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Abstract

This study examined whether iron deficiency in infancy contributes to problem behaviors i
adolescenethrough its influence on poor regulatory abilities in childhood. Chilean infants

(N = 1,116)were studied when there was no national program for iron fortification (1991-1996),
resulting inhigh rates aofon deficiency (ID, 28%) and irodeficient anend (IDA, 17%). Infants
(54% male)verestudiedat childhood Mage 10 years) and adolescendd {;c 14 years). DA in
infancywasrelated toexcessivalcohol usend risky sexual behaviar acblescence thnghits

effect onpooer emotiorregulation in childhoodAttentioral controldeficitsat age 1@vere also

related tdboth infantiDA and heightenedsk-taking in adolescencd-indings elucidat&ow poor

childhoodregulatoryabilitiesassociated witinfantIDA compromise adjustment in adolescence.

Key.\Wordsadolescenalcohol useadolescent riskaking,anemiaattention deficits,
emetion regulation, iron deficiency, sluggish cognitive tempo

Associations among Infant Iron Deficiency, Childhood Emotion and
Attention Regulation, and AdolesceRroblemBehaviors
Iron=deficiency anemia during infandy associated witpoor neuromotor, behavioral, and
sociacemotional development in children (Lozoff, 2011). Through alteratioesiatatfrontal
dopaminergisystens, iron deficiency and irodeficiency anemiaontribute to deficits in
attention and executive function, which is responsible for emotion control, plaanshgelf-

regulation(Georgieff, 2011 Understanding thdevelopmentalamificationsof poorattentional
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and emotiorcontrolassociated witearlyiron deficiencyis important given knowssociations
betweennattention and emotion dysregulation andariety ofproblembehaviors [Eisenberget

al., 2000;Hill, Degnan, Calkins& Keane, 2006) The current study examined whether poor iron
status in infancgontributego “downstream” problematic behaviors in adolescehogugh its
influence on.poor regulatodbilitiesin childhood.Specifically, weinvestigatedvhetheriron
deficiency (D).andiron-deficiency anemiallDA) in infancyarelinked to poor emotion and
attentionregulation in childhood, and whethéese factors turn, contributeto risk-taking and
rule-breakingbehaviorsn adolescence. We further exantrthe extent to whichisk-taking and
rule-breakingtendenciesre associated withdolescenalcoholuseand sexuatisk behaviors. The
connectionsbetween iraeficiency in infancy and subsequent problem behaviaswsidespread
significancegiven thatiron deficiency affects 2.4 million U.S. children and 273 million children
worldwide (Brotanek, Gosz, Weitzman, & Flores, 2007). In the U.S., Latino and low-income
childrenare_particularly vulnerable, as thiegive relatively higher prevalencesiron deficiency
as®ciated withrapid postnatal growtim Latinos(Brotanek et al., 2007) and food insecurity
leading tomutritionatleficienciesn low-income children (Alaimo, Olsorsrongillo, & Briefel,
2001).

The.conceptual model that guides this stisdyased orseveraliteraturesand is shown in
Figure 1.To'test thismodel, ve use longitudinal data on over one thousand Chilean children who
were studiedrom infancy to adolescence as part of an idaficiency anemia preventive triahd
follow-up study (Lozoff et al., 2003The associations outlined in the model laased orthree
areas of researcfn) the effect®f iron deficiency andton-deficiency anemia on children’s poor
emotion regulation anithattention; (b) the rokof pooremotionregulation and iattentvenessn
adolescentisk-takingand rule-breaking, an€;) the associations between risking and rule
breaking an@dolescent alcohol usad highrisk sexual behaviorThesditeratures are reviewed
briefly below.

Iron-Deficiency: Anemia and Poor Emotion and Attention Regulation

Iron.deficiencyis a micrenutrient deficiency charéerized by depleted iron stores and
reduced iro=dependent protein productioimon deficiencyis present when there is insufficient
iron to maintain normal physiologic functions (Baker, Greer, & The Committee oitidlutr
2010). Anemiathe most severand endstage form of deficiency, is characterized by depleted
iron stores, redwd iron-dependent oxidative enzyme concentration, and reduced hemoglobin

concentratns Iron-deficiencyanemia in infants and children presents behaviorally as
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listlessnessvarinessand fatigue (Lozoff, et al., 1998)on deficiency $ most prevalent during
infancydue to depletion of prenatal iron storesty rapid growth and limited dietary sources of
iron. ID-anemia generally resolvas childhood with the introduction of a wide variety of iron-
rich foods.

Many-important processes of brain development, such as myelination, dendritogenesis, and
synaptogenesis, are highly dependent on iron-containing enzymes and hemoproteins {Georgief
20117). Because“infancy is a period of rapid brain growitiuring which critical irorcontaining
enzymes and“hemoproteins are needed for hippocampal and cortical regional develapoment
deficieng//during infancy can have serious, long-las@émgl what many experts agree are
irreversibleeffects on children’s functioning (Beard, 2007; McCann & Ames, 200W.striatum
and hippocampus are two brain regions that undergo considerable maturatigrittrigarly
postnatal period and are known to be adversely affected by early iron deficiency insndies
(Beard, 2007). Rerations of processes associated with the striatum and related dopaminergic
functioning.in humans would be evidencedabgtisryption of systems regulatingmotion and
attention(Georgieff, 2011; Lozoff, 20)1Emotionregulation has been definedthe child
development literaturas the ability to modulate one’s emotional arousal to foster an optimal level
of engagement with the environment (Kim-Spoon, Cicchetti, & Rogosch, 2013). Poor emotion
regulationis’Characterizedby emotional volatility, mood lability, emotional intensity and
reactivity, and disruptive and angry outbursts (Cole, Martin, & Dennis, 2004). Children who have
difficulty regulating emotions are apt to act out aggressively and have problems delaying
gratification(Eisenberg et al., 2000).

Several’'studiesuggestssociations betweearly-life iron deficiency anahildren’s
emotion regulation eficits. For exampe, lower levels of neonatal hemoglobin and serum iron
(andferritin to a lesser degree) were correlated with higher levelgarit negative emotionality
(distress) and.reduced soothability (Wachs, Pollitt, Cueto, Jacoby, & Creedaitana805), an
eatly manifestation ogelf-regulatoryprocessesSignificant linear relationalso havébeen found
between infantsseverity of iron deficiency and lower soothability, and margmé&wer ability
to regulateemetiors (Lozoff et al., 2008). In a study of preschool Chinese children, those who had
IDA in infancy showed lower frustration tolerance in a delay of gratificatidottes children
with no historyof IDA (Chang et al., 2011). Executive function impairments (i.e., poorer
emotional regulation and inhibitory control) have also been found among young adults who

experienced chronic and sevean deficiency in infancy (Lukowski et al., 2010).
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The link between early iron deficiency and subseqa#ganton problems is lesdgmly
establishedOne study found that children who had severe chronic iron deficiency in infearey
less able to payttention to a tester’s requesisd were rated by teachers and parents as having
more attention problems (Lozoffimenez, HagemMollen, & Wolf, 2000). Higher levels of
inattention were also observed by Fuglestad and colleagues (2013) in iron deficient post
institutionalized children. In addition, young adults whereiron deficient as infants exhibited
less attentiomegulation or the ability to shift attentiofLukowski et al., 2010). Taken together,
these findings'suggettatiron deficiency and iron deficien@nemian infancyare associated
with alterations/in neurodevelopntehat can contribute tdeficits inemotioncontrol and
possibly, attention.

Links betweenPoor Emotion and Attention Regulation and Adolescent Risk-Taking and
Rule-Breaking

Deficientcapacity taegulate emotion commensurate with situational demands has been
documented in many studies to be associatedahitren’s rulebreakingbehaviorssuch as
lying, cheatingiandtealing(Eisenberg et al., 2000, 2001). Indetbaoristshave argued that rule-
breaking, by its'very nature an act of undercontrol, would logically relate to weak or etnsteol
regulatory=processéBradley, 200). Using this framework, mearch by Eisenbeftas showrthat
children who hav@oor emotio regulation abilities (defined as manegativelyemotionally labile
and intenseg¢xhibit higher rates of rulbreaking behaviorsvo years late(Eisenberg et al
2000). Eisenberg and colleagues (20d1&pfound that children who engaged in frequent rule-
breaking weresmore prone to anger, low emotion cordral,impulsivityas rated by parents,
teachers, and-0bserve&ilk and colleagues (2008)sofound, using amxperiencesampling
method, thaadolescentsemotional intensity, lability and poor anger regulatie@rewelated to
rule-breaking behaviors (Silk, Steinberg, & Morris, 2003).

Thefield.of risk-takinghas been studied from multiple perspectiyesa consistenfocus
within this areancludes an emphasis emotional volatility and poor emoti@ontrolas likely
predisposingfactors to engaging in higsk behaviors (Boyer, 2006[Risk-taking behaviors are
those that invelve some potential for danger or harmeamatate from a desire for intensity,
excitement and novelty (Zuckerman, 200Mager and colleagues (2008) describe-tang as
occurring under conditions of high arousal, wathotional intensity and volatilityncreasinghe
propensityto take risks (Mager, Phillips, & Hosj 2008). Cooper amtblleagueslso emphasize

the importance of affective control and emotion regulgti@tesse risk-taking tendencies
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(Cooper, Agocha, & Sheldon, 2000). Impuity, a corecomponent of emotioreactivity, also has
been foundo relatedirectly to risktaking in adolescence (Romer et al., 2011). Additionaally,
Steinberg (2008) proposes that the decline in risk-taking between adolescence aodddult
stems from a greater ability to inhibit impide behavior and improved emotion regulation.

In addition toemdion regulation, the current study examimesttentiveness aa mediator
betweerninfant.iron deficiencyand adolescentsk-taking and rulésreaking Inattentiveness is
operationalized in #hcurrent study a& low ability to focus, concentrate, aitend or symptoms
characteristic'oé “sluggish cognitive tempo’SCT; Carlson & Mann, 2002)t has been
suggested thathildren and adolescentsth sluggish cognitive tempo symptoms engage in high-
risk, thrill-seeking behaviort® remedy the general low arousal level that accompanies
inattentivenesgDiamond, 2005). Supporting this view, inattention (in the absence of hyperactivity
and behavioral'disinhibition) has been founddorelatewith a variety ofrisky and reckless
behaviors Jerome Segal, & Habinski, 2006). Given their sluggish and slow responsivity, children
with SCT symptomsare less likely to exhib#xternalizing behaviors than their hyperactive-
inattentiveseounterpart8fuermester, Barkley, Bauermeister, Martinez, & McBurnett, 2012).
However,compared to childrewithout hyperactivity or inattentivenesshildren with SCT
symptomsaremorelikely to engage in delinquent-like behaviors (Carlson & Mann, 2002).

The Roleof"Risk-Taking and Rule-Breaking in Adolescent Alcohol Use and Sexual Risk
Behaviors

There is asubstantial body of literature linkingsk-taking £ndenciesvith adolescent
alcoholusesHittner & Swickert,2006) andunsafe and indiscriminate sexual behavidoyle,

Fejfar, & Miller; 200Q. Physiologically, risktaking is believed to result from dopamine brain
pathways/responsible for attraction to rewarding behaviors and a desire toy stimsulation
(Zuckerman, 2007), which would explain its relatioraloohd use and sexual behavi@ther
studiesconceptualize risk pronenessan individual’spreference for spontaneous decision

making and.motivation for excitement (Reyna & Farley, 2006ese studiefsnd that
adolescents’risk proneness is associated nigkly sexual behavior and substance use (Crockett,
Raffaelli, &'Shen, 2006 )Still otherstudiesusedecisionmaking and gambling tasks

risk/reward scenaria® assess risk taking, with findings showlimiks betweerrisky decision-
making and a broad range of safety risk behaviors, including frequency of unprotected sex and
alcohol and substance uggglvan et al., 2007).

Rule-breaking behavioalsohas beenliscussed asontributing to adolesceatcohol use
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and high-risk sexual behavidlessor’s prblem behavior theory outlined a syndrome of
probdematic behaviors (includingarlydrinking and indiscriminate sexual activityhat is
preceded by a greater tolerance for deviance and a disregard for rules ahcoswentions
(Costa, Jessor, Donovan, & Fortenberry, 1988)ch research has confirmed these relations, with
rule-breaking.tendencies linked with teenage drinking (Chassin, Pitts, & Prost,&@x&xual
risk behavios (Schofieldet al., 2008).

The Current Study

The eurrent study examined hoegulatorydeficits associated witinon deficiency (ID)
and irondeficiency anemia (IDA) in infancgnight contribute to “downstream” problematic
behaviors in adolescenc®pecifically, we examined whethi#) and IDA in infancy are
associatedwith' poor emotion and attention regulation in childhood, and wtetbedeficits
contribute to risktaking and rulebreaking behaviors in adolescence which, in turn, contribute to
alcoholuse and higiiisk sexual behaviors. As an indicator of alcohol usestugied excessive
and problematic alcohol use adolescence given that moderate alcohol use within this Chilean
cohort of yeuthymight be normative and not necessarily problematic.

Longitudinal, follow-up studies conducted on infants diagnosed asl@ficient anemic
are few and,often suffer from small sample sizes and quality control issues (McCann & Ames,
2007). Thereurrent sample of Chilean children was studied when there was no nabigiaahpr
for iron fortification, resulting in a sample with relativedigh iron deficiency and irodeficiency
anemia rates, thereby allowing for a robust test of effects associated with these conditions. To take
advantagesofitigerelatively high ratesas well as to bettamderstand how iron deficiency and,
separately,ion<deficiency anemia relate to childrenegulatonyabilities, we analyzed infatron
statususingthreecomparisonsi) we compared children who were iron sufficient (IS) in infancy
to those who were irodeficient anemic (IDA)2) we compared childrewho were iron sufficient
in infancy to.those who were irateficient only (IDonly), and;3) we compaged children who
were |D-only.to.those who were IDA.

The.analysis comparing children who were IS to those who weoslfds particularly
important because ID without anemia is roughly 2.5 times more common than ID witlageemi
asymptomatic and, therefore, often goes undeteCtentérs for Disease Control and Prevention,
2002).Very few studies have addressed the effects ey, and of these, findgs indicate that
ID without anemighasa negative effect on brain development and can contribute to poor

developmental outcome8Kmanet al., 2004Doom ¢ al., 2014). The comparison involving
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children who were IDA and I@nly in infancywill reveal whéher ironrdeficiency anemia is
associated with deficits above and beyond those associated with iron deficiency. Agdewve
studies have examined this issue, with results indicating more saggeemotionalimpairment
(increased shyness, lower saatihlity) associated with IEanemia compared to 18nly (Akman et
al., 2004; Lozoff et al., 2008Given that the&key distinguishing characteristietween |Dand
IDA is lower concentrationsf serumhemoglobin, th@xygen-carrying protein found in red blood
cells (Zimmermann & Hurrell, 2007)n IDA, understandingvhether ID with anemis as®ciated
with more"severe impairments children’s regulatory capacities than ID-only would be
importantito investigate.

In thisstudy’s analysesencontroled for severalchild and family background factors
given thatiron-deficiency isorelikely to occur indisadvantaged family circumstand@gaimo
et al., 2001 Wealsocontrolled for children’s stressful life events during infancy given its known
assoa@tion with children’s emotiomnd attention regulation abiliti@adwith adolescents'isk-
taking and\problem behaviors. Additionally, we controlled for whether infants were given iron
supplemeptatioas part of the preventive triahd whethemfants were exclusively breastfed,
given that these factors are relatedron deficiency and anemiia young childrer{Bakeret al.,
2010).Wealsotesedwhether the pathwaysutlined in our analytic model differ for boys and
girls, because malemre known tdhave higherates ofiD and IDA during infancy(Domellof et
al., 2002), a well as higher levels @motional dysregulatio(Hill et al., 2006) atention
difficulties (Gershon, 2002), and risk-taking tendencies (Byrnes, Miller, & Schafer, 1999). To take
into account'the possibility that model pathways are influenced by pubertal development, we
considereduif.eontrolling for age at menarche alters the model pathways forAgidgu@te data
on pubertal timing was not available for boys.) Additionally, given thatanames of rule
breaking risk-taking alcohol use, and risky sexual behawvi@re assessed at adolescence, we
testedan alternate model that specifies alcohol use and risky sexual behavior as mediators and
rule-breaking.and riskaking as endogenous vabies. This test was conducted so as to potentially
rule aut thisse@mpeting order of effects and to derive evidence thabredking and riskaking
are best understood as mediatorking children’s regilatory deficits andubsequent problem
behaviors. Finally, our analytic model included all direct paths between distabiear{e.g., poor
emotion controb> risky sexual behavior), including thigrect effects of infant iron status on all
modelvariables Evidence of sigificant directdistal paths habeen suggested by studies linking

poor emotion control with excessive alcohol use (Mager et al., 2008)sygadtomswith risky
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sexual behavior (Flory et al., 2006), and poor infant iron steithsproblem behaviors at
adolescence (Corapci, Calatroni, Kaciroti, Jimenez, & Lozoff, 2010).

Method
Participants and Study Design

Participants were 1,116 children (54% male) who have been studied since infaady as
of an irondeficiency anemia preventive trial and follmp study in Santiago, Chile (Lozoff et al.,
2003). The'study originally involved 1,657 infants in a douddiled, randomizedaontrolled trial
designed to'assettwe effects of iron supplementati¢atescribed below). Infants were recruited
from community clinicssurrounding Santiago between 1991 and 1996, a period during which iron
deficiency.in infancy was widespread and there was no national program for irondooiifiét
infancy, children’s mothers had an average df-gi@de educatiofonly 9 years of schoolingas
compulsory in Chile at the time of the studghd 85% of fathers were present in the hohlie.
infants who participated were healthy, ftékm (birth weight 3.0 kg), and had no perinatal
complications or acute or chronic illnesses. Participants fn@relow- to middleincome
families forwhom most heads of households held stable skilled jobs (e.g., carpenter; 22%), stable
semiskilled jobs (e.g., taxi driver; 37%), or sporadic unskilled jobs (house painter; 28%0)st
all familiesshad running water, sewage, and elagtri€hile is a South American democracy with
a highly literate population and a comprehensive health care sysdtera nfant health is
generally excellerdndgeneralized undernutritias virtually absent.

The,preventive trial was designed to test tteventive effects of supplemental iron on
iron-deficiencysanena. Non-anemic émonth-old infants who were taking250 ml of no-iron
formula or‘eew milk were randomized to receir@n-supplementedbrmula(or iron drops for
primarily Rreastied infantg or no iron.The preventive triabccurred when infants were ® 12-
months of .age, lasting months. Assignment involved 1123 infants to the iron-supplemented
group, and.534.infants to the no-added iron gr&gsults showed thabn supplementation was
associated with significant reductions in ID and IDA at 12 months, but it did nota&@diuch
cases completelflozoff et al., 2003). Of those studied at 12 months, deficiency anemia was
present in 34 children (3.1%) in the irsapplemented group and 116 children (22.6%) in the no-
added-iron group. Iron deficiency (without anemia) was observed in 252 children (23.5%) and 157
children(30.7%) in the iron-supplemented and no-added-grours, respectivelyDetailed
description of the study degi and findings related to the preventitial have been palished
elsewhere (Lozoff, Castillo, Clar§mith, & Sturza, 2014).
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At 10 years of age, 1,127 of the studyldrenwereassessed on varioosasures of
behavioral and social-emotional functioning (from 2001 to 2007; Lozoff et al., 284¥Bibs and
testersalsorated the children’s behavior. &olescencéM = 14.6 yearsrange 11.9-17.8ears;
2007 and 2010), 1,116 youtbmpleted assessments of their mental health and aspects of their
alcohol use,andexual behavior. These 1,116 yotdahm the core sample for analgsit the
adolescent follow up, 42% of youth weretb113 years old, 50%vere 14or 15 years old, an8%
of youth'were"17 years.

At recruitment 6% of those eligible to participate refused; 7.3% refused at 10 years
(primarily 'due to family moves); and less than 1% refused atdblescent followdp. Children
who were or were not assessed@tears were similar in infabackground characteristics, such
as gender,"birth weight, breastfeediagd family characteristicsuch as maternal education
(Lozoff et al., 2014). Youth who did and did not participate at adolescence were comparable on al
child characteristics, family background factors, and study variables with orgierc& outh
who participated in adolescence were lmwmewhatater during the infancy recruitment than
those whaosdidwnot participat&iven this(as well as other reasons, described belgagths’ age
was included'as a covariaia thevariables assessed at adolescence
Procedure

Theinfant study, the 10-year follow-up, and the adolescent follow-engapproved by
therelevantinstitutional review boards the U.S. and Chile. Signed informed consent was
obtained from parentst all time pointsassent was obtained from children at 10 yearsaand
adolesceneédtithe adolescent followap, youth completed two-hour, intervieweradministered
guestionnairesin a private rooifhe questonnairewasadministered by Chileanpsychologist
who wastrained on the administration of standardized questionnaires.

M easur es

At all study time pointsSpanish versiond the study measures were used, which have
good reliability.ancigh equivalence to the Englishnguage measuresleasures administered at
the adoleseent followp were backiranslated to verify comparability with the English version and
pilot-tested'withthe study population prior to conducting the studyble 1 presents descriptive
statistics of the sample astudyvariables.

Infant iron deficiency and iron-deficiency anemia. At 6 months, children underwent a
finger stick to determine hemoglobirvids Infants withhemoglobin values 103 g/L, had a

venipuncture performed to determine anemia status. Anemia at 6 months was dedined@ss
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hemoglobin concentration 100 g/L. Iron deficiency at 6 months was defined as two or more iron
measures in theéeficient range (mean corpuscular volume < 70 fL, erythrocyte protoporphyrin >
100 pg/L red blood cells, and serum ferritin < 12 mg/L) (Baker et al., 2010All infants diagnosed
asiron-deficiert anemc at 6 monthsvere treated orally for 1 yeanddid not take part in the
preventivetrial; however, they participated in all other aspects of the studgrandcluded in this
study’s sample.

At 12'months of age, venipuncture blood specimens were drawn on all ;iafiab8
months, venipuncture was peformed for roughly half of the sample. Anemia at 12 and 18 months
was definedas venous hemoglobin < 110 g/L. Iron deficiency at 12 and 18 months was defined as
two of three iron measuras the irondeficient rangddetailed above; Baker et al., 2010). Infants
with iron-deficiency anemia at 12 or 18 months of agee treated with therapeutic doses of oral
iron and followed up (through venipuncture) for maintenance of improveBecduse testing
and treatment of IDA occurred every 6 months, the longest aroh8roldchild could have been
iron-deficient anemic watypically 6 months. However, a child could have been ueficient at
any of the hree time pointsr at6, 12, or 18 months of ag8ince ron statugluctuatedacross
infancy,wercategorize infants’iron status athe most severe diagnosis at any of the time points,
or as everiD, ever IDA, or IS (iron sufficient, or naton deficientor iron-deficient anemiat any
time point-during infancy). The various iron groups are mutually exclusive, such that no child was
ever coded as bo#verID or everIDA. The ates ofthe iron status groups are shown in Table 1.
Iron measuresvere tested again at 10 years and during adolescahadhildren within the
current sample,had good iron status in childhood and adolescence.

10-yearspoor emotion regulation and sluggish cognitive tempo symptoms. The
Spanish-version of théhild Behavior Checklist (CBCLAchenbach & Ruffle, 2000was
administered to_parents when children were 10 years offAgeSpanish-CBCL has good
equivalence with the Etigh versionand good internal consistency and concurrent validity
(Rubio-Stipac, Bird, Canino, & Gould, 1990). Poor emotion regulation has been operationalized in
the literatureramood lability,emotional intensity and reactivitgnd difficulty regulating affect
(Coleet al.;2004). Eleventems assedhese characteristics ¢time CBCLand were used in the
current studymood changes, temper tantrums, is loud, argues, screams, irritable, destroys own
things, destroys other’s things, disobedient at home, disobedient at school, and impoésee.
behaviors are represented on severatey measures of poor emotion regulation (e.g., the
Difficulties in Emotion Regulation Scale; Gratz & Roemer, 20Thg Cronbach alpa of these
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items within the current sample was .85, and principal component analysedyseldactor
solution with loadings >52.

FourCBCL items assessluggish cognitive tempo symptorgschenbach& Ruffle, 2000:
daydreams, stares, confussgems ira fog and lacks energglow moving (Cronbach alpha =
.67; principal.ecomponent loadings45 - .80. These items areneoftenused measure of SCT in
children and adolescents.g.,Bauermeisteet al., 2012) and have demonstrated good internal
consisteng-as'well as convergent and discriminant validity with other parent- ancepelfted
symptoms scaleandwith DSM-IV diagnoses as detemed by clinical interviewsNakamura,
Ebesutani, Bernstein, & Chorpita, 2009). However, the current scoring of $GpIaays is not
intended ta indicata clinical diagnosis of attention deficit disorder as the study did not routinely
involve psyehiatric evaluations of childredRespons@ptionson the CBCL are" not true” (coded
as 0), ‘samewhat or smetimes true (1) ard “very true or ¢ten true” (2). Scoresveresummed
across items to yield a possible score range o022 for poor emotion regulation, and 0 td@
sluggish cegnitive tempsymptoms High scores indica poor emotion regulation apersistent
sluggish cognitive tempo symptoms.

Adoleseent rule-breaking. At theadolescentollow-up, youth completed theelfreport
youth versien of the Child Behavior Checklist (YSR; Achenbach, 19@ixh includes 154tem
rule-breakingscale €.9.7 | break rules atdme, school or elsewheré]’lie or cheat,” “I steal’ a
=.69). Response options were: et true,” 1 =“somewhat or somenes true,”’and 2 =‘very
true or often tru€. An item, “I drink alcohol without my parents’ approval” was excluded due to
its overlapwithithe endogenous variable of adolescent alcohol use. Principal componagsanal
showed a 1=factor solution, with factor loadings ranging from .38 t&&ires weradded across
items to yield gpossible score range of 0 to 28, with high scores indicating frequent rule-breaking.

Adolescent risk-taking. The individual risks scalifom the Spanish version of the Child
Health and lllness Profi&dolescent Edition (CHIFAE; Starfieldet al., 1993) asse=srisk-
taking. The Spanistversion of the CHP-AE hasgood reliability and construct validity (Rajnat
al., 2003).Seventemsask about the adolescent’s engagement in risk behaviors (e.g., “I did
somethingrisky or dangerous on a dare,” “I willingly rode in a car with someone who | knew
would drive dangerously. Response options asked about the recency of engaghmesimtypes
of behaviors (0 =Fnever did this to 5 =‘I did this in the pastveek ). Because we were
interestedn youths’ predisposition to risky behavidrather than the recey of the behaviorkll

responses were dichotomized into 0 (never did thid) did thig). The scale wathen constructed
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by summing the number of risky behaviors #uelescenbhad ever engaged in (range 0 ta 7
.67), with high scores indicating @roclivity towardrisk-taking

Excessive and problematic alcohol use. Adolescents completed an extensive alcohol use
inventory in which they responded to questions about their alcohol use and problems resulting
from their aleehol useExcessive alcoholse was indexelly three itemsthad five or more
drinks at one sitting within last 30 days,jot drunk two or more times within last 30 dayaid
“first got'drunk at age 14 or youngerEach affirmative response was coded asd all items
were summeddr a range of 0 — 3. Youth also responded to 15 questions about problems resulting
from theirfalcohol use (e.g.Ybur use of alcohol has ... hurt your relationship with your friends;
hurt your relationship with your parents; hurt your school or job perfaroee caused physical
health problems?). Affirmative responses were coded as 1 and all items were summed for a
possible range of 0 to 15.

Adolescent sexual risk behaviors. Youth answered several questions about their sexual
activity as part of the CHHAE (Starfield et al., 1993)ncluding whether they had had
heterosexualintercourse, their age at first sex, and number of sexual paxrersid a large
number of'missing values for age at first sex, age 20 was imputed for those who had bt yet ha
sex (Without imputation, age at first sex ranged frotn2t17.8 M = 15.3years) Theitemsused
here are.ascommonlysed measure oisky sexual behaviors that can lead to unhealthy
reproductive health outcomes, such as early, unwanted pregnancy and/seansthitted
disease.

Controls

Socieeconomic status. Socioeconomic status (SES) was based on parents’ responses to 13
questionanthe Graffar instrument (Graffar, 1956hen the participants were infanihis
measure askabout the family’s housing conditions, material possessions (own a T.V., car, etc.),
source of income, and parents’ type of occupationjsad ofterused instrument to assess
povertyin developing countried hirteencategorie®f living conditionsand possessions were
coded as absefll) to plentiful (6), for a possible score range of 13 to 78, withdnigtores
indicating lower poverty or a highSES.The average Graffar score for the current sample was
38, indicating that most children’s familiaereworking class (Graffar, 1936

Family stressors. A modified Social Readjustment Rating Scale (Holmes & Rahe, 1967)
assessed family stressors when participants were infants. Mothers were intebyeesearch

staff and asked to indicate the presencg0aftressful life events (e,dliness of a familymembery
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death of a family relative). Stressful events were coded as present (1) or absent (0) and summed,
for a possiblescorerange of O to 30.

Home environment. The Home Observation for Measuorent of the Environment
Inventory(HOME Infant-Toddler versionBradley Corwyn, & WhitesideMansell, 1996vas
used to measure the quality of the development-fostering support in the home envidummnegnt
infancy. The HOMEs awell-established measutieatis sensitive to variations iramily life,
includingin“atin American countriedBfadleyet al., 1996). The infant-toddler version simts of
45 binaryehoice items clusterdadto subscalethat assess parents’ emotioaat verbal
responsivity parentainvolvement, and opportunitiésr varietyin daily stimulation The total
HOME scoreds,the sum afl items, yielding a possible score range of 0 to 45.

I ron'supplementation. As stated aboveron supplementatiowas associated with infant
iron status Thus,whetheriron supplemeration was givemas part of the preventive trial was
includedas a covariatecoded as 0 = received no iron supplementation, ancedeived some
form of iron_supplementation.

Breastfeeding at 6 months. Beginning at 4 months, breastfeeding status weesaed
weekly at home visit by research personnel. In therent analysesye controlled for
breastfeeding as the sole sourcendk at 6 months of age (0 = no; 1 = yes).

Ageat menar che. At the alolescent follow-up, girls were asked whether they had begun
to menstruate and, if so, their age at their first menstrual period (in years atd)mont
Analytic Strategy

Weconducted structural equation modeling using Mplus 6.0 (Muthén & Muthén, 2010) to
evaluate our-analytic model (Fig. Themain preditor, ironstatus, was dummy coded into 3
categories: IDA, ID and IS. IS was the omitted category because it served as the reference group.
Thus, the two exogenous variables in this analysis were: IDA vs IS and IDMsd8mpare the
IDA and 1D, groups diectly, we specified new parameters derived from parameter estimates for
the two dummy variables in the full model. The standard errors for these new pasanese
produced using the delta method (Muthén, 20Thg model was estimated using latent vdeiab
Excessiveprablematic alcohol use was estimated by the two indicators of excessive alcohol use
and problematic alcohol use. Risky sexual behavior was estimated by the indicators of: ever had
sex numberof sexualpartners, andge at first sexs{ubtracted from 20 so that higher ages connote
a greater risk behavior). Sluggish cognitive terapmptoms werestimated usinthefour items

on the CBCLthat assesSCT symptomsRisk-taking was first indicated by the seven items from
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the CHIP risktaking scad, but two items had low factor loadings (< .25) and were subsequently
dropped (“raced on a bike, skateboard, or boat for excitement” and “rode a motorbike, m@torcycl
minibike or ATV”). The remaining five items were used as indictors oftaging. Latent

variables for emotion regulation and rule-breaking were estimated using thinggooecedure

of randomly.selected items outlined by Bandalos and Finney (2001). Emotion regulation was
indicated bytwo parcelsf five and six items, and rulereaking vas indicated by two parcels of
seven items'each. The measurement model using these latent varidiestechasing the total
sampleandby‘gender to assesw/ariance across genddodel fit was examined by reviewing
indices ofigood'model fit (Kline, 2011), suaka nonsignificant chi-squarthe comparative fit

index (CFl;>#93), the root mean square error of approximation (RMSEA; <arifihe
standardized root mean square residual (SRMR; xMI8sing data (0%8%:; see Table 1) were
treated witln Mplus with the full information maximum likelihood methodN/.), whichfits the
model being tested directly onto the nonmissing data for each partidipantnaximum

likelihood estimator (MLR) was uselllediationwas testedising the INDIRECT command

within MPluspwhich estimates indirect effects with delta metstandard errors (Muthén, 2011).
Thewithin-timevariables were correlatedpriori for the variables measuredring childhood,

and rule-breaking and riglaking were allowed to correlate, as were alcohol use and risky sexual
behavior.in“adolescenceo test whethethe strength of relationships within the model differed by
child gender, we conductesh omnibus test using multiptgFroup analyss, which compares
baseline model where all paths are constrained to be equal acrdestgeamodel where all

paths are allowed to wafreely. A chisquare differenceest, adjusted using a correction factor to
account fornennorntdy, was then used to assess the equivalence of the fully constrained model
to the fully unconstrained model. If significant, it can be concludedti@br more parameters

are significantly differentor boys and girls.

Prior.to.conducting this study’s main analysescamputed the main and interaction
effects of iron statuand iron supplementation on the model’s nine (observed) endogenous
variables This'was done to rule out the possibility that the effects of iron sta¢éumoderatetly
iron supplementation.flere were no statisticallignificant interactioafor any of the
endogenous variableshus, given thathe effects ofron status do not vary across iron
supplementation grougve model only the main effects of IDA and ID. We keep iron
supplementation in the moda$ a covariateo control for confounding, as it relates to both our

predictors and outcome variables.
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Inclusion of covariates. Based orattrition analyse¢described abovegdolescent age was
included as a covariate on all variables assessed at adolescence. Baseelaiional results
(described belowTable 3, control variables that significantbyorrelated with a model variable
were included as covariaten that variable. For examplehild sex, family stressors, mothers’
education, and child ageereincluded axovariates ompoor emotion regulation. Child sex, family
SES, mothers’€educational level, vitwer iron supplemeation was givenand whetheprimarily
breastfeeding at 6 months were included as covariates on infant IDsstaha comparable
controls were“included on both IDA and N\Whether fathersvere present in the hormeas
analyzed as potential covariatdutit did not correlate with any of the model variables and, thus,
wasnot considered further. In additiomge at menarche waxgluded as a covariate on high risk
sexual behavior in a model including girls only.

Results
Formation of L atent Variablesand Correlations

We mnstructedatent variables within MPlus for theediating and endogenowariables
The factordoeadings faall latent \ariables were significarind satisfactory> .41,p < .001) and
themeasurement modehd goodit (x* [89] = 150.86, CFI = 0.978, RMSEA = .025, SRMR =
.031). When tested separately by gender in a model where all paths were allowgdreeigr
the pattern-of loadingsasnearly identicafor males and femaleJable 2 shows the
intercorreléions among infant iron status atie modek latentvariables as well aghe
correlations betweetihe model variables and the child and familyrelsgeristics that serve as
covariatesFhenintercorrelations above the diagoiwalvariables 18 (top of Table 2are partial
correlationsseontrolling for the relevant covariatée correlations below the diagonal are
unadjusted.

Modeling Results

The fit statistics and path coefficierits the model are shown in FigureNodel fit was
good and modification indices indicated that no additional covariates would intpiomled fit
Results indieatethat, compared to I3DA in infancy was related tpoorer emotion regulation
and more frequent sluggish cognitive tempo syms atage 10. Po@r emotionregulaton in
childhood vasrelated to morérequentrule-breakingin adolescenceandrule-breakingtendencies
werestronglyrelated to morexcessiveproblematic alcohol use amiky sexual behavior in
adolescenceMore frequent SCT symipms in childhood wereelated to more riskaking in

adolescence, and more Hiking was related to more excesspreblematic alcohol use and
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risky sexual behaviokVhen compared to IS, IDWas also directhand positivelyrelated to risky
sexual behavioiThere was no relen between iron deficiency only (without anemia) in infancy
(compared tdS) and children’s emotion regulation or SCT symptophs (03 ands = .06,
respectively).

The_path coefficient comparing IDA with Dnly to emotion regulation approached
significance £ =.19,p < .06), indicating that infants who had iron-deficient anemia had slightly
poorer emotion‘regulation in childhood than infants who had iron-deficiency only. In addition,
when compared to an ID status, IDAInfancy was directly related to more excesgiveblematic
alcohol use in adolescencEhe path coefficient comparing IDA with ID-only to SCT symptoms
was not sigifieant (5 = .05,n9).

Theramount of variance explained in the ersdmgis variables shown in Figure 2. The
amount of variance explainerkt of control variablesas: emotion control, R= .02 SCT
symptoms, R=_.02 rule-breaking, R = .07; risk-taking, R = .05; alcohol use, &= .33, and;
risky sexual behavioR? = .10.

Testsofindirect effects. The significant indirect effectsre listed in Table 3All
significant'indirect effects derived from an IDA status in infancy when compared to an IS status.
Resuls indicated thalDA was related to both adolescent alcohol use and risky sexual behavior
through_peer emotion regulation at age 10 and rule-breaking tendencies in adolescencee The thre
3-variable pathways that comprise this sequence were also significklitionally, the pathway
linking childhood SCT symptoms to adolescent alcohol use as mediated bgkirgkiendencies
approachedgignificance

Gender-differencesin model paths. Theresults of multiple group analgdiesting
whether the model patluffered formales and femalagasnot significant(y? [44] = 59.34,n9).

Including age at menar che as a control. The analytionodel wasre-computed for girls
using age.at.menarche as additionatovariate orrisky sexual behavioAll covariates
controlledin_previous models were also included. Model fit was ggb§il46] = 269.96 CFI =
0.946, RMSEA = .040, SRMR =.039, N = 511). Youngeragmenarche was significantly
related to girlstriskier sexual behaviorg(=-.11,p < .05), however includingge at menarchas
a covariatadid not change any of tlegnificantassociations to risky seal behavior.

Test of an Alternate Ordering of Effects
To potentially strengthen our interpretation aboatdhdering of effects within the

hypothesized model, we tested an alternate model whexeassiveprodematic alcohol usand
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risky sexual behaviagerval asmediators andule-breaking and risk takingrere the endogenous
variables All covariates controlled in the original model were included. Results shthae
model fitwas goody? [142] = 401.78, CFIl = 0.946, RMSEA = .040, SRMR = .0333th
coefficients stemming from the three iron status comparisons were identical to those in the
original model.ésshown in Fig. 2). However, there were no significant associations from poor
emdion control'toeither alcohol use orsky sexual behavior, or fro®CT symptomso alcohol
use orrisky'sexual behavioRPoor emotion control, though, was associated withlstgaking £ =
.25,p < .001)."Additionally, kcohol usewas significantly releed to both ruldsreaking and risk
taking (¢ = .50 andp = .45, espectivelyp < .001), and risky sex was related to rddeeaking f§ =
.08,p < .05), butrisky sexwas not related to ristaking (¢ = .05, ns). One significant indirect
effect was found, with poor emotion control in childhood mediating the relation betweeh infa
IDA andadoleseentule-breaking. Giverthat this particular indirect effect was fouadd that the
alternate moddalid not support alcohol use and risky sexual behasanediairs we can
conclude thathe hypothesized model provides a more accurate represerdgaton the ordering
of associatienstamong tiséudyvariables.
Discussion

The.findings of this study provide an understanding of the mechanisms tiwbigihiron
deficiency-and irordeficiency anemia infancyaffect “downstreamproblem behaviors
adolescencel he results suggest fogeneral findingskFirst, results showed that, compared to an
iron-sufficientstatus iron-deficiency anemian infancywas rela¢d toexcessiveproblematic
alcohol userand high-risk sexual behavipadolescenctehrough poorer emotion regulation in
childhood ‘an@nore frequent rukbreaking in adolescencd®A in infancy was also directly
related torisky sexual behavior in adoksce. Theséndings areimportantbecauséron-
deficiency.anemia infancyhasbeen linked tgoorerregulatory abilities irchildren (Lozoff,
2011) but littleis known about how theeearly deficitsmight compromise later development.
This study.is.onef the first to outline a series asociations by which early irateficiency
anemiaaffectslater developmenrty way of earlier deficitsThe role of poor emotion regulation in
subsequentule-breaking behaviais consistent with findings observed bihers Eisenberg et al.,
2000, 2001), andias expectediven thatthe ule-breaking behaviors studied here (lying, stegling
reflect deficits in controlWe propose that the neurologieaidexecutive functiomnmpairments
related to early iroeficiencyanemia (i.e., altered dopamine-dependent pathways), nsigihthe

stage for deficits imotion control (Lewis & Stieben, 200&4hich canlead togreater
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engageentin rule-breaking and consequent problem behavibngs has important ramifications
giventhatthe behaviorstudiedhere that is,becoming heavily intoxicated and having unpcote
sex can have serious consequences

Second, findings indicated that, when compared to children who were iron sufficient in
infancy, those,who werieon-deficient anemc had more frequent sluggish cognitive tempo
symptoms at age€0, orhigher levels omental fogginess and daydreamimyis substantiates
results ofearierstudieghat found attention problems amatigldrenand young adulte/ho were
iron deficientas‘infant{Akman et al., 2004; Lukowslat al., 2010)The relation between iron
deficiencyanemiaand inattentiveness found hexgpears to fit with an effect of iregeficiency
anemiaon altered prefrontastriatal and hippocampal systems functioning, which can contribute
to an inabllity to sustain attention (Lozp#01J). Both iron deficiency and attention deficient
disorder-inattentive type have been linked to alterations in the neuralrgiiauite frontal-
parietal regior{Diamond, 2005Georgeff, 2011), indicating a possib&ructural link for this
relation Indeed, the behavioraeharacteristics of sluggistognitivetempo aresimilar
morphologieally to those used describe irordeficiencyanemia, or $low moving” “low
energy,’and“less physically active” (Lozoff et al., 1998). Sluggish cognitive terhpe emerged
relatively“recenthas a distinct attention deficit subtyed there isimited understanding of
possibleneurobiological markerassociated with this unique symptom patt@&auermeister et
al., 20132. Further researcbn the possible structural driunctional links between irodeficiency
anemiaand sluggish cognitive tempo symptoms might prove fruitful.

A third*finding of this study is that irodeficiency anemia (IDA) waassociated with
slightly greater‘deficits in emotiocontroland more excessive and problematic alcohokhze
iron-deficiency without anemia (ID only). Althougilome studies haveund linear trends of
functional impairment associated with increasiengels of iron deficiency (Lozoff et al., 2008),
significant differences in cognitive or segulatory abilitiedetweerchildren havingDA or ID-
only have not been found (Doom et al., 20Me speculate that tisightly higher levels of
childhoodemoton dysregulation and problematic adolescent behaasssciated with IDA
(relative toIDsonly) is a function of more severe alterations in the stfratatil dopaminergic
system connections whigreresponsible for, among other functioimpulse contol. Dopamine
plays a major role not only in systems of behavioral activation and inhibition, bub gdesitive
affect. Thus, ntense andalatile negativitywould be consistent with altered dopaminergic

neurotansmissionl(ozoff, 2017). Rarely have théongterm effects of iron deficienegnly been
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compared to thosef iron-deficiency anemia; thus, replication is needefirtoly establish these
associatioa

Finally, results revealeanindirect effectapproaching significandeom sluggish
cognitive tempo, symptoms in childhoodadolescenélcohol use as mediated by more frequent
risk-taking. This finding supports assertions by Diamond (2005) that engaging in thrill-seeking,
“high octane” behaviors serve to remedy the low arousal level that accespaattentiveness.
Other explanatory models of risaking thatemphasize deliberate decisioraking of risks versus
benefits associated with certain behaviors waldd explain the inattentive child’s vulnerability
to risk-taking, given therimary symptomsof difficulty focusing and mental confusion (Reyna &
Farley, 2006)«Children with sluggish cognitive tempo symptoms have a deficit ohGjpee
informationsprocesses, generally, and in focused or selective attention, specifically (Bauermeister
et al.,2012. Adults withthesedeficitshave been found to engage in risky decision making
(Matthies, Phillipsen, & Svaldi, 201, 2hus this explanation might also hddat children.Other
variables possibly mediating the link between SCT symptoms and |labéemrbehaviors are
poor learning=and a tendency to associate with deviant peers. We encourage tetreh ribat
addresses‘these variables, as well as heighteneidkisky, in the association between early
inattentiveness and subsequent problem behaviors.
Limitations'and Strengths

Certain sudy limitations are importaror interpreting the findings. For instandB, and
ID-anemia.are known to be disproportionately presdhin disadvantaged circumstances
(Alaimo et@l;2007). Although we statistally controlled formanyhome,family, andchild and
adolescentharaceristics in attempts tadjust br these factorsunmeasureteaturesn the
environments of formerly iron-deficient children could account for their poorer oagdm
addition, thecurrent sample wasw- to middle-income. Thus, we caution that the results found
here may not bgeneralizableo children from either 8fientor very impoverished backgrounds.
As statecearlier because testing and treatment of IDA occurred,at®, and 18-months of age,
the longest.archild could have been ideficient anemic watypically 6 monthsHowever, a
child could*have been iron deficient at dimye between @Gand 18 monthsThere was fluctuation
across the various time poinéth regard tdron status Thus, although the current
operationalization of iron status @gerID or IDA in infancycaptures well thd8uid clinical
pictureof children up to 18 months, it precludes an understandieffefts related tthe timing

and duratiorof iron deficiency Animal studiesvhere the timing and dose of iron intake can be
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controlledcan best address timigd duration effectand are discussed elsewhere (Beard, 2007,
McCann & Ames, 2007).

ID andID-anemia are@lsoknown to adversely &ct children’s soci@motional
development, includintheir social interactions with othersozoff et al., 2000, 2008Indirect
effects through these mechanisms could also be at work in produolsigrpatic outcomes at
adolesceneand should be considered in future wakkhough we were able to control for
puberalstatusin tests of the modet girls, an adequate pubertal development measure was not
availablewithinthe current study for boys.iv&n that the types of seal risk behavi® studied
here are know to relate tojouths’ pubertal developmertwould seem important to control for
boys’ pubertalrdevelopment in future research of this kind.

Important strengths of the current stuahgits use of multiplevave longitudinal data, the
specificity with which iron deficiency and irodeficiency anemia were assessed, the use oftester
parent; and youthreports in the assessment of study variables, the large sgjoptefollow-up
rates,andtheinclusion of multiple covariates in the modeling analyses. dlso noteworthy that
all childrenhad good an status levels inhildhood and adolesces, dlowing us to discount
chronic iron deficiency and anemia as possibly contributing to adolescent outconusktidm,a
all study ehildren were eeptionallyhealthy as newborns. Thubgere were nmeonatal health
problems.eonfounding infants’ health statemally, tests of an alteate ordering of effects
lacked key mediational pathwaysrengthening our interpretation that poor emotion control and
SCT synptoms do not lead directly to alcohol use or risky sexual behavior in adolescence but,
rather,contribute to alcohol use and risky sex by their association with rule-breakingland ris
taking tendencies.

Conclusion

Findingsindicate problematioutcomesf infantiron-deficiency anemighat emerge at
adolescence/outh with a known history dDA would benefit from monitoring for emotional
volatility and.inattention, both durirghildhood and at adolescenes, they becommore
independent/and have the putal to engage in serioussk behaviorsThe persistence giroblem
behaviors derived from infaimon-deficiency anemiaighlights the need for primary prevention
to reducats prevalenceand secondary prevention to lessen the teng-effects of thipervasive

nutrient disorder.
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Table 1
Descriptive Statistics of Sammed Study Measures

Mean Standard
N Min  Max or % deviation
Infant assessment
Iron sufficient 621 -- -- 55.6% --
Iron deficient without anemia (18) 310 0 1 27.8% --
Iron-defi€ient with anemia (IDA) 185 0 1 16.6%  --
Child sex (1male 1116 0 1 54.0% --
Family secioeconomic stafus 1116 13 78 38.34 8.14
Familystressors 1116 0 30 4.67 2.67
HOME score 1116 0 45 30.30 4.75
Mothers’ educational level 1116 0 17 9.45 2.71
Father present 1116 0 1 85.0% --
Iron supplementatién 1024 0 1 65%1 -
Breastfeeding at 6 months 1116 0 1 60.0% --
10-year assessment
Child age 1116 10 11 10.0 0.03
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Mothers’ educational level 1111 1 19 9.74 2.78
Poor emotion regulation 1116 0 22 7.48 4.37
Sluggish cognitive tempgymp 1116 0 8 1.93 1.63

Adolescent assessment

Adolescent age 1116 119 17.8 14.61 1.54
Girls’ age.at menarcfle 424 81 151 12.0 1.14
Rule-breaking 1046 0 28 4.86 3.13
Risk-taking 1057 0 7 1.64 1.41
Excessivealcohol use 1112 0 3 0.31 0.76
Problematic alcohol use 1112 0 15 1.07 1.93
Ever had sex 1112 0 1 0.17 0.38
Age at first sek 1112 12 20 18.10 2.17
Number ofsexpartners 1112 0 6 0.30 0.75

Note.SeeMeasures for description of codinagﬂeasured asverpresent at 6, 12, or 18 months.
b, .. . : : .
Higher scores,reflect higher socioeconomic statosn supplementation as part of the

preventive triglcoded as 0 = no, 1 = yegEighty-nine girls had not yeeached menarche at the

adolescent assessmeiitb avoid a large number of missing values, age 20 was imputed for those
who had notwyet had sex.
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Table 2

Intercorrelationsamong Model Variables and Correlations between Model Variables and Controls

Model variables 1 2 3 4 5 6 7 8

1. Iron deficient (ID) only - - .00 .02 -.01 -.06 -09*  -.01
2. Iron-d&fidient anemic (IDA - - 10010 -01 .09* .06 .09*
3. Pooremetionregulation-10 yrs 04 4 - AGx 31 289 09* .05
4. Sluggish-eognitive tempsym- 10 yrs .06 A1 AGH* - Jgrex 30 2% .08
5. Rulebreaking- adolescence -.01 -01 3%k 20 - AGerx ABKFF R
6. Risktaking- adolescence -.05 .02 30 30 49k - RS Lot ¥ Rl
7. Excessiveproblematic &ohol use- -.08* -.02 10* 2% 50%+* RSN i - .38xx*
adokscence
8. Risky-sexual behavicradokscence .01 .03 .06 .09* 27**x B7FE 48R -
Controls
Child"Sex(1=male .05 A7ex 11 04 A3 13+ .08* .02
Family socioeconomic infancy -04 - 11 01 .01 .04 .06 .03 .01
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Model variables 1 2 3 4 5 6 7 8
Family'Stressors 1 yr .02 .04 A1 .08* .08 .03 .07 .04
HOME, environment- 1yr -.04 -.03 -.05 -.06 -.08* -.05 -.07 -.05
Mothers»education 1 yr -.02 -.09* =13 -.05 -.04 -.03 -.02 .02
Iron supplementatiocn - 15%** - 404 -.00 .06 .07 3% 22%%%  20%**
Childsage- 10 yrs -.02 -.02 .08* -.01 -.01 .04 .00 .04
-.02 =13 -01 -.01 .07 23 40rr* AQrr*

Age at adelescent followp

Note The.intercorrelations above the diagonal for variabté&scontrol for the relevant control variables; the coefficients

below the diagonal include no controls. Variables&are latent variablesakher present in the household at 1 year, whether

breastfeeding was the sole source of milk at 6 monthgyidetage at menarchaéid notcorrelate significantly with any of

the model' variables and are not sho¥= iron sufficient, 1 = iron deficient without anemia at 6, 12 or 18 months;

excludes-these diagnosed asdBemic.Ns ranged from 885-9310 = iron sufficient, 1 = irordeficient with anemia at

6, 12, or'18 months; excludes those who were iron deficient Nalyanged from 763- 8060 = no iron supplementation

in infaney,, 1 =some form ofron supplemerttion as part of the preventive trial

*p<.05. *p<.01. **p<.001.
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Table 3 Summary of Significarihdirect Effects

B (SE)
IDA — poor emo reg- rule-breaking— alcohol use .010* (.004)
IDA — poor emoreg- rule-breaking- risky sex .005* (.002)
IDA — poor emo reg — rule-breaking .029* (.012)
Poor emo reg» rule-breaking— alcohol use .091** (.029)
Poor emo reg» rule-breaking— risky sex .049** (.016)
SCT — risk-taking= alcohol use .033+ (.020)

Note. IDA coded as 1 = iron-deficient anemic, O = iron sufficient. Poor emo reg = poor emoticaticegul
SCT = sluggish cegnitive tempo symptoms.
+p<.10. *p<.05"*p < .01.
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Infant iron
status

P P P P Problematic Excessive
1 2 1 2 alcohol use alcohol use

Pooremotion Rule- Excessive
regulation breaking problematic
v alcohol use
SCT Risk- > Risky sexual
symptoms taklng behavior
v v Age first sex \
ltemy, —Itemy Item —Item, Ever had sex|| No. partners

Figure 1. Conceptual model of the lortgrm effects of infaniron statuson excessiveproblematicalcoholuse
and risky sexual behavior adokescenceDirect effects between distal variables (e.g., poor emotion control

— risky sexual'behavior) were tested but are not shown for ease of presentationl 8@k sognitive

tempo symptoms?, = parcel 1, etc.
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Infancy Childhood Adolescence
A1
IDA vs. ID 2_
e 19" R?= .06 R™=.09 v
\ i ~
\ Pooremdion Rule- Excessive
\\ regulation breaking problematic
- alcohol use
ID vs IS </\\ RC= 44
\
\
11**\\ \ R= 24
IDA vs. IS Y/ Risky sexual
.10* behavior
13** 13* 10
R?= .03 R°=.09 +
.08*

Figure 2.IDA =dron-deficient anemic. ID = iron deficient (only). IS = iron sufficiedtandardized

coeffidents are showrSCT = sluggish cognitive tempo symptorﬁg.ihedihes indicate a nonsignificant path.
All direct effects between distal variables (e.g., poor emotion control risky sexual behavior) were tested
only significant directlistal paths @& showriThe model had good fity? [142] = 298.43,CFl = 0.953 RMSEA
=031 SRMR = .3B0,N=1116.
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+p < .06. *p < .05. **p < .01. ***p < .001.
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