Volume 2, Issue 3, 441-468
A1 MSs Public Health DOI: 10.3934/publichealth.2015.3.441
Received date 20 April, 2015,
Accepted date 22 July, 2015,
Published date 3 August, 2015
http://www.aimspress.com/

Research article

Nutrient Intake, Diet Quality, and Weight Measures in Breakfast
Patterns Consumed by Children Compared with Breakfast Skippers:
NHANES 2001-2008

Carol E. O°’Neil " Theresa A. Nicklas ? and Victor L. Fulgoni 1113

! School of Nutrition and Food Sciences, 261 Knapp Hall, Louisiana State University Agricultural

Center, Baton Rouge, LA 70803, USA

2 USDA/ARS Children’s Nutrition Research Center, Department of Pediatrics, 1100 Bates Street;
Baylor College of Medicine, Houston, TX 77030, USA

% Nutrition Impact, LLC, Battle Creek, MI 49014, USA

* Correspondence: Email: coneill@Isu.edu; Tel: +1-225-578-1631; Fax: +1-225-578-4443.

Abstract: Most studies showing that children consuming breakfast have better nutrient intakes, diet
quality, and lower weight than breakfast skippers have the incorrect premise that breakfast meals are
homogeneous.

The purpose of this study was to classify breakfast meals into patterns and determine the
association of the breakfast patterns with daily and breakfast nutrient intakes, diet quality, and
weight. Data from children (2-18 years of age; N = 14,200) participating in the National Health
and Nutrition Examination Survey 2001-2008 were used. Intake was determined from one day
24-hour dietary recalls. Diet quality was measured using the Healthy Eating Index-2005
(HEI-2005). Body mass index (BMI) z-scores were determined. Twelve patterns (including No
Breakfast [~19% of population]), explaining 63% of the variance in energy from breakfast,
were examined. Covariate adjusted general linear models were used to compare outcome
variables of consumers of different patterns with breakfast skippers. The p value was Bonferroni
corrected (< 0.05/12 = < 0.0042). Consumers of the Eggs/Grain/Meat, Poultry, Fish (MPF)/ Fruit
Juice (FJ) and MPF/ Grain/FJ patterns showed higher daily intakes of saturated fats, solid fats, and
sodium and lower daily intakes of added sugars than breakfast skippers. Consumers of most
breakfast patterns showed higher daily intakes of some nutrients of public health concern (dietary
fiber, vitamin D, calcium, and potassium); however, those consuming the Grain or MPF/Grain/FJ
pattern did not. Consumers of the Grain/Lower Fat Milk (LFM)/Sweets/FJ, Presweetened (PS)
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Ready-to-eat Cereal (RTEC)/ LFM, RTEC/LFM, Cooked Cereal/Milk/FJ, and Whole Fruit patterns
had higher total HEI-2005 scores than breakfast skippers; those consuming the MPF/ Grain/FJ
pattern had lower diet quality than breakfast skippers. Consumption of the Grain/ LFM/Sweets/FJ,
PSRTEC/whole milk, Soft Drinks/ FJ/Grain/Potatoes, RTEC/whole milk, and Cooked Cereal/ Milk/
FJ patterns was associated with lower BMI z-scores than seen in breakfast skippers. There are dietary
and weight advantages of consuming breakfast, especially breakfasts that include grains, cereals,
LFM, and fruit/ FJ, in contrast to the potential adverse effects of skipping breakfast.

Key Words: children; adolescents; breakfast; breakfast patterns; nutrient intake; diet quality; healthy
eating index; weight; cluster analysis; NHANES

1. Introduction

Breakfast has traditionally been considered to be the most important meal of the day [1,2]. For
children, previous studies have shown that breakfast consumption improves daily nutrient intake [1-5].
Breakfast consumption has been associated with lower body mass index (BMI) [1,3-11] and higher
levels of physical activity [8,12], as well as improved motor skills [9], attention [13], and cognition [14];
however, these results are inconsistent and additional confirmative studies are needed. Despite these
potential benefits, children often skip the breakfast meal. Breakfast skipping in children is age dependent.
Data from the most recent What We Eat in America (WWEIA) component of the National Health and
Nutrition Examination Survey (NHANES) data [15] showed that 2%, 11%, and 24% of males
2-5, 6-11, and 12-18 years of age (years), respectively, skipped breakfast; whereas, 5%, 9%, and
29% of females 2-5, 6-11, and 12-18 years, respectively, skipped breakfast. In children of all
ages, the prevalence of skipping breakfast has increased as they grow older [3,16]. This is
especially important, not only for the reasons stated above, but since consumption of breakfast
has been shown to track into young adulthood [17].

Breakfast consumers have higher intakes of many nutrients, especially micronutrients [3-6,18,19],
when compared with non-consumers. An early study showed that a higher proportion of children
skipping breakfast failed to meet two-thirds of the Recommended Dietary Allowance for vitamins and
minerals as compared to breakfast consumers [20]. Dubois, et al. [21], however, showed that Canadian
preschool children who skipped breakfast had the same energy, carbohydrate, and fat intake as those
children consuming breakfast; however, protein intake was lower in breakfast skippers. Micronutrient
intake was not examined in that study. Thus, the association between breakfast consumption and
nutrient intake clearly depends on the type of foods consumed and what is consumed during the
remainder of the day. When ready-to-eat cereals (RTEC) were consumed as part of the breakfast
meal, there was a difference in nutrient intake compared with breakfast skippers or those consuming
“other breakfasts” [3]. In addition to better micronutrient intakes, consumption of RTEC at breakfast
has been associated with lower daily intakes of fat, saturated fatty acids (SFA), and cholesterol [3]
compared to consumption of “other breakfast meals” or skipping breakfast. A higher consumption of
milk has also been associated with an RTEC breakfast [22], suggesting that breakfast consumption is
associated with consumption of nutrient-dense foods. A limitation of most of those studies is that
breakfast and, especially, “other breakfast types” were generally not well defined by the authors and
the assumption may have been made that they were homogeneous enough to include in a single
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group for statistical comparison.

In some studies, breakfast consumption has also been associated with lower body mass indices
and other measures of adiposity in children [1,3,4,6-11]. Ready-to-eat cereals [3,23-26], including
pre-sweetened RTEC (PSRTEC) [27-29], breakfasts have specifically been associated with lower
measures of weight and adiposity. One study [3] also compared “other breakfasts” with breakfast
skipping and RTEC breakfasts with weight/ adiposity parameters and showed that breakfast skippers
had higher BMI z-scores and waist circumferences than those consuming RTEC or “other
breakfasts.”

A recent study in adults has shown that individuals consume multiple “breakfast types” or
patterns, which provide variable nutrient contributions to the overall diet and to diet quality, and have
different associations with weight [30]. That study showed adults consuming containing Grain/fruit
juice (FJ); PSRTEC/lower fat milk (LFM); RTEC/LFM/ Fruit/ FJ; or Cooked Cereal had lower BMIs
and Waist Circumferences than breakfast skippers, but that no other patterns were associated with
different measures of weight or adiposity. It is presumed that children would also show specific
breakfast meal patterns with varying effects on nutrient intake, diet quality, and weight, although this
has not been studied. The purposes of this study were to identify breakfast patterns consumed by a
nationally representative sample of children, to examine nutrient intake resulting from consumption
of breakfast patterns, and to determine the association of the breakfast patterns to total daily nutrient
intake and diet quality of consumers of specific patterns vs breakfast skippers (No Breakfast pattern).
Weight and adiposity measures of those consuming different breakfast patterns were also compared
with breakfast skippers.

2. Materials and Method
2.1. Study Population

An overview of the National Health and Nutrition Examination Survey (NHANES), including
the purpose, study population, sampling strategy, interview and physical examination procedures and
response rates have been published on line [31-34]. In this study, data from children two to 18 years
participating in the NHANES 2001-2008 were concatenated to increase sample size [35]. Those with
unreliable dietary records, as judged by National Center for Health Statistics staff (n = 359), pregnant
or lactating females (n = 117), and children who were breastfeeding (n = 13) were excluded from the
study. The final analytic sample consisted of 14,200 children. Stringent protocols and procedures
enforced by NHANES ensure confidentiality and protect individual participants [36]. As this was a
secondary data analysis which lacked personal identifiers, this study did not require further
institutional review [37].

2.2. Demographics and Dietary Information

Demographic information was determined from the NHANES interview [38]. Intake data were
obtained from in-person 24-hour dietary recall interviews using an automated multiple-pass
method [39,40]. Parents/guardians of children two to five years provided the 24-hour dietary
recalls; children (6 to 11 years) were assisted by an adult; and older children provided their
own recall. In 2001-2002, a single 24-hour dietary recall was collected in person; however,
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beginning in 2003-2004, a second day of intake data was collected over the telephone. To ensure
consistency, only the data from the in-person interview (first recall) were used in this study. Detailed
descriptions of the dietary interview methods are provided in the NHANES Dietary Interviewers
Procedure Manual, which includes pictures of the Computer-Assisted Dietary Interview system
screens, measurement guides, and charts that were used to collect dietary information [41].

2.3. Breakfast Consumption, Food Groupings, Nutrient Analysis, Healthy Eating Index and Anthropometry

Breakfast consumption was self-reported and included consumption of any food/beverage (other
than water) reported by the study participant/proxy as breakfast or brunch. The United States
Department of Agriculture Food and Nutrient Database for Dietary Studies (FNDDS) foods [42]
were combined into 20 breakfast food groupings [30]. All food codes fit into only one of the food
groups. Ready-to-eat cereal was defined as pre-sweetened (PSRTEC) if the reference amount
customarily consumed was six grams of sugar or more [43]; if there were fewer than six grams of
sugar, it was defined as RTEC. Fruit juice was defined as 100% FJ [44]. Added sugars were defined
by United States Department of Agriculture as all caloric sweeteners that were eaten separately or
used as ingredients in processed or prepared foods [45]. Lower fat milk was defined as any milk
other than whole milk. Food group intakes were determined using My Pyramid Equivalents
Database (MPED) versions 1.0 [46] and 2.0 [47]; when necessary, intakes for NHANES
2005-2008 were hand matched to the same or similar foods since these data were released without
an update to the MPED.

Energy and nutrient intakes were calculated using the FNDDS versions 1.0-4.1[42], for
NHANES 2001-2002, 2003-2004, 2005-2006, and 2007-2008, respectively. The Vitamin D
Addendum to USDA FNDDS 3.0 [42] was used to determine vitamin D content of foods and was
used to hand match similar foods to determine vitamin D content of foods in previous FNDDS
releases. The nutrients studied reflect the nutrients to limit (added sugars, SFA, solid fats, cholesterol,
and sodium), nutrients of public health concern (dietary fiber, vitamin D, calcium and potassium),
and nutrients under-consumed by some groups (vitamins A and C, folate, iron, and magnesium) [48].

Diet quality was determined using the HEI-2005 [49]. The SAS code used to calculate
HEI-2005 scores was downloaded from the Center for Nutrition Policy and Promotion website [50].
It should be noted that the HEI-2005 was used, rather than the more recently released HEI-2010,
since the 2005 Dietary Guidelines for Americans (DGA) were in effect during the time much of the
population was participated in the NHANES. The total HEI-2005 maximum score of 100 is a
composite of 12 components scores. A higher score correlates with higher compliance to the DGA
and a higher diet quality. Nine of the components: total and whole fruit, total vegetables, dark green
and orange vegetables and legumes, total and whole grains, milk, meat and beans, and oils address
nutrient adequacy. The remaining three components: SFA; sodium; and discretionary calories (solid
fats, alcohol, and added sugars [So FAAS]) are those dietary components which should be consumed
in limited amounts. For the last three components, a reverse scoring is applied; thus, levels of intakes
at the standard get the maximum score, with scores decreasing as intakes increases.

Height and weight were measured according to NHANES protocols [51]. Body Mass Index was
calculated (wt [kg]/ht [m?]) and the z-score for BMI-for-age was determined using the SAS program
for Growth Charts available from the Centers for Disease Control and Prevention [52]. Overweight
was defined as a gender-and age-specific BMI between 85" and < 95 percentile and obese was
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defined as a BMI > 95™ percentile [53].
2.4. Statistical Analyses

Breakfast consumption patterns were identified using SAS 9.2 (SAS Institute, Cary, NC; 2009)
PROC CLUSTER. For each participant the percent of energy at breakfast from each of the food
groupings [30] was determined. The patterns were identified by percent energy within each food
grouping consumed at breakfast at the centroid of each cluster. Initially, eight, 12, and 16 patterns
were evaluated; however, for subsequent analyses, the 12 pattern output (which included No
Breakfast) was used since this set of breakfast patterns allowed delineation of type of RTEC and the
use of LFM. Further, the 12 pattern output explained moderately more variance in energy from the
breakfast meal (63% of the variance) than eight patterns (53% of the variance), but not substantially
more than 16 patterns (70%). Based on their dietary intake, participants were placed into one
breakfast pattern and dietary day 1 weights were used for all analyses [35].

Least-square means *SE were calculated using PROC REGRESS of SUDAAN for dietary
intake and diet quality (HEI-2005) for participants consuming each breakfast pattern. After
confirming a significant overall F test for breakfast patterns (entered as categorical variables
[patterns 1-12], differences for variables of interest were determined via t-test compared to the No
Breakfast pattern [referred to as breakfast skippers]). Covariates included: self-reported age, gender,
race/ethnicity, and the poverty income ratio (PIR), grouped into three categories (< 1.25, 1.25-3.49,
and > 3.49) also served as a covariate. These values are related to the federally set poverty lines, so a
PIR of < 1.25 equates to below 125% of the poverty line. Higher values mean the individuals had
higher incomes. Physical activity, another covariate, was determined using a questionnaire [54].
Finally, self-reported energy intake for nutrient related variables (not for energy intake itself) was
used as a covariate. The HEI-2005 was not controlled for energy intake, since the calculation of the
index score controls for energy [49]. Logistic regression was used to assess the likelihood of being
overweight, obese, overweight or obese for consumers of each breakfast pattern compared with
breakfast skippers. For all analyses, a probability of p < 0.05 was considered significant; however, a
Bonferroni correction was applied for multiple comparisons (p < 0.05/12), so the effective p value
was p < 0.0042.

3. Results
3.1. Breakfast Clusters and Population Demographics

The 12 breakfast patterns identified were: 1) Grain/LFM/ Sweets/FJ (n = 2,797; 21.8% of the
population); 2) No Breakfast (n = 3,018; 18.7%); 3) PSRTEC/LFM (n = 1,684; 15.2%); 4) (Grain n = 1,090;
8.2%; 5) Eggs/Grain/Meat/Poultry/Fish [MPF]/FJ (n=1,068; 6.7%); 6) PSRTEC/Whole Milk (n = 1,145;
6.5%); 7) RTEC/LFM (n = 732; 6.1%); 8) Soft Drink/FJ/Grain/Potatoes (n = 889; 5.9); 9)
RTEC/Whole Milk (n = 714; 4.1%); 10) MPF/Grain/FJ (n = 617; 3.5%); 11) Cooked Cereal/Milk/FJ
(n = 354; 2.5%); and 12) Whole Fruit (n = 112; 0.8%) (Table 1). The patterns varied widely by foods
consumed and energy contribution of individual foods (Supplemental Tables 1 and 2, respectively).
Demographics of the population (N = 14,220) by breakfast cluster are shown in Table 2.
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Table 1. The percent of breakfast calories from the 20 food groups at the centroid of the pattern, the name and assigned number
of the 12 breakfast clusters, along with the number and percent of the population consuming those breakfast clusters.

Percent of Breakfast Energy at Centroid of Pattern

é % 3 <
- 2 9 S 9 = _ O = &, F 5 =
x 2 S x O L 0 » o L = o O W 2L < @) = 2 L =
# and Name N T2 E 3 ss s 2 B I f s sfog o2t owe §EOQLEC
= > =2 5 g 5 0 SO0 ¥ ¢ = g2 36 £ g0 2
o L O O
<
Grain/Low Fat 5797
Milk/Sweets/F ~~" 4 13 1 0 2 3 2 1 1 4 0 1 3 2 7 3 10 o0 1 0
| (21.81)
ruit Juice
3,018
No Breakfast (18.65)
PSRTEC/Low 1,684
o T isa;y O ¥ 0 0 0 0 0 0 0 1 0 05 1 40 0 0 0 0
Grain 0% Y 5 9 0 o0 0 0 0o 0 8 0 0 0 0 0 2 1 1 4 0
(8.20)
Eggs/Grain/M 1,068
oE/r) Gen 5 8 0 0 1 7 48 1 0115 0 1 1 1 6 2 2 0 2 0
PSRTEC/Who 1,145
o Milk 653 ¥ 0 0 0 0 0 0 0 0 0 0O 05 1 30 0 0 1 0
RTEC/Low
et Ml 732610 0 5 1 0 0 0O O 1 0O 3 0 3 0 4 5 0 2 0 0 0
Soft
r?/””k/FJ/Gra' 880(587) 1 4 8 5 1 4 4 5 7 8 0 1 6 3 14 1 2 3 23 0
Potatoes

AIMS Public Health Volume 2, Issue 3, 441-468



447

9 EATiE(C/WhO'e 714(414) 53 0 0O O 0 O O O O 6 0 22 6 4 3 1 2 1 1 0

10 MPF/Grain/F) 617(354 3 3 0 0 1 5 3 1 4 14 0 1 1 o0 6 1 2 1 3 0
Cooked

11 Cereal/ 3/A(252) 5 9 0O 0O 0O 0 1 0 0 4 6 o0 1 2 7 1 4 0 1 0
Milk/F

12 WholeFruit 1120799 0o o0 0o 1 1 0 0 0 0O O O O O 9% 0 0 2 0 0 0

Al 14,220

| (100.00) 8 15 1 0 1 4 5 1 1 25 2 4 17 3 6 1 4 0 3 0

Source: Children two to eighteen years of age participating in NHANES, 2001-2008, excludes pregnant/lactating females and breast feeding children.
'Grain not cereal

Abbreviations: LFM = lower fat milk; MPF = meat, poultry, fish; veg = vegetable; RTEC = ready-to-eat cereal; PSRTEC = presweetened ready-to-eat cereal,
FJ = fruit juice
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Table 2. Demographics of children 2-18 years of age participating in NHANES 2001-2008 by assigned breakfast cluster.

Cluster
Grain/ Soft Cooked
lower fat  No  LORIEC/ , Beos/ psprrey RTEYY gingr mees MY ey _
) lower fat Grain Grain/ . lower fat ; . grain/ . Whole fruit
milk/ breakfast . whole milk . /grain/  whole milk milk/
. milk mpf/F] milk FJ
Variable  sweets/F] potatoes FJ
n 2797 3018 1684 1090 1068 1145 732 889 714 617 354 112
Male (%) 503+t 1.1 (504 +15[559+17(445%122|50.7 123537125469 +25|487 £2.6|522+31[540+34|51.0%£3.6/41.9+84
Female (%) | 49.7+1.1(49.6 15441+ 1.7|555+22]493+23|463+*25|53.1%£25(51.3%£2.6|47.8%3.1|46.0%3.4|49.0=£3.6|58.1=*84
White (%) | 644+ 1.9 (543 +27|728+21|69.2+27|565+3.4454+3.0|684%29|62.8=F28|43.7*3.3(50.6*43|62.6*3.9|60.2L7.6
Black (%) 1221121191 %£1.6| 9712 [109+14|153+£1.8|265*t24| 62+11 [13.7+18|174+£21|235+31[184+28| 83£t23
Hispanic (%) | 16.5 £ 1.4 {201 22112614140+ 13(21.6£25|21.6 223|184 £20|192%£20|30.1%£28|188*26|13.8%£22|215%£59
Other (%) 69+09 | 64+11|50£09 | 60x12 6615|6512 | 7017|4310 |87+x20| 72218 |53+14| 99142
PIR 28+01 {23201 |27%X£01|28+01]24+£01|18x01|27x01|26x01|18x01|22%£01|25+x02 ]| 3.0x0.2
Sedentary (%) | 13.7 £ 0.9 144 £ 09127+ 15152+ 1715019 155%£2.0(122£1.6| 99+ 12 |196£24|11.8+£23 1205142 |11.6 £42
Light (%) |21.4+£1.1|198+£13(233+18]199+19]19.6+21|197+£25|168£2.0|159+£20|184+24|182%+3.0(20.1+32| 84%3.1
Med-Vig (%) | 649 £ 1.3 [65.8+1.4{64.0£2.0|649£24]654£25|648+£20|71.0+27|742+23]62.0+29]70.1+3.8|59.5%4.5|80.0=%5.5
Alcohol No
(%o) 953 +0.8(950%£0.7[97.2%£0.6[981%£0.4(964%£0.9|961£1.2[983£0.7/968=£0.8/97.4£0.9|968£0.6|/968+%1.7/90.8*% 4.4
Alcohol Yes
(%o) 47108 [ 51£07|28x£06|19%£04|36%£09|39+£12 (17207 |32%£08]26x09 |32+06]|32x17]92%44
% Energy FF| 9.8+ 09 |173£1.1(105+1.0(129+11]144+13|11.7+£12] 98+ 12 |162£11|91+12 |172+21| 8.0£13 |15.6% 4.1

Data Soutce: Children two to eighteen years of age participating in NHANES, 2001-2008, excludes pregnant/lactating females and breast feeding children.
Abbreviations: F] = Fruit Juice; PSRTEC = presweetened ready-to-eat cereal; mpf = meat, poultry, fish; RTEC = ready-to-eat cereal; n = Number; PIR =
Poverty Index Ratio; Vig = Vigorous; FF= Fast Food; HEI = Healthy Eating Index
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Table 3. Consumption of Energy, Protein, and Nutrients to Limit Breakfast Pattern® Consumed by Children
2-18 Years of Age Participating in the 2001-2008 National Health and Nutrition Examination Survey.

Total Daily Consumption

Energy Protein Added . Cholesterol .
" Cl\lll;:ir (keal) @) Sugars (tsp) SFA (9) Solid Fat (g) (ma) Sodium (mg)
Mean+SE Mean+SE MeaniSE Mean+SE Mean+SE MeaniSE Mean+SE
Breakfast Consumption Only*
1 Gr/lower fat 48347 14.040.3 4.740.2 5.440.2 11.120.3 5643 63914
milk/sweets/FJ
2 No breakfast
3 PSRTEC/lower fat milk 34148 11.640.3 4.440.1 3.140.1 4.94).2 2544 409412
4 Gr 389+11 8.540.4 4.740.2 4.24).2 11.740.5 2642 519422
5 Eggs/Grain/MPF/FJ 509+17 24.840.7 1.940.2 9.04.3 16.44).6 42141 909427
6 PSRTEC/whole milk 34148 10.240.3 4.54).1 4.34).1 7.140.2 22+ 33948
7 RTEC/lower fat milk 318+1 129404 2.840.2 3.840.2 5.940.4 27H 405418
8  Soft drink/FJ/Gr/potatoes 359+16 9.240.5 5.940.4 3.640.2 6.740.5 577 415424
9 RTEC/whole milk 340+10 12.340.4 2.240).1 5.740.2 9.740.4 3642 381#15
10 MPF/Gr/FJ) 571422 24.4+.0 2.840.2 9.54.4 20.14.8 108+10 1116433
11 Cooked Cereal/Milk/FJ 384+14 12.54).6 3.440.3 3.440.2 5.0#.4 2543 401+18
12 Whole Fruit 97H2 1.24).4 0.740.2 0.840.2 1.640.4 743 68+18
Energy Protein Added . Cholesterol .
" Cl\lézc]ir (kcal) ©) Sugars (tsp) SFA (9) Solid Fat (g) (mg) Sodium (mg)
MeaniSE Mean+SE MeaniSE MeandSE MeandSE MeaniSE MeandSE
Total Daily Consumption®
1 Gr/LMF/sweets/FJ 2152422" 73.24.0° 20.940.4 25.840.2 46.140.6 2054 3106427
2 No breakfast 1762428 59.7+1.3 23.54).5 26.740.4 47.240.8 1994 3087434
3 PSRTEC/LFM 2060430 72.24.2" 23.020.5 24.940.3 42.240.7 18545 3032449
4 Gr 2040435" 64.7+1.5 22.040.5 26.240.4 50.440.8 187+ 3098442
5 Eggs/Gr/MPF/FJ 2183463 83.742.3" 18.440.9" 29.340.5" 51.540.9 574+14" 3244+446"
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6 PSRTEC/whole milk 2145436 72.64.3" 22.940.5 26.840.3 47.440.8 18944 3003449
7 RTEC/LFM 1903437 69.1+.4" 20.640.7 25.740.4 44.140.9 19145 3021447
8  Soft Drink/FJ/Gr/potatoes 2014447 67.242.0" 24.540.6 25.740.4 44.840.8 22747 3045452
9 RTEC/whole milk 1987441" 70.741.9° 19.540.5 28.640.4 49.6+1.0 21747 3092489
10 MPF/Gr/FJ 2269495 85.343.8" 18.8+1.0 29.340.6 56.141.4" 25249" 3452478"
11  Cooked cereal/milk/FJ 2020456 70.042.4" 20.6+.1 24.340.7 42.24.4" 186410 2962467
12 Whole fruit 1630475 59.543.9 19.3+.5 27.14.1 48.342.6 203411 3063477

Abbreviations: kcals = kilocalories, tsp = teaspoon, SFA = saturated fatty acids; g= grams; mg = milligrams; SE = standard error; FJ = fruit juice; PSRTEC =
presweetened ready-to-eat cereal; MPF = meat, poultry, fish; RTEC = ready-to-eat cereal

Covariates: Age, gender, race/ethnicity, poverty income ratio grouped into three categories as (< 1.25, 1.25-3.49, and >3.49), current smoking status (yes/no)
(adults only), physical activity level (sedentary, moderate and vigorous), alcohol intake (g/d), energy intake for nutrient related variables
*  Statistically different from No Breakfast; with the Bonferroni correction effective p < 0.0042; comparison for total daily consumption only
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Table 4. Consumption of Nutrients of Public Health Concern and Nutrients of Potential Concern to Some Groups* by
Breakfast Cluster by Children participating in the 2001-2008 National Health and Nutrition Examination Survey.

Nutrients of Public Health Concern defined by the 2010 Shortfall Nutrients Identified by the 2010 Dietary Guidelines for

Dietary Guidelines for Americans Americans
Dietary Vitamin . Potassium Vitamin A Vitamin C Folate DFE Magnesium
) 9 Calcium (mg) Iron (mg)

# Cluster Name Fiber (g) D (mcg) (mg) (RAE mcg) (mg) (mcq) (mg)

MeaniSE  MeandSE Mean+SE MeansSE Mean+SE Mean+SE Mean+SE Mean+SE Mean+SE

Breakfast Consumption Only*
1 Gr/LFM/sweets/FJ 2.640.1 2.2340.06 317.146.5 535.449.2 217.945.3 24.441.3 156.644.7 4.240.1 52.7#1.2
2 No breakfast
3 PSRTEC/LFM 2.640.1 4.140.1 380.3+10.9 533.9+13.5 353.0+10.4 19.6+.0 428.0417.1 8.540.2 57.2#.7
4 Gr 2.140.1 0.440.04 126.948.9 210.549.8 126.849.0 7.0+.0 100.624.1 3.140.1 28.3#.1
5 Eggs/Gr/MPF/FJ 1.540.1 3.240.2 314.9413.7 603.6+19.8 260.847.8 25.9+2.0 112.444.8 3.840.1 51.6+1.5
6 PSRTEC/whole milk 2.140.1 4.140.1 314.047.8 445.1#1.0 286.748.8 20.0+1.6 430.9422.6 8.3#0.4 48.14.8
7 RTEC/LFM 2.640.2 4.240.1 411.8+13.9 644.6423.9 308.8410.4 23.782.7 287.6422.0 6.740.4 63.242.3
8 SD/FJ/Gr/potatoes 240.1 1.240.1 192.1+0.5 502.2423.5 125.349.1 411485 99.548.0 2.640.2 4404825
9 RTEC/whole milk 2.140.2 4.440.2 386.9414.4 569.3+18.3 242.648.7 15.1#4.2 283.5413.2 6.940.3 52.6+1.8
10 MPF/Gr/F) 1.940.2 1.640.2 204.8+13.9 587.9429.4 97.3+11.3 24.043.0 103.849.5 3.540.2 47749
11 Cooked . 4.640.2 1.740.2 349.7418.7 561.3430.6 406.3430.5 26.144.6 195.54+1.7 7.240.4 84.843.4
cereal/milk/FJ
12 Whole fruit 3.540.2 0.3#.1 52.2410.9 371.7438.2 57.0£21.57 36.317.0 36.245.9 0.740.1 246123
Nutrients of Public Health Concern defined by the Shortfall Nutrients Identified by the 2010 Dietary Guidelines for
2010Dietary Guidelines for Americans Americans
Dietary Vitamin D . Potassium Vitamin A Vitamin C  Folate DFE Magnesium
. Calcium (mg) Iron (mg)

# Cluster Name Fiber (g) (mcg) (mg) (RAE mcg) (mg) (mcg) (mg)

Mean3SE Mean+SE Mean3SE Mean+SE Mean+SE Mean3SE Mean+SE Mean+SE Mean1SE

Total Daily Consumption®

1 Gr/LFM/sweets/F] 12.840.2° 5.740.1° 1030.8414.6°  2237.6427.3°  581.4#13" 82.142.3  491.847.4° 138302 227.882.4°
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2 No breakfast 12.140.2 3.740.2 858.4420.4 2061.9427.8 427.947.1 80.043.5  404.9+410.2  12.040.2 211.342.6
3 PSRTEC/LFM 13.740.3 7.740.2" 1143.049.9°  2366.3431.8°  746.6415.5 854424  785.048.0 187402 247.643.4
4 Gr 12.040.2 3.340.2 824.8420.7 1870.4430.5" 492.1422.0 71.044.0  439.7#0.7  12.740.2 201.544.1
5  Eggs/Gr/MPF/FJ 11.440.3 6.440.3" 974.9426.2°  2282.0445.1°  599.3#18.4 85.243.8  406.1+12.0  13.040.3 219.143.8
6 PSRTEC/whole milk  12.740.3 7.440.3" 1018.7#421.7°  2221.3#4375  615.1421.0° 86.644.0  769.4420.4° 182404 231.7436
7 RTEC/LFM 13.740.3 7.940.3" 1200.0428.5  2540.1451.6°  739.4426.5 90.6#4.0  652.0427.2° 17.0#05  253.14#4.0
8  SD/FJ/Gr/potatoes 11.940.2 4.540.2 957.7423.9°  2208.1#46.4  528.8426.5  108.7450  439.4#13.3  12.540.2 222.543.9
9 RTEC/whole milk 12.540.3 8.140.2 1150.8417.9°  2454.7458.9°  638.9446.0° 88.844.9 6446477 17.0#0.4 2417828
10 MPF/Gr/F] 11.440.3 4.640.3 812.9431.7 2163.7449.6 395.4422.3 729440  398.8420.8  12.940.6 208.443.0
1 Cooked _ 15.840.6 5.640.5 1115.8443.4°  2403.7471.9°  843.4#415 90.647.4 5246464  17.640.6 = 276.447.3
cereal/milk/FJ
12 Whole fruit 15.240.5° 3.540.4 856.6445.3 2416.5494.6° 450.3448.9 97.74140 44234439 124404 230.246.3"

Nutrients of public health concern and underconsumed nutrients were identified by the 2010 Dietary Guidelines for Americans.

Abbreviations: g = grams, SE = standard error, mcg = micrograms, mg = milligrams, RAE = retinol activity equivalents, DFE = dietary folate equivalents;
Gr = Grain; LFM = lower fat milk; FJ = fruit juice; PSRTEC = pre-sweetened ready-to-eat cereal; MPF = meat, poultry, fish; RTEC = ready-to-eat cereal,
SD = soft drinks
Covariates: Age, gender, race/ethnicity, poverty income ratio grouped into three categories as (< 1.25, 1.25-3.49, and > 3.49), physical activity level
(sedentary, moderate and vigorous), alcohol intake (g/d), energy intake for nutrient related variables, ratio of reported energy intake to predicted energy
intake from 10M equations (predicted energy intake is TEE for overweight children and EER otherwise).
2Vitamin D = D2 + D3

*  Statistically different from No Breakfast; with the Bonferroni correction effective p < 0.0042; { not statistically different from No Breakfast
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Table 5. Weight parameters by breakfast pattern in children 2—-18 years of age participating in 2001-2008 NHANES.

% Pattern Weight (kg) BMI BMI Overweight ~ Obese Overweight/Ob
Z-SCore ese

LSM+SE  LSMA4SE  LSM4SE %=SE %=+SE %=+SE

1 21.81  Gr/LFM/Sweets/FJ 424404 1974017 0.440.04" 16+ 144 302

2 18.65 No Breakfast 449405  20.640.2  0.620.04 17+ 19+ 3642

3 15.17 PSRTEC/LFM 43345 199402  05#0.1 1642 1642 32482

4 820 Gr 437408 201402  0.5#0.1 1942 1742 3643

5 6.67  Eggs/Gr/MPF/F] 4461407 204402  0.540.1 1342 1942 3242

6 6.53 PSRTEC/whole milk 414407 193403 02401 104" 1442 2543

7 6.10 RTEC/LFM 4264.8 198403  0.440.1 112" 1542 2643
Soft .

8 587 Links/Fl/GrPotatoes 231207 200402 04401 1542 1442 2942

9 4.14 RTEC/Whole Milk 415404 19.340.2° 02401 1342 102" 232"

10 354  MPF/Gr/FJ 428409  20.040.4 04401 1342 1843" 304+

Cooked * * * N

11 252 L IMiIE 414107 194402° 0.320.1 1644 8+ 2344

12 0.79  Whole Fruit 4554.8 20145  0.640.2 2145 1544 3647

Covariates: age, gender, race/ethnicity, poverty income ratio grouped into three categories as (< 1.25, 1.25-3.49, and >3.49), current
physical activity level (sedentary, moderate and vigorous), alcohol intake (g/d), and energy

* = significantly different from no breakfast at p< 0.0042
Abbreviations: LSM = least square mean; SE = standard error; Gr = grain; LFM = lower fat milk; FJ = fruit juice; PSRTEC =
pre-sweetened ready-to-eat cereal; MPF = meat, poultry, fish; RTEC = ready-to-eat cereal
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3.2. Energy, Protein, Nutrient Intake, and Diet Quality

Table 3 presents the absolute intake of energy, protein, and nutrients to limit for the breakfast
meal only and for the entire day. To help the reader understand the contribution of the breakfast meal
to the entire day’s intake, the energy and nutrients have been converted to percentages in this section.
The percent energy contributed by the breakfast meal to the daily total varied widely among those
consuming different breakfast patterns. The Whole Fruit breakfast pattern was associated with the
lowest (6%) and MPF/Gr/FJ breakfast pattern was associated with the highest (25%) percent of daily
energy intake. A Whole Fruit breakfast also contributed the lowest percent protein (2%), added
sugars (3.6%), SFA (0.3%), solid fat (3%), cholesterol (3%) and sodium (2%) to the daily intake of
these nutrients. The percent of protein contributed by the breakfast meal to the daily total was highest
among consumers of the Eggs/Grain/MPF/FJ breakfast pattern (30%). A Soft Drink/FJ/Grain/Potatoes
breakfast contributed the highest percent intake of added sugars (24%) to the daily intake. An
Eggs/Grain/MPF/FJ breakfast contributed the highest (31%) percent total daily intake of SFA and
cholesterol (73%). The MPF/Gr/FJ breakfast pattern contributed the highest (36%) percent total daily
intake of solid fat and sodium (32%).

Table 4 presents the absolute intake of nutrients of public health concern and shortfall nutrients
for the breakfast meal only and for the entire day. To help the reader understand the contribution of
the breakfast meal to the entire day’s intake, the energy and nutrients have been converted to
percentages in this section. For the breakfast meal only, consumers of all breakfast patterns had
higher intakes of all nutrients examined than breakfast skippers, except for those consuming the
Whole Fruit breakfast pattern — they had a vitamin A intake which was not different from breakfast
skippers. The Cooked Cereal/Milk/FJ breakfast contributed the highest (29%) and the
Eggs/Grain/MPF/FJ breakfast contributed the lowest (13%) percent fiber to the daily intake of
dietary fiber. Except for the Cooked Cereal/Milk/FJ pattern, only the breakfast patterns with milk
(PSRTEC/LFM; PSRTEC/Whole Milk; RTEC/LFM; RTEC/Whole Milk) contributed high
percentages of vitamin D to the daily intake. The Whole Fruit pattern contributed the lowest
percentage (0.6%) of calcium to the total daily intake; and the Grain pattern contributed the lowest
percentage of potassium (11%) to the total daily intake.

For the entire day, energy intake ranged from approximately 1630 Kkcals/day for those
consuming the Whole Fruit breakfast pattern to 2270 kcals/day for those consuming the
MPF/Grain/FJ breakfast pattern (Table 3). For those in all patterns, except those in the Whole Fruit
breakfast pattern, higher daily energy intakes were seen compared to breakfast skippers. Mean daily
protein intake for those consumers of all breakfast patterns, except Grains and Whole Fruit, was
higher than that seen among breakfast skippers. For those in the 12 breakfast patterns, daily intake of
added sugars ranged from approximately 19-24 tsp/day. For those in the Grain/LFM/Sweets/FJ,
Eggs/Grain/MPF/FJ, and RTEC/Whole Milk breakfast patterns, daily intake of added sugars was
lower than that seen among breakfast skippers. Only the consumers of the PSRTEC/LFM breakfast
pattern had a lower daily intake of SFA than breakfast skippers; whereas, consumers of the
Eggs/Grain/MPF/FJ, RTEC/Whole Milk, and MPF/Grain/FJ breakfast patterns had a higher daily
intake of SFA than breakfast skippers. Only consumers of the Eggs/Grain/MPF/FJ and the
MPF/Grain/FJ breakfast patterns had higher in total sodium intakes than breakfast skippers.

When total mean daily intake of dietary fiber was considered, those consuming the
PSRTEC/LFM, RTEC/LFM, Cooked Cereal/Milk/FJ, and Whole Fruit breakfast patterns consumed
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more dietary fiber than breakfast skippers (Table 4); however, mean intake of consumers of all
breakfast patterns was low. When mean daily Vitamin D intake by consumers of the breakfast
patterns were compared with breakfast skippers, only those placed in the Grain, Soft
Drinks/FJ/Grain/potatoes, MPF/Grain /FJ, and Whole Fruit breakfast patterns did not have higher
intakes of Vitamin D intake than breakfast skippers. Consumers in all breakfast patterns except Grain,
MPF/Grain/FJ, and Whole Fruit had higher mean daily intakes of calcium than breakfast skippers.
Consumers in all breakfast patterns except Grain (lower than breakfast skippers) and MPF/Grain/FJ
(not different from breakfast skippers) had higher intakes of potassium than breakfast skippers. Also
presented in Table 4 are daily intakes of shortfall nutrients, by those in the different breakfast
patterns compared with breakfast skippers. Only consumers in the Grain, MPF/Grain/FJ, and Whole
Fruit breakfast patterns did not have daily intakes of vitamin A that were higher than breakfast
skippers; whereas, only consumers in the Soft Drink/FJ/Grain/Potatoes breakfast pattern had a higher
mean intake of vitamin C than breakfast skippers. For folate, iron, and magnesium, consumers of the
Gr/LFM/sweets/FJ, PSRTEC/LFM, PSRTEC/Whole Milk, RTEC/LFM, RTEC/Whole Milk, and
Cooked Cereal/Milk/FJ breakfast patterns had higher intakes than breakfast skippers. Finally,
consumers of the Whole Fruit breakfast pattern also had higher intakes of magnesium, when
compared with breakfast skippers.

3.3. Overall Diet Quality

Figure 1 shows the HEI-2005 by breakfast pattern. On average, HEI-2005 scores were low, with
consumers of the breakfast patterns (No Breakfast, Grain, Eggs/Grain/MPF/FJ, PSRTEC/Whole
Milk, Soft Drinks/FJ/Grain/Potatoes, and MPF/Grain/FJ) showing a total daily score of less than 50
(out of a maximum of 100). Those consuming the breakfast patterns: Grain/LFM/sweets/FJ,
PSRTEC/LFM, RTEC/LFM, Cooked Cereal/Milk/FJ, and Whole Fruit, had higher HEI-2005 scores
than breakfast skippers; whereas, those consuming the MPF/Grain/FJ breakfast pattern had a lower
HEI-2005 score than breakfast skippers.

3.4. Weight Parameters

Table 5 shows weight (kg), BMI, BMI z-score, and the percentage of the population that were
overweight, obese, or overweight or obese by breakfast pattern. Mean BMI z-scores were lower
among consumers of five of the breakfast patterns, Grain/LFM/Sweets/FJ, PSRTEC/Whole Milk,
Soft Drinks/FJ/Grain/Potatoes, RTEC/Whole Milk, and Cooked Cereal/Milk/FJ, when compared to
breakfast skippers. The percentage of overweight or obese children was lower in consumers of four
of the breakfast patterns, PSRTEC/Whole Milk, RTEC/LFM, RTEC/Whole Milk, and Cooked
Cereal/Milk/FJ when compared with breakfast skippers.

Those consuming the Grain/LFM/Sweets/FJ (Odds Ratio [OR]: 0.73; 95" CI [Confidence
Interval]: 0.55-0.98), PSRTEC/Whole Milk (OR: 0.57; 95™ CI: 0.37-0.88), RTEC/LFM (OR: 0.63; 95"
Cl: 0.41-0.98), or RTEC/Whole Milk (OR: 0.54; 95™ CI: 0.35-0.83) breakfast patterns were 27%, 43%,
37%, or 46%, respectively less likely to be overweight or obese than breakfast skippers (Figure 2).
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Figure 1. Healthy Eating Indices by Breakfast Cluster for children 2-18 years of age participating
in the 2001-2008 National Health and Nutrition Examination Survey. Asterisk means that values
are significantly different from No Breakfast (Pattern 2)—Bonferroni corrected p = 0.0042.

Breakfast Patterns: 1 = Grain/Lower Fat Milk/Sweets/Fruit Juice (FJ); 2 = No Breakfast; 3 = Pre-sweetened
ready-to-eat cereal (PSRTEC)/Lower Fat Milk; 4 = Grains; 5 = Eggs/Grain/Meat, Poultry, Fish
(MPF); 6 = PSRTEC/Whole Milk; 7 = RTEC/Lower Fat Milk; 8 = Soft Drinks/FJ/Grain/Potatoes;
9 = RTEC/Whole Milk; 10 = MPF/Grain/FJ; 11 = Cooked Cereal/Milk/FJ; 12 = Whole Fruit.
Covariates: Age, gender, race/ethnicity, poverty income ratio grouped into three categories as (<1.25,
1.25-3.49, and >3.49), current smoking status (yes/no) (adults only), physical activity level
(sedentary, moderate and vigorous), alcohol intake (g/d). Note that energy was not used as a
covariate since the HEI score itself is controlled for energy.

Abbreviations: Gr= Grain; LFM = lower fat milk; FJ = Fruit Juice; PSRTEC = presweetened
ready-to-eat-cereal; MPF = meat, poultry, fish; WM = whole milk; RTEC = ready-to-eat

cereal

*Significantly different from no breakfast; Bonferroni corrected, p < 0.0042
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Figure 2. Odds ratios of breakfast patterns (compared with No Breakfast, Pattern 2) for overweight
or obese children; an * indicates a significant (p < 0.0042) lower risk of overweight or obesity.

Breakfast Patterns: 1 = Grain/Lower Fat Milk/Sweets/Fruit Juice (FJ); 2 = No Breakfast; 3 = Pre-sweetened
ready-to-eat cereal (PSRTEC)/Lower Fat Milk; 4 = Grains; 5 = Eggs/Grain/Meat, Poultry, Fish
(MPF); 6 = PSRTEC/Whole Milk; 7 = RTEC/Lower Fat Milk; 8 = Soft Drinks/FJ/Grain/Potatoes;
9 = RTEC/Whole Milk; 10 = MPF/Grain/FJ; 11 = Cooked Cereal/Milk/FJ; 12 = Whole Fruit.
Data source: 2001-2008 National Health and Nutrition Examination Survey, children 2—-18 years of
age.

Covariates: age, gender, race/ethnicity, poverty income ratio, physical activity, and alcohol intake.
4. Discussion

A novel contribution of this study was the identification of 12 distinct breakfast patterns and
their differential association with nutrient intakes, diet quality, and weight in children. This study
showed that nearly 19% of the population skipped breakfast (No Breakfast Pattern); 11 specific
breakfast patterns consumed by children were also identified. Mean nutrient consumption among the
consumers assigned to the different patterns varied both for the breakfast meal and for the day; not
all patterns differed significantly from breakfast skippers. Diet quality also varied among the
breakfast consumption patterns. Only consumers of breakfast patterns characterized by cereal or
grain intake (Gr/LFM/Sweets/FJ; PSRTEC/whole milk; RTEC/whole milk; Cooked Cereal/Milk/FJ),
ironically except the actual “Grains,” pattern, which included primarily sweetened grains such as
doughnuts, cinnamon buns, and muffins and the RTEC with LFM pattern, had lower mean BMI
values than breakfast skippers.

Breakfast consumers have been shown repeatedly to have higher daily intakes of vitamins and
minerals, than non-consumers [1-6, 19, 20, 22, 21, 23-26]. The previous literature suggests that
children who skip breakfast may not make up for missed nutrients during the day [20], underscoring
the importance of the breakfast meal. However, our study suggested this was true for consumers of
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some breakfast patterns, but not all. Consumers of the majority of breakfast patterns had higher daily
intakes of most nutrients of public health concern, as defined by the 2010 DGA [48], as well as some
potentially underconsumed nutrients by some sub-populations [48] when compared with breakfast
skippers. The varying results with different breakfast patters suggested that the composition of the
breakfast meal is important. This finding was not surprising since the foods contributing the highest
levels of energy in the Grain pattern were breakfast tarts, doughnuts, pancakes and waffles, pizza,
and noodle soups. The foods contributing the highest levels of energy in the MPF/Grain/FJ pattern
were sausage biscuits, pork sausage, whole milk, French fries, bacon, and sausage and full-fat cheese
on English muffins. These foods tend to be energy dense and may contribute high levels of nutrients
to limit, such as SFA and sodium.

In this study, the finding that children who consumed RTEC, including PSRTEC, breakfast patterns
had high intakes of most micronutrients of concern confirmed results from other studies [3, 22, 23, 25-27].
Virtually all RTEC are vitamin and mineral fortified, so these results were not surprising. Further,
consumption of RTEC has been shown to increase consumption of fluid milk [22], which contributes
vitamins A and D, calcium, and potassium to the diet.

None of the breakfast patterns showed a mean daily intake of added sugars that exceeded the
Institute of Medicine’s threshold of 25% of energy [55]. This included the patterns with PSRTEC,
soft drinks, and sweets suggesting a moderate intake of these foods or consumption of foods lower in
added sugars throughout the day. It should be noted however, that the mean intake of added sugars
ranged from 13% (MPF/Grain/FJ) to 21% (breakfast skippers). Consumers of all patterns, including
the No Breakfast pattern, exceeded the total daily recommendations for percent energy from SFA [55]
and for sodium [56], suggesting that even those children consuming breakfast patterns characterized
by foods low in these nutrients, such as those patterns including LFM, RTEC or cooked cereal, and
fruit or FJ, need to reduce intake of foods high in SFA and sodium at other meals and snacks
throughout the day.

Results from this study suggested that simply consuming breakfast was not associated with a
higher diet quality when compared with breakfast skippers, but that the specific foods or food groups
consumed at the breakfast meal may have influenced total diet quality. It is also possible that those
consuming foods generally regarded as “healthy” at the breakfast meal have an overall “healthier”
eating pattern throughout the day; although overall, children had poor diet quality, regardless of the
breakfast pattern consumed. Further studies are needed to confirm this. There is no standard
definition of a high quality or nutrient-dense breakfast, despite the recommendation from the 2010
DGA to consume a “nutrient-dense” breakfast. The 2010 DGA provide no recommendations for
consumption of specific nutrients or foods to be consumed at breakfast [48]. There have been some
attempts have been made to define a “high-quality” breakfast. A study of adolescents [57] used
quantitative and qualitative aspects of breakfast foods, the frequency of breakfast consumption, and
the energy contribution of the breakfast meal to designate a breakfast score for defining three
groups: no breakfast, or a “low quality” breakfast, or a “good/excellent quality” breakfast. Those
consuming “good quality” breakfasts had higher intakes of bread, fruit, vegetables, milk, and FJ
and lower intakes of soft drinks than those consuming “low quality breakfasts” [57]. Another
study defined “high-quality breakfasts” as those including whole grain, fruit or FJ, and low-fat
milk products or other sources of calcium [58].

In this study, children consuming breakfast patterns with significantly higher overall diet quality,
when compared with breakfast skippers were generally those patterns that included grains, LFM, and
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fruit or FJ. In adults, it has been shown that good diet quality is essential to lowering the risk of
all-cause mortality, cardiovascular disease, and cancer [59-61]. One would assume that the same
reduction of cardiovascular disease risk would be true in children, especially adolescents; however,
this has not been well studied. One study showed that scores on the dietary guideline index for
children and adolescents were associated with nutrient intake, but not adiposity [62]. In a study of
adolescents, a “healthy diet” coupled with physical activity has been shown to be associated with a
decreased cardiovascular disease risk [63]. Finally, Papoutsou, et al. [5] showed that females, but not
males, who consumed breakfast, had lower levels of cardiovascular risk factors than breakfast
skippers.

Most [1, 3-9, 19, 21, 22-25], but not all [64], studies have shown that consumption of breakfast
has been associated with lower weight parameters in children. Our study showed that those
consuming some, but not all, of the breakfast patterns in this study had lower BMI z-scores than
breakfast skippers. This is consistent with others who have made initial attempts to characterize the
type of breakfast consumed with weight or adiposity parameters. Deshmukh-Taskar, et al. [3] in a
study of children 9-18 years with breakfast skippers, and RTEC or “other breakfast” consumers the
breakfast skippers had the highest weight, followed by those consuming “other breakfasts,” and then
by RTEC consumers. Fern&dez Morales, et al. also showed an inverse association between BMI
and consumption of calcium, fiber, dairy products, and cereal; they concluded that weight was
related to “breakfast quality” [65]. Cho, et al. [66] found similar results, using NHANES III data,
although their study also included adults.

Deshmukh-Taskar, et al. [3] suggested multiple reasons for the association between breakfast
consumption and lower weight, including rebound overeating at other meals, diet induced thermogenesis,
or consumption of more evenly distributed energy intake throughout the day. Although these reasons are
plausible, the amount of energy and potentially specific foods consumed at breakfast and throughout the
day clearly influence the association between breakfast consumption and weight and these associations
have not been well studied.

Examining the consumption of the individual breakfast patterns with the daily total nutrient
intake was of particular interest. Consumption of a “Whole Fruit” breakfast pattern gives the
impression it would be inherently “healthy” and associated with an overall positive nutrient intake
and weight status; however, this pattern contributed little to daily nutrient intake among consumers
and had a prevalence of overweight/obese of 36%, which was not different from that seen in
breakfast skippers. These findings also suggest that further studies are needed to determine
associations of consumption of different breakfast patterns or breakfast skipping with gender,
behavioral considerations, or socioeconomic status; the source of the breakfast meal (i.e. at home, at
school, or at fast food restaurants); the association of specific breakfast foods/meals and subsequent
intake throughout the day; and barriers to breakfast consumption in children. In this way, it may be
able to determine more fully the importance of breakfast and its relationship to health.

Study Strengths and Limitations: NHANES is the largest available nationally representative
surveillance program in the US and allows use of a very large sample size. Use of pattern analysis to
determine breakfast clusters is a novel approach to the study of the breakfast meal. Limitations of
this study are that NHANES data are cross-sectional; thus, cause and effect cannot be inferred. A
recent meta-analysis cautioned about over-interpretation of results from cross-sectional studies that
have examined breakfast consumption and weight [67]. Twenty-four hour dietary recalls have a
series of inherent limitations: they may not reflect usual intake and they are memory dependent,
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which may lead to under-or over-reporting; however, a single 24-hour recall is sufficient to report
mean group intake [68]. For children two to 11 years, proxies reported or assisted with the 24-hour
recalls. Proxies, usually parents, can often report accurately what their children eat at home [69];
however, they may not know what they eat outside the home [70], which could result in reporting
errors [71]. Use of standardized recipe files and food composition databases can also increase error
when examining nutrient intake [72].

This study, as are all studies of breakfast, was limited by the lack of a standard definition of
“breakfast” and of “breakfast skippers” [30]. In this study breakfast was self-defined; further,
categorization of a child into a breakfast pattern or as a breakfast skipper was based on consumption
the day of the recall only with may have led to misclassification of children into a particular
breakfast pattern or as a breakfast skipper. The association of consumption of individual breakfast
patterns on total daily intake may not reflect the breakfast patterns per se, but may be the result of
what is consumed throughout the day. Lastly, there is a potential for residual confounding or to other
variables not measured in the NHANES [73].

5. Conclusion

These data indicate that the breakfast meal has the potential to be an important meal and
generally makes a positive contribution to nutrient intake, diet quality, and weight/adiposity
parameters, but that care should be taken by individuals to select nutrient-dense foods, such as
fruit/FJ, LFM, and fortified grain foods low in fat and added sugars. It is also important to integrate
this type of nutrient-dense breakfast with an overall healthy eating plan [74]. These results, as well as
the inverse association with weight and adiposity measures shown in consumers placed in some
patterns, need further study to determine how breakfast meals influence energy, nutrient, and food
group intakes and the timing of meals/snacks throughout the day.

Acknowledgements

This work is a publication of the USDA/ARS Children’s Nutrition Research Center, Department
of Pediatrics, Baylor College of Medicine, Houston, Texas. The contents of this publication do not
necessarily reflect the views or policies of the USDA, nor does mention of trade names, commercial
products, or organizations imply endorsement from the U.S. government. Partial support was
received from the United States Department of Agriculture/ Agricultural Research Service
(USDA/ARS) through specific cooperative agreement 58-3092-5-001 and from the USDA Hatch
Project LAB 94209. Partial support was also received from the Kellogg’s Corporate Citizenship
Fund.

Conflict of Interest

At the time this manuscript was written CO’N was a member of the Kellogg’s Breakfast
Council; neither the Breakfast Council nor any of the funding agencies had input into the study
design or interpretation of the data. The authors declare that they have no involvements that might
raise the question of bias in the work reported or in the conclusions, implications, and opinions stated
(other than those already listed) and have no involvements that might raise the question of bias in the

AIMS Public Health Volume 2, Issue 3, 441-468



461

work reported or in the conclusions, implications, and opinions stated. All authors contributed
equally to this manuscript. TAN, CO’N, and VLF planned the study; VLF conducted the statistical
analyses; TAN, CO’N, and VL interpreted the data; CO’N wrote the original draft of the manuscript;
TAN and VLF edited this manuscript.

References

1. Affenito SG, Thompson DR, Barton BA, et al. (2005) Breakfast consumption by African-American
and white adolescent girls correlates positively with calcium and fiber intake and negatively with
body mass index. J Am Diet Assoc. 105: 938-945.

2. Matthys C, De HS, Bellemans M, et al. (2007) Breakfast habits affect overall nutrient profiles in
adolescents. Public Health Nutr. 10: 413-421.

3. Deshmukh-Taskar PR, Nicklas TA, O'Neil CE, et al. (2110) The relationship of breakfast skipping
and type of breakfast consumption with nutrient intake and weight status in children and adolescents:
the National Health and Nutrition Examination Survey 1999-2006. J Am Diet Assoc. 110: 869-788

4. Utter J, Scragg R, Mhurchu CN, et al. (2007) At-home breakfast consumption among New Zealand
children: associations with body mass index and related nutrition behaviors. J Am Diet Assoc. 107:
570-576.

5. Papoutsou S, Briassoulis G, Hadjigeorgiou C, et al. (2014) The combination of daily breakfast
consumption and optimal breakfast choices in childhood is an important public health message. Int J
Food Sci Nutr. 65: 273-279.

6. Barton BA, Eldridge AL, Thompson D, et al. (2005) The relationship of breakfast and cereal
consumption to nutrient intake and body mass index: The National Heart, Lung, and Blood Institute
Growth and Health Study. J Am Diet Assoc. 105: 1383-1389.

7. Timlin MT, Pereira MA, Story M, et al. (2008) Breakfast eating and weight change in a 5-year
prospective analysis of adolescents: Project EAT (Eating Among Teens). Pediatrics 121: e638-45.

8. Sandercock GR, Voss C, Dye L. (2010) Associations between habitual school-day breakfast
consumption, body mass index, physical activity and cardiorespiratory fitness in English
schoolchildren. Eur J Clin Nutr. 64: 1086-1092.

9. Baldinger N, Krebs A, MUler R, et al. (2012) Swiss children consuming breakfast regularly have
better motor functional skills and are less overweight than breakfast skippers. J Am Coll Nutr. 31:
87-93.

10. Berkey CS, Rockett HR, Gillman MW, et al. (2003) Longitudinal study of skipping breakfast and
weight change in adolescents. Int J Obes Relat Metab Disord. 27: 1258-1266.

11. Lazarou C, Matalas AL. (2014) Breakfast intake is associated with nutritional status, Mediterranean
diet adherence, serum iron and fasting glucose: the CYFamilies study. Public Health Nutr. Oct 7:1-9.
[Epub ahead of print]

12. Godin G, Anderson D, Lambert LD, et al. (2005) Identifying factors associated with regular physical
activity in leisure time among Canadian adolescents. Am J Health Promo. 20: 20-27.

13. Maffeis C, Fornari E, Surano MG, et al. (2012) Breakfast skipping in prepubertal obese children:
hormonal, metabolic and cognitive consequences. Eur J Clin Nutr. 66: 314-321.

14. Cooper SB, Bandelow S, Nevill ME. (2011) Breakfast consumption and cognitive function in
adolescent schoolchildren. Physiol Behav. 103: 431-439.

AIMS Public Health Volume 2, Issue 3, 441-468



462

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

United States Department of Agriculture. What We Eat in America 2011-2012. Available from:
http://www.ars.usda.gov/SP2UserFiles/Place/12355000/pdf/0708/Table_13 BRK_GEN_07.pdf.
http://www.ars.usda.gov/Services/docs.htm?docid=18349. Accessed February 25, 2015.

Nicklas TA, Morales M, Linares A, et al. (2004) Children's meal patterns have changed over a
21-year period: the Bogalusa Heart Study. J Am Diet Assoc. 104: 753-761.

Lake AA, Mathers JC, Rugg-Gunn AJ, et al. (2006) Longitudinal change in food habits between
adolescence (11-12 years) and adulthood (32—33 years): The ASH30 Study. J Public Health
(Oxford). 28: 10-16.

Williams PG. (2007) Breakfast and the diets of Australian children and adolescents: an analysis of
data from the 1995 National Nutrition Survey. Int J F Sci Nutri. 58: 201-216.

Nicklas TA, Reger C, Myers L, et al. (2000) Breakfast consumption with and without
vitamin-mineral supplement use favorably impacts daily nutrient intake of ninth-grade students. J
Adolesc Health. 27: 314-321.

Nicklas TA, Bao W, Webber LS, et al. (1993) Breakfast consumption affects adequacy of total daily
intake in children. J Am Diet Assoc. 93: 886-891.

Dubois L, Girard M, Potvin Kent M, et al. (2009) Breakfast skipping is associated with differences
in meal patterns, macronutrient intakes and overweight among pre-school children. Public Health
Nutr. 12: 19-28.

Song WO, Chun OK, Kerver J, et al. (2006) Ready-to-eat breakfast cereal consumption enhances
milk and calcium intake in the US population. J Am Diet Assoc. 106: 1783-1789.

Albertson AM, Affenito SG, Bauserman R, et al. (2009) The relationship of ready-to-eat cereal
consumption to nutrient intake, blood lipids, and body mass index of children as they age through
adolescence. J Am Diet Assoc. 109: 1557-1565.

Albertson AM, Thompson D, Franko DL, et al. (2008) Consumption of breakfast cereal is
associated with positive health outcomes: evidence from the National Heart, Lung, and Blood
Institute Growth and Health Study. Nutr Res. 28: 744-752.

Albertson AM, Anderson GH, Crockett SJ, et al. (2003) Ready-to-eat cereal consumption: its
relationship with BMI and nutrient intake of children aged 4 to 12 years. J Am Diet Assoc. 103:
1613-1619.

Balvin Frantzen L, Trevifo RP, Echon RM, et al. (2013) Association between frequency of
ready-to-eat cereal consumption, nutrient intakes, and body mass index in fourth- to sixth-grade
low-income minority children. J Acad Nutr Diet. 113: 511-5109.

Albertson AM, Thompson DR, Franko DL, et al. (2011) Weight indicators and nutrient intake in
children and adolescents do not vary by sugar content in ready-to-eat cereal: results from National
Health and Nutrition Examination Survey 2001-2006. Nutr Res. 31:229-236.

O’Neil CE, Zanovec M, Nicklas TA, et al. (2012) Pre-Sweetened and Non-Pre-Sweetened
Ready-to-Eat Cereals Improve Nutrient Intake and Diet Quality without Increasing Body Weight of
Children and Adolescents: The National Health and Nutrition Examination Survey 1999-2002. Am J
Lifestyle Medicine. 6: 60-71.

Miller KB, Liska DJ, Fulgoni VL. (2013) The Association Between Body Metrics and Breakfast
Food Choice in Children. ICAN: Infant, Child, & Adolescent Nutrition. 5: 43-50.

O'Neil CE, Nicklas TA, Fulgoni VL 3rd. (2014) Nutrient intake, diet quality, and weight/adiposity
parameters in breakfast patterns compared with no breakfast in adults: National Health and Nutrition
Examination Survey 2001-2008. J Acad Nutr Diet. 114(12 Suppl):S27-43.

AIMS Public Health Volume 2, Issue 3, 441-468


http://www.ars.usda.gov/SP2UserFiles/Place/12355000/pdf/0708/Table_13_BRK_GEN_07.pdf
http://www.ars.usda.gov/Services/docs.htm?docid=18349

463

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Centers for Disease Control and Prevention. National Health and Nutrition Examination Survey.
NHANES 2007-2008 Public Data General Release File Documentation, 2009. Available at:
http://www.cdc.gov/nchs/nhanes/nhanes2007-2008/generaldoc_e.htm. Accessed March 5, 2015.
United States Department of Health and Human Services. Centers for Disease Control and Prevention.
National Center for Health Statistics. National Health and Nutrition Examination Survey, 2013-2014.
Available at: http://mwww.cdc.gov/nchs/data/nhanes/nhanes_13 14/2013-14 overview_brochure.pdf.
Accessed March 5, 2015.

Centers for Disease Control and Prevention. National Center for Health Statistics. National Health and
Nutrition Examination Survey. Questionnaires, Datasets, and Related Documentation. Available at:
http://mww.cdc.gov/nchs/nhanes/nhanes_questionnaires.htm. Accessed March 5, 2015.

United States Department of Health and Human Services. Centers for Disease Control and Prevention.
National Center for Health Statistics. National Health and Nutrition Examination Survey, NHANES
Response Rates and Population Totals. Available at:
http://www.cdc.gov/nchs/nhanes/response_rates_cps.htm.

Centers for Disease Control and Prevention, National Center for Health Statistics. The National Health
and Nutrition Examination Survey (NHANES) analytic and reporting guidelines. Available at:
http://mwww.cdc.gov/nchs/nhanes/analytic_guidelines.htm. Accessed March 5, 2015.

NHANES: Is my survey information confidential? Available at:
http://mww.cdc.gov/nhanes/pQuestions.htm#. Accessed March 5, 2015.

US Department of Health & Human Services. Office of Extramural Research. Available at:
http://grants.nih.gov/grants/policy/hs/hs_policies.htm. Accessed March 5, 2015.

Centers for Disease Control and Prevention, National Center for Health Statistics. The National Health
and Nutrition Examination Survey 2007-2008 Data Documentation, Codebook, and Frequencies.
Demographic variables and sample weights. Auvailable at:
http://mww.cdc.gov/nchs/nhanes/nhanes2007-2008/demo_e.htm. Accessed March 5, 2011.

Moshfegh AJ, Rhodes DG, Baer DJ, et al. (2008) The US Department of Agriculture Automated
Multiple-Pass Method reduces bias in the collection of energy intakes. Am J Clin Nutr. 88:324-332.
Blanton CA, Moshfegh AJ, Baer DJ, et al. (2006) The USDA Automated Multiple-Pass Method
accurately estimates group total energy and nutrient intake. J Nutr. 136:2594-2599.

NHANES. MEC In-Person Dietary Interviewer’s Procedure Manual. Available at:
http://mwww.cdc.gov/nchs/data/nhanes/nhanes_03_04/DIETARY_MEC.pdf.

Accessed March 5, 2015.

The United States Department of Agriculture. Agricultural Research Service. Food and Nutrient
Database for Dietary Studies. Available at: http://mww.ars.usda.gov/services/docs.htm?docid=12089.
Accessed March 4, 2015.

U.S. Department of Agriculture, Food and Nutrition Service. WIC Food Packages - Regulatory
Requirements for WIC-Eligible Foods. Breakfast Cereals. Available at:
http://www.fns.usda.gov/wic/wic-food-packages-regulatory-requirements-wic-eligible-foods#BREAK
FAST CEREAL. Accessed March 5, 2015.

U.S. Food and Drug Administration Code of Federal Regulations. Title 21. Department of Health and
Human Services website. Available at:
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=101.30 Accessed March 5,
2015.

AIMS Public Health Volume 2, Issue 3, 441-468


http://www.cdc.gov/nchs/nhanes/nhanes2007-2008/generaldoc_e.htm
http://www.cdc.gov/nchs/data/nhanes/nhanes_13_14/2013-14_overview_brochure.pdf
http://www.cdc.gov/nchs/nhanes/nhanes_questionnaires.htm
http://www.cdc.gov/nchs/nhanes/response_rates_cps.htm
http://www.cdc.gov/nchs/nhanes/analytic_guidelines.htm
http://www.cdc.gov/nhanes/pQuestions.htm
http://grants.nih.gov/grants/policy/hs/hs_policies.htm
http://www.cdc.gov/nchs/nhanes/nhanes2007-2008/demo_e.htm
http://www.cdc.gov/nchs/data/nhanes/nhanes_03_04/DIETARY_MEC.pdf
http://www.ars.usda.gov/services/docs.htm?docid=12089
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=101.30

464

45.

46.

47.

48.

49.

50.

Sl

52.

53.

4.

55.

56.

S7.

58.

59.

United States Department of Agriculture. Choose MyPlate. Available at:
http://www.choosemyplate.gov/weight-management-calories/calories/added-sugars.html. Accessed
March 3, 2015.

Friday JE, Bowman SA. MyPyramid Equivalents Database for USDA Survey Food Codes,
1994-2002, Version 1.0. Available at:
http://www.ars.usda.gov/SP2UserFiles/Place/80400530/pdf/mped/mped1_doc.pdf. Accessed March 5,
2015.

Bowman SA, Friday JE, Moshfegh A. MyPyramid Equivalents Database, 2.0 for USDA Survey
Foods, 2003-2004. 2008. Available at:
http://www.ars.usda.gov/SP2UserFiles/Place/80400530/pdf/mped/mped2_doc.pdf. Accessed March 5,
2015.

United States Department of Agriculture. 2010 Dietary Guidelines for Americans. Available at:
http://www.cnpp.usda.gov/DGAs2010-PolicyDocument.htm. Accessed March 5, 2015.

Guenther PM, Reedy J, Krebs-Smith SM, et al. (2007). Development and Evaluation of the Healthy
Eating Index-2005: Technical Report. Center for Nutrition Policy and Promotion, U.S. Department of
Agriculture. Available at:
http://www.cnpp.usda.gov/sites/default/files/healthy_eating_index/HEI-2005TechnicalReport.pdf.
Accessed March 5, 2015.

U.S. Department of Agriculture, Center for Nutrition Policy and Promotion.
HEI2005_NHANES0102.txt. Available at:
http://mwww.cnpp.usda.gov/HealthyEatingIndex-2005report.htm. Accessed October 4, 2011.

National Health and Nutrition Examination Survey. Anthropometry Procedures Manual. Revised
2004. http://www.cdc.gov/nchs/data/nhanes/nhanes_03_04/BM.pdf. Accessed March 5, 2015.

Centers of Disease Control and Prevention. 2000 CDC Growth Charts for the United States: Methods
and Development. VV H S. 2002; 11: 246.

Centers for Disease Control and Prevention. Defining Childhood Overweight and Obesity. Available at:
http://www.cdc.gov/obesity/childhood/defining.html. Accessed March 5, 2015.

NHANES. Physical Activity and Physical Fitness.
http://www.cdc.gov/nchs/data/nhanes/nhanes_07_08/paq07_08_eng.pdf. Accessed March 5, 2015.
Dietary Reference Intakes for Energy, Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol, Protein, and
Amino Acids. Panel on Macronutrients. National Academy of Sciences. Institute of Medicine of the
National Academies. Available at:
http://www.nal.usda.gov/fnic/DRI/DRI_Energy/energy_full_report.pdf. Accessed March 5, 2015.
Dietary Reference Intakes: Water, Potassium, Sodium, Chloride, and Sulfate. National Academy of
Sciences. Institute of Medicine of the National Academies. Available at:
http://mww.iom.edu/Reports/2004/Dietary-Reference- Intakes-Water-Potassium-Sodium-Chloride-and-
Sulfate.aspx. Accessed March 5, 2015.

Monteagudo C, Palacin-Arce A, Bibiloni Mdel M, et al. (2013)Proposal for a Breakfast Quality Index
(BQI) for children and adolescents. Public Health Nutr. 16: 639-644.

Giovannini M, Verduci E, Scaglioni S, et al. (2008) Breakfast: a Good Habit, not a Repetitive Custom.
J Intl Med Res. 36: 613-624.

Harmon BE, Boushey CJ, Shvetsov YB, et al. (2015) Associations of key diet-quality indexes with
mortality in the Multiethnic Cohort: the Dietary Patterns Methods Project. Am J Clin Nutr. 101:
587-597.

AIMS Public Health Volume 2, Issue 3, 441-468


http://www.choosemyplate.gov/weight-management-calories/calories/added-sugars.html
http://www.ars.usda.gov/SP2UserFiles/Place/80400530/pdf/mped/mped1_doc.pdf
http://www.ars.usda.gov/SP2UserFiles/Place/80400530/pdf/mped/mped2_doc.pdf
http://www.cnpp.usda.gov/DGAs2010-PolicyDocument.htm
http://www.cnpp.usda.gov/sites/default/files/healthy_eating_index/HEI-2005TechnicalReport.pdf
http://www.cnpp.usda.gov/HealthyEatingIndex-2005report.htm
http://www.cdc.gov/nchs/data/nhanes/nhanes_03_04/BM.pdf
http://www.cdc.gov/obesity/childhood/defining.html
http://www.cdc.gov/nchs/data/nhanes/nhanes_07_08/paq07_08_eng.pdf
http://www.nal.usda.gov/fnic/DRI/DRI_Energy/energy_full_report.pdf
http://www.iom.edu/Reports/2004/Dietary-Reference-Intakes-Water-Potassium-Sodium-Chloride-and-Sulfate.aspx
http://www.iom.edu/Reports/2004/Dietary-Reference-Intakes-Water-Potassium-Sodium-Chloride-and-Sulfate.aspx

465

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.
72.

73.

74.

Reedy J, Krebs-Smith SM, Miller PE, et al. (2014) Higher diet quality is associated with decreased
risk of all-cause, cardiovascular disease, and cancer mortality among older adults. J Nutr. 144:
881-889.

Schwingshackl L, Hoffmann G. Diet Quality as Assessed by the Healthy Eating Index, the Alternate
Healthy Eating Index, the Dietary Approaches to Stop Hypertension Score, and Health Outcomes: A
Systematic Review and Meta-Analysis of Cohort Studies. J Acad Nutr Diet. 2015 Feb 10. pii:
S2212-2672(14)01871-1.

Golley RK, Hendrie GA, McNaughton SA. (2011) Scores on the dietary guideline index for children
and adolescents are associated with nutrient intake and socio-economic position but not adiposity. J
Nutr. 141: 1340-1347.

Cuenca-Garc & M, Ortega FB, Ruiz JR, et al. (2014) Combined influence of healthy diet and active
lifestyle on cardiovascular disease risk factors in adolescents. Scand J Med Sci Sports. 24: 553-562.
Kipers LK, de Pijper JJ, Sauer PJ, et al. (2014) Skipping breakfast and overweight in 2- and
5-year-old Dutch children-the GECKO Drenthe cohort. Int J Obes (Lond). 38: 569-571.

Fernadez Morales I, Aguilar Vilas MV, Mateos Vega CJ, et al. (2011) Breakfast quality and its
relationship to the prevalence of overweight and obesity in adolescents in Guadalajara (Spain). Nutr
Hosp. 26: 952-958.

Cho S, Dietrich M, Brown CJ, et al. (2003) The effect of breakfast type on total daily energy intake
and body mass index: results from the Third National Health and Nutrition Examination Survey
(NHANES 111). J Am Coll Nutr. 22: 296-302.

Brown AW, Bohan Brown MM, Allison DB. (2013) Belief beyond the evidence: using the proposed
effect of breakfast on obesity to show 2 practices that distort scientific evidence. Am J Clin Nutr. 98:
1298-308.

Thompson FE, Byers T. (1994) Dietary assessment resource manual. J Nutr. 124(11 Suppl):
2245S-2317S.

Basch CE, Shea S, Arliss R, et al. (1990) Validation of mothers' reports of dietary intake by four to
seven year-old children. Am J Public Health. 80: 1314-1317.

Baranowski T, Sprague D, Baranowski JH, et al. (1991) Accuracy of maternal dietary recall for
preschool children. J Am Diet Assoc. 91: 669-674.

Schoeller DA. (1990) How accurate is self-reported dietary energy intake? Nutr Rev. 48:373-379.
Dodd KW, Guenther PM, Freedman LS, et al. (2006) Statistical methods for estimating usual intake of
nutrients and foods: a review of the theory. J Am Diet Assoc. 106: 1640-1650.

Nicklas TA, O'Neil CE, Fulgoni VL 3rd. Differing statistical approaches affect the relation between
egg consumption, adiposity, and cardiovascular risk factors in adults. J Nutr. 2015;145(1): 170S-176S.
Freeland-Graves J, Nitzke S. (2013) Position of the Academy of Nutrition and Dietetics: Total diet
approach to healthy eating. J Acad Nutr Diet. 113, 307-317.

© 2015 Carol E. O’Neil, Theresa A. Nicklas, Victor L. Fulgoni IlI,
licensee AIMS Press. This is an open access article distributed

A1vms AIMS Press under the terms of the Creative Commons Attribution License

(http://creativecommons.org/licenses/by/4.0)

AIMS Public Health Volume 2, Issue 3, 441-468



466

Supplemental Table 1. The ten most commonly consumed foods in each breakfast
pattern consumed by children 2—18 years of age participating in NHANES 2001—-2008.

Cluster Cluster Name 10 Most Commonly Consumed Foods in Cluster (n=consumers)

1 GHLEM/Sweets/F 2% milk (n = 511),_Whole milk (n = 4§6), pancakes (n = 338), orange juice (n = 336), syrup blends (n = 246), waffle (n = 237), apple
juice (n = 227), white toast (n = 180), jelly (n = 179), 100% maple syrup (n = 177)

2 No Breakfast

3 PSRTEC/LEM 2% milk (n = 1136), 1% milk (n = 211), Froot Loops (n = 166), non-fat milk (n = 155), Frosted Flakes (n = 144), Honey Nut
Cheerios (n = 129), Cinnamon Toast Crunch (n = 103), Lucky Charms (n = 100), Orange Juice (n = 99), Fruity Pebbles (n = 81)

4 Gr Breakfast tart (n = 145), 2% milk (n = 58), table sugar (n = 47), waffle (n=45), white toast (n = 40), cake doughnut (n = 39),
soup—mostly noodles (n = 38), sweet roll (n = 38), yeast doughnut (n = 38), pancakes (n = 34)
Eggs—omelet or scrambled with fat (n = 253), fried egg (n = 196), whole milk (n = 154), eggs—omelet or scrambled with cheese (n

5 Eggs/Gr/MPF/FJ = 142), orange juice (n = 125), white toast (n = 123), bacon (n = 116), eggs—omelet or scrambled without fat (n = 116), 2% milk (n
= 112), Eggs—omelet or scrambled NS with fat (n = 76)

6 PSRTEC/Whole Milk Wholej milk (n = 1065), Froot Loops (n = 171),_ F_rosted Flakes (n = 127), milk NFS (n_: 74), Lucky Charms (n = 67), Honey Nut
Cheerios (n = 65), Apple Jacks (n = 61), orange juice (n = 58), Cocoa Puffs (n = 56), Fruity Pebbles (n = 55)

; RTEC/LEM 2% milk (n = 381), Cheerios (n = 141), 1% milk (n = 95), table sugar (n = 75), Corn flakes (n = 75), Rice Krispies (n = 66), banana
(n =52), non-fat milk (n = 52), Kix (n = 40), orange juice (n = 33)

8 Soft 2% milk (85), orange juice (n = 83), hash browns (n = 63), cola (h = 60), fruit juice drink (n = 59), low-fat fruit yogurt (n = 51),

Drink/FJ/Gr/Potatoes ketchup (n = 51), whole milk (n = 48), orange juice (n = 47), vitamin fortified fruit drink (n = 47)

9 RTEC/Whole Milk Whole milk (n = 656), Cheerios-(n = 1_12_), corn flakes [-Kellogg’s] (n= 11(?),- table sugar (n = 97), banana (n = 50), milk NFS (n =
48), corn flakes NFS (n = 40), Rice Krispies (n = 39), Kix (n = 38), orange juice (n = 28)

10 MPE/GHE] Ketchup (n = 75), whole milk (n = 69), bacon (n = 58), pork sausage (n = 53), orange juice (n = 49), white bread (n = 46), sausage

11 Cooked Cereal/Milk/FJ

12 Whole Fruit

on biscuit (n = 41), apple juice (n = 39), jelly (n = 37), pancakes (n = 36)

Instant oatmeal no fat added in cooking (n = 181), sugar (n = 79), 2% milk (n = 60), whole milk (n = 57), regular oatmeal no fat
added in cooking (n = 48), quick cooking oatmeal no fat added in cooking (n = 37), orange juice (n = 20), instant oatmeal fat added
in cooking (n = 19), brown sugar (n = 19), orange juice with calcium (n = 17)

Apple (n = 39), banana (n = 36), orange (n = 12), NS grapes (h = 8), strawberries (n = 6), mango (n = 3), tangerine (n = 3), NS
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applesauce (n = 3), table sugar (n = 3), pear (n = 2)

Abbreviations: Gr = Grain; LFM = lower fat milk; FJ = fruit juice; PSRTEC = presweetened ready-to-eat cereal; RTEC = ready-to-eat cereal; MPF = meat, poultry, fish; NS =
not specified; NFS = not further specified. In 10 most commonly consumed foods, all milk refers to cow’s fluid milk; all eggs are chicken eggs; bacon is pork bacon.

Supplemental Table 2. The ten foods in each breakfast pattern consumed by children
2—-18 years of age participating in NHANES 2001-2008 that contributed the most energy.

Cluster Cluster Name 10 Food Contributing the Most Weighted Energy (kcals)
Pancakes (68,247), Whole Milk (68,055), 2% milk (65,496), Waffle (56,182), OJ (36, 242), Syrup Blends (34,709), Breakfast Tart
(34,254), French Toast (30,000), Maple Syrup (25,471), Biscuit (24,852)

1 Gr/LFM/Sweets/FJ

2 No Breakfast

2% Milk (134,720), Frosted Flakes (27,203), Cinnamon Toast Crunch (22,805), Froot Loops (22,113), 1% Milk (20,276), Honey Nut

Cheerios (19,503), Fruity Pebbles (15,928), Lucky Charms (13,913), Cocoa Puffs (12,293), Skim Milk (11,683)

Breakfast Tart (50,919), Cake Doughnut (15,059), Cinnamon Bun (13,880), Yeast Doughnut (13,384), Waffle (12,238), Muffin

(11,650), Thin Crust Meat Pizza (10,065), Pancakes (9,998), Thick Crust Meat Pizza (9,547), Soup, Mostly Noodles (9349)

Omelet or Scrambled Egg, fat added (46,380); Cheese Omelet or Scrambled Egg (34,025); Fried Egg (29,778); Whole Milk (22,771);

5 Eggs/Gr/MPF/F] Omelet or Scrambled Egg, no fat added (20,029); Ham or Bacon Omelet or Scrambled Egg (16,523); Omelet or Scrambled Egg, NS
fat added (15,302); OJ (14,324); 2% Milk (13,812); Pancakes (12,276)

PSRTEC/Whole Whole Milk (142,172), Froot Loops (29,114), Frosted Flakes Kellogg’s (26,187), Cinnamon Toast Crunch (12,710), Frosted Flakes

6 Milk NFS (10,624), Apple Jacks (10,358), Honey Nut Cheerios (10,304), Lucky Charms (9,546), Fruity Pebbles (9,525), Cocoa Puffs
(9,037)

2% Milk (49,209), Cheerios (17,807), Cocoa (9,932), 1% Milk (9,355), Corn Flakes (9,108), Rice Krispies (8,524), Reduced fat milk

Cocoa (6,604), Banana (4,435), Skim Milk (3,757), Whole Chocolate Milk (3,698)

Soft Hash Browns (16,008), Home Fries (11,468), Cola (10,831), OJ (10,811), 2% Milk (9,317), Fruit Drink (8,606), Low fat fruit yogurt

Drink/FJ/Gr/Potatoes  (8,606), Vitamin Fortified Fruit Drink (7,529), Fruit Soft Drink (6,617), Calcium Fortified OJ (6,558)

Whole Milk (105,861), Cheerios (14,796), Corn Flakes Kellogg’s (14,337), Milk NFS (6,687), Rice Krispies (4,921), Corn Flakes

NFS (4,622), Banana (4,563), Table Sugar (3,200), Kix (3,198), Apple Juice (2,668)

10 MPF/Gr/FJ Sausage Biscuit (17,892), Pork Sausage (13,331), Whole Milk (10,804), French Fries (9,585), Bacon (8,308), Sausage & Cheese on

3 PSRTEC/LFM

4 Gr

7 RTEC/Low-Fat Milk

9 RTEC/Whole Milk
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English Muffin (7,453), Sausage (not cold cut) (6,105), White Bread (5,804), OJ (5,646), Corn Dog (5,382)

Instant Oatmeal no Fat Added in Cooking (42,943), Regular Oatmeal no Fat Added in Cooking (9,856), Quick Cooking Oatmeal no
Fat Added in Cooking (7,706), Whole Milk (6,467), Instant Oatmeal Fat Added in Cooking (5,963), 2% Fat (5,927), Table Sugar
(3,800), OJ (2,492), Regular Oatmeal Fat Added in Cooking (2,324), Whole Wheat Cereal no Fat Added in Cooking (2,160)

Banana (3,777), Apple (2,983), Orange (889), Grapes NS (577), Mango (330), Applesauce (303), Baby Food—Peaches (221),
Cantaloupe (212), Fruit Cocktail Drained Solids (197), Fruit Cocktail in Light Syrup (193)

Abbreviations: Gr = Grain; LFM = lower fat milk; FJ = fruit juice; PSRTEC = presweetened ready-to-eat cereal; RTEC = ready-to-eat cereal; MPF = meat, poultry, fish;
NS = not specified; NFS = not further specified. In 10 most commonly consumed foods, all milk refers to cow’s fluid milk; all eggs are chicken eggs; bacon is pork
bacon.

Cooked
Cereal/Milk/FJ

12 Whole Fruit
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