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ABSTRACT. Objective: Individuals with multiple alcohol-dependent 
(AD) relatives are at increased risk for substance use disorders (SUDs). 
Prospective, longitudinal studies of high-risk (HR) individuals afford 
the opportunity to determine potential risk markers of SUDs. The cur-
rent study assessed the effect of familial risk and genetic variation on 
Iowa Gambling Task (IGT) performance and tested for an association 
between IGT performance and SUD outcomes. Method: Individuals 
from multiplex AD families (n = 63) and low-risk (LR; n = 45) control 
families, ages 16–34 years, were tested using a computerized version of 
the IGT. SUD outcomes were assessed at approximately yearly intervals. 
5-HTTLPR and COMT genotypes were available for the majority of 
participants (n = 86). Results: HR offspring showed poorer perfor-
mance overall on the IGT and especially poor performance on the fi nal 
trial block (Block 5), indicating a failure to improve decision making 

with previous experience. The 5-HTTLPR short-allele homozygote 
participants performed worse than long-allele carriers, with HR S/S 
carriers exhibiting particularly poor performance. There was no main 
effect of COMT on IGT performance and no signifi cant COMT by Risk 
interaction. Signifi cantly more individuals in the HR than LR group met 
criteria for SUD. Importantly, disadvantageous performance on IGT 
Block 5 was signifi cantly associated with an earlier age at SUD onset. 
Conclusions: This is the fi rst study to show that both familial risk of 
SUD and 5-HTTLPR variation impact performance on the IGT. Poorer 
IGT performance was associated with earlier onset of SUD, suggesting 
that HR individuals who fail to appropriately attend to long-term costs 
and benefi ts during a decision-making task are especially at risk for 
developing SUD in adolescence and young adulthood. (J. Stud. Alcohol 
Drugs, 75, 643–652, 2014)
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INDIVIDUALS WITH A FAMILY HISTORY of alcohol 
dependence (AD) are at increased risk for developing 

substance use disorders (SUDs) (Cloninger et al., 1981; 
Goodwin et al., 1973). Those with a multiplex AD back-
ground have especially early SUD onset (Hill et al., 2008). 
Defi cits in decision making often characterize individuals 
with SUD. The Iowa Gambling Task (IGT) has frequently 
been used to assess decision-making ability (Bechara et 
al., 1994). The IGT is a sensitive measure of decision mak-
ing that simulates a real world decision situation requiring 
evaluation of the magnitude and timing of rewards and 
punishments under uncertain conditions. Higher short-term 
rewards are associated with larger punishments, making the 
choice of lower short-term rewards more advantageous in the 
long term (Bechara et al., 1994). Substance-misusing adults 
demonstrate maladaptive performance on the IGT, includ-
ing lower net scores (Barry and Petry, 2008; Bechara and 
Martin, 2004; Bechara et al., 2001) and lesser improvement 
over trial blocks (Bechara and Martin, 2004).

 To date, three studies have examined IGT performance in 
high-risk (HR) offspring. The fi rst study did not fi nd overall 
performance differences but did fi nd that males with a fam-
ily history of alcoholism paid greater attention to monetary 
gains and less attention to losses compared with controls 
(Lovallo et al., 2006). Dolan et al. contrasted IGT perfor-
mance in individuals with and without SUD who were either 
family history positive or negative and found that adults with 
SUD performed worse than controls regardless of family 
history status (Dolan et al., 2008). In a functional magnetic 
resonance imaging (fMRI) version of the IGT, HR individu-
als showed greater activation in the left dorsal anterior cin-
gulate cortex (dACC) and left caudate nucleus compared to 
low-risk (LR) controls, despite equivalent task performance, 
indicating that neural regulation of decision-making pro-
cesses mediated by the dACC and caudate nucleus may be 
altered in HR individuals (Acheson et al., 2009). Given that 
decision-making defi cits are observed in both adults with 
SUD and their HR offspring, decision-making ability may be 
a potential risk marker of SUD outcomes in HR individuals.
 Neurobehavioral defi cits observed in HR offspring are 
thought to be at least partially determined by inherited 
genetic variation (Hill, 2010). Decision making involves 
the amygdala, ventromedial prefrontal cortex, and anterior 
cingulate (McClure et al., 2004), and functional coupling 
among these regions is associated with variation in the se-
rotonin transporter–linked polymorphic region (5-HTTLPR) 
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(Rao et al., 2007). In combination with rs25531, 5-HTTLPR 
is functionally triallelic and infl uences serotonin transporter 
gene expression and serotonin concentration in the synaptic 
cleft (Heils et al., 1996); the short (S) and long-G (LG) al-
leles are associated with lower serotonin transporter activity 
than the long-A (LA) allele. 5-HTTLPR low-activity allele 
carriers have been shown to have impaired performance on 
the IGT (Homberg et al., 2008; van den Bos et al., 2009; 
Verdejo-García et al., 2013), although some studies have 
noted that long-allele carriers show impairment on early trial 
blocks (Gu et al., 2013; Stoltenberg and Vandever, 2010; 
Stoltenberg et al., 2011).
 Variation in 5-HTTLPR has also been associated with 
AD, such that short-allele carriers have increased odds of 
being diagnosed with AD and other SUDs, although some 
results are equivocal (Cao et al., 2013; Feinn et al., 2005). 
Thus, heritable variation in 5-HTTLPR may contribute to 
decision-making defi cits in HR offspring.
 The catechol-O-methyltransferase (COMT) gene, rs4680, 
which is involved in the inactivation of dopamine in the 
synaptic cleft, also may infl uence decision-making abilities. 
A polymorphism in the COMT gene results in a valine (Val) 
to methionine (Met) amino acid substitution (Val158Met) 
and is associated with more extracellular dopamine in the 
prefrontal cortex (Lachman et al., 1996). Met allele homozy-
gote participants show better performance on cognitive tasks, 
such as measures of working memory, although healthy Met-
Met subjects have been found to have infl exible processing 
of affective stimuli and poorer performance on the IGT (van 
den Bos et al., 2009). Accordingly, variation in COMT may 
also infl uence decision-making abilities in individuals with 
family histories of alcoholism.
 HR offspring have earlier onset of alcohol use (Hill et al., 
2000). This tendency to start drinking earlier has been shown 
to increase the likelihood of developing AD. One large 
epidemiologic study found that the age of onset of regular 
drinking predicted the likelihood of AD, with those initiat-
ing drinking before age 14 having a fourfold increase in risk 
versus those starting at age 20 or later (Grant and Dawson, 
1997). Among those who become alcohol dependent, early 
and late onset of dependence appears to be related to dif-
ferences in age of onset for regular drinking (Chen et al., 
2011). Observations from our family studies (Hill et al., 
2008, 2011) indicate that having an ultra-high-risk familial 
background is associated with signifi cantly earlier onset of 
SUD and greater likelihood of ever developing an SUD.
 These results indicate that age at fi rst use of alcohol is a 
powerful predictor of lifetime alcohol abuse and dependence. 
Although offspring of alcoholics are at increased risk for 
early onset of drinking and development of SUD, not all HR 
adolescents go on to develop alcohol or other drug problems. 
Currently, the cognitive and behavioral factors that infl u-
ence the likelihood that HR individuals will develop SUD 
in young adulthood are not well understood. Prospective, 

longitudinal studies of HR offspring afford the opportunity 
to determine potential risk markers of later SUD.
 Decision-making during adolescence and young adult-
hood, when alcohol and other drug use behaviors fi rst 
emerge, may confer risk or resilience for the development 
of SUD. The current study sought to compare performance 
on the IGT between ultra-high-risk offspring from multi-
plex, alcohol-dependent families and LR controls from a 
prospective family study. The goals of the study were to 
determine (a) whether HR offspring would display worse 
performance on the IGT overall; (b) if so, whether it might 
be the result of a failure to benefi t from experience on ear-
lier trials; (c) whether performance on the IGT is related to 
SUD outcome, including an earlier onset to develop SUD; 
and (d) if there may be preliminary support for an associa-
tion between the 5-HTTLPR or COMT polymorphism and 
IGT performance.
 Given previous reports of gender differences and Gender 
by 5-HTTLPR interactions on the IGT (He et al., 2010; Stol-
tenberg and Vandever, 2010), we also examined whether gen-
der, a Gender by Risk interaction, or a Gender by Genotype 
interaction affected IGT performance. Finally, given fi ndings 
of an association between working memory and IGT perfor-
mance (Fridberg et al., 2013; Pecchinenda et al., 2006), we 
examined the effect of working memory on decision-making 
abilities.

Method

Participants

 The present report is based on an analysis of data for 108 
third-generation offspring who are part of an ongoing family 
study that selected families through their parents’ generation. 
The offspring were evaluated during childhood, adolescence, 
and young adulthood at approximately annual intervals. A 
total of 63 HR offspring from paternal multiplex families 
were studied (30 females and 33 males) along with 45 LR 
offspring (22 females and 23 males). Because of concerns 
about possible population stratifi cation, the current analysis 
was limited to an all-White sample to identify potential 
genetic markers of risk for SUD. The study has ongoing 
approval from the University of Pittsburgh Institutional Re-
view Board. All participants provided consent at each visit. 
Children provided assent with parental consent.
 High-risk families. HR offspring were drawn from fami-
lies selected to be part of a larger family study of alcoholism 
based on the presence of two adult alcoholic brothers. These 
brothers are the fathers or uncles of the HR children in the 
present analyses (Aston and Hill, 1990; Hill et al., 1990). In-
person structured interviews using the Diagnostic Interview 
Schedule (DIS) (Robins et al., 1981) had been performed 
for the majority of all living and available relatives of the 
proband by risk-status-blind interviewers, with two family 
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history reports used for deceased or unavailable relatives. 
Families had not been included if primary, recurrent major 
depression, bipolar disorder, schizophrenia, or a primary 
SUD other than AD was present, for either the proband pair 
of AD brothers or their fi rst-degree relatives.
 Low-risk families. LR community control families 
consisting of two brothers and their parents were identi-
fi ed through an index case who responded to a newspaper 
advertisement requesting participants who were interested 
in a study of heritable aspects of personality. Families were 
chosen on the basis of having the same structural character-
istics as the HR families (at least two adult brothers) and an 
absence of axis I psychopathology based on the outcome of a 
DIS interview that provided Diagnostic and Statistic Manual 
(DSM) and Feighner criteria for alcoholism (Feighner et al., 
1972). LR families were included if all fi rst- and second-
degree relatives of the index case were free of alcohol and 
other drug dependence.

Measures

 Socioeconomic status. Socioeconomic (SES) status was 
assessed using the Hollingshead Four-Factor Index of So-
cioeconomic Status (Hollingshead, 1975). The SES status 
closest to the time of IGT testing was selected using the 
participants’ current occupation and education.
 Substance use disorder outcome measures. SUD outcome 
was determined using age-appropriate clinical diagnoses ob-
tained during childhood/adolescence (yearly before age 19) 
with the Schedule for Affective Disorders and Schizophrenia 
(K-SADS) (Chambers et al., 1985) and with the Composite 
International Diagnostic Interview (CIDI) (Janca et al., 
1992) and CIDI–Substance Abuse Module (CIDI-SAM) 
(Cottler et al., 1989) biennially during young adulthood.
 Iowa Gambling Task. The version of the IGT used in 
this study was acquired from Psychological Assessment 
Resources (Lutz, FL) using the gain/loss structure provided. 
In this task, the subject selects 100 cards from four decks 
(A, B, C, and D). After each card selection, an output is 
given: gain or a gain and loss of money. Two decks (A and 
B) are not advantageous as the fi nal loss is higher than the 
fi nal gain. Decks C and D, however, are advantageous be-
cause draws from this deck have smaller punishments. The 
fi nal objective of the task is to make the greatest gain or as 
much money as possible. The trials are separated into fi ve 
20-card blocks. Overall net score and block net scores are 
calculated by subtracting the number of cards selected from 
the disadvantageous decks from the number of cards selected 
from the advantageous decks, with higher scores indicating 
better performance. T scores, normed for age, were used in 
analyses (Bechara, 2007).
 Working memory score. Participants were administered 
the Wechsler Memory Scale, Third Edition (Wechsler, 
1997). The Working Memory Index is composed of scaled 

scores for the Letter–Number Sequencing and Spatial Span 
subtests.
 DNA isolation and genotyping. Genomic DNA was ex-
tracted from whole blood with a second aliquot prepared for 
Epstein Barr Virus (EBV) transformation and cryopreserva-
tion (Hill et al., 2004). Polymerase chain reaction (PCR) 
conditions were as described in Hill et al. (2012). Genotyp-
ing was completed on a Biotage PSQ 96MA Pyrosequencer 
(Biotage AB, Uppsala, Sweden). Each polymorphism was 
analyzed by PCR amplifi cation incorporating a biotinylated 
primer. Thermal cycling included 45 cycles at an annealing 
temperature of 60 °C. The Biotage workstation was used to 
isolate the biotinylated single strand from the double-strand 
PCR products. The isolated product was sequenced using the 
complementary sequencing primer.
 Single nucleotide polymorphism (SNP) genotyping qual-
ity control involved ongoing monitoring of SNP signals 
provided by Qiagen software. Output is provided using three 
categories for each SNP: pass, fail, and check. Data analysis 
was performed for only those signals meeting the “pass” 
criterion. Signals that failed or were returned as needing 
further checking were rerun. If after three attempts the SNP 
did not meet the pass criterion, it was eliminated from the 
analysis. Eighty-six subjects (HR = 55) in the current sample 
had available 5-HTTLPR and COMT genotyping.
 5-HTTLPR. The 5HTT–linked polymorphic region was 
amplifi ed using primer sequences described by Wendland 
et al. (2006) to reveal the long (L) and short (S) variant. To 
test for the more accurate triallelic characterization (Hu et 
al., 2006), the rs25531 SNP was digested with the restric-
tion endonuclease Hpall and visualized with agarose gel 
electrophoresis. Genotypes were determined using the L and 
S variation along with the rs25531 A or G nucleotide (LA, 
LG, SA, or SG). The three genotypes were LL (LALA), 
LS (LALG or LAS), and SS (LGLG, LGS, SASG, or SS). 
Analyses were based on the recessive model that presumes 
that SS individuals differ from those with 0 or 1 copy of 
the S allele. This model appears to be most highly associ-
ated with increased odds of developing an SUD (Cao et al., 
2013).

Statistical analyses

 Linear mixed-model analyses were used to assess risk 
group differences for overall IGT performance and for net 
scores from each block of trials as well as the relation-
ship between genetic variation in 5-HTTLPR and COMT 
and IGT performance. Analyses were also performed for 
Total Money earned by familial risk status and by genetic 
variation. All analyses were performed using age, sex, and 
socioeconomic status as covariates. Because each family had 
been assigned a unique identifi cation (ID) code, the Family 
ID could be used as a random effect to control for multiple 
siblings from the same family in these analyses.
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 Kaplan–Meier survival analyses were used to assess the 
relationship between risk and the age at onset of an SUD, 
IGT net scores and age of SUD onset, and genetic variation 
and age at SUD onset. To conduct the survival analyses, IGT 
net scores were recoded into categorical variables by using a 
median-split: Net scores equal to or above 50 were consid-
ered advantageous, whereas those below 50 were considered 
disadvantageous. All analyses were conducted in IBM SPSS 
Statistics for Windows, Version 20.0 (IBM Corp., Armonk, 
NY).

Results

 The HR offspring and LR controls did not signifi cantly 
differ in gender composition, age at IGT assessment, age 
at study entry, age at last follow-up, length of follow-up, 
or socioeconomic status (Table 1). Of the 86 subjects with 
available genotyping, there were 18 5-HTTLPR L homo-
zygotes, 47 heterozygotes, and 21 S homozygotes. A test 
of Hardy–Weinberg equilibrium showed that there was 
no departure from equilibrium across the sample, χ2(1) = 
0.77, p = .38, or within the HR group, χ2(1) = 0.001, p = 
.98.
 For COMT, there were 23 Val homozygotes, 50 hetero-
zygotes, and 13 Met homozygotes. There was no departure 
from equilibrium across the sample, χ2(1) = 2.75, p = .10, 
or within the HR group, χ2(1) = 3.20, p = .07. There were no 
signifi cant differences in allele frequency by risk group, but 

there were marginally more 5-HTTLPR short allele homozy-
gotes in the HR group, χ2 = 5.73, p = .06. Working Memory 
Index scores did not differ by risk, F(1, 67.58) = 0.105, p = 
.75, or genotype, F(1, 83.25) = 0.07, p = .80.
 Consistent with our hypotheses, HR offspring had signifi -
cantly lower Total Net Scores on the IGT overall, F(1, 59.80) 
= 4.17, p = .046, and on Block 5, F(1, 56.30) = 5.54, p = 
.022, than LR controls (Figure 1). These effects remained 
signifi cant after accounting for the Working Memory Index 
score. HR offspring chose signifi cantly fewer cards from 
deck D, the advantageous deck that offers frequent small 
gains, F(1, 106) = 8.937, p = .003, and marginally more 
cards from deck A, the disadvantageous deck with more 
frequent small losses, F(1, 106) = 3.522, p = .063, compared 
with LR controls.
 Across the entire sample, and without consideration of 
familiar risk, we fi rst tested the effect of variation in the 
5-HTTLPR polymorphism covarying age, sex, and SES. 
Those participants who were homozygous for the short allele 
had signifi cantly lower IGT net scores, F(1, 73.91) = 5.39, 
p = .023, and earned less Total Money, F(1, 68.12) = 4.95, 
p = .029, than those carrying one or two L alleles (Figure 
2). It was not possible to adequately test the interaction of 
familial risk status and 5-HTTLPR genotype because of 
the small number of control individuals (n = 3) with the SS 
genotype. However, analysis of genotypic variation within 
the HR group revealed a signifi cant difference for IGT total 
scores, F(1, 43.48) = 4.42, p = .041 (Table 2).

TABLE 1. Sample demographics, Iowa Gambling Task (IGT) net scores, substance use disorder 
(SUD) outcomes, and 5-HTT-linked polymorphic region (5-HTTLPR) and catechol-O-methyl-
transferase (COMT) genotype in high-risk (HR) offspring and low-risk (LR) controls. Group 
comparisons were made using t tests for continuous variablesa and chi-square for frequency 
datab.

 HR (n = 63) LR (n = 45)
Variable M (SE) M (SE) p

Male/femaleb 33/30 23/22 N.S.
Age at study entrya 11.38 (2.94) 11.78 (2.55) N.S.
Age at last follow-upa 26.27 (4.92) 25.09 (5.55) N.S.
Length of follow-upa 14.89 (5.69) 13.31 (5.82) N.S.
Age at IGT testinga 25.35 (4.97) 24.47 (5.60) N.S.
Socioeconomic statusa 38.79 (1.49) 42.41 (1.76) N.S.
IGT Total Net Scorea 49.27 (8.86) 53.33 (9.24) .023
IGT fi nal block scorea 47.27 (10.65) 52.49 (11.54) .017
WMS working memorya 21.94 (0.51) 22.84 (0.73) N.S.

  Freq. (%) Freq. (%)
  M (SE) M (SE)

Substance use disorderb 39 (62%) 9 (20%) <.001
Age at SUD onseta 18.87 (3.02) 20.56 (4.33) N.S.
5-HTTLPR genotypesb

 LL 10 (18%) 8 (26%)
 LS 27 (49%) 20 (64%) N.S.
 SS 18 (33%) 3 (10%)
COMT genotypesb

 Val/Val 16 (29%) 7 (23%)
 Val/Met 33 (60%) 17 (54%) N.S.
 Met/Met 6 (11%) 7 (23%)

Notes: N.S. = nonsignifi cant; freq. = frequency; WMS = Wechsler Memory Scale.
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 Analysis of Total Money won by genotype within the 
HR group also showed signifi cant effects, F(1, 43.05) = 
6.03, p = .018. There was no main effect of COMT on IGT 
performance (p = .89) and no signifi cant COMT × Risk 
interaction (p = .44). Because genotypes were available for 
only a subset of individuals with IGT performance (N = 
86), the power to detect genotypic variance was rather low. 
However, power analysis within the HR group did increase 
to 0.70.

 A main effect of gender on the IGT overall net score was 
not seen, F(1, 103.08) = 0.933, p = .34, although females 
performed more poorly than males on IGT Block 5, F(1, 
105.42) = 4.61, p = .034. When risk was added to the model, 
the effect of gender was not signifi cant, F(1, 103.96) = 1.65, 
p = .21. A Gender by 5-HTTLPR interaction for the IGT 
overall net score, F(1, 82.00) = 2.50, p = .12, or Block 5 
score, F(1, 81.77) = 0.031, p = .86, was not seen. Because 
gender did not explain any variance in IGT performance 
above and beyond risk status or 5-HTTLPR genotype, it was 
excluded from further analyses.
 Survival analysis for HR and LR groups showed signifi -
cantly earlier onset of SUD for the HR offspring (Tarone–
Ware χ2 = 16.78, p < .001) (Figure 3). Although SUD 
survival was not signifi cantly infl uenced by overall IGT net 
scores (Tarone–Ware χ2 = 0.62, p = .43), disadvantageous 
performance on Block 5 was associated with earlier age at 
SUD onset (Tarone–Ware χ2 = 4.833, p = .028) (Figure 4). 
In addition, there was a marginally signifi cant main effect of 
5-HTTLPR genotype on SUD survival (Tarone–Ware χ2 = 
2.87, p = .09), such that short-allele homozygotes had earlier 
age at SUD onset.
 A post hoc Cox survival analysis was performed to as-
sess the effect of Block 5 performance as a predictor of 
SUD survival using familial risk group status and genotype 
as covariates. The overall survival model indicated a highly 
signifi cant relationship between these predictors and SUD 
onset (χ2 = 16.508, p = .001). In addition, main effects of 

FIGURE 1. Iowa gambling task net score by block: High-risk offspring (n 
= 63) had signifi cantly lower net scores on the Iowa Gambling Task overall 
and on Block 5 than low-risk controls (n = 45).

FIGURE 2. Total Money lost by genotype and sample: Both across all participants and within the high-risk 
group, 5-HTTLPR short-allele homozygotes had signifi cantly lower Iowa Gambling Task net scores and 
earned less Total Money than those carrying one or two L alleles.
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Block 5 performance (Wald = 4.79, p = .029) and familial 
risk status (Wald = 7.396, p = .007) remained signifi cant. In 
this model, there was no main effect of 5-HTTLPR variation 
(Wald = 0.96, p = .33).
 The mean age at IGT testing was higher than the mean 
age at SUD onset. In an attempt to disentangle the impact 
of family history of alcoholism and personal exposure to 
alcohol and/or other drugs, we repeated the analysis of IGT 
net score by risk group within the subsample of participants 
who did not meet criteria for SUD before they completed the 
IGT task (n = 60; 24 HR, 36 LR). Unaffected HR offspring 
performed signifi cantly worse than unaffected LR controls 
on the IGT overall, F(1, 42.41) = 4.80, p = .034. Within the 
sample of unaffected HR offspring, short-allele homozygotes 
had signifi cantly lower IGT net scores, F(1, 40.90) = 4.91, p 
= .032, and earned less Total Money, F(1, 40.38) = 5.14, p = 
.029, than long-allele carriers.
 Finally, to determine the relationship between personal 
exposure to alcohol or other drugs and IGT performance, 
linear mixed models were used to assess the relationship be-
tween presence of an SUD and IGT net score performance. 

Generalized linear mixed models were used to assess the 
relationship between the number of years a subject met 
criteria for an SUD before IGT administration and IGT net 
score. The IGT overall net score was not related to the pres-
ence of an SUD diagnosis, F(1, 105.92) = 0.326, p = .57, or 
the length of time with an SUD diagnosis, F(1, 42) = .23, p 
= .63.

Discussion

 This is the fi rst study to show that individuals at high risk 
for developing an SUD have lower net scores on the IGT. 
The defi cient performance of HR offspring suggests that 
familial risk infl uences the ability to appropriately weigh 
long-term rewards and punishments. Unlike LR controls, 
HR offspring performed especially poorly on the fi nal trial 
block (Block 5), indicating a failure to learn from prior nega-
tive outcomes. These results are not attributable to poorer 
working memory in HR offspring. Individuals at ultra-high 

FIGURE 4. Kaplan–Meier survival analysis of age at onset of substance 
use disorder by Block 5 Iowa Gambling Test performance: Individuals who 
performed disadvantageously (net score < 50; n = 54) on Block 5 of the 
Iowa Gambling Test had signifi cantly earlier ages at substance use disorder 
onset than those who performed advantageously (net score ≥ 50; n = 54). 
This effect remained signifi cant after accounting for familial risk status. 
The effect of Block 5 performance is most prominent for those experienc-
ing early-onset SUD.

TABLE 2. Linear mixed model analysis of Iowa Gambling Task (IGT) performance by familial risk and 5-HTTLPR LL/LS vs. SS geno-
type carriers (adjusted means and standard deviations)a

 5-HTTLPR and IGT 5-HTTLPR and IGT
 Net Score Total Money

 Total sample High-risk Total sample High-risk

Variable M (SD) p M (SD) p M (SD) p M (SD) p

LL and LS 51.78 (1.24)  50.77 (1.63)  -231.40 (173.48)  -255.06 (225.51)
  .045  .052  .035  .014
SS 46.89 (2.14)  45.72 (2.34)  -970.79 (303.69)  -1,217.39 (325.73)

aMeans are adjusted for multiple siblings in the family.

FIGURE 3. Kaplan–Meier survival analysis of age at onset of substance 
use disorder by risk status: Signifi cantly more high-risk offspring (n = 
39, 62%) met criteria for substance use disorder than low-risk controls 
(n = 9, 20%), and high-risk offspring had earlier ages at substance use 
disorder onset.
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familial risk for AD who were also homozygous for the short 
allele of the 5-HTTLPR polymorphism showed exceptionally 
poor IGT performance.
 However, these results should be considered preliminary 
given that genotyping was available for only 86 individuals. 
Poor performance among HR offspring was observed for the 
sample as a whole and within the subsample of individuals 
who had no current or past diagnosis of alcohol or other 
drug abuse or dependence, suggesting that maladaptive deci-
sion making in substance misuse is not solely a consequence 
of the effects of consuming alcohol or other drugs. For indi-
viduals who did meet criteria for SUD, poor performance on 
the IGT was associated with earlier age of SUD onset above 
and beyond the effect of familial risk, which in turn predicts 
poorer long-term prognosis for alcohol and other drug abuse 
and dependence.
 Adults with SUD have consistently been found to have 
poor performance on the IGT, and the fi nding that their HR 
offspring show similar defi cits indicates that maladaptive 
decision making may be part of a behavioral spectrum of 
risk for SUD. Abnormal sensitivity to rewards may refl ect in-
herited differences in brain function underlying a tendency to 
value positive and rewarding cues. Neurobiological theories 
of alcohol and other drug dependence implicate dysfunctions 
in neural circuitry associated with distorted evaluation and 
appraisal of positive and negative consequences as well as 
diminished control over behavior, functions that play a role 
in decision making (Goldstein and Volkow, 2002; Krawczyk, 
2002; Tessner and Hill, 2010).
 Accordingly, others have reported that HR offspring 
who do not meet criteria for SUD show abnormal neural 
activation in the dorsal anterior cingulate cortex and cau-
date nucleus while performing the IGT despite similar 
behavioral performance (Acheson et al., 2009). Similarly, 
non–substance-misusing adults with a family history of al-
coholism show different patterns of activation in the caudate, 
insula, orbitofrontal cortex, and nucleus accumbens than LR 
controls when anticipating rewards (Andrews et al., 2011). 
Inherited abnormalities in neural circuitry associated with 
risk-prone decision making may be an important factor con-
tributing to the high prevalence of SUD in individuals with 
a family history of alcoholism.
 Decision-making abilities were also related to variation in 
the serotonin transporter linked polymorphism, 5-HTTLPR, 
with individuals homozygous for the low-activity short allele 
showing poorer performance on the IGT, an effect that was 
most notable in the HR offspring. Serotonin neuronal cell 
bodies reside in the brainstem and project their axons into 
the prefrontal cortex, amygdala, striatum, and insular cortex, 
regions associated with affective processing and decision 
making (Bechara, 2005). The short allele is linked to reduced 
serotonin transporter expression (Heils et al., 1996), and 
low-activity allele carriers have reduced functional coupling 
between the amygdala and rostral anterior cingulate cortex 

as well as the amygdala and prefrontal cortex (Pezawas et 
al., 2005; Roiser et al., 2009). Thus, this polymorphism may 
affect decision making in HR populations through its asso-
ciation with emotional processing.
 Previous fi ndings on the effect of the 5-HTTLPR poly-
morphism on decision making have been mixed; the short 
allele has been linked to poor performance on the IGT in 
healthy females (Homberg et al., 2008; van den Bos et al., 
2009), cannabis users (Verdejo-García et al., 2013), indi-
viduals with obsessive–compulsive disorder (da Rocha et 
al., 2008), and within a large sample of Chinese undergradu-
ate students (He et al., 2010). However, samples of healthy 
adults and schizophrenics carrying the long allele have been 
found to have impaired performance on the fi rst block of the 
IGT (Gu et al., 2013; Stoltenberg and Vandever, 2010; Stol-
tenberg et al., 2011). Thus, additional research is needed to 
investigate possible mediators and moderators of the relation 
between this polymorphism and decision making.
 A main effect of COMT variation or its interaction with 
familial risk on IGT performance was not seen. Similarly, 
previous studies have failed to fi nd a main effect of this 
polymorphism on IGT performance in cannabis users 
(Verdejo-García et al., 2013) or in healthy populations (He 
et al., 2012; Kang et al., 2010). However, van den Bos and 
colleagues previously reported that healthy female Met 
homozygotes performed worse on later trial blocks than Val 
homozygotes, although the effect was no longer signifi cant 
when the heterozygote genotype was considered (van den 
Bos et al., 2009). Some evidence suggests that the COMT 
Met allele is protective for cognitive functions such as work-
ing memory, but the Val allele is protective for fl exible, emo-
tional processes (van den Bos et al., 2009). Thus, the effect 
of this allele may not be robust enough to detect on a task 
such as the IGT that contains both cognitive and emotional 
decision making, especially in a small sample.
 Consistent with previous research (Hill et al., 2008), HR 
individuals were more likely to develop SUD than LR con-
trols. Importantly, poorer IGT performance on the last trial 
block was associated with earlier onset of SUD, even after 
accounting for variance explained by familial risk status. 
Because individuals with an earlier onset of SUD also had 
more years of personal exposure to alcohol and other drugs, 
it is diffi cult to determine whether especially poor IGT 
performance is a risk factor for, or a consequence of, early 
drug and alcohol abuse or dependence. However, neither 
the presence of SUD before the IGT nor the length of time 
a participant met criteria for an SUD before IGT adminis-
tration was related to task performance, indicating that the 
relation between very early onset of alcohol and other drug 
use and especially poor IGT performance may be at least 
partially attributable to premorbid risk.
 Our fi nding that HR offspring who had not developed 
SUD before IGT evaluation demonstrated poorer perfor-
mance than LR controls suggests that IGT performance is 
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a premorbid risk factor that can be used to assess potential 
for later development of SUD. Others have noted that disad-
vantageous performance on the IGT predicts more frequent 
heavy drinking in men 2 years after IGT assessment (Gou-
driaan et al., 2011). Future follow-up of the younger partici-
pants in our sample will allow us to address this hypothesis.
 One limitation of the current study is the relatively wide 
age range of the participants who performed the IGT. Al-
though age-corrected T scores were used in our analyses, 
decision-making abilities are believed to improve in ado-
lescence and young adulthood (Cauffman et al., 2010), and 
future research is needed on decision-making abilities in HR 
offspring during specifi c developmental periods.
 The present study found that HR individuals with the SS 
genotype of the 5-HTTLPR showed poorer performance on 
the IGT whether assessed as Total Net Scores or in terms of 
Total Money earned. A limitation to our analysis was that 
we were unable to test this effect across risk groups because 
of the small number of SS genotypes among the control 
sample, with only three cases present. Nevertheless, we did 
fi nd that within the HR subjects, statistically signifi cant dif-
ferences in IGT performance were seen by genotype.
 Our conclusions regarding the effect of 5-HTTLPR 
genotype and IGT performance within the HR group are an 
important preliminary fi nding. Although the power for the 
overall relationship between 5-HTTLPR and IGT perfor-
mance was rather low, within the HR group power increased 
to 0.70. Selection of multiplex families appears to provide 
an opportunity for testing genes that may have an especially 
high penetrance. The 5-HTTLPR polymorphism may be 
especially relevant to decision making within HR families.
 Use of ultra-high-risk AD families can be viewed as ei-
ther a strength or weakness of our fi ndings. On the positive 
side, families with increased transmission for AD are ideal 
for fi nding genetic variation and endophenotypic character-
istics associated with familial risk. However, these families 
are not representative of AD families in the general popula-
tion. Follow-up of offspring from these multiplex families 
indicates an exceptionally high rate of AD and substance use 
by young adulthood (Hill et al., 2008, 2011). Although these 
families may not be representative of AD families in the 
general population, the study of multiplex families provides 
an effi cient means for identifying risk factors and genetic 
variation that can then be taken to population samples for 
replication.
 In conclusion, these data suggest that HR offspring dis-
play defi cits in decision-making regardless of whether they 
have initiated behaviors associated with misuse of alcohol 
and other drugs. Decision-making abilities are infl uenced 
by both familial risk and variation in 5-HTTLPR, and fail-
ure to attend appropriately to long-term costs and benefi ts is 
associated with SUD outcomes. Inherited abnormalities in 
neural circuitry associated with risk-prone decision making 
may lead individuals with a family history of alcoholism to 

make poor decisions regarding alcohol and other drug con-
sumption, thereby increasing their likelihood of developing 
SUD in adolescence and young adulthood. Identifi cation 
of risk factors for SUD is important to the search for ways 
in which those at highest risk can be identifi ed for possible 
intervention.
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