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Abstract: Breakfast consumption is associated with lower obesity prevalence and cardiometabolic risk
and higher dietary quality (DQ) in children. Low-income, Hispanic populations are disproportionately
affected by obesity and cardiometabolic risks. This study examined the relationship between breakfast
consumption groups (BCG) on anthropometric, metabolic, and dietary parameters in predominately
low-income, Hispanic children from 16 Texas schools. Cross-sectional data were from TX Sprouts,
a school-based gardening, nutrition, and cooking randomized controlled trial. Anthropometric
measurements included height, weight, body mass index, body fat percent via bioelectrical impedance,
waist circumference, and blood pressure. Metabolic parameters included fasting plasma glucose,
insulin, glycated hemoglobin, cholesterol, and triglycerides. DQ and BCG were assessed via two
24-h dietary recalls. Multivariate multiple regression examined relationships between BCG and
anthropometric, metabolic, and dietary parameters. This study included 671 students (mean age 9
years, 58% Hispanic, 54% female, 66% free/reduced lunch, 17% breakfast skippers). No relationships
were observed between BCG and anthropometric or metabolic parameters. BCG had higher DQ;
higher daily protein, total sugar, and added sugar intake; and lower daily fat intake. Skipping
breakfast was associated with lower DQ; higher daily fat intake; and lower daily protein intake.
Longitudinal research examining breakfast quality on cardiometabolic outcomes in low-income,
Hispanic children is warranted.

Keywords: breakfast consumption; breakfast composition; children; dietary intake; dietary quality;
diet patterns; cardiometabolic outcomes; adiposity

1. Introduction

Obesity prevalence has nearly tripled since 1975, affecting 18.5% of children and adolescents in
the U.S., with those of Hispanic origin disproportionately affected at 25.8% [1]. Breakfast consumption
has been a target of ongoing research in both predicting and preventing overweight and obesity
prevalence [2]. Metabolic and physiological benefits of breakfast consumption in children include
improved lipid panels, glucose control, and blood pressure and decreased fasting insulin [3–6].
Breakfast consumption is associated with lower cardiometabolic risks [2], including dyslipidemia [7],
and lower metabolic syndrome risk in children [4,5,8,9]. However, few studies have evaluated breakfast
consumption on cardiometabolic risks in primarily low-income, Hispanic children.

Nutrients 2020, 12, 2038; doi:10.3390/nu12072038 www.mdpi.com/journal/nutrients

http://www.mdpi.com/journal/nutrients
http://www.mdpi.com
https://orcid.org/0000-0002-1140-3185
https://orcid.org/0000-0003-2285-7702
https://orcid.org/0000-0002-9103-696X
http://dx.doi.org/10.3390/nu12072038
http://www.mdpi.com/journal/nutrients
https://www.mdpi.com/2072-6643/12/7/2038?type=check_update&version=2


Nutrients 2020, 12, 2038 2 of 17

Despite breakfast consumption being associated with improved health outcomes in children and
adolescents [5,10–18], the International Breakfast Research Initiative reports that only one third to one
half of older children (11–15 years of age) consume breakfast every day [19]. In addition, the prevalence
of skipping breakfast has been shown to increase with age [20]. Children and adolescents skip breakfast
more than any other meal [21,22], with one study showing higher prevalence of skipping in Hispanic
youth (32%) when compared to Caucasian youth (19%) [22]. Primary reasons for skipping breakfast
include financial constraints and having inaccessibility to appropriate breakfast foods [23]. Hispanic
households have higher prevalence of food insecurity, which has been associated with increased obesity
prevalence in Hispanic children [24,25]. Nonetheless, while evidence supports the daily consumption
of breakfast, studies have found conflicting results to substantiate this evidence. Some studies have
shown a null association between breakfast consumption and weight management while others have
found a positive association [26–30]. Potential reasons for the conflicting findings could be attributed
to the quality of foods consumed at breakfast and/or the influence of breakfast on the overall diet.

Breakfast consumption is associated with meeting dietary intake recommendations and having
superior overall diet quality in children [5,31,32]. Independent of breakfast consumption, breakfast
composition has been associated with varied dietary quality [31,33]. Measures of dietary quality
included evaluation of micronutrients, specifically shortfall nutrients (i.e., vitamin E, calcium,
magnesium, iron, and zinc), and use of the Nutrient Rich Foods Index and the USDA Healthy Eating
Index 2015 (HEI-2015) [31–33]. While associated with higher overall diet quality, regular breakfast
consumers display higher intakes of saturated fats [5], sweets [33], and flavored milk [33] at breakfast,
potentially eliciting a negative effect on adiposity and weight management. These counterintuitive
findings could be due to fortification of common breakfast foods (i.e., cereals, nutrition bars, etc.) that
tend to be high in saturated fats and added sugars, while still providing vitamins and minerals that
contribute to diet quality. Furthermore, Deshmukh-Taskar et al. posed that consumption of milk at
breakfast contributed to increased calcium intake [31]. Similar to flavored milk, this could explain why
higher overall diet quality is observed, regardless of its other negative qualities.

These inconsistencies highlight the complex interaction between breakfast consumption and body
weight, metabolism, and dietary habits. The evaluation of breakfast consumption is limited in primarily
low-income and Hispanic populations, especially children. This study aims to (1) assess the relationship
between breakfast consumption (skipping, intermittent consumption, and regular consumption) on
anthropometric and metabolic parameters; (2) assess the relationship between breakfast consumption
on daily dietary intake; and (3) assess the relationship between varied breakfast consumption patterns
(intermittent vs. regular) on breakfast dietary intake in primarily low-income, Hispanic elementary
school-aged children. It was hypothesized that breakfast consumption would be related to lower
cardiometabolic risks and higher daily dietary quality, and that regular breakfast consumption would
be related to a higher-quality breakfast meal than intermittent breakfast consumption.

2. Materials and Methods

2.1. Study Design

This cross-sectional study used baseline data from TX Sprouts, a school-based cluster randomized
controlled gardening, nutrition, and cooking intervention. The study design for the TX Sprouts
intervention has been described in detail elsewhere [34]. TX Sprouts recruited 3rd–5th grade students
and their parents from 16 elementary schools in the Greater Austin, TX, area. All schools had to meet
the following inclusion criteria: (1) high proportion of Hispanic children (>50%); (2) high proportion of
children enrolled in the free and reduced lunch (FRL) program (>50%); (3) location within 60 miles of
the University of Texas at Austin campus; and (4) no pre-existing school garden or gardening program.
The first 16 schools that met criteria and agreed to participate were randomly assigned to receive
the intervention (n = 8 schools) or delayed intervention (n = 8 schools), serving as the control group.
This trial was registered at ClinicalTrials.gov (NCT02668744).

ClinicalTrials.gov
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2.2. Study Population

There was a total of 3302 students who obtained parental consent to participate in TX Sprouts.
Of those, clinical data was collected on 3135. Sixteen students (eight male and eight female) were
randomly selected from each grade level at each school to be contacted for recalls (n = 48/school).
If any of the 16 originally selected students were unavailable or did not want to participate in recalls,
then additional students were randomly selected to take their place. Dietary recalls were collected
on a total subsample of 783 children—of which 23 had completed only one 24-h recall and were thus
omitted. An additional child was omitted due to the breakfast energy cut point leaving only one day
of recalls thereafter. Students were excluded from analyses for missing anthropometric data (n = 32)
and demographic data (n = 56). In addition, one student was omitted due to the breakfast energy cut
point. The total analytical sample was 671 students. Figure 1 provides a detailed consort diagram
showing participant flow through the study.Nutrients 2020, 12, x FOR PEER REVIEW  6 of 19 
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2.3. Recruitment

All 3rd–5th grade students and parents of the recruited schools were contacted to participate
via information tables at “Back to School” and “Meet the Teacher” events, flyers sent home with
students, and classroom announcements made by teachers. Recruitment materials were available in
both English and Spanish. Both parental consent and student assent were required for inclusion in the
study. The study was conducted in accordance with the Declaration of Helsinki, and all procedures
pertaining to human subjects were approved by the Institutional Review Boards of the University of
Texas at Austin (IRB#2014-11-0045) and all associated school district review boards.

2.4. Anthropometric Parameters

Height was measured using a free-standing stadiometer to the nearest 0.1 cm (Seca, Birmingham,
UK). In a private screening area, participants were asked to gather clothing above the waist so that
waist circumference could be measured over skin using the National Health and Nutrition Examination
Survey (NHANES) protocol [35]. Participants were asked to remove all footwear and heavy and/or
layered clothing to obtain weight and bioelectrical impedance, which were assessed with a Tanita
Body Fat Analyzer (Tanita Corporation of America Inc., IL, USA, model TBF 300) that was calibrated
to −0.2 kg to account for clothing remaining. BMI z-scores were determined using Centers for Disease
Control and Prevention (CDC) age- and gender-specific values [36]. Blood pressure was measured via
an automated monitor (Omron, Schaumberg, IL, USA) with a child cuff or, in some cases, an adult cuff,
which was used when the child cuff did not properly fit to provide an accurate reading.

2.5. Metabolic Parameters

Optional fasting blood draws were collected before the school day between 6:00 a.m. and 7:00 a.m.
on a subsample of students at baseline. Those who opted to not participate in the blood draw were
still able to participate in all other TX Sprouts evaluations and activities. Eligible students and their
families received flyers and text message reminders about the optional blood draws and to come in
fasting, having nothing to eat or drink other than water after midnight. Blood samples were collected
by certified phlebotomists or nurses with experience drawing blood in children with obesity and were
conducted in a private room at the schools. Students received a $20 incentive for participation in
the blood draw. Samples were collected on site and transported on ice to the University of Texas at
Austin laboratory.

Directly following collection, whole blood was placed on ice and transferred to the laboratory on
the University of Texas at Austin campus, where it was spun and Clinical Laboratory Improvement
Amendments (CLIA) certified glucose using HemoCue Glucose 201 (HemoCue America, Brea, CA,
USA). Due to a larger than expected proportion of students having prediabetes using the American
Diabetes Association definition (fasting plasma glucose of 100–125 mg/dL or HbA1c of 5.7–6.4%) [37],
HbA1c measurement was added in the last two waves, explaining the lower number of samples and
values observed for HbA1c. HbA1c assays using DCA Vantage Analyzer (Siemens Medical Solutions,
Malvern, PA, USA) were performed on whole blood. Remaining blood was centrifuged, aliquoted, and
stored at −80 ◦C. Samples were transported on dry ice to Baylor University for assessment of insulin,
cholesterol, and triglycerides. Insulin was evaluated using an automated enzyme immunoassay
system analyzer (Tosoh Bioscience, Inc. San Francisco, CA, USA). Total cholesterol, high-density
lipoprotein (HDL), and triglyceride levels were measured using Vitros chemistry DT slides (Ortho
Clinical Diagnostics Inc., Rochester, NY, USA); low-density lipoprotein (LDL) was calculated using the
Friedwald equation [38].

2.6. Dietary Parameters

Dietary intake was collected using a validated two 24-h dietary recall method on a random
subsample of children at baseline [39]. Recalls were collected via telephone by trained staff and
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supervised by a Registered Dietitian Nutritionist using Nutrition Data System for Research (NDS-R,
2016 version), a computer-based software application that facilitates the collection of recalls in a
standardized fashion [40]. NDS-R generated nutrient and food/beverage servings and groupings,
and HEI-2015 scores were calculated to assess dietary quality [41–44]. The HEI-2015 is composed
of thirteen food components representative of the dietary recommendations based on the Dietary
Guidelines for Americans, 2015–2020. These HEI-2015 components are divided into two groups: nine
adequacy components (i.e., greens and beans, total fruits and vegetables, whole fruits, dairy, while
grains, total protein foods, seafood and plant proteins, and fatty acids) and four moderation components
(i.e., sodium, added sugars, refined grains, and saturated fat). Higher adequacy component scores are
indicative of higher intake while higher moderation component scores are indicative of lower intake.
The individual component scores are summed to an overall total HEI-2015 score ranging from 0 to
100. Higher HEI-2015 scores indicate higher dietary quality, per the Dietary Guidelines for Americans,
2015–2020.

Dietary intake data gathered by interview were governed by a multiple-pass interview
approach [45]. Prior to the dietary recalls, Food Amounts Booklets, developed by the Nutrition
Coordinating Center (NCC), were distributed to and sent home with the students. The booklets were
provided in both English and Spanish and contained pictures of serving sizes to assist students in
estimating serving sizes of foods and beverages reported during the dietary recall. Parents and/or
guardians were allowed to assist with information regarding food items and portion sizes when needed.
Students received a $10 incentive upon completion of both 24-h dietary recalls. Quality assurance was
conducted on all dietary recall data by additional trained research staff. All daily dietary parameters
were averages over the two days dietary recalls were conducted.

2.7. Breakfast Parameters

During each 24-h dietary recall, students were asked to name each eating occasion (EO) and the
time of day when the EO occurred. Response options included: breakfast, brunch, lunch, dinner/supper,
snack, beverage only, school lunch, or other. Dietary values were averaged across the two days of recall
information to obtain mean values of consumption. Students were classified as breakfast consumers if
they referred to an EO as “breakfast” and the energy intake was at least 15% of total daily energy and
consumption occurred before 10:00 a.m. These criteria have been shown as an appropriate method for
defining a breakfast meal [46–49]. If two breakfasts were consumed on the same day before 10:00 a.m.
(i.e., one from home and one from school), then dietary values were combined before averaging with
the second dietary recall.

In line with previous work evaluating breakfast consumption [31,50–52], breakfast consumption
groups (BCG) were defined using the dietary recall data: (1) SKIPPERS, having no breakfast EO on
either recall day; (2) INTERMITTENT, having a breakfast EO on only one recall day; and (3) REGULAR,
having a breakfast EO on both recall days. As a result, breakfast dietary parameters for intermittent
consumers were representative of intake for one day, while breakfast dietary parameters for regular
consumers were representative of the average intake over two days.

2.8. Statistical Analysis

Data were examined for normality, and transformations were made if data deviated from
normality. All variables were transformed for normality except BMI z-score, fasting plasma glucose,
total cholesterol (mg/dL), non-HDL cholesterol (mg/dL), LDL cholesterol (mg/dL), HEI-2015 scores,
carbohydrate (% kcal), fat (% kcal), total sugar (% kcal), and breakfast total sugar (% kcal). The negative
reciprocal method was used for HbA1c (%) and diastolic BP (mmHg). The square root method was
used for added sugar (% kcal), breakfast protein (% kcal), breakfast fat (% kcal), breakfast added sugar
(% kcal), and whole grains (serving/day). The cubed method was used for BMI percentile (%). All other
variables were log transformed. All analyses were performed using Stata version 16.0 (StataCorp,
College Station, TX, USA), and the significance was set at p < 0.05.
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Multivariate multiple regression assessed relationships between anthropometric and metabolic
parameters by breakfast consumption groups. For anthropometric parameters, the model included
waist circumference, percent body fat, BMI z-score, systolic blood pressure, and diastolic blood pressure.
For metabolic parameters, one multivariate model included fasting glucose, insulin, total cholesterol,
and triglycerides, and a second multivariate model included fasting glucose, insulin, HDL, non-HDL,
LDL, and triglycerides. Since HbA1c was assessed only in the last two waves of the intervention, it was
assessed in a third multivariate model including fasting glucose, total cholesterol, and triglycerides.
All multivariate models pertaining to metabolic outcomes adjusted for age, sex, race/ethnicity, free and
reduced lunch status, total energy, and BMI z-score (only in metabolic models).

Multivariate multiple regression assessed relationships between daily dietary parameters by
breakfast consumption groups. Daily eating occasions, HEI-2015 scores, and total energy were assessed
in univariate models. For daily nutrient intake, one multivariate model included percent protein,
percent fat, percent carbohydrate, total fiber, and percent total sugar, and a second multivariate model
included percent protein, percent fat, percent carbohydrate, soluble fiber, insoluble fiber, and percent
added sugar. For daily food servings, one multivariate model included vegetables (including 100% juice
and potatoes), fruit (including 100% juice), dairy (including flavored milk), SSBs (including flavored
milk), whole grains, refined grains, meats, and legumes. A second multivariate model included
vegetables (excluding 100% juice), fruit (excluding 100% juice), dairy (excluding flavored milk), SSBs
(excluding flavored milk), whole grains, refined grains, meats, and legumes. A third multivariate
model was the same as the second multivariate model but replaced vegetables (excluding 100% juice)
with vegetables (excluding 100% juice and potatoes). All multivariate models pertaining to daily
dietary parameters adjusted for age, sex, race/ethnicity, free and reduced lunch status, BMI z-score,
day of the week, and total energy.

Multivariate multiple regression assessed relationships between breakfast composition between
intermittent and regular consumers. Breakfast energy was assessed in a univariate model, adjusting
for subsequent energy. For breakfast nutrient intake, one multivariate model included breakfast
percent protein, percent fat, percent carbohydrate, total fiber, and percent total sugar, and a second
multivariate model included breakfast percent protein, percent fat, percent carbohydrate, soluble
fiber, insoluble fiber, and percent added sugar. For breakfast food servings, the multivariate model
included breakfast whole and refined grain servings. All multivariate models pertaining to breakfast
composition adjusted for age, sex, race/ethnicity, free and reduced lunch status, BMI z-score, day of the
week, and total energy.

3. Results

3.1. Study Sample

The basic demographic, anthropometric, and dietary characteristics data are presented in Tables 1
and 2. The sample was predominately Hispanic (58%) and female (54%), with an average age of 9.3 years.
Reported enrollment of children in the Free and Reduced Lunch Program was 66%. The average BMI
z-score was 0.8, and nearly 49% of children had overweight or obesity. The prevalence of BCG was
17% for skippers, 37% for intermittent consumers, and 46% for regular consumers. The average dietary
quality, represented by the Healthy Eating Index—2015, was 53.8 out of a possible 100.
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Table 1. Physical characteristics of the analytic sample (n = 671).

Variable Value a

Sex (F) 364 (54.3%)
Age (years) 9.3 (9.2, 9.3)
Ethnicity

Hispanic 392 (58.4%)
Non-Hispanic 279 (41.6%)

Free/Reduced Lunch 446 (66.5%)
Breakfast Consumption Groups

Skippers 114 (17.0%)
Intermittent Consumers 249 (37.1%)
Regular Consumers 308 (45.9%)

Height (cm) 138.4 (137.8, 139.1)
Weight (kg) 39.4 (38.5, 40.3)
BMI z-score 0.8 (0.8, 0.9)
BMI categories

Overweight 129 (19.2%)
Obese 198 (29.5%)

a All values are n (%) or mean (95% CI).

Table 2. Dietary characteristics of the analytic sample (n = 671).

Variable Mean a 95% CIs

Eating occasions 3.3 (3.3, 3.4)
Healthy Eating Index-2015 53.8 (52.8, 54.7)
Total energy (kcal/day) 1446.2 (1405.1, 1487.3)
Carbohydrate (% kcal) 49.7 (49.0, 50.3)
Protein (% kcal) 16.2 (15.9, 16.5)
Fat (% kcal) 33.3 (32.8, 33.8)
Total fiber (g) 12.1 (11.7, 12.6)

Soluble fiber (g) 3.8 (3.7, 4.0)
Insoluble fiber (g) 8.2 (7.9, 8.5)

Total sugar (% kcal) 20.7 (20.2, 21.3)
Added sugar (% kcal) 10.1 (9.6,10.5)

Total vegetables (serving/day) b 1.7 (1.6, 1.8)
Excluding 100% juice 1.7 (1.6, 1.8)
Excluding 100% juice and potatoes 1.5 (1.4, 1.6)

Total Fruits (serving/day) 1.5 (1.4, 1.7)
Excluding 100% juice 0.9 (0.8, 1.0)

Dairy (serving/day) 1.7 (1.6, 1.8)
Excluding flavored milk 1.5 (1.4, 1.6)

Sugar-sweetened beverages (serving/day) 0.7 (0.7, 0.8)
Excluding flavored milk 0.5 (0.4, 0.6)

Whole grains (serving/day) 1.1 (1.0, 1.2)
Refined grains (serving/day) 4.6 (4.4, 4.9)
Meat (serving/day) 3.7 (3.5, 3.8)
Legumes (serving/day) 0.2 (0.16, 0.23)

a Dietary data reflects the average of two days. b Servings per day.

3.2. Relationships between Breakfast Consumption and Anthropometric and Metabolic Parameters

The relationships between BCG and anthropometric and metabolic parameters are presented in
Table 3. There were no significant relationships between breakfast consumption groups and adiposity
and metabolic parameters. A Pearson’s chi-square test was conducted to determine if these results
could be a result of heterogeneous distributions of overweight and obese children between the BCG;
however, the result was insignificant (p = 0.65) and showed homogenous distributions of BMI categories
between the BCG.
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Table 3. Multivariate regression models of anthropometric and metabolic parameters with regular
consumers as the referent group.

Overall † <——————– Skipper ——————–> <——————– Intermittent ——————–>

Variable p β (95% CI) p β (95% CI) p

Anthropometric Parameters (n = 671)
Waist circumference (cm) a 0.09 0.59 (−1.98, 3.16) 0.62 2.09 (0.08, 4.10) 0.03
Total body fat (%) a 0.39 −0.05 (−1.95, 1.86) 0.76 0.82 (−0.67, 2.31) 0.17
BMI z-score a 0.12 0.12 (−0.12, 0.36) 0.33 0.19 (0.01, 0.38) 0.04
Systolic blood pressure (mmHg) a 0.58 −0.10 (−2.51, 2.31) 0.99 0.84 (−1.05, 2.73) 0.33
Diastolic blood pressure (mmHg) a 0.72 0.63 (−1.46, 2.72) 0.64 0.43 (−1.21, 2.06) 0.43

Metabolic Parameters (n = 344)
Fasting glucose (mg/dL) b,c,d 0.89 0.47 (−2.23, 3.17) 0.73 −0.21 (−2.42, 2.01) 0.85
Insulin (µIU/mL) b,c,d 0.67 0.89 (−2.29, 4.08) 0.39 1.26 (−1.35, 3.87) 0.90
Triglycerides (mg/dL) b,c,d 0.37 4.14 (−7.46, 15.74) 0.61 −5.98 (−15.49, 3.52) 0.32
Total cholesterol (mg/dL) b,c,d 0.95 0.42 (−6.82, 7.66) 0.91 0.93 (−5.00, 6.87) 0.76

HDL (mg/dL) c 0.96 −0.30 (−2.95, 2.36) 0.89 −0.31 (−2.49, 1.87) 0.77
Non-HDL (mg/dL) c 0.91 0.69 (−5.86, 7.24) 0.84 1.18 (−4.19, 6.54) 0.67
LDL (mg/dL) c 0.54 −0.15 (−6.05, 5.74) 0.96 2.45 (−2.38, 7.28) 0.32

HbA1c (%) d 0.49 −0.09 (−0.15, 0.09) 0.50 0.04 (−0.06, 0.15) 0.53

Abbreviations: BMI, body mass index; HbA1c, glycolated hemoglobin A1C; HDL, high-density lipoprotein; LDL,
low-density lipoprotein. Multivariate regression assessed relationships between anthropometric parameters (n = 671)
and metabolic parameters (n = 344) by breakfast consumption groups. Regular consumers served as the referent
group for all analyses. † Overall effect of breakfast consumption groups. a Model included waist circumference,
total body fat, BMI z-score, and blood pressure. b Model included fasting glucose, insulin, total cholesterol,
and triglycerides. c Model included fasting glucose, insulin, triglycerides, HDL, non-HDL, and LDL. d HbA1c
was assessed only in the last two waves of the intervention, indicative of the smaller sample size (n = 237), so
it was assessed in an independent model including fasting glucose, insulin, total cholesterol, and triglycerides.
A priori covariates included: age, sex, race/ethnicity, free/reduced lunch status, daily energy, and BMI z-score (for
metabolic parameters).

3.3. Relationships between Breakfast Consumption and Daily Dietary Parameters

The relationships between BCG and daily dietary parameters are presented in Table 4. On average,
there were fewer eating occasions observed in both SKIPPER and INTERMITTENT than REGULAR
(β = −0.87 & β = −0.42, respectively; both p < 0.001). Differences in dietary quality, represented by
total HEI-2015 scores, were detected between BCG, with SKIPPER and INTERMITTENT having lower
scores than REGULAR (β = −3.88 & β = −2.69, respectively; both p < 0.02). Even with fewer eating
occasions, INTERMITTENT had higher total daily energy than REGULAR (β = 174.73; p < 0.001).
Daily macronutrient composition varied between BCG. Daily carbohydrate consumption was lower in
SKIPPER and INTERMITTENT compared to REGULAR (β = −7.28 & β = −2.82, respectively; both
p < 0.001). SKIPPER and INTERMITTENT had lower daily protein consumption than and REGULAR
(β = −1.46 & β = −0.96, respectively; both p < 0.001). Lastly, SKIPPER consumed higher daily fat
compared to REGULAR (β = 2.48; p = 0.001). Total fiber consumption was lower in both SKIPPER and
INTERMITTENT than REGULAR (β = −1.03 & β = −0.98, respectively; both p < 0.01). Specifically,
SKIPPER and INTERMITTENT had lower soluble fiber consumption than REGULAR (β = −0.62 &
β = −0.39, respectively; both p < 0.001). Compared to REGULAR, both SKIPPER and INTERMITTENT
had lower consumption of total sugar (β = −5.91 & β = −2.03, respectively; both p < 0.01). However,
with added sugar, only SKIPPER had lower consumption than REGULAR (β = −1.64; both p = 0.002).
Daily fruit consumption (including 100% juice) was lower in SKIPPER and INTERMITTENT compared
to REGULAR (β = −0.43 & β = −0.24, respectively; both p < 0.01). However, when 100% juice was
excluded, this relationship was attenuated. Daily consumption of whole grains was lower in SKIPPER
compared to REGULAR (β = −0.14; p < 0.001).
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Table 4. Multivariate regression models of daily nutrient intake and daily food and beverage servings with regular consumers as the referent group (n = 671).

Overall † <—————– Skipper —————–> <————— Intermittent —————>

Variable p β (95% CI) p β (95% CI) p

Dietary Intake Parameters
Eating occasions <0.001 * −0.87 (−1.01, −0.73) <0.001 * −0.42 (−0.53, −0.30) <0.001 *
HEI-2015 <0.005 * −3.88 (−6.52, −1.24) 0.004 * −2.69 (−4.76, −0.62) 0.01 *
Total energy (kcal) <0.004 * 111.35 (−5.11, 227.81) 0.14 174.73 (84.25, 265.20) 0.001 *
Protein (%kcal) a,b <0.001 * −1.46 (−2.26, −0.66) <0.001 * −0.96 (−1.59, −0.34) 0.001 *
Fat (%kcal) a,b <0.005 * 2.48 (1.00, 3.95) 0.001 * 0.90 (−0.25, 2.06) 0.13
Carbohydrate (%kcal) a,b <0.001 * −7.28 (−9.10, −5.46) <0.001 * −2.82 (−4.24, −1.39) <0.001 *
Total fiber (g) a,b <0.007 * −1.03 (−1.97, −0.09) <0.02 * −0.98 (−1.72, −0.25) 0.004 *
Total sugar (%kcal) a,b <0.001 * −5.91 (−7.55, −4.26) <0.001 * −2.03 (−3.32, −0.75) 0.002 *
Soluble fiber (g) b <0.001 * −0.62 (−0.93, −0.31) <0.001 * −0.39 (−0.63, −0.14) 0.001 *
Insoluble fiber (g) b 0.051 −0.46 (−1.23, 0.30) 0.12 −0.61 (−1.21, −0.01) 0.02
Added sugar (%kcal) b 0.003 * −1.64 (−2.91, −0.37) 0.002 * 0.31 (−0.68, 1.30) 0.81

Food and Beverage Servings
Whole grains (serving/day) c,d,e 0.002 * −0.14 (−0.40, 0.13) 0.001 * −0.05 (−0.26, 0.16) 0.37
Refined grains (serving/day) c,d,e 0.16 −0.21 (−0.69, 0.28) 0.06 −0.27 (−0.65, 0.11) 0.32
Meats (serving/day) c,d,e 0.98 0.17 (−0.30, 0.65) 0.94 0.10 (−0.27, 0.48) 0.88
Legumes (serving/day) c,d,e 0.07 0.10 (0.01, 0.19) 0.02 0.01 (−0.06, 0.08) 0.64
Vegetables, including 100% juice & potatoes (serving/day) c 0.87 −0.001 (−0.26, 0.26) 0.86 −0.09 (−0.29, 0.12) 0.69
Fruit, including 100% juice (serving/day) c 0.001 * −0.43 (−0.77, −0.08) 0.002 * −0.24 (−0.51, 0.03) 0.003 *
Dairy, including flavored milk (serving/day) c 0.09 −0.18 (−0.40, 0.03) 0.03 −0.09 (−0.26, 0.08) 0.30
SSBs, including flavored milk (serving/day) c 0.44 −0.09 (−0.28, 0.09) 0.42 0.10 (−0.04, 0.25) 0.52
Vegetables, excluding 100% juice (serving/day) d,e 0.85 0.0004 (−0.26, 0.26) 0.85 −0.09 (−0.26, 0.26) 0.66
Fruit, excluding 100% juice (serving/day) d,e 0.29 −0.10 (−0.40, 0.19) 0.27 −0.05 (−0.28, 0.18) 0.15
Dairy, excluding flavored milk (serving/day) d,e 0.40 −0.07 (−0.28, 0.14) 0.27 −0.09 (−0.28, 1.4) 0.26
SSBs, excluding flavored milk (serving/day) d,e 0.65 0.02 (−0.14, 0.18) 0.61 0.10 (−0.03, 0.22) 0.37
Vegetables, excluding 100% juice & potatoes (serving/day) e 0.57 0.03 (−0.22, 0.28) 0.66 −0.12 (−0.31, 0.07) 0.46

Abbreviations: HEI, healthy eating index; SSBs, sugar-sweetened beverages. * Indicates a statistically significant value of p < 0.05. Multivariate regression assessed relationships between
all dietary parameters by breakfast consumption groups (n = 671). Regular consumers served as the referent group for all analyses. † Overall effect of breakfast consumption groups.
Eating occasions, HEI-2015 scores, and total energy were assessed in univariate models. a Model included percent protein, percent fat, percent carbohydrate, total fiber, and percent total
sugar. b Model included percent protein, percent fat, percent carbohydrate, soluble fiber, insoluble fiber, and percent added sugar. c Model included vegetables (including 100% juice and
potatoes), fruit (including 100% juice), dairy (including flavored milk), SSBs (including flavored milk), whole grains, refined grains, meats, and legumes. d Model included vegetables
(excluding 100% juice), fruit (excluding 100% juice), dairy (excluding flavored milk), SSBs (excluding flavored milk), whole grains, refined grains, meats, and legumes. e Model was
the same as the second model, replacing vegetables (excluding 100% juice) with vegetables (excluding 100% juice and potatoes). A priori covariates included: age, sex, race/ethnicity,
free/reduced lunch status, BMI z-score, day of the week, and total energy.
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3.4. Relationships between Breakfast Consumption and Breakfast Dietary Parameters

The relationships between BCG and breakfast dietary parameters are presented in Table 5.
INTERMITTENT consumed lower energy at breakfast than REGULAR (β = −207.11; p < 0.001).
Consumption of total fiber at breakfast was lower in INTERMITTENT compared to REGULAR
(β = −1.75; p < 0.001). Specifically, both soluble and insoluble fiber consumption was lower in
INTERMITTENT compared to REGULAR (β = −0.62 & β = −1.11, respectively; both p < 0.001).
Consumption of whole grains at breakfast was lower in INTERMITTENT compared to REGULAR
(β = −0.22; p < 0.001).

Table 5. Multivariate regression models of breakfast nutrient intake and breakfast food servings with
regular consumers as the referent group (n = 557).

Intermittent

Variable β (95% CI) p

Breakfast Dietary Intake Parameters
Breakfast total energy (kcal) −207.11 (−208.88, −159.76) <0.001 *
Breakfast protein (%kcal) a,b −0.34 (−1.13, 0.44) 0.13
Breakfast fat (%kcal) a,b 0.51 (−1.80, 2.82) 0.59
Breakfast carbohydrate (%kcal) a,b −0.37 (−3.24, 2.51) 0.43
Breakfast total fiber (g) a

−1.75 (−2.07, −1.43) <0.001 *
Breakfast total sugar (%kcal) a

−0.61 (−3.12, 1.89) 0.63
Breakfast soluble fiber (g) b −0.62 (−0.74, −0.51) <0.001 *
Breakfast insoluble fiber (g) b −1.11 (−1.34, −0.87) <0.001 *
Breakfast added sugar (%kcal) b 1.38 (−0.52, 3.29) 0.81

Breakfast Food Servings
Breakfast whole grains (serving/day) c

−0.22 (−0.31, −0.13) <0.001 *
Breakfast refined grains (serving/day) c

−0.03 (−0.12, 0.07) 0.14

* Indicates a statistically significant value of p < 0.05. Multivariate regression assessed relationships between
all dietary parameters by breakfast consumption groups (n = 557). Regular consumers served as the referent
group for all analyses. Overall effects not reported due to contrast of only two levels of breakfast consumption
groups. Breakfast energy was assessed in a univariate model, adjusting for subsequent energy. a Model included
breakfast percent protein, percent fat, percent carbohydrate, total fiber, and percent total sugar. b Model included
breakfast percent protein, percent fat, percent carbohydrate, soluble fiber, insoluble fiber, and percent added sugar.
c Model included breakfast whole and refined grain servings. A priori covariates included: age, sex, race/ethnicity,
free/reduced lunch status, BMI z-score, day of the week, and total energy.

4. Discussion

Contrary to the hypothesis, this study evaluating low-income, Hispanic elementary school-aged
children found no protective effects of breakfast consumption on adiposity and metabolic parameters.
While regular breakfast consumption was linked to higher daily consumption of total and added sugar,
it was also related to higher total HEI-2015 dietary quality scores; higher daily protein, carbohydrate,
and fruit juice intake; and lower daily fat and energy intake. Furthermore, regular breakfast consumers
had higher energy, fiber, and whole grain consumption in the breakfast meal compared to intermittent
breakfast consumers. The link between breakfast consumption and both unhealthy and healthy dietary
intake may explain the null effects of breakfast on adiposity and metabolic outcomes.

Similar to the results in this study, other recent studies have shown null or positive associations
between breakfast consumption and obesity prevalence [26–30]. Fayet-Moore et al. showed breakfast
consumption to be associated with lower overweight and obesity prevalence in children [13]. However,
one year later, Fayet-Moore et al. examined breakfast consumption and breakfast cereal choice
on anthropometric parameters in a similar cohort and observed no associations between breakfast
consumption and overweight and obesity prevalence [28]. A longitudinal study showed increased
breakfast consumption to be associated with higher obesity incidence and prevalence following an
intervention spanning two and a half years [29]. These findings suggest that quantity and quality of
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foods consumed at breakfast may play a vital role in contributing to the potential cardiometabolic
benefits associated with breakfast consumption.

Comparing breakfast consumption groups, skippers and intermittent breakfast consumers had
less eating occasions, on average. However, this was to be expected as these groups are compared
to those consistently consuming one main meal of the day. Both skippers and intermittent breakfast
consumers had lower HEI-2015 scores than regular breakfast consumers. The USDA reports that
children (6–17 years of age) have an average HEI-2015 score of 53 out of 100, which is the lowest
of all other age groups [53]. The average HEI-2015 score in the current study was 53.8, similar to
the national average for children in this age range [53]. Higher dietary quality was observed in
regular consumers, with an HEI-2015 score approximately 3.9 and 2.7 points higher than skippers and
intermittent consumers, respectively. These results are consistent with other studies showing that
those who consume breakfast have higher diet quality [5,28,30,54,55].

Aside from overall dietary quality, those who regularly consumed breakfast had lower daily
intake of fat and higher daily intake of protein, factors that are typically associated with reducing
adiposity [56–58]. Though intermittent consumers had a lower number of eating occasions, this group
managed to consume approximately 175 kilocalories more than regular breakfast consumers on a
daily basis. Breakfast consumption has been associated with higher daily energy [55], but regular
breakfast consumers still had lower daily energy intake than intermittent consumers. Regular breakfast
consumers had higher daily servings of whole grains than skippers, likely contributing to the higher
total and soluble fiber consumption observed. Literature supports that whole grain consumption is
associated with decreased adiposity as well [59]. Though regular breakfast consumers had higher
daily intake of protein and whole grains and lower daily intake of fat, this group also had higher daily
intake of carbohydrates, total sugar, and fruit (including 100% juice) than both breakfast skippers
and intermittent consumers. In addition, regular breakfast consumers had higher daily intake of
added sugar than breakfast skippers. The relationships between fruit was attenuated when excluding
100% juice, suggesting that breakfast consumption of those beverages was driving the relationships
observed with daily carbohydrate and total sugar intake. A similar trend was observed with dairy
(including flavored milk), where lower consumption was observed in skippers than regular breakfast
consumers. It is well-established that sugar consumption is positively associated with adiposity
and blood glucose [60–63] and that whole fruit consumption leads to a greater reduction in hunger
than consuming the same amount in fruit juice, with soluble fiber serving a prominent role [64,65].
Flood-Obbagy et al. showed that whole fruit consumption increased satiety more than fruit, fruit juice,
and fruit juice with fiber, independent of energy density or fiber content [66]. Despite regular breakfast
consumers having higher daily consumption of fruit juice than skippers and intermittent consumers,
daily soluble fiber consumption remained superior. These results suggest that replacing fruit juice
consumption with whole fruit consumption could further increase dietary quality and, in turn, improve
cardiometabolic outcomes. Barr et al. reported higher sugar intake as dietary quality increased in
breakfast consumers but suggested this could be due to higher fruit intakes observed [55]. Daily
consumption of 100% fruit juice was driving the relationship with fruit in this study while contributing
to total and added sugar consumption. Thus, it is possible that higher consumption of fruit juice
and added sugar from other dietary sources resulted in deleterious effects of beneficial dietary intake,
such as higher protein and whole grain consumption, contributing to the null results of breakfast
consumption on anthropometric and metabolic parameters.

Relationships were observed in breakfast dietary parameters between regular and intermittent
consumers. Intermittent consumers had lower energy, total fiber, soluble fiber, insoluble fiber, and whole
grain consumption at breakfast compared to regular consumers. It is reported that Hispanic children
(6–11 years of age) consume approximately 23% of energy at breakfast [67]. This study showed regular
breakfast consumers had approximately 184 kilocalories more at breakfast than intermittent breakfast
consumers, which is a difference of approximately 10–13% of daily energy for children of this age [68].
Daily energy was higher in intermittent consumers, so this is likely due to consumption of foods at
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other eating occasions throughout the day. In children, energy intake at breakfast has been shown
to be homogenous across tertiles of dietary quality [55]. This compounded with the magnitude of
caloric difference observed in the present study highlights the importance of promoting consumption
of high-quality breakfast meals. In addition, previous work has shown intakes of carbohydrates and
sugars at breakfast to be higher relative to breakfast energy [32]. Relationships between breakfast
macronutrient consumption and breakfast sugar consumption were not observed between regular
and intermittent consumers, however. While intermittent breakfast consumption was linked to lower
soluble fiber intake at breakfast than regular breakfast consumption, the difference is relatively small
at 0.62 g. Lower total fiber, soluble fiber, and insoluble fiber intake at breakfast was observed in
intermittent consumers compared to regular consumers. Of the 1.75 g lower of total fiber, majority
was insoluble fiber, which contributed 1.11 g. It can be postulated that the lower whole grain intake
of 0.22 servings at breakfast observed in intermittent consumers contributed to these fiber results.
However, the differences in fiber and whole grain content at breakfast were relatively small and lend
little interpretation. The results observed propose dietary patterns surrounding breakfast consumption
in this population may only differ primarily in energy content.

While both breakfast skippers and intermittent consumers had lower daily sugar intake than
regular consumers, only breakfast skippers had lower daily added sugar intake than regular consumers.
Added sugar was represented as percent of daily energy in this study. The insignificance of daily
added sugar between intermittent and regular consumers highlights that, regardless of the higher
daily energy observed, intermittent consumers had a similar percentage of added sugar intake to that
of regular consumers. Sugar consumption has been studied as a food addiction [69]. Looking at food
addiction in children with overweight, Filgueiras et al. showed that 95% of children (n = 139) showed
at least one sign of food addiction, with 24% being diagnosed with food addiction and higher added
sugar and ultra-processed food consumption as main contributors to food addiction [70]. The present
study showed that breakfast consumers had higher daily consumption of total sugars, added sugars,
and carbohydrates. These nutrients have properties of addiction, and consumption of breakfast
meals composed of higher added sugar has been associated with higher added sugar consumption
throughout the day [71]. As a result, this study posits a possible rationale for null relationships
observed between breakfast consumption and cardiometabolic outcomes, suggesting that breakfast
quality should be addressed in future interventions and guidelines.

Limitations and Strengths

The current study had some limitations for consideration. First, the study was cross-sectional,
thus causality cannot be inferred. This data, however, was baseline data from a randomized controlled
trial. Therefore, future analyses will examine interventional effects of breakfast consumption on
cardiometabolic outcomes and dietary intake in this population. The sample is predominantly
Hispanic, so we were unable to distinguish any breakfast patterns or dietary composition by race
or ethnicity. In addition, nearly 49% of children in this sample are classified as having overweight
or obesity, so the sample is rather homogenous, and breakfast may not have a robust effect to elicit
a response in our population. However, given the higher prevalence rates of obesity in Hispanic
youth [1], it is important to examine dietary behaviors that are linked to obesity in this high-risk
homogenous population. Another limitation to the current study is that there is no standard definition
of breakfast, especially in the context of children, so it is possible that some of these results could
be due to the chosen definition. The Dietary Guidelines for Americans, 2015–2020 does not contain a
standardized definition or recommendation for breakfast [68]. The energy cut point of 15% daily energy
was chosen to exclude meals that were very low or no energy foods and beverages, i.e., a glass of water,
single banana, nutrition bar, etc. Furthermore, the recommended amount of energy to be consumed at
breakfast is dependent on the total number of EOs throughout the day [47]. Due to the lower number
of EOs observed in Hispanic children (6–11 years of age) from the What We Eat in America data tables,
the lower end of 15% daily energy proved appropriate for the breakfast definition in this study and
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has been recommended as the minimum energy requirement [47,72]. The recommendation for the
breakfast energy threshold is 25%, but Hispanic children (6–11 years of age) consume, on average,
23% of daily energy at breakfast, so an upper limit of 25% did not seem appropriate [47,67].

One notable strength of the study is that dietary recalls were collected for two days, permitting the
use of a definitive measure of dietary intake and evaluation of breakfast composition while controlling
for confounding dietary variables. In turn, this study was able to discern and examine three breakfast
consumption patterns (skipper, intermittent, and regular) instead of only two (eaters and skippers)
seen in other studies. Dietary recall methodology allowed this study to examine different patterns of
breakfast consumption on breakfast composition. One limitation, however, is that two dietary recalls
may not be indicative of regular dietary behaviors.

5. Conclusions

Breakfast consumption was not associated with lower adiposity or healthier metabolic parameters,
but regular breakfast consumption was linked to higher total HEI-2015 dietary quality scores; higher
daily consumption of protein, carbohydrates, fruit juice, and whole grains; lower daily consumption
of energy and dietary fat; and higher consumption of energy, fiber, and whole grains at breakfast.
However, this study proposes that higher sugar intake of breakfast consumers played a role in masking
the relationship with breakfast on adiposity and metabolic parameters. The results suggest that quality
of foods consumed at breakfast plays a pivotal role in whether or not benefits of breakfast consumption
are received.
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