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Background: Stressful early life experience may have adverse consequences in adulthood and may
contribute to behavioral characteristics that increase vulnerability to alcoholism. We examined early life
adverse experience in relation to cognitive deficits and impulsive behaviors with a reference to risk fac-
tors for alcoholism.

Methods: We tested 386 healthy young adults (18 to 30 years of age; 224 women; 171 family history
positive for alcoholism) using a composite measure of adverse life experience (low socioeconomic status
plus personally experienced adverse events including physical and sexual abuse and separation from
parents) as a predictor of performance on the Shipley Institute of Living scale, the Stroop color-
word task, and a delay discounting task assessing preference for smaller immediate rewards in favor of
larger delayed rewards. Body mass index (BMI) was examined as an early indicator of altered health
behavior.

Results: Greater levels of adversity predicted higher Stroop interference scores (F = 3.07,
p = 0.048), faster discounting of delayed rewards (F = 3.79, p = 0.024), lower Shipley mental age scores
(F = 4.01, p = 0.019), and higher BMIs in those with a family history of alcoholism (F = 3.40,
p = 0.035). These effects were not explained by age, sex, race, education, or depression.

Conclusions: The results indicate a long-term impact of stressful life experience on cognitive func-
tion, impulsive behaviors, and early health indicators that may contribute to risk in persons with a fam-
ily history of alcoholism.
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THIS STUDY EXAMINED the impact of lifetime
adversity on cognitive performance, impulsive decision-

making, and body mass index (BMI) in persons with (FH+)
and without (FH�) a family history of alcoholism. FH+ per-
sons have a genetic risk of future alcoholism (Cloninger,
1987), and they display a tendency toward impulsive and

risky behaviors (Sher, 1991) that may contribute additionally
to their level of risk (Tarter et al., 2004). In addition to
genotype, environmental factors may contribute to cognitive
and emotional response biases that may enhance risk in FH+
persons (Cloninger, 1987). Ellis and Boyce (2008) have called
attention to the impact of social adversity on behavioral
characteristics and stress reactivity in children. Such work is
in accord with the effects of childhood maltreatment and its
impact on psychological and behavioral characteristics in
adulthood, with special reference to genetic vulnerabilities,
as illustrated in the studies by Caspi and colleagues (2002).
These studies are in broad agreement that exposure to mod-
erate and severe childhood stress can result in long-term
behavioral and psychological outcomes in adolescence and
early adulthood. We have recently shown that adverse life
events before age 15 predicted blunted cortisol and heart rate
reactivity to psychosocial stress in this sample of healthy
young adults (Lovallo et al., 2012). Basal cortisol secretion
and heart rate were unaffected, pointing to an impact of early
adversity on brain mechanisms that determine physiological
responses to psychological stressors (Lovallo and Gerin,
2003). The present paper explores the impact of adverse life
experience on cognitive tasks implicated in the functioning of
these higher brain systems.

Early stress exposure can result in altered patterns of
connectivity within the prefrontal cortex and between the
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prefrontal cortex and limbic system structures, particularly
the amygdala, the bed nuclei of the stria terminalis, and the
ventromedial prefrontal cortex (Fox et al., 2010). Others
have shown that the presumed stress of low social standing
may also impact both structure and function in these same
brain areas (Gianaros et al., 2011). Low socioeconomic sta-
tus (SES) and personally experienced adverse events are
more likely to occur to FH+ persons due to poor parenting
and long-term family disruption. In turn early life adversity
may leave a “biological residue” (Miller et al., 2009) because
of a “biological sensitivity to context” (Ellis and Boyce,
2008) that can affect health and behavior throughout life.

Accordingly, we examined cognitive function and behav-
ioral tendencies in FH+ and FH� persons of lower SES who
were exposed to adverse experiences including physical or
sexual abuse or exposure to other violence or separation
from either parent prior to age 15. We predicted that FH+
persons experiencing more lifetime adversity would have
poorer cognitive function and display more impulsive
decision-making and have higher BMI compared to FH�
persons.

MATERIALS ANDMETHODS

Overview

The Oklahoma Family Health Patterns Project is a study of
healthy young adults who are FH+ or FH� with the goal of
characterizing differences between these risk groups that may bear
on risk for alcoholism. In preliminary analyses, FH of alcoholism
scores were significantly correlated with adversity scores
(r = 0.351, p < 0.0001, R2 = 0.123, suggesting a moderate effect
size). We recently reported that lifetime adversity predicts blunted
stress reactivity (Lovallo et al., 2012), which in turn may be a
marker of risk for alcoholism (Sorocco et al., 2006). We therefore
examined the effect of lifetime adversity on the cognitive and
behavioral variables of interest with reference to possible risk for
alcoholism.

Subjects

The present sample includes 386 persons (224 women, 162 men)
recruited through community advertisement. Each subject signed a
consent form approved by the Institutional Review Board of the
University of Oklahoma Health Sciences Center and the Veterans
Affairs Medical Center, Oklahoma City, OK, and received financial
compensation for participating.

Inclusion and Exclusion Criteria

Prospective volunteers were excluded if they had a history of
alcohol or drug dependence; met criteria for substance abuse within
the past 2 months; failed a urine drug screen or a breath-alcohol test
on days of testing; had a history of any Axis I disorder other than
past depression (>60 days prior), as defined by the Diagnostic and
Statistical Manual of Mental disorders, 4th ed. (American Psychiat-
ric Association, 1994). The potential influence of past depression
was accounted for in the analyses. Women were required to have a
negative urine pregnancy test on each day of testing. All participants
were in good physical health, had a BMI < 30, were not taking
prescription medications, and had no reported history of serious
medical disorder. Smoking and smokeless tobacco use were not
exclusionary.

Subject Background and Psychological Assessments

A telephone screening for conformity with inclusion criteria was
followed by a laboratory visit for detailed screening, including a
psychiatric history assessed using the computerized version of the
Diagnostic Interview Schedule-IV (C-DIS-IV; Blouin et al., 1988),
conducted by a trained assistant under the supervision of a licensed
clinical psychologist. Subjects visited the laboratory twice more for
behavioral and psychophysiological testing.

Personally experienced forms of adversity were based on
C-DIS-IV items derived from the posttraumatic stress disorder
(PTSD) scale and are closely similar to the life events assessed
retrospectively in the studies by Caspi and colleagues (2002) as
follows: Physical or Sexual Adversity (Have you ever been
mugged or threatened with a weapon? Have you ever experienced
a break-in or robbery? Have you ever been raped or sexually
assaulted by a relative? Have you ever been raped or sexually
assaulted by someone not related to you?) and Emotional Adver-
sity (Before you were 15, was there a time when you did not live
with your biological mother for at least 6 months? Before you
were 15, was there a time when you did not live with your biologi-
cal father for at least 6 months?). PTSD reports have a very high
degree of test–retest reliability and inter-instrument reliability
(Foa and Tolin, 2000). Each person was assigned an adversity
score ranging from 0 (no adverse events) to a maximum of 5. SES
was estimated using Hollingshead and Redlich’s system and was
defined as the highest education and occupational level of the
head of household in which the subject grew up, with occupation
level categorized from 1 (lowest) to 9 (highest) 9 5 plus years of
education 9 3 (Hollingshead, 1975). For this sample, the scores
ranged from 13 (unskilled labor or menial worker) to 68 (profes-
sional or major business owner or executive) with a mean of 46
(minor business owner or technical worker). SES tended to be
lower for subjects experiencing more adversity, with those report-
ing 0 adverse events having SES � 56 (major business owner,
professional), 1 event, 40 to 55 (medium business, minor profes-
sional, technical), and 2 or more events having SES < 40 (skilled
craftsmen to unskilled laborers). The composite adversity score
used here was constructed as the sum of adverse events (0 to 5)
and placement in the upper, middle, and lower third of the SES
distribution (0, 1, and 2) for our subject population and ranged
from 0 to 7. As few subjects had scores of 5 to 7, we collapsed
the scale to reflect low, medium, and higher levels of composite
adversity based on composite scores of 0, 1 to 2, and 3+ (Ns = 70,
206, and 110, respectively).

FH classification was established using the Family History
Research Diagnostic Criteria (FH-RDC; Andreasen et al.,
1977). The FH-RDC has a high degree of interrater reliability
(0.95) for reports of substance use disorders (Andreasen et al.,
1977). All FH+ participants reported that at least 1 biological
parent met at least 2 of the possible 6 criteria for alcohol or
substance abuse. FH− participants reported no alcohol or sub-
stance use disorders in their biological parents and grandpar-
ents. Eleven subjects had a parent who used alcohol and other
drugs, and 2 subjects were included who reported an FH of
substance abuse without a history of alcohol abuse. The partic-
ipant’s FH-RDC was confirmed by parent interview in all pos-
sible cases (79% of these participants) and parents confirmed
the subject’s report of FH status in 89% of these cases. FH
status could confidently be reassigned in 3% of the cases and
6% were dropped for inconsistent or insufficient information.
Accordingly, for the 21% of participants with no parent inter-
view, we assume that 89% are also correctly classified, leaving
an estimated 3% with an unknown classification and a final
estimate that 97% of the total included sample is correctly
classified. Participants were excluded if either they or the parent
reported possible fetal exposure to alcohol or other drugs.
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Study Design and Procedure

Working memory was assessed using Dodrill’s version of the
Stroop color-word task (Salinsky et al., 2002) consisting of 176 rep-
etitions of the color words “red, orange, green, and blue,” each
printed in a discrepant ink color. The subject reads the list aloud 2
times, first reading the printed words while the time is recorded to
the nearest second and next reciting the ink colors while that time is
recorded. The interference score is the difference in seconds between
the time to read the ink colors and the time to read the words.
Stroop performance calls for attentional focus on the ink color and
correct response selection calling for suppression of the dominant
response; both processes are considered core elements of working
memory (Smith and Jonides, 1999).

Impulsive decision-making was assessed using a delay discount-
ing questionnaire (Kirby, 2009) consisting of 27 choices between
smaller, immediate, and larger, delayed amounts of money such as
“Would you prefer (a) $34 today or (b) $50 in 30 days?” Nine of the
27 choices offered small amounts of delayed money ($25 to $35), 9
offered medium amounts of delayed money ($50 to $60), and 9
offered large amounts of delayed money ($75 to $85). Discount rate
estimates (k) based on the hyperbolic discounting function ofMazur
(1987) were calculated for each participant based on the pattern of
choices made across all 27 questions. Possible values of k for each
money size category ranged from 0.00016 (choosing all 9 delayed
options in a given category) to 0.25 (choosing all 9 immediate
options in a given category).

Global cognitive functioning was measured using the Shipley
Institute of Living scale (Zachary et al., 1985) consisting of vocabu-
lary and abstraction subscales and yielding a mental age estimate in
years ranging up to 22 years, representing full adult level of intellec-
tual function.

BMI in kg of body weight divided by height in m2 (kg/m2) was
used as a measure of health behavior.

Data Analysis

Analysis of covariance (ANCOVA)was used to examine the effect
of composite adversity score and FH status on the dependent vari-
ables with age, sex, years of education, depression history, and race
used as covariates. In apreliminary examinationof the data,wenoted
that the FH scores (0 to 6 affected parents and grandparents) and the
adversity scores (0 to 7) were positively correlated (r = 0.35). We
tested for multicollinearity in the models for each of the dependent
variables and determined that the variance inflation factors were
minimal (<1.2 in all cases), andmulticollinearitywas not considered a
factor in the results (Kutner et al., 2004). Effect sizes are reported as
partial eta squared. Data were analyzed using SAS software, Ver. 9.2
forWindows (SASInstitute Inc.,Cary,NC).

RESULTS

Demographics are shown in Table 1. Composite adverse
personal experience is grouped as 0, 1, or 3+. Persons with
more composite lifetime adverse experience were moderately
older in this sample, and the women had less education. FH+
persons were disproportionately represented in the groups
with 3+ composite adversity scores among both men (61%
FH+) and women (79% FH+), and the unequal distribution
of FH+ across the composite adversity groups was highly
significant, v2 = 61.8, p < 0.0001. There was no impact of
adversity on alcohol intake or risky drinking practices as
measured by the Alcohol Use Disorders Identification Test
in this sample. Smoking showed a nonsignificantly higher

percentage of smokers to occur in the 3+ adversity groups.
As reported elsewhere, compared to men, women experi-
enced more total adversity, v2 = 8.87, p = 0.03, more emo-
tional adversity, v2 = 6.09, p < 0.047, and more physical and
sexual abuse, v2 = 11.44, p = 0.006 (Lovallo et al., 2012).

Stroop Interference

Stroop interference scores are shown in Table 2. Stroop
interference was greater in persons with more adverse
life events (F = 3.07, p = 0.048, g2 = 0.02; Fig. 1A). This
suggests that adversity and FH+ contribute to poorer Stroop
performance and that FH+ in the highest adversity group
had the highest interference scores (100 seconds). These
results were not affected by years of education, race, age, or
history of depression.

Shipley Mental Age

The Shipley mental age scores are shown in Table 2. Com-
posite adversity predicted lower mental age scores (F = 4.01,
p = 0.019, g2 = 0.021), as did FH (F = 11.51, p = 0.0008,
g2 = 0.03), although the FH 9 adversity interaction was
nonsignificant (Fig. 1B). These results were not affected by
years of education, race, age, or history of depression.

Delay Discounting

We then examined the delay discounting parameter, k, to
assess the effect of lifetime adversity and FH on a tendency
to prefer smaller, immediate rewards in favor of larger future
rewards (Table 2). Preliminary analysis showed the distribu-
tion of k values to be skewed, and so the data were log-trans-
formed to normalize the distribution. The ANCOVA
showed that persons with higher composite adversity scores
were likely to discount rewards at a faster rate (F = 3.79,
p = 0.024, g2 = 0.02), with FH and the FH 9 adversity
interaction terms being nonsignificant (Fig. 1C). These
results were not affected by years of education, race, age, or
history of depression.

BodyMass Index

We tested the impact of adversity and FH of alcoholism on
BMI as a marker of long-term health outcomes (Table 2).
We found that FH+ persons experiencing greater adversity
had higher BMI than the other groups as reflected in the
FH 9 adversity interaction (F = 3.40, p = 0.035, g2 = 0.03;
Fig. 1D). These results were not affected by years of educa-
tion, race, age, or history of depression.

DISCUSSION

The present analysis examined volunteers for interactions
between their composite lifetime adversity score and an FH
of alcoholism to identify potential risk-associated behavioral
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tendencies. Our working hypothesis was that adversity could
potentially have a greater impact on FH+ compared to FH�
persons. The results showed that persons with greater adver-
sity in childhood and adolescence had poorer working mem-
ory performance, a lower Shipley mental age, had a
preference for immediate over delayed rewards, and had a
higher BMI. An FH of alcoholism was predictive of signifi-
cantly lower Shipley mental ages, and a significant interac-
tion of FH and adversity was seen in BMI. The results were
independent of years of education, race, age, or history of
depression. In a prior paper from this sample, we showed
that persons with more adverse life events had smaller stress
responses with no additional impact of being FH+ (Lovallo
et al., 2012). These collective findings point to a relatively
pervasive impact of adverse life experience on cognition,
behavior, and stress axis reactivity. Although the direct con-
tribution of FH to these results was minimal, the greater

prevalence of adverse experience in FH+ persons presents a
picture that has the long-term potential to play into a ten-
dency for FH+ persons to engage in risky drinking practices.

Delay Discounting

A preference for immediate rewards, seen in more rapid
rates of discounting value over time, is consistent with an
attraction to rewards and a reduced ability to resist tempta-
tions such as alcohol, tobacco, drugs, and food (de Wit,
2009). We previously reported higher rates of delay discount-
ing in these FH+ when they had lower SES and Shipley
mental ages and more symptoms of depression (F = 5.95,
p < 0.0001; Acheson et al., 2011). Therefore, the impact of
FH+ on rates discounting is enhanced by contributory vari-
ables, some of which are also risk factors for alcoholism. The
present analysis takes this a step further and indicates that
when composite lifetime adversity is taken into account, the
FH effect becomes nonsignificant in favor of adversity as an
explanatory variable. We now see that the apparent effect of
FH+ on faster delay discounting is accounted for by greater
adversity in the FH+ group. We provisionally conclude that
the experience of stress during childhood and adolescence
may bias individuals to settle for smaller immediate rewards
in favor of delayed rewards as a possible adaptation to their
past experience with the environment. Adversity tends to
concentrate in FH+ families, and a potential result is that an
orientation to immediate gratification may contribute addi-
tively to behavioral characteristics that can put FH+ at risk.

Other research indicates that a tendency toward immedi-
ate gratification may predict risk for substance use disorder,
including the Stanford Marshmallow Experiment that tested
delay of gratification in 4- to 6-year-olds (Mischel et al.,
1972). Children who delayed taking a single marshmallow in
favor of having 2 at the end of a 15-minute delay period had
higher Scholastic Aptitude Test (SAT) scores in high school,
and their parents described them as more self-controlled and
less distractible and subject to frustration (Shoda et al.,
1990). In their 40s, the high delayers had superior perfor-

Table 1. Subject Demographic and Biometric Characteristics

Males Females

0 1 to 2 3+ p 0 1 to 2 3+ p

N 31 98 33 39 108 77
Age (years) 23.1 (0.5) 24.0 (0.3) 23.5 (0.6) 0.3 22.8 (0.4) 23.5 (0.3) 24.0 (0.4) 0.1
Education (years) 15.5 (0.3) 15.8 (0.2) 14.4 (0.4) 0.002 16.1 (0.3) 15.7 (0.2) 15.0 (0.2) 0.004
Race (%White) 97 88 85 0.3 90 97 74 0.0001
Smokers (%) (n) 16 (5) 8 (8) 21 (7) 0.1 11 (12) 10 (4) 14 (11) 0.8
AUDIT 3.65 (0.5) 4.34 (0.4) 3.61 (0.6) 0.4 3.9 (0.5) 3.4 (0.3) 3.1 (0.3) 0.4
QFI 42 (5.2) 55 (4.2) 46 (7.9) 0.2 52 (6.7) 42 (2.9) 44 (4.6) 0.3
Height 71.13 (0.5) 71.11 (0.3) 70.61 (0.9) 0.8 65.27 (0.5) 65.36 (0.3) 64.92 (0.5) 0.7
Weight 171 (6.3) 177 (3.3) 180 (6.8) 0.6 135 (3.6) 141 (2.4) 147 (3.8) 0.1
FH score (n of 6) 1.67 (0.3) 1.44 (0.1) 1.6 (0.2) 0.6 1.86 (0.3) 1.90 (0.2) 2.09 (0.1) 0.6
FH+ (%) 19 35 61 0.0022 39 18 79 0.0001

SES, Hollingshead socioeconomic status index; AUDIT, Alcohol Use Disorders Identification Test; QFI, Quantity Frequency Index; FH, family history.
Entries showM (SEM) or % of total. p-Values are based on F-tests or v2.

Table 2. Dependent Variables by Family History of Alcoholism and
Composite Lifetime Adversity Scores

Family history

FH+ FH–
N 170 216

Lifetime adversity Stroop interference score (seconds)
0 83 (7.78) 81 (3.64)
1 to 2 98 (3.93) 88 (2.52)
3+ 100 (4.00) 97 (6.51)

Shipley mental age score
0 17.9 (0.19) 17.9 (0.16)
1 to 2 17.9 (0.12) 17.8 (0.12)
3+ 17.3 (0.14) 17.7 (0.23)

Delay discounting (log k)
0 �4.73 (0.44) �5.07 (0.19)
1 to 2 �4.27 (0.12) �4.52 (0.12)
3+ �4.27 (0.13) �3.99 (0.21)

Body mass index (kg/m2)
0 21.7 (1.24) 23.1 (0.43)
1 to 2 24.3 (0.55) 23.7 (0.33)
3+ 24.9 (0.57) 23.6 (0.70)

4 LOVALLO ET AL.



mance on an emotional Go-NoGo reaction time task while
low delayers made impulsive false-alarm errors (Casey et al.,
2011). During neuroimaging, the long delayers were more
effective at recruiting activity in the right inferior frontal
gyrus while inhibiting false alarms. In contrast, short delay-
ers had greater ventral striatal activation. The predictive
value of self-control measured at age 4.5 over the subsequent
40 years indicates that delay discounting tendencies are
indicative of a life-long ability for self-regulation.

Stroop

The present analysis also indicated additive effects of FH+
and adversity on the Stroop interference effect, suggesting
that the consequences of adversity may bear on risk-related
characteristics in FH+ persons. The Stroop task is considered
a prototypical working memory task (Smith and Jonides,
1999); good performance requires attentional focus on the
relevant stimulus cue (word color) and suppressing interfer-
ence from the dominant response (word reading). These
working memory processes depend on the integrity of the
prefrontal cortex including the ventrolateral prefrontal cor-
tex (D’Esposito et al., 1999) and the anterior cingulate gyrus
(Carter and van Veen, 2007), an area active when choosing

between response alternatives. Stroop interference scores are
greater in persons with prefrontal functional deficits involv-
ing impulse control including: attention-deficit hyperactivity
disorder (Rapport et al., 2001), alcoholism (Dao-Castellana
et al., 1998), pathological gambling (Potenza et al., 2003),
and psychopathic tendencies (Vitale et al., 2005). Interfer-
ence scores are also greater in obese persons (Verdejo-Garcia
et al., 2010; Waldstein and Katzel, 2006), and in obesity with
disinhibited eating (Maayan et al., 2011). Stroop interference
scores are also greater among healthy FH+ persons who
display a disinhibited temperament (Lovallo et al., 2006).
The foregoing findings indicate that adverse experiences
early in life appear to have a negative impact on working
memory functions involved in self-regulation with implica-
tions for alcoholism risk.

Shipley Mental Age

The present analysis shows that persons exposed to early
life adverse events have lower Shipley Mental Age scores.
Scores on the Shipley Institute of Living scale are considered
useful indicators of full-scale IQ (Dennis, 1973), and IQ tests
in turn are heavily weighted toward tasks relying on working
memory and processing speed (Coyle et al., 2011). The Ship-

Fig. 1. The impact of early life adverse experience on: (A) Stroop interference scores; (B) Shipley mental age; (C) delay discounting rate; and (D) body
mass index. Adversity groups were based on composite adversity scores of 0 (low adversity), 1 or 2 (moderate adversity), or 3+ (high adversity).
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ley abstraction scale that forms half of the mental age score
is a particularly challenging test of problem solving
and depends heavily on abstraction ability and working
memory. In the present data, lower mental age scores are
correlated significantly with higher Stroop interference scores
(r = �0.322, p = 0.0001) and with faster delay discounting
rates (r = �0.195, p = 0.0001). The negative correlation
between the Stroop and Shipley Mental Age scores offers
converging evidence of impaired working memory in the
high adversity groups using different tasks of working
memory, response inhibition, and abstract thinking. Shipley
scores are lower in substance abusing patients with child-
hood conduct disorder (Stevens et al., 2001). The present
data are suggestive of a negative impact of early life adversity
cognitive functions reflected in the Shipley mental age scores.

BMI and Impulsivity

Although the present sample does not show a relationship
between adversity and drinking behaviors, we did observe an
impact of adversity on BMI. We note that our sample was
selected to be within the normal range for BMI, and this may
have attenuated its relationships with other variables. None-
theless, FH+ persons experiencing the most adversity had the
highest BMIs in this sample. Table 1 shows that the impact
of adversity on BMI is due to higher body weights in both
men and women. Other work shows that BMI may be
related to self-reported impulsivity (van den Berg et al.,
2011), poorer executive function (Waldstein and Katzel,
2006), greater delay discounting and reward responsiveness
(Fields et al., 2011), greater attention-deficit hyperactivity
disorder (Ptacek et al., 2009), impulsive and varied reaction
times on a Go-NoGo task (Pauli-Pott et al., 2010), and
poorer performance on the Stroop and the Iowa Gambling
Task (Verdejo-Garcia et al., 2010). In the present study,
BMI was positively correlated with Stroop interference
scores (r = 0.209). Accordingly, BMI appears to be a health-
relevant behavioral outcome of early adverse experience that
is accompanied by impulsivity and reward dependence with
the greatest impact in the FH+ group.

Relevance to Stress Axis Reactivity

We and others have recently reported that early life adver-
sity is associated with diminished cortisol and autonomic
responses to psychosocial stress (Carpenter et al., 2011;
Lovallo et al., 2012). At a clinical level, blunted cortisol and
autonomic responses to stress are associated with externaliz-
ing disorders and impulsive tendencies and earlier initiation
of sexual activity in men and women (Raine, 1996). Low
stress reactivity may therefore be associated with reduced
responses to external threats, consistent with a model under
which early life events program biological and behavioral
adaptations that may have implications for health and behav-
ior. Small cortisol stress responses are associated with earlier
age of first drink (Evans et al., 2012), a known risk factor for

alcoholism (Sartor et al., 2007). The present findings along
with our report of lower stress axis responsivity in the same
sample points to a pervasive impact of adverse experience
during childhood and adolescent development that shapes
stress reactivity as well as behavioral tendencies and intellec-
tual functioning, all with implications for risk for alcoholism.

Relationship Between Adversity and FH+

Our prediction that adversity and its related behavioral
characteristics would cluster in FH+ persons was supported.
Persons coming from alcoholic families were more likely to
have encountered adverse life experiences.When testingmod-
els containing adversity, FH, and their interaction as predic-
tors, adversity accounted for a greater proportion of the
variance than FH or the interaction. This indicates that
adverse events themselves have a significant impact on behav-
ior in both FH+ and FH� persons, and it also suggests that
the greater occurrence of adversity in FH+ may contribute
additively to maladaptive behaviors that may increase risk
for alcoholism. The phenotypic combination of poorer work-
ing memory, faster delay discounting, and higher BMI form a
pattern of disinhibition that may enhance familial risk of
alcoholism. Finally, we note that our FH+ subjects exposed
to greater adversity do not report drinking more alcohol or
engaging in risky drinking practices. This should be viewed in
context of the original intent of this project, which was to
study young adults whose functioning was not affected by
severe abuse of alcohol or drugs. As a result, possible rela-
tionships at the high end of the drinking continuummay have
been attenuated by these selection procedures.

The effect of adversity on both stress reactivity and impul-
sivity and cognitive function leads to a consideration of brain
mechanisms that may be associated with both sets of out-
comes. A substantial literature in animal models shows that
both nurturing and stressful events in early life can have per-
manent effects on brain systems controlling cortisol reactivity
as well as behavioral responsivity (Byrne and Suomi, 1999;
Gutman and Nemeroff, 2003). Work in primates by Suomi
and colleagues has repeatedly shown that early life stress,
such as maternal separation and/or peer conflict, can alter
brain morphology and increase behavioral impulsivity and
that this relationship can be enhanced in the presence of
genetic variants influencing central serotonergic and dopami-
nergic function (Newman et al., 2009; Spinelli et al., 2009).
There is also a growing human literature showing an impact
of early life adversity on brain morphology and function.
In this case, young adults from a low-SES background
had reduced overall activation in the anterior cingulate
gyrus and dorsomedial prefrontal cortex during reward
processing and also less functional connectivity between
these areas and the ventral striatum (Gianaros and Manuck,
2010). The neural and behavioral effects of early life stress
in primates are associated with tendencies toward alco-
hol self-administration and preference (Barr et al., 2004;
Newman et al., 2009).
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One strength of the present study is its relatively large sam-
ple size. In developing the Oklahoma Family Health Patterns
study, it was our intention to study persons with and without
an FHof alcoholismwhowere healthy, nonobese, free of psy-
chiatric comorbidities, and had no significant evidence of a
substance use disorder. These sample characteristics allow us
to generalize the present findings to a broad segment of the
general population. A question arises as to the interpretation
of studies in FH+ versus FH� young adults when the persons
in question are unaffected by the disorder under study, in this
case alcohol and other substance use disorders. Cloninger has
addressed this question in discussing his studies of cross-fos-
tered FH+ and FH� Scandinavian twin pairs: “…alcohol
abuse itself is not a sensitive criterion of genetic susceptibil-
ity” (Cloninger et al., 1981, p. 867, 1988). In the general case
of persons at high risk based on presumed liability to diseases
of polygenetic origin, Falconer (1965) has noted that the pres-
ence of disease in the high-risk probands is not a requirement
for meaningful comparisons between the risk groups as the
study of risk factors does not require the presence of the dis-
ease itself. In the case of the present findings, we believe that
the results draw significant meaning because they emerge
from an otherwise healthy, normative sample.

However, these inclusion criteria may also have attenuated
the strength of the relationships we report here. The severity
and types of adversity covered in our interview are com-
monly encountered; 55% of the present sample reported 1 or
more adverse life events. As such, the present results may
represent many persons in the general population, but they
may be less generalizable to groups that have been severely
traumatized or that meet diagnostic criteria for PTSD.
A weakness of the present methodology is shared by most
studies of the effects of adverse life experience when the data
are derived from retrospective self-report. We believe that
this concern is mitigated by the relatively low likelihood that
the cortisol and heart rate reactivity differences we saw
resulted from systematic bias in how the subjects reported on
life events. Instead, poor recall alone would be more likely to
cause null findings in a study such as this. In addition, the
demonstrated reliability of our subjects’ reports of FH of
alcoholism suggests this is a reliable sample of informants
from whom other forms of report are likely to be accurate.

These findings suggest that the experience of adverse events
during childhood and adolescence is associated with behav-
ioral impulsivity, impaired cognitive function, and greater
BMI along with our report of attenuated stress axis reactiv-
ity (Lovallo et al., 2012). Collectively, these findings indi-
cate that exposure to adversity appears to be a meaningful
source of individual differences in reactivity to psychological
stress and to behavioral impulsivity and poor cognitive
control. Adverse life events and ensuing impulsive behavioral
characteristics may cluster in FH+ persons and by doing so,
contribute to increased risk of alcoholism. The results were
found in an otherwise normative, healthy sample of young
adults free of psychiatric comorbidities. This finding points to
the role of personal experience in shaping the response charac-

teristics of the human stress axis and cognition and decision-
making in relation to risk for alcoholism inFH+ individuals.

ACKNOWLEDGMENTS

Supported by the Department of Veterans Affairs, the
National Institutes of Health, NIAAA (R01 AA12207),
NIRR (M01 RR14467, UL1 RR025767, KL2 RR025766,
and RR025766), and NHLBI (F32 HL083689).

AUTHOR CONTRIBUTIONS

WRL designed the study and details of the protocol.
NHF, AJC, and ASV maintained the data set and analyzed
the data. KHS oversaw the assessment procedures and psy-
chiatric interviews. AA provided input on the interpretation
of impulsive behavioral tendencies in persons with greater
adversity. All authors contributed to writing the paper and
approve of its content.

REFERENCES

Acheson A, Vincent AS, Sorocco KH, Lovallo WR (2011) Greater discount-

ing of delayed rewards in young adults with family histories of alcohol and

drug use disorders: studies from the Oklahoma family health patterns pro-

ject. Alcohol Clin Exp Res 35:1607–1613.
American Psychiatric Association (1994) Diagnostic and Statistical Manual

of Mental Disorders. 4th (text rev.) ed. American Psychiatric Association,

Washington, DC.

Andreasen NC, Endicott J, Spitzer RL, Winokur G (1977) The family his-

tory method using diagnostic criteria. Reliability and validity. Arch Gen

Psychiatry 34:1229–1235.
Barr CS, Newman TK, Lindell S, Shannon C, ChampouxM, Lesch KP, Su-

omi SJ, GoldmanD,Higley JD (2004) Interaction between serotonin trans-

porter gene variation and rearing condition in alcohol preference and

consumption in female primates. ArchGen Psychiatry 61:1146–1152.
van den Berg L, Pieterse K, Malik JA, Luman M, Willems van Dijk K,

Oosterlaan J, Delemarre-van de Waal HA (2011) Association between

impulsivity, reward responsiveness and body mass index in children. Int J

Obes 35:1301–1307.
Blouin AG, Perez EL, Blouin JH (1988) Computerized administration of the

Diagnostic Interview Schedule. Psychiatry Res 23:335–344.
Byrne G, Suomi SJ (1999) Social separation in infant Cebus apella: patterns

of behavioral and cortisol response. Int J Dev Neurosci 17:265–274.
Carpenter LL, Shattuck TT, Tyrka AR, Geracioti TD, Price LH (2011)

Effect of childhood physical abuse on cortisol stress response. Psychophar-

macology 214:367–375.
Carter CS, van Veen V (2007) Anterior cingulate cortex and conflict detec-

tion: an update of theory and data. Cogn Affect Behav Neurosci 7:

367–379.
Casey BJ, Somerville LH, Gotlib IH, Ayduk O, Franklin NT, Askren MK,

Jonides J, Berman MG, Wilson NL, Teslovich T, Glover G, Zayas V,

Mischel W, Shoda Y (2011) Behavioral and neural correlates of delay of

gratification 40 years later. Proc Natl Acad Sci U S A 108:14998–15003.
Caspi A, McClay J, Moffitt TE, Mill J, Martin J, Craig IW, Taylor A, Poul-

ton R (2002) Role of genotype in the cycle of violence in maltreated

children. Science 297:851–854.
Cloninger CR (1987) Neurogenetic adaptive mechanisms in alcoholism.

Science 236:410–416.
Cloninger CR, Bohman M, Sigvardsson S (1981) Inheritance of alcohol

abuse: cross fostering analysis of adopted men. Arch Gen Psychiatry

38:861–868.

LIFETIME ADVERSITY COGNITION AND BEHAVIOR 7



Cloninger CR, Sigvardsson S, Gilligan SB, von Knorring AL, Reich T, Boh-

man M (1988) Genetic heterogeneity and the classification of alcoholism.

Adv Alcohol Subst Abuse 7:3–16.
Coyle TR, Pillow DR, Snyder AC, Kochunov P (2011) Processing speed

mediates the development of general intelligence (g) in adolescence.

Psychol Sci 22:1265–1269.
Dao-CastellanaMH, Samson Y, Legault F,Martinot JL, Aubin HJ, Crouzel

C, Feldman L, BarrucandD, Rancurel G, Feline A, Syrota A (1998) Fron-

tal dysfunction in neurologically normal chronic alcoholic subjects: meta-

bolic and neuropsychological findings. Psychol Med 28:1039–1048.
Dennis DM (1973) Predicting full scale WAIS IQs with the Shipley-Hart-

ford. J Clin Psychol 29:366–368.
D’Esposito M, Postle BR, Jonides J, Smith EE (1999) The neural substrate

and temporal dynamics of interference effects in working memory as

revealed by event-related functional MRI. Proc Natl Acad Sci USA

96:7514–7519.
Ellis BJ, Boyce WT (2008) Biological sensitivity to context. Curr Dir Psychol

Sci 17:183–187.
Evans BE, Greaves-Lord K, Euser AS, Franken IH, Huizink AC (2012) The

relation between hypothalamic-pituitary-adrenal (HPA) axis activity and

age of onset of alcohol use. Addiction 107:312–322.
Falconer DS (1965) The inheritance of liability to certain diseases, estimated

from the incidence among relatives. Ann HumGenet 29:51–76.
Fields SA, Sabet M, Peal A, Reynolds B (2011) Relationship between weight

status and delay discounting in a sample of adolescent cigarette smokers.

Behav Pharmacol 22:266–268.
Foa EB, Tolin DF (2000) Comparison of the PTSD symptom scale-interview

version and the clinician-administered PTSD scale. J Trauma Stress 13:

181–191.
Fox SE, Levitt P, Nelson CA (2010) How the timing and quality of early

experiences influence the development of brain architecture. Child Dev

81:28–40.
Gianaros PJ, Manuck SB (2010) Neurobiological pathways linking socioeco-

nomic position and health. PsychosomMed 72:450–461.
Gianaros PJ, Manuck SB, Sheu LK, Kuan DC, Votruba-Drzal E, Craig AE,

Hariri AR (2011) Parental education predicts corticostriatal functionality

in adulthood. Cereb Cortex 21:896–910.
Gutman DA, Nemeroff CB (2003) Persistent central nervous system effects

of an adverse early environment: clinical and preclinical studies. Physiol

Behav 79:471–478.
HollingsheadAB (1975) Four Factor Index of Social Status. Yale University,

New Haven, CT.

Kirby KN (2009) One-year temporal stability of delay-discount rates.

Psychon Bull Rev 16:457–462.
Kutner M, Nachtsheim C, Neter J, Li W (2004) Applied Linear Statistical

Models. 5th ed. McGraw-Hill Irwin, New York.

Lovallo WR, Farag NH, Sorocco KH, Cohoon AJ, Vincent AS (2012)

Lifetime adversity leads to blunted stress axis reactivity: studies from the

Oklahoma family health patterns project. Biol Psychiatry 71:344–349.
Lovallo WR, Gerin W (2003) Psychophysiological reactivity: mechanisms

and pathways to cardiovascular disease. PsychosomMed 65:36–45.
Lovallo WR, Yechiam E, Sorocco KH, Vincent AS, Collins FL (2006)

Working memory and decision-making biases in young adults with a

family history of alcoholism: studies from the Oklahoma Family Health

Patterns Project. Alcohol Clin Exp Res 30:763–773.
Maayan L, Hoogendoorn C, Sweat V, Convit A (2011) Disinhibited eating

in obese adolescents is associated with orbitofrontal volume reductions

and executive dysfunction. Obesity 19:1382–1387.
Mazur JE (1987) An adjusting amount procedure for studying delayed rein-

forcement, in Quantitative Analysis of Behavior: The Effects of Delay and

of Intervening Events on Reinforcement Value, Vol. 5 (Commons ML,

Mazur JE, Nevin JA, Rachlin H eds), pp 55–73. Lawrence Erlbaum Asso-

ciates, Hillsdale, NJ.

Miller GE, Chen E, Fok AK, Walker H, Lim A, Nicholls EF, Cole S, Kobor

MS (2009) Low early-life social class leaves a biological residue manifested

by decreased glucocorticoid and increased proinflammatory signaling.

Proc Natl Acad Sci U S A 106:14716–14721.

Mischel W, Ebbesen EB, Zeiss AR (1972) Cognitive and attentional mecha-

nisms in delay of gratification. J Pers Soc Psychol 21:204–218.
Newman TK, Parker CC, Suomi SJ, Goldman D, Barr CS, Higley JD (2009)

DRD1 5′UTR variation, sex and early infant stress influence ethanol con-

sumption in rhesus macaques. Genes Brain Behav 8:626–630.
Pauli-Pott U, Albayrak O, Hebebrand J, Pott W (2010) Association between

inhibitory control capacity and body weight in overweight and obese chil-

dren and adolescents: dependence on age and inhibitory control compo-

nent. Child Neuropsychol 16:592–603.
Potenza MN, Leung HC, Blumberg HP, Peterson BS, Fulbright RK,

Lacadie CM, Skudlarski P, Gore JC (2003) An FMRI Stroop task study

of ventromedial prefrontal cortical function in pathological gamblers.

Am J Psychiatry 160:1990–1994.
Ptacek R, Kuzelova H, Paclt I, Zukov I, Fischer S (2009) Somatic and endo-

crinological changes in non medicated ADHD children. Prague Med Rep

110:25–34.
Raine A (1996) Autonomic nervous system factors underlying disinhibited,

antisocial, and violent behavior. Biosocial perspectives and treatment

implications. AnnNYAcad Sci 794:46–59.
Rapport LJ, Van Voorhis A, Tzelepis A, Friedman SR (2001) Executive

functioning in adult attention-deficit hyperactivity disorder. Clin Neuro-

psychol 15:479–491.
Salinsky MC, Binder LM, Oken BS, Storzbach D, Aron CR, Dodrill CB

(2002) Effects of gabapentin and carbamazepine on the EEG and cogni-

tion in healthy volunteers. Epilepsia 43:482–490.
Sartor CE, Lynskey MT, Heath AC, Jacob T, True W (2007) The role of

childhood risk factors in initiation of alcohol use and progression to alco-

hol dependence. Addiction 102:216–225.
Sher KJ (1991) Psychological characteristics of children of alcoholics. Over-

view of research methods and findings. Recent Dev Alcohol 9:301–326.
Shoda Y, Mischel W, Peake PK (1990) Predicting adolescent cognitive and

self-regulatory competences from preschool delay of gratification—identi-

fying diagnostic conditions. Dev Psychol 26:978–986.
Smith EE, Jonides J (1999) Storage and executive processes in the frontal

lobes. Science 283:1657–1661.
Sorocco KH, Lovallo WR, Vincent AS, Collins FL (2006) Blunted hypotha-

lamic-pituitary-adrenocortical axis responsivity to stress in persons with a

family history of alcoholism. Int J Psychophysiol 59:210–217.
Spinelli S, Chefer S, Suomi SJ, Higley JD, Barr CS, Stein E (2009) Early-life

stress induces long-term morphologic changes in primate brain. Arch Gen

Psychiatry 66:658–665.
Stevens MC, Kaplan RF, Bauer LO (2001) Relationship of cognitive

ability to the developmental course of antisocial behavior in substance-

dependent patients. Prog Neuropsychopharmacol Biol Psychiatry 25:

1523–1536.
Tarter RE, Kirisci L, Habeych M, Reynolds M, Vanyukov M (2004)

Neurobehavior disinhibition in childhood predisposes boys to substance

use disorder by young adulthood: direct and mediated etiologic pathways.

Drug Alcohol Depend 73:121–132.
Verdejo-Garcia A, Perez-Exposito M, Schmidt-Rio-Valle J, Fernandez-

Serrano MJ, Cruz F, Perez-Garcia M, Lopez-Belmonte G, Martin-

Matillas M, Martin-Lagos JA, Marcos A, Campoy C (2010) Selective

alterations within executive functions in adolescents with excess weight.

Obesity 18:1572–1578.
Vitale JE, Newman JP, Bates JE, Goodnight J, Dodge KA, Pettit GS (2005)

Deficient behavioral inhibition and anomalous selective attention in a

community sample of adolescents with psychopathic traits and low-anxi-

ety traits. J Abnorm Child Psychol 33:461–470.
Waldstein SR, Katzel LI (2006) Interactive relations of central versus

total obesity and blood pressure to cognitive function. Int J Obes 30:

201–207.
deWit H (2009) Impulsivity as a determinant and consequence of drug use: a

review of underlying processes. Addict Biol 14:22–31.
Zachary RA, Paulson MJ, Gorsuch RL (1985) Estimating WAIS IQ from

the Shipley Institute of Living Scale using continuously adjusted age

norms. J Clin Psychol 41:820–831.

8 LOVALLO ET AL.


