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A B S T R A C T

Background: Breakfast skipping has previously been associated with worse diet quality among adolescents; the latter increases the risk of
chronic disease. However, many studies do not consider diet quality as a function of calories, which is problematic as skippers tend to
consume less energy than consumers. Additionally, due to the lack of one accepted definition of both breakfast skipping and diet quality, it is
unclear how differences found may change when using varying definitions.
Objectives: We aimed to compare the Healthy Eating Index-2015 (HEI-2015) scores and nutrient intakes of teen breakfast skippers and
consumers in Southwestern Ontario, Canada.
Methods: Cross-sectional, baseline data were used from SmartAPPetite, an ongoing nutrition intervention study. Singular 24-h dietary
recalls and sociodemographic data from 512 adolescents aged 13–19 y were used to compare HEI-2015 scores and nutrient intakes via
multivariable linear regression.
Results: Previous day breakfast skippers had significantly lower HEI-2015 scores (�4.4; 95% CI: �8.4, �0.4) and significantly lower intakes
of calories, saturated fat, and vitamin C, as well as significantly higher intake of sodium and total fat.
Conclusions: Previous day breakfast consumers had significantly higher diet quality scores and better nutrient intakes than breakfast
skippers, although, on average, both had poor diet quality. Consequently, it is unlikely that simply advising teens to consume breakfast will
result in meaningful change in diet quality, and more effort should be placed on promoting nutritious breakfasts.
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Introduction

Adolescence is a time of rapid change in the human life cycle
associated with increased independence [1]. This independence,
coupled with the fact that many teens have access to increased
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disposable income [2], can lead to increased control over food
choices [3]. Unfortunately, this does not mean that teens are
making healthy food choices, and evidence from the 2 most
recent cycles of the Canadian Community Health Survey -
Nutrition (CCHS; 2004 and 2015) suggest that Canadians aged
13–18 y have the worst diet quality among all age groups [4,5].
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In a separate study by Minaker et al [6]. involving over 47,000
Canadian students of grades 6–12, only 10% met the 2007
Canada’s Food Guide vegetable and fruit recommendations.
These poor dietary patterns are concerning since dietary habits
formed during this life stage may persist into adulthood [7],
which could then put them at risk of future disease.

Poor diet quality is a well-known risk factor for many chronic
health conditions, including cardiovascular disease and various
forms of cancer [8]. In a 2019 meta-analysis of studies from 195
countries, poor diet quality was responsible for more deaths than
any other risks globally, and an improvement in diet quality
could have prevented 20% of premature deaths [9]. Addition-
ally, dietary risks affected people of all ages, suggesting that poor
diet quality at any age is concerning. Poor diet quality during
adolescence is especially problematic however, because this is an
important period of growth, and in cases of certain nutrients such
as calcium (which is important for bone growth), insufficient
intake could have lifelong consequences [10,11]. Despite the
importance of diet quality, there appears to be little congruence
in terms of how to measure it, as evidenced by a 2020 systematic
review that identified 19 unique dietary metrics commonly used
to assess diet quality [12].

One common dietary habit among adolescents that is associ-
ated with poor diet quality is breakfast skipping [13], although
there is little consistency on how to measure it. In a 2018 sys-
tematic review from the International Breakfast Research
Initiative, the authors concluded that “there is no agreement as
to how to define skippers, irregular and regular breakfast con-
sumers and this contributes to variation in conclusions reached
as to the impact of breakfast on overall nutrient intake” [14].
Despite this, research consistently shows that teens who
consume breakfast tend to have better diet quality compared to
their breakfast skipping counterparts [15–20].

Prior research from Canada has found that the prevalence of
breakfast skipping among teens (who have among the highest
rates of skipping among all age groups) appears to be ~12.1% on
any given day [5]. One notable article from the International
Breakfast Research Initiative showed that Canadian teens who
skipped breakfast had lower intakes of fiber; dietary cholesterol;
vitamins A, B1, B2, B6, B12, C, and D; calcium; iron; magnesium;
and potassium and had lower total diet quality score [as
measured via Nutrient-Rich Foods Index 9.3 (NRF 9.3) scores]
[5]. Although this paper has added to our knowledge of diets of
Canadian teens, it provides minimal context on the quality of
foods consumed, as NRF 9.3 is based entirely on nutrient intake
[21]. The same is true of a study by Barr et al. [15], which used
nationally representative data from the 2004 cycle of the CCHS,
finding largely similar results (i.e., inadequate nutrient intakes
among breakfast skippers compared to consumers) as the Inter-
national Breakfast Research Initiative. Although both food-based
and nutrient-based measures of diet quality are valid measures of
diet quality, they do not necessarily measure the same thing, and
as such, assessment of differences in food intakes between
skippers and consumers cannot be confidently made.

One explanation for lower diet quality among breakfast
skippers is the belief that by skipping a meal, individuals may
experience more intense hunger, may opt for poorer nutritional
foods (i.e., leading to poorer diet quality), and end up consuming
more calories than those they could have consumed from
2

breakfast [22,23]. However, research supporting this notion is
sparse, and conversely, there are numerous studies suggesting
that skippers, on average, tend to consume less calories. For
example, in a 2019 meta-analysis [24], breakfast skippers
consumed 260 less calories per day (95% CI: 79, 441) than
breakfast consumers. Consequently, when analyses exploring
this association do not account for energy intake, the positive
association between breakfast consumption and diet quality
(measured by nutrient intake, food group consumption, etc.)
could be due to the higher energy intake among breakfast con-
sumers. A more thorough investigation of diet quality should
consider differences in energy intake (i.e., calories) between
breakfast consumers and skippers to determine if the former are
truly making more nutritious choices, on a per-calorie basis.

Unfortunately, studies investigating diet quality and breakfast
skipping habits among adolescents do not usually adjust for en-
ergy intake, and among those that do, differences in diet quality
(e.g., nutrient intake and index scores) tend to be marginal
[17,22,25]. Assessment of the magnitude of difference between
breakfast skippers and consumers is also important to consider;
however, even though differences may be statistically signifi-
cant, it does not necessarily mean they are meaningful ones.
Second, studies investigating breakfast habits and diet quality of
Canadian teens tend to be even more sparse. Although research
from other countries is beneficial to our understanding, to
confidently assess breakfast’s impact on diet quality among Ca-
nadian teens, it is vital that research be conducted within this
population. As such, this study seeks to examine and quantify the
relationship between diet quality (measured via Healthy Eating
Index-2015 scores and nutrient intake) and breakfast skipping
(measured via habitual skipper status and previous day breakfast
skipping) among Canadian adolescents while adjusting for en-
ergy intake between skippers and consumers.
Methods

This study is a cross-sectional analysis using baseline data
from the first 2 years of the SmartAPPetite for Youth project
(2018–2019), which received ethics approval from Western
University’s Non-Medical Research Ethics Board, The Office of
Research Ethics, University of Waterloo, and regional school
boards. This project is an ongoing intervention study that seeks
to improve diet quality, food knowledge, and food purchasing
behavior of teens using a smartphone application, which sends
daily messages on a variety of nutrition-related topics. The pri-
mary study population were adolescents aged 13–19 y who were
enrolled in secondary schools in Southwestern Ontario from
2018 to 2019. All students from the first 8 participating schools
were invited to participate in study, and some were included as
controls (whereby students were not informed of the SmartAP-
Petite app). The response rate from the schools that were asked
to participate was 100%.

Students were asked during class if they would be interested
in participating, and if so, they were asked to take home a
parental consent form and have it signed by their parent or
guardian. Parents were informed of the purposes of the Smar-
tAPPetite for Youth study via a letter of information, and gave
consent that their data can be used in future research
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publications. Student participants were surveyed 3 times each
during their enrollment in the study, and were given $10, $15,
and $15 Amazon gift cards, respectively, upon completion of
each round of surveys. Parents were only asked to complete a
baseline survey and were given a $10 gift card for their partici-
pation. Student and parent names were removed from the
dataset upon completion of enrollment, and each of them was
given a unique ID number, which could only be traced back to
individuals via a master list that is only accessible by the Smar-
tAPPetite project coordinator. Finally, upon completion of the
study, schools were provided with an online document summa-
rizing the findings from the study, specifically from students
from their schools.

Students from the control and intervention groups were
combined for the purposes of this study, as only baseline infor-
mation was used. Data were collected in the fall during school
time at their respective schools.

Three measurement tools were used to obtain self-reported
information from participants:
Youth survey
Participants completed the youth survey using Qualtrics sur-

vey software [26], which gathered information on de-
mographics; self-reported health; nutritional knowledge; and
various dietary behaviors, including breakfast consumption.
Students were asked, “During the last week, on which days did
you eat Breakfast and where?” for each day from Monday to
Sunday.
Parent survey
Parents of adolescent participants were asked to complete a

survey that included questions regarding the parents’ (if more
than one) age, sex, employment status, and family meal habits.
Parents of students with consent to participate were invited to
complete the parent survey online using Qualtrics survey soft-
ware [26].
24-h dietary recall
Adolescents completed a 24-h recall via the Automated Self-

Administered 24-Hour Dietary Assessment Tool (ASA24) [27]
immediately after completing the youth survey. ASA24 is a
web-based tool that allows respondents to complete a 24-h recall
without the requirement of an interviewer. Developed by the
National Cancer Institute, ASA24 uses an Automated
Multiple-Pass Method approach and is used in epidemiologic
studies, such as those conducted by NHANES [28], as well as the
CCHS – Nutrition [29]. Nutrient intakes and diet quality scores
were derived from 24-h dietary recalls of participants. Specific
nutrients to assess were based upon the availability of data
provided by ASA24 and nutrients of public health concern
among this population [30].
Breakfast skipping
Two definitions were used for breakfast skipping: 1) Habitual

breakfast skipper status, as assessed via the youth survey, and 2)
previous day breakfast skipping, as assessed by ASA24 dietary
recalls. Teens who skipped breakfast for �4 d per week were
classified as “habitual skippers,” whereas those who skipped
3

breakfast for �3 d were considered “habitual consumers.” This
cutoff was decided on because individuals who skip �4 d per
week skip breakfast more often than they consume it, and this
definition has also been used in a similar study [31].

The second independent variable used was whether an indi-
vidual reported a breakfast meal for the day they reported on
their 24-h dietary recall (hereafter referred to as “previous day
skippers” and “previous day consumers”). This definition was
used in addition to habitual skipper status, since it was thought
that skipping breakfast might have its largest effects on diet
quality for the day that it was skipped, as opposed to whether an
individual usually skips breakfast or not. Second, it was done to
compare estimates of the relationship of breakfast skipping with
diet quality between the 2 definitions. Individuals who reported
consuming a breakfast �50 kcal were classified as previous day
consumers, whereas those who did not report a breakfast or one
<50 kcal were considered previous day skippers. A cutoff of 50
calories was chosen for energy restriction, as any food/beverage
consumed that is less than this amount would have a negligible
impact on one’s nutrient intake and was not deemed enough
food to constitute eating breakfast. This cutoff has been used in a
similar study by Drewnowski et al. [18].
Diet quality
Diet quality was assessed via Healthy Eating Index 2015 (HEI-

2015) scores and daily nutrient intakes. The Healthy Eating
Index was developed in 1995 by the United States Department of
Agriculture, and after revisions to its scoring in 2005, has been a
joint effort with the National Cancer Institute [32]. The
HEI-2015 scores individuals’ diets based on consumption of total
fruits, whole fruits, total vegetables, greens and beans, whole
grains, dairy, total protein foods, seafood and plant proteins,
fatty acids, refined grains, sodium, added sugars, and saturated
fats per 1000 calories [32]. Because HEI-2015 scores are
measured based on nutrient density, it allows for the important
distinction between diet quality and diet quantity. Although
there has been a reliable Canadian variation developed (Cana-
dian Healthy Eating Index; HEI-C) [33], this index does not
adjust for energy intake, nor is it able to be calculated from the
output provided by ASA24; as such, it was not used. HEI-2015
scores were calculated in SAS 9.3 [34] using the source code
provided by NIH [35].

The second outcome assessed was daily nutrient intake of
previous day consumers compared to previous day skippers.
Pertinent total daily nutrients assessed included calories, protein,
fat, carbohydrates, total sugar, fiber, calcium, iron, magnesium,
potassium, sodium, zinc, vitamin C, vitamin B1, vitamin B2,
vitamin B3, vitamin B6, folate, vitamin B12, vitamin A, vitamin E,
vitamin K, saturated fat, monounsaturated fat, polyunsaturated
fat, eicosapentaenoic acid, docosahexaenoic acid, choline, and
added sugars. Daily nutrient intakeswere investigated in addition
to index scores to further examine the differences between those
who consumed breakfast and those who did not. Furthermore,
adjusted daily nutrient intakes were compared against RDA or AI
for a 14–18-y-old woman. This was chosen because the majority
of the participants identified as female, and a singular reference
standard was necessary for comparison. AIs were used as a goal
intake for fiber, potassium, vitamin K, choline, and sodium, as no
RDAhas yet been established. Nutrientswith noRDA/AIwere not
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compared against, as no reference standard could be established.
Moreover, the difference between previous day skippers and
consumers was quantified and compared against the RDA (as a
percentage) to illustrate how much the difference between skip-
pers and consumers represents in reference to the RDA. This was
done to signify howmeaningful the difference is. The comparison
of adjusted nutrient intakes to the RDA/AI was subsequently
displayed in a Cleveland dot plot, stratified by previous day
breakfast status, using RStudio [36].
Covariates
Additional variables were included in models as covariates.

The median household income was obtained from Statistics
Canada’s 2016 census [37]. Information on age, sex, ethnicity,
vegetarian status, importance of healthy eating, physical health
rating, mental health rating, physical activity, and nutritional
knowledge were obtained from the youth survey, and informa-
tion on parent’s highest education was obtained from the parent
survey.

The age information was obtained by asking “What is your
current age?,” with responses being limited to ages 13–19.

Information on sex was obtained by asking participants to
respond to the statement, “I am a (insert response),” where re-
sponses included: “Male,” “Female,” and “I identify as (please
specify).” No participant who identified as neither male nor fe-
male had complete data, and therefore, sex was treated as a bi-
nary variable.

For analytic purposes, ethnicity was classified as either
White/Caucasian or non-White/mixed due to limited numbers of
those identifying as alternative ethnicities. This method of con-
trolling for ethnicity was chosen because research has shown
that certain ethnic minority groups may be more likely to have
lower diet quality compared to Whites/Caucasians [38].

Vegetarian status was obtained by asking participants to
respond to the statement, “I eat the following way (select all that
apply).” Responses included “Gluten-free,” “Lactose-free,”
“Kosher,” “Halal,” “Vegetarian,” “Vegan,” “Other (please specify),”
and “None of the above.” Research has demonstrated that vege-
tarians tend to have better diet quality than nonvegetarians [39],
and as such, it was included in all models.

For the importance of healthy eating, participants were asked
to respond via a 5-point Likert scale to the following statement:
“Eating healthy is important to me,” with 5 being the highest
importance and 1 being the lowest. This was important to
consider as those who put more emphasis on eating healthy may
also be less likely to skip breakfast, as it has been heralded as the
“most important meal of the day” [14], representing a potential
confounder in the relationship between breakfast consumption
and diet quality.

For physical health scores, participants were asked to respond
to the following statement: “In general, how do you rate your
own physical health?,” with responses including “Excellent,”
“Very Good, “Good,” “Fair,” and “Poor.” Physical health is
important as it can potentially impact the diet quality (e.g., those
who place more importance on physical health may place more
importance on eating a higher quality diet [40,41]), while also
being superior (on average) among those who consume breakfast
[42], thereby representing a potential confounder. Mental health
scores were also obtained in a similar fashion, where participants
were asked, “In general, how do you rate your own mental
4

health?,” with the same possible responses as above. Mental
health is important because individuals with poorer mental
health may be less inclined to consume a high-quality diet [43].
Second, mental health has strong ties with breakfast skipping
and eating disorders [44], and has been shown to be lower
among those who skip breakfast [45], thereby operating as a
potential confounder.

Physical activity information was obtained by asking partic-
ipants, “Over the past 7 days, how many days were you physi-
cally active for a total of at least 60 minutes per day?” Responses
were limited to 0–7 d, and participants were told that physical
activity includes activities that increase their heart rate and
cause them to be out of breath some of the time.

Nutritional knowledge was assessed in a series of 51 ques-
tions based on a previously validated nutritional survey [46,
47]. Participants were scored out of a total of 51 points relating
to a variety of questions regarding nutrients, foods that should
or should not be consumed as often, and their ability to
correctly read a nutrition facts table. Nutritional knowledge is
important to consider, since individuals who know more about
nutrition tend to have higher diet quality [48] while also being
more likely to consume breakfast [49], thereby indirectly
inflating the positive effect of breakfast consumption on diet
quality.

Neighborhood-level median household income obtained via
the Statistics Canada 2016 census was used as a measure of
household socioeconomic status [37]. As identified in previous
studies [50–52], dissemination areas were used to represent
neighborhoods. They are an ideal proxy for neighborhoods given
their size, and they are the smallest geographic units for which
Statistics Canada releases information on median household in-
come. For analytic purposes, although median household income
is a continuous variable, it is presented in models as per a $10,
000 increment to improve interpretability.

Finally, parents of participants were asked to list the highest
level of education (attained by them) as follows: 1) high school
or less; 2) some postsecondary, but less than bachelor’s degree;
3) bachelor’s degree, and 4) greater than bachelor’s degree.
Parental education has been shown to be a strong indicator of
socioeconomic status [53], which in turn has been associated
with both breakfast consumption and diet quality [54,55],
thereby acting as a potential confounder in the relationship be-
tween the latter 2 factors.
Validity of diet recalls
The validity of diet recalls was determined via an individual’s

reported intake of food on their diet recall. Specifically, validity
was determined by one’s total daily intake of calories, protein,
fat, vitamin C, and beta-carotene. The cut-offs for these nutrients
were provided by ASA24 [56], and are based on the 5th and 95th
percentile of individuals’ intakes for these specific nutrients from
NHANES data. Any diet recall that had an intake for any of these
5 nutrients outside of these ranges were deemed implausible,
and while their other data were retained, their dietary recall
information was changed to missing data. To examine differ-
ences between those who provided a plausible diet recall (n ¼
672) and those who did not (n ¼ 442), the 2 groups were
compared for a variety of socioeconomic status and demographic
characteristics, which were largely found with very little differ-
ences (see Supplemental Table 1).
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Missing data
Missing data were considered to be Missing at Random (MAR

[57]). Using a multiple imputation by chained equations (MICE)
approach [58], nutrient intake and HEI-2015 scores were
determined via multiple linear regression; parental highest ed-
ucation was determined via ordinal logistic regression; number
of days the students were physically active was determined using
Poisson regression; and vegetarian status was determined via
logistic regression. Multiple imputed results (see Supplemental
Tables 2, 3, and 4) were largely consistent with our listwise
deletion approach, and therefore, only listwise deletion results
are shown.

Sample size justification
For multiple regression, there should be at least 10 partici-

pants for every predictor variable of interest [59]. As our models
had 12–13 predictors per regression, this would require 120–130
participants for the respective models.

Statistical analyses
All regression analyses were performed using STATA IC

version 15 [60] and were completed via multivariable linear
regression, with either HEI-2015 scores as the outcome (models
1 and 2) or individual nutrient intakes (model 3). The habitual
breakfast skipper status was used as the primary exposure vari-
able for model 1, and the previous day breakfast status was used
as the primary exposure variable for models 2 and 3. This was
done to assess differences between the definitions of breakfast
skipping and their relationships with diet quality. The previous
day breakfast status was chosen as the primary exposure variable
for models 2 and 3 as breakfast skipping would be thought to
enact its impact on diet quality for the day it was skipped, rather
than whether individuals habitually skipped breakfast or not.
TABLE 1
Descriptive statistics of the sample

Total sample (N ¼

Descriptive Characteristic Mean � SD, media
Calories (kcal) 1740 � 706
Sex (% female) 317 (61.9%)
Age (y) 15.6 � 1.2
Ethnicity (%White) 357 (69.9%)
Physical health rating 3 (1, 5)
Mental health rating 3 (1, 5)
Physically active days 4.0 � 1.9
Nutritional knowledge score 32.0 � 7.0
Following vegetarian diet 28 (5.5%)
HEI-2015 total score 55.3 � 14.7
Median household income (CAD $) $94,369 � $27,491
Habitual skippers 104 (20.3%)
Eating healthy importance rating 4 (2, 5)
Parental highest education
High school or less 69 (13.5%)
Some postsecondary, less than bachelor’s degree 191 (37.3%)
Bachelor’s degree 139 (27.1%)
More than bachelor’s degree 113 (22.1%)

1 Descriptive statistics for the entire sample included in analysis.
2 Descriptive statistics for those who reported a breakfast on their 24-h d
3 Descriptive statistics for those who did not report a breakfast on their 2
4 Meanþ SD, median (minimum value, maximum value), or number of par
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Beta-coefficients (unadjusted and adjusted) and their corre-
sponding 95% CIs are presented for each variable in the
following tables, along with constants for each model, and R2

(unadjusted and adjusted). A P value of �0.05 was considered
statistically significant.

Results

A total of 512/1114 (46.0%) adolescent participants (who
have completed the SmartAPPetite study so far) had complete
case information and valid diet recalls for the variables under
study. Descriptive statistics of these participants are shown in
Table 1.

Model 1 (Table 2) sought to compare the overall diet quality
of individuals who skipped breakfast for more than 4 d in the
previous week to that of those who had breakfast for >4 d.
Habitual breakfast skippers did not have significantly different
HEI-2015 scores compared to habitual consumers (�1.9; 95% CI:
�5.0, 1.1). Significantly higher diet quality scores were associ-
ated with being female, vegetarian, higher rating of healthy
eating importance, higher nutritional knowledge scores, higher
median household income, and having a parent with higher
education.

Model 2 (Table 3) compared the diet qualities of previous day
skippers and previous day consumers. Previous day skippers had
significantly lower diet quality (�4.4; 95% CI: �8.4, �0.4) than
previous day consumers. Significantly higher diet quality scores
were associated with being female, vegetarian, higher rating of
healthy eating importance, higher nutritional knowledge scores,
higher median household income, and having a parent with
higher education.

Model 3 (Table 4) includes a series of multivariable linear
regressions to assess nutrient intake based on whether an
512)1 Previous day consumer
(n ¼ 448)2

Previous day skipper
(n ¼ 64)3

n (min, max), or n (%) 4

1785 � 705 1407 � 637
272 (60.7%) 45 (70.3%)
15.6 � 1.2 15.5 � 1.2
316 (70.5%) 41 (64.1%)
3 (1, 5) 3 (1, 5)
3 (1, 5) 3 (1, 5)
4.1 � 1.9 3.5 � 2.0
32.0 � 7.0 32.4 � 7.0
23 (5.1%) 5 (7.8%)
56.0 � 15.0 50.4 � 12.0
$95,297 � $27,679 $87,709 � $25,149
63 (14.1%) 41 (64.1%)
4 (2, 5) 4 (2, 5)

60 (13.4%) 9 (14.1%)
159 (35.5%) 32 (50.0%)
126 (28.1%) 13 (20.3%)
103 (23.0%) 10 (15.6%)

ietary recall.
4-h dietary recall.
ticipants and what percent of participants in the column they represent.



TABLE 2
HEI-2015 scores by habitual breakfast skipper status (N ¼ 512)

Model 1

Variable1 Unadjusted
β (95% CI)2

R2: 0.16 Adjusted R2: 0.14

Adjusted β (95% CI)3 P value4

Constant 26.2
Habitual breakfast skipper status
Consumer Reference –
Skipper �3.1 (�6.3, 0.1) �1.9 (�5.0, 1.1) 0.21
Sex
Female Reference –
Male �3.5 (�6.1, �0.9) �3.1 (�5.6, �0.5) 0.025

Age �0.1 (�1.1, 1.0) �0.4 (�1.5, 0.6) 0.38
Ethnicity
Non-White Reference
White 0.1 (�2.7, 2.9) �1.3 (�4.1, 1.5) 0.35
Importance of eating healthy rating 5.5 (3.5, 7.4) 4.2 (2.1, 6.2) <0.015

Physical health rating 1.8 (0.5, 3.1) 1.4 (�0.1, 2.9) 0.07
Mental health rating 0.0 (�1.1, 1.2) �0.2 (�1.5, 1.0) 0.72
Usual number of days physically active 0.1 (�0.5, 0.8) �0.6 (�1.4, 0.1) 0.11
Nutritional knowledge score 0.3 (0.1, 0.5) 0.2 (0.1, 0.4) 0.015

Vegetarian status
Nonvegetarian Reference –
Vegetarian 10.6 (5.0, 16.1) 9.8 (4.5, 15.1) <0.015

Parental highest education 2.9 (1.7, 4.2) 2.4 (1.1, 3.6) <0.015

Neighborhood income (per $10,000) 0.8 (0.4, 1.3) 0.5 (0.1, 1.0) 0.025

Model was adjusted for habitual skipper status (skipped�4 d in previous week), sex (male/female), age (continuous), ethnicity (White/non-White),
importance of healthy eating rating (continuous), physical health rating (continuous), mental health rating (continuous), usual number of days
physically active (continuous), nutritional knowledge score (continuous), vegetarian status (yes/no), parental highest education (continuous), and
neighborhood income (per $10,000; continuous)
1 Variable used in the analysis of the multivariable linear regression.
2 Beta-coefficient value for unadjusted linear regression with HEI-2015 score as the outcome.
3 Beta-coefficient value for multivariable linear regression with HEI-2015 score as the outcome.
4 P value for the adjusted regression analysis for each variable.
5 P < 0.05.
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individual was a previous day skipper or consumer. Disregarding
calories, all other nutrients were analyzed while holding caloric
intake constant to better assess the differences in diet quality.
Previous day breakfast skippers had significantly less intake of
calories, vitamin C, and saturated fat, whereas they consumed
significantly higher total fat and sodium.

Figure1 is a visual representationofmodel 3’sfindings.Overall,
both previous day breakfast consumers and skippers, on average,
appear to be eithermeeting or exceeding the recommendations for
vitaminsB1,B2,B3,B6,B12,C,andK; sodium; total carbohydrates;
zinc; and protein, whereas they appear to fall short of recommen-
dations for iron, folate, vitamin A, magnesium, choline, fiber, cal-
cium, vitamin E, and potassium. Vitamin C intakes represented the
largest difference (33.4%) between those who ate breakfast and
those who did not.

Discussion

Overall, diet quality was significantly higher among previous
day breakfast consumers, yet even among breakfast consumers,
diet quality was poor on average. This is intriguing, as it is
possible that participants were susceptible to both volunteer and
social desirability bias in the current study [61,62]. This may
have occurred because those who signed up for the study may
have had a prior interest in nutrition and/or improving their
diet, whereas individuals completing 24-h dietary recalls have
been known to overestimate the consumption of “healthy” foods
6

while simultaneously underestimating the consumption of “un-
healthy” foods [61]. Despite the possibility of these biases
influencing results, both groups still did not meet the recom-
mendations for several nutrients, which may indicate that teens’
“true” diet quality may be even worse than what was found in the
current study. It should also be noted that although these biases
may have affected the estimates of the population’s true diet
quality, because they would be expected to affect skippers and
consumers equally, it should not have affected the estimates of
the difference in diet quality between the 2 groups.

This study also found that habitual skippers did not have
significantly different diet quality scores comparison to habitual
consumers. These contrasting findings (compared to the findings
of previous day breakfast consumers vs. skippers) illustrate the
importance of a standardized definition for breakfast skipping, as
these 2 definitions may lead readers to differing results, despite
both definitions being valid measures of breakfast skipping.
Although random measurement error cannot be ruled out as the
sole reason for the contrasting findings, one alternative reason
may be attributed in part to the fact that most habitual skippers
reported a breakfast on their diet recall (from which the diet
quality scores were obtained from). Nuances such as these are
important to consider when determining which definition(s) to
use for classifying skippers and consumers.

It is important to note that while previous day breakfast
consumers had significantly better diet quality scores than pre-
vious day skippers, the magnitude of the difference in HEI-2015



TABLE 3
Skipping breakfast and its association with the day’s HEI-2015 scores (N ¼ 512)

Model 2

Variable1 Unadjusted
β (95% CI)2

R2: 0.16
Adjusted R2: 0.14

Adjusted β (95% CI)3 P value4

Constant 28.3
Previous day breakfast status
Previous day consumer Reference –
Previous day skipper -5.6 (-9.4, -1.7) -4.4 (-8.4, -0.4) 0.035

Habitual breakfast skipper status
Consumer Reference –
Skipper -3.1 (-6.3, 0.1) -0.5 (-3.8, 2.7) 0.74
Sex
Female Reference –
Male -3.5 (-6.1, -0.9) -2.9 (-5.5, -0.4) 0.015

Age -0.1 (-1.1, 1.0) -0.5 (-1.5, 0.5) 0.36
Ethnicity
Non-White Reference
White 0.1 (-2.7, 2.9) -1.6 (-4.4, 1.2) 0.27
Importance of eating healthy rating 5.5 (3.5, 7.4) 4.0 (2.0, 6.0) <0.015

Physical health rating 1.8 (0.5, 3.1) 1.5 (-0.1, 3.0) 0.05
Mental health rating 0.0 (-1.1, 1.2) -0.3 (-1.6, 0.9) 0.60
Usual number of days physically active 0.1 (-0.5, 0.8) -0.7 (-1.4, 0.1) 0.09
Nutritional knowledge score 0.3 (0.1, 0.5) 0.2 (0.1, 0.4) 0.015

Vegetarian status
Nonvegetarian Reference –
Vegetarian 10.6 (5.0, 16.1) 9.8 (4.5, 15.1) <0.015

Parental highest education 2.9 (1.7, 4.2) 2.3 (1.0, 3.6) <0.015

Neighborhood income (per $10,000) 0.8 (0.4, 1.3) 0.5 (0.1, 1.0) 0.035

Model was adjusted for previous day breakfast skipper status (yes/no), habitual skipper status (skipped for �4 d in previous week), sex (male/
female), age (continuous), ethnicity (White/non-White), importance of healthy eating rating (continuous), physical health rating (continuous),
mental health rating (continuous), usual number of days physically active (continuous), nutritional knowledge score (continuous), vegetarian status
(yes/no), parental highest education (continuous), and neighborhood income (per $10,000; continuous).
1 Variable used in analysis of the multivariable linear regression.
2 Beta-coefficient value for unadjusted linear regression with HEI-2015 score as the outcome.
3 Beta-coefficient value for multivariable linear regression with HEI-2015 score as the outcome.
4 P value for the adjusted regression analysis for each variable.
5 P < 0.05
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scores (~4.4 points) is rather small. To put this difference into
perspective, 5 points on the HEI-2015 score represents the
following difference for a 2000-cal diet (any one of the
following) [32]: half of a large apple, 1 banana, 1 orange, 1 cup
of milk, or 2 slices of whole grain bread. Although all these foods
represent important contributions to one’s daily diet, they could
be considered relatively minor differences, and according to the
grading approach by Krebs-Smith et al [63]. for HEI-2015 scores,
both skippers and consumers would be given an “F,” suggesting
that there is much room for improvement. Potential reasons for
the minor differences could be attributed to the plethora of
ultra-processed breakfast food options, including frozen waffles,
products made from refined grains (e.g., many ready-to-eat ce-
reals), and even take-out from fast-food outlets [64], which teens
have access to. Indeed, although breakfast may represent an
opportunity for a healthy meal, it does not necessarily mean
youth are doing so, which might explain why those consuming
breakfast had only slightly higher diet quality scores than those
who did not. As such, although a minimally clinically important
difference has yet to be established for the Healthy Eating Index
[65], it can be argued that 5 points may not represent a mean-
ingful difference.
7

Daily nutrient intakes revealed that previous day breakfast
skippers had significantly lower intakes of calories, vitamin C,
and saturated fat, but had significantly higher intakes of total fat
and sodium, compared to previous day breakfast consumers.
These differences are largely in line with previous research [15,
16,22,24,25,66–70], with the exception of skippers consuming
less saturated fat, on a per-calorie basis. This finding is somewhat
novel (especially considering that total fat was higher in skip-
pers), and inconsistent with most studies showing that saturated
fat intake is generally higher among teens who skip breakfast
[15,68,70]. However, it is possible that individuals who
consumed breakfast may have been more likely to choose pop-
ular breakfast foods that are high in saturated fat, such as bacon
or other processed meats, butter, and/or other high-fat dairy
products (e.g., cream cheese) [71], leading to this finding.

The current study has some limitations. First, it is likely that
there was some underreporting with respect to food intake by the
teens, as average energy intakes were lower than what has been
found in previous Canadian studies [5,15,40,72]. Although it is
unclear why teens had lower averages, it may be due in part to
the method chosen to gather dietary information. Indeed, in a
similar study of youth using ASA24 as a diet recall tool, estimates



TABLE 4
Daily nutrient intakes by previous day breakfast status (N ¼ 512)

Model 3

Nutrient1 Previous day
skipper2

Previous day
consumer3

Difference, (95% CI)4 RDA/AI5 % of RDA/AI6

Calories (kcal)7,8 1461 1775 �314 (�503, �126) N/A
Protein (g) 76.9 77.1 �0.2 (�8.2, 7.7) 46 g 0.4%
Total fat (g)7 69.7 64.7 5.0 (0.5, 9.3) N/A
Saturated fat (mg)7 21.5 24.4 �2.9 (�5.2, �0.6) N/A
Total monounsaturated fats (g) 25.2 23.6 1.6 (�0.5, 3.7) N/A
Total polyunsaturated fats (g) 14.0 13.8 0.3 (�1.6, 2.2) N/A
Eicosapentaenoic acid (mg) 30.4 39.2 �8.8 (�67.0, 49.4) N/A
Docosahexaenoic acid (mg) 61.8 80.4 �18.6, (�111.4, 74.2) N/A
Total carbohydrates (g) 204.2 215.9 �11.8 (�25.8, 2.3) 130 g 9.1%
Total sugar (g) 73.3 85.4 �12.2 (�24.5, 0.1) N/A
Add sugars (tsp equivalents) 9.4 10.9 �1.4 (�4.1, 1.2) N/A
Fiber (g) 15.5 15.7 �0.2 (�2.1., 1.8) 26 g 0.8%
Calcium (mg) 771.7 770.7 1.1 (�101.6, 103.7) 1300 mg 0.1%
Iron (mg) 11.9 12.2 �0.3(�1.4, 0.8) 15 mg 2.0%
Magnesium (mg) 242.7 254.8 �12.2 (�36.2, 11.9) 360 mg 3.4%
Potassium (mg) 2237.9 2282.5 �44.6 (�245.3, 156.2) 4700 mg 0.9%
Sodium (mg)7 3206.7 2871.2 335.6 (48.5, 622.7) 1500 mg 22.4%
Zinc (mg) 10.5 10.1 0.4 (�1.0, 1.8) 9 mg 4.4%
Vitamin C (mg)7 68.7 90.4 �21.7 (�43.2, �0.2) 65 mg 33.4%
Vitamin B1 (Thiamin) (mg) 1.5 1.6 �0.1(�0.3, 0.1) 1.0 mg 10.0%
Vitamin B2 (riboflavin) (mg) 1.5 1.6 �0.1 (�0.2, 0.1) 1.0 mg 10.0%
Vitamin B3 (Niacin) (mg) 21.0 21.6 �0.6 (�3.4, 2.1) 14 mg 4.3%
Vitamin B6 (pyridoxine) (mg) 1.50 1.54 �0.04 (�0.24, 0.15) 1.2 mg 3.3%
Folate (mcg) 305.9 306.3 �0.4 (�34.7, 33.9) 400 mcg 0.1%
Vitamin B12 (mcg) 3.65 3.73 �0.07 (�0.90, 0.76) 2.4 mcg 2.9%
Vitamin A (mcg, RAE) 488.3 524.1 �36.6 (�110.1, 36.9) 700 mcg 5.2%
Vitamin E (mg) 7.19 7.97 �0.78 (�1.9, 0.34) 15 mg 5.2%
Vitamin K (mg) 93.1 93.2 �0.1 (�27.9, 27.7) 75 mcg 0.1%
Choline (mg) 250.5 277.4 �26.9 (�66.0, 12.1) 400 mg 6.7%

Models were adjusted for calories (continuous), previous day breakfast skipper status (yes/no), habitual skipper status (skipped �4 d in previous
week), sex (male/female), age (continuous), ethnicity (White/non-White), importance of healthy eating rating (continuous), physical health rating
(continuous), mental health rating (continuous), usual number of days physically active (continuous), nutritional knowledge score (continuous),
vegetarian status (yes/no), parental highest education (continuous), and neighborhood income (per $10,000; continuous).
1 Nutrient for which its intake was being assessed via multivariable linear regression.
2 Mean intake of nutrients for those who did not report a breakfast on their 24-h recall, as assessed via multivariable linear regression.
3 Mean intake of nutrients for those who reported a breakfast on their 24-h recall, as assessed via multivariable linear regression.
4 Difference in nutrient intake amounts for skippers versus consumers and the corresponding 95% confidence intervals.
5 Reference daily intake for each nutrient or, when not yet established, the recommended dietary allowance for a female aged 14–18 y. If neither,

N/A is written.
6 Absolute difference of each nutrient’s intake between skippers and consumers, divided by the recommendations (RDA or AI), expressed in

percentage.
7 P < 0.05.
8 Not adjusted for calories.
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of food intake were shown to be somewhat inaccurate, with
some items being overreported and others being underreported
[73], which may have also occurred in this present study.
However, our results suggest that the relative difference in diet
quality scores between breakfast skippers and consumers is
comparable to what has been found in similar research [17,19],
and both diet quality scores and daily nutrient intakes were
measured as a function of calories, negating the impact that
underreporting would potentially have had on the findings.

Second, the present study has treated breakfast skipping as if
it were a choice for all individuals. Unfortunately, neither food
insecurity nor food availability was assessed. It is possible that
some breakfast skippers may be abstaining from consuming
breakfast simply because the resources are not available.
8

Although all attempts were made to consider socioeconomic
factors, it is possible that food insecurity, which has previously
been linked with poorer diet quality [74], may have impacted
the present study’s findings. Future research should take into
consideration of how food insecurity might affect the relation-
ship between breakfast consumption and diet quality.

Third, the present study only investigated food intake and did
not assess the impact supplementation may have had on dietary
intake. Although ASA24 does provide users an option to input
information about supplementation usage, insufficient data were
provided by the teen participants to be used for analysis pur-
poses. Additionally, as the purpose of our study was to assess diet
quality, equating supplement intake with nutrient intake from
food may be problematic to accurately assess whether one was



FIGURE 1. Nutrient intake profiles comparison by previous day breakfast consumption status.
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consuming a healthy diet or whether it was largely aided through
the usage of supplements. As such, although it is possible that the
diet recalls did not capture the entirety of nutrient intake, they
have captured intake from food, which was the primary purpose
of this study.

Finally, this study only used one dietary recall to assess the
dietary intakes of skippers and consumers. Although more recalls
would be ideal to get a more accurate estimation of usual dietary
intake, our method of classifying teens as skippers and consumers
based on a single recall is accepted and has been used in previous
studies [15,16,72,75]. Importantly, the intention of the current
study was to classify the average intake of 2 groups of teens, and
while individual intakesmay vary day-to-day, the group averages
ideally would not. A major strength of the current study is that it
assessed both previous day breakfast skipping and habitual
skipping to account for the aforementioned day-to-day variations.

In conclusion, although breakfast represents a meal that could
potentially improve diets of teens, it is likely that simply advising
teens to consume one will not result in major improvements in
diet quality. If breakfast truly is the most important meal of the
day, then teens, on average, are not making the most of it. This
study demonstrated that although breakfast consumers have
slightly better diet quality than skippers, on average, the diet
quality of all teens was lacking. Further research should address
barriers to eating healthy breakfasts, rather than focusing solely
on breakfast consumption or not. In doing so, improvement in
diet quality and, by extension, reduced risk of chronic disease
among those consuming higher quality diets would be expected.
9
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