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Background: With a longitudinal prospective design, the Introduction
purpose of this study was 1) to assess, with survival . . oo
analysis, the age of onset of drinking in relation to family | € earlier an adolescent begins regular drinking of
history of alcoholism; 2) to examine the importance of ¥ alcohol the higher the level of misuse (Hawkins et al
selected neurobiological and psychosocial risk factors in1997) and alcohol dependence (Grant and Dawson 1997)
predicting the onset to drink; and 3) to determine if the and the greater the severity and persistence of problems
age of onset of substance dependence problems differed kmjth illicit drugs (Kandel et al 1992; Robins and Przybeck
risk group status. 1985). Hawkins et al (1997) recruited children between the
Methods: One hundred twenty-five children and adoles-ages of 10 and 11 and observed them for 7 years, finding
cents were evaluated annuallN (= 638 evaluations), greater misuse at ages 17 and 18 among those with earlier
providing up to seven annual waves of longitudinal data.alcohol initiation. Using a large-scale population sample,
Survival analyses were performed to determine the age aGrant and Dawson (1997) showed that the age of onset of
onset of regular drinking and the age of onset forregular drinking predicted the likelihood of adult alcohol
substance abuse/dependence. The age of onset of regulgépendence. For those individuals younger than 14 years,
drinking outcome was modeled using familial density Ofy,q rate was 40%: for those age 20 and older, it was only
alcoholism and four factors, which included neurobiolog- 10%. Conversely, abstinence at age 16 was found to

ical indices of development (postural sway and P300), . . . .
personality characteristics, academic achievement selfper'Ct limited use at age 23 in a national representative
esteem, and trait anxiety ' ’ British study, whereas regular drinking at age 16 increased

Results: High-risk children/adolescents showed a signif- the risk fourfold for heavy drinking at age 23 (Ghodsian

icantly earlier age of onset of drinking and an earlier age and Power 1987).

of onset for substance abuse problems. Familial density of A_Ithough_ numerous studies have identified fac_tors as-
alcoholism predicted an earlier onset of drinking, as did Sociated with adolescent alcohol use, few studies have

having deficits in reading achievement, reduced P3odnvestigated the factors associated with problem use in
(Visua| and auditory)’ and greater postura| sway for age_ﬁdO'GSCGﬂCG (Glantz 1992) Few studies have attempted to
Higher scores on the Extraversion scale of the Juniorintegrate risk factors from both neurobiological and psy-
version of the Eysenck Personality Inventory also pre-chosocial domains. Moreover, the factors associated with
dicted an earlier onset of drinking. the initiation of alcohol use in normal populations of
Conclusions: Familial density of alcoholism (number of adolescents may differ from those seen among adolescents
alcoholic first- and second-degree relatives) is an impor-who come from families with histories of alcohol or drug
tant predictor of adolescent alcohol initiation. Evidence is dependence. Children who come from families with alco-
presented suggesting that part of the familial/geneticholic members are more likely to be at risk for alcohol
variation in outcome may be due to neurobiological problems (Cotton 1979). Yet, little is known about the
factors and temperamentBiol Psychiatry 2000;48: factors that provide resilience or susceptibility to early
265-275 ©2000 Society of Biological Psychiatry alcohol initiation or problems. This paucity of extant
) literature is especially evident with respect to the neuro-
Key Words: Adolescence, alcoholism, P300, posturalpigjogical factors associated with familial/genetic risk and
sway, temperament how this leads to individual differences in susceptibility
(Nestler and Aghajanian 1997). Identification of factors
that either moderate or mediate the relationship between
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clearly needed. As noted by Koob and LeMoal (1997), this FAamILY ENVIRONMENT. Wolin and colleagues
may require integration of basic neuroscience with socia(Wolin et al 1980) have demonstrated that the disruption
psychology, experimental psychology, and psychiatryof family rituals by the presence of an alcoholic parent
The present analysis is an attempt to identify neurobiologduring holidays or vacations increased the risk to offspring
ical factors responsible for early-onset drinking in family for developing alcoholism. Prospective studies designed to
history—positive adolescents and integrate these factometermine if the quality of the family environment during
into a framework that includes known psychosocial riskchildhood influences later development of alcohol and
factors for developing an addiction. other substance use problems in offspring of alcoholics are
rare. The impact of active parental alcoholism on the
quality of the family environment and the distress experi-
SELF-ESTEEM. Positive self-esteem may act as aenced by children in the home has been documented
buffer against deviant behavior among adolescents anfMoos and Billings 1982).
may facilitate better emotional adjustment (Schweitzer et
al 1992) through reduction in anxiety (Hart 1985), depres- acHIEVEMENT. Multiple studies now suggest that
sion (Beer 1987), and school absenteeism (Reid 1982hildren of alcoholics are at risk for poorer academic
Previously an association between having lower selfachievement (Ervin et al 1984; Hegedus et al 1984a; Knop
esteem and a positive family history of alcoholism hadet al 1985; McGrath et al 1999); however, not all studies
been reported (Sher 1991). have found marked differences overall (Bennett et al 1988;
Hill et al 1999a). A recent analysis of prospective data
ANXIETY.  The tension-reduction theory of substanceobtained from this laboratory suggests that achievement
use/abuse has a long history (Conger 1956). Drive-reduddeficits can serve as a predictor of subsequent develop-
tion theory is used to explain how use of anxiolytic ment of a childhood/adolescent psychiatric diagnosis (Hill
substances such as alcohol is learned through negatig al 1999a).
reinforcement (Cappell and Greeley 1987). Only modest
and somewhat inconsistent relationships between trait NEUROBEHAVIORAL INDICES. A number of studies
anxiety and substance use/abuse have been found (Coww indicate that the amplitude of the P300 component of
1987; Sher 1987), however. Trait anxiety in school-agethe event-related potential (ERP) is reduced in high-risk
children has been studied using the children’s version othildren relative to low-risk children (Begleiter et al 1984;
the Manifest Anxiety Scale (CMAS), revised edition Berman et al 1993; Hill and Steinhauer 1993a; Hill et al

Moderators and Mediators of Familial Risk

(Reynolds 1980; Reynolds and Richmond 1978). 1990; Steinhauer and Hill 1993; Whipple et al 1988).
Recently, follow-up data for children assessed at multiple
CHILD/ADOLESCENT PERSONALITY CHARACTERISTICS. time points through childhood and adolescence have

It is well known that alcoholics score higher on measuregevealed that P300 amplitude changes with age, but less so
of neuroticism/emotionality than do nonalcoholics (Barnesamong high-risk children/adolescents. This suggests a
1979). College-age offspring of alcoholics have beerpossible delay in the development of neural circuitry
evaluated using Eysenck’s Neuroticism scale with bothresponsible for P300 production (Hill et al 1999b).
positive (Sher et al 1991) and negative (Schuckit 1983) Another neurobehavioral measure that has shown prom-
findings. One early longitudinal study (Jones 1971) foundise as a marker for alcoholism risk is postural sway
neurotic tendencies during adolescence that appeared to fidegedus et al 1984b; Hill et al 1987; Hill and Steinhauer
predictive of alcohol problems during adulthood in wom- 1993b; Lester and Carpenter 1985; Lipscomb et al 1979).
en; however, another longitudinal study of men found noAge-related changes in postural sway during childhood
relationship between neurotic tendencies during adolesaave been documented (Usui et al 1995). The observed
cence and the presence of alcohol problems in adulthoodifferences in postural sway in association with familial
(Robins et al 1962). risk appear to be due to a developmental delay in acquiring
Although alcoholics tend not to differ from nonalco- age-appropriate levels of balance among high-risk chil-
holic control subjects on the Extraversion scale (Barnesiren who develop postural control at a slower rate than
1983; Cox 1979), less is known about their prealcoholiclow-risk control subjects (Hill et al 2000). Thus, both P300
personality characteristics. The Oakland Growth Studyand postural sway appear to be neurobehavioral indices of
which provided longitudinal assessment of youth througha developmental delay in cognitive and motoric function-
middle age, found that males who later became alcoholitng among high-risk children.
had an adolescent personality that was more sociable than
adolescents who did not become alcoholic in adulthood HYPOTHESES. From an earlier analysis, it is hypoth-
(Jones 1968). esized that the familial density of alcoholism would
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predict the onset of drinking during adolescence (Hill andTable 1. Demographic Characteristics and Distribution of
Yuan 1999). The goals of the present analysis were 1) t§\Ssessments

explore the mediating and moderating effects of a numbegampie characteristics High risk Low risk
of neurobiological and psychosocial variables in associa- Age at entry (mean years SD) 9.85(2.1) 9.90 (2.0)
tion with familial loading for alcoholism and 2) to model Age at last follow-up (mean years SD) ~ 16.19 (1.4) 16.11(2.0)
factors associated with problem use. The intent of the % of children in upper two SES categoried7.2 62.7
analyses was largely exploratory. Therefore, a large numgug‘:gﬁ}:: number of assessments 4 51

ber of variables that have been implicated in the etiology Retest 1 146 102

of substance abuse were analyzed. A factor analysis wasRetest 2 216 147
conducted using this set of variables to identify a smaller Retest 3 280 188
number of factors. Survival analyses were then performed ggi:‘s‘ gég ;ig

with these factors along with familial density to predict the Retest 6 379 259

age of onset of regular drinking.

216.2% of children had an alcoholic mother, 64.9% had an alcoholic father, and
24.3% with neither parent alcoholic had an average of 3.1 first- and second-degree
relatives who were alcoholic.

Methods and Materials PThe socioeconomic status (SES; Hollingshead 1975) of the high- and low-risk
children was determined from an average score of both parents. No differences were
Subjects found [x3(1) = 2.90,p = .09] when the highest levels (professional/technical) were

contrasted with the lowest (skilled and semiskilled).
All eligible offspring (N =175) between the ages of 7 and 18 “Children entered the study over a 3-year period (1989-1991). Therefore, some
years whose parents were part of a family study (Cognitive and s nomber of sraatons comaieted by 1668 o 1 -+ o atons: The
Personality Factors Family Study) were invited to participate in
a cross-sectional study that began in 1989. All children andheir first-degree relatives. (Alcohol dependence must have been
parents who participated signed informed-consent forms beforeiagnosed as occurring at least 1 year before other drug depen-
each evaluation. Two years later those children who weralence [e.g., opioid dependence, cocaine dependence] was
between the ages of 7 and 13 were targeted for yearly follow-uppresent.)
Some children who participated in the cross-sectional study were The high-risk group consisted of 74 children and adolescents
not eligible to participate in the longitudinal follow-up because (38 male and 36 female) from high-density (an average of 4.0
of their age. In these cases a younger sibling meeting the agirst- and second-degree relatives who were alcoholic), multigen-
requirement was invited to participate in the longitudinal study.erational alcoholism families (Table 1). Alcoholism tended to
The present report is based on a total of 638 evaluationsegregate within these families in a pattern consistent with a
involving 125 children (90% retention rate). Demographic char-major genetic effect (Yuan et al 1986).
acteristics can be seen in Table 1.
LOW-RISK CONTROL SUBJECTS. Community control

HIGH-RISK FAMILIES. Ascertainment of families was subjects were identified through an index case who responded to
based on the presence of two male alcoholic brothers who met newspaper advertisement. Families were chosen on the basis of
criteria for definite alcoholism by Feighner criteria (Feighner et having the same structural characteristics as the high-risk fami-
al 1972), with one member of the pair being in inpatient lies (at least two adult brothers). Family members were inter-
treatment for alcoholism. With the treated alcoholic’s consentyviewed using the same diagnostic procedures used for the
eligible family members (parents of the adult male alcoholic high-risk families. Each potential control family was screened for
brothers, and all living siblings) were asked to participate. Anthe presence of alcohol or drug dependence using the family
in-person, structured interview (Diagnostic Interview Schedule)history report of the index case. Presence of a definite diagnosis
was performed blindly for all living and available parents, of alcoholism by Feighner criteria or alcohol or drug dependence
grandparents, aunts, and uncles of the children by M.A.-leveby DSM-IIl in the index case or his first-degree relatives
interviewers who had achieved 90% reliability with the trainer disqualified a potential control family. Low-risk families were
before beginning assessments. A second unstructured intervieincluded if all first- and second-degree relatives of the index case
was performed by an M.A.- or Ph.D.-level psychologist to arrive were free of alcohol and drug dependence. The study design,
at a “best estimate” consensus diagnosis, as described hyhich included obtaining family history and direct interviews of
Weissman et al (1987). For those relatives not assessed by family members from both sides of the family, assured that the
face-to-face interview (less than 40%), a minimum of two family control children/adolescents came from bilineal low-risk-for-
history reports was used to arrive at an appropriate family historyalcoholism pedigrees. Fifty-one low-risk children/adolescents
diagnosis. (This study typically obtains a family history report (28 male and 23 female) were available for follow-up.
for all known relatives, even when that relative has been
diagnosed in person, providing validity estimates for the family
history data.) Families were not included if recurrent majorAdOIescent A.ICOhOI Use—K-SADS and
depression, bipolar disorder, a primary substance use disordéor‘AIS Determinations
other than alcohol dependence, or schizophrenia disorders weikhe onset of regular drinking was determined by utilizing both
present in either the proband pair of adult alcoholic brothers oiself-report data (Adolescent Alcohol Involvement Scale [AAIS;
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Mayer and Filstead 1979]) and a clinician-administered childdemic achievement, measured by the Wide Range Achievement
psychiatric interview (Schedule for Affective Disorders and Test (WRAT), was tested in the model. The neurobiological
Schizophrenia for School-Aged Children [K-SADS], present andvariables assessed included postural sway and the amplitude of
lifetime) administered to both the child and the parent. Data werghe P300 component of the ERP.
obtained at each evaluation with these two instruments, enabling
us to determine when regular drinking began and problem AcHIEVEMENT TEST ScorEs. All children were admin-
use/dependence occurred. Where the two instruments weigtered an age-appropriate form of the WRAT (WRAT-R or
discrepant, the earliest date was used. WRAT-III) by a trained M.A.-level clinician at each annual
Every child classified as a drinker was drinking one to two evaluation. An academic-deficit score based on the difference
times a month; if drinking was as infrequent as one to two timesbetween the current academic grade and the grade-equivalent
a year, supporting evidence was required indicating that alcohascores from the spelling, reading, and math sections of the
was used in sufficient quantities to have a pharmacologic effecWRAT was determined.
(reported drinking two or more drinks per occasion; reported a
lifetime history of ever having been high, drunk, passed out, or ASSESSMENT OF BODY SWAY. Postural sway was evalu-
ill as result of drinking; or experienced memory loss [blackout]) ated by an experimenter blind to the risk status of the child using
as determined by the AAIS. This ensured that those children wha total of six trials (three eyes-open trials and three eyes-closed
had only taken a sip of an alcoholic drink would not be trials) in each of two procedures: a Lipscomb stance (Hill et al
considered drinkers. Among the 60 subjects who drank regularly1987; Hill and Steinhauer 1993b; Lipscomb et al 1979) and a
47 reported drinking to the point of being drunk, with some right monopedal stance in which the right foot remained raised
passing out or having a blackout (impaired memory for eventswhile the child stood on his or her left foot (Hill and Steinhauer
occurring during a drinking period). The remaining 13 drank to 1993b). In the Lipscomb stance children stood with feet side to
the point of feeling mildly (“loose, easy feeling”) to moderately side. In the monopedal position the child was asked to keep one
("moderately high”) intoxicated. Among the subjects who hadleg dangling freely (no hooking of the elevated leg against the
begun to drink, the mean quantity per occasion was 3.5 drinksigid one to improve balance). For the eyes-closed condition,
(median= 3.0 drinks). children were blindfolded so that no visual input was available to
improve balance. The children were asked to stand without shoes
in the middle of a movement platform (Kistler [Winterthur,
Assessment of Prenatal Ethanol Exposure Switzerland] Model 9281B) and to keep their arms folded across
All mothers provided a retrospective report concerning theirthe chest. A 30-sec intertrial interval and a 1-min interval
drinking during pregnancy. Though retrospective reports are nobetween tasks were provided in which the child was allowed to
ideal, Ernhardt et al (1988) have shown that reports of concurrenget off the platform. The output data of amplifiers at each corner
drinking during pregnancy correlated significantty=€ .67) with  of the movement platform reflected changes in pressure at
5-year retrospective recall. Most mothers, including the alcoholicvarying points on the platform and were digitized and stored at
women, decreased their intake by the second and third trimester$8 Hz. Scores obtained from the eyes-closed condition were
For the 11 alcoholic mothers who drank during pregnancy, armodeled in the present analysis.
average of 205 drinks was consumed during the pregnancy;
however, only three of these alcoholic mothers drank more than grp AssessMENTS. Each child performed an auditory
two drinks per month after the first trimester. Less alcohol was(choice reaction time) task and a visual ERP task with electrodes
consumed by the nonalcoholic mothers who drank during pregplaced at frontal, vertex, parietal, and occipital locations (Fz, Cz,
nancy (high and low risk): an average of 42 drinks, with the pz, Oz, P3, and P4). Auditory ERPs were elicited with “high”
largest quantity consumed during the first trimester. The remain{1500 Hz) and “low” pitched (800 Hz) tones, presented every 3
der (71%) reported no drinking during pregnancy. sec (70-dbA intensity; 40-msec duration) in a modified oddball
paradigm as previously described (Hill et al 1990, 1995; Stein-
: P hauer and Hill 1993). The visual task consisted of presenting
Testing Multivariate Models of Quicome brief (0.33 msec) target or nontarget stimuli. The target condition
The primary variable of interest was familial loading for alco- consisted of a stick figure “head” with a nose and only one ear.
holism and its impact on the age of onset of regular drinking inThe subject responded to the position of the ear with a button

offspring. The goal was to model variables hypothesized topress as described previously (Hill and Steinhauer 1993a).
influence the onset of drinking and the onset of problem use of

alcohol and drugs, based on work from this laboratory (Hill and - .

Yuan 1999) and others. Measures of two personality dimensioné,tat'St'C"jII Analysis

Extraversion and Neuroticism, from the Junior Eysenck PersonThe statistical analysis was aimed at answering three questions.
ality Inventory (JEPI; Eysenck 1963) were utilized, along with First, would the high-risk children show decreased survival time
the child’s anxiety (CMAS; Reynolds and Richmond 1978) andwith respect to initiation of regular drinking? Second, would the
self-esteem (Coopersmith Self-Esteem Inventory [SEI; Ahmed ethild/adolescent’s levels of anxiety, self-esteem, personality
al 1985]) and an estimate of the child’s family cohesion based orcharacteristics, academic achievement, neurobehavioral func-
scores from the Cohesion scale (Family Environment Scaletioning, and familial loading for alcoholism (the number of both
Child’s version [CVFES; Pino et al 1984]). Additionally, aca- first and second-degree relatives who were affected) predict
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Figure 1. The Kaplan—Meier estimates of
the survival curves for age of onset of
regular drinking for children/adolescents
from high- and low-risk families. Risk
status significantly affected the survival
time [Tarone-Warex*(1) = 16.30,p <
.0001]. High-risk children began regular
drinking at an earlier age.
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onset of drinking? Third, would any of the variables found to variable may weaken or entirely account for the relationship

predict survival be found to mediate or moderate the familialbetween a predictor variable and a criterion. In contrast, moder-

density for alcoholism effect? ators are capable of reducing or enhancing the impact of the
For the first question, standard survival-analysis methods wer@redictor on the criterion.

used to derive the age-specific risk and the cumulative risk of

initiation of drinking over an observation period of up to 10 years

in some children (meart SD = 5.5 = 2.0 years). Using the ReSUItS

terminology of survival analysis, we treated the age of onset OfDetermination of the Role of Family Type on

initiation of drinking as the survival time and the child as “right - -
censored” with a survival time of his or her current age if he orglrjil;lvli\i/r?gl] Time for Age of Onset of Regular

she was free of drinking at the time of the most recent interview.
To estimate the overall survival curve, we used the nonparametfhe lifetime cumulative Kaplan—Meier estimates of the
ric product-limit estimate from the BMDP 1L software package survival curves for high- and low-risk children for age of
(Benedetti et al 1988; Kaplan and Meier 1958). The survivalgnset of regular drinking are shown in Figure 1. Survival
analysis was repeated using the age at which alcohol or drugy,es for the onset of regular drinking for children from
abuse/dependence was diagnosed, using information thainefﬂgh- and low-risk families revealed significant difégces
from the K-SADS interview with the child and parent (inter- Oby risk group status [Tarone—Waljé(l) — 16.30,p <

viewed separately) and from the self-report instrument use .
(AAIS). P V) P .0001] and a hazard ratio of 2.86€ .001). The age of onset

Using the Cox proportional hazards stepwise regression modélf regular drinking was 15.2= 1.2 years old (meart SD)
(BMDP 2L [Hopkins 1988]), we modeled the relationship for high-risk children and 16.5 1.2 years old for low-risk
between incidence rate of initiation of drinking and a set of children. (Data for 45% of the high-risk and 63% of the
explanatory variables (predictors were all time dependent witHow-risk children were right censored.) The cumulative sur-
the exception of familial density, which was time independent) tovival for not engaging in regular drinking by the age of 16
answer the second question. The predictor value was chosafas 0.31+ 0.07 (mean*+ SE) for the high-risk children and
from among the repeated measures obtained at each annygly3 + .08 for the low-risk children.
assessment and was based on the child’s age at the point of

nonsurvival (initiation of drinking). Because prenatal drinking

was not found to be a predictor of either outcome, it was dropped:)etermiﬂation of the Role of Family Type
from further analyses. on Survival Time for Alcohol and Drug

To answer the third question, a series of regression analyseAbuse/Dependence

were performed, modeled after suggestions of Baron and Kenn)& total of 20 children/adolescents met DSM-III criteria for

(1986). These analyses would determine if the significant factors
found in the survival analysis were moderators or mediators o Icohol abuse/dependence< 16) or drug abuse/depen-

the familial density effect upon the earlier age of onset Ofdepce 0 = 4). Survival curves for high- and low-risk
drinking seen in children/adolescents from the high-risk families.children for the substance abuse/dependence outcome are
Baron and Kenny discuss mediators as those variables havinghown in Figure 2. Significantly more high-risk children/
overriding importance in describing the relationship between aadolescents met criteria for alcohol or drug abuse/depen-
predictor variable and a criterion variable so that the mediatingdence (1) = 4.26,p = .04]. Consequences of drinking



270 BIOL PSYCHIATRY S.Y. Hill et al
2000;48:265-275

o
™

Figure 2. The Kaplan—Meier estimates of
the survival curves for age of first diag-

nosis of alcohol or drug abuse/depen-
dence. The curves show that the high-risk
children became abusers of alcohol or
alcohol dependent at a significantly earlier
age than the low-risk children [Tarone—
Warex?(1) = 6.71,p = .0095].
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were greater among the high-risk group, with 29.7% of thevariable and the predictor variables. Significant results from
high-risk youth reporting having been drunk or ill, had athese analyses may be seen in Table 2. Additional tests were
blackout, or passed out from drinking, in contrast to 19.6%conducted to determine which variables were mediators and
of the low-risk youth. Because the study is ongoing, somewvhich were moderators (Table 3).

individuals who currently would not meet criteria for

substance abuse/dependence can be expected to converiQa Contribution of Predictors to the Age of

affected status at a later time. Accordingly, the smallgnget of Regular Drinking

number of individuals currently meeting criteria for abuse/

dependence could not be used to model the factors ROLE OF FACTOR I The familial density variable,
influencing the substance abuse/dependence outcome. the five Factor | variables, and their interactions were used

to model the initiation of regular drinking outcome. With
all six variables entered, scores on the JEPI Extraversion
scale were found to have a significant main effect on the
age at which adolescents began regular drinking. Further
A factor analysis was performed by extracting factors usingesting of boys and girls separately indicated that the
principal components analyses and included orthogonal rdinding was restricted to boys (Table 2). Using the
tation of factors having eigenvalues greater than one. Alsuggestions of Baron and Kenny (1986) for determining if
though the variables could be grouped by inspection, a factasne variable can substitute for another (mediation) or is a
analysis was performed to reduce the number of availablenoderator of a significant variable, we tested the impor-
variables to a manageable size to increase the power to deteéance of Extraversion in predicting the onset of drinking
significant predictors of the onset of regular drinking. Factorsby comparing Models 1-4 (Table 3). Familial density of
were sorted according to the sum of squared loadings foalcoholism was a significant predictor of the age of onset
each factor. Statistical results revealed that these variables regular drinking in boys [Model 1x%(1) = 4.45,p =
could be classified into four factors. Factor | was composed03]. Also, Extraversion scores predicted the onset of
of five predictors (CVFES Cohesion, Extraversion, anddrinking in boys [Model 2;x%(1) = 8.92, p = .004].
Neuroticism scales; CMAS and SEI scores). Factor Il in-Additionally, familial density predicted their Extraversion
cluded three achievement test scores (math, reading, arsdtores [Model 3;F(1,64) = 5.25,p = .03]. When the
spelling). Factor Il consisted of the postural sway assesssignificant relationship between familial density and age
ments (total amount of sway observed in the Lipscomb anaf onset of regular drinking was tested along with Extra-
right monopedal stances under the eyes-closed conditionyersion (Model 2 vs. Model 4), the influence of the
Factor IV contained the ERP measurements (auditory antamilial density variable was eliminatej(1) = 1.06,
visual P300 amplitude). Predictors of the age of onset op = .3]. Results of these comparisons indicate that
regular drinking were determined in separate analyses dExtraversion is a mediator of the familial risk for alcohol-
males, females, and all children within each of the fourism effect that results in high-risk boys beginning to drink
factors identified in the factor analysis. Thus, 12 separatearlier than low-risk boys. Extraversion did not appear to
survival analyses were conducted using the familial loadingnediate or moderate the familial density effect on onset of

Establishing the Relative Contribution of
Selected Predictors on Outcome
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Predictors

Significant effects X df p

Age of onset of regular

drinking for all children

Factor 1 Extraversiorx Familial Density 14.84 1 <.0001

Extraversion 5.04 1 .03
Factor 2 Familial Density 14.60 1 <.0001
Readingx Familial Density 5.97 1 .02

Factor 3 Sway (right monopedal) Familial Density 17.04 1 <.0001

Factor 4 Auditory P300< Familial Density 16.45 1 <.0001
Age of onset of regular

drinking for male children

Factor 1 Extraversion 11.93 1 .001

Factor 2 Reading< Familial Density 8.00 1 .01

Factor 3 Sway (right monopedal) Familial Density 6.81 1 .01

Factor 4 Visual P300< Familial Density 4.52 1 .08
Age of onset of regular

drinking for female children

Factor 1 Extraversiorx Familial Density 13.39 1 .0003

Factor 2 Familial Density 12.86 1 .0003

Factor 3 Sway (right monopedal) Familial Density 13.35 1 .0003

Factor 4 Auditory P300< Familial Density 13.84 1 .0002

2Bonferroni correction for the number of survival analyses performed would indicate nonsignificance for these variables.

drinking in girls, however. (The familial density variable = ROLE oF FACTOR 1. Familial loading for alcohol-
remained significant when tested jointly with Extraversionism and postural sway (amounts of sway observed in the
and the interaction of Extraversion and familial densityLipscomb and right monopedal stances under the eyes-
was not significant when only these two variables wereclosed condition), along with their interactions with famil-
modeled.) ial loading, were tested. Right monopedal sway and
familial density were found to have an interactive effect in
ROLE OF FACTOR IIl.  Three WRAT achievement test predicting the age of onset of regular drinking (Table 2). A
scores (math, reading, and spelling), familial density, anderies of regression analyses were used to determine if the
their interactions were used to model the initiation of sway variable was moderating the effects of the familial
regular drinking outcome for all children and separately bydensity variable. A significant interaction was found for
gender. Although familial density was found to interact boys [*(1) = 3.98,p = .046; Models 5 and 6, Table 3],
with reading achievement scores (Table 2), readingndicating that sway was a moderator of familial density in
achievement did not meet criteria as a moderating Opredicting age of onset of regular drinking in boys. To
mediating variable of the familial density effect on onsetfyrther illustrate, boys were divided into two groups based
of regular drinking. on a median split of the total body sway for the entire
sample. For those with scores above the median, the
number of relatives affected with alcoholism had a signif-
icant effect on the age of onset of regular drinking
Log likelihood [x*(1) = 5.00,p = .03]. Also, comparing children with
high and low amounts of sway within the high- or low-risk

Table 3. Regression Analyses for Male Subjects

Model Dependent variable  Independent variable

1 Onset of drinking Familial Density —-83.30 . o . -
2 Onsetof drinking Extraversion ~79.34 groups revealed an earlier onset of drinking for high-risk
3 Extraversion Familial Density children with higher amounts of sway in contrast to those
4 Onsetof drinking Extraversion —78.81 with lower amounts of sway (15.% 0.78 vs. 16.0+

. Familial Density 1.55). Low-risk children with lower and higher amounts of
5 Onset of drinking Sway —82.52

Familial Density sway showed the same age of onset (16.0 years), however.

6 Onset of drinking Sway —80.53

Familial Density

ROLE OF FACTOR Iv. The familial density variable,
Sway X Familial Density

P300 amplitude (auditory or visual procedure), and the
interaction between P300 amplitude and the familial load-
ing were modeled. The interaction between familial den-
sity for alcoholism and auditory P300 amplitude was

A mediation effect was found for Extraversion—Model (1) = 4.45,p =
.03], Model 2 (1) = 8.29,p = .004], Model 3 F(1,64) = 5.25,p = .03], and
Model 2 vs. Model 4 %%(1) = 1.06,p = ns]. A significant moderation effect was
seen for Sway (right monopedal)—Model 5 vs. Modek6(L) = 3.98,p = .046].
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found to be significant when all children were considered levels of postural control or P300 amplitude for their age.
as it was for girls (Table 2). For boys, visual P300 P300 is of interest because of its association with high risk
amplitude was significantly associated with familial load- for alcoholism status in children (Hill et al 1999b; Hill and
ing (Table 2); however, when only the familial density Steinhauer 1993a). Also, there is evidence that P300 has a
variable and either one of the P300 amplitudes were testefmilial genetic basis (Eischen and Polich 1994; Hill et al
for boys, girls, and all children in the Cox model, none of 1999c; Steinhauer et al 1986, 1987; Surwillo 1980; van
the interaction effects were significant. Thus, neither theBeijsterveldt 1996). It is somewhat surprising that P300
visual nor the auditory P300 amplitude met the necessargmplitude did not moderate or mediate the familial risk
conditions for being a moderator or mediator of theeffect on early-onset drinking in view of the frequently
familial density effect on the onset of drinking during noted reduction in P300 seen in high-risk children (Beg-
adolescence. leiter et al 1984; Berman et al 1993; Hill and Steinhauer
1993a; Hill et al 1990); however, different variables than
) . those that predict substance dependence may predict onset
Discussion of drinking. Two studies have followed children who have

Although the follow-up has not been completed and thdeen assessed f_or P300 at one pc_)int in time and have had
maximum number of substance abuse/dependence cas@4icome determined at a later point (Berman et al 1993;
has not been detected, it is clear that high-risk childrenHill €t al 1995). Both studies found lower P300 amplitude
adolescents have an earlier onset of regular drinking anfredicted substance dependence after 4-year (Berman et al
earlier development of substance abuse/dependence thaR93) and 8-year (Hill et al 1995 follow-up. Thus, P300
do control subjects. An intriguing finding was that Extra- amplitude may be a better predictor of substance-related
version was an independent predictor of onset of regu|apro_blems than it is a predictor of the initiation of drinking
drinking in male offspring, mediating the effect of the during adolescence.
familial history of alcoholism variable on this outcome. Reading achievement was modeled along with other
These results support the results of an early longitudinafchievement measures because high-risk children have
follow-up (Oakland Growth Study) in which the preado- been reported to display academic achievement deficits in
lescent personality of males who later became alcoholi®ome studies (McGrath et al 1999) though not all (Hill et
was characterized by their being more outgoing anchl 1999a). Also, a recent analysis from this laboratory has
sociable than their cohorts (Jones 1968). indicated that academic achievement deficits predict the
There has been speculation that the factors associatéinset of subsequent psychopathology (Hill et al 1999a).
with the onset of regular drinking may be different than Our analysis was designed to determine if adolescents
those associated with the likelihood of having alcoholWwith lesser academic achievement would show earlier
problems (Newcomb and Bentler 1989; Stice et al 1998)0nset of drinking. Although none of the achievement
Because the present results are based on data fromsgores predicted the onset of drinking, it is currently
longitudinal study that is ongoing, not all participants haveunknown whether this variable might predict substance
moved through the window of risk for substance abusefbuse/dependence onset.
dependence. Therefore, it was not possible to model the It is interesting to note that postural sway was found to
factors predicting substance abuse/dependence due to tAwderate the familial density effect on the onset of regular
small number of available cases for modeling this out-drinking in males. Recently, high-risk children have been
come; however, it is clear that high-risk children begin tofound to show a developmental delay in developing
drink earlier and to develop substance abuse/dependengentrol of postural sway (Hill et al 2000). Our results
earlier. High-risk children also appear to have a greateindicate that these high-risk children with a greater famil-
likelihood of experiencing an internalizing disorder (e.g.,ial density of alcoholism have a higher risk for early
depression, anxiety) or an externalizing disorder (e.g.glcohol initiation. The significant moderating effects of
conduct disorder, attention-deficit/hyperactivity disorder;impaired postural control suggest that having a higher
Hill et al 1999a; Hill and Muka 1996). familial density of alcoholism may be related to delays in
Our analysis has identified four variables that predictmaturation of neural circuitry involved in standing steadi-
earlier onset of drinking during adolescence (extraversionness (e.g., cerebellum, basal ganglia). Specific brain path-
postural sway, P300 amplitude, and reading achievementyvays for the positive reinforcing effects of drugs have
The findings for Extraversion confirm an earlier report been described (Harlan and Garcia 1999; Koob and Bloom
from this laboratory based on a shorter follow-up (Hill 1988; Wise and Rompre 1989) and include portions of the
et al 1999c). Postural sway and P300 amplitude are obasal ganglia. The mesocorticolimbic dopamine system
interest because of the recognition that high-risk childrerappears to be important for the acute effects of cocaine,
may exhibit developmental delays in acquiring appropriateamphetamine, and nicotine (Koob and Bloom 1988).
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