1,125 schools) 

Race/ethnicity: NR 

SES: ~9% food insecure; 
Highest parental education 

11.5% less than HS, 25.7% 
HS, 36.4% some 
college,15.6% college 
degree, 10.8% graduate 
degree 

BIC  

vs  

Tradition SBPc (ref) 

SBP participation in grade 3 [β (SE); 
OR (95% CI)] 

 

0.857 (0.219), p<0.01; 2.357 (NR) 

 

 

 

  Breakfast in common areas  

vs 

Traditional SBP (ref)  

SBP participation in grade 3 [β (SE); 
OR (95% CI)] 

0.136 (0.240), NS; 1.146 (NR) 

  Breakfast in other locations  

vs  

Traditional SBP (ref) 

SBP participation in grade 3 [β (SE); 
OR (95% CI)] 

-0.573 (0.473), NS; 0.563 (NR) 

  Duration of the breakfast perioda SBP participation in grade 3 [β (SE); 
OR (95% CI)] 

0.006 (0.003), p<0.05; 1.006 (NR) 

 
aAbbreviations: BIC: breakfast in the classroom; BMI: body mass index; CA: California; CI: confidence interval; CO: Colorado; d: days; ES: elementary school; FRP: eligible for free 
and reduced-price school meals; GPA: grade point average; HS: high school; IQR: inter-quartile range; K: kindergarten; MN: Minnesota; MS: middle school, NR: not reported; 
NRCT: Non-randomized controlled trial; NS: non-significant; NV: Nevada; NY: New York; OR: odds ratio; PA: Pennsylvania; Project breakFAST: Fueling Academics and 
Strengthening Teens; RCT: randomized controlled trial; SBP: U.S. School Breakfast Program; SC: South Carolina; SD: standard deviation; SE: standard error; SES: socioeconomic 
status; SNAP-ED: Supplemental Nutrition Assistance Program Education; UFB: universal free breakfast; USA: United States of America; USDA: U.S. Department of Agriculture; vs: 
versus; WI: Wisconsin; y: year 
b Bartfeld, 2010 does not describe this exposure variable well; it may be a continuous variable, but the units used for the analysis (e.g., per minute) are not reported 
c Traditional SBP is breakfast served before school in the cafeteria with eligibility pricing. 
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  10-20 min between school bus riders’ arrival 
at school and start of class  

vs  

<10 min (ref) 

SBP participation in grade 3 [β (SE); 
OR (95% CI)] 

0.538 (0.115), p<0.001; 1.713 (NR) 

 

  >20 min between school bus riders’ arrival 
at school and start of class 

vs  

<10 min (ref) 

SBP participation in grade 3 [β (SE); 
OR (95% CI)] 

1.582 (0.154), p<0.01; 4.864 

Baxter, 201079 

CS (same study as 
Guinn, 2013) 

ES, grade 4 

SC 

Analytic N: 1,571 students 
(17 schools [year 1 and 2] 
or 8 schools [year 3]) 

Race/ethnicity: 90% Black 

SES: high percentage FRP 
(data NR) 

BIC (6, 6, and 7 schools across 3 y) 

vs 

Traditional SBP (ref) (11, 11, and 1 school/s 
across 3 y) 

 

BMI in grade 4 [mean kg/m2, β (SE)] 

See Baxter, 2010 for additional 
results reported for students 
observed eating SBP and NSLP on 
the same day 

0.88 (NR), p=0.012 

   BMI category in grade 4 [OR (95% 
CI)] 

See Baxter, 2010 for additional 
results reported for students 
observed eating SBP and NSLP on 
the same day 

1.31 (NR), p=0.054 

 

Grannon, 202085 

UPP (Project 
breakFAST)  

HS, grades 9-10  

MN (rural) 

 

School-level data: 

Analytic N: 12 schools  

Low SBP participation at 
baseline (mean 16.3%) 

Race/ethnicity: 2-32% non-
white  

SES: 23-57% FRP  

Traditional SBP (year 1, grades 9-10) 

vs 

Traditional SBP + grab-n-go breakfast 
outside the cafeteria (before school and/or 
second-chance breakfast) + policy 
permitting eating in the hallway/some 
classrooms + SBP marketing campaign 
(year 2, grades 10-11) 

School-level school year SBP 
participation rate [%, mean (range)] 

Total 
 

Before-school 
 

Second-chance 

 
 

16.3 (7.9, 38.1) vs 25.7 (13.3, 48.4), 
p=0.004 

16.3 (7.9, 38.1) vs 13.3 (3.8, 38.8), 
NS  

NA (not offered) vs 12.4 (0.7, 31.8) 

 Student-level data: 

Analytic N: 578 students 

Habitual breakfast skippers 
(<3 d/wk) 

Traditional SBP (year 1, grades 9-10) 

vs  

Traditional SBP + grab-n-go breakfast 
outside the cafeteria (before school and/or 
second-chance breakfast) + policy 
permitting eating in the hallway/some 

Student-level school year SBP 
participation rate [%, mean (range)] 

Total 
 

 
 

13.5 (3.0, 33.2) vs 28.6 (9.2, 56.6) 
p=0.006 
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Race/ethnicity: 37% non-
white 

SES: 40% FRP; 16% food 
insecure 

classrooms + SBP marketing campaign 
(year 2, grades 10-11) 

Before-school 
 

Second-chance 

13.5 (3.0, 33.2) vs 13.4 (1.8, 40.4), 
NS  

NA (not offered) vs 15.2 (2.5, 31.5)  

Guinn, 201380 

CS (same study as 
Baxter, 2010) 

ES, grade 4 

SC 

Analytic N: 1,060 students 
(17 schools [year 1] or 8 
schools [year 2]) 

Race/ethnicity: 91% Black 

SES: 85% FRP  

BIC vs Traditional SBP (ref) SBP participation in grade 4 [d (% of 
180 school d)]  
 

127.4 (71) vs 68.5 (38), p<0.0001 

Larson, 201886 

UPP (Project 
breakFAST)  

HS, grades 9-10 

MN (rural) 

 

Analytic N: 8 schools (3,200 
students) 

N:364 at-risk students (eat 
breakfast <3d/wk)  

N: 126 at-risk and eligible 
for FRP meals  

Race/ethnicity: 83% non-
Hispanic white  

SES: ~34% eligible for FRP 
meals  

Pre-implementation:  Traditional SBP, 
students are not permitted to eat in the 
hallway vs. 

Post-intervention:  Grab-and-Go or SCB in a 
high traffic area, students permitted to eat in 
the hallways and classrooms, and pre-
recorded implementation training. 

Note: Implemented in 2 waves over 
consecutive years, baseline 1 and 2. 

SBP participation (school-level), 
Mean (SD) 

Baseline 1 (grades 9-10 to 11-12) 

Base line 2 grades (grades 10-11 to 
11-12) 

See Larson, 2018 for results 
reported by race, ethnicity, and 
eligibility category.  

 

 

13.0 vs 22.6, p=0.03 

13.9 vs 22.6, p=0.02 

   SBP participation (at-risk students), 
Mean (SD)  

Baseline 1 (grades 9-10 to 11-12) 

Base line 2 grades (grades 10-11 to 
11-12) 

 

Eligible for FRP meals:  

Baseline 1 (grades 9-10 to 11-12) 

Base line 2 grades (grades 10-11 to 
11-12) 

A significant increase in SBP 
participation was also found among 
at-risk students not eligible for FRP 
meals, Hispanic students, and white 

 
 

7.6 vs 21.9, p<0.001 

10.0 vs 21.9, p<0.001 

 

 

 

13.9 vs 30.7, p<0.001 

19.5 vs 30.7, p<0.001 
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students. See Larson, 2018 for more 
details. 

Leider, 202081 

CS (School Nutrition 
and Meal Cost 
Study) 

ES, MS, HS, grades 
1-12 

Nationally 
representative 

 

Full sample: 

Analytic N: 1,575 students 

Race/ethnicity: 49.5% non-
Hispanic white, 14.5% non-
Hispanic black, 27.7% 
Hispanic, 8.3% other  

SES: Household income as 
% poverty level: 38.8% 
<130%, 10.5% >130-185%, 
50.6% >185% 

UFB vs Traditional SBP (ref) 

 

SBP participation in grades 1-12 
[OR (95% CI)]  

 

3.52 (2.18, 5.69), p<0.001 

 Subsample (students who 
sometimes eat school 
breakfast): 

Analytic N: 726 students 

Race/ethnicity: 38.1% non-
Hispanic white, 20.8% non-
Hispanic black, 33.5% 
Hispanic, 7.5% other  

SES: Household income as 
% poverty level: 56.6% 
<130%, 13.3% >130-185%, 
30.2% >185% 

UFB vs Traditional SBP (ref) Liking SBP in grades 1-12 [OR (95% 
CI)]  

 

0.57 (0.34, 0.94), p=0.028 

Nanney, 201188 

UPP 

MS, grade 6 

Minneapolis, MN 

 

Analytic N: 239 students (1 
school) 

Race/ethnicity: 68.1% 
White, 8.3% African 
American, 4.2% Hispanic, 
5.6% Asian, 13.4% other 

SES: 36.4% FRP 
 

Traditional SBP  

vs  

Traditional SBP + grab-n-go  

SBP participation (average d/wk) in 
grade 6 

All students  

Students eligible for FRP meals 
(~88 students) 

Students eligible for full price 
meals (~159 students) 

See Nanney, 2011 for additional 
results reported by sex 

 
 

0.74 vs 1.21, p<0.0001 

1.16 vs 1.79, p<0.0001 
 

0.33 vs 0.62, p=0.0002 

 

Moeltner, 201987 

UPP 

Analytic N: 161 students (3 
schools) 

Traditional SBP (baseline, grades 3-4)  

vs 

SBP participation (mean %) 37.10 vs 55.08, p=0.01 

 



Rapid reviews: Discussion – SBP best practices 
 

 
179 

ES, grades 3-5 

NV (Reno/Sparks 
metropolitan area) 

 

Race/ethnicity: 3% Black, 
63% Hispanic, 1% Asian, 
18% White, <1% native 

SES: ~84% FRP 

Traditional SBP + 10 more minutes (all 
students go to the cafeteria for 10 min after 
the bell and breakfast service remains open) 
(time point 1, grades 3-4) 

   Skipping breakfast (mean %) 12.79 vs 10.34, p=0.05 

  Traditional SBP (baseline, grades 3-4) 

vs 

UFB-BIC (time point 2, grades 3-5) 

SBP participation (mean %) 37.10 vs 98.6, p=0.01 

   Skipping breakfast (mean %) 12.79 vs 0.52, p=0.01 

Ritchie, 201582 

CS 

ES, grades 4-5 

CA 

 

Analytic N: 3,944 students 
from 43 schools 
(subsamples: 429 breakfast 
skippers, 3,515 breakfast 
eaters) 

Race/ethnicity: 49.2% 
Hispanic, 12.5% non-
Hispanic white, 9.1% non-
Hispanic black, 8.5% Asian, 
1.4% American Indian/ 
Alaskan native, 1.7% Native 
Hawaiian/Pacific Islander, 
16.7% other 

SES: 72.1% FRP  

BIC (1,530 students from 17 schools) 

vs  

SBP in the cafeteria (1,825 students from 20 
schools) 

 

Breakfast skipping in grades 4-5 (% 
students) 

8.4 vs 13.1, p<0.05 

   Diet quality in grades 4-5 [HEI 2010 
score (SD)] 

• In the subsample of breakfast 
skippers (429 students) 

• In the subsample of breakfast 
eaters (3525 students) 

50.3 (11.3) vs 47.0 (11.8), p<0.05 
 

• 48.9 (13.1) vs 44.7 (11.2), p<0.05 
 

• 50.4 (11.1) vs 47.4 (11.8), p<0.05 

 

  BIC (1,530 students from 17 schools) 

vs  

Breakfast skipping in grades 4-5 (% 
students) 

8.4% vs 10.4%, NS 
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SBP in the cafeteria + SCB at first recess 
(589 students from 6 schools) 

   Diet quality in grades 4-5 [HEI 2010 
score (SD)] 

• In the subsample of breakfast 
skippers (429 students) 

• In the subsample of breakfast 
eaters (3525 students) 

50.3 (11.3) vs 46.0 (11.0), p<0.05 
 

• 48.9 (13.1) vs 42.9 (11.0), 
p<0.05 

• 50.4 (11.1) vs 46.3 (11.0), 
p<0.05 

Soldavini, 201983 

CS 

ES, MS, HS, grades 
K-12 

NC 

Analytic N: 2,285 schools 
(1,445,287 students) 

Race/ethnicity: NR 

SES: 61% FRP  

UFB: 53% schools 

UFB (including CEP), all delivery models 
(N=1213 schools) 

vs 

Traditional SBP (ref) (N=830 schools) 

 

SBP participation [OR (95% CI)] 

All ES students 

Paid students 

FRP students 

All MS students 

Paid students 

FRP students 

All HS students 

Paid students 

FRP students 

 

1.54 (1.33, 1.78) 

3.55 (2.88, 4.39) 

1.23 (1.07, 1.40) 

1.33 (1.12, 1.57) 

3.41 (2.78, 4.18) 

1.17 (1.03, 1.33) 

1.32 (1.04, 1.68) 

4.46 (3.32, 5.99) 

1.04 (0.86, 1.27) 

  BIC (N=338) 

vs 

Traditional SBP (ref) (N=830 schools) 

SBP participation [OR (95% CI)] 

All ES students 

Paid students 

FRP students 

All MS students 

Paid students 

FRP students 

All HS students 

Paid students 

FRP students 

 

1.49 (1.14, 1.93) 

1.81 (1.23, 2.67) 

1.35 (1.05, 1.75) 

1.21 (0.80, 1.85)  

1.07 (0.35, 2.27) 

1.17 (0.83, 1.66) 

2.12 (1.20, 3.75) 

3.79 (1.58, 9.09) 

1.79 (1.10, 2.89) 

  Grab-n-go breakfast (N=364) SBP participation [OR (95% CI)]  
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vs 

Traditional SBP (ref) (N=830 schools) 

• All ES students 

o Paid students 

o FRP students 

• All MS students 

o Paid students 

o FRP students 

• All HS students 

o Paid students 

o FRP students 

1.20 (0.95, 1.53)  

1.19 (0.77, 1.83) 

1.18 (0.99, 1.41) 

1.52 (1.01, 2.28) 

2.20 (1.14, 4.24) 

1.47 (1.09, 1.99) 

1.35 (1.05, 1.72) 

1.46 (1.05, 2.03) 

1.37 (1.13, 1.66) 

  Second-chance breakfast (N=81) 

vs 

Traditional SBP (ref) (N=830 schools) 

SBP participation [OR (95% CI)] 

All ES students 

Paid students 

FRP students 

All MS students 

Paid students 

FRP students 

All HS students 

Paid students 

FRP students 

 

1.72 (0.96, 3.10) 

2.03 (1.10, 3.75) 

1.45 (0.79, 2.68) 

2.61 (1.68, 4.06) 

4.88 (2.31, 10.30) 

2.12 (1.54, 2.92) 

2.27 (1.66, 3.09) 

2.79 (1.84, 4.23) 

2.30 (1.61, 3.02) 

  BIC + Grab-n-go breakfast (N=186) 

vs 

Traditional SBP (ref) (N=830 schools) 

SBP participation [OR (95% CI)] 

All ES students 

Paid students 

FRP students 

All MS students 

Paid students 

FRP students 

All HS students 

Paid students 

 

1.59 (1.23, 2.04) 

1.73 (1.11, 2.68) 

1.50 (1.22, 1.84) 

1.11 (0.96, 1.28) 

1.25 (0.98, 1.59) 

1.05 (0.96, 1.15) 

1.54 (1.29, 1.84) 

1.69 (1.42, 2.00) 
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FRP students 1.43 (1.23, 1.68) 

  UFB-BIC (N=284) 

Vs 

Traditional SBP (ref) (N=830 schools) 

SBP participation [OR (95% CI)] 

All ES students 

Paid students 

FRP students 

All MS students 

Paid students 

FRP students 

All HS students 

Paid students 

FRP students 

 

2.66 (2.06, 3.44) 

3.15 (2.24, 4.42)  

2.48 (1.95, 3.16)  

2.47 (1.32, 4.61) 

4.79 (2.86, 8.02)  

2.67 (1.45, 4.93)  

7.42 (4.94, 11.16) 

6.33 (4.28, 9.36)  

8.78 (5.86, 13.15)  

  UFB + Grab-n-go breakfast (262) 

vs 

Traditional SBP (ref) (N=830 schools) 

SBP participation [OR (95% CI)] 

All ES students 

Paid students 

FRP students 

All MS students 

Paid students 

FRP students 

All HS students 

Paid students 

FRP students 

 

1.21 (1.00, 1.47) 

1.07 (0.80, 1.43)  

1.17 (0.98, 1.41)  

1.15 (0.95, 1.40) 

0.90 (0.63, 1.29)  

1.15 (0.94, 1.41)  

1.07 (0.78, 1.48) 

0.78 (0.45, 1.33)  

1.09 (0.79, 1.51)  

  UFB + Second-chance breakfast (N=36) 

vs 

Traditional SBP (ref) (N=830 schools) 

SBP participation [OR (95% CI)] 

All ES students 

Paid students 

FRP students 

All MS students 

Paid students 

FRP students 

 

2.14 (1.78, 2.57) 

1.92 (1.29, 2.85)  

2.04 (1.75, 2.37)  

3.61 (2.47, 5.27) 

4.02 (2.75, 5.86)  

2.82 (1.87, 4.24)  
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All HS students 

Paid students 

FRP students 

2.39 (1.73, 3.24) 

2.72 (1.63, 4.53)  

2.13 (1.64, 2.77)  

  UFB-BIC + Grab-n-go breakfast (N=145) 

vs 

Traditional SBP (ref) (N=830 schools) 

SBP participation [OR (95% CI)] 

All ES students 

Paid students 

FRP students 

All MS students 

Paid students 

FRP students 

All HS students 

Paid students 

FRP students 

 

1.93 (1.46, 2.53) 

2.50 (1.70, 3.66) 

1.87 (1.51, 2.31) 

2.45 (1.07, 5.63) 

5.91 (1.90, 18.32) 

2.17 (1.17, 4.00) 

1.69 (1.17, 2.45) 

2.16 (1.69, 2.75) 

1.81 (1.36, 2.43) 

Van Wye, 201384 

CS 

ES, grades 3-5 

New York, NY 

Analytic N: 2,289 students 
(16 schools) 

Race/ethnicity: NR 

SES: conducted “in 3 of 
NYC’s high-need 
neighborhoods” 

UFB-BIC (57 classrooms,1044 students) 

vs 

UFB in the cafeteria (67 classrooms, 1245 
students) 

SBP participation in grades 3-5 (% 
students) 

70.9 vs 30.9, p<0.001 

   Breakfast skipping in grades 3-5 (% 
students)   

8.7 vs 15.0, p<0.001 
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Table 33: Risk of bias for cluster-randomized controlled trials examining U.S. SBP price and delivery models and SBP participation, breakfast skipping, 
diet quality, school performance and learning achievement, and measures of body weighta 

Article and type model 
assessed 

(cost or delivery 
model) 

Randomization 

Identification of 
participants-
randomization 

Deviations from 
intended interventions  
(effect of assignment or 
per-protocol) 

Missing outcome 
data 

Outcome 
measurement 

Selection of the 
reported result 

Bauer et al. 2020 65 

Delivery model 
LOW LOW LOW LOW LOW 

SOME CONCERNS 

Pre-registered 
protocol did not 
address study 

outcomes 

Polonsky et al. 201968 

Delivery model 
LOW LOW LOW LOW LOW LOW 

Crepinsek et al. 200669  

Cost model 
LOW LOW LOW LOW LOW 

SOME CONCERNS 

No pre-registered 
protocol 

Hearst et al. 201966 

Delivery model 
LOW LOW LOW LOW LOW 

SOME CONCERNS 

Pre-registered 
protocol did not 
address study 

outcomes 

Nanney et al. 201967 

Delivery model 

 

LOW LOW LOW LOW LOW LOW 

 
 

 
a Possible ratings of low, some concerns, or high determined using the "Cochrane Risk-of-bias 2.0" (RoB 2.0) (August 2016 version)” (Higgins JPT, Sterne JAC, Savović J, Page MJ, 
Hróbjartsson A, Boutron I, Reeves B, Eldridge S. A revised tool for assessing risk of bias in randomized trials In: Chandler J, McKenzie J, Boutron I, Welch V (editors). Cochrane 
Methods. Cochrane Database of Systematic Reviews 2016, Issue 10 (Suppl 1). https://doi.org/10.1002/14651858.CD201601.) 

https://www.riskofbias.info/welcome/rob-2-0-tool
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Table 34: Risk of bias for non-randomized studies examining U.S. SBP student cost and delivery models and SBP participation, breakfast skipping, diet 
quality, school performance and learning achievement, and measures of body weighta 

Article and type model 
 assessed 

(cost or delivery model) 

 Confounding  

(Key confounders: age, sex, 
race/ethnicity, socioeconomic 

status, school or cluster 
characteristics) 

Selection of 
participants 

Classification 
of 

interventions 

Deviations 
from 

intended 
interventions 

Missing 
data 

Outcome 
measurement 

Selection of the 
reported result 

Anzman-Frasca et al., 201570 

Delivery model 

 CRITICAL 

Key confounder not 
accounted for: 

school characteristic/cluster 

LOW LOW LOW LOW LOW MODERATE 
No pre-registered protocol 

Bartfeld, 201971  

Cost and delivery model 

 MODERATE 

Key confounders not 
accounted for: None 

LOW LOW LOW LOW LOW MODERATE 

No pre-registered protocol 

Corcoran, 201672 

Delivery model 

 MODERATE 

Key confounders not 
accounted for: None 

LOW LOW LOW LOW LOW MODERATE 
No pre-registered protocol 

Imberman, 201473  

Delivery model 

 MODERATE 

Key confounders not 
accounted for: None 

LOW LOW LOW LOW LOW MODERATE 
No pre-registered protocol 

Leos-Urbel, 201374  

Cost model 

 MODERATE 

Key confounders not 
accounted for: None 

LOW LOW LOW LOW LOW MODERATE 
No pre-registered protocol 

Kirksey, 202176 

Delivery model 

 MODERATE 

Key confounders not 
accounted for: None 

LOW LOW LOW LOW LOW MODERATE 
No pre-registered protocol 

Ribar, 201375 

Cost model 

 MODERATE 

Key confounders not 
accounted for: None 

LOW LOW LOW LOW LOW MODERATE 
No pre-registered protocol 

Schneider, 202177 
 CRITICAL 

Key confounder not 
LOW LOW LOW LOW LOW MODERATE 

No pre-registered protocol 

 
a Possible ratings of low, moderate, serious, critical, or no information determined using the “Risk of Bias in Non-randomized Studies of Interventions (ROBINS-I) tool” (Sterne JAC, 
Hernán MA, Reeves BC, Savović J, Berkman ND, Viswanathan M, Henry D, Altman DG, Ansari MT, Boutron I, Carpenter JR, Chan AW, Churchill R, Deeks JJ, Hróbjartsson A, 
Kirkham J, Jüni P, Loke YK, Pigott TD, Ramsay CR, Regidor D, Rothstein HR, Sandhu L, Santaguida PL, Schünemann HJ, Shea B, Shrier I, Tugwell P, Turner L, Valentine JC, 
Waddington H, Waters E, Wells GA, Whiting PF, Higgins JPT. ROBINS-I: a tool for assessing risk of bias in non-randomized studies of interventions. BMJ 2016; 355; i4919; 
https://doi.org/10.1136/bmj.i4919.) 

https://www.riskofbias.info/welcome/home/current-version-of-robins-i
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Cost model accounted for: age/grade, 
race/ethnicity, SES 
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Table 35: Risk of bias for observational studies examining U.S. SBP student cost and delivery models and SBP participation, breakfast skipping, diet 
quality, school performance and learning achievement, and measures of body weighta 

Article, study design and 
type model assessed 

(cost or delivery model) 

Confounding 

(Key confounders: age, sex, 
race/ethnicity, 

socioeconomic status, 
school or cluster 
characteristics) 

Selection of 
participants 

Classification 
of exposures 

Deviations 
from 

intended 
exposures 

Missing data Outcome 
measurement 

Selection of the 
reported result 

Bartfeld, 201078 

Cross-sectional 

Delivery model 

MODERATE 

Key confounders not 
accounted for: None 

MODERATE 

Sound for an 
observational 

study 

MODERATE 

Breakfast 
duration based 

on 
parent/admin-

istration 
observation 

and reporting 

 

No 
information 

 
LOW 

LOW 

 

MODERATE 

No pre-registered 
protocol 

Baxter, 201079 

Cross-sectional 

Delivery model 

MODERATE 

Key confounders not 
accounted for: None 

MODERATE 

Sound for an 
observational 

study 

LOW 

 

No 
information 

 
LOW 

LOW 

 

MODERATE 

No pre-registered 
protocol 

Grannon, 202085 

Uncontrolled pre-post 

Delivery model 

MODERATE 

Key confounders not 
accounted for: None 

LOW 

 

LOW 

 

LOW 

 
LOW 

 
LOW 

MODERATE 
No pre-registered 

protocol 

Guinn, 201380 

Cross-sectional 

Delivery model 

SERIOUS 

Key confounders not 
accounted for: 

school characteristic/cluster 

MODERATE 

Sound for an 
observational 

study 

LOW 
No 

information 

 
LOW LOW 

MODERATE 

No pre-registered 
protocol 

Larson, 201886 

Uncontrolled pre-post 

Delivery model 

MODERATE 

Key confounders not 
accounted for: None 

LOW LOW LOW LOW LOW 
MODERATE 

No registered 
protocol available 

 
a Possible ratings of low, moderate, serious, critical, or no information determined using the "Risk of Bias for Nutrition Observational Studies" tool (RoB-NObs) (Dietary Guidelines 
Advisory Committee. 2020. Scientific Report of the 2020 Dietary Guidelines Advisory Committee: Advisory Report to the Secretary of Agriculture and the Secretary of Health and 
Human Services. U.S. Department of Agriculture, Agricultural Research Service, Washington, DC.) 
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Leider, 20 20 81 

Cross-sectional (SBP 
participation outcome) 

Cost model 

MODERATE 

Key confounders not 
accounted for: None 

MODERATE 

Sound for an 
observational 

study 

LOW 
No 

information 

 
LOW 

LOW 

SBP participation 

 

MODERATE 

No pre-registered 
protocol 

Leider, 2020 81 

Cross-sectional (Liking 
SBP outcome) 

Cost model 

MODERATE 

Key confounders not 
accounted for: None 

MODERATE 

Sound for an 
observational 

study 

LOW 
No 

information 

 
LOW 

MODERATE 

SBP liking is a 
subjective 

assessment 

MODERATE 

No registered 
protocol available 

Moeltner, 201887 

Uncontrolled pre-post 

Delivery model 

SERIOUS 

Key confounders not 
accounted for: age, 

race/ethnicity, SES, school 
or cluster 

MODERATE 

Sound for an 
observational 

study 

LOW 
No 

Information 

 
LOW LOW 

MODERATE 
No registered 

protocol available 

Nanney, 201188 

Uncontrolled pre-post 

Delivery model 

SERIOUS 

Key confounder not 
accounted for: 
race/ethnicity 

MODERATE 

Sound for an 
observational 

study 

LOW LOW LOW LOW 
MODERATE 
No registered 

protocol available 

Ritchie, 201582 

Cross-sectional 

Delivery model 

MODERATE 

Key confounders not 
accounted for: None 

MODERATE 

Sound for an 
observational 

study 

LOW No 
Information LOW LOW 

MODERATE 
No registered 

protocol available 

Soldavini, 201983 

Cross-sectional 

Cost and delivery model 

SERIOUS 

Key confounder not 
accounted for: 

age/grade, race/ethnicity 

MODERATE 

Sound for an 
observational 

study 

LOW 
No 

information 

 
LOW LOW 

MODERATE 

No registered 
protocol available 

Van Wye, 201384 

Cross-sectional 

Delivery model 

SERIOUS 

Key confounder not 
accounted for: age/grade, 

race/ethnicity, SES, 
school characteristic/cluster 

MODERATE 

Sound for an 
observational 

study 

SERIOUS 

No information 
on validity of 
assessment 

tool 

No 
information 

 
LOW 

CRITICAL 

Self-report 

MODERATE 

No registered 
protocol available 
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Appendix 1: Abbreviations   
Table A1 1. Abbreviations from Key Question 1a: What is the relationship between eating breakfast 
and school performance? 

Abbreviation Meaning 

BMI Body Mass index 

CHO Carbohydrate 

CPT Continuous Performance Test 

DSM-5 Diagnostic and Statistical Manual of Mental Disorders, fifth edition 

FSM Free School Meal 

GI Glycemic Index 

HDI Human Development Index 

IQ Intelligence Quotient 

LGT3 Lern- und Gedaechtnistest 

RCT Randomized controlled trial 

RTEC Ready-to-eat-cereal 

SES Socio-economic status 

TOMAL The Test of Memory and Learning 

USDA U.S. Department of Agriculture 

WIAT Wechsler Individual Achievement Test 

WISC Wechsler Intelligence Scale for Children 

WRAT Wide Range Achievement Test 

WRAML Wide Range Assessment of Memory and Learning 
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Table A1 2. Abbreviations from Key Question 1b: What is the relationship between eating breakfast 
and  weight-related outcomes? 

Abbreviation Meaning 

BMI Body Mass Index 

kcal Kilocalories 

NESR Nutrition Evidence Systematic Review 

SES Socioeconomic status 
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Table A1 3. Abbreviationsfrom Key Question 1c: What is the relationship between eating breakfast 
and health? 

Abbreviation Meaning 

AUC Area under the curve 

BMI Body mass index 

cm Centimeters 

g Grams 

GLP-1 Glucagon-like peptide-1 

HDL High-density lipoprotein 

HOMA-IR Homeostasis model of insulin resistance 

kcal Kilocalories 

kj Kilojoules 

LDL Low-density lipoprotein 

m Meters 

mL Milliliters 

mm Millimeters 

mmHg Millimeters of mercury 

mmol/L Millimoles per liter 

PYY Peptide YY 

SES Socioeconomic status 

VO2max Maximal oxygen consumption 
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Table A1 4. Abbreviations from Key Question 2: What best practices exist in the U.S. School 
Breakfast Program, including models of student costs and breakfast delivery? 

Abbreviation Meaning 

BAB Breakfast-after-the-bell 

BIC Breakfast in the classroom 

BMI Body Mass index 

CEP Community Eligibility Provision 

ES Elementary school 

FRP Free- or reduced-price 

GPA Grade point average 

HEI Healthy Eating Index 

HS High school 

K Kindergarten 

MS Middle school 

NESR Nutrition Evidence Synthesis Review 

NRCT Randomized controlled trial 

RCT Non-randomized controlled trial 

SCB Second chance breakfast  

SES Socioeconomic status 

SNAP-Ed Supplemental Nutrition Assistance Program Education 

UFB Universal free breakfast 
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Appendix 2: Excluded articles 
The following tables list the articles excluded from the rapid reviews during full-text screening. At least one 
reason for exclusion is provided for each article, though this may not reflect all possible reasons. Information 
about articles excluded after title and abstract screening is available upon request. 

Table A2 1. Articles excluded during full-text screening of the initial literature search for Key Question 
1a: What is the relationship between eating breakfast and school performance? 

Article Reason for exclusion 

Mhurchu, C. N., Gorton, D., Turley, M., Jiang, Y., Michie, J., Maddison, R., & Hattie, J. (2013). Effects of a 
free school breakfast programme on children's attendance, academic achievement, and short-term hunger: 
Results from a stepped-wedge, cluster randomised controlled trial. Journal of Epidemiology & Community 
Health, 67 (3), 257-264. http://doi.org/10.1136/jech-2012-201540 

Publication status 

Pivik, R. T., Tennal, K. B., Chapman, S. D., & Gu, Y. (2012). Eating breakfast enhances the efficiency of 
neural networks engaged during mental arithmetic in school-aged children. Physiology & Behavior, 106 
(4), 548-555. https://doi.org/10.1016/j.physbeh.2012.03.034  

Publication status 

Effects of Breakfast on Cognitive Processes in Children. (2010). NCT01063894. Retrieved from 
https://clinicaltrials.gov/show/nct01063894 

Publication status 

Nutrition Intervention to Measure Metabolic Response in Children. (2017). NCT03139773. Retrieved from 
https://clinicaltrials.gov/show/nct03139773    

Publication status 

The Effects of Breakfast on Brain Function. (2008). NCT00621595. Retrieved from 
https://clinicaltrials.gov/ct2/show/nct00621595 

Publication status 

The Influence of Breakfast on Hormone Responses and Cognitive Performance.(2016). NCT03005951. 
Retrieved from https://clinicaltrials.gov/show/nct03005951 

Publication status 

Ahmadi, A., Sohrabi, Z., & Eftekhari, M. H. (2009). Evaluating the relationship between breakfast pattern 
and short-term memory in junior high school girls. Pakistan Journal of Biological Sciences, 12 (9), 712-715. 
http://doi.org/10.3923/pjbs.2009.742.745  

Intervention, exposure, 
or comparator 

Anzman-Frasca, S., Djang, H. C., Halmo, M. M., Dolan, P. R., & Economos, C. D. (2015). Estimating 
impacts of a breakfast in the classroom program on school outcomes. JAMA Pediatrics, 169 (1), 71-77. 
http://doi.org/10.1001/jamapediatrics.2014.2042  

Intervention, exposure, 
or comparator 

Benton, D., Maconie, A., & Williams, C. (2007). The influence of the glycaemic load of breakfast on the 
behaviour of children in school. Physiology & Behavior, 92 (4), 717-724. 
https://doi.org/10.1016/j.physbeh.2007.05.065  

Intervention, exposure, 
or comparator 

Chaplin, K., & Smith, A. P. (2011). Breakfast and snacks: Associations with cognitive failures, minor 
injuries, accidents and stress. Nutrients, 3 (5), 515-528. https://doi.org/10.3390/nu3050515 

Intervention, exposure, 
or comparator 

Corcoran, S. P., Elbel, B., & Schwartz, A. E. (2016). The effect of breakfast in the classroom on obesity 
and academic performance: Evidence from New York City. Journal of Policy Analysis and Management 
Volume, 35 (3), 509-532. https://doi.org/10.1002/pam.21909 

Intervention, exposure, 
or comparator 

Faught, E. L., Gleddie, D., Storey, K. E., Davison, C. M., & Veugelers, P. J. (2017). Healthy lifestyle 
behaviours are positively and independently associated with academic achievement: An analysis of self-
reported data from a nationally representative sample of Canadian early adolescents. PLoS One, 12 (7), 
e0181938-e0181952. https://doi.org/10.1371/journal.pone.0181938 

Intervention, exposure, 
or comparator 
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Frisvold, D. E. (2015). Nutrition and cognitive achievement: An evaluation of the School Breakfast 
Program. Journal of Public Economics, 124, 91-104. https://doi.org/10.1016/j.jpubeco.2014.12.003 

Intervention, exposure, 
or comparator 

Leos-Urbel, J., Schwartz, A. E., Weinstein, M., & Corcoran, S. (2013). Not just for poor kids: The impact of 
universal free school breakfast on meal participation and student outcomes. Economics of Education 
Review, 36, 88-107. https://doi.org/10.1016/j.econedurev.2013.06.007 

Intervention, exposure, 
or comparator 

Mhurchu, C. N., Gorton, D., Turley, M., Jiang, Y., Michie, J., Maddison, R., & Hattie, J. (2013). Effects of a 
free school breakfast programme on children's attendance, academic achievement, and short-term hunger: 
Results from a stepped-wedge, cluster randomised controlled trial. Journal of Epidemiology & Community 
Health, 67 (3), 257-264. http://doi.org/10.1136/jech-2012-201540 

Intervention, exposure, 
or comparator 

Micha, R., Rogers, P. J., Nelson, M. (2011). Glycaemic index and glycaemic load of breakfast predict 
cognitive function and mood in school children: A randomised controlled trial. British Journal of Nutrition, 
106 (10), 1552-1561. https://doi.org/10.1017/S0007114511002303 

Intervention, exposure, 
or comparator 

Skogheim, T. S., Vollrath, M. E. (2015). Associations of child temperament with child overweight and 
breakfast habits: A population study in five-year-olds. Nutrients, 7 (12), 10116-10128. 
http://doi.org/10.3390/nu7125522 

Intervention, exposure, 
or comparator 

So W. Y. (2013). Association between frequency of breakfast consumption and academic performance in 
healthy Korean adolescents. Iranian Journal of Public Health, 42 (1), 25-32. PMID: 23514747 

Intervention, exposure, 
or comparator 

Stea, T. H., & Torstveit, M. K. (2014). Association of lifestyle habits and academic achievement in 
Norwegian adolescents: A cross-sectional study. BMC Public Health, 14 (829). 
https://doi.org/10.1186/1471-2458-14-829 

Intervention, exposure, 
or comparator 

Stroebele N, McNally J, Plog A, Siegfried S, Hill JO. (2013). The association of self‐reported sleep, weight 
status, and academic performance in fifth‐grade students. Journal of School Health, 83 (2), 77-84. 
https://doi.org/10.1111/josh.12001 

Intervention, exposure, 
or comparator 

Tanihata, T., Kanda, H., Osaki, Y., Ohida, T., Minowa, M., Wada, K., … Hayashi, K. (2015). Unhealthy 
lifestyle, poor mental health, and its correlation among adolescents: A nationwide cross-sectional survey. 
Asia Pacific Journal of Public Health, 27 (2), NP1557–NP1565. https://doi.org/10.1177/1010539512452753  

Intervention, exposure, 
or comparator 

Tapper, K., Murphy, S., Lynch, R., Clark, R., Moore, G. F., & Moore, L. (2007). Development of a scale to 
measure 9–11-year-olds’ attitudes towards breakfast. European Journal of Clinical Nutrition, 62 (4), 511-
518. http://doi.org/10.1038/sj.ejcn.1602735 

Intervention, exposure, 
or comparator 

Torres, M., Carmona, I., Campillo, C., Pérez, G., & Campillo, J. E. (2007). Breakfast, plasma glucose and 
β-hydroxybutyrate, body mass index and academic performance in children from Extremadura, Spain. 
Nutrición Hospitalaria, 22 (4), 487-490. PMID: 17650890  

Intervention, exposure, 
or comparator 

Veldwijk, J. , Fries, M. C., Bemelmans, W. J., Haveman‐Nies, A. , Smit, H. A., Koppelman, G. H. and 
Wijga, A. H. (2012). Overweight and school performance among primary school children: The PIAMA birth 
cohort study. Obesity, 20 (3): 590-596. http://doi.org/10.1038/oby.2011.327 

Intervention, exposure, 
or comparator 

Amiri, F., Amani, R., Rashidkhani, B., Khajemogahi, N., Wesnes, K., & Saxby, B. (2008). Effect of 
breakfast composition on memory of primary school children in Ahwaz. Iranian Journal of Endocrinology & 
Metabolism, 10 (3), 247-256. 

Publication language 

Lozano, R. H., & Ballesteros, J. C. F. (2006). A study on breakfast and school performance in a group of 
adolescents. Nutricion Hospitalaria, 21 (3), 346-352. PMID: 16771116 

Publication language 

Morales, I. F., Vilas, M. V. A., Vega, C. J. M., & Para, M. C. M. (2008). Relation between the breakfast 
quality and the academic performance in adolescents of Guadalajara (Castilla-La Mancha). Nutricion 
Hospitalaria, 23 (4), 383-387. PMID: 18604325 

Publication language 

Ahadi, Z., Kelishadi, R., Qorbani, M., Zahedi, H., Aram, M., Motlagh, M. E., Ardalan, G., Shafiee, G., 
Arzaghi, S. M., Asayesh, H., & Heshmat, R. (2016). Association of breakfast intake with psychiatric 

Outcome 



 Appendix 2: Excluded articles  
 

 
202 

distress and violent behaviors in Iranian children and adolescents: The CASPIAN- IV study. The Indian 
Journal of Pediatrics, 83 (9), 922-929. https://doi.org/10.1007/s12098-016-2049-7 

Baldinger, N., Krebs, A., Muller, R., & Aeberli, I. (2012). Swiss children consuming breakfast regularly have 
better motor functional skills and are less overweight than breakfast skippers. Journal of the American 
College of Nutrition, 31 (2), 87-93. https://doi.org/10.1080/07315724.2012.10720013  

Outcome 

Boschloo, A., Ouwehand, C., Dekker, S., Lee, N., de Groot, R., Krabbendam, L., Jolles, J. (2012). The 
relation between breakfast skipping and school performance in adolescents. Mind, Brain, and Education, 6 
(2) 82-88. https://doi.org/10.1111/j.1751-228X.2012.01138.x 

Outcome 

Hashemi, F. S., Soltani, R., Hassanzadeh, A., & Eslami, A. A. (2017). Relationship between breakfast 
consumption and self-efficacy, outcome expectations, evaluation and knowledge in elementary students. 
International Journal of Pediatrics, 5 (1), 4163-4174. http://doi.org/10.22038/ijp.2016.7678 

Outcome 

Lee, G., Han, K., & Kim, H. (2017). Risk of mental health problems in adolescents skipping meals: The 
Korean National Health and Nutrition Examination Survey 2010 to 2012. Nursing Outlook, 65 (4), 411-419. 
https://doi.org/10.1016/j.outlook.2017.01.007 

Outcome 

Lien, L. (2007). Is breakfast consumption related to mental distress and academic performance in 
adolescents? Public Health Nutrition, 10 (4), 422-428. https://doi.org/10.1017/S1368980007258550 

Outcome 

O'Sullivan, T. A., Robinson, M., Kendall, G. E., Miller, M., Jacoby, P., Silburn, S. R., Oddy, W. H. (2009). A 
good-quality breakfast is associated with better mental health in adolescence. Public Health Nutrition, 12 
(2), 249-258. https://doi.org/10.1017/S1368980008003935  

Outcome 

Richards, G., Smith, A. P. (2016). Breakfast and energy drink consumption in secondary school children: 
Breakfast omission, in isolation or in combination with frequent energy drink use, is associated with stress, 
anxiety, and depression cross-sectionally, but not at 6-month follow-up. Frontiers in Psychology, 7 (106), 
1-10. https://doi.org/10.3389/fpsyg.2016.00106 

Outcome 

Mhurchu, C. N., Turley, M., Gorton, D., Jiang, Y., Michie, J., Maddison, R., & Hattie, J. (2010). Effects of a 
free school breakfast programme on school attendance, achievement, psychosocial function, and nutrition: 
a stepped wedge cluster randomised trial. BMC Public Health, 10 (1), 738-743. 
http://doi.org/10.1186/1471-2458-10-738 

Study design 

Adolphus, K., Lawton, C. L., & Dye, L. (2015). The Relationship between Habitual Breakfast Consumption 
Frequency and Academic Performance in British Adolescents. Frontiers in Public Health, 3 (68), 1-10. 
https://doi.org/10.3389/fpubh.2015.00068 

Study design 

Edwards, J. U., Mauch, L., Winkelman, M. R. (2011). Relationship of nutrition and physical activity 
behaviors and fitness measures to academic performance for sixth graders in a midwest city school 
district. Journal of School Health, 81 (2), 65-73. https://doi.org/10.1111/j.1746-1561.2010.00562.x 

Study design 

Hjorth, M. F., Sorensen, L. B., Andersen, R., Dyssegaard, C. B., Ritz, C., Tetens, I., Michaelsen, K. F., 
Astrup, A., Egelund, N., & Sjodin, A. (2016). Normal weight children have higher cognitive performance - 
Independent of physical activity, sleep, and diet. Physiology & Behavior, 165 (2016), 398-404. 
https://doi.org/10.1016/j.physbeh.2016.08.021  

Study design 

Ho, C. Y., Huang, Y. C., Lo, Y. T., Wahlqvist, M. L., & Lee, M. S. (2015). Breakfast is associated with the 
metabolic syndrome and school performance among Taiwanese children. Research in Developmental 
Disabilities, 43-44 (2015), 179-188. https://doi.org/10.1016/j.ridd.2015.07.003  

Study design 

Sampasa-Kanyinga, H., Roumeliotis, P., Farrow, C. V., & Shi, Y. F. (2014). Breakfast skipping is 
associated with cyberbullying and school bullying victimization. A school-based cross-sectional study. 
Appetite, 79 (2014), 76-82, https://doi.org/10.1016/j.appet.2014.04.007  

Study design 

Imberman, S. A., & Kugler, A. D. (2014). The effect of providing breakfast in class on student performance. 
Journal of Policy Analysis and Management, 33 (3), 669-699. https://doi.org/10.1002/pam.21759  

Study design 
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Kang, Y. W., & Park, J. H. (2016). Does skipping breakfast and being overweight influence academic 
achievement among Korean adolescents? Osong Public Health and Research Perspectives, 7 (4), 220-
227. https://doi.org/10.1016/j.phrp.2016.05.004  

Study design 

Kim, S. Y., Sim, S., Park, B., Kong, I. G., Kim, J. H., & Choi, H. G. (2017). Dietary habits are associated 
with school performance in adolescents. Medicine (Baltimore), 95 (12), e3096-e3045. 
http://doi.org/10.1097/MD.0000000000003096  

Study design 

Kohyama, J. (2017). Self-reported academic performance and lifestyle habits of school children in Japan. 
International Journal of Child Health and Nutrition, 6 (3), 90-97. https://doi.org/10.6000/1929-
4247.2017.06.03.1  

Study design 

Liu, J., Hwang, W. T., Dickerman, B., & Compher, C. (2013). Regular breakfast consumption is associated 
with increased IQ in kindergarten children. Early Human Development, 89 (4), 257-262. 
https://doi.org/10.1016/j.earlhumdev.2013.01.006  

Study design 

McIsaac, J. L., Kirk, S. F., Kuhle, S. (2015). The association between health behaviours and academic 
performance in Canadian elementary school students: A cross-sectional study. International Journal of 
Environmental Research and Public Health, 12 (11), 14857-14871. 
https://doi.org/10.3390/ijerph121114857  

Study design 

Øverby, N., & Høigaard, R. (2012). Diet and behavioral problems at school in Norwegian adolescents. 
Food & Nutrition Research, 56 (1), 17231-17237. https://doi.org/10.3402/fnr.v56i0.17231 

Study design 

Saeidi, Z., Vakili, R., Hashemi, A. G., & Saeidi, M. (2015). The effect of diet on learning of junior high 
school students in Mashhad, north-east of Iran. International Journal of Pediatrics, 3 (2.2), 517-526. 
http://doi.org/10.22038/ijp.2015.4139  

Study design 

Sampasa-Kanyinga, H., & Hamilton, H. A. (2017). Eating breakfast regularly is related to higher school 
connectedness and academic performance in Canadian middle- and high-school students. Public Health, 
145 (2017), 120-123. http://doi.org/10.1016/j.puhe.2016.12.027  

Study design 

 

 

Table A2 2. Articles excluded during full-text screening of the initial literature search for Key Question 
1b: What is the relationship between eating breakfast and weight-related outcomes? 

Article Reason for exclusion 

Feeley, A. B., Musenge, E., Pettifor, J. M., & Norris, S. A. (2013). Investigation into longitudinal dietary 
behaviours and household socio-economic indicators and their association with BMI Z-score and fat mass 
in South African adolescents: the Birth to Twenty (Bt20) cohort. Public Health Nutrition, 16 (4), 693-703. 
http://doi.org/10.1017/S1368980012003308 

Study setting 

Albertson, A. M., Thompson, D., Franko, D. L., Holschuh, N. M., Bauserman, R., & Barton, B. A. (2009). 
Prospective associations among cereal intake in childhood and adiposity, lipid levels, and physical activity 
during late adolescence. Journal of the American Dietetic Association, 109 (10), 1775-1780. 
https://doi.org/10.1016/j.jada.2009.07.004  

Intervention, exposure, 
or comparator 

Ambrosini, G. L., Emmett, P. M., Northstone, K., & Jebb, S. A. (2014). Tracking a dietary pattern 
associated with increased adiposity in childhood and adolescence. Obesity (Silver Spring), 22 (2), 458-
465. http://doi.org/10.1002/oby.20542  

Intervention, exposure, 
or comparator 

Ask, A. S., Hernes, S., Aarek, I., & Vik, F. (2010). Serving of free school lunch to secondary-school pupils - 
a pilot study with health implications. Public Health Nutrition, 13 (2), 238-244. 
https://doi.org/10.1017/S1368980009990772  

Intervention, exposure, 
or comparator 
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Barbosa, M. I. D., de Oliveira, B. R., de Carvalho, N. A.  et al. (2016). Food and Nutrition Education: 
Influence on students feeding behavior and nutritional status. Mundo Da Saude, 40, 399-409. PMID: 
26400123 

Intervention, exposure, 
or comparator 

Bruening, M., Larson, N., Story, M., Neumark-Sztainer, D., & Hannan, P. (2011). Predictors of adolescent 
breakfast consumption: longitudinal findings from Project EAT. Journal of Nutrition Education Behavior, 43 
(5), 390-395. https://doi.org/10.1016/j.jneb.2011.02.016  

Intervention, exposure, 
or comparator 

Campos Pastor, M. M., Serrano Pardo, M. D., Fernández Soto, M. L.  Luna Del Castillo, J. D., & Escobar-
Jiménez, F. (2012). Impact of a 'school-based' nutrition intervention on anthropometric parameters and the 
metabolic syndrome in Spanish adolescents. Annals of Nutrition & Metabolism, 61 (4), 281-288. 
http://doi.org/10.1159/000341495  

Intervention, exposure, 
or comparator 

Capogrossi, K., & You, W. (2017). The influence of school nutrition programs on the weight of low-income 
children: A treatment effect analysis. Health Economics, 26 (8), 980-1000. 
https://doi.org/10.1002/hec.3378  

Intervention, exposure, 
or comparator 

Chen, C. Y., & Hsiao, Y. C. (2018). Dual trajectories of breakfast eating and fruit and vegetable intake over 
a 5-year follow-up period among economically disadvantaged children: Gender differences. Appetite, 121 
(2018), 41-49. https://doi.org/10.1016/j.appet.2017.10.027  

Intervention, exposure, 
or comparator 

Corcoran, S. P., Elbel, B., & Schwartz, A. E. (2016). The effect of breakfast in the classroom on obesity 
and academic performance: Evidence from New York City. Journal of Policy Analysis and Management, 
35 (3), 509-32. https://doi.org/10.1002/pam.21909  

Intervention, exposure, 
or comparator 

Drenowatz, C., Kobel, S., Kettner, S. Kesztyüs, D., Wirt, T., Dreyhaupt, J., & Steinacker, J. M. (2013). 
Correlates of weight gain in German children attending elementary school. Preventative Medicine, 57 (4), 
310-314. https://doi.org/10.1016/j.ypmed.2013.06.004  

Intervention, exposure, 
or comparator 

Elinder, L. S., Heinemans, N., Zeebari, Z., & Patterson, E. (2014). Longitudinal changes in health 
behaviours and body weight among Swedish school children - Associations with age, gender and parental 
education - The SCIP school cohort. BMC Public Health, 14, 640-649. https://doi.org/10.1186/1471-2458-
14-640  

Intervention, exposure, 
or comparator 

Fairclough, S. J., Hackett, A. F., Davies, I. G. , Gobbi, R., Mackintosh, K. A., Warburton, G. L., Stratton, G., 
van Sluijs, E. M., & Boddy, L. M. (2013). Promoting healthy weight in primary school children through 
physical activity and nutrition education: A pragmatic evaluation of the CHANGE! randomised intervention 
study. BMC Public Health, 13, 626-640. https://doi.org/10.1186/1471-2458-13-626  

Intervention, exposure, 
or comparator 

François, P., Guyomard, A., Baudet, D, Dubois-Fabing, D., Boussuges, S., Perrin, F., & Seigneurin, A. 
(2014). Evaluation of an obesity prevention program for school-aged children in deprived urban areas. 
Archives De Pédiatrie, 21 (7), 727-735. http://doi.org/10.1016/j.arcped.2014.04.026  

Intervention, exposure, 
or comparator 
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