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Abstract

Background: Prenatal alcohol exposure (PAE) impacts cognition in childhood and early
adulthood. Here we evaluate the cognitive abilities of middle-aged adults with and without a
history of PAE.

Methods: Participants (N=200) were recruited from longitudinal cohorts in the Atlanta and
Seattle metropolitan areas and completed measures comprising the NIH Toolbox’s Fluid
Cognition Composite.

Results: We found that PAE was associated with lower Fluid Cognition Summary scores

and lower Dimensional Change Card Sort and Flanker task subtest scores after accounting for
potentially confounding demographic variables using propensity scores, as well as the effects of
study site. When we evaluated the effects of PAE with and without dysmorphic physical features,
we found middle-aged adults in both groups had lower Fluid Cognition scores than non-PAE
controls. However, only the presence of PAE with dysmorphic features was associated with lower
performance on the Dimensional Change Card Sort Test and Flanker tasks.

Conclusion: While all those with PAE had lower fluid cognition, individuals with PAE and
dysmorphic features also exhibited specific deficits in their performance on measures of inhibition,
attention, and cognitive flexibility. In conclusion, we find that PAE is associated with ongoing
cognitive deficits in middle adulthood, and these can be observed most clearly among those
individuals with dysmorphic features.
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INTRODUCTION

Prenatal alcohol exposure is known to be associated with negative outcomes, including a
wide range of cognitive deficits. Studies have found that children with a history of PAE
show deficits across many cognitive domains (Mattson et al., 2011, Mattson et al., 2019).
These domains include lower overall intellectual ability (Mattson et al., 2011), sustained
attention (Mattson et al., 2006, Lee et al., 2004), inhibitory control (Connor et al., 2000,
Gerhold et al., 2017, Mattson et al., 1999), cognitive flexibility (Coles et al., 1997, McGee
et al., 2008), processing speed (Burden et al., 2005), working memory (Green et al.,

2009, Kodituwakku et al., 1995), as well as learning and memory (Coles et al., 2010,
Vaurio et al., 2011). Relative to their peers, young adults with PAE continue to exhibit
cognitive impairment on measures of intellectual ability (Streissguth et al., 1991), visual-
and auditory-attention (Connor et al., 1999), verbal and non-verbal memory (Coles et al.,
2010, Coles et al., 2011), and measures tapping executive functions (i.e., working memory,
planning, and set-shifting; Rangmar et al., 2015).

Children with PAE also exhibit alterations in normative brain development, including
reduced volume size across cortical and subcortical structures (Moore and Xia, 2022).
Furthermore, several studies have found that these changes in brain volume are associated
with performance on cognitive tasks. Hippocampal volume has been found to correlate with
verbal and spatial memory (Willoughby et al., 2008), caudate volume with measures of
cognitive control and verbal memory (Fryer et al., 2012), and smaller basal ganglia with
lower 1Q scores (Roussotte et al., 2012).

Thus far there have been no studies of cognition in middle adulthood among people with
PAE. In their review, Moore and Riley (2015) suggested that smaller brain volumes in
children with PAE may reflect a “developmental delay,” (for application of this framework
to other developmental disorders see: Chawner et al., 2017, Kinsbourne, 1973, Hoogenhout
and Malcolm-Smith, 2014, Fisch et al., 1996) raising the possibility that affected individuals
may “catch up” in some domains as they mature. This developmental delay hypothesis
reflects a conception of development that assumes neurological impairment in a population
is associated with developmental delays rather than persistent deficits. According to this
viewpoint, older adults with PAE should exhibit equivalent ability to non-PAE controls

in some or all cognitive domains most characteristic of PAE, presumably associated with
the many factors in the postnatal environment that can lead to relative improvements in
affected individuals. In contrast, the developmental deficit hypothesis provides an alternative
prediction that there will be persistent and measurable deficits associated with PAE’s early
insult.

Studies evaluating long-term outcomes in individuals with other neurodevelopmental
disorders tend to be consistent with a developmental deficit hypothesis. They find that
intellectual ability tends to remain stable into middle-age in some developmental disorders
(i.e., remaining lower than that of typically developing adults), such as autism spectrum
disorder (ASD) (Magiati et al., 2014) and Williams syndrome (Sauna-Aho et al., 2019,
Searcy et al., 2004). Studies of these populations evaluating lifespan trajectories in cognitive
domains beyond intellectual ability have been somewhat limited. A review of cognitive
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deficits domains among middle-aged and older adults with ASD is mixed (Tse et al., 2022),
as some studies show worse performance in the ASD group, a minority showing superior
performance in the ASD group, and some showing equivalent performance. Individuals

with Williams syndrome have been found to show persistent impairment on measures
tapping inhibition and attention, cognitive flexibility, and processing speed (Condy et al.,
2022). Individuals with Down syndrome exhibit earlier onset of physical aging and have
higher rates of age-related cognitive decline in the form of dementia (Esbensen, 2010).
Intellectual ability in adults with Down syndrome is lower than in typically developing
adults, but the ability to quickly and flexibly solve novel problems (i.e., fluid intelligence)
declines at a similar rate in both groups while the application of accumulated knowledge
(i.e., crystallized intelligence) decreases faster in Down syndrome (Carr, 2005). In attention-
deficit/hyperactivity disorder (ADHD), there is limited evidence suggesting differences in
intellectual ability may normalize in middle-age (Hong et al., 2022), but individuals continue
to exhibit a variety of cognitive deficits in other domains (Mostert et al., 2015, Mowinckel et
al., 2015).

Prenatal alcohol represents a brain insult /n utero, but the lifespan impact of this insult is

not well known. The only available research is with young adults with confirmed PAE,

and while that work suggests neurocognitive impairment persists into early adulthood
(Streissguth et al., 1991, Connor et al., 2000, Connor et al., 1999, Coles et al., 2010, Coles
etal., 2011), catching up may still be possible. Thus, there is a need for studies to evaluate
individuals beyond their third decade of life to evaluate whether the developmental delay
hypothesis remains viable and to understand the nature of those deficits that persist. Here we
evaluate the cognitive ability of middle-aged adults with and without PAE using the National
Institutes of Health (NIH) Toolbox, a standardized measure of cognitive functioning for

use with individuals throughout the lifespan, to assess aspects of fluid cognition. We
selected this domain because previous studies have children with PAE to exhibit deficits in
fluid intelligence and related domains (e.g., executive functions; Kodituwakku et al., 2011,
Mattson et al., 2019, Briana Lees et al., 2020, Connor et al., 2000). If the developmental
delay hypothesis is true, we would expect the performance of individuals with and without
PAE to be equivalent. Conversely, if the developmental deficit hypothesis is correct, we
would expect adults with a history of PAE would demonstrate lower performance than those
without such history.

METHODS

Participants

Participants were recruited from two longitudinal research programs in Atlanta (Lynch et al.,
2017, Coles et al., 2002, Coles et al., 1985) and Seattle (Streissguth et al., 1996, Streissguth
etal., 1991, Streissguth et al., 1985) that are following individuals with a history of prenatal
alcohol exposure as well as contrast groups of unexposed individuals. Recruitment at both
sites targeted a subset of the original cohorts (target n at each site=120), but enrollment

was hampered by the COVID-19 pandemic. The Atlanta cohort was predominantly African
American, consisting of 427 individuals between the ages 32-40, of whom 97 took part
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in the current study. The Seattle cohort was predominantly White and American Indian,
comprising 475 individuals, aged 29-64, of whom 103 took part in the current study.

The Atlanta cohort were children of women receiving prenatal care at a large, inner-city
hospital that served a predominantly Black population, of low socioeconomic class. All
women applying for prenatal care between 1981 and 1986 were screened for alcohol use,
and mothers were recruited for the study if they denied drinking any alcohol or if they
reported drinking at least 1 ounce of absolute alcohol per occasion at least once a week.
Participants were interviewed again a week later to obtain additional information, including
detailed information regarding alcohol consumption. Following the family’s recruitment
and postpartum assessment of medical, behavioral, and dysmorphic outcomes (Coles et al.,
1985, Coles et al., 1987), participants were reassessed in childhood (Coles et al., 1997),
adolescence (Coles et al., 2002), and in early adulthood (Lynch et al., 2015). Members

of this cohort were not formally evaluated for diagnoses along the fetal alcohol spectrum.
However, they were previously assessed for dysmorphic features which is present in a
sizable minority within the sample (Table 1). Although the presence of such physical
features does confer a diagnosis of FAS, these are more commonly found in infants with
high levels of PAE (Bandoli et al., 2020). Furthermore, their presence is associated with
worse cognitive outcomes in infancy (Bandoli et al., 2019) and early childhood (Bandoli et
al., 2022), as well as worse physical outcomes in later life (Kable et al., 2023).

Most members of the Seattle cohort were referred as children to the University of
Washington for clinical evaluation between 1973-1995 and recruited for participation in
research studies when PAE was ascertained. Clinical referrals were predominantly due

to cognitive and/or behavioral problems along with known or suspected PAE. Several
reports have documented the cognitive and physical sequalae (among other characteristics)
of PAE in members of this cohort beginning in childhood and continuing to adulthood
(Streissguth et al., 1991, Streissguth et al., 1996, Streissguth et al., 1985). A substantial
minority of children with a history of PAE from this cohort were diagnosed with Fetal
Alcohol Syndrome (FAS; Table 2). Notably, while children in both cohorts were assessed for
dysmorphia, this assessment was not uniform across sites. Members of the Atlanta cohort
were assessed using a weighted checklist while the Seattle cohort evaluation was evaluated
using an unweighted checklist (Sampson et al., 1997). Both groups can be characterized
as having alcohol-related dysmorphic features or not. Most members of the control group
were recruited during the same time frame as the PAE groups and chosen to be similar

to the PAE participants in age, sex, and race. In some cases, control participants were
unexposed, non-biological siblings of alcohol affected individuals. To the extent that some
contemporaneously recruited controls had moved away and were unable to participate,
additional controls were recruited from the greater Seattle area. These more recently
recruited controls were screened to ascertain that they were reasonably certain that their
biological mother did not consume alcohol to any significant extent while pregnant.

Study records and commercially available databases that identified current addresses,
phone numbers, and other information were used to obtain participant contact information.
Eligible participants who could be reached were informed by mail, phone, or email of the
opportunity to participate. Informed consent was carried out in person or remotely using
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REDCap (Research Electronic Data Capture), a HIPAA-compliant secure web application
for building and managing online surveys and databases approved for use by the internal
review boards at Emory University School of Medicine and the University of Washington.
Participants who took part in the study completed the NIH Toolbox as part of a an in-person
research visit.

Participants completed a demographic survey, including self-reported income, occupation,
education, race, ethnicity, and marital status. Education, and occupation were recoded into
a set of discrete categories using the Hollingshead Index (Hollingshead, 2011). Information
about PAE and the presence of dysmorphic features was collected during prior study visits.

Participants were also administered the set of subtests from the NIH Toolbox Cognition
Battery (Weintraub et al., 2013) administered on an iPad. The Toolbox was administered by
trained postdoctoral residents and graduate-level students in psychology.

Fluid Cognition Composite Score—Performance on the NIH Toolbox subtests was
used to derive a Fluid Cognition Composite Score (Akshoomoff et al., 2013). The Fluid
Cognition standard score, with a mean of 100 and a standard deviation of 15, is thought

to provide a global assessment of an individual’s efficiency in learning and processing
novel information. Fluid abilities are thought to be particularly vulnerable to disruptions

in biological processes, including aging and disorders that affect the brain, and are less
reliant on past experiences (Akshoomoff et al., 2013). These abilities are contrasted with
crystallized intelligence, which is believed to reflect the accumulation of knowledge and
experience and therefore declines with age at a slower rate than fluid intelligence. Subtests
used to derive the Fluid Cognition Composite Score are listed below. Raw scores for the
subtests and composite score were converted into age-adjusted standard scores, with a mean
of 100 and a standard deviation of 15.

Dimensional Change Card Sort Test (DCCS)—The DCCS is used to evaluate
cognitive flexibility. Participants viewed two target pictures that vary along the dimensions
of shape and color. Participants were asked to match a series of test pictures to the target
pictures according to one of these dimensions. On “Switch” trials, participants were required
to change the dimension being matched (e.g., matching shapes on color, then on shape, and
then on color again). Scoring was computed using a combination of accuracy and response
times, with raw values ranging from 0-10.

Flanker Inhibitory Control and Attention (Flanker)—The Flanker is a measure of
attention and inhibitory control. Participants viewed a row of arrows and instructed to
indicate the direction the middle arrow was pointing. On congruent trials the middle arrow
pointed in the same direction as the surrounding arrows, and on incongruent trials the middle
arrow was pointing in the opposite direction as the surrounding arrows. Scores were derived
from on an integration of accuracy and response times, with raw values ranging from 0-10.

List Sorting Working Memory Test (List Sorting)—The List Sorting task is used to
assess working memory. Participants were presented with pictures of different foods and

Alcohol Clin Exp Res (Hoboken). Author manuscript; available in PMC 2024 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shapiro et al. Page 6

animals displayed with accompanying audio recording and written text (e.g., “elephant”).
Participants were first asked to recall the items in size order from smallest to largest within

a single dimension (either a list of animals or foods). Participants were then presented with
lists containing both categories and to recall the food items followed the animals (both in
size order). Performance was scored by summing the number of correct responses on all lists
and ranged from 0-26.

Picture Sequence Memory Test (PSMT)—The PSMT was used to assess Episodic
Memory. Participants were presented with a series of illustrations of objects and activities

in a particular order. These illustrations were then shuffled, and participants were asked to
place them in the correct order. Scoring was computed by converting the number of correctly
placed adjacent pairs for trials 1 and 2 to a theta score, which ranges from 0-1.

Pattern Comparison Processing Speed Test (Pattern Comparison)—The Pattern
Comparison is a measure of processing speed. Participants viewed a series of pictures,
presented two at a time, and were asked to indicate if they were the same or not. Participants
were given 85 seconds to respond to as many items as possible (up to a maximum of 130).
Scores ranged from 0-130, reflecting the number of items answered correctly.

Analyses

Participants were permitted to refuse to answer any question they did not want to answer
and to stop completing any cognitive test they did not want to finish. Fewer than 25% of
participants did not answer all of the demographic questions, and fewer than 5% did not
complete a cognitive test. To account for missing data (Tables 1-2) we conducted multiple
imputation (Graham et al., 2007) of missing demographic and cognitive test scores using
all available demographic variables with the MICE software package in R (van Buuren and
Groothuis-Oudshoorn, 2011). Multiple imputation is recommended for handling missing
relative to listwise deletion because it reduces bias resulting from nonrandom patterns

of missingness, preserves statistical power, and allows important characteristics of the
sample to be preserved (Graham, 2009). Although there can be concern when imputing
data that contains systematic patterns of nonrandom missingness, data imputation was
relatively minimal and allows all available data to be utilized rather than relying reports
from participants with complete data.

We used two complimentary approaches to control for potential variance associated with
differences in site and demographic factors: propensity scores and multilevel modeling.
Propensity scores are defined (Rosenbaum and Rubin, 1983) as the probability of treatment
assignment (or group membership) conditional on observed covariates: e;= Pr(Z;= 1|X)).
These scores reflect an individual’s likelihood of membership in a particular group (e.g.,
PAE or control) given a set of covariates. Propensity scores are helpful when individuals
cannot be randomly assigned to a group, as is the case here.

Propensity scores in this study were derived by regressing demographic variables on PAE
status. Our use of propensity scores allowed us to account for a large number of important
covariates without the additional complications arising from incorporating a large number of
predictors within a regression (e.g., collinearity; Austin, 2011).
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Given the differences across sites in demographic characteristics (Tables 1-2) and to
account for the nested structure of our data (i.e., participants nested within sites) we
calculated participants’ propensity scores within a multilevel framework using the Ime4
(Bates, Maechker, Bolker, & Walker, 2015) and ImerTest (Kuznetsova, Brockhoff, &
Christensen, 2017) packages in R (version 4.2.1). Given differences across cohort in the
recruitment of participants and assessment of PAE, we formally evaluated whether PAE was
similarly associated with demographic characteristics and cognitive outcomes at each site.
We hypothesized that the relationship between demographic variables and PAE would be
unlikely to differ across sites (e.g., the relationship between income with PAE would be
similar in both sites, while the mean values of these might vary across sites). In other words,
we hypothesized the best model would be one in which intercept, but not slope, varied as a
random effect for site. We were able to fit our hypothesized model but also evaluated a series
of models in which we included random slopes and random intercepts. All models in which
random slopes were included (i.e., models in which the relationship between demographic
variables and PAE differed by site) resulted in a singular model fit, suggesting the inclusion
of random slopes resulted in overfitting. Consequently we selected our initial model (Barr et
al., 2013).

We then conducted a series of multilevel regression models in which we predicted age-
adjusted scores from the NIH Toolbox using PAE and our previously derived propensity
scores, while accounting for the hierarchical nature of the data (individuals nested within
city). Again, we hypothesized that the relationship between PAE and propensity scores with
our cognitive outcomes would be best described by a model with only random intercepts.
Again, we were able to fit our hypothesized model, but the inclusion of random slopes in our
model resulted in a singular model fit, eliminating our concern about interactions between
site and PAE or propensity scores and leading us again to select our initial model.

We first evaluated the unconditional means model, in which we only regressed our outcomes
on site using the following formula: Cognitive Outcome ~ 1 + (1|Site), with 1|Site
representing the effect of site. We then derived the Intraclass Correlation Coefficient (ICC),
which provides an estimate of the variance which can be attributed to site for each outcome
(Table 5). Of these, the Fluid Cognition score ICC was largest, indicating that 14.6% of the
overall variance in this measure was attributable to between-site variation whereas 85.4%
was attributable to within-site variation. ICC values for the individual subtest scores varied
ranged between 4.3-13.5%. Thus, we found evidence of significant cross-site variance
supporting our modeling choice.

We first evaluated the hypothesis that PAE continues to be associated with deficits in fluid
cognitive abilities in middle adulthood. We conducted a series of multilevel analyses in
which we regressed PAE (defined as the presence/absence of any level of PAE) and the
propensity score on each of the scores for the cognitive tasks (Fluid Cognition, DCCS,
Flanker, List Sorting, PSMT, and Pattern Comparison). Models were specified in the
following template: Cognitive Outcome~ PAE Status + Propensity Score + (1/Site).

Next, we also evaluated the possibility that the association between PAE and cognitive
ability will differ among individuals with and without dysmorphology (Bandoli et al., 2019,
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Bandoli et al., 2022). To test this possibility, we divided the alcohol-exposed individuals
into those with dysmorphology (PAE+: Yes/No) and those without dysmorphology (PAE-:
Yes/No). We created propensity scores for PAE+ and PAE- and then again regressed each
one of the outcome measures on PAE+, PAE- and both propensity scores. These models
were specified as follows: Cognitive Outcome~ (PAE+) + (PAE-) + (Propensity Score for
PAE+) + (Propensity Score for PAE-) + (1/Site).

Demographic characteristics of participants are shown in Tables 1-2. Although, similar in
most respects, we found participants with PAE were lower on the Hollingshead classification
of perceived job status across sites. In the Atlanta cohort, control group members were more
likely to be White, less likely to be Black (although both groups were predominantly Black
at 85.4% and 98.2%, respectively), and have lower rates of being separated from a partner
than the PAE group. In Seattle, the control group had higher income and more education,
were more likely to be currently married, and were less likely to have never been married,
relative to the PAE group.

Descriptive statistics for the cognitive scores in each cohort can be seen in Tables 3—4.
Prenatal alcohol exposure (Yes/No) was associated with lower Fluid Cognition, DCCS, and
Flanker scores after accounting for co-occurring demographic variables (all p<.01; Table 6).
Other subtests did not show such effects. In this set of models, propensity scores predicted
performance on all measures (all p<.05).

When we evaluated the presence (PAE+) or absence (PAE-) of dysmorphic features (Table
7), we found participant’s PAE was associated with lower Fluid Cognition scores regardless
of dysmorphology. However, only the presence of PAE with dysmorphia (PAE+) was also
associated with significantly lower performance on the DCCS and Flanker tasks (both
p<.01). In the second set of models, propensity scores for PAE+, but not PAE-, predicted
task performance. There were no additional differences between adults with and without
PAE.

DISCUSSION

This is the first study to evaluate the cognitive abilities of middle-aged adults with PAE.
The long-term effects of PAE on fluid cognition in middle adulthood were evaluated using
the NIH Toolbox. PAE groups had lower mean scores on overall fluid cognitive ability

than controls, suggesting these individuals are more likely to exhibit ongoing problems

in abilities such as problem solving, adaptively adjusting to environmental changes,
impulsivity, and attention. Statistically significant performance deficits associated with PAE
also were found on individual measures of inhibition and attention, and cognitive flexibility
but not on measures of working memory (List Sorting), episodic memory (Picture Sequence
Memory Test) or processing speed (Pattern Comparison). These results suggest there is
evidence that deficits previously observed in younger individuals are also evident (and may
have persisted) into midlife. Some of our results are consistent with a “deficit” model of
development, also evident in other neurodevelopmental disorders. Specifically, individuals
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with PAE were impaired with regard to broad fluid cognition and measures of cognitive
flexibility and inhibition and attention, with performance in the latter subdomains being
particularly affected in participants with dysmorphic features. Conversely, however, there is
also evidence for a “delay” model as the performance of individuals with PAE did not differ
on measures of working memory, processing speed or episodic memory. Nonetheless, this
study was restricted to a cross-sectional estimate of cognitive functioning in the two samples
and evaluating only a limited set of abilities. Understanding the trajectory of cognitive
ability among people with PAE will require additional longitudinal studies evaluating the
cognitive skills of this population across many domains, sampled using a metric which can
be evaluated over time.

In most studies, dysmorphic features are associated with more impaired cognitive outcomes
(Ervalahti et al., 2007, Bandoli et al., 2022, Roussotte et al., 2012), presumably because they
are associated with higher and more consistent levels of alcohol exposure during pregnancy
or because the individual was more vulnerable to alcohol’s effects. In this study also, we
found that having PAE with dysmorphic features predicted lower scores on specific subtests
as well as the overall composite score. However, it was observed that the alcohol-exposed
group without dysmorphic features was also significantly different from unexposed controls
on the Fluid Cognition Composite Score, but not on any one particular test from which the
summary score was derived. Individuals without dysmorphic features may have a global
deficit in fluid cognition, which subtly affected their performance across all subtests covered
by this construct, but only reached significance when scores were aggregated in the form

of a summary score. According to this view, those with PAE and dysmorphic features

share this global deficit but also suffer from specific impairments in attention, inhibitory
control, and cognitive control. Similar patterns of results have been observed in other
studies, including members of the Atlanta cohort (Coles et al., 2010), which found that
while all individuals with PAE tend to exhibit some degree of cognitive impairment, the
cognitive abilities of individuals with dysmorphology were more compromised than those
without dysmorphology. An alternative explanation is that the individual subtests of the NIH
Toolbox were not sufficiently sensitive to capture subtle alcohol-related deficits, while these
were detected by the Fluid Cognition Composite Score because, as a summary score, it is
more psychometrically robust (Weintraub et al., 2014, Heaton et al., 2014).

We found substantial variation in performance was attributed to the site location and
demographic characteristics (summarized as propensity scores). These observed effects
point to the necessity of controlling these and other potentially extraneous factors in
analyses aimed at understanding the impact of PAE on developmental outcomes. Using a
multilevel modeling approach and propensity scores, we were able to control for many of
the environmental and social factors that can obscure the impact of alcohol exposure and
gain greater confidence that our findings truly reflect the specific effect of PAE. However,
we were limited by the small number of sites from which participants were recruited and the
focus on samples in large urban areas. Likewise, there are also differences due study design
and recruitment across sites, which may limit the interpretation of our results. We would
also be more confident in the generalizability of our results (for example to individuals

in rural communities) and have greater precision in distinguishing between environmental
and PAE effects on cognition if we were able to include additional samples from a variety
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of locations. Nonetheless, it is evident that environmental/demographic factors significantly
impact cognitive function, and the inclusion of participants from two geographically and
demographically distinct sites allowed us to distinguish between effects of PAE and the
environment.

There are additional limitations to our study. While we demonstrated that fluid intelligence
in those with PAE remains relatively lower than that in matched peers, we did not determine
whether this reflected further decline. That is, it is not evident whether these differences

are consistent with deficits that might have been observed earlier in life or are exacerbated
by early cognitive decline. Variations in historical assessments of cognitive functioning
between these two cohorts make such a comparison not possible. We also could not
determine whether there may be global reductions in cognitive ability (i.e., in both fluid

and crystallized intelligence). Better understanding the long-term trajectory of cognitive
functioning in PAE is a worthy goal of future work.

An additional limitation of this study is that only a subset of participants (approximately
25%) of the cohort at each site completed the current study. This partially reflects an a

priori intention to recruit a smaller subsample of each cohort, but also is the result of
constraints imposed by the COVID-19 pandemic and the difficulty inherent in recruiting and
retaining individuals with cognitive impairment, lower SES, and family histories of heavy
alcohol use. The low participation rate raises the possibility that participant self-selection
may have occurred and skewed the results. At both sites a greater number of individuals with
PAE completed this visit than did same age controls, suggesting recruitment did not favor
unimpaired individuals with fewer barriers to participation. However, it is still possible that
among the PAE group individuals with greater impairment were more likely to participate in
this study (for example perhaps because less-impacted individuals were busier and declined
to participate or perhaps because more impaired individuals had more caregiver support that
facilitated their participation).

This study extends recent work to show that PAE is associated with ongoing neurocognitive
impairment in addition to physical (Kable et al., 2023) and mental health (Coles et al.,
2022) problems in middle age. The impairments reported here appear to have persisted into
middle age, and while the presence of dysmorphic features was associated with greater
cognitive vulnerability, the developmental deficit model was supported regardless of the
presence of physical features. The study also found that the relationship between PAE

and cognitive ability was not impacted by location, though environment showed strong,
independent effects on cognitive ability. The implications of these findings are both that
individuals with PAE are likely to require continued support to reduce the negative impact of
cognitive impairment and that environmental factors may provide other means of supporting
cognitive function for individuals with and without PAE.

Acknowledgments

This research was funded by supported by NIH Research Grants # U01AA026108 funded by the National Institute
on Alcohol Abuse and Alcoholism (NIAAA)-Claire Coles, PI. All or part of this work was done in conjunction
with the Collaborative Initiative on Fetal Alcohol Spectrum Disorders (CIFASD), which is funded by grants from
the National Institute on Alcohol Abuse and Alcoholism (NIAAA). Additional information about CIFASD can be
found at www.cifasd.org.

Alcohol Clin Exp Res (Hoboken). Author manuscript; available in PMC 2024 October 01.


http://www.cifasd.org/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shapiro et al. Page 11

The authors wish to thank Tim Smith-Stewart for his assistance in carrying out this study.

References

AKSHOOMOFF N, BEAUMONT JL, BAUER PJ, DIKMEN SS, GERSHON RC, MUNGAS
D, SLOTKIN J, TULSKY D, WEINTRAUB S, ZELAZO PD & HEATON RK 2013. VIII.

NIH TOOLBOX COGNITION BATTERY (CB): COMPOSITE SCORES OF CRYSTALLIZED,
FLUID, AND OVERALL COGNITION. Monographs of the Society for Research in Child
Development, 78, 119-132. [PubMed: 23952206]

AUSTIN PC 2011. An Introduction to Propensity Score Methods for Reducing the Effects of
Confounding in Observational Studies. Multivariate Behav Res, 46, 399-424. [PubMed: 21818162]

BANDOLI G, COLES C, KABLE J, JONES KL, DELKER E, WERTELECKI W, YEVTUSHOK
L, ZYMAK-ZAKUTNYA N, GRANOVSKA I, PLOTKA L, CHAMBERS C & CIFASD T 2022.
Alcohol-related dysmorphic features as predictors of neurodevelopmental delay in infants and
preschool-aged children: Results from a birth cohort in Ukraine. Alcohol: Clinical and Experimental
Research, 46, 2236-2244.

BANDOLI G, COLES CD, KABLE JA, WERTELECKI W, YEVTUSHOK L, ZYMAK-ZAKUTNYA
N, WELLS A, GRANOVSKA 1V, PASHTEPA AO & CHAMBERS CD 2019. Patterns of Prenatal
Alcohol Use That Predict Infant Growth and Development. Pediatrics, 143.

BANDOLI G, JONES K, WERTELECKI W, YEVTUSHOK L, ZYMAK-ZAKUTNYA N,
GRANOVSKA |, PLOTKA L, CHAMBERS C & CIFASD T 2020. Patterns of Prenatal Alcohol
Exposure and Alcohol-Related Dysmorphic Features. Alcohol: Clinical and Experimental Research,
44, 2045-2052.

BARR DJ, LEVY R, SCHEEPERS C & TILY HJ 2013. Random effects structure for confirmatory
hypothesis testing: Keep it maximal. J Mem Lang, 68.

LEES BRIANA, B.PSYCH. ,, MEWTON LOUISE, PH.D. ,, JACOBUS JOANNA, PH.D. ,,
VALADEZ EMILIOA, PH.D. ,, STAPINSKI LEXINEA, PH.D. ,, TEESSON MAREE, PH.D. ,,
TAPERT SUSANF, PH.D., & SQUEGLIA LINDSAYM, PH.D. 2020. Association of Prenatal
Alcohol Exposure With Psychological, Behavioral, and Neurodevelopmental Outcomes in Children
From the Adolescent Brain Cognitive Development Study. American Journal of Psychiatry, 177,
1060-1072. [PubMed: 32972200]

BURDEN MJ, JACOBSON SW, SOKOL RJ & JACOBSON JL 2005. Effects of prenatal alcohol
exposure on attention and working memory at 7.5 years of age. Alcohol Clin Exp Res, 29, 443-52.
[PubMed: 15770121]

CARR J 2005. Stability and change in cognitive ability over the life span: a comparison of populations
with and without Down’s syndrome. Journal of Intellectual Disability Research, 49, 915-928.
[PubMed: 16287480]

CHAWNER S, DOHERTY JL, MOSS H, NIARCHOU M, WALTERS JTR, OWEN MJ & VAN DEN
BREE MBM 2017. Childhood cognitive development in 22q11.2 deletion syndrome: case-control
study. Br J Psychiatry, 211, 223-230. [PubMed: 28882829]

COLES CD, GOLDSTEIN FC, LYNCH ME, CHEN X, KABLE JA, JOHNSON KC & HU X
2011. Memory and brain volume in adults prenatally exposed to alcohol. Brain Cogn, 75, 67-77.
[PubMed: 21067853]

COLES CD, GRANT T, KABLE JA, STONER S, PEREZ A & CIFASD 2022. Prenatal Alcohol
Exposure and Mental Health at Midlife: A Preliminary Report on Two Longitudinal Cohorts.
Alcoholism Clinical and Experimental Research, 232— 242. [PubMed: 35157325]

COLES CD, LYNCH ME, KABLE JA, JOHNSON KC & GOLDSTEIN FC 2010. Verbal and
nonverbal memory in adults prenatally exposed to alcohol. Alcohol Clin Exp Res, 34, 897-906.
[PubMed: 20201929]

COLES CD, PLATZMAN KA, LYNCH ME & FREIDES D 2002. Auditory and visual sustained
attention in adolescents prenatally exposed to alcohol. Alcohol Clin Exp Res, 26, 263-71.
[PubMed: 11964567]

COLES CD, PLATZMAN KA, RASKIND-HOOD CL, BROWN RT, FALEK A & SMITH IE
1997. A Comparison of Children Affected by Prenatal Alcohol Exposure and Attention Deficit,

Alcohol Clin Exp Res (Hoboken). Author manuscript; available in PMC 2024 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shapiro et al. Page 12

Hyperactivity Disorder. Alcoholism, clinical and experimental research, 21, 150-161. [PubMed:
9046388]

COLES CD, SMITH |, FERNHOFF PM & FATEK A 1985. Neonatal Neurobehavioral Characteristics
as Correlates of Maternal Alcohol Use during Gestation. Alcohol: Clinical and Experimental
Research, 9, 454-460.

COLES CD, SMITH IE, LANCASTER JS & FALEK A 1987. Persistence over the first month
of neurobehavioral differences in infants exposed to alcohol prenatally. Infant Behavior and
Development, 10, 23-37.

CONDY EE, BECKER L, FARMER C, KAAT AJ, CHLEBOWSKI C, KOZEL BA & THURM
A 2022. NIH Toolbox Cognition Battery Feasibility in Individuals With Williams Syndrome:
AJMR. American Journal on Intellectual and Developmental Disabilities, 127, 473-484. [PubMed:
36306408]

CONNOR PD, SAMPSON PD, BOOKSTEIN FL, BARR HM & STREISSGUTH AP 2000. Direct
and indirect effects of prenatal alcohol damage on executive function. Dev Neuropsychol, 18,
331-54. [PubMed: 11385829]

CONNOR PD, STREISSGUTH AP, SAMPSON PD, BOOKSTEIN FL & BARR HM 1999. Individual
Differences in Auditory and Visual Attention Among Fetal Alcohol-Affected Adults. Alcoholism:
Clinical and Experimental Research, 23, 1395-1402. [PubMed: 10470983]

ERVALAHTI N, KORKMAN M, FAGERLUND A, AUTTI-RAMO |, LOIMU L & HOYME HE
2007. Relationship between dysmorphic features and general cognitive function in children with
fetal alcohol spectrum disorders. American Journal of Medical Genetics Part A, 143A, 2916-2923.
[PubMed: 18000897]

ESBENSEN AJ 2010. Health conditions associated with aging and end of life of adults with Down
syndrome. Int Rev Res Ment Retard, 39, 107-126. [PubMed: 21197120]

FISCH GS, SIMENSEN R, TARLETON J, CHALIFOUX M, HOLDEN JJA, CARPENTER N,
HOWARD-PEEBLES PN & MADDALENA A 1996. Longitudinal study of cognitive abilities and
adaptive behavior levels in fragile X males: A prospective multicenter analysis. American Journal
of Medical Genetics, 64, 356-361. [PubMed: 8844080]

FRYER SL, MATTSON SN, JERNIGAN TL, ARCHIBALD SL, JONES KL & RILEY EP 2012.
Caudate volume predicts neurocognitive performance in youth with heavy prenatal alcohol
exposure. Alcohol Clin Exp Res, 36, 1932-41. [PubMed: 22551091]

GERHOLD MM, JACOBSON SW, JACOBSON JL, MOLTENO CD, MEINTJES EM & ANDREW
CM 2017. An ERP Study of Response Inhibition in the Auditory Domain in Children with
Fetal Alcohol Spectrum Disorders. Alcoholism: Clinical and Experimental Research, 41, 96-106.
[PubMed: 27925227]

GRAHAM JW 2009. Missing Data Analysis: Making It Work in the Real World. Annual Review of
Psychology, 60, 549-576.

GRAHAM JW, OLCHOWSKI AE & GILREATH TD 2007. How Many Imputations are Really
Needed? Some Practical Clarifications of Multiple Imputation Theory. Prevention Science, 8, 206—
213. [PubMed: 17549635]

GREEN CR, MIHIC AM, NIKKEL SM, STADE BC, RASMUSSEN C, MUNOZ DP & REYNOLDS
JN 2009. Executive function deficits in children with fetal alcohol spectrum disorders (FASD)
measured using the Cambridge Neuropsychological Tests Automated Battery (CANTAB). J Child
Psychol Psychiatry, 50, 688-97. [PubMed: 19175817]

HEATON RK, AKSHOOMOFF N, TULSKY D, MUNGAS D, WEINTRAUB S, DIKMEN S,
BEAUMONT J, CASALETTO KB, CONWAY K, SLOTKIN J & GERSHON R 2014. Reliability
and validity of composite scores from the NIH Toolbox Cognition Battery in adults. J Int
Neuropsychol Soc, 20, 588-98. [PubMed: 24960398]

HOLLINGSHEAD AB 2011. Four Factor Index of Social Status. Yale Journal of Sociology, 8, 21-51.

HONG JS, LEE YS, HONG M, KIM B, JOUNG YS, YOO HK, KIM E-J, LEE SI, BHANG SY, LEE
SY, BAHN GH & HAN DH 2022. Cognitive Developmental Trajectories in Adult ADHD Patients
and Controls: A Comparative Study. Journal of Attention Disorders, 26, 391-407. [PubMed:
33472514]

Alcohol Clin Exp Res (Hoboken). Author manuscript; available in PMC 2024 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shapiro et al.

Page 13

HOOGENHOUT M & MALCOLM-SMITH S 2014. Theory of mind in autism spectrum disorder:
Does DSM classification predict development? Research in Autism Spectrum Disorders, 8, 597—
607.

KABLE JA, MEHTA PK, RASHID F & COLES CD 2023. Path analysis of the impact of prenatal
alcohol on adult vascular function. Alcohol: Clinical and Experimental Research, 47, 116-126.
KINSBOURNE M 1973. Minimal brain dysfunction as a neurodevelopmental lag. Annals of the New

York Academy of Sciences, 205, 268-273. [PubMed: 4120340]

KODITUWAKKU PW, HANDMAKER NS, CUTLER SK, WEATHERSBY EK & HANDMAKER
SD 1995. Specific Impairments in Self-Regulation in Children Exposed to Alcohol Prenatally.
Alcohol: Clinical and Experimental Research, 19, 1558-1564.

KODITUWAKKU PW, SEGALL JM & BEATTY GK 2011. Cognitive and behavioral effects of
prenatal alcohol exposure. Future Neurology, 6, 237-259.

LEE KT, MATTSON SN & RILEY EP 2004. Classifying children with heavy prenatal alcohol
exposure using measures of attention. Journal of the International Neuropsychological Society, 10,
271-277. [PubMed: 15012847]

LYNCH ME, KABLE JA & COLES CD 2015. Prenatal alcohol exposure, adaptive function, and entry
into adult roles in a prospective study of young adults. Neurotoxicol Teratol, 51, 52-60. [PubMed:
26247662]

LYNCH ME, KABLE JA & COLES CD 2017. Effects of prenatal alcohol exposure in a prospective
sample of young adults: Mental health, substance use, and difficulties with the legal system.
Neurotoxicol Teratol, 64, 50-62. [PubMed: 28986209]

MAGIATI I, TAY XW & HOWLIN P 2014. Cognitive, language, social and behavioural outcomes in
adults with autism spectrum disorders: A systematic review of longitudinal follow-up studies in
adulthood. Clinical Psychology Review, 34, 73-86. [PubMed: 24424351]

MATTSON SN, BERNES GA & DOYLE LR 2019. Fetal Alcohol Spectrum Disorders: A Review of
the Neurobehavioral Deficits Associated With Prenatal Alcohol Exposure. Alcoholism: Clinical
and Experimental Research, 43.

MATTSON SN, CALARCO KE & LANG AR 2006. Focused and shifting attention in children with
heavy prenatal alcohol exposure. Neuropsychology, 20, 361-369. [PubMed: 16719629]

MATTSON SN, CROCKER N & NGUYEN TT 2011. Fetal Alcohol Spectrum Disorders:
Neuropsychological and Behavioral Features. Neuropsychology review, 21, 81-101. [PubMed:
21503685]

MATTSON SN, GOODMAN AM, CAINE C, DELIS DC & RILEY EP 1999. Executive functioning
in children with heavy prenatal alcohol exposure. Alcohol Clin Exp Res, 23, 1808-15. [PubMed:
10591598]

MCGEE CL, SCHONFELD AM, ROEBUCK-SPENCER TM, RILEY EP & MATTSON SN 2008.
Children With Heavy Prenatal Alcohol Exposure Demonstrate Deficits on Multiple Measures of
Concept Formation. Alcohol: Clinical and Experimental Research, 32, 1388-1397.

MOORE EM & RILEY EP 2015. What Happens When Children with Fetal Alcohol Spectrum
Disorders Become Adults? Curr Dev Disord Rep, 2, 219-227. [PubMed: 26543794]

MOORE EM & XIA'Y 2022. Neurodevelopmental Trajectories Following Prenatal Alcohol Exposure.
Frontiers in Human Neuroscience, 15.

MOSTERT JC, ONNINK AMH, KLEIN M, DAMMERS J, HARNEIT A, SCHULTEN T,

VAN HULZEN KJE, KAN CC, SLAATS-WILLEMSE D, BUITELAAR JK, FRANKE B &
HOOGMAN M 2015. Cognitive heterogeneity in adult attention deficit/hyperactivity disorder: A
systematic analysis of neuropsychological measurements. European Neuropsychopharmacology,
25, 2062-2074. [PubMed: 26336867]

MOWINCKEL AM, PEDERSEN ML, EILERTSEN E & BIELE G 2015. A Meta-Analysis of
Decision-Making and Attention in Adults With ADHD. Journal of Attention Disorders, 19, 355—
367. [PubMed: 25477020]

RANGMAR J, SANDBERG AD, ARONSON M & FAHLKE C 2015. Cognitive and executive
functions, social cognition and sense of coherence in adults with fetal alcohol syndrome. Nordic
Journal of Psychiatry, 69, 1754-1760.

Alcohol Clin Exp Res (Hoboken). Author manuscript; available in PMC 2024 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shapiro et al. Page 14

ROSENBAUM PR & RUBIN DB 1983. The central role of the propensity score in observational
studies for causal effects. Biometrika, 70, 41-55.

ROUSSOTTE FF, SULIK KK, MATTSON SN, RILEY EP, JONES KL, ADNAMS CM, MAY PA,
O’CONNOR MJ, NARR KL & SOWELL ER 2012. Regional brain volume reductions relate to
facial dysmorphology and neurocognitive function in fetal alcohol spectrum disorders. Hum Brain
Mapp, 33, 920-37. [PubMed: 21416562]

SAMPSON PD, STREISSGUTH AP, BOOKSTEIN FL, LITTLE RE, CLARREN SK, DEHAENE P,
HANSON JW & GRAHAM JM JR. 1997. Incidence of fetal alcohol syndrome and prevalence of
alcohol-related neurodevelopmental disorder. Teratology, 56, 317-326. [PubMed: 9451756]

SAUNA-AHO O, BJELOGRLIC-LAAKSO N, SIREN A, KANGASMAKI V & ARVIO M 2019.
Cognition in adults with Williams syndrome-A 20-year follow-up study. Mol Genet Genomic
Med, 7, €695. [PubMed: 31033253]

SEARCY YM, LINCOLN AJ, ROSE FE, KLIMA ES, BAVAR N & KORENBERG JR 2004. The
relationship between age and IQ in adults with Williams syndrome. Am J Ment Retard, 109,
231-6. [PubMed: 15072519]

STREISSGUTH AP, AASE JM, CLARREN SK, RANDELS SP, LADUE RA & SMITH DF 1991.
Fetal Alcohol Syndrome in Adolescents and Adults. JAMA, 265, 1961-1967. [PubMed: 2008025]

STREISSGUTH AP, BARR HM, KOGAN J & BOOKSTEIN FL 1996. Final report: Understanding
the occurrence of secondary disabilities in clients with fetal alcohol syndrome (FAS) and fetal
alcohol effects (FAE), Seattle, WA, University of Washington Publication Services.

STREISSGUTH AP, CLARREN SK & JONES KL 1985. Natural history of the fetal alcohol
syndrome: a 10-year follow-up of eleven patients. Lancet, 2, 85-91. [PubMed: 2861535]

TSE VWS, JIEDI L, CRABTREE J, MANDY W & STOTT J 2022. Characteristics of Older
Autistic Adults: a Systematic Review of Literature. Review Journal of Autism and Developmental
Disorders, 9, 184-207.

VAN BUUREN S & GROOTHUIS-OUDSHOORN K 2011. mice: Multivariate Imputation by Chained
Equations in R. Journal of Statistical Software, 45, 1 — 67.

VAURIO L, RILEY EP & MATTSON SN 2011. Neuropsychological comparison of children with
heavy prenatal alcohol exposure and an 1Q-matched comparison group. J Int Neuropsychol Soc,
17, 463-73. [PubMed: 21349236]

WEINTRAUB S, DIKMEN SS, HEATON RK, TULSKY DS, ZELAZO PD, BAUER PJ, CARLOZZI
NE, SLOTKIN J, BLITZ D, WALLNER-ALLEN K, FOX NA, BEAUMONT JL, MUNGAS
D, NOWINSKI CJ, RICHLER J, DEOCAMPO JA, ANDERSON JE, MANLY JJ, BOROSH
B, HAVLIK R, CONWAY K, EDWARDS E, FREUND L, KING JW, MOY C, WITT E &
GERSHON RC 2013. Cognition assessment using the NIH Toolbox. Neurology, 80, S54-64.
[PubMed: 23479546]

WEINTRAUB S, DIKMEN SS, HEATON RK, TULSKY DS, ZELAZO PD, SLOTKIN J,
CARLOZZI NE, BAUER PJ, WALLNER-ALLEN K, FOX N, HAVLIK R, BEAUMONT JL,
MUNGAS D, MANLY JJ, MOY C, CONWAY K, EDWARDS E, NOWINSKI CJ & GERSHON
R 2014. The cognition battery of the NIH toolbox for assessment of neurological and behavioral
function: validation in an adult sample. J Int Neuropsychol Soc, 20, 567-78. [PubMed: 24959840]

WILLOUGHBY KA, SHEARD ED, NASH K & ROVET J 2008. Effects of prenatal alcohol exposure
on hippocampal volume, verbal learning, and verbal and spatial recall in late childhood. J Int
Neuropsychol Soc, 14, 1022-33. [PubMed: 18954482]

Alcohol Clin Exp Res (Hoboken). Author manuscript; available in PMC 2024 October 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Shapiro et al.

Table 1.
Demographic Variables — Atlanta Sample.
Mean (SD) or % Control PAE % Missing
(n=41) (n=56) P
Age 36.49 (1.83) 37.02 (1.31) 36.11(2.06) <.01; Control>PAE 0
Sex (% female) 69.1 68.3 69.6 ns 0
Income (Hollingshead Index) 3.68 (1.41) 3.85 (1.51) 3.77 (1.36) ns 21.9
Occupation (Hollingshead Index) 3.31(2.03) 3.90 (2.17) 2.88(1.83)  <.05; Control>PAE 0
Education (Hollingshead Index) 4.37 (1.33) 4.46 (1.36) 4.30 (1.32) ns 0
Race
American Indian 0.0 0.0 0.0 ns 0
Black 92.8 85.4 98.2 <.05; PAE>control 0
White 6.2 122 18 Com e A 0
Multiracial 1.0 2.4 0.0 ns 0
Hispanic / Latino 0.0 0.0 0.0 ns 0
Marital Status
Never married 54.6 46.3 60.7 ns 0
Living with partner 11.3 12.2 10.7 ns 0
Married 19.6 22.0 17.9 ns 0
Separated 3.1 73 0.0 AL o 0
Divorced 10.3 12.2 8.9 ns 0
Widowed 1.0 0.0 1.8 ns 0
Dysmorphic Features 24.7 0 429 PA;g‘%lra/ 0
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Table 2.
Demographic Variables — Seattle Cohort.
Mean (SD) or % ((3;’231‘;' (ﬁffz) p % Missing

Age 40.88 (8.65) 39.90 (8.79) 41.31(8.62) ns 0
Sex (% female) 45.6 51.6 43.1 ns 0
Income (Hollingshead Index) 4.03 (1.76) 5.77 (.62) 3.24 (1.50)  <.001; Control>PAE 3.9
Occupation (Hollingshead Index) 4.33 (2.64) 6.81 (2.04) 3.28(2.10) <.001, Control>PAE 1
Education (Hollingshead Index) 5.12 (1.64) 6.84 (1.07) 4.39 (1.22) <.001, Control>PAE 1
Race

American Indian 9.7 6.5 111 ns 0

Black 4.9 6.5 4.2 ns 0

White 70.9 80.6 66.7 ns 0

Multiracial 14.6 6.5 18.1 ns 0
Hispanic / Latino 5.8 9.7 4.2 ns 4
Marital Status

Never married 40.8 16.1 51.4 <.001; PAE>Control 0

Living with partner 155 16.1 15.3 ns 0

Married 33.0 58.1 22.2 <.001; PAE>Control 0

Separated 31 0.0 0.0 ns 0

Divorced 10.7 9.7 111 ns 0

Widowed 0.0 0.0 0.0 ns 0
Fetal Alcohol Syndrome (FAS) 29.1 0 41.7 <.001; PAE>Control 0
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Table 3.
Cognitive Scores — Atlanta Cohort.

Mean (SD) or % Mean ((:r?r;;?'lc;l (r':=A5EG) % Missing
Fluid Cognition 81.60 (17.27) 85.44 (18.33) 78.79 (16.04) 31
Dimensional Change (cognitive flexibility) 91.59 (18.74) 97.68 (17.47) 87.13(18.52) 1
Flanker (inhibition and attention) 78.39 (13.61) 81.41(14.04) 76.18 (12.96) 1
List Sorting (working memory) 85.94 (15.57) 89.83 (14.29) 83.09 (15.97) 2.1
Pattern Comparison (processing speed) 86.18 (21.24) 86.63(23.62) 85.84 (19.53) 2.1
Picture Sequence Memory (episodic memory)  94.99 (15.58) 98.05 (17.39) 92.75 (13.85) 21

Note. Cross-group statistical comparisons can be found in in Tables 6-7.
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Table 4.
Cognitive Scores — Seattle Cohort.
Mean (SD) or % Mean %’2;'3' (rF1)=A7EZ) % Missing
Fluid Cognition 93.49 (22.94)  115.87 (15.72) 83.85(18.40) 1
Dimensional Change (cognitive flexibility) 97.94 (20.17)  113.71(18.25) 91.15(16.99) 0
Flanker (inhibition and attention) 85.10 (17.33) 99.9 (16.37) 78.72 (13.47) 0
List Sorting (working memory) 95.76 (18.75)  109.68 (13.11) 89.76 (17.64) 0
Pattern Comparison (processing speed) 95.87 (23.22)  113.35(20.83) 88.35(20.01) 0
Picture Sequence Memory (episodic memory)  104.53 (18.06) 118.29 (15.56) 98.61 (15.75) 1

Note. Cross-group statistical comparisons can be found in in Tables 6-7.
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Intraclass Correlation Coefficients (ICC) values associated with the NIH Toolbox scores.

Measure (Domain) ICC
Fluid Cognition 0.15
Dimensional Change (cognitive flexibility) 0.04
Flanker (inhibition and attention) 0.08
List Sorting (working memory) 0.14
Pattern Comparison (processing speed) 0.08
Picture Sequence Memory (episodic memory) | 0.13
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