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B TRA T 

PRIY D HM KH-T KAR 

NATIO LP T 
TRITIO 

M Y 2010 

UMPTIO 
TIO 

The nutritional and health implication of breakfast skipping and type of breakfast 

consumed were ass ed in children (9-13 years, n=4,320) adolescents (14-18 year 

n=S,339), and young adult (19-39 year , n=S,316) via three tudies. ross-sectional 

data ets from the ational Health and utrition Examination urvey ( 1999-2006) w re 

used. 24-hour dietary recall was used to asse s self-reported breakfast/brunch 

consumption nutri nt intake nutrient adequacy and diet quality (i.e. mean adequacy 

ratio [M R] and H althy ating Index [HEI] score re pecti el . Occurrence( ) of 

overweight/obesity (among all) and the metabolic syndrome (Met ) and its related risk 

factors ( among ung adult ) ere e amined u ing anthropometric and laboratory 

measurements. o ariate-adjusted ampl - eighted means ere compared u ing anal sis 

of ariance ( ith Bon£ rroni ' correction be een breakfa t kipper B , read -to-eat 

cereal (RTE ) breakfa t con umer and other breakfast (OB) con umer . sociations 

b t en breakfa t con umption, o er 

d termined u ing co ariat -adju ted multinomial logi tic r gr ealed 

that 20.1 % childr n, 1. % adole c nt and 2 .1 % oung adult ere B · .9% 
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children, 25.4% adolescents, and 16.5% young adult w r R consum rs. Among all 

ages, compared to B and OB consumers, the mean percent en rgy intakes from total fat 

were lower and carbohydrate were higher among RT consumers. Among all ages, 

compared to BS and OB consumers, RTE consumers had higher mean intakes of dietary 

fiber and several micronutrients, and had lower mean intakes of cholesterol. Among all 

ages, the MAR for micronutrients was highest in RTEC consumers and lowest in B . In 

children/adolescents, B had a higher mean waist circumference (i.e., abdominal obesity) 

than RTEC and OB consumers. Overall obesity occurrence was higher in B than RTEC 

consumers in children/adolescents and was higher in OB than RTEC consumers in 

adolescents. Among young adults, compared to B and OB consumers, the mean total 

HEI score and its several component scores (for the intakes of whole fruits, whole grains, 

milk, and discretionary calories) were higher among R TEC consumers. mong young 

adults, compared to B and OB consumers, the mean alues for body mass index, waist 

circumference (i.e. , abdominal obesity), and tricep skinfold measurement were all lower 

among RTEC consumers. In young adults, compared to B , RTEC consumers had lo er 

mean serum total and low-density lipoprotein cholesterol concentrations and insulin 

resistance. Relati e to B and OB consumers, oung adults who consumed RTEC had 

lower odds of being o er eight/obese, ha ing abdominal obe ity and 

hyperhomocysteinemia. Thus compared to B and OB consumer RTEC con umer had 

better nutrient intakes/adequac and diet quality as ell a lo er adiposity measur and 

serum/plasma metabolic ri k factor . 
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H PT RI 

IN ROD 

Breakfa t i traditi nally con id r d as th mo t important meal of the day 

although there i ampl ci ntific vidence ugg ting the nutritional b nefits of breakfast 

consumption. The b dy ( e p cially, th brain) n d a metabolic substrate in th form of 

carbohydrate and amino acids to function optimally after an overnight fa t (Wurtman t 

al. , 2003). R gular omis ion of br akfast leads to a deer a ed intake of several nutrient 

from th diet. Previou ly, consumption of breakfast ha been associated with high r 

intakes of energy, macronutrients, and several micronutrient uch as B itamin 

(including folate) , and calcium icklas yer , Reger. Beech & Berenson, 1998; 

icklas, Reger, yer , & 0 eil , 2000). Beside nutritional benefits, se eral oth r health 

benefits of breakfast consumption ha e been propo ed ( ee Figure 1). Fore ample, 

breakfast consumption has been as ociat d ith ha ing a lo er bod mass index (B I) 

in children/adolescent ( ffenito et al. 2005· lb rt n. derson rockett & Goebel. 

2003; Barton et al. 2005) a 

2003 ; attes 2002; ong 

ell as in adults h . Di trich Brown Clark & Block. 

hun, Oba a hi , ho. hung. 2005· att t al. 2002 . 

dditionall breakfa t con umption ha been link d v ·ith impro ed cogniti e 

performance, m mor , alertne and mood in childr adole cent (Ing er n 

D fi yter K nn d ne chole , 2007 . t. ral purported b nefit f 

br akfa t con umpti n ar n t full crutiniz d in toda~ ·· r arch. Fore ampl heth r 



breakfast consumption affect di t quality, atiety, ating habits, and the occurr nee of 

metabolic disord rs is not und rstood (s e igure 1 ). 

Regular 
eating habits 

tllau 

lucreased satiety 
thau 

breakfastskipper '? 

Benefits of 

energy intake 
ch1riug tlle day 

than 
bre kfa skipp~ 

Lower 
BMI. 

waist circumfereuce. 
and risk 

for metabolic disorders 

au or 
diet quality 

thau 
breakfa~ skippers: 

Figure 1. Benefits of breakfast consumption. ate. B I = body mass index 
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Pr bl m tat m nt( ) 

D pit th b n fit , br akfa t c n umpti n t nds t d clin with 

increa ing age until y ung adulthood ( ent r 'D r Di a ontrol and Prev nti n 

ational H alth and utriti n xamination urv y, 2001-2002; Lak Math r , Rugg

unn, & Adam n, 2006). In the United tate ( ), kipping of br akfa tis mainly 

prevalent among y unger ag group , i.e. children/adolescents (9-18 year of a0 /year 

old [y ]), and young adults (20-39 y). In a previou national urvey it wa noted that in 

the year 1965, 5% of 11-14 y and 12% 15-18 y children/adolescents kipped br akfa t, 

increasing in 1991 to 20% and 30% resp ctively ( eiga-Riz, Popkin, & ar on, 1998). 

One strategy to reduc the prevalence of breakfast skipping was the introducti n of the 

ational chool Breakfast Program introduced in 1966 (Food Research and ction 

enter 2005) hich pro id children/adolesc nt ith >25% of the Recomm nded 

Dietary llowance (RD ) for se eral ke nutrient at breakfast ( e.g. , protein , calcium, 

and iron) (Ken d & Da i 1998· ood Research and ction enter nited tate 

Department of griculture chool Breakfast Program 1969-2009). lthough the chool 

Breakfast Program ha been beneficial in reducing the pre alence of breakfast kipping 

and pro iding nutriti u br akfa t meal at school to man childre adole cent Food 

Re earch and ction nter Ken d Da i 199 , not all chool participate in thi 

program. Th 19 9-2000 ational H alth and utrition amination u H E) 

tati tic ho d that the pr alenc of br akfast kipping incr as d from the past figur s 

in childr n (9-1 t 20. % and in adol cent 1 -1 to 6.1 % ong t al.. 2006 . 



Mor ov r, th habit o- br akfa t kipping if n t c rr ct d in th arly y ar f lib may 

tend top rsi t ev n during young adultho d. In th past, the Bogalu a H art tudy 

showed that 37% of its young adult participant (19-39 y) skipp d breakfast icklas t 

al., 1998). everal r a ons for skipping of breakfast are sugge ted; for example, (1) low

income, and/or singl -par nt hou ehold with inad quate mon tary resource to pr pare 

or buy breakfast (Davy, Harrell, tewart, & King, 2004; Miech et al., 2004)· (2) time 

constraints ( ween y & Horishita, 2005) for preparing and providing breakfa t for their 

children; (3) unavailability of foods for breakfa t (Malinauskas Raedeke mith 

& Dallas, 2006); ( 4) poor health and nutrition knowledge among parent as 11 as 

children/adolescent ( weeney & Horishita 2005)· and (5) eight concerns mainly 

among adole cent girl and/or oung females ( alinauskas et al., 2006 . 

Despite the high prevalence rates for breakfast skipping in younger population , 

very few studie ha e e amined the effect of breakfast skipping on health parameter 

(e.g. overweight/obe ity; metabolic syndrome [ et ] i.e. , presence of 2: 3 metabolic 

risk factors for cardio ascular disease [ D] an or type 2 diabete mellitu [T2D ] 

(Grundy et al. 2006 · and indi idual metab lie risk factor for C D T2D , and the 

et ). Pres ntl the i facing an o e eigh ob ity pidemic. The pre al nee of 

o erweight B I 2: 5th p rcentil ) and obe it B I 2: 9 th percentile) in th 

children/adole cent ha almo t tripled in the p t thr e d cade . In the time interval 

b en H II 1976-19 0 and H III (19 -199 ) tho e childr n (6-11 

ha ing a B I 2: 9 th p re ntil incr ased from an timat d 7 % to 11 % and incr a d 



from 5% to 11 % am ng 12-19 y ad I sc nt ( nters fi r Di eas ontrol and 

Prevention, 1999-2002). he curr nt prevalenc timate (from th 2003-2004 

NHAN ) indicat d that th percent of childr n/adol cents with a BMI ~ 95th 

percentile was 18.8% in 6-11 y children and 17.4% in 12-19 y adolescent (Ogden et al. , 

2006). 

Among the young adult population, the 2003-2004 HANE prevalence 

estimates indicated that 57% were overweight (BMI ~ 25) and 28.5% were obese (BMI ~ 

30) [Ogden et al., 2006]. These statistics depicted a marked increase from the HANE 

III (1988-1991) statistical figures, with 24.1% of20-29 y and 31.1% of30-39 y young 

adults who were overweight and 13.6% of20-29 y and 21.5% of 30-39 y young adults 

who were obese (Flegal, Kuczmarski & Johnson, 1998). Concomitantly, the prevalence 

of Met among young adults has also increased significantly from 13 .3% (in the 1988-

1994 HANE ) to 18.0% (in the 2003-2006 H E ) (Ervin 2009; Ford Giles & 

Mokdad 2004). 

ith the rising pre alence of ove eight/obesity and its related metabolic 

disorders more research on the role of food con umption habits in relation to them are 

crucial. For example breakfa t being the first meal of the da ma influence the intake 

of subsequent meals energy intake and metabolic profiles and it is important to examine 

the role of breakfast kipping/con umption in relation to o erweigh obe ity and its 

related metabolic di order . Further not onl kipping of breakfa t hould be con id red 

a ignificant public health c ncem, but the t pe f breakfast consumed hould also b 

5 



studi d in relation to its nutritional and h 1th b n fit among breakfa t con umer . Th 

mo t c mmonly ccurring cat gory of br kfa tis on that contains ready-to-eat 

breakfast c real(s) (RTE ). everal R available in the market are fortified with 

vitamins and minerals and are low in fat and/or high in dietary fiber (Anderson & 

Bridges, 1988; Ready-to-eat ereals, 2008). Yet, a recent national survey reported that 

about 25% of Americans (>2 y) ate breakfast away from home and in doing so, consumed 

other breakfast food (OB) that were high in total fat and cholesterol (Centers for Disease 

Control and Prevention's National Health and utrition Examination urvey, 2001-

2002). oncurrently, there is a paucity of recent studies on the nutritional and health 

benefits of types of breakfasts consumed among younger populations (i.e. , children/ 

adolescents and young adults). Hence national studies examining the role of type of 

breakfast consumption in conjunction with skipping patterns on the nutritional and health 

parameters in younger age groups are warranted. 

Rationale(s) 

Pre ious literature on the nutritional and health consequences of breakfast 

consumption habits has mainly concentrated on breakfast skippers (B ) in comparison 

with breakfast consumers icklas et al. 1998· icklas et al., 2000 . Ho e er a recent 

analysi of national surve s regarding th role of different type of breakfa t 

consumed (i.e. RTE s. B on the nutritional and health parameters (e.g. adiposi 

tatu and m tabolic risk factor ) in oung rage groups is lacking. In a pre ious 

III (198 -199 ) anal sis conducted on adults (> 1 ho et al. (2003 

6 



studi d th a ci ti n b tw n diffi r nt typ br akf: t fi d a w 11 br akfa t 

skipping and BMI; th ir r T group 1. . , 17% of 

subject ), th kipp r (i .. 20% f ubj ct ) had a ignificantly higher BMI, but a low r 

daily en rgy intak . H w v r, th auth r did n tr p rt data n intak f individual 

macro- and micr nutri nt and th ov rall nutri nt ad quacy scor (as indicat d by the 

Mean dequacy Ratio [M R] for nutri nts) with re p ct to br akfa t con umption. 

Moreo er, th r lation hip b twe n nutrient intakes, BMI, and the prevalence of 

overweight/obesity among different type of breakfast consumers in childr n/adolescents 

was not examined. hu , the first tudy in this dis ertation propo ed to in e tigat the 

relation hip of br akfast skipping and type of br akfa t consumed ith intakes of energy 

macro- and micronutri nts nutrient adequacy and adiposity tatu m 

children/adolescents u ing the recent H (1999-2006) data set ( tud I, ims 1-

2). 

Young adulthood(> 19 and< 40 et another critical period of tran ition 

from adolescence hen indi idual begin to Ii indep ndentl . on equentl , oung 

adults ma become susceptible to unhealth dieta and life tyle habits hile trying to 

cope-up ith pre ure of re ponsibilitie indep ndence and balancing famil and ork 

life. Th Bogalu a Heart tud has hown that oung adul ho kipp d br akfa t r 

le lik l to meet two-third of the RD for itamin and mineral and th con um d 

lo er amount of prot in and en rg than breakfa t con um r icklas t al., 1998). 

hu th o rall di t quali in tho h kip br akfa t ma be ompromi d or 
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lowered in individu l wh d n t c n um h lthy br akfa t fi d . H w v r t d t 

none of th tudi ha inv tigat d th impact f b th br akfa t kipping and typ f 

br akfa t c n um d nth ov rall di t quality (a v luat d by th curr nt [2005 

Healthy ating Ind [H I] crit ria), e p cially in th young adult ag gr up. Th 2005 

Dietary uid lin s fi r m ricans (D ) nd r the H I-2005 crit ria t by the nter 

for Nutriti n Policy for th a e sm nt of diet quality ( u nth r, R edy Krebs- mith 

Reeve, & Basiotis; nited tate Department of gricultur Healthy ating Index, 

2006). Furthermore very few studies icklas et al. 1998) have a e ed energy 

nutrient, and food consumption at the breakfast m al exclu i ely and none of the past 

studie ha com par d them among the different type of br akfast con umer in the 

young adult . Thus, the second tudy in thi di s rtation proposed to determine if 

breakfa t kipping and diffi rence in the type of breakfast con urned i.e. R s. 

OB) would influence the intakes of energy, macro- and micronutrients. nutrient 

adequac , and the intake of pecific food /food group that are component of the HEI-

2005 among oung adults from the recent HA E (1999-2002 data et tud II 

ims 3-6). 

De pite the fact that oung adult from the face the problem of incr ased 

pre alenc of o erweigh obe it ( gd n et al. 2006 and et ( m, 009· ord et al. 

2004 , th effect of br akfast con umption habit on th pr al enc of t and its 

related ri k factor ha not t b en in e tigat d. ince: a differ nc in br akfast 

con umpti n habit can influ nee th intake of en rg , macro- and mi ronutri nts (for 



example, increas d intake o R can increa e the intak of several micronutri nts 

[Affenito et al. , 2005; Albert on et al., 2003; ong et al., 2006] ); b) differences in 

micronutrient intake resulting from diffi rences in breakfast and/or overall food 

consumption (especially, calcium and di tary fiber intakes) are associat d with 

differences in BMI (Van der Heijden, Hu, Rimm, & Van Dam, 2007; Zemel, Richard, 

Milstead, & Campbell, 2005); and c) increases in weight status/BM! is associated with 

deleterious effects on the qualifying criteria for Met (Grundy et al. , 2006; ational 

Institutes of Health, 1998); the third study in this dissertation proposed to investigate the 

effects of breakfast skipping and type of breakfast consumed (i.e., RTE vs. OB) on the 

occurrence of overweight/obesity Met , and its related individual metabolic risk factors 

in young adults using the recent H E (1999-2006) data sets ( tudy III , ims 7-9). 

1ms 

The broad purpose of this dissertation was to e pl ore the role of breakfast skipping and 

type of breakfast consumed in relation to nutrient and health parameters in ounger age 

groups. he specific aims ere accomplished ia three separate studies using the current 

(1999-2006 H datasets: 

1. In children/adole cents (9-13 y/1 -18 y) to e amine difference in the intakes of 

energy macro- and micronutrients and nutrient adequac (i.e. R for nutrients) 

among B R E and OB con umers after adju ting for co ariate i.e. age energ 

intake gender thnici ethnici gender po erty income ratio and ph ical 

acti i ) b using the 1999-2006 HA E data tud I . 
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mea ur 

amin th dif:D r nc in w ight tatu 

fi r BMI-fi r-ag wai t circumfi r nc (W ), p re nt 

verw ight, and p re nt am ng B R and B c n um r aft r adju ting 

for covariat (i .. ag n rgy intak , g nd r thnicity, thnicity g nder pov rty 

incom ratio, and phy ical activity) by u ing th 1999-2006 H data t 

( tudy I). 

3. In young adults (20-39 y , to xamm the diffi r nc sin the intakes of energy macro

and micronutrients among B RT , and OB con umers after adjusting for 

covariates (i.e. age, en rgy intake, gender, thnicity ethnicity x gender poverty 

income ratio, marital status, phy ical activity smoking and alcohol consumption) by 

using the 1999-2002 H cJ data ets ( tudy II). 

4. In young adults 20-39 to e amine difference in nutrient adequacy (i.e. R for 

nutrients) and diet quality i.e., component of the H I-2005 and the total H I-2005 

score) among B RT and B con umers after adjusting for co ariates (i.e. age 

energy intake, gender ethnicit , ethnicity gender, po erty income ratio marital 

statu ph sical acti 

H data 

rooking and alcohol con umption b u ing the 1999-2002 

tud II . 

5. In oung adult 20-39 to e amine difference in intakes of energ macro- and 

micronutri nt and food group con umption among breakfa t con umer (RTE and 

OB con umer at the br akfa t m al after adju ting for co ariate (i.e. age nerg 

intake g nd r, thnici , thnici g nder, p rty in ome ratio, marital tatu , 

10 



phy ic 1 activity m king and ale h 1 c n umpti n) by u ing th 1 99-2002 

NH data t ( tudy II) . 

6. In y ung adult (20-39 y) to d t rmin p re nt c n umpti n f diffi r nt typ s of 0 

foods among RT and B c n um r by u ing th 1999-2002 H data t 

( tudy II). 

7. In young adult (20-39 y), to xamm diffi r nces and/or a ciations in th 

occurrence of ov rweight/ob ity among B RT and B con umer , aft r 

adjusting for covariate (i.e. , age, energy intake, g nder thnicity, ethnicity x gender, 

poverty income ratio marital tatu physical activity smoking, and alcohol 

consumption) by u ing the 1999-2006 H data s ts ( tudy III . 

8. In young adults 20-39 y to amine differ nces and/or a ociations in th 

9. 

occurrence of indi idual metabolic ri k factor for D T2D and et 1.e. W 

[for abdominal ob ity] kinfold measurem nt blood pre sure erum lipoprotein , 

plasma gluco e and insulin, indice of insulin re istance and sensiti it gl cos lated 

hemoglobin blood homoc teine, erum uric acid and erum -reacti e protein 

among B R and B con umer after adju ting for co ariates (i.e. , ag energ 

intake gender thnici , ethnici gender po rty income ratio, marital tatu 

ph sical acti i moking and alcoh 1 con umption b u ing th 1999-2006 

data t ( tud III . 

In oung adult 20-39 to amm differ nee an or as ciations in the o rall 

occurrence of ngB .RT and B con um r . aft r adju ting fi r 

11 



covariates (i .. , ag , en rgy intak , g nd r, thnicity, ethnicity x g nder, pov rty 

incom rati , marital tatus, physical activity moking, and alcohol consumption) by 

using th 1999-2006 NH NE data s ts ( tudy III). 

Null Hypoth s s 

1. In children/adolescents (9-13 y / 14-18 y), ther will be no differences in the 

covariate-adjusted intakes of energy, macro- and micronutrients, and nutrient 

adequacy scores among B , RT C, and OB consumers ( tudy I). 

2. In children/adolescents (9-13 y / 14-18 y), there will be no differences in the 

covariate-adjusted adiposity measures (i.e., BMI-z score-for age, WC, and occurrence 

of overweight/obesity) among B , RTEC, and OB consumers ( tudy I). 

3. In young adults (20-39 y) there will be no differences in the co ariate-adjusted 

intakes of energy, macro- and micronutrients nutrient adequacy scores and diet 

quality scores among B RTEC and OB consumers ( tudy II). 

4. In young adults (20-39 y there will be no differences and/or associations in the 

covariate-adjusted measures for adiposity (i.e. BMI, occurrence of 

overweight/obesity body fat measures and C)· the co ariate-adjusted occurrence 

of individual metabolic risk factors for D 2D and the et · and the 

co ariate-adju ted erall occurrence of the et among B RTE and OB 

consumers ( tud III). 

12 



The National Health and Nutrition xamination urvey (NHA ) 
Overview 

The NHANE program, which began in the early I 960s, has the responsibility for 

producing vital nutritional and health statistics for U children/adolescents and adults. 

The NHANES is conducted by the Centers for Disease Control and Prevention (CDC) 

and the National Center for Health tatistics H ). The urvey is unique in that it 

combines interviews and physical examinations. In 1999, the survey became a continuous 

program that had a changing focus on a variety of health and nutrition measurements to 

meet the emerging needs. The following versions of the H E are available: 

HANES I (1971-1975)· II (1976-1988); III (19 8-1994)· Hispanic HA E (1982-

1984); HA E I longitudinal study (1971-1992); and se eral continuous cross

sectional studies from 1999-2000 2001-2002 2003-2004, 2005-2006 and so on. 

The findings from E are used to determine risk factors for diseases (i.e. 

those aspects of a person s lifes le constitution heredi , or en ironment that ma 

increase the chances of de eloping c rtain diseases or condition . Further data on 

smoking tobacco alcohol con umption immunization rec rd . e ual practices, drug 

use ph sical fitne sand acti eight dieta intake and reproducti e health (such as 

the use of oral contra epti and br astfeeding practic are al o collected. The 



NHAN thus h lp to gath r vital in~ rmati n n the pr val nc and ri k f: ctor £ r 

variou di rd r uch a v rw ight/ b ity, diab te m llitu , M t , VD and 

hypertension, cane r, o te poro i tc. ( nter f◄ r Di a e ontrol and Pr v nti n's 

National Health and utriti n aminati n urv y, 1999-2006). 

Data Collection Procedure 

Protocols, training, and tudy team. The HA program maintain d high 

standards to ensure that non- ampling and mea urement errors were minimized. Prior to 

data collection, extensive protocols were developed and reviewed by the public health 

and scientific community. Prior to and during data collection, the H field staff 

participated in comprehensi e training and annual refresher training for interviewers and 

the data collection staff. The H E interviews included demographic acculturation 

socioeconomic dietary, life tyle, and health-related que tions conducted by highly 

trained intervie ers. The e amination component consisted of medical and physiological 

measurements as ell as laboratory tests administered b highl trained medical 

personnel ho folio ed rigid protocols. The stud team of the H consisted of a 

physician medical and health technicians as ell as dieta and health inte ie ers 

( enters for Disease Control and Pre ention s ational Health and utrition 

amination urv 1999-2006. 

Recruitment. The E as de ign d toe amine nationall repre entati e 

sample of about 000 p r ons each ear. ach participant in the urve represented 

appro imat 1 50 000 other re ident . Th e p r on ere locat d in eral counti 



across th country, 15 f which w r vi it d 

repre entation of all age gr thniciti 

H u dad u t 

rtain individual w r 

over-sampled in th H to n ur th ir ad quate r pr ntation, which includ d 

African-American Hi panic , individual ' ~ 60 y, ad 1 sc nts and pr gnant women 

(Centers for Di a e ontrol and Prev nti n' ational H alth and utrition 

Examination urvey, 1999-2006). 

Participants from the HA E were selected through a complex statistical 

process using the most curr nt census information. In simple terms, H divided 

the U into communities, hich were further sub-divided into neighborhoods that were 

then selected at random. From each neighborhood housing units ere selected through 

another random sampling proces . The identified households in the tudy area from the 

above process of multi tage probability sampling) received a letter from the H 

director to introduce the surve . fter administering an initial eligibility questionnaire to 

determine if their hou ehold as eligible for the study the intervie er proceeded ith 

efforts to recruit the indi iduals. any of the stud staff member ere bilingual 

(English/ panish to facilitate the intervie process ( enter for Di ease ontrol and 

Pre ention s ational Health and utrition amination urve , 1999-2006 . 

In titutional re ie1- board and con ent form . 11 H proc dure ere 

re 1e ed and appro d b the Institutional Re ie Board and Ethic ommitt e. 11 

adults in the ign d th con ent form children > 12 igned th on ent form 

along ith their par n . h al o igned the cons nt form. oung r childr n 7-11 



ign d an a nt fi rm nd th ir par nt i n d th c n ent rm; and for childr n ( < 7 y , 

their par nt sign d th c n nt fi rm ntr l and Prev ntion s 

ati nal H alth and minati n urv y, 1999-2006). 

The H wa d ign d t facilitate nd nc urag maximum participation 

by th participant . The health int rvi w w r c nducted in th r pondents ' horn s, 

wh rea health m a ur ment were p rform din the sp cially d igned and quipp d 

m bile examination c nt r (M ) that travelled to locati n throughout the U . If 

nece sary, transp rtation wa provided to the participant to and from the MEC. All the 

participants received comp nsation and a report of their medical findings. Information 

collected in the urvey as kept trictly confidential, and pri acy of the participants was 

protected by public la nter for Di ea e ontrol and Pre ention's ational Health 

and utrition amination urve 1999-2006). 

Demographic data. 11 urve participant ho had a hou ehold interview record 

al o had a demographic file record. The household intervie as conducted in-person 

ith an intervie er in a language elect d b the surve participant (Engli h/ panish or 

an other language u ing a tran lator . e eral que tion requir d the u e of printed hand 

card (printed in ither ngli pani h that li t d the r p n e choices or pro ided 

inb rmation to th u participant and th int rvi er a i ted th 

urv participan b r ading th re pon choice li t d on the hand card. or the 

d m graphic int a c mput r-as i t d p r onal int 

u d. Th demographic qu ign d to ascertain famil -le el and 
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individual-I vel in ormati n. P r n ~ 16 y and mancip t d min r w r int rvi w d 

directly, whil a proxy provid d information n younger participant (< 16 y . h 

interviewers were train d to a i t and an w r any qu ries th t ncountered the 

participants regarding the urv y qu stion during th PI. nline h lp ere ns wer 

also available to a sist interviewer in defining key t rms us din th questionnaire. Th 

API system was programmed with built-in consistency check to reduce data entry 

errors (Centers for Disease ontrol and Prev ntion s ational Health and utrition 

Examination urvey, 1999-2006). 

The following demographic variables recorded in the H E ere used for the 

present dissertation. ge was recorded in years (between 1-84 y and >85 y). thnicity 

was derived from response to the survey questions on race and origin as reported by the 

subjects and included one of the follo ing ethnicities (i.e. , non-Hispanic hite non

Hispanic black, Hispanic, exican-American, and Other Race, that did not include any 

of the abo e ethnicities or ere multiracial). For all the three tudies in this dissertation, 

Hispanic and Mexican-American ethnicities ere combined together. Questions on 

marital status ere asked to indi iduals ~1 . If the marital statu item as missing for 

persons (~ 14 the information as imputed from other que tionnaire item that 

referred to the re pendent marital tatus. en truating girls ( - 11 ) and all 

girls/females ~ 12 rece1 ed a urine pregnanc te t . Indi idual ho reported the ere 

pregnant at the time of the e amination \J ere consid red pregnant e en if th urin te t 

as negati . If the urine pregnanc re ult re n gati e and the r pond nt tat d that 
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they w r n t pr gn nt, th r p nd nt wa c d d ' n t pr gn nt t xamination . Pov rty 

income ratio, a surr gat m ur of d t rmin d a th ratio f 

income to the family's appr priat p v rty thr h ld . If a family's total income was less 

than that family's threshold income valu (that was updat d annually for inflation with 

the Consumer Price Index), then that family and v ry individual in it was consid red 

poor. Masked Variance Unit (MVU) w re also included in the demographics data file 

that represented a collection of secondary or pseudo sampling units aggregated into 

groups. The MVU were created for the purpose of variance estimation that closely 

approximated the variances that would have been estimated if the ' true' sample design 

variance units based on the actual survey sample strata and primary sampling units were 

used. Thus, the MVU helped to protect confidentiality of information provided by the 

participants from the H E and reduced disclosure risks (Centers for Disease Control 

and Prevention's ational Health and utrition E amination urve 1999-2006). 

Anthropometric data. 1 measurements in the H ere performed at the 

MEC. The body measurement component as conducted in a pri ate room that as 

equipped ith a floor scale fi ed stadiometer, a bench (for taking measurements in a 

eated position) all mirr r and a computer orkstation. The follo ing measurement 

recorded in the r us d in the pre ent di ertation. eight of the participants 

(~ 2 y) as measured b th m tanding on a floor cale that \J as equipp d ·1h a digital 

read-out. tature standing height for participant (~ 2 as measured using a \J all-

mounted tadiometer. ai t circumferenc for participant (~ 2 as measured u ing a 

1 



steel m uring t p t th high t p int th ili c er t t indic t th m1 - ill ry lin 

of th b dy. ub- c pular infi ld m ur m nt bt in d nth fth 

right capula) and tric p kinfi ld m ur m nt bt in d n th midpoint 

posteri r id 

using th Holtain kinfi ld c lip r . 11 b dy 

entered into the urv y databa aut matically 

r participant (2'.: 2 m nth 

nically and 

ntr land 

Prevention' ati nal H alth and utrition amination urv y 1 9-2006· Lohman 

Roche, & Martorell 19 ). 

Dietary data. me 1999 the nutritional a e m nt component in the H 

included a 24-hour di tary r call int rvie for participant fall age conduct d in 

person or by telephone nt rs for Di ase ontrol and Pre enti n ational Health 

and utrition aminati n urvey 1999-2006· right et al. 2007 . 11 H 

exammee ere eligible fi r the dietary intervie compon nt. or all adult 2'.: 1 and 

children(> 12 y data n di tar intake er btained u ing the elf-reported 2 -hour 

dietary recall meth d. or children (6-11 , par nt /car gi er as i ted them ith dieta 

recall · for childr n 1-5 

ere conducted in p r on b trained di ta r pani h in a 

pri ate r om in the neither kda right t al. . p nding n 

the pe and numb r f fi ta r all, the length of th int 1e 

rang d from 15-30 minut s p r int rvi 
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c mputer- i t d di tary int rview ( DI) ftware pr gram with multi- tag 

probing wa u d t r c rd d tail d in£ rmati n ab ut th report d consumpti n of fi od / 

b v rage during th 24-h ur di tary r call. Th tep u ed in the ADI (see Figure 2) 

were as follow : t fir t, th respond nt wa a k d to recall all foods/beverages 

consumed in a 24-hour p riod th day b fi r th interview without interrupting. Then, 

the respondent wa ask d to r port the time and place each food was eaten and what they 

would call the eating occa ion for the food. fterwards, a list of frequently forgotten 

foods was shown to probe the re pondent for any forgotten foods/drinks. Then, specific 

food probes were us d to collect detailed information for each food reported. This 

included a complete de cription of each food and the amount eaten. set of measuring 

guides (including a nited tates Department of griculture [U D ] food model 

booklet, isuals including charts/dra ings a ruler a et of household spoons measuring 

cups/spoon etc.) ere u ed to quantify the reported foods/be erages. Finally, the 

reported foods ere re ie ed ith the respondent in chronological order. An additional 

foods remembered during the process ere added to the record as ell as modifications 

for any reported fo d ere made. status code a u ed b the dietary intervie ers for 

the dietary intervie component to indicate quali , reliability, and completenes of 

r ponse to the dieta recall s. The status code for the dietary recalls included the folio mg 

criteria: < 25% of fo d ith mi ing de ripti e information (e .g. preparation method and 

brand name )· < 15% of food v ith mi ing amoun · and at least one kno n food in the 

reported meal ( nt r fo r Di eas ontrol and Pr ention · ational Health and 
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Nutrition xaminati n urv y, 1 -200 ; Wright t al., 2007). he dietary data file 

w re transmitt d 1 ctr nic lly t a c ding nt r locat d offsit . follow-up tel phone 

dietary int rvi w wa al ch dul d 3-10 day after the M exam for all the 

participants (th data fr m that follow-up dietary interview was not included in the 

present di sertation). 

-> 

Figure 2. Five-step C DI: 2 -hour dietary recall. ate. C DI = Computer ssisted Dietary Interview. 
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D pite th pr c1 1 n the DI ev r I limit ti n of u ing a singl 24-hour 

m nt ught t b considered. elf-r ported 

dietary ass sm nt t chniqu (including th multi-pa 24-hour dietary recall as used in 

the pres nt di s rtati n) r ly on th mem ry of participant , which may lead to reporting 

bias sand r porting err r (Willett 1998). Many tim , individuals may under/over 

report consumption of foods and/or energy intake (Willett, 1998), either due to lack of 

knowledge or under tanding or due to p rsonal biases. Further, parents/guardians who 

assisted their children ~ 12 y with the DI in the H may not have been aware 

of all the foods/beverages that the children may have consumed at the school or outside 

the home on the previous day. Lastly, 24-hour dietary recalls do not reflect the usual 

dietary intake pattern of the participants (Willett 1998). e ertheless, the interviewer

administered 24-hour dietary recall has long been regarded as the optimal methodology 

because it provides the highest quality and least bia ed dietary data for a single day and 

allo s for the data collection on detailed intakes and portion sizes ( illett, 1998). 

Further because the data collection occurs after con umption this method does not affect 

an indi idual's food choice on a gi en da ( illett, 1998). In addition data from 

di parate tudies ar relati comparable u ing a 2 -hour dietar recall because the 

query format i open-ended ( illett 1998). 

Life tyle habit data. Th moking habit questionnaire as used to obtain 

moking hi to data from all ligible u e participant (2: 12 or adult (> 20 ), 

th e qu tion \J r asked b for th ph ical e amination at home u ing the PI 



y t ma di cu d arli r. F r the purp e of thi di rtation, the following smoking 

que tion w r u d: d y u n w sm k cigar tt ' and 'hav you mok d at least 100 

cigarette m your ntir lifi time'; the final m king tatus variable for studies two and 

three on young adult from th pr ent dis rtation wa categorized into three lifetime 

smoking tatu group : (1) 'n v r' (i .. , nev r moked a cigarette or smoked fewer than 

100 cigarettes in their lifetime); (2) 'pa t' (i.e., rooked at least 100 cigarettes in their 

lifetime, but did not currently smoke) ; and (3) current smokers (had 100 cigarettes in 

their lifetime and currently smoked everyday or on ome days) ( enters for Disease 

ontrol and Prevention's ational Health and utrition xamination urvey, 1999-

2006). For this di sertation the alcohol consumption data was obtained from the 24-hour 

dietary recall from the DI system as discus d earlier. Physical activity for 9-11 y 

children was assessed by questionnaire data hich a ked how many times per week 

does the child e erci e enough to make them s eat and breathe hard?'. For 

children/adolescent 12-18 the physical acti it intervie asked 'if the 

child/adolescent participated in igorou acti itie o er the last 30 days? · and another 

ariable asked if the child/adolescent participated in moderate acti ities o er the last 30 

da . Forthepurpo eofstud I(onchildren/ad le cents) theph sicalacti ity ariable 

as categorized into three groups i.e. ( 1 ig r u · (2: 7 tim p r eek) (2 moderate 

-6 time p r ee and ( lo p r v eek from the abo -stated que tions. 

For tudie II and III on oung adults th ph ical acti i que tionnaire for the adult 

age group v as u d to as rtain information on th · a rag 1 el of ph ical acti i 



ach d y' ( i .. , wh th r th particip nt it during day· tand/walk during th day; lift 

light load r climb tair or hill during th day; r lift heavy load during th day); and 

the following variabl w r u d to de cribe th phy ical activity patt ms f th young 

adult : (1)' ed nt ry' (2) light', ( 3) 'moderat ' and (4) ' heavy' activity ( nters for 

Diseas ontrol and Prevention s ational H alth and utrition xamination urvey, 

1999-2006). 

Laboratory data. h laboratory component procedures in the HA E included 

automated collection processing, storage, and shipm nt of blood, urine, and other 

biological specim ns to analytic laboratories. While the complete blood count and 

pregnancy analyses ere performed in the laboratory, most of the laboratory 

analyses wer conducted off-site. detailed e planation regarding specimen collection 

and processing instructions are described in the HA E laboratory and medical 

technologists procedures manual (Centers for Disease ontrol and Prevention ational 

Health and utrition amination urvey 1999-2006). The details of the laboratory 

techniques for stud ariables u ed in the present dissertation are described in stud 

three ( chapter 

The H collect d data on a fe lab rato measures on subsamples of 

indi iduals (e.g., plasma gluco e erum trigl ceride and lo -den i lipoprotein 

chole terol [ DL- ] . Fore ample in 1999 th ub ample for the laboratory anal ses 

compri ed of one-fourth of participant ag d 12- 9 · and in 2001-2002 the subsamples 

for pl ma gluco and in ulin compri d of on -half of th participant aged 2: 12 . In 
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additi n, l b rat ry data n individual wh w r fa ting £ rat lea t 9 hour b for blo d 

draw w r availabl or m m a ur in th H ( .g., pla ma glucos and 

in ulin, nd rum triglyc rid and LD - ). r th determination of blood pr ssure, the 

first and th fifth pha e k r tkof r ading (i.e. y to lie and diastolic blood pressure) 

were rec rded u ing a calibrat d mercury phygmomanom t r, with thr e (and 

sometime four) cons cutive readings c nduct d by trained medical personnel (Centers 

for Di ea e ntrol and Prev ntion 's ational Health and utrition xamination urvey, 

1999-2006). 

Quality control procedure . Quality control procedure in the H E were 

conducted for all types of data that were collected. The H E C PI ystem (used for 

demographic/lifestyle information) had built-in edit and range checks for many question 

re ponse opti ns. When unu ual or unreali tic responses ere recorded the interviewer 

was alerted immediately and instructed to erify or edit the initial re pon e. During data 

preparation. ariable frequency counts ere checked que tionnaire kip patterns were 

erified and the reasonableness of respon es to the questions ere re 1e ed. The 

codebook for ach urve component included check item ariable , hich ere used 

internal! at H as part of the qualit control proce to en that the data collection 

proce \J a corr ct ent r for Di ea e ontrol and Pr ention · ational Health and 

utrition amination urv , 1999-2006 . 

h dietary int ers in the HA re r quired to re ie and edit all of 

th ir int ritten guid lin for compl ting the r quired procedure ere 
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develop d for all urv y taff. Th e pr c dur w r r inforced during reviews of taped 

int rviews and in-p r n ob rvati n , taff r training, m mos to the field, and informal 

e-mail corre pondenc . The initial quality c ntrol con i ted of reviews of data transmittal 

sheets to verify receipt of data fil s; revi w of audiotap d interviews for approximately 

5% of each intervi wer' work; and r view of completeness of the recalls. For example, 

dietary recalls were checked for missing information, inconsistent reports, and unclear 

notes, written notification and feedback were provided to the interviewers. Also, about 

10% of the dietary coders' work was double-coded and adjudicated if necessary to ensure 

quality and completeness. Further, staff retraining for interviewers and coders was 

conducted as needed and annual retraining sessions were held with all the MEC staff. To 

maintain quality control for anthropometric measurements, two individuals were needed, 

one being the trained e aminer who ould actually conduct the measurements and 

second being the recorder, ho ould record the values in the computer system. If a 

recorded alue fell outside the pre-programmed edit range, the computer s tern ould 

alert the recorder that the recorded alue as unusual. The recorder al ays a ked the 

e aminer to erify the measurement alue before proceeding to the ne t mea urement. If 

a measurement or rec rding error ere made the recorder ould enter the correct alue· 

if the original alue ere correct then th alue ould be retained (Centers for Di ease 

ontrol and Pre ention ational Health and utrition amination urve , 1999-

2006. 
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h laboratory t am p r£ rmanc wa m nitored u ing everal t chniqu s. 

The N H and contract con ultant u d tructur d quality as urance valuations during 

unschedul d site visit to valuat the quality of th laboratory work and implementation 

of the required quality control proc dur . Laboratory staff were observed and given 

feedback with respect t equipm nt op rati n p cimen coll ction and preparation, 

interaction with survey participant , and implem ntation of the survey protocol. Formal 

staff retraining sessions were conducted annually to ensure that required skill levels were 

maintained. The quality contr 1 procedure for blood pressure assessment included the 

following elements: initial e tensive training· quarterly re-certification by an expert 

consultant during field visit ; a quality assurance plan including a procedural checklist; 

and continuous review of the data for tematic error ( enters for Disease Control and 

Prevention's ational Health and utrition xamination urvey, 1999-2006). 

Data management and tati tical analyse . An advanced computer system using 

high-end servers desktop computer and ide-area networking collected and processed 

all of the HANE data. Intervie er at the E used notebook computers ith 

electronic pens to automaticall transmit the data into databases through the digital scales 

and stadiometers. Touch- en iti e computer screens let the respond nts enter their own 

respon e to certain en iti e que tion in complete pri acy. For data u ers and 

researcher throughout th orld urve data ere made a ailable on the internet and on 

compact di c . ince the u ed a compl 

of the data u uall r quir d tati ti cal Anal 
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tati tical oftwar £ r n ly i of rr 1 t d D ta ( D N) that sp cifically 

inc rporat d complications of tratifi d multi tag probability ampl design such as 

weighting and clu t ring ( nt r fi r Di ea ntrol and Pr vention' National Health 

and Nutrition Examination urvey, 1999-2006). ampl weighting was done in the 

NH N to account for the compl x urvey de ign (including ov r ampling), unequal 

probability of selection, survey non-re ponse, and post- tratification issues. A weighted 

sample in the H was thus repr entative of the U civilian non-institutionalized 

Census population. Further for som laboratory measurements, sub-samples were used 

for conducting the analyses which involved another stage of selection and separate 

sampling weights were needed to account for that stage of selection and additional non

response (Centers for Disease ontrol and Prevention s ational Health and utrition 

Examination urvey). 

Definition and Types of Breakfast 

Breakfast in simple terms implie consumption of foods in the morning to ' break' 

the overnight fast and may consi t of con umption of either solid foods and/or be erages 

(Breakfast Re earch Institute 200 . Ho e er breakfast may ha e different meanings 

for different indi idual . Fore ampl . indi idual from ome ethnicitie (such as 

e ican-American consider brunch· a combination of breakfast and lunch) as 

breakfast. Due to thi man breakfa t tudie (including the pre ent dis ertation) 

con ider the definition of br akfast a elf-r ported b the indi iduals in tead of a 

ingle definition t b th re archer . Th br akfast food typicall aten b the general 
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US population(> 2 y) are breads/rolls, eggs, fruits, RTE , along with beverag uch a 

milk, coffee, fruit juices, and soda (Centers for Disease Control and Prevention's 

National Health and Nutrition Examination Survey, 2001-2002). Ready-to-eat cereal also 

called breakfast cereal, is a cereal food that is processed to the point that it can be eaten 

without any additional preparation (Breakfast Cereals, 2009). Ready-to-eat cereal 

consumption at breakfast is regarded as a convenient, palatable and nutrient-dens yet 

low-fat breakfast food choice that provides a good source of complex carbohydrates 

including dietary fiber. Most RTEC (up to 92% of those available) are fortified with 

several vitamins (especially, B vitamins such as vitamin B12 and folate) and minerals 

including calcium, iron, and zinc (Backstrand, 2002· Johnson, mith & Edmond 1998· 

Ready-to-eat Cereals, 2008; Subar, Krebs- mith, Cook & Kahle 1998a· ubar Krebs-

mith, Cook, & Kahle, 1998b; Whittaker, Tufaro & Rader 2001 ). F r example on 

serving (30 g) of 'Multigrain Cheerios ' RTEC (before the additi n of milk pro ide 2.8 

g dietary fiber; 14 mg a-tocopherol · 155 µg Retinol cti ity qui alent (RA · 700 µg 

Dietary Folate Equi alent (DFE)· 6.2 µg itamin B 12· 104 mg calcium· 83 mg 

phosphorus· 18.2 mg iron· 15.5 mg zinc· 88 mg pota sium· and e eral other nutri nts 

(Ready-to-eat Cereal 2008). 

Role of Breakfa t kipping and on umption on utrient Intake 

kipping of breakfast ma ha e e ral ad rse con equ nc including reduced 

intake of man nutri nt hich ma not b comp n at d at other m al icklas et al. 

199 · 2000 . Pr iou I kipp d br akf: t ere mor lik 1 to b fr qu nt 
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consumers of unhealthy snacks and were less likely to m et th r comm ndation for 

healthful foods such as vegetables and fruits (Utter, cragg, Mhurchu, & chaaf 2007). 

On the other hand, children/adolescents who consume breakfa t have bett r nutrient 

intakes than those who skip breakfast. Nicklas et al. (2000) found that th perc nt of 

adolescents from ninth-grade who consumed at least two-third of th daily RD wa 

higher for those who consumed breakfast than for those who kipped breakfa t. kipping 

breakfast could be one reason why children/adolescent hav decreased intake of 

vitamins and minerals per 1,000 kcal as they grow older; and why many of the 

children/adolescents do not meet the RDA for vitamin and and folat · and 

minerals such as, calcium, potassium, and magne ium icklas t al. , 1998· 2000· 2004; 

United States Department of griculture, Dietary Guideline for American 

utrients, 2005). 

Breakfast and Macronutrient Intake 

hortfall 

The impact of eating breakfast on en rg and macr nutrient intak profiles has 

been examined in a few pa t studies although the role of breakfast consumption on 

from the 

1988-1994 HAN Cho et al. (200 r port d that them an nerg intak of RT 

and cooked cereal con umer er higher than of tho ho kipped breakfast. ickla 

et al. ( 1998 reported that br akfa t con um r in g n ral had ignificantl high r m an 

nerg and prot in intake than tho ho kipp d br akfast in oung adults from th 

B galusa H art tud . Among children -1 , lb rtson t al. 200 r p rt d that 

0 



those in the upper tertile of RTE consumption (i . . 2: 8 rvmg for tw w k 

consumed mainly at breakfast) had significantly low rm an fat and chol 

than those in the lower tertile of RTEC consumption (i . . , S 3 rving fi r two we k 

Similar results were noted in the National Heart, Lung, and Blo d In titut H BI) 

Growth and Health Study, where Barton et al. (2005) found that after adju ting fo r n rgy 

intake, RTEC breakfast consuming American girl (9-10 y at bas line) had ignificantly 

lower mean intakes of fat and cholesterol compared to th ir non-RT br akfa t 

consuming counterparts. 

Brealifast and Micronutrient Intakes 

The consumption of breakfast ( especially the one than c mprises of R ) has 

been associated with superior micronutrient intakes than kipping breakfa t in e eral 

past studies (Albertson et al. 2003 · Barton et a l. , 2005 · otton, ubar Frida & ook, 

2004; Frary, Johnson, & Wang, 2004; Gib on 2003· Kafato et al. 2005· ong et al. 

2006; ubar et al. , 1998a· ubar et al. 1998b· an den B om t al. 2006 . Read -to-eat 

cereal is mainly consumed at breakfa t among mo t indi idual although a small p rcent 

of individuals may consume it at meals other than br akfa ta 11 (Kafatos et al. · 

icklas O eil yers 2004 . In the 1 9 -1996 ontinuing u e of Food Intake b 

Indi iduals ( FII , ubar et al. (1998b) ho d that con umption of RT 

dietary contributor of e eral important itamin and min ral in American 

childr n/adole cents (2-1 . Frary et al. r ported that th mean intak of folat m 

Am rican childr adole c nt 6-11 and 12-17 m t it RD onl m pr 
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RTEC consumers (>45 g/day) but did not me t th RD in th n n-consum r f R 

Albertson et al. reported that American children ( 4-12 y) in th upp r t rtil f R 

consumption (i.e., ~ 8 servings for two week consumed mainly at br akfa t) had high r 

mean intakes of vitamins A and B6, thiamin, riboflavin, niacin, folat , calcium iron and 

zinc than those in the lowest tertile of RTEC consumption (i .. :S 3 s rvings fort o 

weeks). Further in the same study, the mean intake of vitamin B6 thiamin riboflavin, 

niacin, folate, calcium, iron, and zinc increased from the low r tertile of R E 

consumption to the upper tertile of RTEC consumption. imilarly in the HLBI study, 

Barton et al. reported that among American girls (9-19 y), days of eating breakfa t w re 

associated with higher mean intakes of dietary fiber and calcium and that aft r adju ting 

for energy intake, cereal consumption in particular was related to incr a ed mean intak 

of dietary fiber, vitamin , folic acid calcium iron and zinc compared to their non

RTEC breakfast consuming counterparts. Gibson (2003 reported that in 

children/adolescents ( 4-18 y) from Britain, the mean intakes of B itamin itamin D 

and iron were around 20-60% higher in those ho ere in the highe t t rtile of RT 

breakfast consumption compared to the lo est tertile that included ubject ho ere 

non-consumers of RT and those ho ate onl 1-2 porti ns/ eek ith ignificant 

linear relationships ob erved for thiamin ribofla in folate and iron (tertile 1 < tertile 2 < 

tertile 3). In Greek childre adolescent Kafato et al. r ported that 60% of bo and 

5 3 % girl X = 15 report d con urning R 

had ignificantl high r m an intake of di 

at breakfast and that R con umer 

fiber itamin and B6 rib fla in 



folate, calcium, magnesium, and iron than non-con umer of RT . In an th r tudy n 

Spanish children/adolescents and young adult (2-24 y), Van den bo m t al. £ und that 

the mean intakes of thiamin, riboflavin, and vitamin B6 incr a d significantly with 

increasing consumption of RTEC at breakfast in all ag -g nder group wh r a th m an 

intakes of niacin and folate improved in almost all group and calcium iron and vitamin 

D mean intakes improved in at least half of the group . 1 o, in th ame study xc pt 

for a few micronutrients (e.g. , magnesium, vitamin Bl 2, and vitamin in mal s) 

consumption of RTEC was significantly associated with increased co erage of the daily 

nutrient requirements for all micronutrients studied. 

Previously, higher levels of RTEC breakfa t consumption(> 40 g) has also b n 

associated with a higher consumption of dairy product in pani h childr n/adolescent 

and young adults (2-24 y) (Van den Boom et al. , 2006). onsumption of RT ma h Ip 

to augment the intake of calcium ( ong et al. , 2006) a mineral that i ital for bone 

accretion, in two ways: (1) b the typical addition of milk to RT hich pro ide 

>20% of the Daily Value per erving of calcium and (2) due to the fortification of RT 

with calcium. For example ong et al. reported that breakfast and milk con umption ith 

or without RT strong! predicted total dail calcium intake hile controlling for 

co ariates among all gend rand age groups (2: 4 participating in the 1999-2000 

. In the ame tud , the p rcent of r pond nt b lo the d quat Intak 

le el for calcium (1 00 m da in childr adol c nt and 1000 m da in adult 



higher for the non-RTEC breakfast consumers than for th RT br akfa t c n um r m 

all age-gender categories except those older than 70 y, and in girl 9-13 y. 

The most common underlying mechanism for th b n ficial ffi ct f RT 

consumption at breakfast is the fact that most R ar D rtified with vitamin and 

minerals that may lead to an increased consumption of the ame. Additionally RTE 

consumption may also increase the chances of consuming milk at th br akfa t m al. 

Despite the above studies, recent national U studi comparing the nutritional impact of 

RTEC consumption at breakfast in comparison with non-RT breakfast foods 

especially among younger age groups has not been adequately examined. More 

importantly, since people consume a variety of food and nutrients, the intakes of which 

are often inter-correlated, it is important to assess the role of breakfast con umption in 

relation to nutrient/diet adequacy scores in conjunction ith studying single nutrient . 

Yet, none of the past studies has e amined the o erall nutrient adequac or diet qualit 

scores with respect to breakfast consumption e peciall among ounger population . 

Role of Breakfast kipping and onsumption on Health Paramet r 

Breakfast and Adiposity tatu 

kipping of breakfa t and/or not eating R E at breakfast ha b en as ociated 

ith ha ing a higher than normal B I in childr adole cents ffenito t al. , 2005 ; 

lbertson et al. 2003· Barton et al. 2005· Timlin Pereira to umark- ztainer. 

2008) as ell as in adult ( ho et al. 200 · att et al. 2002· an der H ijden t al . 

2007· att et al. 2002 . Pr iou 1 , lb rt n t al. r p rted that Am rican childr n 



(4-12 y) who were in the upper tertile of RTE consumption (i .. 2'.: 8 rvmg fi rt 

weeks consumed mainly at breakfast) had a low rm an BMI than tho in th 1 w t 

tertile (i.e., :S 3 servings for two weeks) consi tently acr all age group . dditi nally 

in the same study, the proportion of overweight childr n was significantly low r in th 

upper tertile of RTEC consumption than in the low r tertile. Barton et al. reported that 

days of eating RTEC was predictive of BMI z c re as well a ri k of overweight in 9-10 

y American girls; however, days of eating breakfa ting neral was not predictiv of any 

BMI indicators in their study. Conversely in a pro pective analysi on American 

adolescents (15-19 y), frequency of breakfa t consumption ( daily intermittent, and 

never) was inversely associated with BMI in a do e-response manner (Timlin et al. 

2008). In another prospective analysis on merican girls (9-10 y at baseline and 19 y at 

follow-up) from the HLBI study, ffenito et al. reported that after adjusting for 

demographic variables (i.e., age, ethnicity, and ethnicity age) numb r of da s of 

breakfast consumption was a significant predictor of B I. The e re ults ere p cifically 

observed in those girls ho consumed cereal at breakfa ton all thr da and had 0.1 

point lower BMI than those ho ate cereals on 0, 1, or 2 da . Ho e er after adding 

parental education physical acti ity, and nerg intak t t e model the abo e 

relationship as not significant. 

Among adults (> 18 from th 19 -1 9 t al. 2003 r port d 

that subject ho ate R cooked cereal r qui k br ad for br akfast had 

ignificantl lo er m an B I compar d to B and t ubj cts ho ate meat and gg for 



breakfast respectively. Additionally, the same study found that th m an BMI f R 

cooked cereal, and the quick bread consumers w r not significantly diffi r nt fr m n 

another. In a prospective analysis, Van der Heijden et al. (2007) r port d that am ng 

middle-aged and older US men ( 46 -81 y) breakfast con umption wa inv rs ly 

associated with the risk of 5-kg weight gain after adjustment for ag and thi a ciati n 

was independent of lifestyle habits and their baseline BMI. The r arch r f the above 

study reported that dietary fiber and nutrient intak partially explained the a ciation 

between breakfast consumption and weight gain. Further in th am study, the inver e 

association between breakfast consumption and w ight gain wa more pronounced in 

men who were normal weight at baseline than in men who were o erweight at ba eline 

and increasing the number of eating occasions in addition to thr e standard meals (that 

included breakfast) was associated with a higher ri k f 5- kg eight gain. ong et al. 

(2005) using covariate-adjusted analyse (i. . age gender ethnicit moking habits and 

energy intake) in adults (2: 19 y) from the 1999-2000 H reported that among 

females, compared to breakfast non-con um r tho e ho con urned breakfa t ere 2 % 

less likely to ha e a B I 2: 25 . Further the ame r earch not d an in er a ociation 

between BMI and RTE breakfa t con umpti n in female but not in male . 

onsumption of R E breakfa t ma al h lp in eight maintenanc att 

(2002 found that R h nu d as a br akfast fo d and as a portion- ontroll d meal 

replacement fo d for o eek h lp d indi idual = 3 · X B I = 2 .9 k m2 to 

lo e more eight and fat m with ut change in p re nt bod \I ater h n ompar d to 
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the non-RTEC consuming groups in the study. Furth r th w ight lo c ntinu d v n 

during the volumetric diet phase ( comprising of h al thy balanc d low n rgy-d n di t) 

during the seventh week of that study. imilarly Wyatt t al. (2001) r p rt d that in 

subjects ( X age = 46.3 y) maintaining a weight lo in th ati nal W ight ntr 1 

Registry, 78% reported eating breakfast every day of th w k with 30% r p rt d eating 

RTEC at breakfast every day. 

Although the mechanisms linking breakfast consumption and low r b dy w ight 

are unclear, several theories have been proposed. While those ho at breakfa t t nd to 

consume a higher total daily energy intake than those who skip br akfa t ickla et al. 

1998; 2000), skippers tend to eat more foods with a low nutrient density icklas et al., 

2000), such as fast foods (Niemeier et al. , 2006) and tend to consume a higher percent of 

energy from fat than breakfast consumers ickla et al. 2000). Re earch al o sugg t 

that skipping breakfast may lead to an augmented appetite for energ -dense, but nutrient

poor meals (e.g., fa t foods [Niemeier et al. 2006] or unhealth snacks [ tter et al. 

2007]). 

On the other hand eating breakfast ma be as ociat d ith an increased eating 

frequency hich ma in turn promote more energy p nditur b increasing diet

induced thermogenesis, and ma reduce hunger een later in th da that ma lead to 

overeating (Drummond rombie Kirk 1996 . The incr as d intake of calcium ith 

the consumption of R ma al pla a r le in th r gulation of bod fat and bod 

eight through the uppr i n of th i prom ting ffl ct of calcitr 1 and 
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intracellular Ca2
+ that occur as a result of a lower calcium intak (Z m l t al. 2005 . 

Further, regular RTEC consumption at breakfa t may also 1 ad t mor r gular ating 

habits, may lead to a consistent energy intake, s l ction of m r healthful fi d ch ic , 

and may boost exercise ability and sustainability (Kirwan O'Gorman & van , 1998 

which may all contribute towards a lower BMI ( fD nito et al. , 2005; Utter et al. 2007). 

Despite these hypotheses, results from a longitudinal study by Berk y Rock tt illman, 

Field, and Colditz (2003) noted that overweight children (9 -14 y) who skipp d br akfast 

had lower BMI values in the following year compared to overw ight children wh at 

breakfast nearly every day; and normal weight children who skipped breakfa t gain d 

weight relative to peers who ate breakfast nearly every day. Howe er in the abo e study 

it was not known when the cereal (both hot/cold was consumed as om children ho 

never ate breakfast consumed four bowl of cereal daily. onsequ ntly, further 

investigation is required to confirm these finding . 

Although the above literature revie sugge ts the ben ficial role of R 

consumption at breakfast in lowering B I none of the studie to date has plor d the 

comparison of consumption ofRTEC . the con umption of OB food with re p ct to 

BMI and other indice of adiposity uch as the ( as di cus ed later and bod fat 

measures. 

Breakfa t, Metabolic ')lndrome (Met ~ and Related etabolic Ri k Factor 

To dat onl one tud ha e amined the relation hip b een type of breakfa t 

con umption and t . D araj ang-Polagruto Polagruto n and Jialal ( 00 



compared the postprandial effects of an energy-d n high-fat fa t-D od tyl br akfa t 

meal with the American Heart Association recomm nd d low-fat h art-h althy br akf t 

meal on biomarkers of oxidative stress and inflammati n in ubj ct ( X ag = 49 ± 18 y, 

X BMI = 35 ± 5 kg/m2
) with MetS. Serum gluco elev ls w r ignificantly high r two

hours after both breakfast meals; however, serum high-d nsity lipopr tein chol t rol 

(HDL-C) levels decreased, while serum total triglycerid levels and interl ukin-1 b I vels 

increased after the fast-food style breakfast meal but not after the heart-h althy 1 w-fat 

breakfast meal. Yet, the role of breakfast skipping and type of breakfast con umpti n on 

long-term metabolic effects (i.e., occurrence of Met /related ri k factors) among young 

adults remains to be elucidated. 

Assessment of utrient Adequacy: The ean dequacy Ratio R 

Given the complexity of human diet th correlations among intake f ome 

nutrients with others as well as se eral nutrient-nutri nt interactions in function and 

metabolism that occur in the body, conclusion ab ut the effect of intake of ingle 

nutrient on specific health outcomes may be mi leading (Kant 1996· ill tt 199 

Therefore, assessing indices of nutrient-adequac based on nutrient score rather than 

individual nutrient intakes per sa ma be b neficial Kant 1996). ne such inde i the 

MAR that easil permits an e aluation of the erall nutrient ad quac . For th 

calculation of R fir t the nutrient ad quac ratio AR d fined a the ratio of a 

ubject's nutrient intake to the current RD for that nutri nt for the ubject' g nder and 

age catego ha to b calculated (Kant, 1 6· add n. oodman, uthri 1976 . 



Additionally, the NARs are truncated at 100% ofth RD o that a nutri nt with a high 

NAR may not compensate for a nutrient with a low N R. Wh nth truncat d p re nt of 

the NAR are averaged, this allows for the estimat of the collectiv nutri nt ad quacy 

enumerated as the MAR score for the nutrients examin d (Kant 1996; Madd n t al.). 

Currently, there is no consensus for a best cut-point for nutritional ad quacy for th M R 

score. A previous validation study suggested the use of a conservativ cut-point of 2: 90 

for the assessment of the total MAR score in childr n/adole c nts and in adults (Kr b -

Smith & Clark, 1989). 

The MAR (and AR) were initially d velop d to b us d for nutrient having th 

RD As. However, with the introduction of the four Di tary R ference Intake DRI) 

guidelines (i.e. , the RDA, the Estimated verage R quirem nt ( R th and th 

Tolerable Upper Limit) (Institute of Medicin Dietar R ~ r nc Intak , 2006 either 

the EAR and/or RDA/AI may be u ed to calculate the R. Bri fl th RD an 

estimate of the daily average nutrient intake that me t the nutrient needs of n arl all 

healthy individuals in a particular age/gender gr up; hile the R is defin d as th 

nutrient requirements e pected to satisfy the n ed of 50% of th p ople in that 

age/ gender group. The I i u ed h n no RD and for a nutrient ha b en 

established but the recommendation for that nutri nt i based on ob e ed r 

experimentally determin d approximation r timate of nutri nt intake b a group or 

group of apparent! h alth p ople that ar um d ad quate for that parti ular 

demographic group. ample of nutrient i th al u in t ad fa RD R 



value) are vitamins D and K, pantothenic acid, biotin ch lin calcium p t mm 

sodium, chloride, chromium, fluoride, mangane , di tary fib r linol ic acid nd alpha

linolenic acid. Finally, the Tolerable Upper Limit is d fined a th r mm nd ti n u d 

to caution against excessive intake of nutrient ( e.g. vitamins A and D) th t can b 

harmful in large amounts. 

Shortfall Nutrients 

The MAR for shortfall nutrients was calculated in the am mann r a d cribed 

above for other nutrients. The 2005 DG identifi d om nutrients a sh rtfall nutri nts 

if a particular group had a high prevalence of inadequate dietary mean intake .g. 60% 

below the EAR/ I) for those nutrients. These nutrients w r thu con idered a 

'consumed in amounts low enough to b of concern by the population nit d tates 

Department of griculture's Dietary Guidelin for American hortfall utrient 

2005). For children/adolescents, five shortfall nutrient ere identified tho e b ing 

vitamin E, calcium, magnesium potas ium and di tary fib r. F r adult e en hortfall 

nutrients were identified those being itamin and , calcium, magn mm 

potassium and dietary fiber nited tate Department of griculture Dieta 

Guidelines for Americans hortfall utrient 

uali : Th H alth ating Incle H I 

Thea ment of diet intake/quali in a p pulation i important in p lie 

making in monit ring ice outcom in d igning pidemiological r ar h and 

e aluation of nutrition inte ntion u nth r t al. , 007 . In addition th m nt 



of dietary intake is an early indicator of potential health ri k nd c mpli ti n 

especially among younger populations. Many factor may influ nc di t quality 

including variability in the nutrient content of foods and in th daily intak f individu 1 

(Kant, 1996; McCabe-Sellers et al. , 2007). Despite th improv d m th d 

assessment such as the establishment of the DRis (a di cu arli r tran lati n of 

nutrient intakes into a comprehensive and meaningful dietary a s m nt r main a 

challenge, and therefore important gaps remain in the as m nt of o erall di t quality 

(McCabe-Sellers et al.). 

The HEI is a measure of assessing the quality of a per on' diet that as e se 

conformance to Federal dietary guidance. People eat foods and not nutri nt · therefor an 

index that addresses servings of foods that can be us db clinicians or con umers ha its 

advantages (McCabe-Sellers et al. , 2007). The H I is u d by the D t monitor 

changes in the nation's diet and can be u ed to a e s diets of both indi idual and 

groups. The HEI-2005 was de eloped to measure compliance ith the ke diet-related 

recommendations of the 2005 DG hich had an incr as d empha i on important 

aspects of diet quality such as hole grains anous p of egetable of 

fat, and the introduction of the ne concept f di cretionary calories (as di cus d later). 

The food group standards in the HEI-2005 re based on the -P ramid 

recommendations (Britten et al. 2006· Guenther t al. 2007 . The tandard for th HEI-

2005 were created using a den i approach i .. th d a a p rcent of 

calories or p r 1 000 calorie . Th HEI-200 as de ign d to as the quality of th 



relative proportions of foods consumed rather than the quantity f fo d c n um d. 

Further, new components for oils, and calories from olid fat ale h l nd add d ugar 

(SoF AAS), were introduced, and three subgroup of food w r add d t th riginal H I 

(i.e., whole fruits , dark green and orange veg tabl and 1 gum and wh 1 grain . 

Like the 2005 DGA and My-Pyramid recommendation th H I-2005 r cogniz d that 

some fats were more desirable than the others. Oils wer r comm nd din th My

Pyramid; hence, they were also included in the HEI-2005 b cau 

sources of essential fatty acids and vitamin , which are in a h rt supply in the diet of 

Americans (Moshfegh, Goldman & Cleveland 2005). 

The 12 food components from the HEI-2005 are hown in Tabl 1. r mo t 

components, higher intakes resulted in higher scores. Howe er fi r three c mponent 

(i.e., saturated fatty acid [SF A] , sodium and calories from oF lo er intake le els 

resulted in higher scores because lower intakes ere more de irable (Gu nther et al. 

2007; United tates Department of griculture s Health ating Inde 2006 . In th 

HEI-2005, the food component scores ere eighted equall each r cei ing a ma imum 

of 10 points with a few exceptions. Thre food group from the H I-2005 had two 

components (i.e. total and a subgroup · for ampl total fruit and hol fruits· total 

vegetables and dark green and orange eg table and 1 gum · and total grain and hole 

grains; each of hich got 5 point o the e thr food group ( ith their ub group ) 

effectively ere allotted 10 point ach ( e Tabl 1 ). Ho e er calori from o 

were eighted twice as hea il a an oth r compon nt and had a ma; imum core of 20 



points (Guenther et al.; United States Departm nt of Agricultur H althy ating Ind ). 

This was mainly done to: (1) reflect the 2005-DG that ncourag d th w

fat forms of foods in each food group a well as food fr e of add d ugar · (2 b cau 

SoF AAS may displace nutrient-dense foods in the di t and may add n rgy with ut 

adding nutrients; and (3) because SoF AA are curr ntly consum din amount that far 

exceed the discretionary calorie allowances (as discuss din d tail lat r) (Ba i ti 

Guenther, Lino, & Britten, 2006). Intermediate scoring in the H I wa don 

proportionately. All HEI-2005 scores were evenly prorat d except for F and odium 

which were prorated from 0-8 and from 8-10 points (with 8 and 10 point repre enting 

acceptable and optimal levels, respectively per the 2005 DG recommendation ). 

For population monitoring a single urnmation score for the H I-2005 may be 

calculated by using weighting of the H I components to deri e a total cor hich can 

vary between 0 and 100. evertheles rating of diet quality (such a good, fair or poor) 

based solely on the total H I-2005 score ha not b en recommended ince a fair 

overall assessment could mean fair on all component or outstanding' on ome and 

poor' on others. Therefore the indi idual food compon nt H I core ere de ign d to 

pro ide important and independent information ab ut di _ t quali uenth r et al., 2007· 

nited tates Department of griculture Health ating Inde 2006 . 



Table I 

The HE! -2005 Components and Standards for . I conng 

Components Maximum tandard for maximum score tandard for 
points minimum score 

of zero 
Total fruits 5 ~ 0.8 cup equiv. / I 000 kcal No fruits 
(includes I 00% juices) 
Whole fruits 5 ~ 0.4 cup equiv. / 1,000 kcal No whole fruits 
(not ·uices) 
Total vegetables 5 ~ I. I cup equiv. /1,000 kcal o vegetables 

Dark green/orange 5 ~ 0.4 cup equiv. / 1,000 kcal o dark green, 
vegetables, and legumes2 orange vegetables 

and legumes 

Total grains 5 ~ 3.0 oz equiv. / 1,000 kcal 

Whole grains 5 ~ 1.5 oz equiv. / 1,000 kcal o whole grai ns 

Milk 10 ~ 1.3 cup equiv. / I 000 kcal omilk 

Meat/Beans 10 ~ 2.5 oz equiv. /1 000 kcal o meat /beans 

Oils 10 ~ 12 grams / 1,000 kcal o oil 

SFA 10 :s 7% of energy ~ 15% of energy 

Sodium 10 :S 0.7 gram / 1 000 kcal ~ 2.0 grams per 
1 000 kcal 

Calories from oFAAS 20 :S 20% of energy ~ 50% of energy 

ote. HEI = Healthy Eating Index; equiv = equivalent; kcal = kilocalories· F = saturated fatty acids · 
SoFAAS = solid fat alcohol and added sugars. 'Intakes between the minimum and maximum le els are 
scored proportionately, except for F and sodium (see note 5). 2Legumes counted as egetables on! after 
meat/beans standard is met. 3Include all milk products such as fluid milk, ogurt, and chee e .4 Include non
hydrogenated vegetable oils and oils in fish nuts, and seeds. 5 F and sodium get a score of 8 for the 
intake levels that reflect the 2005 Dietary Guidelines, < l 0% of calories from F and 1. 1 grams of 
sodium/] 000 kcal respecti ely. From : United tates Department of griculture. The Health Eating 
Index. (2006). Center For utrition Policy and Promotion. Fact heet o. 1. 



Despite the new additions in the HEI-2005 s v ral pitfall in u ing thi ind 

have been pointed (Guenther et al., 2007). Although weight manag m nt phy ical 

activity, and food safety, were included in the 2005 DGA th H I-2005 did n t addr 

them because the index was developed to be a measure of the nutriti nal quality f th 

diet per se. Further, the HEI-2005 does not apply to children < 2 y and it alidity for 

ethnic and cultural groups whose dietary pattern are mark dly diffi r nt from th 

American norm remains to be determined (Guenther et al.). Furth r b cau th food 

patterns in My-Pyramid did not meet the RD for vitamin or the I for p ta sium, a 

perfect score on the HEI may not en ure adequate intake of th se nutri nt to the same 

degree as it does for the other nutrient . In addition lacking R-ba d standard the 

HEI-2005 standards were set at the lowe t le el among the y-P ramid 

recommendations for sedentary indi iduals. lso th den ity standard did not capture 

the variability among age-gender group in iron and calcium requirement a r fleet din 

the meat and beans and milk recomm ndations r sp cti el ) nor in the discretionary 

calorie allowances. For example the lo e t di cretionar calorie allo ance a found in 

the 1,600-kcal My-Pyramid pattern and reflect d the lo -energ but high-nutri nt need 

of women. In contra t th highe t allo ance found at 200 cal reflected the high

energy needs and in compari on to their nerg need the r lati 1 lo er nutrient 

requirements of acti e teenage bo . Furth rmor th H 1-2005 do not direct! 

capture e ce s con umption of th major food group or oil . For ampl ince the 

mean intake of r fin d grain and m at ar ab r omm nd d l 



age-gender groups (United States Department of Agricultur Di tary uid lin fi r 

Americans, 2005), it can be concluded that they ar contributing di er ti nary cal ri t 

some people's diets, however, the above concern is not addr s din th H I-2005. In 

addition, the HEI-2005 does not address total fat tran fat , or ch l t rol dir ctly 

although they are mentioned in the 2005 DGA. 

Despite the above-mentioned limitations a psychom tric evaluation of data fr m 

the 2001-2002 NHANES found that the HEI-2005 crit ria were abl to sati fy ev ral 

types of validity tests, and reliability analyses. Moreover th H I-2005 crit ria were 

successfully used to evaluate and compare the diet quality of merican participating in 

the 1994-1996 CSFII and 2001-2002 H E (Guenther et al. 2007· nit d tate 

Department of Agriculture, Center for utrition Policy and Promoti n 2007). Th H I-

2005 is thus considered as a standardized tool that can be u d in nutrition monitoring, 

interventions, consumer education and research (Guenther et al.). 

Added Sugars, Di cretionary Fats, and Discretionary alorie 

dded sugars are defined a ugar that are not naturall pr ent in foods but are 

added during the processing or preparation of foods including sugar and rup added at 

the table. dded ugar ar a part of th total ugar included in th diet. ame for 

added sugar in an ingr di nt list includ bro ugar corn \J ten r, corn rup 

de tro e fructo e fruitjuic cone ntrat gluco high-fructo e com rup hon 

in ert ugar lacto maltos , malt yrup molas ra ugar ucro , and rup. 

con umpti n of add d ugar ma c ntribut to th o r n umption 
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di cretionary calories (United State Department of Agri ultur ' Di tary Guid lin f r 

Americans, 2005). Therefore, the In titute of M dicin r c mm nd that add d ugar 

should not exceed > 25% of the total energy intake (In ti tut of M dicin ' Di tary 

Reference Intakes, 2006). Between 1994 and 2002, Am rican ' intak of add d ugar 

remaineq high and unchanged among 6- 19 y children/ado! c nt and incr a d among 

those 2: 20 y. Data from the 2001-2002 HA E indicated that th av rag p re nt of 

di cretionary calories from added ugar by difD rent age/gender group in th wa 

much higher than recommended amount(< 25%), ranging betw n 30~ and 42% of the 

total energy intake (John on et al., 2009). 

Discretionary fat are defined a fat in a food above the amount that would b 

found in a lean, low-fat or fat-free form of the food, and include both olid and liquid 

fats. Solid fat are tho e fat that are olid at room temperatur uch a butter hortening 

and hydrogenated product and they contribute to di er tionar calorie . o t olid fat 

are al o high in F and/or tran fat and ha e le monoun aturated fatt acid ( ) 

or polyun aturated fatty acid (P ). Animal product containing olid fat al o contain 

chole terol. Liquid fat or ( di cretionary oil ) (i .e. tho from nut / eed , fi h and 

vegetable cooking oil ) are liquid at room temp ratur and ar con id red to contribute 

to di cretionary calorie onl if th e ceed the food intake patt rn r commendation for 

oil con umption. o t liquid fat ar high in F or P F and lo in F 

coconut oil and palm k rnel oil hich are oth high in olid 

fat ( nit d tat D partment of gricultur ' Di tar Guid line for m ri an ). 



The concept of discretionary calories was introduced during th d v l pm nt f 

the 2005-DGA, to help people meet all of their nutri nt r quir m nt whil a iding 

excess total energy intake, through the consumption of food low in fat r add d ug r . 

A person's discretionary calorie allowance can be det rmined by timating th n rgy 

needed (by age/gender group) to meet nutrient requirem nts and th n ubtracting thi 

amount from the estimated energy requirement needed to maintain the b dy w ight. h 

remaining calories are designated as the discretionary calorie allowance. h 

discretionary calorie allowance is thus part of total e timated energy need but not an 

addition to the total energy needs. Intakes of added ugars olid fats, and ale h l are 

included within the allowance for discretionary calories which pr portionall mcrea e 

as the total energy allowance increases. Thu the discretionar calorie all ance ma b 

used for forms of foods that are not the mo t nutrient-den ( e.g. hole milk rather than 

fat-free milk), for additions to foods (e.g. salad dre ing sugar, and butter for 

alcoholic beverages, or for intake from an food group or oil o r the amount 

recommended. 

Most discretionary calorie allo anc are 

especially for those ho ar not ph icall acti e. 

n 100 and 300 cal, 

r e ampl an 1 00 kcal pattern for 

a moderately acti e 51-55 oman ould ha ea 195 k al di reti nary allo ance· 

herea the allo ance ould b 12 kcal for a ph i all acti e 1- 25 male ho e 

t tal energ allotm nt a 000 kcal. The calculation pro id on um er v i th an 

en rg intake r commendati n for eight maint nanc bas d on th ir g nd r. h ight 
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current weight, and physical activity level. If a lower n rgy intak i n d d t achi a 

healthy weight (which is the case for the majority of Am rican inc about tw -third f 

whom are overweight/obese [Ogden et al., 2006]), then th ugg t d amount f 

discretionary calories will be lower. One can increase th discr tionary calori allow nc 

by choosing more nutrient-dense foods (i.e. , tho e food high in nutri nt and low in 

energy [e.g. , fruits and vegetables]) ; and by being physically active and/or 

regularly. 

rc1smg 

Assessment of Adiposity tatu 

Overweight/obesity is most commonly defined u ing the BMI cut-offs. 

Among children/adolescents (2-20 y), those ith B I 2: 85th percentile ar clas ified a 

overweight, and those with a BMI 2: 95th percentile are cla sified a obe ( enters for 

Disease Control and Prevention, 2000). Among adult > 20 y) a B I alue of 2: 25 i 

considered overweight, and a B I alue of 2: 30 i con idered obe e ( enter for Di ease 

Control and Prevention· ational In titute of Health 199 . he pre alence of 

overweight/obesity using the B I cut-off: ha hown a continu d epidemic increase in 

the among all age group (Ogden et al. 2006 . Data from the 200 -200 H E 

sho d that the percent of childre ado le nt ith a B I 2: 5th perc ntil as 3 7 .2% 

in 6-11 y children and 3 . % in 12-19 adole nt ( gd n t al. . imilarl th 

perc nt of childre adole c nt 

children and 17. % in 12-19 

th oung adult 20- 9 7% 

·th a B I 2: 95th p re ntil as 1 . % in 6-11 

gd n urve among 

o f\) ight. % r n t d t b 

0 



obese, and 5% were in the extremely ob se category (BMI 2: 40) (Ogd n t al. . n u 

co-morbidities associated with overweight/ob sity ar M t , T2DM VD hyp rt n i n, 

obstructive sleep apnea, non-alcoholic liver dis a e and kidn y di a ( rri t al. 

2007; Grundy et al., 2006; Reilly, 2005). Mor over ov rw ight in childhood track int 

young adulthood (Deshmukh-Taskar et al. , 2006) which can xac rbat th ri k fi r 

several overweight/obesity related chronic disea es (National Institut of Health 199 

These grave consequences of overweight/obesity have contributed in escalating th 

nation's obesity attributed medical expenditures to 75 billion dollars in th year 2003 

(Finkelstein, Fiebelkorn, & Wang, 2004). 

Assessment of body fat (i.e. by triceps and sub capular kinfold mea urement ) 

using a skin fold calipers i an old method for determining body fat in indi idual . 

Although this method is ry commonly u ed in re arch, a riou dra back of thi 

measurement is the inaccurac in the measurem nt techniqu . arlier it as een that 

fat mass estimated by dual-energy X-ray absorptiometry a significant! lo er than the 

fat mass measured by skinfold thickness in children ( oran Dri coll John on ag 

Hunter 1996). Yet mea uring body fat using dual- n rg -ra ab orptiometry i 

cumbersome and not :fi asible in man re arch tudi . n the oth r hand abdominal 

obesity (i.e. accumulation f b th c ntral ub utaneous and i c ral fat has rec ntl 

emerged as an important pr diet r of metabolic omplication and ad er h alth effi ct . 

d b imaging t chniqu 

uch as comput riz d t m graph and magn ti r nan imaging u ing th 



techniques to identify individuals in mass screenings or clinical tting m y n t b 

feasible. Waist circumference, a simple and conv ni nt way of m a uring bd minal r 

central obesity is considered a surrogate measure of abd minal b ity in 

children/adolescents (Li, Ford, Mokdad, & Cook, 2006) a w 11 a in adult Li F rd 

McGuire, & Mokdad, 2007). tudies have shown that W may h lp to pr diet th ri k f 

CVD in children/adolescents and in adults ( avva et al. , 2000· Zhu et al. 2005 . urther 

compared to BMI, WC has been noted to be a better pr diet r ofT2DM (Wang Rimm, 

Stampfer, Willett, & Hu, 2005) Met (Han et al. 2002 medical care co t ( ornier, 

Tate, Grunwald, & Bessesen, 2002) and all-cau e mortality (Bigaard et al. 2005). Wai t 

circumference is thus a major determinant of the ational holest rol ducation 

Program, Adult Treatment Panel III EP TP III) ( rund et al. 2006 criteria for th 

definition and diagnosis of M t . The ational In titute f Health IH r c mmend 

that WC be measured regularly e p cially in peopl ith a B I of 25.0- 34.9 kg/m2 

(National Institute of Health 1998). 

sse sm nt of the etabolic ndr me ( et 

Overview 

Rea en ( 1988 coined a term called ndrom ' that compri d of a cluster of 

metabolic ab rration in human uch as impaired glue tolerance hyp rt n ion, 

h p rtrigl ceridemia and h rchole t rol mia i.e. mer d 

lipoprot in chole terol [ DL- d r as d HDL- · thi author al o po tulat d that 

in ulin re i tanc as th pnm au of th m tab li ab rration although h did 



not include overweight/obesity in his original d cription. ub qu ntly 

metabolic abnormalities have been known to be a sociat d with thi yndr m including 

overweight/obesity, increased WC, microalbuminuria and abnormaliti in fibrin ly i 

and coagulation. The term MetS was later conceived by ev ral oth r r rch r 

denoting a constellation of risk factors of metabolic origin uch a ob sity T2DM and in 

many cases, hypertension, hypertriglyceridemia and low level of HDL- that ar 

accompanied by increased risk of CVD and T2DM (Grundy et al. 2006). 

The occurrence of Met has been noted to be progre si e beginning with 

borderline risk factors that eventually progre s s to se er /cat gorical risk factors 

(Grundy et al., 2006). Metabolic syndrome increa e the ri k for the occurr nc f VD 

by 2-fold and risk for the occurrence of T2DM b ab ut 5-fold (Grundy 200 ) in adult 

compared to those without the yndrome, e en ith ' b rderline-high alue for its ri k 

factors. In addition, the constellation of ri k factor t confer a greater ri k than 

is expected by the sum of it individual component ( hn, Kittle on, & Blumenthal, 

2005). In the future Met has b en sp culated to o ertak rooking as the leading risk 

factor for heart disease ational Heart Lung, and Blo d In titute 2007). etabolic 

syndrome itself usually has no mptom and mo t of th ri k factor linked to et 

ha e no signs or s mptom although a large ai tlin i a i ibl ign. ome p ople ma 

ha e mptoms of high blood gluco e if diab te i pr occasionall 

hypert n ion. mptom of high blood gluco that ma b pr nt in indi idual ith 

et often include incr d thir t, in r as d urinati n. p iall at night fatigu and 



blurred vision. In addition, in the early stages of hyp rt n ion a fi w pati nt may hav 

symptoms of dull headaches, dizzy spells, or no ble d . In pr m n pau al w m n ith 

polycystic ovarian syndrome (an endocrine disorder, in which thr principal fi tur 

overweight/obesity, lack of regular ovulation and/or m n truati n, and exc 1v am unt 

or effects of androgenic hormones), the symptom as ciat d with M t may b 

unexplained weight gain, infrequent menses and infertility facial r b dy hair growth, a 

well as hair loss on the scalp (National Heart, Lung and Blood In titut ). 

Prevalence 

In the US, about 47 million adults (almost 25% have Met , and th numbers 

continue to grow (National Heart, Lung and Blood In titute, 2007). The increasing 

number of people with thi condition is connected to the ri e in the prevalence of 

overweight/obesity rates among adults. More p cificall . due to the curr nt upsurg m 

the prevalence of overweight/obesity in oung adult ( gden et al. 2006 the occurrence 

of Met has also increased among the oung adult population ( rvin 2009 . urrentl . m 

the U young adults the pre alence of et has increa d from 1 .3% (in 198 -199 to 

18 .0% (in 2003-2006) (Ervin 2006 . 

Definition 

e eral differ nt definition of et ha b n propo d arli r as depicted in 

Table 2. The orld Health rganization , th ur p an Group for the tud of 

In ulin R i tance ( IR and th Int rnational Diab t F deration ID crit ria ha e 

an obligato criterion in onjuncti n "th om oth r ri k factor for D D . 
' 



whereas the NHLBI / American Heart Association (AHA) /Updat d P/ PIII 

criteria (from the US) mandate the selection of a wider rang of ri k factor fi r 

identifying individuals with MetS, with no single mandatory crit rion ( 

Currently, there are two most commonly follow d definiti n for M t · I 

provided by the NCEP/ ATPIII (from the U ) and 2) provid d by th ID . h 

2. 

NCEP/ ATPIII criteria (Grundy et al. , 2006) categoriz individual with M t if 2: f 

the following five risk factors are present: (1) abdominal ob ity (W 2: I 02 cm in male 

and 2: 88 cm in females) ; (2) elevated serum triglycerides (2:150 mg/d ) or n drug 

treatment for decreasing serum triglycerides; (3) reduced serum HDL-chole terol ( < 40 

mg/dL in males or < 50 mg/dL in females) or on drug tr atm nt for increa ing erum 

HDL; ( 4) elevated blood pressure (2: 130 or 2: 85 mm Hg or tho eon drug treatment for 

elevated blood pressure /hypertension)· and (5) ele ated fa ting plasma gluco e 2: 100 

mg/dl or those on drug treatment for ele ated blood gluco e [i.e. oral h pogl c mic 

agents/insulin]). The above EP/ TP III criteria include the mo t recent! updated cut

point for elevated fasting plasma gluco e hich reduce the thr hold for h p rgl c mia 

from 2: 110 mg/dL to 2: I 00 mg/dL th r b bringing th TPIII criteria for t in line 

with the American Diabete ring of the I I of fasting glucos 

required to be con id red impair d. Further th inclu ion of tho e ubj cts ho u e 

medications (for th tr atm nt f el at d trig! c rid h p rt n ion h p rgl cemia and 

reduced HD - as al a ne fi atur in th updat d EP / TP III cri t ria rund 

et al.). 



On the other hand, the IDF criteria for Met ( Tabl 2) plac m r mph 

on ethnicity-specific cut-offs for abdominal ob ity (which is a mandat ry rit ri n) and 

these cut-offs are lower than the cut-offs used in th Pl PIII crit ri ( lb rti 

Zimmet, & Shaw, 2005; International Diabetes Fed ration 2005). H nc th ID 

criteria help to generate greater prevalence estimate than th P III crit ria, p cially 

among the European population (Lorenzo et al. 2006). Howev r th u of abd minal 

obesity as a mandatory criterion for defining Met by th IDF c uld r ult in th 

exclusion of subjects with ~ 3 of the remaining four criteria who might al o ha 

increased CVD prevalence (Assmann et al., 2007). Th high r pr valence f 

overweight/obesity in the U and its concomitant metabolic risk factors app ar 

obliterate most of the differences in prevalence level of et b tween ID and the 

revised NCEP/ TP III criteria ( ssmann et al. . Therefor th re i ed Pl TPIII 

criteria are more appropriate to cla sify indi idual ith et in the 



ble 2 

mitions of MetS 

Parameters WHO EGIR ATP III/ AHA/ AACE IDF 
( 1998) ( 1999, 2002) NHLBI (2003) (2004) 

(200 I, updated 2004) 

T2DM/ IFG/ IR Plasma insulin None Clinical judgment Central obesity 
criterion > 75 th percentile based on risk factors (Criteria mentioned 

below)* 

At least 2 of the Any 2 of the Any 3 of the ------------ At least 2 of the 
following: following: following: following: 

-...J Waist ---------- > 94 cm ( men) ~ 102 cm (men) ------------ Central obesity* 
circumference > 80 cm (women) ~ 88 cm (women) ~ 94 cm (Europoid 

men) 
2: 80 cm (Europoid 
women) 
Ethnicity-specific 
values for other 
ethnic groups 

30 --------- ---------- ~ 25 kg/m- -----------

0.9 (men) ---------- ---------- -----------
> 0.85 (women) 



Table 2 continued 

Parameters WHO EGIR ATP III/ AHA/ AACE IDF 
( 1998) (1999, 2002) NHLBI (2003) (2004) 

(200 I, updated 2004) 

Hypertension ~ 140/90 ~ 140/90 mm Hg/ ~ 130 mm Hg / ~ 130/85 mm Hg ~ 130 mm Hg / 
(mm Hg) on treatment ~ 85 mm Hg / ~ 85 mm Hg / 

drug treatment specific treatment 
for hypertension 

sting ~ 110 mg/di IGT/lFG ~ 100 mg/di/ 110-126 mg/dL ~ l 00 mg/di 
blood/plasma (not diabetes) drug therapy for 
glucose IFG 

----------- ---------- ----------- > 140 mg/dL ----------

ting serum ~ 150 mg/di ~ 150 mg/di ~ 150 mg/dl/ ~ 150 mg/dL ~ 150 mg/di / 
triglycerides drug treatment specific treatment 

for elevated 
triglycerides 

< 40 mg/di (men) < 39 mg/di < 40 mg/di (men) ---------- < 40 mg/di (men) 
< 50 mg/di (women) (men/women) < 50 mg/di (women) < 50 mg/di (women)/ 

/drug treatment for specific treatment 
low reduced HDL-C 



'° 

ble 2 continued 

ther risk factors 

WHO 
( 1998) 

Yes 

EG IR 
( I 999, 2002) 

ATP III/ AHA/ 
NHLBI 
(2001, updated 2004) 

AACE 
(2003) 

Family history of 
T2DM/ 
Hypertension/ 
CYD/PCOS 
sedentary lifestyle, 
advancing age, 
ethnic groups having 
high risk for 
T2DM/CVD 

IDF 
(2004) 

rganization ; NCEP = National Cholesterol Education Program; ATP Ill = Adult Treatment Panel (III); NHLBI 
= National Heart Lung and Blood Institute; AHA = American Heart Association ; IDF = International Diabetes Federation; AACE = American 
Association of Clinical Endocrinologists; EGIR = European Group for the Study of Insulin Resistance; MetS = metabolic syndrome; T2DM = 
type 2 diabetes mellitus; IGT = impaired glucose tolerance; IFG = impaired fasting glucose; JR = insulin resistance; BMJ = body mass index; 
HDL-C = high-density lipoprotein cholesterol; CVD = cardiovascular disease; PCOS = polycyst ic ovarian syndrome. From: A) Banerjee, D., 

Misra, A. (2007). Does using ethnic specific criteria improve the usefulness of the term metabolic syndrome? Controversies and 
suggestions. International Journal of Obesity (London) 3, 1340-1349. B) The International Diabetes Federation (IDF) (2005). A new 
worldwide definition of the metabolic syndrome consensus from the International Diabetes Federation could help stop the cardiovascular 
di sease time bomb. Retrieved October 26, 2009, from http://www.idf org/webdata/docs/MetS_def_update2006.pdf C) Grundy, S.M., 

lee man, J.I. , Daniels, S.R., Donato, K.A., Eckel, R.H ., Franklin, B.A., et al. (2006). Diagnosis and management of the metabolic syndrome: 
n American Heart Assoc iation/National Heart, Lung, and Blood Institute scientific statement. Current Opinion in Cardiology, 21, 1-6. 



Etiology 

Metabolic syndrome seems to have three potential tiological cat gori : ob ity and 

disorders of adipose tissue; insulin resistance; a w 11 as a con t llation of ind p nd nt 

factors (i.e., molecules of hepatic, vascular, and immunologic origin) that m diat 

specific components of the MetS. Other factor (i.e. aging, pro-inflammatory tat and 

hormonal changes) have also been implicated as contributor as w 11. 

Insulin and insulin resistance. Insulin is synth sized in the pancr a within th ~-c 11 

of the islets of Langerhans and is released when any of the several timuli ar d tect d 

that include ingested protein and glucose in the blood produced from th digested fi od 

stimuli from the autonomic nervous system and e erci e. Insulin ignaling in ol a 

cascade of events initiated by insulin binding to it cell surfac recept r, follo 

receptor autophosphorylation and activation of r ceptor tyrosine kinase hich r ult m 

the tyrosine phosphorylation of insulin receptor ub trate (Kahn & Flier 2000 . Binding 

of the insulin receptor substrates to the regulato ubunit of pho phoino itide -kin 

results in activation of phosphoinositide -kina e hich i ne sary for in ulin action on 

glucose transport. Do tr am ef£ ctor ( uch a protein kina e B and protein Kina 

[PK I ] isoform and GL T a major in ulin r pon 1 gluco e tran p rter 

m diate insulin action on gluco tran p rt ahn Ii r 000· Kim hulman. 

Kahn 2002). 

The fundam ntal acti n of in ulin i t ntr 1 th pla ma gluco c n ntrati n 
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by stimulating glucose transport into muscle and adipo ti u c 11 and inhibiting 

hepatic glucose output (Kahn & Flier, 2000). Th phy iological action of in ulin n c 11 

thus include: (1) increased glycogenesis; (2) incr a d lipog ne i · (3) d er a d 

lipolysis; (4) increased esterification of fatty acid ; (5) d creased prot oly i ; (6) 

decreased gluconeogenesis; (7) decreased autophagy of th ~- c Us; (8) incr a d amin 

acid uptake in the cells; (9) increased potassium uptake in th cells· and (10) 

maintaining arterial muscle tone (Insulin, 2009). 

The most accepted hypothesis to describ th pathophy iolog of the t 

insulin resistance. Insulin resistance has traditionall be n d fin d ith a glucoc ntric 

view (i.e. , a defect in insulin action results in fa ting hyperin ulin mia in rder to 

maintain euglycemia). Yet even before fasting h p rinsulin mia de elop po tprandial 

hyperinsulinemia exists (Eckel, Grundy & Zimm t, 2005). major contributor to the 

development of insulin resistance is an o erabundanc of circulating fr e fatty acid 

(FF s) ( ckel et al. 2005). Plasma albumin-b und FF are deri ed mainl from 

adipose tissue triglyceride stores r 1 ased thr ugh the action of the c clic-ad no ine

mono-phosphate dependent enz me th horrnon n iti e lipoprotein lipase LPL . 

Fatty acids are al o deri d through the lipol i of trigl cerid -rich lipopr tein in 

tissues by the action of LPL ha Hall important to both 

antilipol si and th stimulation of LPL Kahn Fli r 2000 . f not th mo t n iti 

path a of in ulin action i th inhibition of lip i in th adip ti u . Thu . 

in ulin re i tan e de 1 p th incr a d am unt f lipol i of tor d trigl c rid 
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molecules in adipose tissue produces more fatty acid , which could furth r inhibit th 

antilipolytic effect of insulin, creating additional lipolysis. Upon r aching in ulin 

sensitive tissues, excessive fatty acids create insulin r si tanc by th add d ub trat 

availability and by modifying downstream signaling. 

In the muscle, fatty acids can impair activation of prot in kina -A and pr t in 

kinase C-s and can diminish protein kinase B activation hind ring th intrac llular 

regulation of glycogen, glucose, and lipid metaboli m (Kim t al. 2002). H 

liver while circulating FF A increase hepatic gluco e production and dimini h inhibition 

of glucose production by insulin, lipogenesis a pathway r lated to both th timulatory 

effects of such acids and insulin on sterol resp n e element binding prot in-1 c continu 

in an effort to maintain regulation (Eckel et al. 2005). 

Obe ity and increa ed wai t circumference. The orld id ob it epidemic ha 

been the most important driving force in the much mor recent r cognition of et . 

Mechanistically a distinction between a large ai t due to incr a in ubcutaneou 

adipose tissue s. i ceral fat is debated. ith incr a in intra-abdomina i ceral 

adipose tissue a higher rate of flu of adip 

splanchnic circulation ould be e pected h r a in r ase in abdominal ub utaneou 

fat ould relea lipol i products into th t mic circulation and a oid more direct 

th 

pr du tion. lipid nth i and cretion of 

u has fibrin g n and pla min g n a ti ator inhibit r 1 . D pit 

in m chani m r lat d t a dominal adi ti u 



distribution, the clinical diagnosis of Met do s not di tingui h b tw n mer a m 

subcutaneous and visceral fat (Eckel et al., 2005). 

Dyslipidemia. In general, with incr as sin FF flux to the liv r incr d 

production of apolipoprotein B-containing triglyc rid -rich VLDL occur . In th tting 

of insulin resistance, increased flux of FF A to the liver incr ase hepatic triglyc rid 

synthesis; however, under physiological conditions, in ulin inhibit rath r than incr a 

the secretion of VLDL into the systemic circulation. Thi re pon in part i an ffi ct f 

insulin on the degradation of apolipoprotein B. Yet in ulin i al o lipog nic increa ing 

the transcription and enzyme activity of many g nes that r late to triglyceride 

biosynthesis. The hormone sensitive LPL hydroly e intracellular triglyc ride in adip e 

tissue leading to sustained release of fatty acid into circulation and rai ed n n-e terifi d 

fatty acid levels. ormally, the LPL is elevated under fa ted condition and r duced 

under fed conditions as result of inhibition by in ulin. Ho e r, in insulin r i tant 

subjects hormone sensitive LPL acti i is not full uppr ed in the fed tat and non

esterified fatty acids le el are elevated. Thu insulin r i tanc could reduc the 

concentrations of LPL in peripheral ti ue (i.e. in adip e ti ue more than mu cle 

hich ma also contribute to h p rtrigl c ridemia hav t al. 005 . 

The other major lipoprot in di turban m a 

consequence of change in HDL comp iti n and m ta li m. In the pr n of 

t r c nt nt f th lip prot m or · th aria l mere m 
6 



triglyceride making the particle small and dens a function in part of ch l t ryl t r 

transfer protein. This change in lipoprotein composition al ore ult man mer a d 

clearance of HDL from the circulation. The relation of th se chang in HDL t in ulin 

resistance is probably indirect, arising in concert with the change in triglyc rid -rich 

lipoprotein metabolism (Eckel et al., 2005). 

The composition of LDL is also modified (in a similar way a d crib d fi r H L

C earlier) to form small-dense LDL. This change in LDL composition i attributabl to 

relative depletion of unesterified cholesterol, esterified chol st rol and ph pholipid with 

either no change or an increase in LDL triglyceride. mall d n e LO might b mor 

atherogenic than buoyant LDL (Lada & Rudel 2004) becau e (1 it i m r t ic to th 

endothelium; (2) it is more able to transit through th endothelial bas m nt m mbrane· 

(3) it adheres well to glycosaminoglycan · ( 4 it has incr as d u c ptibi li t o idation· 

and/or (5) it i more selectively bound to ca enger rec pt r on mon c 

macrophage (Lada & Rudel 2004). In om studi thi alt ration in c mpo ition 

is an independ nt risk factor for VD Lada Rud l 200 . Ho r. m r often thi 

a sociation is n t independent, but related t th concomitant change in th r 

lipoprotein and other ri k factors ( ckel t al. 200 . 

Gluco e intolerance. The de~ ct in in ulin action in gluco e m tab li m include 

d ficienci in th abili of th hormon to uppr gluco production b the Ii er and 

kidn and t m diat glue uptak and metaboli min in ulin n iti (i.e., 

mu cl and adi ti u . comp n at in in ulin a tion . in ulin er tion 



and/or clearance must be modified to u tain euglycemia. If thi comp n ati n fail 

defects in insulin secretion predominate (Eckel et al., 2005). In ulin r i tanc in 

pancreatic islet~ cells implies that signal that gen rate gluco -d p nd nt in ulin 

secretion have been adversely modified, and FF As are the n xt prim candidat 

stimulate insulin secretion. However, increasing and prolong d 

concentrations of FF A results in falls in insulin secretion ( m chani m 

for this alteration has been attributed to lipoto icity through ev ral p t ntial diffi rent 

unknown mechanisms (Yaney & Corkey, 2003). 

Hypertension. The relation between in ulin re i tance and hypert n i n r late to 

several different mechanisms (Reaven, Lithell & Landsberg 1996 . In ulin i a 

vasodilator, with secondary effects on sodium reabsorption in th kidne . In th etting of 

insulin resi tance, the vasodilatory effect of insulin can b lost, but th renal effect on 

sodium reabsorption is preserved. urther ce fatty acid th msel es can mediate 

relative vasoconstriction. Insulin al o increa th acti ity of th mpathetic nervou 

system, an effect that might al o be pre erv d in the etting of the in ulin re i tance 

( haw et al. 2005). 

Other manife talion . In ulin re i tan e i accompanied b man ther alteration 

that are not included in the diagno tic criteria for the Eck l t al., 2005 . 

ample of metabolic alt ration a o iat d with in ulin r i tanc includ : ( 1 

lo birth ight· (2 incr a m D-prom ting m tabolic factor .g .. 

ap lip protein B and -III uric acid [ 1 el of\) hich ma bl k nitric o id 



availability that is essential for insulin to increase glucos uptak in th c 11 ] 

prothrombotic factors [fibrinogen and plasminogen activator inhibit r 1] pr inflamat ry 

cytokines [interleukin-6, C-reactive protein, tumor necrosis factor, and r i tin] erum 

viscosity, asymmetric dimethylarginine, homocysteine a w 11 a whit bl d c 11 

count); (3) the presence of microalbuminuria, non-alcoholic fatty liv r di a and/ r 

non-alcoholic steatohepatitis; (4) obstructive sle p apnea· (5) l w l v l t to t ron m 

men; (6) low levels of adiponectin (an anti-inflammatory cytokin produc d by th 

adipocytes that enhances insulin sen itivity and deer a s the inflammatory proc s)· 7) 

polycystic ovarian disease in women; and (8) stressful liD events ckel t al. ). 

Other Metabolic Risk Factors 

Glycosylated/glycated hemoglobin is a form of hemoglobin used prim aril to 

identify the average plasma gluco e concentration o er prolonged p riod . It is form d in 

a non-enzymatic pathway by hemoglobin's normal e p ure to high pla ma le els of 

glucose. In the normal 120-day life pan of th red blo d cell glucos mol cul s r act 

with hemoglobin forming gl co lated h moglobin. Once a hem globin mol cule i 

glycated, it remains that a . buildup of gl co lat d h moglobin ithin the r d cell 

therefore refl ects the a erage le 1 of gluco to v hi h the cell ha b n po d during 

its life cycle. The gl co lated hemoglobin 1 

gluco e concentration o r th pre iou D ur 

reD re nee range ( that i found in h al th 

lat d h m globin ar found in opl 

1 i proportional to a rag blood 

to thr m nth . In g n ral. th 

ab ut %- .9%. and high r 1 1 of 

d glu o , as 



in diabetes mellitus. The American Diabetes Association r comm nd th t th 

glycosylated hemoglobin level be below 7.0% for most patient with diab t and <5. % 

for normal individuals (Glycated hemoglobin, 2009). 

Hyperhomocysteinemia is another risk factor for VD and endoth lial 

dysfunction (Hyperhomocysteinemia, 2009). Homocysteine i a non-di tary angioto ic 

amino acid produced as a result of demethylation of methionine and can b r cycl d t 

methionine or converted to cysteine via multi-stage reaction . Th conv r ion f 5 10-

methylenetetrahydrofolate to tetrahydrofolate ( the activ form of fo late in the body 

provides the methyl group required to convert homocyst ine to methionine hil hike 

Ross, Caballero, & Cousins, 2005). Vitamins B6 and B 12 act a cofactor for th se 

reactions. Thus, a deficiency of B vitamin (especially folate ma lead to 

hyperhomocysteinemia and endothelial dysfunction both of hich ar con id red 

powerful risk factors for CVD (Moen et al. 2008). Y t r ult from a recent meta

analysis indicated that not all studie ugge ta po iti er lation hip between 

hyperhomocysteinemia and D (Khandanpour Loke, Armon 

2009). 
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CHAPTER III 

THE RELATIONSHIP OF BREAKFAST SKIPPING D YP F BRE KF 

CONSUMPTION WITH ENERGY A D UTRI T D 

WEIGHT STATUS IN CHILDREN 

NHANES 1999-2006 

( TUDY I) 

Introduction 

Pediatric overweight is epidemic in the nit d tate ( ( gden et al. 2006). 

Childhood overweight tracks into adulthood (De hmukh- askar et al. 2006 incr a ing 

the risk for chronic diseases that occur common! among erw igh obe e adult 

(National Institutes of Health 1998). Dietary habit may contribute to the incidence and 

severity of overweight/obesity in children/adole cent ( lbertson et al. , 2003 · iemeier 

et al., 2006). kipping breakfast ha b en a ociat d ith higher adipo i m a ure m 

children/adolescents and is more pre alent than in the past among the e ag group 

( eiga-Riz et al. 1998; ong et al. 2006 . Pr iou nationall r presentati tudie 

showed that in 1965 5% and 12% of childr adol c nt 11-1 ear of ag and 15-

18 y respecti el skipped br akfa t eiga-Riz t al .. Th 1999- 000 ational Health 

and utrition amination urve ho d that 0. % of 9-1 childr n and 

6.1 % of 14-18 adol kipp d br akfast ong t al. . 



Breakfast skipping may have public h alth con qu nc for childr n/ad l nt 

(Affenito et al., 2005; Albertson et al., 2003; Barton et al. 2005; ickla et 1. 2 00· 

Niemeier et al., 2006; Utter et al. , 2007). Compar d to br akfa t con um r h 

skipped breakfast had reduced intakes of many nutri nt including vitamin B6 

B 12, folate, iron, calcium, phosphorus, magnesium, pota ium and di tary fib r that 

were rarely compensated for at other meals (Nicklas et al.). Br akfa t kipp r (B 

also less likely to meet the daily recommendation for D d group uch a and 

fruits (Utter et al.). Skipping breakfast has been associat d with a high r b dy ma 

index (BMI) compared to those who consume breakfast ( fD nito et al.· Bart n t al. . 

Skipping breakfast in childhood or adolescence may p r i t into adultho d ake et al. 

2006). One strategy to increase the prevalence of tho c n urning breakfa t as th 

introduction of the chool Breakfast Program hich pro id 25% f th R comm nd d 

Dietary Allowance (RD ) for energy protein itamin . and calcium and iron 

(United tates Department of griculture s chool Breakfa t Program 196 -2009 . 

However, not all school or all children/adole c nt participate in thi program Food 

Research and ction Center 2005 . 

Many read -to-eat cer al (R ar con ni nt. palatabl nutri nt-d n food 

that do not require furth r pr para ti on or co king. o t RT ar lo in fat ar good 

ources of compl carboh drat and ar itamin and min ral 

al. 2004· Frary t al. 200 · R ad -to- at r al , 00 : ubar t al. 199 b· 

otton 

ittak r et 

al. 2001 . High r con umption of RT at r akfa t h n oiatd "thbttr 



dietary intakes (Albertson et al.; Barton et al. ; Frary t al. · ib n 2003 · ubar t al. 

when compared to lower or no consumption. on umption of RT ha al b n r l t d 

to a lower BMI and to weight loss (Albertson et al.· Bart n t al.· Matt 2002 

compared to non-consumers. Nonetheless, studi exploring th r lati n hip br akfa t 

consumption to nutrient intake (Affenito et al.· Barton t al. nutri nt ad quac and 

anthropometric measures (Affenito et al. ; Barton et al.) in a r c nt nati nally 

representative sample of U children/adolescent are limited. Th goal ofthi tud 

to examine the relationship between breakfast skipping and typ of br akfa t con um d 

using nutrient intake, nutrient adequacy, and anthropom tric mea ure in a nationall 

representative sample of U children/adolescent . 

ubjects and Meth ds 

Study De ign and Population 

This study involved analyses of cros -sectional data from children 9-13 n = 

4,320) and adolescent 14-18 y (n = 5 339 participating in th 1999-2006 

(Centers for Disease ontrol and Pre ention ati nal H alth and utriti n 

Examination urve 1999-2006). Pr gnant or lactating ubject n = 129 ere 

e eluded. Due to the nature of th anal i i .. a ec ndary data anal i , and th lack 

of per onal identifier , thi tud d and appro d in th b 

the Institutional Re ie Board 

oll ge of edicin H u ton 

as man 

70 

ni r it , Hou ton and Ba lor 



Dietary Assessment 

The dietary data collection procedures are d crib d l wh r ( r 

Disease Control and Prevention' s National H alth and utriti n xaminati n urv y 

1999-2006; Wright et al. , 2007). Briefly, data from a ingl multi-pa 24-h ur di tary 

recall were used (Centers for Disease Control and Pr v nti n ati nal H al th and 

Nutrition Examination Survey; Wright et al.) . For y ar wh r tw -day di tary r call 

were available from NHA ES (i.e. from 2003 onward only th fir t da f di tary 

recall data was used to standardize the sample. The 24-h ur dietary r call 

parent/caregivers for children 6-11 y and was self-reported for tho e o r 11 y nter 

for Disease Control and Prevention's ational Health and utrition amination 

Survey). Only participants with complete and reliabl di tary data as det rmin d b th 

National Center for Health tatistic taff were includ d. Break.fa t con umption a 

defined as self-rep rted and included con umption of an food/b rage at a meal 

occasion named b the re pondent a br akfast or d a uno/almu rzo pani h . ubject 

e erage e eluding at r at br akfast r categ riz d a B . 

Ready-to-eat cereal breakfa t consumer er d fined as tho ho ate RT at a 

breakfast meal occa ion r gardl 

occasion)· and other breakfast OB con um r 

erag c n um d at that m al 

re d fin d as tho e ho c n um d 

other foodsfbe rage at the br akfast meal. 

Intakes oft tal n rg total and p r nt n rg rom ma ronutri n . and 

micronutri nt d. Th nutri nt ont nt f urv D d in H 00 -



2004 were determined using the United tates D partment of Agricultur ( D ' 

Nutrient Database for Standard Reference, Rel a 20 ( R-20) (Unit d tat 

Department of Agriculture's National Nutrient Databas , R20) and th R- ink fil th 

recipe database) of the Food and Nutrient Databa e for Di tary tudi v r i n 2.0 

(FNDDS 2.0) (United States Department of A gricultur ' ood and utriti n Databa 

for Dietary Studies, 2.0). The USDA FNDD , ver ion 1 (Unit d tat D partm nt of 

Agriculture ' s Food and Nutrition Database for Dietary tudi , 1.0), a u d fi r 

processing the dietary interview data for 2001-2002 and technical upport fil includ d 

an earlier version of the recipe database used in H E 1999-2000. Th f 

the SR nutrient databases linked to the survey foods ere the R-18 ( nited tat 

Department of Agriculture s ational utrient Databa e Rl 8 in H 2001-2002 

and the SR-16.1 (United tates Department of griculture 

Rl 6-1) in HANE 1999-2000. The data for ome nutri nt 

folate in their current accepted nutrient form and total sugar 

U D s dietary database for itamin and 

Dietary Databa e for itamin and 1999-20 2 and th 

ational utri nt ataba , 

1.e. itamin and and 

re obtain d from the 

DD 2.0 

Department of griculture ood and utrition Databas for Di ta tudi , .0 . 

rag during respecti ely. The intake of add d ugar i. . ugar add d to fi d 

processing or horn preparation and not natural ugar as obtain d from th 

P ramid qui al nt Databa for D 

o hfegh 200 . 

7 



A mean adequacy ratio (MAR) of micronutri nt intake wa calculat d by 

estimating the percent of the adequacy value ( either R comm nd d Di tary 11 an 

[RDA] or Adequate Intake [AI] cut-off) (In ti tut of M dicine s Di tary R fir nc 

Intakes, 2006) that met the RDA/AI cut-off. Tho e valu gr at r than th cut- ff r 

truncated at 100% to prevent an excess intak of one nutri nt from comp n ating fi r 

inadequate intake of other nutrients. These valu s were averag dover 13 l ct d 

micronutrients (vitamins A, E, C, B6, and B 12; thiamin riboflavin niacin lat 

phosphorus, magnesium, iron, and zinc). The M R for five hortfall nutrient i.e. 

vitamin E, calcium, magnesium, potassium and dietary fib r) as outlined by th 2005 

Dietary Guidelines for Americans (DG ) committe ( nit d tat s D partm nt of 

Agriculture 's Dietary Guidelines for American hortfall utrient 2005 

calculated the same way as described abo e. 1th ugh th re i n d finite 

interpretation of the MAR a conservative 

adequate (Krebs- mith & lark 1989 . 

A sessment of Adipo ity tatu 

of~ 90 a el cted a nutritional! 

diposity status as asse ed b u ing anthrop m tri m asur m nt 1. 

weight height and ai t circumference [ 

obile amination 

Health and utrition amination 

inde as calculat d as ight kilogram 

] conduct d b H per onnel in the 

ontr 1 and Pr ntion ational 

9 - 006· ohman t al. 19 . Bod mas 

ight m . Th z- or and p re ntil for 

B -for-age and ight-fi r-age v r calculat du ing th tati tical 
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program for the Centers for Disease Control and Pr v ntion Gr wth hart 

Disease Control and Prevention, 2007). For children/ado! c nt ht wa 

defined as a BMI ~ 85th percentile and < 95th percentile· ob ity wa d fin d a a BMI ~ 

95th percentile (Centers for Disease Control and Pr venti n 2000 . 

Covariates 

Total energy intake, demographic (age gender thnicity, thnicity g nd r 

socioeconomic status (i.e. , poverty incom ratio [PIR]) and phy ical activity r 

covariates in the analyses. Demographic, ocioeconomic and phy ical acti ity 

information was obtained from their resp cti HA E qu tionnair nt rs for 

Disease Control and Prevention's ational Health and utrition aminati n urv y 

1999-2006). Ethnicity of children/adole cent lf-r ported and categorized into non-

Hispanic Whites non-Hispanic Blacks e ican-American /Hi panics and 

races. The PIR of the households as cat gorized in group ranging from < 1 indicating 

households belo the po erty threshold) to ~ 5. Ph ical acti ity of the 

children/adolescents as cat goriz d into: 1 

moderate ' ( 4-6 time per eek and ' lo 

1g rou ~ 7 time p r eek . 2 

0- time p r \ k . 

tati tical al 

Detail regarding tati tical m th d are ace ibl el her nt r for 

Di ease ontrol and Pr ati nal H alth and utrition amination urv 

1999-2006 . Bri fl ampl - r anal z du ing tati tical o 

Anal i of rr lat d ata tati ti al fu ar Package for th 

7 
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Analysis of Correlated Data, 2008) to account for unequal pr bability f l cti n fr m 

over-sampling and for the stratified multistage probability ampl d ign ( nt r fi r 

Disease Control and Prevention's National H alth and utrition aminati n urv y . 

Sample-weighted percents ± standard error ( E) w re calculated r th d mographic 

variables using cross-tabulations and were compared u ing chi- quar 

macro- and micronutrient intakes, MAR, BMI z- cor s and W 

presented as least-square means ± least-square standard rror . ariat -adju t d 

prevalence of overweight/obesity was determin d by calculating th m an fa 

dichotomous variable giving the 'mean preval nee p rcent and tandard 

for comparisons of means for dietary and anthropometric ariabl among th br akfa t 

consumption groups were performed after adjusting for co ariat u mg 

correction (p<0.05/3 = p<0.0167) to adju t the ignificance le 1 fi r multipl 

comparisons. The significance for categorical ariabl 

R ult 

as et at p ~ 0.05. 

Demographic Characteri tic 

Twenty percent of childr n er . 9% con urned R and .0% 

con urned OB. lo er p rcent of 1can- ri an/Hi panic and non-Hi anic ite 

childr n ere B (16.1 % and 19. % than c n um d RT .5% and 7.6% or B 

(48. % and 43.1 % r sp cti el . I \i r p r nt of hildr n from hou h ld ·th PIR 

> 5 r B 15. % than con um d R 0. % or B 5 . % r 

abl 



Thirty-two percent of adolescents were B , 25.3% c n um d R and 4 .2% 

consumed OB. Fewer non-Hispanic White adol c nts skipp d br akfa t (2 . % r 

consumed RTEC (28.6%) than consumed OB (43.1 %). low r p re nt o n n-Hi pani 

Black adolescents consumed RTEC (19.8%) than kipp d br akfa t (40.0% r n um d 

OB (40.2%). A higher percent of Mexican-American/Hi panic ad l c nt 

OB (45.0%) than skipped breakfast (32.9%) or consum d RT (22.2% . r 

percent of adolescents from households with PIR < 1 con um d R 

skipped breakfast (40.2%) or con urned OB (40.1 %) ( e Tabl 

(19.7% than 

r p re nt of 

adolescents from single-parent homes consum d RT (20.7% than kipp d br akfa t 

(35.4%) or consumed OB (43.9%) (data not ho n . 

Covariate-adju ted Mean Energy and utrient Intake /Day b T pe of Breakfa t 

Consumption 

In children total energy intake in the group of B r than tho 

consuming RTE or OB. Percent energ from both carb h drate and t tal ugar re 

higher in RT consumer than in B con um r r B . Pere nt n rg from add d 

ugar was higher in B than in B con um r . Di tar fib r intake a higher in R 

con umer 

fatt acid and p lyun aturated fatty acid 

other o con umption gr up 

In childr n intak of 

abl 

fr m t tal fat, monoun aturated 

r in RT con um er than the 

B6 and B 1 . thiamin. ribofla in ma m. 

~ lat , alcium ph ph ru magn ium. ir n. zinc and p ta mm \J r all high r in 
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RTEC consumers than in BS. Other breakfast consum r had low r intak o vitamin 

A, B6, and B12, thiamin, riboflavin, niacin, folate, calcium pho ph ru magn ium 

iron, zinc, and potassium but had a higher intake of sodium than RT con um r . 

Other breakfast consumers had higher intakes of only riboflavin and ph ph ru wh n 

compared to BS (see Table 4). 

In adolescents, the total energy intake for B wa low r than in RT and B 

consumers. Percent energy from total carbohydrate total sugar and di tary fib r intak 

were all higher in RTEC consumers than in B and OB con um r . Percent n rgy from 

added sugars was higher in B than in RTEC and OB consumer . Percent n rgy from 

saturated fatty acids was higher in OB consumers than in RT con umer and a 

lower in R TEC consumers than in B . Chol est rol intake a high r in B c n umer 

than in BS and RTEC consumers (see Tabl 4 . 

In adolescents those con urning RT had higher intak of itamin B6, 

and B 12, thiamin, riboflavin niacin folat calcium pho phoru magn iurn, iron zmc 

and potassium than B . Other breakfast consumer had high r intake of itamin , 

riboflavin calcium phosphoru magn ium and potas ium than B : h rea th had 

lowe intakes of itamins B6 and B 12 thiamin ribofla in. niacin folat calcium 

pho phorus magnesium iron zinc and pot ium than RT 

breakfast con um r had higher intak of odium than RT 

ther 

n um r . Among B 

con umer the inta s o thiamin nia in itamin B6 B 1 . and . fo lat . ir n zinc and 

dium did not diffi r from th B abl 

77 



Covariate-adjusted Mean Adequacy Ratio (MAR) For Nutrient on urned/Day by T pe 

of Breakfast Consumption 

In children, the MAR for 13 selected micronutri nt wa high r in R 

consumers ( X= 91.3) than in BS ( X= 79.0) and OB con um r ( X= 84. 7) and OB 

consumers had a higher MAR than B . imilar result w re ob rved within th ag and 

gender groups. The MAR for the five shortfall nutrients wa al o high r in R 

consumers ( X= 63.7) than in BS ( X= 55 .9), and OB con umer ( X= 59.7 and B 

consumers had a higher MAR than B (see Figure 3). 

In adolescents, the M R for 13 selected micronutri nts as high r in RT 

consumers ( X= 85.4) than in B ( X= 70.7) and OB con umer ( X= 76.0 for both 

genders. The MAR for fi ve shortfall nutrients was al o higher in RT con umer ( X = 

54.9) than in B ( X= 45.9) and OB consum rs ( X= 49.5 . th r breakfast c n umer 

had higher M R for the 13 selected micronutrient and £ r th fi hortfall nutrients 

than B (see Figure 3). 

ovariate-adju ted Mean Anthropometric J\.1ea ure b T pe of Breakfa t onsumption 

In children B had a high r B I-z- or -for-ag than in RTE con um r · 

o erall OB con um r had a higher B 

Figure 4). Breakfa t kipp r had a high r 

( X= 75.9 cm· o erall B c n umer had a high r 

7 

than RT con umer 

m than RT 

X= 77. cm than R 

B I 2: 9 th p re ntil \J as high r 



in BS ( X = 22.1 %) than in RTE consum r ( X = 15.2%) 

vs.14.3%) (see Figure 6). 

(X= 24.1% 

In adolescents, the BMI-z-score-for-age wa high r in B than in RT and B 

consumers and was higher in OB consumers than in RT con um r ( Figur 4 . 

Breakfast skippers had a higher WC ( X= 78.5 cm) than RT consumer X = 75.0 cm 

and in girls, BS had a higher WC than OB consumers ( X= 77.2 cm vs. X= 75 .0 cm). 

Boys consuming OB had a higher W ( X= 78.7 cm) than boys c nsuming R ( X= 

76.3 cm) (see Figure 5). The prevalence of obesity was higher in B ( X = 20. 7% than in 

RTECconsumers(X= 13.2%) inboysand girl. The pr al nceofob itywa also 

higher in OB ( X = 18.4%) than in RTEC con umers ( X= 13.2%) in boy and girl (s 

Figure 6). 

Discu sion 

Breakfast has been regarded a the m t important m al f th da , in part 

because of its nutritional benefit ( ffenito t al. 2005· lb rt on et al. 200 · Barton et 

al., 2005; Gibson 2003· ickla t al. , 2000· ong t al. 2006 · tt r et al. 2007). In 

this study spanning from 1999 to 2006, the pr al nc of kipping br a fast as higher 

in adolescents ( e peciall girl , than in childr n onfirming re ult from pr tudie 

(Barton et al.· alinau kas t al. 2006· eiga-Riz t al. 199 : ong t al. ; 

Hori hita 2005 . The p r ent of th \J as lo r than tho con urning 

B in all childr adol c nt fr m thi tud . 

7 



A higher percent of children/adole cents from low-inc m h u h Id pp ar d 

to skip breakfast than those with other household incom charact ri tic . Y ung 

populations are vulnerable to poor eating habit (Kipke t al. 2007 p cially if th y 

belong to households with inadequate monetary re ourc to pro id br akfa t (Mi ch t 

al., 2006; Wolfe & Campbell, 1993) or if their parents hav limit d tim to pr par 

breakfast. Skipping breakfast may also occur b cause of a limit d kn l dge ab ut 

health and nutrition (Davy et al. , 2004) lack oftime to at or pr par br akfa t 

& Horishita, 2005), unavailability of foods for br akfa t ( ri hita 2005 or 

weight concerns (Malinauskas et al., 2006; w ney & H ri hita 2005 mainl am ng 

adolescent girls (Malinauskas et al.). thnic differ nee in br akfa t c n umption 

revealed that a higher percent of Other i ed race and non-Hi panic Black 

children/adolescents appeared to be among B . on r ely the p re nt f B app ared 

to be the lowest in Mexican-American/Hi panic children. In all thniciti R 

consumption was low but it appear d to be l r in childre ad cent fr m non-

Hi panic Black and Other i ed rac compared to non-Hi panic ite . High po erty 

rates or low-income among minori group in th ma af:D ct th ir hoice of h alth 

food consumption De hmukh- askar ickla ang Ber n n, 2007 · 

al., 200 · Tre ino et al. 200 . r c nt tud ho\J d that compar d to 

had lo er ace ibili to up rmark t tor that c uld hinder th ir a c and 

dman t 

Black 

a ailability of h alth rland Fil 007 . including fortifi d R 

0 



The mean intake of dietary fiber/day in all thr br akfa t con umpti n r up 

was below the AI value (Institute of Medicine ' Di tary R fi r nc Intak 200 r 

children (i.e., 31 and 26 g/day in boys and girls, resp ctiv ly) and for ad l 

and 26 g/day, in boys and girls, respectively). N verthel 

higher mean dietary fiber intake/day than B and OB con um r . h di tary fib r 

content of one serving of RTEC may vary from 1 % to ab ut 60% ofth Daily Yalu . 

Further, RTEC consumption may also be a way to incr a wh l grain in th diet· me 

an overwhelming majority of American children/ado! c nt fail to c um the 

recommended amounts (United tates Department of gricultur ' Di tary uid line 

for Americans Shortfall utrients, 2005). 

The benefits of consuming RTEC ha e b n d bat d ince th y ma contribut to 

added sugars in the diet (Frary et al. 2004), hich if con urned in high amount >25% 

of total energy intake [In titute of Medicine Di tary Refi r nc Intake 2006- nited 

tates Department of griculture s Dietary Guid lin fi r merican 2005] ma 

promote weight gain (Bra iel en & Popkin 200 · Duffe Popkin 200 The 

present study sho ed that the mean intak of add d a higher in B than B 

consumers in children and in adol c nt it as high r in B than R and B 

consumers ugge ting that B con um d m r added ugar during other tim of the 

da . Yet the c n umpti n of add d ugar did not 

recomm ndation in an nsumption gr up . 



The American Academy of Pediatrics recommend that childr n/ad 1 

age of those in this study should not consum more than 25- 5% n rgy fr m at and 

>300 mg of cholesterol daily (Gidding et al. 2006). On av rag all br akfa t 

consumption groups in this study consumed 2: 30% but <35% en rgy rom t tal at during 

the day. The mean percent energy from fat/day wa low r in RT con um r than in 

OB consumers and BS in children/adolescents. Them an chol t rol intak in all thr 

breakfast consumption groups was < 300 mg/day; howev r th m an ch 1 t rol 

intake/day in OB consumers was higher than in RTEC con umers and B in 

children/adolescents. A previous HA analysi ugge ted that B fi od at n by 

Americans over the age of 2 y outside the home did not include R but includ d 

whole eggs, bacon/sausage , breads/rolls/sweet roll and fried p tato ent r fi r 

Disease Control and Pre ention s ational Health and utrition amination urve 

2001-2002). These food ma contribute to high intake of fat, chole terol, and added 

sugars in the diet. In a recent tudy middle- ch ol childr n ho participated in th 

chool Breakfast Program had lo r intake of RT although offered in more than 

75% of the school menu , but had high r intake of mil and I 00% fruit juic s a ell a 

ond n 

repinsek & Fo 2009 . imilarl l br akfa t parti ipan had 

lo er intake of un and fr h frui c mpar d t th ir n n- hool 

breakfast con urning c unt rpart . rall mil 

con umption b nt r akfast r up nd n t al. 0 9 . In thi 



study, the mean R TEC consumption was lower in adol c nt than in childr n 

suggesting that as age increases, RTEC consumption al o d clin . 

Eating a healthy breakfast may help to meet th recomm ndati n fi r D 

shortfall nutrients (i.e., those nutrients that are con um din amount l w n ugh t b f 

concern by children/adolescents) as well as sev ral oth r nutri nt r quir m nt 

(Albertson et al. 2003; Suitor & Glea on, 2002· United tat D partm nt f 

Agriculture's Dietary Guidelines for Americans hortfall utri nt 2005 . lb rt n and 

coworkers reported that the proportions of children not m ting th ir timat d v rag 

Requirement for vitamin A, folate and zinc were the high st among thos in the lo 

tertile of RTEC consumption. In the pre ent study RT c n um r had higher m an 

intakes of almost all vitamins and minerals/day including B- itamin h rtfall minerals 

(i.e., calcium, magnesium, and potassium) and ome anti idant .g. itamin and 

C) than B and OB consumers. The increas d intake of calcium among RT con umer 

may be attributed to the increased intake of milk that occur ith RT c n umpti n a 

also reported earlier ( ong et al. 2006 or to th fi rtification of the RT . In the pre nt 

study 97% of childre adole cent con urning RT at br akfast did ith milk (data 

not sho n). 0th r breakfast con umer fail d t n um high r intak f man 

nutrients than B during the da including di tar fib r thiamin, niacin, itamin and 

in children onl · itamin B6 and BI folat cal ium in hildr n onl . iron 

and zinc. ompar d t B on umer and B R 

th uoh th 



mean MAR for shortfall nutrients fell below the selected cut-off in th pr nt tudy 

(Krebs-Smith & Clark, 1989) among all breakfa t consumption group it wa till hi h r 

for RTEC consumers than OB consumers and B in childr n/adol c nt . Th r ult 

underscore the nutritional benefits of RTEC con umption at br akfa t. nth l 

these results must be interpreted with caution, since the contribution of br akfa t by it lf 

to the total daily intake of nutrients was not examined. 

Although the prevalence of overweight wa not ignificantly differ nt among 

breakfast consumption groups in children/ado! cents, significant diffi r nc s r fi und 

for BMI z-scores, WC, and the prevalence of ob sity (i .. BMI 2'.: 95 th p re ntile . ai t 

circumference is a surrogate measure of abdominal obe ity and i con idered an 

important contributor of metabolic complication in children/adole c nt i t al., 2006). 

The mean WC was higher in B compared to RTE con um r in childre adol cent . 

The prevalence of obe ity was higher in B than R 

children/adolescents, and was higher in OB than R 

c n umer m 

con umer in adole cent . 

The results from the present anal i of anthropom tric m asure for th thre 

ffenito t al. 200 

lbertson et al. 200 · Barton et al. 200 · imlin t al. 200 . Ho r, ne 

longitudinal tud B rke t al. 200 r p rt d that o ight children 9-1 v ho 

ne er ate breakfast had a larger d crea in th ir B I compared to o ight childr n 

ho ate breakfa t nearl da · h r as normal v ight childr n h n r at 

br akfast gained ight r lati to h at br akf: t n arl th ugh 



mechanisms linking breakfast consumption and low r body w ight ar un l ar 

possible explanations may exist. While children/ado! c nt who con um d br akfa t 

tended to consume a higher intake of total en rgy and t tal ugar than th B ickla 

al. 2000), as was also observed in the present study for RT con um r · B may t nd t 

eat more foods with low nutrient or higher energy den ity ickla t al.) uch a fa t 

foods (Niemeier et al. , 2006), or may consume increa ed numb r of di er ti nary 

calories at other meals during the day. Skipping breakfa t may al o l ad t hung r 

or rebound overeating (Miech et al., 2006) and con umption of large porti 

(Lioret, Volatier, Lafay, Touvier & Maire, 2009 at ub qu nt m al . 

breakfast consumption may be associated with an increa d fr qu nc f ating meal 

which may reduce the efficiency of utilization of metab lizable nerg and promote diet-

induced thermogenesis and energy expenditur (Drummond et al. 1996 . oreo er 

healthy breakfast choices, such a fortified R ma contribut t a lo r fat intake 

higher overall nutrient-density including an increa d intake of calcium ong t al. 

2006), which has been sugge ted to pla a rol in r ducing b d fat Z m I et al. 2 05 . 

Lastly RTE breakfa t con umpti n ma lead to m r regular ating habit a con i t nt 

energy intake and election of more h althful fi d ch ic ong t al.· tt r t al. , 

2007) hich ma all aid to ard achi ing or tabilizing a lo er B I. 

Limitation 

. au ali b tw n br akfa t 

kipping or con umption nutrient intak and \J ight tatus cannot b tabli h d 



(Willett, 1998). A single 24-hour dietary recall (a u din thi tudy) may n t aptur 

the usual breakfast habits of the sample. Neverth 1 a sing! 24-hour r call i 

considered a reliable method of dietary assessment for larg populati n r up (Will tt 

1998). Parents assisted with the 24-hour recalls of children 9-11 y· par nt c n ft n 

report accurately what children eat in the home but may not know what th ir childr n at 

outside the home, which could result in reporting error . The intak of nutri nts 

contributed by vitamin-mineral supplements wa not con id red. In additi n thi tudy 

did not determine the nutrient intakes solely from breakfast and di tary difb r nc 

between breakfast consumption groups could be due t their intak at oth rm al . It i 

also possible that RTEC consumers may ha e c n urned oth r br akfa t :D od al ng ith 

RTEC, which may have positively affected their nutri nt intak s. 

Conclu i n 

utrition professionals need to reinforc the importance of not onl ating 

breakfast but also consumption of healthy breakfa t choice uch a R b 

children/adolescents. ore research is needed t amine the impact oft p f br akfast 

consumption on nutrient intakes and adipo i tatu o r time in a nationall 

representati e longitudinal ample f childr adol 

dietary asses ment. 

6 
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able 3 

Demographic Characteristics by Type of Breakfast Consumption in Children (9-13 y) and Adolescents (14-18 y): NHANES 1999-2006 

BS R TEC consumers OB consumers Row p value 

Total Boys Girls Total Boys Girls Total Boys Girls Total Boys Girls 

30 459 471 1,536 785 751 1,854 878 976 

1,805 904 901 1,233 707 526 2,301 1,146 I, 155 

20.6 19.7 35 .9 37.7 34.0 44 .0 41.8 46.3 I . * * 
± 1.2 ± 1.2 ± 1.0 ± 1.0 ± 1.4 ± 1.1 ± 1.5 ± 1.5 

--..J {9- 13 ~2 
I * 30.3 32.7 25.3 27. 8 22.8 43.2 41.9 44.6 * * 

1.2 ± 1.3 ± 0.9 ± 0.9 ± 1.2 ± 1.0 ± 1.3 ± 1.4 

11.3 11.4 10.9 I 1.0 10.9 11.0 11.0 11.0 
0.1 ± 0.1 ± 0.1 ± 0.1 ± 0.1 ± 0.04 ± 0.1 ± 0.1 

.2 16 .1 15 .8 15 .7 15 .8 15 .9 15 .9 15 .9 
0.1 ± 0.1 ± 0.1 ± 0.1 ± 0.1 ± 0.0 ± 0.1 ± 0.1 



able 3 continued 

BS R TEC consumers OB consumers Row p value 

Total Boys Girls Total Boys Girls Total Boys Girls Total Boys Girls 

thnicity 
:E 
') 

18 .9 37 .6 40 .5 34.5 43. l 39.7 46 .6 I * * * 
± 1.2 ± 1.8 ± 1.7 ± 1.5 ± 1.5 ± 2.1 ± 1.6 ± 2.2 ± 2 .2 
25.7 25. 1 26 .3 33. 1 34.7 31.6 41.2 40.2 42 .2 I * * * 

1.2 ± 1.7 ± 1.7 ± 1.3 ± 1.3 ± 1.8 ± 1.4 ± 1.9 ± 1.9 
.I 16.5 15.8 35.5 35.7 35 . 2 48 .4 47 .8 49.0 I * * * 
1.2 ± 1.7 ± 1.8 ± 1.7 ± 1.7 ± 2.5 ± 1.8 ± 2.5 ± 2.6 

.5 21.7 26 .2 22 .6 3 1.6 47 .5 48.0 46 .7 I * 
5.0 ± 7.2 ± 6.2 ± 4 .6 ± 4.6 ± 7. 1 ± 5.3 ± 7.3 ± 7.4 

* * * * * 

28.3 27.3 29.3 28.6 30.3 26.8 43. 1 42.3 43.9 I * * * 
1.2 ± 1.7 ± 1.8 ± 1.2 ± 1.2 ± 1.7 ± 1.4 ± 1.9 ± 1.9 

Non-Hispanic 40 .0 40.0 39.9 19.8 22 .7 16.8 40 .2 37.3 43.3 I * * * 
lacks ± 1.2 ± 1.7 ± 1.8 ± 1.0 ± 1.0 ± 1.3 ± 1.2 ± 1.6 ± 1.8 

32 .9 30.3 35.6 22.2 26 .5 17.6 45.0 43.3 46.8 I * * * 
1.6 ± 2.2 ± 2.4 ± 1.4 ± 1.4 ± 1.7 ± I .7 ± 2.2 ± 2.5 



able 3 continued 

BS R TEC consumers OB consumers Row p value 

otal Boys Girls Total Boys Girls Total Boys Girls Total Boys Girls 

thnicity 
E 

I . y) 

0.2 41.8 12.1 15 .0 9.4 46.8 44.7 48.7 * * 
± 4.5 ± 6.3 ± 6.3 ± 2 .6 ± 2.6 ± 3.4 ± 4.4 ± 6.3 ± 6.3 

* * * * * 

18 .5 36.9 38 .0 36.1 42 .1 37.8 45.5 I * * 
± 2.9 ± 2.9 ± 3.6 ± 2 .9 ± 4.4 ± 3.7 

33 .8 33 .6 34.0 47 .8 47 .6 47.9 I * * * 
± 2.3 ± 2.3 ± 2 .9 ± 2.4 ± 3.8 ± 3.0 

Vigorous L V .J L V .'t L V . U 36.5 38.5 34. 1 43.0 41.2 45.3 I * * * 
± I. I ± 1.4 ± 1.6 ± 21.3 ± 1.3 ± 1.8 ± 1.3 ± 1.8 ± 2.0 

lumn p 



Tab le 3 continued 

Demographics BS RTEC consumers OB consumers Row p value 

Total Boys Girls Total Boys Girls Total Boys Girls Total Boys Girls 

Physical 
activity 

rn 

I . 8 ~2 
37 .7 45. 1 33.3 16.5 17.9 15 .7 45.8 37 .0 51. l * * 
± 2.6 ± 4.4 ± 3.0 ± l.9 ± 1.9 ± 2.4 ± 2.7 ± 4.l ± 3.4 

35.2 32.8 36.7 23.9 26.3 22.5 40.8 40.9 40.8 I * * 
± 4.1 ± 3.1 ± 2.2 ± 2.2 ± 2.7 ± 2.5 ± 4.2 ± 3.1 

Vigorous 30.1 28.8 31.7 27.2 29.0 24.9 42.7 42.2 43.4 I * * * 
1.3 ± 1.6 ± 1.0 ± 1.0 ± 1.5 ± l.l ± 1.5 ± 1.7 

* * * 

IR 

< 1 23.5 26.3 20.6 33.4 30.3 36.4 43.2 43.4 43.0 I . * * 
1.9 ± 3.0 ± 2.2 ± 1.9 ± 1.9 ± 2.7 ±2. 1 ± 3.1 ± 2.7 

nd < 2 24.1 22.0 26.0 37.5 40.9 34.1 38.5 37. 1 39.9 I * * * 
1.9 ± 2.5 ± 2.7 ± 2.2 ± 2.2 ± 2.9 ± 2.2 ± 3.2 ± 3.0 

2 and < 3 17 .8 18 . l 17.6 38.4 41.6 34.9 43.8 40.3 47.6 I * * * 
2.0 ± 2.8 ± 2.9 ± 2.6 ± 2.6 ± 3.7 ± 2.6 ± 3.6 ± 3.8 

_ 3 and < 5 17 .8 17 .7 17 .8 38 .2 41.8 34.1 44 .0 40.5 48.1 I * * * 
1.8 ± 2.5 ± 2.6 ± 2.3 ± 2.3 ± 3.2 ± 2.3 ± 3.2 ± 3. 

5.0 + 15.4 18.4 12 .2 30.4 30.3 30.6 54.2 51.4 57 .2 I * * 
3.0 ± 3.0 ± 3.0 ± 4.2 ± 3.3 ± 4.7 ± 4.5 



able 3 continued 

mographics BS R TEC consumers OB consumers Row p value 

otal Boys Girls Total Boys Girls Total Boys Girls Total Boys Girls 

* * * * * 

38.0 42.3 19 .7 22.0 17.5 40.1 40.0 40.2 I * * * 
2.7 ± 2.7 ± 1.5 ± 1.5 ± 2.0 ± 1.9 ± 2.7 ± 2.7 

nd < 2 32.5 34.9 29.9 25.6 26.6 24.5 41.9 38.5 45.6 I * * * 
2.8 ± 2.8 ± 1.9 ± 1.9 ± 2.8 ± 2.1 ± 2.8 ± 3.1 

_ 2 and < 3 30.9 28.7 33.2 24.7 27.5 21.7 44.4 43 .8 45 . l I * * * 
3.0 ± 3.3 ± 2.1 ± 2.1 ± 2.9 ± 2.4 ± 3.4 ± 3.5 

_ 3 and < 5 29.0 26.7 3 1.4 29.1 33.3 24.7 42 .0 40.l 44.0 I * * * 
2.8 ± 1.9 ± 1.9 ± 2.6 ± 2. l ± 2.9 ± 3.0 

5.0 + 23.3 22.4 24.3 28.6 29.3 27 .8 48 .1 48.3 47.9 I * * * 
± 2.3 ± 3.4 ± 2.6 ± 3.5 ± 3.8 

* 



ble 

nergy and Nutrient Intakes from a Reported 24-hour Dietary Recall by Type of Breakfast Consumption in Children (9-13 y) and Adolescents 
(/4- 18 y) : NHANES / 999-2006 

9-13 y 14-18 y 
(n = 4,320) (n =5,339) 

BS R TEC consumers OB consumers BS R TEC consumers OB consumers 
(n = 930) (n = 1,536) (n = 1,854) (n = 1,805) (n = 1,233) (n = 2,301) 

Nutrient parameters LSM ± LSSE 

2033.0 ± 54.211 2266.0 ± 37.56 2270.0 ± 36.06 I 2032_0 ± 43.8 3 2462.0 ± 47 .5° 2352.0 ± 41.9 

77.3 ± 1.2 78 .2 ± 0.9 78 .0 ± 0 .9 73 .8 ± 1.la 77.9 ± 1.1 6 77.4 ± 1.06 

13.7 ± 0 .2 13.9 ± 0.2 13 .9 ± 0.2 13 .3 ± 0.2 13 .6 ± 0.2 13.7 ± 0.2 

3 11.1 ± 2.2° 297.8 ± 2.2a 299.2 ± 2.6a 320.4 ± 2.4° 296.1 ± 2.3 3 

55.6 ± 0.4° 53 .0 ± 0.4a 53.1 ± 0.53 56.4 ± 0.4° 52.6 ± 0.4a 

3.58 163.2 ± 2.6° 150.0 ± 2.5 3 154.2 ± 3.3 3 166.6 ± 3.0° 149.4 ± 2.7a 

29. 1 ± 0.5b 26.6 ± 0.43 27 .7 ± 0.5° 29.1 ± 0.5b 26.5 ± 0. AB 

3.2" 11 2.3 ± 2.6a,D 108.3 ± 2.5° 125 .5 ± 3. 1 

21.2 ± 0.6" 20.0 ± 0.5"· 19 .0 ± 0.4 22.5 ± 0.68 20.0 ± 0.5 19. I ± 0. 



Table 4 continued 

9-1 3 y 14-18 y 
(n = 4,320) (n =5,339) 

BS R TEC consumers OB consumers BS RTEC consumers OB consumers 
(n = 930) (n = 1,536) (n = 1,854) (n = 1,805) (n = 1,233) (n = 2,301) 

LSM ± LSSE 

85 .6 ± 1.011 78.7 ± 0.8° 84. l ± 0.88 85.2 ± 0.98 77.3 ± 0.9° 86.4 ± 0.8 8 

tal fat 33.6 ± 0.48 30.5 ± 0.3 33 .2 ± 0.38 33 .6 ± 0.48 30.0 ± 0.3 33 .7 ± 0.3 8 

(% energy) 

"° v.> 
I 29.4 ± o.4a,b 28 .6 ± 0.4 29.0 ± 0.4 28.2 ± 0.48 29.9 ± 0.4 

11.5 ± 0 .2 I I. I ± 0.1 11.4 ± 0.1 11.6 ± 0.28 10.9 ± 0.26 11.7 ± 0.1 8 

MUFA (g) 32.3 ± 0.4° 28.7 ± 0.3° 31.8 ± 0.3 8 32.7± 0.48 28.6 ± 0.4 33.0 ± 0.3 8 

MUFA (% energy) 12.7 ± 0 .2° 11.1 ± 0.1° 12.5 ± 0.1° 12 .9 ± 0.2 8 11.1 ± 0.1 12.8±0.1 8 

A (g) 17.3± 0.4° 15 .0 ± 0.3° 16.5 ± 0.3° 16 .7 ± 0.48 14.2 ± 0.3 16 .7 ± 0.3 8 

o.t' 5.8 ± 0. I 6 6.5 ± 0. I a 6.6 ± 0. 111 5.5 ± 0.1° 6.5 ± 0. 1° 

.311 14.5 ± 0.3° 13.3 ± 0.2° 12.6 ± 0.3° 15 .0 ± 0.3 13 .0 ± 0.2 8 

233.9 ± 7. 88 2 18.3 ± 6.2" 284.2 ± 8.0° I 210.9 ± 6.7° 216.3 ± 6.8 8 289.1 ± 8.2 



ble 4 continued 

9-13 y 14-18 y 
(n = 4,320) (n =5,339) 

BS R TEC consumers OB consumers BS R TEC consumers OB consumers 
(n = 930) (n = 1,536) (n = 1,854) (n = 1,805) (n = 1,233) (n = 2,301) 

Nutrient parameters LSM ± LSSE 

Vitamin A 537. 1 ± 27.28 832.9 ± 2 1.1 b 61 3.2 ± 23.08 I 444.o ± 21s 874.6 ± 31.0° 542.3 ± 23 .2c 
(µg RAE) 

rocopherol (mg) 7.3 ± 0.3° 6.5 ± 0.26 6.8 ± 0.2 a, 0 I 6.4 ± 0.2 6.6 ± 0.3 6.7 ± 0.2 
'-D 
,+::. 

Vitamin K (~Lg) 60.2 ± 3.1 59.8 ± 5.3 60.2 ± 2.8 55.2 ± 3.3 47 .6 ± 3. 1 55 .1 ± 2 .7 

75.6 ± 4.4° 95.7 ± 3.7 84.4 ± 3.4° 71 .4±4.2° 98.4 ± 4.6° 85.3 ± 3.7c 

hiamin (mg) 1.5 ± 0.03 11 2. 1 ± 0.03° 1.5 ± 0.028 1.4 ± 0.038 2.3 ± 0.04 1.5 ± 0.028 

Riboflavin (mg) 1.8 ± 0.04 a 2.8 ± 0.03 6 2.0 ± 0.03c I 1.s ± o.048 3.0 ± 0.04° 2.0 ± 0.04c 

Niacin (mg) 21.2 ± 0.5° 27.0 ± 0.46 20.7 ± 0.38 20.2 ± 0.5 8 28.7 ± 0.5° 19.9 ±0.48 

. I a 2.4 ± 0.04 1.5 ± 0.04° 1.5 ± 0. la 2 .5 ± 0. 1 ° I. 

.2" 6.7 ± 0.2 4.5 ± 0.28 4.2 ± 0.28 7.6 ± 0.2 4.4 ± 0.28 

) 327.7 .J:: 9.1 11 535.4 ± 11 .7 332 .2 ± 6.08 320. 1 ± 7.411 591.8 ± 12.2 320.5 ± 6.28 

lcium (mg) 883.8 ± 27.0° 1150.0 ± 20 .56 958.5 ± 20.1 a I 875 .6 ± 21.58 1193.0 ± 23. 



Table 4 continued 

Nutrient parameters 

hosphorus (mg 

Magnesium (mg) 

Iron (mg 

diu m (mg 

Potassium (mg 

9-1 3 y 
(n = 4,320) 

BS 
(n = 930) 

233.0 ± 3.6a 

13.5 ± 0.3 

I 0.8 ± 0 .23 

1.3 

R TEC consumers 
(n = 1,536) 

1406.0 ± 15 .8D 

262.6 ± 3.3° 

20.4 ± 0.3D 

14.4 ± 0.2D 

OB consumers 
(n = 1,854) 

BS 
(n = 1,805) 

LSM ± LSSE 

1320.0 ± 15.4c 1206.0 ± 16.88 

236 .9 ± 2.78 221.5 ± 3.28 

13.7 ± 0.28 13.5 ± 0.3 8 

10.7 ± 0.2° 10.7 ± 0.28 

3520.0 ± 41.4° 3418 ± 53.4a,G 

.0 ± 33.9° 2 141.0 ± 37.4° 

14-18 y 
(n =5,339) 

R TEC consumers 
(n= 1,233) 

}426.0 ± } 8.2° 

271.7 ± 3.8° 

22 .8 ± 0.4° 

15.3 ± 0Jb 

3355 .0 ± 50.48 

OB consumers 
(n = 2,301) 

1307.0 ± 16.9c 

235 .8 ± 3.l c 

13.4 ± 0.28 

10.5 ± 0.28 

3516.0 ± 44 .2 



'° 

M 

A 

R 

100 

90 

80 

70 

60 

so 
40 

0 

20 

10 

0 

b 

9-13y 
Both 

genders 

13 se lected micronutrients 

OBS 

b 
a 

9-13y 
Boys 

C 

D RTEC consumers D OB consumers 

a C 
b 

b 
b 

a C a C 
a 

9-13y 14-18y 14-18y 14-18y 
Girls Both Boys Girls 

Age groups genders 

C 70 

so 
M 40 

A 30 
R 

20 

10 -l 
l 

0 -

Five shortfall nutrients 

DBS D RTEC consumers DOB consumers 

a_j) C 
a 

b 
C 

a 
b 

C 

b 
b ~c 

ar=i~c a 

9-13y 9-13y 9-13y 14-18y 14-18y 14-18y 
Both Boys Girls Both Boys Girls 

genders genders 

Age groups 

-hour dietary recall by type of breakfast consumption in children 
-2006. Note. NHANES = National Health and Nutrition Examination Survey; BS = 



OBS 

08 1 0 .7 a a 

0 .6 C 

0.5 bl I 
lb a,b 

0.4 
-Scores BMl-for-Age 

0 .3 

0 .2 

0 .1 

0 -r· • ·-----r · - ~ - ..... 
9-13y 9-13y 
Both Boys 

genders 

□ RTEC consumers 

a 

b 

9-13y 
Girls 

a 

C 

b 

14-18y 
Both 

genders 

Age groups 

• OB consumers 

a 
a 

b 

14-18y 
Boys 

a 

b 

14-18y 
Girls 

·••··•·•··•·••••· •-········••·-•·•·••······· ---------------~ 



90 

80 

70 ! 

W a ist 60 
clrcumfe re n c 

(cm) so 

40 

30 

20 

10 

0 

9-13y 

l Both genders 
9-13y 
Boys 

OBS 

a 

D RTEC consumers 

9-13y 14-18y 
Girls Both genders 

Age groups 

■ OB consumers 

a 

14-18y 
Boys 

a 

14-18y 
Girls J 



30 OBS D RTEC consumers ■ OB consumers 

a a 
25 I 

~~•b 
a Yb a a a 

20 r~ I ~ 
a 

Mean I 1h11 rfi a prevalence 15 
% 

10 

5 

0 

9 -13y 9 -13y 9 -13y 14-18y 14-18y 14-18y 
Both genders Boys Girls Both genders Boys Girls 

Age groups 



CHAPT RIV 

DOES BREAKFAST SKIPPING AND BRE KF T TYP 

INT AKE, NUTRIENT INT AKE, T D 

AND DIET QUALITY IN YO G DULT ? 

NHANE 1999-2002 

( TUDY II) 

Introduction 

Young adulthood (20-39 years of age [y]) is an imp rtantp riod ftran ition 

from adolescence into adulthood when individual b gin t Ii 

Goldscheider, & peare 1992). With increasing r f pro iding upport for 

new families and/or having hurried lifestyle ( old cheider & anz 19 9 , oung 

adults become vulnerable to unhealthy dietar habit 

(Nicklas et al. 1998), relying on fast food P r ira t al. 2005 or r gularl ating 

meals outside the home (Clemens la on 1999 . Th e unh alth dietary 

habits could tran late into con umption of n rg -d n an or nutri nt-poor diet . 

potentially contributing to the d 

metabolic di rder among oung adult ur 

Gordon-Lar en Jacob illiam Popkin 

2002· Pereira t al. . Th r for , it i ru ial t 

practic in thi ag group. on th l 

10 

ol man. 007 · Duffi . 

: gd n t al., 006· P r ira t al.. 

nt an r orr t unh alth di tary 

nt tudi from th nit d tat 



have examined the dietary habits of the young adult populati n (Burg r t 1. 20 7· 

Duffey et al. , 2007; Pereira et al.; Zizza, eiga-Riz & Popkin 2001). 

Eating breakfast is a sound dietary habit for m t imp rt nt 

being physiological, i.e., the body ( especially the brain) n d am tab lie ub tr t in th 

form of carbohydrates and amino acids to function optimally aft ran o might £ t 

Wurtman et al. , 2003). Yet, breakfast consumption t nd t d clin 

until young adulthood (Centers for Disease ontrol and Pr nti n ' ati nal H alth and 

Nutrition Examination Survey, 2001-2002). The Bogalu a H art tudy d that by 

young adulthood (19-39 y), 37% of the participant ski pp d br akfast t al. 

1998); whereas among adults ( X = 43.9 y) from a national 

20% skipped breakfast (Cho et al. , 2003). 

urv it a n t d that 

In previous studies, it has been report d that breakfa t c n um r ha higher 

intakes of total energy (Cho et al. 2003 · ickla t al., 199 , pr t in and e ral 

micronutrient icklas et al. 1998) than th e ho kip br akfa t. f th 

studies to date has e amined th impact of br akfa t kipping or con umpti n n eith r 

overall food group intakes or di t quali u ing criteria uch a th H alth ating Inde 

[HEI] cores (Guenther et al. 2007 or nutri nt ad quac an d quac 

Ratio [ R] cor (Kreb - mith lar . 1 9 in ung adult . B cau at 

foods and not nutrient and fo d ar c nsum d in c mbinati n ill tt l 9 

e aluation of rall diet quali in conjun tion ith as m nt of nutri nt intake an or 

nutrient ad quac m to a r as na I a pr ach for di aluati n . 

1 1 



While skipping breakfast is a public h alth cone rn, th typ f br ak 

consumed should be also considered when evaluating th ov rall nutriti n l 

consequences of breakfast skipping or nutri nt contribution that c m r aka t 

consumption. Ready-to-eat cereal (RTEC) is a conv ni nt and palatabl br ak t fi d 

and most RTECs are nutrient-dense (since they ar fi rtifi d with vitamin nd min ral 

and many are low in fat and/or high in dietary fib r (And r on & Bridg 

Backstrand, 2002; Johnson et al. , 1998· R ady-to-eat r al 200 · ubar t al. a· 
' 

Whittaker et al. , 2001 ). Therefore, con umption of R at br akfa t c ntri ut 

better overall nutrient intakes (Ander on & Bridg 19 8· Bachman R d . ubar, 

Krebs-Smith, 2008; ong et al. , 2005; ubar t al. rath r than kipping thi m al. 

However, to date , it is not clear if breakfa t fi d oth r than RT ' c ntribut t 

favorable nutrient intake profiles orb tter di t quality. urth r there i limit d 

information comparing energy and nutri nt intak at the br akfast m al and th t p of 

foods consumed at breakfa t icklas et al. 1 9 e p iall 

not include an R . Consequent! it i imp rtant t c mpar th nutriti nal impa t of 

type of breakfa t consumed on both nutrient intak and o rall di t quali particular! 

in the young adult population. Th obj ti f thi tud th impact of 

breakfast skipping and p of br akfa t c n um d . oth r br a fa t fi d 

[OB] on energ /nutri nt intak nutrient ad qua and di t quali m un._ adult u mg 

the 1999-2002 ati nal H alth and utriti n aminati n urv 



Subjects and Meth d 

Study Design and Population 

The NHANES was designed to provide h alth and nutrition in rm ti n n 

participants representing the non-institutionaliz d U civilian p pulati n all g 

(Centers for Disease Control and Prevention ational H alth and utriti n 

Examination Survey, 1999-2006). The survey u ed a multi tag tratifi d ampling 

design, with over-sampling of participants from certain thniciti and g gr up t 

ensure their adequate representation (Cent rs :fi r Disea e ontr 1 and Pr nti n 

National Health and Nutrition Examination urvey). The 

interview for demographic and basic health information a 

m d an in home-

11 a a detail d h alth 

examination, at the mobile examination cent r conducted by highl train d amm r 

and interviewers (Centers for Diseas ontrol and Pr ntion ational H alth and 

Nutrition Examination urvey . The data c 11 cti n and quali control pr c dur are 

available at the HA E website ( enter :fi r Di a e ontr l and Pr ntion 

ational Health and utrition E amination urve . h pr nt tud combined four 

years of HA cro - ectional data fr m 19 9- 002 n oung adult 2 - 9 X = 

29.9 y). Pregnant a or lactating om n n = 

(n = 196) ( as indicated b th quali tatu 

int rvie component er clud d, r ulting in a final ampl 

·th unr liabl di tr call 

de u d in th di ta 

adults. Due to the natur of th anal 

p r onal id ntifi r thi tud 

.. a ndary data anal 

oung 

and th la of 

and ap din th th 



Institutional Review Boards of Texas Woman ' Univ r ity H u t n 

College of Medicine, Houston, TX. 

Dietary Assessment 

nd B yl r 

The dietary interviewer recorded type and amount of fo d c n um d by 

participants in the last 24 hours using a computer-a i t d di tary int rvi nt r fi r 

Disease Control and Prevention's National H alth and utrition aminati n urv y 

1999-2006; Wright et al., 2007). The computer-a ist d di tary int rvi i a multi-p 

method with standardized probes conducted ith r in p r nor by tel ph n ith thr -

dimensional models, pictures of foods, mea urem nt guid s and chart 

Disease Control and Prevention's ational H alth and utriti n amm ti n urv 

Wright et al.). Data from a single-day dietar r call a ailabl for th 19 -2002 

NHANES, were used for this study. Breakfa t con umpti n a rt d and 

included consumption of any food/be erag at a meal r port d b th participant as 

breakfast/brunch or desayuno/almu rzo pani h tog th r d ignated as br akfa t m 

this study. Breakfast skippers (B er defined a tho ho con um d n 

foods/beverages at breakfa t e eluding ater. Read -to- at c real breakfa t c n umer 

were defined as those ho ate RT at br akfast r gardl of th r fo d rag 

consumed at that meal and OB on um r \J red fin d as tho ho con um d 

food /be erag oth r than RT 

ma ro- and mi r nutri n and al h I \J r 

obtain app nded u ing fo d omp ition t fr m th 199 - 000 and 1- 00 



NHANES dietary database , (Wright et al., 2007), th D partm nt f ri ultur 

(U DA) dietary database (for vitamin A and E) ( nit d tat D p rtm nt f 

Agriculture's Dietary Databa e for vitamin A and E, 1999-20 0), th 

Database for Dietary Studies (FNDDS, 1.0) (for folat and t tal ugar 

utriti n 

Department of Agriculture's Food and utri nt Databa e for Di tary 

the My Pyramid Equivalent Databa e for U DA urv y Fo d ( 1. 

sugars) (Friday & Bowman, 2006). Added ugar w r defin d a cal ric 

1. ), and 

added to food /beverage during the proce ing/preparation tag · amp1 includ d ra 

sugar, high-fructo e corn yrup etc., while total ugar includ d natural ugar in 

foods/beverages and added ugar . Percent energy intak fr m macronutri nt and liquid 

fats/discretionary oil ; and tho e from di cretionary olid fat alcohol and add d ugar 

were calculated. The latter contribute to di er tionar calori hich ma on um d 

after the ba ic nutrition need are met without ce ding th en rg r quir m nt 

(United State Department of griculture Dietar Guid line for 

The utrient dequac Ratio ( AR) for 1 el ct d mi ronutrient (i. 

rican 2 ) . 

itamin 

and C, thiamin, ribofla in niacin itamin B6 itamin B 1 folat pho phoru , calcium, 

magne ium, iron and zinc) a calculat d a th re nt of th age-gend r p ific 

Recommended Dietar lo ance (RD or dequ t Int alu In titut of 

R 

r truncat d at 10 if th alu o rth RD of 

one nutrient from mp n atin° for inad qua int f th r nutri nt and r th n 

1 



averaged for the 14 micronutrients to obtain the MAR (Kr b - mith . h 

MAR for 7 shortfall nutrients for adults (i.e. , vitamin and calcium ma n mm 

potassium, and dietary fiber) , as defined by the 2005 Di tary uid lin r Am rican 

(DGA) (United States Department of Agriculture ' Di tary uid lin 

Shortfall Nutrients, 2005), was calculated in th sam mann r. f 2: 

90 was considered as nutritionally adequate for MAR (Kr b - mith lark 19 

The HEI-2005 criteria were used to a ses th entir day ' di t qualit 

HEI provides a reasonable measure for the evaluation fa da ' di t qualit in all ag 

groups >2 y (Guenther et al. , 2007). Detail regarding th d 1 pm nt f H I-2005 

criteria are provided elsewhere (Guenther et al. . In h rt th criteria in 

for 12 food components, with a total of 100 point Gu nther et al. . i f; 

(i.e., total grains, whole grain total egetabl rang 

total fruits, and whole fruits) were orth 0-5 p int · fi e f; d comp n nt (i.e., milk 

meats/beans oils saturated fatty acid [ F ] and odium ere orth 0-10 point ; and 

one food component (i.e. energ from 

[ oF ]) was orth 0-20 point . Th 

increa ing intakes e cept for F 

resulted in higher cor . 1 HEI 

sodium, hich ere prorat d from 0-

rag , and add d ugar 

ith 

for hich IO\: r intak 

and 

int 

repre enting acceptabl and ptimal 1 ti I (p r th 00 

h 

r comm ndati n u nth r t al. . m n nt and tandard f; r th H I- 00 onng 



were energy-adjusted on a density basi (per I 000 kcal). R tin di t quality uch 

good, fair, or poor) based solely on the total HEI-2005 cor wa n 111 

a 'fair' overall assessment could mean fair' on all compon nt r ut tandin 

and ' poor' on others (Guenther et al.). Therefore, individual fo d c mp n nt 

the HEI-2005 were considered important in thi tudy to pr vid ind p nd nt in rm ti n 

about diet quality (Guenther et al.). 

For the breakfast meal exclusively, intake of n rgy p r nt n rg fr m 

macronutrients, dietary fiber, cholesterol micronutrient , and fo d gr up m 

g/ounces/teaspoons) were compared between the two typ f br akfa t c n um r . 

Other breakfast foods consumed at breakfast ( eluding R and B 

consumers were classified using the DD (2.0 nit d 

Agricultures' Food and utrition Databa e for Di tary tudi 2.0 , and th p rcent f 

young adults consuming those OB foods a d t rmin d. 

Covariate 

Food group consumption tend to ary b i c nomic d m graphic and life le 

factor (Deshmukh-Taskar et al. 2007· Kourlaba t al. 200 · annak ulia 

tafanadi 

age gender ethnicity thnicity g nd r p 

status , and life tyl habit 

along ith en rg intak 

m 

r , d m graphic 1. 

m ratio [PIR] , and marital 

among the ab e co ariat r al d lo c rr lati n r< ± 0. . p :5 b t\J nth m. 
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The data for all covariates ( except energy and alcohol intak that w r obt in d fr m th 

24-hour dietary recall) were obtained from self-reported H qu ti nnair 

Ethnicity was defined as self-reported and categorized into non-Hi panic Whit n n

Hispanic Blacks, Mexican-Americans/Hispanics, and 0th r/Mix d rac . h PIR fth 

households was categorized into groups ranging from <1 (indicating h u h ld b l 

the poverty threshold) to 2:: 5. Physical activity wa cat goriz d into fi ur gr up , 

' sedentary', ' light' , 'moderate ', and 'heavy' . Lifetime smoking tatu a d fin d a 

' current', 'past' , and 'never' smokers. 

tatistical Analy e 

Statistical Analysis oftware ([ A ] 9.2, Car orth arolina 2 07 tati tical 

Analyses Software, 2007) was used for data anal ses. D tail f tati tical m th d ar 

available at the HA E website (Centers for Di a e ntrol and Pr ntion 

ational Health and utrition amination urv 1999-2006 . F ur- ar ampl -

weights were applied to the data to account for unequal pr babili f I ction fr m 

over-sampling and for the tratified-multistage probabili ampl ample-

weighted percent ± standard error ( er obtain du ing PR R 

hi-square test a u ed to determin th among at g rical ariabl 

ample- eighted mean and r obtain d u ing PR R ; th m an 

er compared among thre breakf: t gr up i . . B u mg 

co ariat -adju ted anal i of ananc 1. PR . B rm rroni 

corr ction (p<0.0 167 a u d to adj t th ignifi an 1 for multipl mpan on 



for entire day's intake. The traditional cut-off of p~0.05 wa u d for 1 c mparin 

energy/nutrient and food group consumption from th br akfa t m al (2 c mp rin 

categorical variables, and (3) for testing Pear on/ p arman c rr lati n am n th 

covariates. 

Results 

Demographic Characteristics 

A higher percent of young adults were OB con um r 5 .4% than b ing B 

(25.1 %) or RTEC consumers (16.5%) (see Table 5). mong B a high r p r nt r 

males (59.6%) than females (40.4%). A high r perc nt of non-Hi panic Whit app ared 

to be RTEC consumers (74.1%) than being B (60.7% or B con um r 62.7% · a 

higher percent of non-Hispanic Blacks appeared to be B 1 .7% than b ing R 

(9.7%) or OB (11.2%) consumer · and a higher p re nt of e ican-Am rican 1 pamc 

appeared to be OB consumers (21.9%) than b ing B 16.7% r R 

(14.0%). Among B the percent of young adult 

lowest (12.3%) than in the other PIR categ ri high r p re nt 

cohabiting than B OB consumers (57.9%) app ared to be marri 

percent ofRTEC and OB con um r app ar d t b n n- m 

respecti ely) than B 47. % . h amount of ale hol c n um d \: as th 

consumers ( X = .6 g/da and th highe tin B X = 0. da 

10 
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Covariate-adjusted Mean Energy/Nutrient Intake and utri nt d quac 

Type of Breakfast Consumption 

Ready-to-eat cereal consumers had a high r total n rgy intak th n and B 

consumers, and OB consumers had a higher total nergy intak than B ( abl 

Other breakfast consumers had a higher percent en rgy intak fr m prot in than B nd 

RTEC consumers. Ready-to-eat cereal consumer had a high r p re nt n rg intak 

from carbohydrate than BS and OB consumers· howev r B had a high r p re nt n rgy 

intake from carbohydrate than OB consumers. Ready-to- at c r al con um r had a 

higher intake of dietary fiber than B and OB con um r and B c n um r had a 

higher intake of dietary fiber than B . Percent en rgy intak fr mt tal ugar 

in OB than R TEC consumers and B . Percent nerg intak fr m add d ugar 

higher for BS than RTEC and OB con um r . 0th r breakfa t c n um r had a high r 

percent energy intake from total fat than B and R 

consumers had higher percent energ intake from 

con umer . th r br akfast 

acid 

(PUF A) than RTEC consumer . R ad -to- at cereal c n um r had a lo r p r nt 

energy intake from monounsaturated fa acid F than B and B n um r . 

Cholesterol intake as higher in OB con um r than B and R con um r and 

higher in RTEC consumer than B . Breakfa t ki had a high r p r nt n rg 

intake from alcohol than RT and B on um r and B n um r had a high r 

p rcent energ intak from ale h l than R Tabl 6 . 

110 

r 



Breakfast skippers had lower intakes of almo tall micr nutri nt amin din thi 

study than RTEC consumers (see Table 6). Ready-to- at c r al con um r h d high r 

intakes of vitamin A, all B vitamins, calcium, phosphoru magn ium ir n zinc and 

potassium than OB consumers. Intakes of vitamin A thiamin rib flavin itamin B 12 

folate, calcium, phosphorus, magnesium, and potassium w r high r in B con um r 

than BS, but no differences were noted for vitamins , C and B6 niacin iron zinc and 

sodium between OB consumers and BS (see Table 6). 

The NARs (see Figure 7) for the intakes of all l ct d micr nutri nt and di tary 

fiber were higher in RTEC consumers than B , and wer high r ~ rm t micr nutri nt 

(except vitamin E and phosphorus) than OB consumer . f 

dietary fiber and all micronutrients examined in this tud ( high r 

in OB consumers than B . The total M R core for the intak f l ct d 

micronutrients and the 2005 DG 's shortfall nutrient con umers 

than in B and OB consumers and higher in OB con umer than 

Covariate-adjusted Mean Diet Quality core /Day b T pe o Breakfa t on umption 

Breakfast skippers had lo er HEI car for th intak oft tal and h le fruit 

than RTEC and OB consumer ( ee Tabl 7 . th r breakfast had a lo r H I 

core for the intake of hole fruit than R 

had a higher H I core for the intak of dar -gr 

B . The H I car for the intak of total and 

rang 

th r br akf: t c n um r 

g tabl and I gum than 

r fi r B than 

R and B con um r and RT consum r had high r H I or r th intak of 
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total and whole grains than OB consum rs. Other br akfa t c n um r h d high r H I 

scores for the intake of total and whole grain than B . R ady-t - at c r al n um r 

had a higher HEI score for the intake of milk than B and B c n um r and B 

consumers had a higher score for the intake of milk than B n um r 

had a higher HEI score for the intake of meat/bean than RT con um r . 

breakfast consumers had a lower HEI score for the intak cnumr . 

Ready-to-eat cereal consumers had a higher HEI cor £ r th intak f n rgy fr m 

SoF AAS than BS and OB consumers, and OB con um r had a high r r 

intake of energy from SoF AA than B . Ov rall di t quali i .. t tal H I 

higher for RTEC consumers than B and OB con um r and a high r £ r B 

consumers than BS (see Table 7). 

Covariate-adjusted Mean Energy/. utrient Intake and Food roup on urnption at 

Breakfast 

There were no differences in n rg and prot in intake b enR and B 

consumers (see Table 8 . Howe er RTE o um r had high r p re nt n rg intak 

from carbohydrate and total ugar and a high r intak f di ta fi r than B 

consumers. Read -to-eat cereal con umer had high r intak 

itamins calcium pho phorus magn ium ir n zin and 

consumers. Other breakfa t con um r had high r r nt 

liquid fat olid fat F p llahihr 

and , all 

ium than B 

fr m total fat 

dium 

intakes than RT con um r . R ad -to- at r al n um had a hi h r 
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consumption of total fruits, whole grains, dairy product and t tal ugar than 

consumers. Other breakfast consumers had a high r con ump ti n f v g t bl 

meat/poultry/fish, eggs, liquid fat, and solid fat than RT c n um r 

um 

bl 

The contributors of OB foods are depicted in Figur 8. gr at r p r nt 

consumers consumed milk (low-fat, 2%, whol and flavor d)/ gurt fruit and 1 % 

fruit juices than OB consumers; whereas a great r p re nt of B con um r c n urned 

tea/coffee, breads/rolls, sugars/sweets, sweeten db v rag 

butter/margarine/oils, eggs, cakes/cookies/pie /pastri 

creams/cream substitutes, sauces/gravies and potato 

consumers. 

Discu ion 

.g. mu m 

r nch fri than 

This study is the first to compare nutri nt intak nutri nt ad qua 1. R 

scores), and diet quality (i.e. HEI-2005 cor am ng B and p f br akfa t 

consumers (i.e., RTEC and OB) in oung adult . The pre al nc r ult D r br akf: t 

skipping and consumption for thi tud ar omparabl t tho 

H E for oung adult indi 0- 9 % r B and 7 

breakfast consumers ( ith onl 1 . 

2005). In thi 

urning an R 

intak Ida 

than B and OB con um r and B con um r had a high rm an total 

intake/da than B . arli r, 00 u ing dat fr rn 

the m an nerg intak during th da f and 

11 
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higher than those of skippers, fats/sweets, and fruit/v g tabl br ak a t c n um r ut 

lower than that of meat/egg breakfast consumers. 

Despite the fact that many RTECs are pre w ntain dd d ug 

and their consumption may potentially increase th am unt dd d u r 

intakes per serving, results from the present tudy in fact how d that B 

mean percent energy intake from added sugars/day than RT c n um r Ith ugh th 

intake was within the recommendation of < 25% of nergy intak In titut f di m 

Dietary Reference Intakes, 2006; United States D partm nt of gricultur ta 

Guidelines for Americans, 2005). In addition compar d to RT and B c 

had a lower mean HEI score for energy from o indicating a high r intak /da 

and consumed a higher mean percent energy from ale h 1/da . urther B al had 

lower mean intakes for many micronutrient /da compar d t R and 

Skipping of breakfa t may potentially lead to an incr a d intak -d n fi d 

or foods that provide di cretionar calorie et not n aril m ting th dail 

energy/nutrient requirements. Further a high r c n umption f add d ugar ma au a 

dilution of nutrient , inc foods high in add d ugar t nd t in nutrient d n 1 

and/or may displace the consumption of h althi r fi d ort n. 0 

Read -to-eat cer al breakfast consum r had high rm an intak /da for di tar 

fiber all B itamin . and e ral min ral . 

iron zinc and pota ium (but not dium than B and ng t al. 

(2006 found that th p r nt of adul th I 1 1 for al i um 1 0 0 m da \J 

11 



higher for non-RTEC than for RTEC consumer . In thi tudy th m an intak /d r 

some micronutrients were higher than the RDA/ AI valu (Institut of M dicin 

Dietary Reference Intakes, 2006) in the RT C consum r ( .g. vitamin [122%] nd 

vitamin C [144%], all B vitamins, including folat [204%] calcium [125%] ph ph ru 

[243%], iron [201 %] , and zinc [179%]). Among all th br akfa t gr up th m an 

intakes/day for vitamin E, magnesium, potassium, and dietary fib r fi 11 b lo th 

RDA/AI values (Institute of Medicine's Dietary R fi rence Intak but th m an intak 

of all B vitamins, phosphorus, and sodium were higher than th RD I alu In titut 

of Medicine's Dietary Reference Intakes). The mean nutri nt ad quac and di t qualit 

scores/day were all higher in RTEC consumers than B and OB con um r . Furth r, nl 

RTEC consumers had a mean nutrient adequacy (i.e. MAR core cl t the cut- f 

point of 90 (Krebs- mith & Clark 1989) for the selected micr nutri nt . Ho 

mean MAR score for the 2005 DG 's se en hortfall nutrient that r id ntified a 

nutrients consumed in amounts low enough to be of c nc rn b Am rican adult nited 

States Department of griculture s Dietar Guideline for erican utri nt 

2005) fell belo the cut-off point 90 among all the br akfast gr up . 

The current dail -recommend d intak fort tal fat i b 

energy for adults nited tate Departm nt of gri ultur 

n I 0- % f 

uid lin fi r 

Americans 2005 . 11 the breakfast group had am an p r nt n rg intak fr m a da 

within the recommendation et it th high r in B c n um r ( X = % than in 

B (X= 1% and R con um r X= 0.1 %. In an arli r tud . n 

11 



reported that among adults, RTEC consumer con um d 0% f n r y mt tal d y 

vs. 34% consumed by the non-RTEC group. Furth r th pr nt tudy al 

mean percent energy intake from discretionary lid fat/day wa high r in 

than in BS and RTEC consumers. The mean p re nt en rgy intak fr m d 

greater than the recommended DGA value of <10% ( nit d tat D p rtm nt f 

Agriculture ' s Dietary Guidelines for American ) among all br akfa t gr up but th 

highest among OB consumers ( X= l 1.1 %). dditionally th 

intake/day in OB consumers was higher than the 2005 D r comm ndati n X = 42 

mg/day vs. < 300 mg/day respectively) (Unit d tate D partm nt f gricultur 

Dietary Guidelines for Americans). The mean perc nt n rg intak /da fr m 

and PUF A were lower in RTEC consumer than B con um r and thi c uld b a r ult 

of the lower total fat intake during the da b th R 

Other breakfast consumers had a high r mean p c nt n rg m Ida from 

protein than B and RTEC consumers. o diffi r nee in the m an intak da fi r 

vitamins E, C, B6 niacin iron zinc and dium r n t d b n B con um r and 

B . Other breakfast con umer had lo da of m t micronutri nt 

( except i tamin and and 

consumers OB con umer ma b con umin 

and at other meal hich ma r ult in th m ha ing lo r mi r nutri nt intak and 

lo er o fi r both nutri nt ad qua and di t quali . Br t 

unl cho n rud ntl ar ft n hi h in t tal fat. l. tran 

11 



fat , and may provide a surplu of di cretionary cal ri (includin add d u r in th 

diet. Moreover, even for the breakfa t meal it lf, OB c n um r fr m thi 

higher mean intakes of total fat and di cretionary lid fat, 

meat products than RTEC con umer . An a e ment of th n n-RT 

consumed revealed that a higher percent of OB con um r c n um d 

sweetened beverages, proces ed meat , and cake !cooki /pi than RT 

The role of dietary fat or carbohydrat in the long-t rm manag m nt f 

Br m 2 

nd 

overweight/obesity is not clear (He ion, Rolland Kulkarni , Wi 

Klein, 2004). Further, in obe e adole cent , a high-fat br akfa t 

noted to cau e a maller po tprandial increa e in pla ma p ptid ah rmon hi h 

decreases food intake), and a higher ub equ nt lunch intake than in the normal ight 

control (Mi ra, T ai, Mende , Miller, & Kliban ki 2009 . In th am tud a hi h-

carbohydrate breakfa t (60-65 9i of en rg ) a not d to cau e gr ater incr m 

pla ma ghrelin (a hormone which incr a e hung r and a higher ub equ nt lunch 

intake in obe e adole cent than in the control . Du to th 

inconclu ive re ult it become mor important to furth r in tigat if B con um r 

(due to their o erall lo r nutri nt/di t qualit than R c n um r ar mor 

prone to o erw ight/ob di ord r . In addition h th r 

and/or ho the con umption of an R 

from carboh drate at th br akfa t m al in thi tud affi ct 

ut d 71. 

tprandial han m 
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hormones (such as ghrelin), subsequent food intak nutri nt/di t qu lit n p tit 

regulation is not understood. Further inve tigation in this ar a i 

At the breakfast meal, RTEC consumers had high r m an intak 

grains, total sugars, dietary fiber, dairy products and v ral micr nutri nt th n B 

consumers. The present findings underscore the importanc c n urning a h Ith 

breakfast, such as an R TEC, for its several nutritional b n fit . h high r m an nu ri nt 

adequacy score for micronutrients for RT C con urner than B n um r ma 

be attributed to the fact that about 92% of R E availabl ar b rtifi d ith it min 

and minerals (Ready-to- eat Cereals 2008). Ready-to- at c r al con umpti n m al o 

improve calcium intake by the addition of calcium-rich dairy b d 

it. Song et al. (2006) reported that the av rag calcium intak at br akfa t a n 

times greater when the RTEC was con um d ith milk than h n c n um d ith ut 

milk. In this study 98% of the RT con um r r p rt d n umpti no dai food 

(i .e . milk [ all types] and yogurt) at breakfast. on umpti n of R ma al o help to 

boost the intake of whole grain and dieta fib r b th f hi h ar on um d at I 

below the recommended intake b Ameri an nit d tat D partm nt f 

griculture s Dietar Guid line for Am ricans 00 · nit d tat D artm nt of 

griculture s Dietar Guid line for Am rican h rtfall utri n 0 

on erving of RTEC ma contribute to <1 % to up t 0% of th ail 

for di tary fib r ith tra fi r ma pr id l 

p r erving . L tl RT c um r fr m thi tud had hi h r m an H I 

11 

re ampl 

da 

fib r 



whole fruits , whole grains, and milk (indicating high r intak /day) a w 11 ~ r 

and energy from SoFAAS (indicating lower intak /day) than B and B 

suggesting that RTEC consumer tend to choo e healthi r fo d and c n um l w r fat 

and/or discretionary calorie . The ere ult thu indicat that RT 

have overall healthy food con umption habit than B and OB c n um r . 

Limitation 

Due to the cro s-sectional nature of the pre ent tudy and u fa lf-r p rt d 

measure to a ses breakfa t con umption and nutrient intake , cau ality cann t b 

determined (Willett, 1998). Also, a single 24-hour dietary recall a u ed in th pr nt 

study) may not repre ent regular breakfa t habit of the population. In additi n th 

nutrient contributed by vitamin-mineral upplem nt w r not con id r d in thi tud 

It may also be po sible that ome of the OB food (including milk on um d b R 

con umers in addition to con urning an RTE at breakfa t could ha fa orabl 

influenced the nutrient intake /diet quality. 

Some inherent limitation of the HEI crit ria e i t (Gu nth r et al. 7), .g. 

it validity for pecific ethnic group in the i not tabli h d · the crit ria do not 

directly capture e ce intake of total fat and chole t rol ( t, thi tud amin d th m 

eparately), tran fat oil refined grain or m at. urth rmor th r comm ndation 

for om food group ( e.g. m at/b an and milk) in th HEI h n d r 1 

kilocalorie ar mor than th oth r fo d group . ampl in th 

den it tandard of th HEI crit ria i r fl t d in th fa t that om n ar allm: d th 
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lowest discretionary calorie allowance du to th ir low r ugg t d n rg int 

despite their high nutrient needs (Guenther et al.). 

onclu ion 

Efforts to lower the prevalence of br akfa t kipping am ng y ung adult ar 

needed. Nutrition professionals should encourage th con umpti n 

(e.g., one that includes an RTEC), e pecially among th oung adult p pulati n. utur 

studies comparing the impact of break.fa t kipping and t p f br akf: t c n um d n 

nutrient intakes and diet quality should incorporat a 1 ngitudinal tud d ign an r 

multiple days of dietary assessment, as well as an e aminati n of 

measures. 

1 0 



Table 5 

mographic Characteristics of Young Adults (20-39 y) by Type of Breakfast Consumption: NH ANES 1999-2002 

Demographics BS 

646 

** 25.1 ± 1.1 

28.4 ± 0.2R 

59.6 ± 2.0 

0. .0 

p<0.000 I 

.7 ± 3.2 

Non-Hispanic Blacks 14.7 ± 1.6 

Mexican-
.7 ± 3.1 

lhcr/M ixcd Races 7.9 ± 1.6 

p<0.0001 

R TEC consumers 

403 

16.5 ± 1.2 

29.6 ± 0 .3 

50.1 ± 2 .3 

49 .9 ± 2.2 

NS 

74. 1 ± 2.2 

9 .7 ± 1.3 

14.0 ± 1.9 

2.2 ± 0.8 

p<0.0001 

OB consumers 

1,556 

58.4 ± 1.3 

30.6 ± 0.3c 

50.5 ± 1.2 

49 .5 ± 1.2 

NS 

62 .7 ± 2 .3 

11.2 ± I. 

21.9 ± 2.5 

4 .2 ± 0.8 

p<0.0001 



Table 5 continued 

Demographics 

PIR 
± SE 

_ I and < 2 

_ 2 and < 3 

_ 3 and < 5 

_ 5 

t smok 

BS 

19.9 ± 1.9 

26 .3 ± 2 .7 

16 .8 ± 1.8 

24.7 ± 2.3 

12.3 ± 2.2 

p<0.001 

.5 ± 2 . 

.2 ± I. I 

p<0.0001 

. I 

1.2 

R TEC consumers 

13.5 ±2.0 

21.4±2.5 

17 .0 ± 3.6 

25.3 ± 2.5 

22 .8 ± 3.5 

NS 

57.5 ± 2.7 

8.2 ± 1.8 

p<0.0001 

63.8 ± 3.0 

11.6 ± I. 

OB consumers 

16.8 ± 1.5 

24.5 ± 1.8 

17 .7 ± 1.7 

24.3 ± 1.9 

16.8 ± 1.6 

p<0.005 

32.3 ± 2 .0 

57 .9 ± 2.0 

9.9 ± 1.0 

p<0.0001 

55.5 ± 1.8 

15 .8 ± 1.2 



able 5 continued 

Demographics BS R TEC consumers OB consumers 

moking status 

43.2 ± 2.9 24.6 ± 2.8 28.7 ± 1.7 

p<0.0001 p<0.0001 p<0.0001 

20.5 ± 3.711 8.6 ± 1.76 11.9 ± 1.2c 

22.6 ± 1.8 22.9 ± 2.2 20.4 ± 1.2 

ht 48.4 ± 2.2 46.3 ± 3.2 47.2 ± 1.4 

18 .9 ± 1.8 22.5 ± 2.4 20.3 ± 1.6 

Heavy 10 .1 ± 1.6 8.3 ± 1.2 12 .1 ± 1.0 

p<0.0001 p<0.0001 p<0.000 I 



Table 6 

nergy ana Nutrient Intakes from a Reported 24-hour Dietary Recall by Type of Breakfast Consumption in Young Adults (20-39 y): 
NHANES /999-2002 

BS 
(n = 646) 

Nutrient parameters 

2284 ± 583 

13 .9 ± 0.211 

5 1.5 ± 0.78 

I 1.7 ± 0.4° 

31.0 ± 0. 

0.3 

18 .0 ± 0. 

10.3 

M I 1.8 ± 0.2 11 

242.0 ± 11 .0a 

R TEC consumers 
(_n ~ 403) 

Mean ± SE 

2670 ± 57° 

14.6 ± 0.23 

55 .2 ± 0.6° 

19.6 ± 0.6° 

27.4 ± 0.7 8 

17.7 ± 0.6° 

30.1 ± 0.68 

6. 

17.4 ± 0.5 8 

10.3 ± 0.2 

I I. I ± 0.2 

6. 1 ± 0.2 

258.1 ± 9.8 

OB consumers 
(n = 1,566) 

2464 ± 34c 

15 .0 ± 0.2° 

9.9 ± OS 

15.5 ± 0.3c 

24.8 ±0.5° 

17.2 ± 0.6° 

33 .5 ± 0.3° 

6.7 ± 0.2 

19.8 ± 0.3 

I I. I ± 0.1 

12.6 ± 0.1 

6.8 ± 0.1 

341.9±7.3 



Table 6 continued 

BS R TEC consumers OB consumers 
(n = 646) (n = 403) (n = 1,566) 

Nutrient parameters Mean± SE 

Alcohol (% energy)*** 4.7 ± 0.5a 1.9 ± 0.3° 2.9 ± 0.2c 

395 .0 ± I6.2a 977 .8 ± 29.8 ° 619.2 ± 29.l c 

*** 5.8 ± 0.2a 9.0 ± 0.36 7.6 ± 0.2 a,6 

(mg)* 73 .1 ± 6.18 118.7 ± 6.86 97.1 ± 3.7 a,6 

1.4 ± 0.04a 2.5 ± 0.16 1.6 ± 0.04c 

1.6 ± 0.18 3.2 ± 0.1° 2.1 ± 0.04c 

2 1.5 ± 0.6° 33.3 ± 0.8° 

1.6 ± 0.1° 2.9 ± 0.1° 1.8 ± 0.03 3 

* d .2 ± 0. l 11 7.5 ± 0.5° 5.3 ± 0.2c 

220 .0 ± 14.7a 814.7 ± 42.5° 312 . 8 ± 12.oc 

709.0 ± 25. 111 1251 .8 ± 39.2° 915 .1± 25 _.,c 

1188. 



Table 6 continued 

BS RTEC consumers OB consumers 
(n = 646) (n = 403) (n = 1,566) 

Nutrient parameters Mean ± SE 

Magnes ium (mg)*** 237 .5 ± 5.93 353.4 ± 9.0° 291.8 ± 4.7c 

Iron (mg)*** 12.5 ± 0.48 26.1 ± 0.7° 14.9 ± 0.3 3 

10.8 ± 0.3 8 17.0 ± 0.56 12.2 ± 0.23 

. - · 

dium (mg) 33 82.3 ± 73.5 4109.2 ± 76.8 3788.3 ± 73 .2 

tass ium (mg)** * 2223.3 ± 45 .9° 3208 .8 ± 69.96 2802.4 ± 40.} C 



ble 7 

Reported 24-hour Dietary Recall by Type of Breakfast Consumption in Young Adults (20-39 y) : 

BS R TEC consumers OB consumers 
(n = 646) (n = 403) (n = 1,566) 

HEI component scores: Mean ± SE 

1.1 ± 0.1 ° 2.0 ± 0.1 1.8 ± 0.1 

1.8 ± 0.1° 1.4 ± 0.l c 

0.1 2.7 ± 0.1 2.8 ± 0.1 

0. la 1.04 ± 0.18
'
6 1.1 ± 0.066 

0. 111 4.5 ± 0.1 ° 

0. 111 1.5 ± 0. 1° 0.6 ± O. lc 

3.8 ± 0.2 11 7.0 ± 0.2° 4.7 ± 0.1 

7.9 J: 0. la·6 7.5 ± 0.28 8.1 ± 0.1 6 

.8 ± 0.2 5.0 ± 0.2 5.1 ± 0. 1 

6.5 ± 0.211 5.7 ± 0.1° 



ble 7 continued 

HEI food components 
(Range for scores) 
HEJ 11 : Sodium 
(0-10 

BS 
(n = 646) 

4.7 ± 0.2 

5.0 ± 0.3° 

1.8 ± 0.7a 

RTEC consumers 
(n = 403) 

HEI component scores: Mean ± SE 

4.3 ± 0.2 

8.5 ± 0.4° 

52.1 ± 0.7° 

OB consumers 
(n = 1,566) 

4.4 ± 0.1 

7.2 ± 0.3c 

46 .9 ± OS 



Table 8 

nergy, Nutrient, and Food Group Intakes at Breakfast from a Reported 24-hour Dietary Recall in Young Adults (20- 39 y): 
HANES /999-2002 

MUFA (% energy)*** 

Pl l FA ( % cncri!v )* ** 

R TEC consumers 
(n = 403) 

468 ± 14 

13.4 ± 0.3 

71.9 ± 0 .88 

.6 ± 0.3 8 

36.8 ± I .0 

17.7 ± 0.8 

18.3 ± 0.7 

1.4 ± 0.2 

12. 1 ± 0.5 

7.7 ± 0.3° 

5.6 ± 0.2 

2.6 ± 0.28 

Mean ± SE 

OB consumers 
(n = 1,566) 

515 ± 14 

13.4 ± 0.3 

55 .0 ± I .9 

3.0 ± 0.2 

30.1 ± 0.6 

18.2 ± 0.8 

34.2 ± 0.7 

3.2 ± 0.3 

l 1.0 ± 0.2 

11.5 ± 0.3 

5.6 ± 0.1 



able 8 continued 

holesterol (mg)*** 

Vitamin A (µg RA E)*** 

) 

Rib * 

* 

R TEC consumers 
(n = 403) 

39.8 ± 5.0a 

40 I. I ± 14. I a 

1.9 ± 0 .3 

41.0 ± 3.Jn 

0.9 ± 0.03a 

1.3 ± 0.05 

10.4 ± 0.5 

1.2 ± 0.06 

Mean ± SE 

OB consumers 
(n = 1,566) 

127.4 ± 5.9° 

183.4 ± 10.0 

1.6 ± 0.1 

25 .8 ± 1.5 

0.4 ± o.oi6 

0.6 ± 0.02° 

0.4 ± 0 .02 

2.9 ± 0.2a l . l ± 0.06 

519 .3 ± 39.2 

374.7 ± 16.6 

.5 



able 8 continued 

Nutrient parameters 

Magnesium (mg'\*** 

Iron (mg)*** 

R TEC consumers 
(n = 403) 

89.7 ± 3.58 

11.6 ± 0.7a 

5.6 ± 0.3 8 

597 . I ± 22.4n 

765 .8 ± 26.1 a 

0.05 ± 0.02a 

0.0 I ± 0.002 

1.8 ± 0.08 

0 .7 

Mean ± SE 

OB consumers 
(n = 1,566) 

64.9 ± 2.6 

3.6 ± 0.2 

2.4 ± 0.1 

807.4 ± 27.4 

657.4 ± 21.5 

0 .3 ± 0 .02° 

0.3 ± 0.05 

0.03 ± 0.006 

2.0 ± 0.0 

0 .2 ± 0.02 

0.5 ± 0.03 



Table 8 continued 

ood groups 

Meat/Poultry/ Fish 
(# of ounce equivalents)*** 

ggs (# of ounce equivalents)*** 

R TEC consumers 
(n = 403) 

0.1 ± 0.03a 

0.1 ± 0.03 8 

0.8 ± 0. I a 

6.9 ± 0.4° 

20.3 ± 1.0 

2.7 ± 1.7° 

Mean± SE 

OB consumers 
(n = 1,566) 

0.8 ± 0.09 

0.4 ± 0.03° 

2.2 ± 0.2° 

15.5 ± 0.6 

20.7 ± 0.9 

33.7 ± 1.0 
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H PT RV 

KI p THE ASSOCIATION BETWEE BRE K 

BREAKFAST CONS UM D WITH WEI H 

SYNDROME, A D IT REL T D RI K 

YOUNG ADULT : H 199 -2 

( T DY III) 

Introducti n 

D 

B 

The prevalence of overw ight/obesity am ng th nit d tat oung 

adults, ages 20-39 years of age ( ) i a public h alth c nc m ith 57.1 % b ing 

overweight (body mass index [B I 2: 25] and 2 

al., 2006). The prevalence of m tab lie ndr m 

risk factors for cardiovascular di ea e ( D and 

I 2: 

, a con t llati n 

gden et 

diab t m llitu 2D . ha 

increased in the oung adult p pulati n from 1 % in 19 -199 t 1 .0% m 

2003-2006) (Ervin 2009· Ford et al. , 200 . Th pr nee of t in indi idual 

increases the ri k for Db tv -fold and th ri k for T D b fi -fold rund . 

2008). 

Young adulth od i a difficult p ri 

increa ing re p n ibiliti 

famili 

unh al th di tar pra ti 

n . 'th 

and pr iding u p rt fi r n v 

. Thi ma tran lat into 

ar Rad lif , m, 



P r ir t l. 2 5 r & Nicklas, submitted; Nicklas et al. , 1998) ating fa t :b 

frequently eating meals outside the home ( l m n t al. 11 bit f 

breakfast skipping is prevalent among the young adult p pulati n. r i u n 

breakfast consumption using the 1999-2002 ational H alth nd 

Survey (NHANES) showed that 25% ofth young adult kipp d hmukh-

Taskar et al. , submitted). Skipping of br akfa t ha b n a 

normal BMI in some cross-sectional (Cho t al. 2003 · Kant 

Rippe, 2008; Song et al. , 2005) and longitudinal tudi 

adults. Conversely, consuming a breakfa t that includ 

been associated with a lower BMI in compari n ith th 

al. ; Mattes, 2002; ong et al.) and with 

ith hi h r than 

2 

very few US young adults (16.5% con um R at br akfa t c mpar d t th 

consume other breakfast food 

Breakfast skipping or c n umpti n part m nma 

influence the food intake at ub qu nt m al during th da . b ing th n rg 

density (Kant et al. 200 and in rea ing th nutri n di t quali f th m al 

(Deshmukh-Ta kar et al. ubmitted . Read -t - at c r al br akfa t c n um r ha b n 

noted to ha e a lo er intak f di cal ri during th da and at br akf. t 

(Deshmukh-Taskar t al. and m 

Ho e er no tudi to dat ha 

br akfa t con um d influ n 

ri k factor f . an 

mall r p rtion iz at ub qu nt m al . 

amin d h th r br 

p iall am ng th 

m ta Ii 

un adult p pulati n. 



The objective of this study was to examin th a ociati n f br 1ppm n t p 

of breakfast consumed (RTEC or OB) with the occurr n 

abdominal obesity, and the overall occurr nc of M t and it 

metabolic risk factors in young adults participating in th 1 9 -20 

ubject and M th d 

Study Design and Population 

idu 1 

The NHANES was designed to pro id h alth and nutriti n infi rmati n n 

participants representing the non-institutionaliz d 

Since 1999, the NHANE became a erie f cro 

ci ilian p pulati n all ag 

each. The survey used a multistage stratifi d ampling d ign ith r- mpling f 

individuals from certain ethnicities and ag gr up t 

ar 

representation. The H E in ol ed an in h me-int ie fi r demo aphic and basic 

health information as well a a detailed h alth aminati n at th mobil amination 

center (MEC) conducted by highl trained e amin r and int f th urv . 

detailed description of the 

Disease Control and Pr ention 

1999-2006· L hman t al. 1 

recalls and p riodic r training 

For the pr tud 

2006 on oung adul 0-

proc dur can b 

ational H alth and utriti n amination urv . 

right t al. 0 7 . 11 data c 11 ti n pr dur \J re 

d that in lud d r pli ate me ur . audi taping of di t 

amm r. 

ti nal data fr m 1 9-

r la tatin 

e clud d from th anal n n1 mpl t and r liabl di r all 



mp n nt t indi t th 

m ur 

( as indicated by the status code used in th di tary int rvi 

quality and completeness of the dietary r call) w r includ d. 

analyzed, as depicted in Figure 9. The first data t w analy 

and individual metabolic risk factors for CVD T2DM and th in lud d 

young adults who were fasting for those m tabolic ri k fact r that r quir d a ting 

values (as described later). The second data t wa analyz d r th 

MetS and included only those young adults with data a ailabl ri k 

urr nc 

the MetS (Grundy et al. , 2006) as well a tho ho r fa ting b r bl d dra 

to the nature of the analysis (i.e., a econdary data anal 

identifiers, this study was reviewed and appro din th 

Institutional Review Boards of Te a Woman 

College of Medicine, Houston T . 

Dietary Assessment 

The HA E dietary int rvi 

ni r it 

and th lack nal 

b th 

consumed by the sample per on ia a ingl multi-pa -h ur di ta r all u ing th 

computer-assisted dieta inter ie t m that had tandardiz d prob fi r eliciting th 

dietary information. Th r ondu t d ith r in p r n or t l phon 

( enters for Di ea e ontrol and Pr nti n ati nal H alth and utrition 

amination urv 1999- 00 · t al. 007 . Ith u h data from an n-

u 

con ecuti cond-da 

da after th fir t di 

r all i ... at I ph n int 

a ailabl in th th 

ondu t d -10 

ar O . th 

pr nt tud u d data fr m n1 th fir t d di t r al I t qual i ht t all 

1 



study years and to ensure consistency in the di tary m th d l y u 

consumption was self-reported and included con umpti n f ny fi m l 

reported by the participants a breakfast/brunch or d ayun /almu rz th r 

designated as ' breakfast ' in this study. ubj ct wh c n um d n rag 

breakfast, excluding water, were categorized a br akfa t kipp r . R dy-t - t 

cereal breakfast consumers were defined a tho 

meal occasion (regardless of other foods/bev rag c n um d at that m al 

OB consumers were defined as those who con um d 

R TEC at the breakfast meal. 

Anthropometric Measures 

rag eluding 

Trained examiner in the ME conduct d anthr p metric m asur m nt u mg 

calibrated instruments. Height wa mea ur d n a fi ed tadi m t r; 

measured on a Toledo digital eight cale. ai t circumfi r nc 

placing a measuring tape at the high t p int of th ilia 

m aurdb 

th mid- illa 

line of the bod . Measurem nt for ub- a ular kinfold btain d n th infi rior angl 

of the right scapula and tric p kinfold tain d on th mid int f th id 

of right upp r arm circumfi renc 

( enter for Dis a e nti n 

ight kg / h ight m 2
. 

u ing th H ltain kinfold calip r 

ational H alth and utriti n 

. B d m ind B 



Blood Pressure 

The first and fifth phase korotkoff r ading fi r 

pressure respectively were recorded using a calibrat d m rcury ph m 

during the MEC examination (Centers for Di a ntr l and Pr nti n 

Health and Nutrition Examination urvey, 1999-2006 . Thr uti d 

sometimes four) blood pressure readings w r obtain d n all ligibl m idu I · th 

present study used an average of first thr e blo d pr ur r ading . 

Laboratory Tests 

The laboratory component procedur included automat d c 11 cti mg 

storage, and shipment of biological pecim n t anal ical lab rat ri nt r fi r 

Disease Control and Prevention s ational H alth and utriti n amin ti n urv , 

1999-2006). ubsample of indi idual d fi r plasma gluco 

triglycerides, and serum lo -den ity lipopr t in chol t r l L L- and appropriate 

sampling weight were u ed for th ub ampl . In addition, nl th indi idual 

who were fasting at lea t for 9 hour for pla ma glue rum in ulin rum 

triglycerides and erum LDL- r includ d nt r fi r Di ntr land 

Prevention s ational H alth and utrition aminati n urv 

Total erum ch 1 terol, fasting rum trig! rid ma 

measur d pectr phot metri all u ing a n 

Diagno tic Ii m ur d 

u ing nzymatic r a ti n th h ann-mangan pr ipitati n m th d an r a dir 

1 



immunoassay technique for limited serum ampl v lum R h Di n ti I 

Serum LDL-C was calculated from measur d fa ting rum 

triglycerides, and HDL-C according to the Fri d wald c lcul ti n: [ DL- = [t t l 

cholesterol] - [HDL-C] - [triglyceride /5]. Fa ting rum in ulin a m 

immunoenzymometric assay (Tosoh Diagno tic . Wh l bl 

hemoglobin was measured by an automat d high-pr ur liquid chr mat 

(Primus I, model GLC 330, Primus Corp. MO · t tal rum h m 

by fluorescence immunoassay technique ( bb tt Dia n tic I · 

m ur d 

protein was measured by particle-enhanced immun a a ith lat nhan d 

nephelometry (Dade Behring Diagno tic Inc. rum uric acid a m ur d 

enzymatically by a colorimetric method (B krnan nchr n 2 kman ult r 

Inc., CA) (Centers for Disea e ontrol and Pr 

Examination urvey, 1999-2006 . Indic 

calculated according to th Quantitati e In ulin 

ati nal H alth and utrition 

it and r i tan 

formula =1/ [log fa ting pla ma gluco 

(Katz et al. 2000) and th Hom o tasi 

mg/dl + 1 g fasting pla ma in ulin µ /ml ] 

ormula = [fa ting 

plasma gluco mg/dl fa ting pla ma insulin µ /ml ]/ 0 atth tal..19 -

respecti el . 

Definition of en ei ht/i be i and the Wetabolic ndrome (,~ I 

0 i \!a dfind B > 

Pre ntion 20 ati nal In ti tut f H alth. I 

I 1 

ndr m 

ntr land 

d m d 



as having 2:'.: 3 of the following five ri k factor : (1 abd min l 

males and 2:'.: 88 cm in females); (2) elevat d rum trigly rid 

treatment for elevated serum triglycerid s· ( r du d rum ID 

males or <50 mg/dL in females) or on drug tr atm nt r r du d 

2:'.: 1 2 mm 

ug 

< 4 mg/d m 

elevated blood pressure (2:'.: 130 or 2:'.: 85 mm Hg or n drug tr d 

pressure/ hypertension); and (5) elevated fa ting pla m glue 2::: 1 0 mg/dl r n drug 

treatment for elevated glucose, [i.e. oral hyp gl c mic ag nt /in ulin 

2006). 

Covariates 

Food group consumption t nd to ary b 

lifestyle factors (Deshmukh-Taskar et al. 2007· urlaba t al. 20 

rund t l. 

graphic and 

annakoulia t al. 

2008). Therefore demographic charact ri tic (i .. , ag g nder thnicit , and thnicit 

gender, socioeconomic status (i .. p rty incom rati [PIR] marital tatu and 

lifestyle habits (i.e. ph ical acti i hol con umpti n along ith 

energy intake (kcal er treated as co ariat in the anal as m nt of multi-

collinearity among the abo e co ariat r orr lati n r <± 0. ' p :S 0. 

between them. The data for all 0 l intak that r 

obtained from th diet lf-r rt d 

que tionnaire . thnici d fin d as n-Hi an1c 

and th r d ra 

at oriz dint r up ran in fr m < l indi atin 



households below the poverty threshold) to ~ 5. Phy ical acti ity a ri d int 

four groups, ' sedentary', 'light', 'moderat and h a y . i'b tim m rn t tu 

defined as ' current' , 'past', and 'never' smok r . 

Statistical Analy 

Data analyses were conducted using tati tical Analy i 

Cary, North Carolina, 2007) and A -callabl 

(SUDAAN, 10.0, 2009) (Statistical Analy i oftwar 2007· ft 

ft ] .2 

rr lat d 

al 

of Correlated Data, 2008). Details of tati tical analyti al pr c dur r d crib d at th 

NHANES website (Centers for Disease ontr land r ati nal H alth and 

Nutrition Examination urvey 1999-2006 . ight- ar ampl ight and u - ample 

weights were applied to the data to account D r un qual pr babili f 1 cti n fr m 

over-sampling and for the stratified-multi tage pr babili ampl d ign r 

Disease Control and Prevention ational H alth and utriti n 

r btain d u ing PR ample-weighted percent ± tandard rror 

URVEYFREQ. Chi- quare te t as u d t diffi r nc am ng categ rical 

variables. Pearson/ pearman corr lation d t rmined th multi- llin ari among th 

co ariates. ample- eight d lea t- quar d m an and I t- quar d tandard rror 

compared among thr br akfa t group i ... B . R B 

co ariate-adju t d anal i of arian R . B nD rr ru· tion 

(p<0.0167 o ariat -

adju ted multin mial l d t rmin th 

br akfast kipping and p of n um d ith f\J · igh . a d minal 



obesity, MetS, and its related metabolic ri k factor r p ti l . .. h tr diti n 1 ut-

of p:S0.05 was used for (1) comparing categ ricalvari bl and 2 rt tin 

Pearson/Spearman correlations among th covariat . igni 1 nt r m h 

logistic regression model was defined if th unity wa n tin th 5% n 1d n int 

(CI) of an odds ratio (OR). 

R ult 

Demographic Characteri tics 

Twenty four percent of young adult w r B · 16.5% n um r · and 

59.7% were OB consumers (see Table 9 . Among B 

(58.0%) than females (42.0%). lower perc nt f n n-Hi pani th r 

race, and Mexican-American/Hi panic oung adult 12.5% 1 . % and 12.7% 

respectively) appeared to be among R 

( data not shown). higher perc nt of 

(55.7%) and those from 0th r 

of young adults ho con urned R 

PIR < 1 (13. 8%). Being curr nt m 

(55. 8% than in RT 

con urned 

= 20.4 g/da 

c n um r than n n-Hi pani it 1 . % 

1 pam a 

% n n-Hi pani Bla 

0.1 % data not hoi n . high r p r nt 

a t had a PIR 2:: 2 . 7% than ha ing a 

high r in 

data not 

X= 

0. % and B 

da and th hi h t in B X 



Covariate-adjusted Mean Individual Anthropom tri and tab Ii ndr m 

Risk Factors by Type of Breakfast on umption 

Ready-to-eat cereal consumers had l w r BMI and b t m ur m nt 1. 

triceps skinfold and sub-scapular kinfold) than B nd num r· n m 

BMI was observed between B and OB con um r 1 . i t 

db and th hi h t in was the lowest among RTEC consum r foll 

BS. Systolic blood pressure and erum l vel 

for RTEC consumers than B . erum LDL-

t r 1 and in ulin r 

than in and 

OB consumers. Other breakfast food con umers had high r rum H - than 

Breakfast skippers had higher insulin r i tance (a indi at db th high rm an alu 

of HOMA) than RTEC consum rs and had 1 r insulin n iti i a indi at db th 

lower mean value of Q I Kl) than both th d 

glycosylated hemoglobin a lo r in RT con um r than in B and B n um r . 

erum homocysteine as lo er in R and 

Table 10). 

Breakfa t kipping, T pe of Breakfa t on umption Weight tatu etabolic ndrom 

(Met ~' and Metabolic Ri k Factor 

Among all ung adult 1 . % had > f th fi n 6% had 

abdominal ob i 2 . % had l at d tri l rid 0. % had I d 

pr ur 19. % had im air d f; ting lu ) and % had I a ta not 

ho n). Th p r nt ung adul ·th m ta Ii n fa t r t 

con umpti n i nt R h d a rninal 



consumers, and reduced serum HDL- (in fi mal than B urth r hi h r r n t 

of BS and OB consumers were overweight/ob than R un 

adults and both genders (see Table 11). 

The association(s) between breakfa t kipping/c n umpti n and m t lie ri k 

factors is depicted in table 12. Relative to R B and 

a 42% and a 27% higher odds of being overw ight/ b I ~ 25 r p cti ly. 

Relative to males who consumed RT B and B 5% nd a 77% 

higher odds of having abdominal obe ity i. ~ 102 m m ng 

females, BS had a 45% higher odds of ha ing abd minal b cm 

relative to RTEC con umers. Ho e er the a ciati n £ r a d minal 

for OB vs. RTEC consumers and B a n t ignifi n t. R lati 

R TEC consumers, B had a 49% high r odd ha ing l at d d pr ure, 

(i.e. ,~ 130 mmHg) and relati e to OB con um r B had a 7% high r dd f ha mg 

elevated diastolic blood pre ure i.e. > mm Hg 

Relative to RT con um r B had a 7% high r f ha ing hi h r than the 

desirable le els for erum total hol t r I i. . > 

odds of ha ing high r than d 

Relati e to RT h r dd fha in at d rum 

LDL- 1.e. ~ l Om dl ati du ati n Pr gram : I 7 tim th dd 

f ha ing el at d rum horn rh m 

2009 and a 7 1 % hi h r dd h in d pl m in ulin 1 1. . • > ._ µ /ml 



(Quon, 2001). Relative to RTEC con um r OB c n um r had m r th n tin th 

odds of having elevated levels for serum horn cy t in 

BS had almost three times the odd of having 

Relative to OB consumers, BS had a 37% high r dd rum 

Relative to males who consumed RT C th 

odds of having reduced serum HDL- (s 

kipp d br ak th 5 % high r 

The present NHANE study from 1 99-2 06 th fir t t amm th 

association between breakfast skipping and typ ith adip 

measures and risk factors for CVD T2D and th p iall in th 

young adults. The occurrence of breakfast kipping and c n umpti nm ung adult 

observed in the present study i comparabl that r p rt din th arli r H 

among non-Hispanic White than th oth r thnic gr up and in th 

higher socioeconomic stratum. H alth fi d 

demographic factor uch a thni i 

purchase and c n um healthful fo d 

0 alley John t n hul n 

dditionall unh alth di t 

iall in un 

the pre nt tud , it int r tin t n t th t a hi h r p r nt B 

curr nt m um d high r am unt 

l 

mpar d t R 

In 



The mean BMI among all thre br akfa t group in thi tudy 

RTEC consumers had a lower odds of being 

consumers respectively. Previous studi ha 

r lati 

hown that kippin 

~ 2 . t 

r 

not eating RTEC at breakfast was as ociat d with ha in a high r than n rm I I h 

et al., 2003; Kant et al., 2008; Mattes 2002· ng t al. 2005· Van d r H ijd n t 1. 

2007; Wyatt et al., 2002). Along with having al rmanB IR c numr hd 

rW r B lower odds of having abdominal obe ity (i . . had a I 

consumers respectively. Waist circumfer nc a urr b it 

indicates the accumulation of both central ubcutan u and i c ral fat. 

have shown that compared to BMI W ma h lp b tt rt pr di t th ri 

et al. , 2005), T2DM (Wang et al. 2005 

(Cornier et al., 2002) and all-cau e mortalit 

Han t al., 2 2 medical car c t 

Biggard t al. 2 1th ugh th 

ith l b d ight / ar 

v h at br akf. t t nd t 

hu 

mechanism linking breakfa t con umpti n 

unclear, several theorie may b ugge t d. 

consume a higher total dail energ intak than B hmukh- kar t al. , ubmitt d 

B may tend to at more food ith a lo 

Taskar et al. submitted· icklas t al. 1 

RTE con um r . om par d t br akf. 

consume mor of fast food t al. 

from add d ugar D hmukh- kar t al. 

r di t quali hmukh-

t d t 

ntribut to v, i ht 

gain. on ating br akf. t ma d atin fr qu n 

hich ma in tum m r m 



(Drummond et al. , 1996). Regular breakfa t con umption may 1 

eating habits, a consistent energy intake and 1 cti n m r h lthful 

which may all contribute towards achieving l w r BMI and b dy t m ur 

smaller WC. 

More specifically, consumption of RT at br akfa t m 

measures. Ready-to-eat cereals are more nutri nt-den rath r than n r 

ul r 

r di it 

many RTEC (i.e. , about 92% of those availabl ar £ rtifi d ith it min and min ral 

and are low in fat ; while some RTEC may al o contribut 

dietary fiber (Anderson & Bridges 1988· R ad -t - at f 

lowering fat intake and increasing di tary fib r ar 11- tabli h d and ar ugg t d a 

important strategies towards achieving a healthful di t 

Agriculture ' s Dietary Guidelines for American 2005 . urth r, 

there is a higher intake of dairy food .g. milk hich ar 

nutrients including protein and calcium. High r cal ium in ta 

partm nt f 

c n umpti n 

urc ofman 

t d t 

play a role in the regulation of bod fat and ight thr ugh th u pr 

lipogenesis promoting effect of cal itr l and intrac llular a2 that o ur a r ult a 

lower calcium intake Z m l t al. 200 of al ium, "th th 

consumption of RT either attribut d to th fortifi ati n f R 

the typical addition of milk to R 

and B I. rth 1 

recommending R m man R 

cal ri fr m add d ugar in th di 

'th al ium r to 

r d fat 

th m 

partm nt f 



Agriculture's Dietary Guidelines for American . dd d u ar if n um m am unt 

>25% of the total energy intake (Institute of M dicin Di tary R 

United States Department of Agriculture Di tary uidelin £ r 

contribute to weight gain and CVD (Bray t al. 2004· Duf y P kin 2 

et al., 2009). 

· J hn n 

In tandem with the results on adipo ity and ight tatu m ur th pr nt 

study found that relative to RTEC consum r B had high r in ulin r i tan r 

insulin sensitivity, and had elevated serum l h 

and 

inhibit lipolysis (Eckel et al. , 2005). Ho r in ulin r i tanc ma mer d 

amount of lipolysis of stored triglyceride mol cul in th adip ti 

higher production of circulating free fatty acid and -cau ing Ii id uch a 

triglycerides, total ch 1 terol and LDL- in th d urth r. in ulin 

resistance may al o lead to a higher accumulati n 

et al.). Owing to high r mean alue £ r B I 

minal fat 

and in ulin r i tan am ng B than 

RTEC consumer in thi tud high r rum m an alu Dr 

have resulted in th B . urther kip ing r akf. t ma al 

-cau ing lipid might 

a I -d wn in the 

metabolic respon and n rg p nditur that ma in turn I ad t m tab lie hift in 

insulin en iti i and ntuall I ading t gr at r d on um ti n at th r m al . 

more accumulation 

Pre iou 

c n umpti n f 

fat and insulin r i tan 

t anal 

n rg fr m at 

I 0 

B n um r ha high r m an 

m than R 



consumers (30% and 258 mg respectively) and B 1% nd 242 m r ti ly unng 

the day (Deshmukh-Taskar et al. submitt d) . hi h- at int k rum l 

the cardio-protective HDL-C, but in turn may al 

serum triglycerides, total cholesterol, and LDL-

th r VD- u in li id 

beneficial effects of raising serum HDL- . In thi tudy th m an rum H 

was higher in OB consumers than B and may b attribut d t a high r t n umpti n 

Yet, the mean serum total chole terol wa high r in B than R 

not differ from OB consumers and them an rum D -

c n um r but did 

high r in than in b th 

RTEC and OB consumer . It is not clear h th r di tar fact r b th m 1 r m 

conjunction with hormonal hift among th t ma cau at d 

levels of CVD-causing lipid in the bod . In additi n the pr nt r ult di r fr m m 

of the theories proposed by amha 2005 r garding the r I f high- at intak in au ing 

higher serum le els of D-cau ing lipid . Thi ma b b cau ung r a ul t and n t 

middle/older adult ho are more pr n to D r e amin din thi r ar h. Furth r 

investigation in thi ar a 1 arrant d. 

Other breakfast c n um r from th pr nt tud had high r m an bl d 

·thin th ran < .- % 

(Gl cated hemogl bin, 00 m an alu lat d h m in D r th 

o br akf; t gr up th r . in i a tin that th di am ng 

th m ma n t clinicall ignifi ant. alth ugh m t ti ti all ignifi ant. 

1 1 



differences were found in mean serum 1 v 1 tri fl 

mean levels for fasting plasma glucose and in ulin and th 

(i.e. , presence of ~ 3 of the five risk factor am ng B nd R c n um r 

present study. Yet, a recent study (Devaraj t al. 200 und that m n middl - d 

individuals with Met , the consumption of a h art h alth l v ......... ....... .._, high-

fat fast food style breakfast raised post-prandial aft rt ur rum 

glucose; however, the post-prandial level of rum trigl rid and int rl ukin-1 b 

increased only after the high-fat fa t-food tyl 

healthy low-fat breakfast meal. Th re ults fr m th ab tud ugg t d that high-fat 

breakfast consumption doe contribute to higher p t-prandial rum l 

promoting lipids and cytokines. 

In the pre ent tud r lati to R 

significantly higher odd of ha ing 

attributed to the fortification of R · th B- itamin 

B 12. Homocysteine a non-dieta amin ac id in th 

and B c n um r had 

r ult ma b 

and itamin 

nth iz d fr m th 

demethylation of m thi nin and can cl d t m thi nin or i c n rt d t 

cysteine via multi- tage reactio that in th 

methylenetetrah dro£ late to tetrah dr folat th 

itamins B6 and B1 2 al a t as fa t r in th 

f .10-

£ rm f folat 

Deficienci f B itamin in luding lat ma thu I ad t h rh m t in mia. 

H p rhomo t in mi h n iat nd th lial d fun ti n and i 

con id r d a v rful ri fa t r £ r t. m tu 



have found no beneficial effects of suppl m nting B-vitamin n 

CVD risk (Song et al. , 2009). Further result fr mar ur 

et al., 2009) indicate that not all studie sugg n hip n 

hyperhomocysteinemia and CVD. Additional r arch t r r lati n hip 

exists between lower serum homocystein and r due d ri k fi r VD parti ularl am ng 

R TEC consumers is warranted. 

The present study did not find differ nc m -r acti pr t in mar r 

systemic inflammation) and erum uric acid (high r le I hich ma l d t 

hyperglycemia by blocking the action of in ulin by br ak a t kipping/c n umpti n 

habits. Similar results to the present tudy for p st-prandial I 1 of -r acti pr t in 

were noted earlier suggesting that -r acti e protein ma n t b dir ctl influ nc d b 

dietary fat intake compared to other D ri factor uch a rum trigl c ride total 

cholesterol, or LDL- (Poppitt et al. 200 . 

imitation 

Due to the cro - ctional natur o thi tud , cau ali b e n r akfast 

skipping or consumption ight tatu and m tab Ii ri k fa tor cann t b plain d 

(Willett 199 . The u of a ingl lf-r p rt d -h ur di tary r call t 

breakfast con umption did not p rmit th 

consumption habit of th p pulati n. D 

ear the ampl ize £ r th as m nt f th 

a r duced larg 1 fr m th on inal. du t 

Thi ma ha rt d 

1 

m nt f th r gular br 

rm a larg 

tin alu 

m da 

am n 

pan of 

for m tab Ii ri k fa t r 

ral f. tin ariabl 

th br a t roup in thi 



study. Despite the drawbacks, this study made an imp rtant n 

research on relationship between breakfa t kipping and typ 

adiposity measures and some metabolic ri k factor for VD 

Conclusions 

The results from this study suggest everal h alth b n fit 

consumption ( especially, one that include an R 

ntri uti n t th 

nd th 

breakfast skipping in young adults are need d. utriti n pr ~ nc 

the consumption of RT C for breakfast in the young adult p pul ti n. utur tudi 

using multiple days of dietary asse ment along ith a l ngitudinal tud d ign t 

ith 

determine the relation hip between regular br akfa t habit ight tatu and m tab lie 

risk factors are suggested. 



Table 

mof!raphic Characteristics by Type of Breakf ast Consumption in Young Adults (20-39 y): NHANES 1999-2006 

Demographics 

size (n) 

Non-1 l ispanic Blacks 

mcricans/ 

thcr/M ixcd races 

BS 

1277 

23.8 ± 0.7 

28.1 ± 0.28 

58.0 ± I. 

.0 ± 1. 

p<0.0001 

16.3 ± 1.4 

14.6 ± 1.9 

6.8 ± 1.0 

p<0.0001 

R TEC consumers 

826 

16.5 ± 0.7 

29.6 ± 0.2 

51.8 ± 2. l 

8.2 ± 2. 1 

NS 

73.4 ± 1.9 

9.3 ± 1.0 

13 .7 ± 1.3 

3.7 ± 0.8 

p<0.0001 

OB consumers 

3213 

59.7 ± 0.9 

30.4 ± 0.2c 

51.2 ± 0.9 

8.8 ± 0.9 

NS 

62.7 ± I. 

11.4± 1.0 

20.4 ± 1.6 

5.6 ± 0. 

p<0.0001 



Table 9 continued 

Demographics BS R TEC consumers OB consumers 

PlR* 
>± SE 

< I 18.6± 1.4 13.8 ± 1.5 15 .6 ± 0.9 

_ 1 & < 2 25.8 ± 1.8 21.8± 1.9 22.1 ± 1.1 

< 3 18.3 ± 1.4 16.8 ± 2.0 16.9 ± 1.0 

_ 3 & < 5 24.3 ± 1.6 24.7 ± 1.9 26.4 ± 1.1 

,...... 
~ 5 12 .9 ± 1.6 22.9 ± 2.3 19.0 ± 1.1 

p<0.0001 p=0.001 p<0.0001 

62.7 ± 2.1 55.2 ± I. 

t smokers 10.8 ± 1.0 10.7 ± 1.1 15 . 1 ± 0. 

urrcnt smokers 40 .6 ± 1.9 26.7 ± 1.9 29.7 ± 1.1 

p<0.0001 p<0.0001 p<0.0001 

1.s ± 1.os 14.2 ± 0.9 



Table 9 continued 

emographics 

ight 

Heavy 

wed/ 

BS 

22. 1 ± 1.2 

47.5 ± 1.7 

19.3± 1.3 

I I. I ± 1.2 

p<0.0001 

.5 ± 1.7 

8.8 ± 1.0 

p<0.0001 

R TEC consumers 

22.3± l.4 

49 .2 ± 2. 1 

19.2 ± 1.6 

9.3 ± 1.0 

p<0.0001 

33 . 2.0 

58.6 ± 2.1 

7.5 ± 1.2 

p<0.0001 

OB consumers 

20.5 ± 0.9 

46.5 ± 0.9 

20.2 ± 1.0 

12.8 ± 0.8 

p<0.0001 

31.9 ± I. 

59.6 ± I. 

8.5 ± 0.6 

p<0.0001 

National I lcalth and Nutrition Examination Survey; BS = breakfast skippers; RTEC = ready-to-eat cereal; OB = other breakfast; PlR = 
poverty income ratio. Values arc sample-weighted percents± standard errors (SE) for categorical variables or sample-weighted least-squared means (LSM) ± 
least-squared standard errors (LSSE) for continuous variables. Column percents (as shown) add up to 100 and are indicated \\ith the column p values from 
chi square test. Row percents for sample siLe, and all other demographic variables (data not shown) are also significant at p<0.000 I from chi square test. 
For continuous vanabll.:s. means not sharing n same alphabetic character (a. b, c) within a row differ significantly (p<0.0 167); BS vs. RTEC consumers, 
BS vs OB consumers. RI EC consum1.:rs vs. OB consumers. Composite p values using the F test of ANOVA for demographic characteristics,, ith significant 
rnult1plc comparisons (a, b. c) within a rov\. ar1.: ** p<0.000 I. • p<O 05. For categorical variables, (i .e .. percents). •••, •• indicate 0\ era II chi-square, significant 
at p .... 0.0001 and p 0.001 rcspcctivdy. ~Covariates: Energy intal-..c. ethnicity, gender, gender x ethnicit), age, PIR, smoking status, ph)sical acti\.it), marital status. 



able 10 

Individual Anthropometric and Metabolic Risk Factors by Type of Breakfast Consumption from a Reported 24-hour Dietary 
Recall in Young Adults (20-39 y): NHANES /999-2006 

Anthropometric risk factors BS 

81.6 ± 0.7a 

28.0 ± 0.28 

0.5 1\ 

18 .5 ± 0.3 

0.3 

70. 

R TEC consumers 

LSM ± LSSM 

77.3 ± 0.7° 

26.6 ± 0.3 0 

90.7 ± 0.6 

17.4 ± 0.3 

17.5 ± 0.3 

.3 ± 0.5 

OB consumers 

80. l ± 0.53 

27.4 ± 0.28 

92.7± 0.4c 

18.3 ± O."a 

115.0 ± 0.3 

69.9 ± 0.3 



Table l 0 continued 

BS RTEC consumers OB consumers 

LSM±LSSM 

192.7 ± 1.6° 187.0±1.86 188.8 ± 0.9°' 6 

132.3 ± 5.5 128.2 ± 6.7 124.6 ± 3.7 

dl)
1 ** 117.7 ± 1.9° 111.0 ± 2.66 110.7 ± 1.06 

(n= 1947) 

-
51.1 ± 0.") 6 

li li 

3. . lli li 

, ,o 5li 



ble IO continued 

Metabolic risk factors BS R TEC consumers OB consumers 
(serum/plasma/blood) 

LSM±LSSM 

5.3 ± 0.04a 5.1 ± 0.02° 5.2 ± 0.02a 

8.0 ± 0.111 7.3 ± 0.1 7.8 ± 0.18 

0.4 ± 0.02 0.4 ± 0.03 0.3 ± 0.01 

5.4 ± 0.05 5.2 ± 0.04 5.3 ± 0.03 



-

Table 11 

Percent of Young Adults (20-39 y) with Metabolic Risk Factors by Type of Breakfast Consumption from a Reported 24-hour 
ietary Recall: NHANES 1999-2006 

Metabolic risk factors 

w 
_ 102 cm (malcs\ 1

•
2 

w 

H 
< 

cm < temalcs\ 1
•
2 

di (malcs) 1 
• 

I ( 

BS 

27.3± I.I 

50.1 ± 2.0 

1.2 

. I ± 2.7 
1,2 * 

25.2 ± 2.1 

34.5 ± 1.5 

R TEC consumers 

% SE 

21.7 ± 1.2 

39.3 ± 2.7 

8.6 ± 1.2 

8.7 ± 1.2 

_7 _7 ± 2.3 

38.9 ± 2.5 

2.0 

OB consumers 

29.9 ± 0.7 

46.2 ± 1.9 

11.5 ± 0.6 

. I ± 0.6 

29.4 ± 1.5 

36.1 ± 1.8 

23.4 ± 1.3 

33.2 ± 0.9 

Overall chi-square 
p value* 

0.01 

0.02 

0.005 

0.5 (NS) 

0.3 (NS) 

0.002 

0.7 (NS) 

0.1 (NS) 



Table 11 continued 

Metabolic risk factors BS R TEC consumers OB consumers Overall chi-square 
p value* 

%SE 

30.3 ± 2.3 20.2 ± 2.7 26 .3 ± 1.4 0.01 
di 2 

2 1.1 ± 2.3 16.4 ± 2 .5 20.6 ± l.l 0.3 (NS) 

l l.6 ± l.7 9.1 ± 9. l ll.4 ± 0.8 0.5 (NS) 

1.5 ± 0.5 2 .8 ± 0.4 0.1 (NS) 

1.9 ± 0.5 0. l ± 0.l 0.8 ± 0.2 0.00 
l/L2 * 

11 )1 20.2 ..1:: 2.4 17 .0 ± 2.6 17.9 ± 1.5 0.6 (NS) 

'Z "')A Cl ..1.. 3. 1 2 1.6 ± 3.7 19.8 ± 2.1 0. 

13.7 ± 3.0 16.4 ± 1.8 0.3 (NS) 

58.3 ± 1.5 5 1.7 ± 2.0 57.8 ± 1.2 0.02 



ble 11 continued 

Metabolic risk factors BS R TEC consumers OB consumers Overall chi-square 
p value* 

% SE 

58 .6 56.0 63 .5 0.02 

57.8 47.1 51.8 0.03 



ble 12 

ssociation of Breakfast Skipping and Type of Breakfast Consumption with Weight Status, MetS, and its Related Metabolic Risk 
ctors in Young Adults (20-39 y): NHANES /999-2006 

Abnormal metabolic risk 
factors 
(Present vs. Absent) 

cm 

m 

ity 
: 253 

MetS 1 

BS vs. R TEC (Referent) 

1.85 ( l.31-2 .6)* 

1.4) ll .Uij-l .':/4)"' 

1.42 (1.12 -1.80)* 

1.5 1 (0 .93-2.43) 

1.26 (0.66-2.41) 

-3 .22) 

OB vs. RTEC (Referent) BS vs. OB (Referent) 

OR (Cl) 

1.77 ( 1.34-2.34)* 1.05 (0.8-1.34) 

1.23 (0.91-1.66) 1.18 (0.93 - 1.50) 

1.27 ( 1.04-1.54)* I. 12 (0.95- 1.33) 

1. 11 (0.73-1.68) 1.36 (0.92-2.02) 

0.87(0.51-1.48) 

1.48, 

1.25 (0 .91-1.71) I . I 9 (0.95- I .50) 



able 12 continued 

Abnormal metabolic risk BS vs. RTEC (Referent) OB vs. RTEC (Referent) BS vs. OB (Referent) 
factors 
(Present vs. Absent) 

OR (CI) 

1.38 (0.91-2. l l) 1.01 (0.74-1.39) 1.37 (1.03-1.81 )* 

1.l 5 (0.80-l.66) 0.91 (0.69-1.20) 1.26 (0.92-1.73) 

1.37 ( 1.06-1.76)* 1.09 (0 .89-1 .33) 1.26 (l.07-1.48)* 
> 200 (mg/dt)3 

H 

Males 1.53 ( 1.13-2.08)* 1.24 (0.93-1.66) 1.24 (0.9-1.54) 
< 40 (mg/dt)'-3 

0.86 (0.64-1.17) 1.27 (0.97-1 .66) 

l.82( 1.21-2.72)* 1.25(0.84-1.84) 

1.30(0.79-2.15) 1.0(0.65-1 .53) 1.31(1.0- 1.76) 

Insulin 1.71 (1.01-2.89)* 1.39 (0.92-2 .1 I) 1.22 (0.84-1 .79) 

0 (µU/mL)2
•
3 



Table 12 continued 

Abnormal metabolic risk 
factors 
(Present vs. Absent) 

BS vs. RTEC (Referent) 

.54 (0.98-6.60) 

OB vs . RTEC (Referent) BS vs. OB (Referent) 

OR (CI) 

1.82 (0.79-4.19) 0.55 (0.24-1.26) 

2.68 (1.14-6.34)* 



\ 

Samples {n) = 7285 \ 
(NHANES 1999-2006, 20-39y) \ I ) \ 

\. 

'--

In 

igur 
mpl 

n = 6499 

n=5317 \ 

! ~ 

Final sample size{s) 
( n) for metabolic risk 

factors 
{as given in table 2) 

n = 786 dropped l 
(unreliable dietary 

recall) 

n = 1182 dropped 
(pregnanVlactating 

women) 

-~ I Few more samples 
{n) dropped 

(missing data on 
covariate variables) 

y>: NHANES l 999-2006. 

Samples (n) =7285 
(NHANES 1999-2006, 20-39y) 

n = 6499 

n =2874 
(data present on all 5 

criteria for MetS) 

n = 2348 

n = 786 dropped 
(unreliable dietary 

recall) 

n = 3625 dropped 
(data not present on 

all 5 Mets criteria 

n = 526 dropped 
(pregnanVlactating 

women) 

n = 156 dropped 
(fasting weight= 0, i.e., 
non-fasting ind ividuals) 

n=2192 j~---
Few more samples 

(n) dropped 
(missing data on 

covariate variables) 
Final sample size (s) (n) 
for metabolic risk factors 

(as given in table 2) 

te. NHANES = National Health and Nutritional Examination Survev: n = 



CH PT R VI 

UMMARY 

The present research via thre tudi u ing th 

highlighted the importance of breakfast c n umpti n m 1mpr 

-2 

nutrient adequacy, diet quality adiposity m a ur a 

among younger age group (i.e. children (9-1 y] /ad 1 

ll a m t li ri 

adults [20-39 y ]). More pecifically p re nt f participant c n urning 

ung 

breakfast was lower among adolescent and ung adult than in childr n, ugg ting that 

healthy breakfast con umption habits t nd t declin v ith ag in oung r p pulati n . 

The null hypotheses er rejected for s ral aim in thi di rtati n. 

among all age group amined in th pr nt di - and 

micronutrient intake pre ed a ith rm an p r nt n rg or m an inta a \V 11 

as the mean nutrient and diet adequac 

RTEC consumer . F rtifi d RT ma b 

r in B and B n um r th n 

h althful br akf. t fo d . du 

their high nutrient den i and lo fat cont nt. H v r. mo t fortifi d 

th ar pr t. arti 1pan h high in added ugar , in 

breakfast had a higher 

consumer among ad l 

n umption of add d ugar mpar d t R 

nt and oung adult in th pr nt tudi . 

In conjuncti n \! ith ha ing u ri rm an ma r - and mi r nutri nt int 

RT con um r rn man nt B had 1 \: · r f 

d 

I ~ th 



percentile) in children/adolescent ; overw i ht/ b it B I ~ 25 m un ult · nd 

abdominal obesity (i.e., a lower waist circumD r nc 

addition, compared to OB con umers RT 

obesity/abdominal obesity in adole c nt and 

in young adults. Among young adult relativ 

consumers had higher odds of having of om indi idu I m ta li ri k .g. 

hyperhomocysteinemia) and B had high r odd h ing 

higher serum LDL levels, and hyperin ulin mia. hu 

had both nutritional and health benefits among childr 

from a nationally representati e ampl f th p pulati n. 

t br 

and ung adult 

it 



HAP R VII 

IMPLICATIO D 

Nutrition professionals should nc urag th 

healthy breakfast ( especially one that includ an R 

improve their diet and to prevent the occurr nc 

an impediment in the promotion and/or con umpti n 

attributed to its higher cost in comparis n t 

foods, such as eggs or meat products. Futur 

pul ti n t 

lie ri 

am ng indi idual m 

-c t br akfa t 

n habit 

(especially, RTEC consumption) n ed t amin it r lati n hip ith th c t act r 

more so, in individual from lo 

ethnic and socioeconomic differenc 

mic trata. In th pr nt tudi om 

a t c n umpti n habit d. 

For example, a higher percent of non-Hi panic 

those from higher ocioeconomic trata m tud 

breakfast consumers compar d to th oth r 

oung adult and 

socioeconomic trata r p cti I . urth r m unh alth lifi 

m lo er

uch 

smoking and ale h 1 con umption in d nt in ad 

appeared to b m r pr al nt am ng B and B c n urn r mpar d t RT 

con um r in the pr n ammm 

th relation hip f clu t rin 

'th o io-d m graphi hara t ri i thni it and tus 



well as with healthy lifestyle habits ( uch a b in an n- m 

amounts of alcohol , or being physically activ 

n um l r 

Some limitations of the pre ent tudi includ d in thi di rt ti n r th 1r 

cross-sectional nature and the use of a singl -day di t r r ll t ul 

breakfast consumption habit of the populati n . tudi u m 

longitudinal data and multiple days of dietary a 

between regular breakfa t habits nutritional pr fil 

factors are warranted. oncomitantly th rol 

in relation to weight status and metabolic ri k act r n 

1 1 

d t rmin th 

ight tatu and m tab lie ri k 

ami d. 
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