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Abstract

Aims—1) To evaluate the role of pre-existing weakness in working memory ability (WM) as a
risk factor for early alcohol use as mediated by different forms of impulsivity. 2) To assess the
adverse effects of progressive alcohol use on variations in WM over time.

Design, Setting and Participants—A community sample of 358 adolescents [48% males,
Mean,ge(baseline) = 11.4+ 0.87 years] from a longitudinal cohort design, assessed annually over
four consecutive years with less than 6% attrition.

Measurements—Repeated assessments were conducted for the following key variables: WM
(based on performance on four separate tasks), frequency of alcohol use (AU), and three forms of
impulsivity, namely sensation seeking (SS), acting-without-thinking (AWT) and delay discounting
(DD). Latent growth curve modeling procedures were used to identify individual trajectories of
change for all key variables.

Findings—Weakness in WM (at baseline) significantly predicted both concurrent alcohol use
and increased frequency of use over the four waves (p <.05). This effect was entirely mediated by
two forms of impulsivity, AWT and DD, both of which were characterized by underlying
weakness in WM. No individual variation was observed in the slopes of WM, which suggests that
individual variations in alcohol use were not associated with changes in WM in our early
adolescent sample.

Conclusions—Early adolescent alcohol use may be a consequence of (pre-existing) weaknesses
in working memory (WM) rather than a cause of it. Efforts to reduce early alcohol use should
consider the distinct roles of different impulsivity dimensions, in addition to WM, as potential
targets of intervention.

Introduction

Alcohol use is increasingly common during adolescence (1,2), with a link between early
onset and subsequent abuse/dependence (3,4). Studies in both animals (5) and humans (6,7)
have found impairments in executive cognitive functions (ECFs) in adolescents exposed to
large quantities of alcohol. The conclusion drawn from these studies is that alcohol
adversely impacts the nascent adolescent brain, producing neurocognitive deficits that leave
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the adolescent even more vulnerable to its addictive properties (8). This hypothesis has
however been tested in human adolescents mostly using cross-sectional designs (9-11). The
only longitudinal evaluation that we are aware of (12) found very limited effects of alcohol
use on neurocognitive functioning, and did not report on the baseline differences (if any) in
the neurocognitive abilities of adolescents who had engaged in moderate/heavy drinking by
follow-up vs. those who had not. This leaves open the possibility that at least some of the
neurocognitive deficits observed in adolescent drinkers may have been present beforehand
and may have increased the likelihood of early drinking in the first place (13). The current
research sought to clarify this issue by examining the developmental associations between
working memory ability (WM) — a fundamental form of ECF (14) and early alcohol use, in a
community cohort of adolescents (ages 10-12 at baseline) assessed annually for four
consecutive years.

WM is an important ECF to study because it is critical to various high-order cognitive
functions, including planning and decision-making (14). WM impairments have been linked
to both impulsive decision making (15,16) and risk-taking in early adolescents (17,18).
Although WM continues to develop during adolescence (19), it can be challenged by the
increasing activation of the mesolimbic dopamine system that elevates appetite for novel
and exciting behaviors (20) and enhances impulsive drives. Adolescents with relatively
weak WM may therefore be at greater risk for involvement in early and risky alcohol use
(17,18).

While the specific role of WM as a predictor of adolescent drinking is less well understood,
prior research suggests that pre-existing deficits in ECFs may increase risk for early alcohol
use. For instance, Giancola et al. (21) found that pre-adolescent children from families with
alcohol-use-disorders (AUD), who were at greater risk for later alcohol dependence, had
lower ECF scores as compared to their counterparts without a family history of AUD, even
prior to the onset of drinking. Similarly, Nigg et al. (22) reported that adolescents from
families with AUD performed poorly on ECF measures (e.g. stop-signal task). In addition,
they found that adolescents with poor response inhibition exhibited greater alcohol-related
problems (23). These findings are however limited in that they are based on comparisons of
high-risk adolescents with normal controls and are primarily cross-sectional. Furthermore,
these studies do not explore the specific role of WM as a predictor of early and risky
drinking.

Impulsivity or lack of self-control is a well-established risk-factor for alcohol use (24-26),
which is also found to be associated with underlying weaknesses/deficits in WM (27,28).
Considering impulsivity’s joint relationship with WM and early drinking, it can be argued
(though not yet tested) that impulsive tendencies may serve as potential mediators of the
influence of weak WM on early alcohol use (29). At the same time, it is important to
emphasize that impulsivity is a multi-dimensional construct (30,31), with only some
dimensions regarded as dysfunctional (32,33). In particular, sensation-seeking (SS) (30) is
found to be positively associated with WM (18) and 1Q (34). Therefore, SS does not
necessarily represent a weakness in executive control as compared to other impulsivity
dimensions such as acting-without-thinking (AWT) (35) and delay discounting (DD) (28).
Not surprisingly, adolescents high in SS do experiment with alcohol, but they do not report
as many drinking-related problems as adolescents high in AWT or DD (36). Given the
opposing relationships shared by the different dimensions of impulsivity with WM, unless
their pathways of influence are distinctly modeled, it may be difficult to ascertain their
precise contribution to early and risky drinking.

To design preventive interventions it is important to examine the longitudinal associations
between WM, impulsivity and alcohol use during younger years. To that end, we tested a
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version of the model (see Figure 1) proposed by Giancola and Tarter (21) and de Wit (29).
This model allows us to (i) explore the influence of WM on alcohol use longitudinally, and
(ii) determine the distinct roles of SS, AWT and DD as mediators of this influence. Using
latent growth curve modeling (LGCM), we examined: (1) whether individual differences in
the initial level (intercept) and rate of change (slope) of WM predict individual differences
in the intercept and slope of alcohol use (AU) either directly and/or as mediated by three
forms of impulsivity; and (2) in a separate model, we tested whether individual differences
in the intercept or slope of AU were associated with individual variations in the slope of
WM.

A community sample of adolescents (N=358; Mage=11.4+0.87yrs) from the Philadelphia
area was surveyed annually for four consecutive years with minimal (<6%) attrition. No
statistically significant differences were found in terms of demographics or baseline scores
of key variables between those who dropped out and those who were retained. Details about
sample recruitment and data collection have been described previously (17). The study was
approved by the IRB of the Children’s Hospital of Philadelphia. The sample comprised of
48% males. Fifty-five percent of youth self-identified as non-Hispanic White, followed by
non-Hispanic Black (28%) and Hispanic (9%). Majority of the participants were classified
as lower-middle class (Mean =47.0+15.8; reverse scored) using the Hollingshead Two-
Factor Index of Social Status (37).

The key variables described below were assessed at each wave, except for DD, which was
assessed only at the last two waves. Self-reports on sensitive topics (e.g., alcohol use) were
obtained using audio computer-assisted self-interviewing (ACASI) (38).

Frequency of Alcohol Use (AU)—Participants were asked about ever and recent (past
30 days) alcohol use. Responses were used to create a new variable that was coded 0 (Never
drank), 1 (Used, but not in past 30 days), 2 (Drank 1-2 days in past 30 days), and 3 (Drank
more than 2 days in past 30 days).

Working Memory Ability (WM)—Four tasks were used to assess WM: Backward Digit
Span (39), Corsi Block Tapping (40), Letter Two-back (41) and Spatial Working Memory
(42). Details about the nature of these tasks and their administration procedures have been
reported previously (17,18). Of the various measures typically used to assess spatial WM,
we employed a self-directed computerized task in which participants searched for hidden
tokens one at a time within sets of 4-8 randomly positioned boxes. WM skills are tapped as
the participant while searching must hold in memory the locations already checked and as
tokens are found, must remember and update information about their locations. Spatial WM
performance was indexed using the between-search error score (42). All WM tasks were
scored such that higher values implied better performance.

Sensation-seeking (SS)—Respondents’ level of agreement with four items representing
the four dimensions of Zuckerman’s sensation-seeking scale (i.e., experience seeking,
boredom susceptibility, thrill/adventure seeking, and disinhibition) (43,44) was assessed on
a scale ranging from 1(strongly disagree) — 4(strongly agree). Responses were averaged to
obtain a continuous score (range: 1 — 4) for each wave.
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Acting-without-thinking (AWT)—A self-report measure including nine yes/no questions
(e.g. “Do you usually do and say things without stopping to think?”) derived from the Junior
Eysenck Impulsivity Scale (45) was used to assess AWT at each wave. Scores were
averaged to obtain a continuous score (range: 0 — 1) for each wave.

Delay discounting (DD)—A monetary choice procedure adapted from Green et al. (46)
was used to assess adolescents’ preference for immediate reward. Similar procedures have
been shown to be valid with this age-group youth (47) and to be valid indicators of the
ability to delay gratification (48). Respondents were asked in the context of payment for a
job to identify an amount of money between $10 and $90 that, if received immediately,
would be equivalent to receiving $100 six months later. Respondents are initially asked if
they would accept a payment of $50 immediately in lieu of being paid $100 in six months.
Those who accepted the $50 offer, were then asked if they would accept an amount lower
than $50 in $10 decrements. The lowest amount they accepted was taken as their equivalent
value. A comparable procedure with successively increasing values was used for those who
did not accept $50. Scores on this variable ranged from 10 — 100, which were reverse-scored
such that higher scores were indicative of greater delay discounting. Research comparing
hypothetical with real rewards and delays indicates that this procedure produces comparable
estimates of individual differences (49). Assessments of DD were conducted only at the last
two assessments and exhibited considerable stability (r=.43, p<.001).

Covariates—Baseline assessments of the following covariates: age, pubertal development
(50), sex, race-ethnicity (White, Black, Hispanic & others), socio-economic status, positive
expectancies of alcohol and friends” approval of alcohol use (51), as well as perceived
parental monitoring (52) — were included in the model.

Analytic Strategy

Results

LGCM was used to identify individual differences in intercepts and slopes of the trajectories
of key variables (53). Since WM was assessed using four measures, each with a separate
scale, a multiple-indicator LGCM strategy (54) was used to generate its intercept and slope.
Unconditional growth curve models were estimated first to identify the change pattern in
each of the key variables. We then tested the model presented in Figure 1. The effect of WM
intercept and slope on the intercept and slope of AU was tested first. The potential
mediators, i.e. the intercepts and slopes of SS, AWT, and DD, were added next. Finally, the
covariates were added to the model. Confidence intervals for mediated effects were obtained
using the bias-corrected bootstrap re-sampling method (55). Model fit was evaluated using
multiple indices of global fit and an examination of residual diagnostics. The criteria for
good model fit included a low chi-square (XZ) test-statistic, a root-mean-square-error-of-
approximation (RMSEA) value less than 0.05, and values of the comparative fit index (CFI)
and the Tucker-Lewis Index (TLI) greater than 0.90. The influence of AU intercept and
slope on WM intercept and slope was tested in a separate model. All analyses were
conducted in Mplus v6 using robust estimation procedures (56).

Preliminary Analyses

Four latent WM factors were estimated corresponding to each wave of the study. Each factor
had four indicators, i.e. the four WM tasks administered at each wave. The loading
corresponding to corsi block tapping was fixed to one for each WM factor to identify the
model and scale the factor. Correlations between the four WM indicators at each wave
ranged from r=0.16 — 0.38, while the correlations between repeated measurements of each
of the four WM indicators ranged from r=0.25 — 0.61. The loadings of each WM factor
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ranged from 0.40-0.60, with a reliability coefficient (rho) of 0.70 (57). The measurement
invariance of the latent WM factor across all four waves was tested and found to be tenable,
given that there was a non-significant drop in model fit when factor loadings corresponding
to each repeated indicator were constrained to be equal across waves [x 2(dfgis =9) =16.14,

p=.07].

At each assessment, the correlations between SS and AWT ranged from .36-.44, between
AWT and DD ranged from .14-.16, while SS and DD were virtually unrelated (r%=.03-.04).
Correlations across time for each of the impulsivity measures reflected a high degree of
stability, SS (r=0.43-0.68), AWT (r=0.47-0.69), and DD (r=0.43). At each wave,
reliability coefficients (rho) of SS ranged between 0.73-0.78, and those of AWT were
between 0.75-0.80.

Based on the model fit statistics obtained from unconditional LGCM, it was determined that
a linear model provided an acceptable fit to the underlying pattern of change in all key
variables (Table 1). The mean slope of all key variables was significant and positive,
indicating an increase over time (Table 1). There was also significant variance in intercepts
and slopes, except for the slope of WM, suggesting that even though there was an increase
in WM on average, [Msjope(SE)=0.50(.05), p <.001], there was no significant variation in
the individual trajectories over time. It is also noteworthy that with the exception of SS, the
intercepts and slopes of all key variables were uncorrelated, indicating that initial status was
unrelated to subsequent rate of change.

Main Findings

Testing the model in Figure 1, we found that WM at baseline significantly predicted both the
intercept [8(95%Cl)= -.02(-.036, —.001)] and slope of AU [5(95%ClI)= -.02(-.05, -.01)].
The effect of WM intercept on the intercept of AU was mediated by the intercept of AWT,
[B(95%ClI)= —.02(-.036, —.001)] while the effect of WM intercept on the slope of AU was
mediated by both the intercept of DD, [5(95%Cl)= -.01(-.023, —.001)] and the intercept of
AWT, [B(95%CI)= —.02(-.034, —.003)]. The rate of increase (i.e. slope) of AWT was
positively related to the rate of progression in AU [B(SE) =.84(.31), p<.01].

The effect of WM on the intercept and slope of AU was entirely channeled through the
mediated pathways described above (see bold lines in Figure 2), with no left over direct
effect. Since the frequency of alcohol use at baseline was quite low, with nearly all
adolescents (97%) reporting either a 0 or 1, the effect of WM intercept on the intercept of
AU can be interpreted as WM’s association with alcohol use initiation. Although the
intercept of WM was positively related to the intercept of SS, the net mediated effect on AU
through the intercept of SS was not significant, [3(95%Cl)= -.01(-.001,.03)]. This was
mainly due to the weak association between the intercepts of SS and AU, B(SE)=.13(.08),

p<.10.

All covariates except parental monitoring were found to have significant associations with
either the outcome or the mediating variables (see Table 2). Some of the residual errors were
significantly correlated as shown in Figure 2. Overall, the model fit was excellent with an
RMSEA (90%Cl) =0.03 (0.02, 0.04), TLI =0.95, CFI =0.95, SRMR =0.04, even though the
chi-square was significant, X2(282) =378.9, p<.001.

Since there was no individual variation in the slopes of WM, individual differences in
drinking frequency observed in our early adolescent sample were unrelated to the
developmental trajectories of WM.
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Discussion

The present study shows that pre-existing weakness in WM predicted both concurrent
alcohol use (intercept) as well as the increased frequency of use (slope) over a four-year
follow-up period in a community-based sample of early adolescents. This effect was entirely
channeled through two forms of impulsivity, AWT and DD, both of which were
characterized by underlying weakness in WM. Individual differences in drinking frequency
did not impact the developmental trajectories of WM in our early adolescent sample. In fact,
the lack of variance in WM slopes suggests that baseline differences in WM among
participants tended to remain stable over the study period.

As expected, SS was positively associated with WM (18). Although SS shared a weak
positive association with alcohol use at baseling, it was not a significant mediator of the
effect of WM on AU intercept. Furthermore, unlike the intercepts of AWT and DD, it did
not independently predict the slope of AU. Thus, adolescents high in SS experimented with
alcohol use initially but they did not progress in drinking frequency during the follow-up
years. Overall, as adolescents aged, the influence of WM as mediated by the three forms of
impulsivity was largely protective.

Our findings provide longitudinal evidence in support of models proposed by Tarter (21)
and Nigg (22,23), wherein weaknesses in ECFs and associated forms of behavioral
disinhibition are viewed as risk-factors for early alcohol use. In comparison to their cross-
sectional research, our findings more clearly demonstrate the link between pre-existing WM
weaknesses and increased frequency of alcohol use during early-mid adolescence and
delineate the mediational pathways of impulsivity through which this effect is transmitted.

Consistent with past longitudinal research (12), we did not detect a detrimental influence of
increased drinking frequency on WM in particular. This may be because our sample was too
young to have engaged in heavy (and potentially harmful) drinking during the study period.
Nevertheless, given that weakness in WM preceded (and predicted) increases in drinking
frequency observed in our sample, it can be argued that neurocognitive weaknesses observed
in older adolescent samples in previous research (9,12) may not have been entirely a
consequence of their drinking behaviors. At least some of those weaknesses could have been
present beforehand and may have been partly responsible for risky drinking in the first
place. Longitudinal research spanning the course of adolescence is needed to test the
possibility that weak WM leads to excessive alcohol consumption, which can further
compromise WM abilities (58).

The unique role played by the different dimensions of impulsivity as mediators of the
influence of WM on alcohol use is also noteworthy. The two dimensions (AWT and DD)
that displayed negative associations with WM were also the ones linked to increased
drinking frequency. The third dimension of SS, although shared a weak positive association
with initial alcohol use, it was not related to an increase in drinking frequency. In fact, the
intercept of SS was negatively correlated with the slope of AWT (59). This is consistent
with other studies that have found SS to be linked with greater experimentation with alcohol,
but not with increased risk for negative consequences (36). This uniqueness of SS may be
explained by the fact that just like the other impulsivity dimensions, it is influenced by the
ventral-striatal dopamine system (60), but unlike them, it does not share weakness in other
dopamine pathways such as the dorsal nigrostriatal system, which subserves WM and
flexible behavioral control (18,61). Past studies that have reported links between SS and
alcohol use (62) may have detected spurious associations because of inadequate control for
other potentially correlated forms of impulsivity like AWT. Future research would benefit
from systematically accounting for the distinct, yet potentially overlapping forms of
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impulsivity in order to better understand their association with alcohol use. Similarly,
interventions targeting SS to reduce early alcohol use (63) might more profitably focus on
reducing the AWT and DD dimensions of impulsivity.

It is also important to highlight the lack of correlation observed between alcohol use at ages
10-12 and subsequent changes in drinking frequency. This finding seems to contradict
retrospective research that finds early age of drinking onset to be a risk factor for AUD (4).
One reason for this discrepancy could be that it is not necessarily early initiation that
increases risk for later dependence, but instead the presence of other risk factors early on
that predispose youth to later problems with alcohol (64). Another reason may be that it is
too early in the lives of our cohort, given their low rates of alcohol use, to detect an
association between early initiation and subsequent progression in drinking frequency. A
follow-up at later ages may be needed to conclusively prove or disprove this association.

In terms of clinical implications, the results point to the usefulness of working memory
training as a viable intervention strategy to reduce early alcohol use and enhance cognitive
control over impulsive drives (65), thereby reducing risk for problematic alcohol use during
later years. Interventions to improve WM have already been tested with some success (66—
68) and can be delivered universally at young ages (69). Furthermore, given the importance
of impulsivity as a contributor to early alcohol use, combining WM training with skill-
building programs that enhance decision making and problem solving (70) may be
especially effective in reducing impulsive behavior. The ability of WM interventions to
reduce early and risky alcohol use through the potential reduction in dysfunctional forms of
impulsivity seems promising and warrants further investigation.

Although we controlled for important covariates such as parental monitoring and friends’
approval of alcohol use, we did not have information about parental drinking history.
Nevertheless, most theories of early drug use suggest that parental influences are mediated
by factors that were assessed in the present study, such as behavioral disinhibition and
parental monitoring (71). Our study is also limited by the self-reported nature of our data
which may have resulted in under-reporting of alcohol use, although our use of ACASI
should have minimized this bias (38). Further, we focused on the frequency of drinking
episodes and not on the guantity consumed per occasion because of the expectedly low rates
of binge drinking in our early adolescent sample (<7% reported more than one episode).
Nevertheless, it is likely that heavier use of alcohol, than reported by our sample, may
adversely impact WM over time (72). It is also possible that increase in drinking frequency
may have affected other brain functions, such as those sub-served by the hippocampus (73).
Therefore, our null finding regarding the neurocognitive effects of drinking frequency is
limited to WM in a community-based, early adolescent sample. Further, since DD was
assessed only during the last two waves, it can be argued that its effect on the slope of AU is
not necessarily causal. Similarly, the effect of WM on the intercept of AU, mediated through
the intercept of AWT, is also cross-sectional in nature. Finally, because of the limited time-
points of assessments of DD, we could not model its developmental trajectories. Also, the
reliability of our DD measure was weaker in comparison to the WM latent factor and other
impulsivity measures. However, given that this tendency is found to remain relatively stable
(46,74) it seems likely that we were able to parse out its unique mediational effect.

To conclude, our results indicate that early adolescent alcohol use may be a consequence of

(pre-existing) weaknesses in WM rather than a cause of it, as is often assumed. Furthermore,
understanding the role of distinct forms of impulsivity as mediators of the influence of weak
WM on early alcohol use is important for designing effective preventive interventions.
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Figure 1.

Hypothesized model with an illustration of a linear latent growth curve for the Alcohol Use
outcome variable only.

Note. WM = Working Memory, SS = Sensation Seeking, AWT = Acting Without Thinking,
DD = Delay Discounting, AU = Alcohol Use frequency.

*Delay discounting was only assessed during the last two follow-ups and therefore it was
not possible to model trajectories of change in DD. Both fixed and random components were
estimated for each of the repeated measure variables. The residual variances in intercepts
and slopes corresponding to each endogenous key variable will be correlated (correlations
not shown here for reasons of clarity). Although not shown for the sake of clarity, direct
paths from WM to AU intercept and slope were also included in the model.
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Figure 2.

Final model showing only the significant (p<.05) relationships between key variables along
with corresponding standardized coefficient values.

Note. WM = Working Memory, SS = Sensation Seeking, AWT = Acting Without Thinking,
DD = Delay Discounting, AU = Alcohol Use frequency. Bold lines represent the three
significant mediated effects [WM — IntAWT — IntAU; WM — IntAWT — SIpAU and
WM — IntDD — SIpAU]. The effect of age, gender, pubertal development, race-ethnicity,
SES, positive expectations of alcohol, friends’ approval of alcohol use, and perceived
parental monitoring was covaried out (see Table 2). The residual errors of the intercepts of
SS, AWT, and AU were allowed to correlate with the residual errors associated with their
respective slopes. Dashed paths represent the significant correlations between residual errors

(p<.10).
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Unstandardized and standardized coefficient estimates for significant effects on intercepts (int) and slopes

(slp) of key variables.

Path Represented Unstandardized coefficient (SE) pvalue
Key Variables effect on Mediating Variables

INtWM — IntSS .07(.04) =05
INtWM —IntAWT -.04(.01) <.05
INtWM — IntDD -.27(.11) <.05
Key Variables effect on Outcome Variables

INtAWT — IntAU .40(.20) <.05
INAWT — SIpAU 41(.13) =.001
SIPAWT — SIpAU 84(.31) <01
IntDD — SIpAU .04(.02) <.05
Influence of Covariates

Age — IntWM 45(.10) <.001
Age — INtAWT .04(.02) <.05
Age — SIpAU .05(.02) <01
Age — SIpSS -.23(.11) <.05
Female — IntwWM —-.44(.22) <.05
Female — IntAWT -.07(.02) <.001
Female — IntSS -.23(.06) <.001
Pubertal dev X Female — IntWM .34(.15) <.05
Pubertal dev — IntAWT .04(.01) <.01
Pubertal dev — IntSS .16(.03) <.001
Black (Race-eth) — IntAWT .08(.03) <.01
Black (Race-eth) — IntDD 41(.18) <.05
Others (Race-eth) — SIpAU -.11(.03) =.001
SES — IntWM .02(.01) <.001
SES — IntDD -.01(.00) <.05
Friends Approve — IntAU .14(.05) <.01
Positive Expectancies — IntAU .23(.06) <.001

Note.

Int = Intercept, Slp = Slope, WM = Working Memory, SS = Sensation Seeking, AWT = Acting Without Thinking, DD = Delay Discounting, AU =

Alcohol Use frequency.

White was the reference category for Race-Ethnicity covariate. All continuous covariates are scored such that higher scores imply higher values on

that variable.
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