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Abstract

Background: Although the effects of prenatal alcohol exposure (PAE) have been stud-
ied extensively, there is relatively tittle information available on adult mental health
functioning among exposed individuals, The current study compares the self-reported
midiife mental health status of individuals who were prenatally exposed to alcohol
and diagnosed in childhood with the effects of this exposure with that of unexposed
individuals.

Methods: Participants (N = 292} were recruited from two longitudinal cohorts in
Atlanta and Seattle and asked to complete an Adult Health Questionnaire that sur-
veyed their current health and mental health status. The questionnaire was completed
either in-person or remotely and included questions about current symptoms of de-
pression and anxiety and mental health disorder diagnoses. The analysis compared a
Nonexposed Contrast group to those in two exposure groups: {1) Alcohot Exposed
with Fetal Alcohol Effect but not meeting criteria for Fetal Alcohol Syndrome (FAS)
and {2) Alcohol Affected and meeting criteria for FAS.

Results: Both alcohol-exposed groups reported higher levels of current depressive
symptoms and a higher prevalence of diagnoses of depression, anxiety, bipolar dis-
order, and/or attention deficit/hyperactivity disorder. No differences were noted for
psychotic disorders. PAE was also associated with greater environmentat stressors,
including higher levels of adverse childhood events and lower current socioeconomic
status. Path analyses suggested that PAE was indirectly related to mood disorders
with Its effects being mediated by other environmenfal factors.

Conclusions: PAF is associated with greater rates of mental health disorders in mid-
dle adulthood. These outcomes appear to result from multiple stressors that affect
individuals made vulperable by their early alcohol exposure. Clinical outcomes could
be improved by prevention efforts directed at preventing prenatal alcohol use and
reducing environmental stressors later in life, and by the early identification of PAL
and its effects.

KEYWORDS
adverse childhood experiences, fetal atcohol spectrum disorders, mental health, prenatal
alcohol exposure
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INTRODUCTION

Effects of prenatal aicohol exposure {PAE} have been studied ex-
tensively. A spectrum of response to PAE has been identified and
referred to as the fetal alcohol spectrum disorders (FASD). While
the primary focus of research has been on the physical birth defects
(Jones et al., 1973), growth (Day et al., 1989), and neuracognitive
development (Doyle & Mattson, 2015) that define fetal alcohol
syndrome (FAS), an association between PAE and mental health
disorders has been observed as well {O'Connor & Paley, 2009;
Spohr et al., 2007, Weyrauch et al., 2017} but remains much less
thoroughly examined than other outcomes. This is particularly true
for adults with PAE and FASD. There is relatively little information
avallable about the impact of PAF on emotional status in adulthood
and, in the clinically referred groups who are often the subjects of
study, it can be difficult to discriminate the effects of prenatal expo-
sure against the backdrop of social and environmental stressors that
often accompany PAL,

Most information on adults with PAE has been oblained from
individuals in their 20s. Data from the Seattle Longitudinal Study on
Health and Pregnancy {Streissguth et al., 1994), a community-based
exposure study that included individuals prenatally exposed to al-
cohol and followed fongitudinally, suggested that by the age of 21,
there was an assoclation between exposure to maternal binge drink-
ing during pregnancy (defined as >5 drinks on at least one occasion)
and having a higher level of psychiatric symptoms (Barr et al., 2006).

In a different clinical sample, Streissguth et al. {1996) reported
on 473 patients, ranging in age from 3 to 51 years, who were seen at
the University of Washington for diagnosis of effects of PAE, They
found that among what they referred to as "secondary disabilities”,
mental health problems were "by far the most prevalent” {1334} and
were experienced by over 30% of the sample. While attention defi-
citfhyperactivity disorder (ADHD} was most commonly identified
in childheod, by adulthood, depression, suicidal ideation, suicide
attempts, and panic attacks were reported more often. Famy et al
(1998) carried out structured clinical interviews with 25 young adults
from this same cohort who were not intellectualty impaired, finding
that mood disorders {depression and anxiety} and psychotic disor-
ders were the most commen psychiatric diagnoses in this group. In
addition to mood and anxiety disorders in individuals with PAE, sub-
stance use disorders among adults with FASD have been a concern,
In fact, increased alcohol use was found in the Seattle sample among
young adults (Baer et al,, 2003).

The Atlanta Longitudinal Alcohol Study {Lynch et al., 2017) com-
pared two groups of nonexposed young adults (one nonexposed
group, typically developing and the other, clinically diagnosed)
to three groups of young adults with PAE at an average age of
23.28 years (SD: 1.76). Those with PAE were classified as (1) having
physical features or growth retardation as well as cognitive effects
(Dysmorphic), (2) cognitively affected without physical features, or
(3) exposed without physical or cognitive effects. Overall, all prena-
tally exposed young adults reported more emotional and behavioral
problems than those in nonexposed contrast groups. Both groups of

alcohol-exposed individuals wha did not have physical features or
arowth retardation reported higher levels of Internalizing problems
fdepression and anxiety), white all alcohol groups reported more
externalizing issues (attention problems/conduct disorders) than
typical controls, Substance use was also higher in those who were
alcohol-exposed without physical/cognitive features in comparison
with both controls and other alcohol-exposed groups. Substance use
was also higher in the exposure-only group in comparison with both
control groups and the other PAE groups.

Although mental health problems are found frequently in in-
dividuals with PAE, the contribution of other factors to these out-
comes also should he considered, as O’Connor has pointed out in
her review {O'Cannar, 2014). In 2017, Price et al. {2017} reviewed
the literature on the impact of adverse chitdhood experiences (ACEs;
Felitti et al., 1998} in individuals with PAE, finding only five articles
that had addressed this issue. They concluded that while the avail-
able research was suggestive of an additive impact of ACES and
PAE compared to either ACES or PAE alone, it was limited in scope
and that there were design issues limiting generalizability. These re-
searchers noted that there was no research as yet addressing the
Kfetime risk associated with the joint occurrence of these two risk
factors. Subsequently, several studies have examined the associa-

tion of ACES with PAE in children and young adults. Flannigan et al,

{2021) found that, in a sample referred for FASD diagnosis, a majority
reported ACES in a range indicating substantial risk. Similarly, Lebel
et al. (2019) found that two thirds of children in their sample had
coroccurring PAE and postnatal adversities, In contrast, Kambeitz
et al. {2019) reviewed clinical records and found that chitdren with
FASD had significantly higher ACEs than those who could not be
diagnosed. In a recent registry-based cohort study of 615 individ-
uals, ages 15 to 24 years {Koponen et al,, 2020), the intersection of
prenatal substance exposure, including alcohol, ACES, and diagnosis
of mental and behavioral disorders, was examined, The investiga-
tors found that the incidence of mental health disorders was twice
as high among those with prenatal substance exposure {alcohot and
polydrug use} versus nonexposed but that the difference was dimin-
ished after cantrolling for the effects of ACEs. Among the many risk
factors measured, low birth weight, maternal risk factors, and cus-
tody changes were the strongest predictors of fater mentat and be-
haviorat disorders, Thus, previous research has indicated that higher
scores on the ACEs measure are assaciated with increased risk to
adult mental health (Merrick et al.,, 2017} and that experience of mul-
tiple stressors affects health and development (Sarkar et al., 2019).
Given these findings, attention to postnatal events in this population
may be essential in understanding risk for later physical and mental
health outcomes.

Hypotheses
The current study examines two groups of alcohol-exposed individ-

uals who are now in middie adulthood, those enrolled in the Atlanta
Alcohol Study (Lynch et al., 2017}, initiated in 1980, and those in the
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FETAL ALCOHOL EXPOSURE AND ADULT MENTAL HEALTH

Seattle Fetal Alcohol Follow-Up Study clinical cohort {Streissguth
et al,, 1996). Our hypothesis was that, at midlife, members of these
cohorts who were alcohol-exposed or who were diagnosed with
FAS or Fetal Alcohal Effects (FAE, the terminology used at the time)
would report a higher incidence of mental health disorders than
those who were not ekposed. In addition, we hypothesized that en-
vironmental factors, including early childhood adversity and sociat
factors, would contribute to such outcomes,

METHODS
Subjects

In the current study, we report on 292 individuals who responded
to a health survey between January 2017 and May 2021, Of these,
283 had responses that included ali data necessary to carry ocut
causal modeling. Participants were recruited from two existing co-
horts in Atlanta and Seattle. Individuals defined as alcohol exposed
in these cohorts were known to have been diagnosed with an FASD
or o have been exposed to alcohol prenatally according to, mater-
nal self-report during the prenatal period. Individuals in contrast
groups were recruited either at the same time as those in the alco-
hol groups or at later time points, The Atlanta Longitudinat Aicohol
Study inciuded 427 loew socioeconomic status (SES), predominantly
African-American individuals who were born from 1980 to 1986,
Cf these 292 {70% alcohot exposed) are part of the cohort recruited
prenatatiy whose mothers providad information about alcohol use
during pregnancy. The Seattle Fetal Alcohol Follow-Up Study was
comprisedt of an original cohort of 475 individuals, predominantly
White and Native American, who were 23 to 71 years old when the
present study was initiated, The Seatite cohort included 178 (37.4%)}
diagnosed with FAS and 297 (62,7%) who were nondysmorphic but
affected and classified as having FAE {using the diagnostic terminol-
ogy of the time). Nonexposed contrast group members had been
recruited from individuals contemporaneously participating in other
studies carried out by Seattle investigators. All participants from
bioth cohorts have heen followed longitudinaly.

For the current study, contact information was obtalned from
study records and from commercially available databases that iden-
tified current addresses, phone numbers, and other information.
When contact information was confirmed, cligible participants who
could be reached were informed by mail, phone, or email of the op-
portunity to participate. For those who could be located and who
velunteered for follow-up, informed consent was carried out in per-
son or remotely using REDCap {Research Electronic Data Capture),
a secure web application for building and managing online sur-
veys and databases that is compliant with the requirements of the

made available te complete the Health Survey and Demographic
Questionnaires that are the basis for this paper, including in-person
or telephone interviews and remote on-line completion via REDCap.
Participants were reimbursed $25 for their time in completing the
surveys,

Measures

Two surveys were used. The first is a simple demographic form
that obtains basic information about the participant {e.g., date of
birth, gender identity, racial identification) and their family {e.g.,
marital status, number of children). As part of the form, the infor-
mation necessary to calculate the Hollingshead social status index
{Hollingshead, 2011} was collected (i.e., the educational achieve-
ment and occupation of participants and their spouses/partners, if
relevant},

TFhe second instrument was a 190-item health survey based on
the Behavioral Risk Factor Surveillance System {BRFSS) used by the
Centers for Disease Control and Prevention (CDC; COC—BRFS5—
Questionnaires). Our goal was to survey the systemic health status
of the participants. The number of questions completed depended
on the participants' responses as follow-up questions were not pre-

" sented unless a health problem was acknowiedged. Consistent with

the BRFSS, the questions did not go "in depth” and could be as sim-
ple as "Have you ever been told by a health care professional that
vout have high blaod pressure?” The BRFSS includes modules that
assess health status in respondents and we used a number of these
in our questionnaire (see Table 1).

In addition, because there were areas of interest for the current
study that were not addressed in the BRFSS, we created our own
modules to ask about neurological symptoms, vision, hearing and
dental health, gastrointestinal problems, and immune system disor-
ders. The BRFSS includes an assessment of ACEs (Felitti et al,, 1998)
and we included this as well. Table 1 shows the areas addressed in
the survey. The Health Survey, as used in this study, is available from
the authors.,

Relevant to the current study, participants were asked to re-
spond "Yes” or "No” to questions regarding whether a health care
professional had ever diagnosed them with any of the following dis-
orders: Depression, Bipolar Disorder, Anxiety Disorder, Psychosis, or
ADHD. In addition, eight specific symptoms of depression/anxiety
were listed, and participants were asked to identify those that they
had experienced in the fast 2 weeks, Symptoms were based on those
identified in the American Psychiatric Association’s Diagnostic and
Statistical Manual, 5th Edition {American Psychiatric Association,
2013). The question about suicidal ideation was not included.
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When contact information was confirmed, eligible participants who
coutd he reached were informed by mail, phone, or email of the op-
portunity to participate. For those who could be located and who
volunteered for follow-up, informed consent was carried out in per-
son or remotely using REDCap (Research Electronic Data Capture),
a secure web application for bullding and managing online sur-
veys and databases that is compliant with the requirements of the
Health Insurance Portability and Accountability Act of 1996 (HIPAA;
Centers for Disease Control & Prevention, 2021), Informed consent
procedures were approved by the Internal Review Boards at Emory
University School of Medicine and the University of Washington,
With the advent of the COVID-19 pandemic, several options were

ADHOD. In addition, eight specific symptoms of depression/anxiety
were listed, and participants were asked to identify those that they
had experienced in the last 2 weeks, Symptoms were based on those
identified in the American Psychiatric Association's Diagnostic and
Statistical Manual, 5th Edition (American Psychiatric Association,
2013). The question about suicidal ideation was not included.

Data analysis

Demographic data were analyzed to compare three groups of partici-
pants: (1) Contrast group of nonexposed adults; (2} Alcohol-exposed
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ELIXINAL EXFINIMINTETRERLARDE it
TABLE 1 Adult Health Questionnaire: areas queried
Overall Physical and Mental Health {10 tems)
Health Care Access (7 items)
Chronlc Health Problems
Weight (5 ltems)
Steep (9 ltems}
Viston (7 items)?
Hearlng (7 items)?
Dentat {5 ltems)*
Cardlovascutar Health (Heart and Blood; 6 ltems)
Hypertension Awareness {4 ltems}
Cholesterol Awareness {5 ftems)
Other Cardiovascular Problerms (3 ftems)
Cancer {3 items)
Stomach, Digestion, Kidney, Bladder, and Bowe! Problems (13
items)?
Endocrine Disorders
Diabetes (8 items)
Thyrold and Parathyroid Disorders (5 [tems)
Skin Problems (7 itens)
Immune and Autolmmune Disorders (5 items)
Altergles (4 ltems)
Asthma (6 [tems)
Autoimmune Disorders {4 lters)?
Arthritls (7 ltems)
Mental Health and Neurology
Selzure Disorders (10 items)®
Mental Health {14 items)
Symptoms of anxiety/depression {23 items)
Adverse Childhood Experlences (ACES; 11 items)

}tems not Included In BRFSS {CDC) Questlonnalres and added by
authors,

individuals not meeting criteria for FAS but exhibiting behavioral/
cognitive effects, and {3) Alcohol-exposed individuals with physical
effects of alcohol exposure {i.e., having "dysmorphic features"}, and
meeking criteria for FAS. In Seattle, dysmorphology was identified by
pediatric dysmorphologists at initial diagnosis. For the current analy-
sis, those characterized as FAS were considered to be dysmorphic. In
Atlanta, an index of severity of alcohol-retated dysmorphia based on
a weighted dysmorphia checklist done when participants were chil-
dren (Fernhoff et al., 1980} was included in the model, For the analy-
ses reported here, dysmorphology was coded as present or absent,

Chi-square tests were used for analysis of categorical and or-
dinal data and analysis of variance was used for continuous mea-
sures. ACEs were examined individually and stmmed to yield a
total score. Fducational and vocational information for both par-
ticipant and spouse, if any, was collected on {he Demographic
farm and was used to calculate the SES ranking for each individual
(Hollingshead, 2011).

Anticipating that multiple factors would need to he taken into
account in modeling mental health at midlife, we used path analy-
sis {Sarwono, 2017) to examine the contribution of PAE on mental
health outcomes white allowing for the contribution of various po-
tentially canfounding and mediating factors. Factors in such a model
can be either exogenous, that is not dependent on other variables in
the model although they may be correlated, or endogenous, that is,
affected by other factors in the model. In the current analyses, ex-
ogenous factors include site of data collection (1) Seattle; 2) Atlanta),
participants' current age, gender |dentification {1} Male; 2) Female),
and PAE. Endogenous variables include SES (Hollingshead, 2011),
ACEs [Merrick et al,, 2017}, and presence of physical symptoms of
alcohol exposure either not meeting criteria for alcohol dysmorphol-
ogy or Dysmorphic/FAS, a variable included in the model to deter-
mine if individuals with physical dysmorphology are differentially
tmpacted.

Several path analyses were done with the following binomial
{1) Yes; 0} No) to predict outcome including the reported diagnosis
of depression, anxiety, bipofar disorder, psychotic symptoms, and
ADHD. Additionally, the continuous outcome of number of current
reported symptoms of depression and anxiety (0 to 8) was also pre-
dicted. Path analysis was calculated using the AMOS function of
SPSS 28,

RESULTS
Participants

Across sites, of the 342 individuals who could be located to date
and who were approached for the study, 292 agreed to partici-
pate (85%) and 28 refused to participate. Other individuals were
found but did not participate due to location, [ife circumstances,
or incarceration and a total of 41 were identified as deceased.
Of the 292 who provided data, 283 had all items available that
were necessary to carry out the Path Analyses. Table 2 shows
the characteristics of participants comparing those in the non-
exposed contrast group with those who were alcohol exposed/
FAE (without physical features) and those who could be classified
as alcohol affected/FAS {having dysmorphic physical features).
There was no between-group difference in age at the time of the
study with the average in the late 30s and there were more fe-
males than males in all groups. There were no significant differ-
ences in racial identification by group, although there was a higher
percentage of African-Americans in the Contrast group and more
Whites in the Alcohol groups. Members of the nonexposed con-
trast group reported having more years of schooling and higher
incomes and were more likely to be married than those in the
alcohol exposed groups. Those in the Contrast group had higher
Hollingshead social status ratings (Hollingshead, 2011) and re-
ported fewer ACEs compared with those in the alcohol-exposed
groups. The majority in all groups had health insurance but those
in the alcohol-exposed groups were more likely to have Medicaid,
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TABLE 2 Characteristics of participants by group (N = 292}

Age (years) M {SD} {n = 285)
Gender (% male)
Race (%)°
Matlve Amerlcan
Black/African-American
Pacific Islander
White
tMixed race
Ethnlcity?® (%}
Non-Hlspanlc
Years education (%)
2th grade cof less
Partial high schoot
High school graduate
Past HS/Technical
Coltege Graduate
Graduate School
Graduate Degree
{did not respond}
Marital status {%)
Never married
Divorced/Separated
Widowed
Llving with Partner
dMarrled
(Dtd not respond)
Number of biclogical children
Monthly family Income (%}
<$500
$501 to 1000
$1001 to 2000
$2001 to 3000
$3001 to 4000
>$4000
Refused/Don't know

Hoilingshead SES ratingb
(N =283)

Total adverse childhood
Experiences (ACES) M (5D}
(N = 285)

Do you have health
Insurance? “Yes" %

" Nonexposed

contrast {n = 98)
37.54 (3.98)
40.9%

5.1%
48.0%

37.8%
4.1%

89.8%

31%
8.2%
16.3%
18.4%
29.6%
51%
14.3%
{5.1%)

33.7%
11.2%

0

13.3%
36.7%
{5.1%)}
2.41(1.27)

1,0%

5.1%

9.2%

13.3%

6.1%

56.9%
23.5%

40,61 {15.41)

2.66(3.49)

79.6%

Alcohol exposed/FAE -

{n = 1146}
37.87 (6.54)
35.4%

9.5%
31.0%

43.1%
13.8%

8714%

5.4%
20.7%
24.1%
36.6%
6.9%
0.9%
5.2%
(3.4%)

41.4%
15.5%
0.9%
13.8%
25.0%
(3.4%)
2.60(1.43)

6.9%

12.9%

16.4%

12.1%

12.9%

16.4%

22.3%

29.86 (12.68)

6.59 {5.61)

75%

Alcahol affected/FAS

(n=78)
38.81(5.83)
49.4%

9.0%
37.2%
1.3%
44.9%
6.4%

94.9%

3.9%
20.5%
35.9%
30.8%
6.4%
0
1.3%
(1.3%)

61.5%
11.6%
1.3%

5.1%
19.2%
(1.3%)
247 (1.34)

6.4%

28.2%

14.1%

10.3%

12.8%

15.4%

12.9%
26,50(11.03)

543 (4.44}

83.3%

Statistic
Fla,28m = 106
2,
)'(‘?J = 3,68
2
X”m =17.45

2
X%, =6.57

2
X2 = 65.66

4
Xty =23.37

F o s = 143

?
Xl\s = 48.88

Fiz. 295 = 27.24

F 2,002 = 1893

2
Xiy=6.33

p value

0.347, ns
0.158,ns
0.065

0.36,ns

0.000

0.025

0.2420. ns
0.000

<0.000

<0.00G0

0.387
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Hollingshead SES ranttngb
{N =283}

Total adverse chlldhood
Experlences {ACES) M {SD}
(N == 285}

Do you have health
Insurance? “Yes® %

What type of health Insurance
do you have? (%)

Private insurance

PRIV

40.61{15.41)

2,66 (3.49)

79.6%

59.2%

e

29.86112.68)

6,59 (5.61)

75%

36.2%

......

26.50(11.03)

5.43{4.44}

83.3%

23.1%

Fia, 27 = 27.24

Flozam ™ 18.93

2
X%, = 6.33

2
X = 39.59

<0.000

<0.000

0.387

<0.000

{Continues)
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TABLE 2 ({Continued)

* ‘Nonexposed " Alcohol exposed/FAE - Alcohol affected/FAS -
contrast (n = 98) {n =116} ) {n = 78} ' Statistic p value
HMO Prepald 1.0% 0.9% 0
Government (Medicald, 18.4% 35.3% 59%
HIS)
Other/Don't know 1.0% 2.6% 1.3%

23ome did not respond to this question, so percentages do not total 100%.

"Ratlngs range from 8 to 66 with higher ratings Indicating greater soclal status based on Occupation and Educatlon, Ratings are averaged for famliies

with rankings of both spouses (Hollingshead, 2011).

TABLE 3 Self-reported mental health outcomes in alcohol-exposed groups and nonexposed contrast groups

‘Nonexposed
contrast (p = 98}

Depresslon Y/N 26.5%
Current Symptoms of Depression totat M (ST} 1.75 (2.08)
Bipolar disorder 4.1%
Andety disorder 18.4%
Psychotlc disorder 3%
Attentlon deflctt/hyperactivity disorder 14.3%
Age
SEX

.'Aicohol exposed/ - Alcohol affected/ .

pvalue

" FAE (0 =116} " FAS (h = 78) “Statistic
43.1% . 33.4% X2, =13.04 <0.04
4,06 (3.44) 3,47 (2.54) Fip.on=2042 <0001
16.4% 16.7% X, = 14.75 <0.02
41.4% 39.7% xﬁ,‘! = 24,87 <0.000
69% 2.7% XTG:- =817 0.23,ns
33.6% 30.8% x;’ﬁ = 15,27 <0.02
SES
ACES

Mantat Haalth

Qutcomt

FIGURE 1 Pathanalysis model of factors predicting mental health outcomes

_ while Nonexposed Contrast group members were more likely to
have private insurance.

Mental health status

Presence of a diagnosed mental health disorder was assumed
if participants responded “yes’ to questions in this form, "Has
a doctor, nurse, or other health care professional said that you

have.....?" In addition, participants responded to eight questions
about symptoms of depression and anxiely experienced over the
last 2 weeks, and these were summed with possible scores rang-
ing from O to 8. Results are shown in Table 3 and indicate that
PAF was associated with significantly higher reported diagnosis of
depression, hipolar disorder, anxiety disorder, and ADHD but not
psychotic disorders. In addition, the number of current symptoms
of anxiety or depression was significantly higher for the alcohol-
exposed groups.
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FETAL ALCOHOL EXPOSURE AND ADULT MENTAL HEALTH

Path analysis was used to model the relationship between PAE
and the mental health status outcomes while taking into account
other factors that might centribute to outcomes, including age, gen-
der, site of da}a collection, SFS and ACEs, and dysmorphology. I1BM
£PSS Amos 28 was used to assess the proposed path model {for an
example, see Figure 1), The goal of these analyses was to determine
the direct and indirect refationships of PAE with mental health out-
comes for which individuals with PAE reported significantly higher
rates. Table 4 shows these relationships as well as other relation-
ships that significantly affected mental health outcomes.

Each path analysis involved a series of multiple regression anal-
yses to evaluate the direct and indirect (mediated) effects of PAE
on mental health status. Among the exogenous variables, site, with
Atlanta being the higher value was correlated with PAE {r = -0.231,
p < 0.003) and age {r = —0.270, p < 0.002) but the remaining vari-
ables were not significantty related to each other. Bootstrapping was
done using 1000 samples to obtain an estimate of bias-corrected
results at a 90% confidence interval. The Model fit was good as
outcome fit statistics show: 0 (12, n « 283) == 10.743, p < 0.217;
RMSEA == 0,035, CFl = 0.990; GFl == 0.991),

Endogenous relationships common in all models

Site significantly predicted SES {p = -0.276, p < 0.002) and ACEs
(p = ~0.262 p < 0.002). Specifically, the Seattle site had higher 5&5
and ACEs. As expected, PAE significantly predicted dysmorphol-
ogy {j = 0.435, p < 0.002). PAE was also associated with lower SES
{p = -0.456, p < 0.001), and higher ACEs { = 0.279, p < 0.001).
Gender significantly predicted ACEs {jp = 0,196, p < 0.003) with
women reporting more childhood adversity.

Model prediction of specific mental health outcomes
Depression diagnosis

Toltal variance accounted for in depression diagnosis was R? = 0.173
fp < 0.002). PAE did not directly predict depression but did so in-
directly {j = 0.114, p < 0.008) via its impact on SES (j} = 0.066,
p < 0.023) and ACEs iy = 0.082, p < 0.001). Gender alse had an indi-
rect effect on depression { = 0,057, p < 0.002) associated with its
effect on ACEs {p ~ 0.056, p < 0.002). in addition, Site (p = -0.216,
p < 0.005), ACEs {f ~ 0.288, p < 0.003), and SES ( = -0.141,
p < 0.028) alse directly predicted depression with the Seattle site,
higher ACFs, and lower 5ES being associated with a greater likeli-
hood of depressien diagnosis. Dysmorphology had neither a direct
nor indirect relationship with depression.

symptoms but alcohol-related dysmorphology did {f = -0.154,
p < 0.013) with dysmorphic individuals reporting fewer symptoms.
In addition, Site (-0.123, p < 0.019), ACFs { = 0,389, p < 0.003),
and SES {p = -0.173, p < 0.006) also directly predicted depression
symptoms with higher symptoms reported in Seattle, among those
with more ACEs and lower SES. There was also an indirect effect of
PAE { = 0.117, p < 0.009) on depression symptoms via its impact on
SES { == 0.325, p < 0.004), ACEs {p == 0.447, p < 0.001), and dysmor-
phology (f = ~0.275, p < 0.009). Gender also had an indirect effect
on depression symptoms {f} = 0.076, p < 0.002} associated with its
effect on ACEs {} = 0.302, p < 0.002),

Anxiety diagnosis

Total varfance accounted for in anxiety diagnosis was R? = 0.173
{p < 0.039). PAE did not directly affect anxiety but did so indi-
rectty (p = 0143, p < 0,003} through its impact on SES { = 0.095,
p < 0.002) and ACEs {p = 0.063, p < 0.002). Gender also had an
indirect effect on anxiety () == 0.044, p < 0.002) via ACEs {}} - 0.042,
p < 0.002). In addition, Site (-0.218, p < 0.003), ACEs { == 0.222,
p < 0.003), and SES () = -0.206, p < 0.003) also predicted anxiety
divectly. That is, those in Seattle reported mose anxiety as did those
with more childhood adversity and lower SES. Dysmorphology had
neither a direct nor indirect relationship with anxiety diagnosis.

Bipolar disorder diagnosis

Total variance in the diagnosis of Bipolar Disorder was R? = 0.130
{p < 0.045). PAE did not have a direct impact on the diagnosis, but
PAE did have an indirect effect {} == 0,148, p < 0.001} via its rela-
tionships with higher SES (p = 0.059, p < 0.007} and higher ACEs
{ = 0.044, p < 0.005). Alcohol-related dysmorphology was not
directly or indirectly related to the diagnosis. Direct effects were
found on bipolar diagnosis for Age (p = -0.171, p < 0.002), ACEs
(p==0.225, p < 0.013), and SES ( = -0.184, p < 0.008), with a higher
likelihood of diagnosis in younger individuals and those with higher
ACEs and lower SES. An indirect effect was found on the diagno-
sis for Gender {j = 0.044, p < 0.002 via its relationship with ACEs
{1 = 0,030, p < G.007).

ADHD diagnosis
Total variance accounted for in ADHD diagnosis was R? = 0.147

{p < 0.046). Neither PAE nor level of alcohol-related dysmorphol-
ogy had a direct or indirect effect on ADHD. Site had both direct
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rect effect on depression (p = 0.057, p < 0.002) associated with its
effect on ACEs {f = 0.056, p < 0.002). In addition, Site {§ .- -0.216,
p < 0005}, ACEs (} = 0.288, p < 0,003, and SES {§ =~ -0.141,
p < 0.028) also directly predicted depression with the Seattle site,
higher ACEs, and lower SES being associated with a greater Hkeli-
hood of depression diagnosis. Dysmorphology had neither a direct
nor indirect relationship with depression.

Depression (current symptoms)

Tota! variance accounted for in current depression symptoms was
R? = 0,229 {p < 0.026). PAE did not directly affect depression

ADED diagnosis

Total variance accounted for in ADHD diagnosis was R® = 0.147
{p < 0.046). Neither PAE nor level of alcohol-related dysmorphol-
ogy had a direct or indirect effect on ADHD. Site had both direct
and indirect effects on endorsement of ADHD diagnosis (Direct
B =-0.255,p < 0.002; Indirect trend = 0.046, p < 0.065) with trend
for an indirect pathway going through SES (i = 0.044, p < 0.005).
Gender had a direct effect on ADHD {p = -0,193, p < 0.002) as did
SES (p = ~0.173, p < 0.005). Males and those with lower SES were
more likely to repoit an ADHD diagnosis.
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TABLE 4 Direct and indirect effects of PAE and presence of dysmorphic features on mental health outcomes
R - e --__--_incﬁrect . RURERIEE R 3
_ indirect PAE- - - dysmorphology - Other enidogenous - _
Direet: Site (f = —0.216. p < 0.005): ACES
(8= 0.288, p < 0.003): SES (3 = -0.141,
p < 0.028}: indirect; Sex (§ = 0.057.
p < 0.002)
Direct: $1e (f = ~0.123, p < 0.01%): ACES
{f = 0.38%. p < 0.003): SES (B = -0.373.
p < 0.006}: Indirect: Sex (§ = 0.076,
e < 0.002)
Direct: Site (p = =0.218. p < 0.003): SES
(= ~0.206. p < 0.003): ACES (B = 0.222,
P < 0.003}); Indirect: Sex {f = 0.044,
p<0.002)
Direct: Age (B = -0.171, p < 0.002); ACES
(B =0.225p < 0.002); SES{§ =-0.184,
p < 0.003% Indirect: Sex ( = 0.044,
p < 0.002)
Direct: Site (f = -0.255.p < 0.002; SES
(g =-0.173. p < 0.005}): Gender
(B = —0.193. £ < 0.002); Indirect: Site
5 =0.046.p < 0.065):

ST e e Resiquiare for L L Sl
Variable T o070 outcome o PAE direct ' Dysmorphology direct’
Depression Yas/NO 0173 ns ns f = 0.114. p < 0.008° ns

Depression Symptoms Total Score 0.229 ns =~0154.p < 0.013° g=C117.p< 0.009¢ ns

f=0143.p<0.003 ns

Anxiety 0173 ns ns

A=0.148.p < 0.001 ns

Bipolar 0.130 ns ns

ADHD 0.147 3=0.104.p < 0.093 ns ns ns

Noter Rejected default model ¥ (12, n = 283) =10.743. p < 0.217 (RMSEA = 0.035. CFi=9%0. GFI =0.991). The above are estimates using a 1000-sampie bootstrap approximation cbtained by censtructing
two-sided bias-corrected confidence intervais.

*The standardized indirect {mediated) effect of Alcohol Y/N on Depression is.114. Thatis. due to the indirect {mediated) effect of Alcoho! YN on Depression, when Alcoho!l Y/N goes up by 1 standard
ceviation, Depression goes up by 0114 standard deviations. This is in addition to any direct tunmediated) effect that Alcoho! Y/N may have on Depression. The indirect {mediated) effect of Alcohol ¥/N on
Depression is significantly different fram zerc at the 0.01 level {p = .008 two-tailed). This is 3 bootsirap approximation cbtained by constructing two-sided bias-corrected confidence intervals.

*The standardized direct {unmediated) effect of Dysmerphic Y/N on Depression Total score is —0.154. That is. due to the direct {unmedisted) effect of Dysmorphic Y/N on Depression Total score, when
Dysmorphic Y/N goes up by 1 standard deviation, Depression Total score goes down by 0.154 standard geviations. This is in addition to any indirect {mediated} effect that Dysmorphic ¥/N may have on
Depression Total score.

“rhe standardized Indirect (mediated) effect of Alcohol Y/N on Depression Total score is.117. That is. due to the indirect {mediated) effect of Alcehol Y/N on Depression Total score, when Alcchel Y/N goes
up by 1 szandard deviation, Depression Totat score goes up by 0.117 standard deviations. This is in addition to any direct {unmediated) effect that Aicoha! Y/N may have on Depression Total score.
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FETAL ALCOHOL EXPOSURE AND ADULT MENTAL HEALTH

DISCUSSION

The results of the current study confirm that individuals with PAE
are more likely to report both symptoms of depression and diagnosis
of mental health problems and that these problems remain observ-
able in middie adulthood. Similarly, we find in these samples that
participants are more likely to report ACEs if they have been pre-
natally exposed to alcohol. Review of Table 4 suggests that while
mental heaith probiems are mere common in those with PAE or with
a diagnosis of FAS, the refationship is typically an indirect one. Path
analyses indicate that alcohol effects on mood disorders and anxiety
are indirect, mediated by the postnatal environmental factors that
include ACEs as well as social and economic status, For instance,
alcohol exposure indirectly affects the diagnosis of depression while
there are significant direct effects of participants’ age (with younger
people more likely to report diagnosis), site of data collection {with
individuals in Seattle more likely to report depression), ACEs (with
higher adverse experiences related to depression}, and SES {with
lower SES rankings more likely to report depression}. There is also
an indirect effect of gender with women more likely to report de-
pression. Similar patterns are observed for anxiety and bipolar dis-
order diagnoses, For current symptoms of depression, the inverse
relationship with dysmorphology suggests that those individuals in
the nondysmorphic alcohol group were reporting more current symp-
toms. These results also suggest, as has been observed previously
{Lynch et al., 2017; Streissguth et al., 1996}, that it is not those with
fult FAS who are most impacted by mental health issues but rather
alcohol-exposed individuals with less obvious physical effects and
cognitive impairments.

We have often in the past attempted to discriminate the
unique teratogenic effect of alcohol exposure on developmental
outcomes, but, while important scientifically, this may have been
too simple an approach in understanding the complex clinical pre-
sentation cbserved in FASD. When we examine the long-term ef-
fects of PAE on mental health as reported in this study, results
stggest the impact of "multiple hits” on a vulnerable organism. In
addition to providing a more complete picture of the long-term
consequences of PAE, this perspective allows the exploration
of the complicated development processes involved. In the cur-
rent study, only social and demographic factors were examined.
However, it is likely that these factors may be associated with in-
creased stress for these individual and that future research should
address the physiological impact of such stress on emotional func-
tion as well as any increased vulnerability to stress that may be
associated with PAE.

Given that there are {at least} several etiologicat factors in the
development of mental health disorders among those with PAE, it
follows that prevention and treatment should be more broadly con-

environmental insults. By taking preventive steps to reduce or elim-
inate environmental stressor's early in development, we may be able
to mitigate lifelong consequences of PAE. Our study results also
sdggest that mental health Issues are not the same for all of those
with PAE. Further research Is warranted to examine why having a
diagnosis of FAS can be protective while being alcohol-exposed and
nondysmorphic yet exhibiting behavioral/cognitive problems can
tead to mare serious consequences.

Limitations

There are several limitations in the current study. As this was a sur-
vey, information about mental health is based on participant self-
report and not confirmed by professional diagnosis. Participants
were recruited from longitudinal cohorts, both of which previously
had reported mental health issues in alcohol-exposet groups, Thus,
it may be most conservative to say that this study demonstrates that
such effects are persistent over many years. [n addition, due to the
extreme difficulty in locating potential participants almost 40 years
after they were first recruited, the carrent group who were located
and agreed to participate represents only about half of the total who
were seen initially. It is certainly possible that those who could not
be located and/or those who declined to participate may have dif-
ferent characteristics. Another limitation is that ruch of the survey
was carried out during the COVID-19 pandemic which may have in-
fluenced willingness to participate in research as well as participant
mental health. Despite these limitations, these results provide in-
sight into the characteristics of those who agreed to participate and
into their current health status that are of value.

The study also has several strengths. Recruitment from ex-
isting cohorts whose members' alcoho! exposure and diagnostic
status was documented previously avoided questions about ret-
rospective ascertainment of maternal alcohol use, a problem for
much research in this area. Simitarly, by rectuiting from these co-
horts, ascertainment bias was somewhat reduced in that individ-
yals were not presenting with current clinical concerns or other
factors that may motivate adults to participate in such research.
As a result, participants were likely to be more representative
of the spectrum of outcomes associated with prenatal exposure.
Finally, by recruiting from Atlanta and Seattle, the study allows
considerable ethnic and racial diversity and avoids attributing out-
coimes to alcohol exposure that may be the resuit of unmeasured
social factors.

These results suggest that mental health problems, particu-
larly mood and anxiety disorders, are reported more commonly
in those who were prenatally exposed to alcohol. The study also
supgests that PAE is only one of many stressful factors occurring
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creased stress for these individual and that future research should
address the physiotogical impact of such stress on emotional func-
tion as weil as any increased vulnerability to stress that may be
associated with PAE.

Given that there are (at least) several eticlogical factors in the
development of mental health disorders among those with PAE, it
follows that prevention and treatment should be more broadly con-
ceptualized. Certainly, a primary goal must be the prevention or re-
duction of prenatal exposure although this has proved difficult to
accomplish, In addition, we need to understand that when prenatal
exposure has occurred, the chiid is more vulnerable to subsequent

considerable ethnic and racial diversity and avolds attributing out-
comes to alcohol exposure that may be the result of unmeasured
social factors.

These results suggest that mental health problems, particu-
larly mood and anxiety disorders, are reported more commonky
in those who were prenatally exposad to alcohol. The study also
suggests that PAE is only one of many stressful factors occurring
over the lives of individuals who report mental health disorders
in midlife and that the most parsimonious way to understand
these outcomes is as the result of multiple "hits" that have placed
a cumulative developmental burden on vulnerable individuals, a
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perspective that has been proposed previously (Kambeitz, et al,,
2019; Streissguth et al,, 2004). These results have Implications for
the clinical care of individuals of ail ages with PAE. Certainly, those
diagnosed with FASD should be evaluated for mood and anxiety
disorders as part of their medical care. In addition, because chil-
dren with PAE are at even greater risk when exposed to family
and social stressors, caregivers and professionals should recognize
that early identification of PAE and diagnosis of FASD may reduce
the risk for negative long-term mental health consequences if ap-
propriate care is provided.
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