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Early life stress is associated with greater negative emotionality
and peripheral inflammation in alcohol use disorder
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Early life stress (ELS) increases risk for psychiatric illness, including alcohol use disorder (AUD). Researchers have hypothesized that
individuals with and without a history of ELS who have the same primary DSM-5 diagnosis are clinically and biologically distinct.
While there is strong support for this hypothesis in the context of mood disorders, the hypothesis remains largely untested in the
context of AUD. This study investigated the impact of ELS on the neuroclinical phenomenology and inflammatory profile of
individuals with AUD. Treatment-seeking adults with AUD (N = 163) completed the Adverse Childhood Experiences (ACE)
Questionnaire and phenotypic battery as part of a pharmacotherapy trial for AUD (NCT03594435). Participants were classified as
having “no-ELS,” (ACE = 0) “moderate-ELS,” (ACE =1, 2 or 3) or “high-ELS” (ACE =4 + ). The Addictions Neuroclinical Assessment
domains incentive salience and negative emotionality were derived and used to assess the neuroclinical phenomenology of AUD.
We tested (1) cumulative ELS as a predictor of ANA domains and (2) ELS group differences in ANA domains. A subset of participants
(N = 98) provided blood samples for a biomarker of peripheral inflammation (C-reactive protein; CRP); analyses were repeated with
CRP as the outcome variable. Greater ELS predicted higher negative emotionality and elevated CRP, but not incentive salience. The
high-ELS group exhibited greater negative emotionality compared with the no-ELS and moderate-ELS groups, with no difference
between the latter two groups. The high-ELS group exhibited elevated CRP compared with the no/moderate-ELS group. Findings

suggest that high-ELS exposure is associated with a unique AUD neuroclinical presentation marked by greater negative
emotionality, and inflammatory profile characterized by elevated peripheral CRP.

Neuropsychopharmacology; https://doi.org/10.1038/s41386-024-01877-4

INTRODUCTION

Early life stress (ELS)—defined as exposure to early life psycho-
logical stress (i.e, household dysfunction) and trauma (abuse,
neglect))—increases risk for a wide range of psychiatric disorders,
including alcohol use disorders (AUD) [1-3]. The effects of ELS
extend beyond risk of AUD [4]; ELS is associated with a worse AUD
illness course [5], including earlier age of onset, higher rates of co-
occurring psychiatric illness, and diminished treatment response
[6, 7]. This pattern mirrors observations in other DSM-5 psychiatric
disorders, such as mood, psychotic, personality, and other
substance use disorders (SUDs), where individuals with a history
of ELS tend to exhibit more severe clinical course and poorer
treatment outcomes than diagnostic controls without history of
ELS [8]. Furthermore, a growing literature, though largely focused
on mood disorders, suggests that biological alterations that
distinguish individuals with psychiatric illness from clinically
healthy controls are restricted to, or more robust in, the subset
of patients with a history of ELS [9-11]. These compelling findings
have led researchers to hypothesize that individuals with and
without a history of ELS and the same primary DSM-5 diagnosis
are clinically and biologically distinct [11-13]. ELS is highly
prevalent among individuals with AUD [5], yet, this hypothesis
remains largely untested in the context of AUD. Specifically, it is
unclear as to whether individuals with AUD and a history of ELS

differ in their clinical phenomenology and underlying biology
from diagnostic controls without ELS history. Clarifying these
distinctions can advance our understanding of AUD etiology and
help facilitate the development of treatment strategies tailored to
individuals with ELS history [12].

Recently, the addiction field has developed a trans-diagnostic,
neuroscience-based framework, the Addictions Neuroclinical
Assessment (ANA), to help explain heterogeneity in AUD and
other SUDs [14, 15]. The ANA encompasses three functional
domains—incentive salience, negative emotionality, and execu-
tive function—that reflect neuropsychological dysfunction com-
mon in addiction [16, 17]. The incentive salience domain captures
the motivated “wanting” of alcohol; the negative emotionality
domain captures depression, anxiety and negative affective
consequences and drivers of drinking; and the executive function
domain captures processes related to cross-temporal organization
of behavior. Using this framework, Kwako and colleagues (2019)
found that childhood trauma, as measured by the Childhood
Trauma Questionnaire (CTQ), predicted severity of each functional
domain [16]. These findings support childhood trauma as a risk
factor for severity of neuroclinical dysfunction associated with
AUD. However, this study’s sample encompassed individuals
across the alcohol use spectrum, from those without AUD to
those with current AUD. Consequently, there is a need for further
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investigation within clinical samples comprised of individuals with
current AUD, particularly those that are treatment-seeking, since
prior work has identified sociodemographic and phenotypic
differences between treatment-seeking and non-treatment-
seeking participants [18-20].

Inflammation has been identified as a putative biological
mechanism linking ELS to alcohol use in adulthood [21]. ELS is
associated with immune activation that persists throughout
adulthood [22, 23], and preclinical models have suggested ELS
“programs” the immune system in a way that leads to a
proinflammatory state in adulthood [24-26]. Immune signaling is
thought to play a critical role in the development and progression
of AUD [27]. For example, elevated inflammation (i.e., C-reactive
protein; CRP) has been associated with excessive alcohol
consumption, alcohol-seeking behavior, and withdrawal [28]. In
a recent study, Battista and colleagues (2023) found that the Early
Life Stress Questionnaire (ELSQ)—a measure that captures both
stressful environmental conditions (i.e., household dysfunction)
and trauma—but not the CTQ—a measure that only captures
trauma—predicted elevated peripheral CRP levels in adulthood
[21]. Furthermore, CRP partially mediated the link between ELS
and adult alcohol use. These results support the hypothesis that
ELS portends risk for heavy alcohol use in adulthood via
inflammatory processes, and highlight the need to consider early
life stressors extending beyond trauma (i.e., household dysfunc-
tion). There is a growing literature suggesting individuals with a
history of ELS show immune system alterations not discernible in
diagnostic controls with no ELS history [8, 10, 12]. This literature,
however, has predominately focused on mood disorders, and it is
unclear if inflammatory processes in AUD vary as a function of ELS
history.

The present study investigated the impact of ELS on the
neuroclinical phenomenology and inflammatory profile of
treatment-seeking individuals with AUD. Participants completed
the Adverse Childhood Experiences (ACE) Questionnaire and
phenotypic battery as part of a pharmacotherapy trial for AUD in
the UCLA Addictions Laboratory (NCT03594435) [29]. A subset of
participants provided blood samples for a biomarker of peripheral
inflammation. We measured AUD neuroclinical presentation using
the ANA domains negative emotionality and incentive salience,
and peripheral inflammation through circulating levels of CRP. We
focused on CRP because (1) Battista and colleagues (2023) found
that CRP levels mediated the association between ELS and adult
alcohol use [21]; (2) CRP is widely used in clinical practice as a
marker of inflammation [30, 31] (i.e, the American Heart
Association identified CRP levels greater than 3 mg/L as high-risk
for cardiovascular events [32]); and (3) CRP is a well-validated,
accessible, and remains highly stable in long-term serum and
plasma storage [33-36]. Our first objective was to confirm prior
work [16, 21] by examining if cumulative ELS (total ACE score)
exposure predicts ANA domain severity and inflammation, and
extend this finding to treatment-seeking individuals with AUD.
Our next objective was to test whether individuals with AUD and a
history of ELS differ in their neuroclinical phenomenology and
underlying biology from diagnostic controls without ELS history.
We categorized participants into “no-ELS,” “moderate-ELS,” or
“high-ELS” groups and compared them on neuroclinical (ANA
domain) variables. We predicted individuals with moderate-ELS
and high-ELS would exhibit greater negative emotionality and
incentive salience compared to those with no-ELS. Furthermore,
we predicted there would be dose-dependent effects of ELS such
that individuals with high-ELS exposure would exhibit the greatest
levels of negative emotionality and incentive salience, while
individuals with no-ELS exposure would exhibit the lowest. For the
inflammation analysis, we examined differences in CRP using
dichotomous ELS groups (no/moderate-ELS versus high-ELS) due
to a smaller sample size with CRP data. We predicted individuals
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with high-ELS would show elevated levels of CRP compared to
those with no/moderate-ELS.

METHODS

Data source and sample

This study is a secondary analysis of data collected from participants
screened for a clinical pharmacotherapy study conducted in the UCLA
Addictions laboratory (NCT03594435) examining ibudilast for the treat-
ment of AUD [29]. All data utilized in this study was collected prior to
participant randomization to medication/placebo; hence there was no
medication/placebo effect in these analyses. Participants were recruited
between July 2018 and January 2023 through social media and mass
transit advertisements in the greater Los Angeles metropolitan area. The
UCLA Institutional review board approved all study procedures. All
participants provided written informed consent after receiving a full
explanation of study procedures.

Participants were initially screened via telephone interview. Following
telephone screening, eligible participants were invited for an in-person
screening assessment. For the analyses reported here, inclusion criteria
included: (1) between ages 18-65; (2) current (past 12-months) DSM-5
diagnosis of current mild, moderate, or severe AUD; and (3) treatment-
seeking for AUD. Exclusion criteria included: (1) positive urine screen for
narcotics, amphetamines, or sedative hypnotics; and (2) pregnancy,
nursing, or refusal to use reliable method of birth control (if female).
Participants were required to have a breath alcohol concentration of
0.00 g/dI at the beginning of the study visit. Participants with co-occurring
mood disorders were included in this analysis because 1) ELS is associated
with increased risk for co-occurring mood disorders and SUDs [5], and 2)
individuals with AUD have higher rates of mood disorders compared with
the general population [37]. Therefore, excluding individuals with this
comorbidity could limit generalizability of findings. Of the 168 individuals
who completed full screening procedures, 4 were excluded due to absence
of a current AUD diagnosis and 1 was excluded due to a positive urine
screen for narcotics/amphetamines/sedative hypnotics. The final sample
for this study included 163 participants. A subset of participants provided
blood samples to measure peripheral CRP levels. Additional exclusion
criteria for these participants included: (1) a medical condition that may
interfere with safe study participation; (2) attempted suicide in the past
3 years and/or serious suicidal intention/plan in past year; (3) currently on
prescription medication that contraindicates use of ibudilast; (4) currently
taking medications for AUD or psychotropic medications, except for stable
antidepressants (stable dose >4 weeks); and (5) AST, ALT, and GGT levels
>3 times the normal limit. Additionally, participants were required to have
(1) a breath alcohol concentration of 0.00g/dl; (2) Clinical Institute
Withdrawal Assessment for Alcohol Withdrawal (CIWA-Ar) [38] score <10;
and (3) no active COVID or sickness symptom (i.e., fever) at the beginning
of their blood draw visit. The final sample for the CRP analysis included 98
participants. Additional study details are previously described [29].

Assessments

Participants completed a phenotypic battery that included sociodemo-
graphic, clinical, and alcohol/drug use measures (detailed in Table 1). The
Structured Clinical Interview for DSM-5 (SCID-5) [39] was used to diagnose
AUD, other SUDs, and major depressive disorder (MDD), and to assess for
lifetime manic episode and lifetime psychotic symptoms. The Timeline
Follow-back Interview (TLFB) [40] was used to measure alcohol and
cannabis use over the past 30-days. Using the TLFB, we calculated three
indices of past 30-day drinking: total drinks, total drinking days, and drinks
per drinking day. We also determined past 30-day cannabis users (yes/no)
and number of cannabis use days. The Fagerstrom Test for Nicotine
Dependence (FTND) [41] was used to assess cigarette smoking.

Indicators of Addictions Neuroclinical Assessment domains. Indicators were
selected based on prior studies validating the ANA domains incentive
salience and negative emotionality [42-44]. Specifically, these indicators
included items assessing perception of urges to drink [Penn Alcohol
Craving Scale (PACS) [45] total score and Alcohol Dependence Scale (ADS)
[46] item #18: “Do you almost constantly think about drinking alcohol?” and
item #25:"After taking one or two drinks, can you usually stop?”] and
negative affect and associated consequences [Beck Depression Inventory
(BDI-Il) [47] total score, Beck Anxiety Inventory (BAI) [48] total score, and
Alcohol Use Disorder Identification Test (AUDIT) [49] item #7: “How often
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Table 1. Sample Characteristics.

Demographics

Age

Male (%)

Female (%)

Race (%) White
Black or African American
Asian
Pacific Islander
American Indian or Alaska Native
Mixed Race
Another Race

Ethnicity (%) Hispanic or Latino

Alcohol Use Characteristics

AUD Mild (%)

AUD Moderate (%)

AUD Severe (%)

TLFB Total Drinks (past 30 days)
159+ 113 0.13

TLFB Drinking days (past 30 days)

TLFB Drinks per drinking day (past 30 days)
Cigarette and Cannabis Use Characteristics
Cigarette Smoking Not at all (%)

Occasional (%)
Daily (%)
Past Month Cannabis Users (%)
TLFB Cannabis Use Days
Positive Toxicology Screen - THC (%)
Other Psychiatric Characteristics

Current Major Depressive Disorder (%)

Lifetime Manic Episode (%)

Lifetime Psychotic Symptoms (%)

Current Other Substance Use Disorder (%)

Alcohol Withdrawal Symptoms
CIWA-Ar

Inflammatory Covariates
Body Mass Index

Past 2-week sickness symptoms/vaccination (%)

Anti-inflammatory medication (%)

Total No ELS Moderate Severe p value
Sample ELS ELS

N=163 N=22 N=79 N=62

44 £ 11 46+ 12 45+10 42+12 0.21
111 (68) 19 (86) 54 (68) 38 (61) 0.095
52 (32) 3(14) 25 (32) 24 (39)

69 (42) 12 (55) 35 (44) 21 (34) 0.055
46 (29) 6 (27) 24 (30) 16 (26)

3(2 1(5) 2 (3) 0

2(1) 1(5) 1(1) 0

5(3) 0 2(3) 305

24 (15) 0 9(11) 15 (24)

14 (9) 2(9 6 (8) 7 (11)

48 (29) 5(23) 18 (23) 25 (40) 0.061
12 (70 2(9) 8 (10) 1(2) 0.11
48 (29) 7 (32) 26 (33) 15 (24)

103 (63) 12 (55) 45 (57) 46 (74)

156+ 112 196 = 139 142+ 100

22+8 24+8 23+7 21+8 0.33
7%5 85 7%5 8+6 0.13
94 (58) 13 (59) 48 (62) 33 (53) 0.94
31 (19) 4 (18) 15 (19) 12 (19)

37 (23) 5(23) 16 (20) 17 (27)

65 (40) 7 (32) 29 (37) 29 (47) 0.63
18+ 11 21+9 16£6 1811 0.6
48 (29) 9 (41) 19 (24) 20 (32) 0.26
15 (9) 2(9) 6 (8) 7 (11) 0.34
1 (0.6) 1 (5) 0 0 0.13
5(03) 0 2(3) 3 (5) 0.51
28 (17) 4 (18) 11 (14) 13 (21) 0.32
Subset of Participants with Inflammation Data

N =98 N =59 N=39 p value
08+15 08+14 09+1.7 0.76
28+6 28+6 28+6 0.45
8 (8) 5(8) 3(8) 0.98
17 (10) 9 (15) 8 (21) 0.78

ELS Early life stress, AUD Alcohol use disorder, TLFB Timeline Followback, THC tetrahydrocannabinol, CIWA-Ar clinical institute withdrawal assessment for alcohol

withdrawal.

during the last year have you had a feeling of guilt or remorse after
drinking?”]. The phenotypic battery collected in this study did not include
measures that could be used as indicators of the executive function
domain on the ANA.

Early life stress. ELS was measured using the ACE Questionnaire, which
was developed based on the original ACE study [2]. This 10-item “yes"/"no”
self-report questionnaire retrospectively assesses childhood abuse,
neglect, and household dysfunction. “Yes” items were coded as 1 and
“no” items were coded as 0. Prior work has suggested that cumulative
number of ACEs is a stronger predictor of adult AUD than any specific ACE
alone [4, 50]. Therefore, a total ACE score was calculated to index
cumulative ELS (range 0-10), with higher scores indicating greater ELS.
Participants were then classified into three ELS groups based on total ACE
score. ACE score of 0 was were categorized as “no-ELS”; scores of 1, 2, or 3

Neuropsychopharmacology

were categorized as “moderate-ELS”; and scores of 4 or more (4 + ) were
categorized as “high-ELS". Individuals with 1, 2, or 3 ACEs were combined
into a single group and individuals with 4+ ACEs into a single group based
on work showing that 44 ACEs is the “de facto threshold” for defining
“high risk” status for a wide range of adverse health outcomes [51].

C-reactive protein

A subset of participants (N = 98) provided blood samples, which were used
to measure circulating levels of CRP. Blood samples were collected by
venipuncture into EDTA tubes, placed on ice, centrifuged for acquisition of
plasma, and stored at -80 °C for batch testing. CRP levels were determined
utilizing the high-sensitivity Human CRP Quantikine ELISA (R&D Systems)
according to the manufacturer’s protocol with a lower limit of detection of
0.2 mg/L, as previously described [52]. Samples were assayed in duplicate.

SPRINGER NATURE
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The mean inter-assay CV was 5.7% and the mean instar-assay CV was 3.3%.
For the small proportion (8%, n = 8) of samples with CRP levels below the
limit of detection (0.2 mg/L), a value of 0.2 mg/L was assigned. Participants
were asked to report if they experienced any sickness symptoms and/or
received vaccinations within the two weeks preceding the blood draw.

Statistical analysis
Analyses were conducted using IBM SPSS Statistical Software Version 28.

Principal components analysis of Addictions Neuroclinical Assessment
domains. Principal components analysis (PCA) was used to test a two-
component model of incentive salience and negative emotionality. Analyses
were conducted using a varimax rotation. Variables loading >0.45 were
considered to load on a particular component. Components that had
Eigenvalues >1, in combination with scree tests, were considered mean-
ingful. A PCA solution was considered unsatisfactory if it included a
component composed of less than three measures. Weighted component
scores were then computed for each participant from the PCA to indicate
their standing on each component.

Early life stress as a predictor of Addiction Neuroclinical Assessment domains
and C-reactive protein. We used multiple linear regression to test if
cumulative ELS predicted scores on derived incentive salience and
negative emotionality component scores (dependent variables, modeled
separately). Regression models included total ELS score (continuous),
biological sex, age, cigarette smoking status (not smoker/occasional
smoker/daily smoker), and THC toxicology screen (negative/positive). A
parallel model was used to test if ELS predicted CRP levels (dependent
variable). CRP values were non-normally distributed (skewness=4.9,
kurtosis=26.9), and therefore were logarithmically transformed. Body
mass index (BMI), endorsement of sickness symptoms and/or vaccina-
tion(s) in two weeks prior to blood draw (no/yes), and current use of anti-
inflammatory medications (no/yes) were also included in the model.
Significant results (p < 0.05) are reported below.

Early life stress group differences. We used univariate ANOVA to examine
between-group differences in continuous sociodemographic, clinical, and
alcohol/drug use variables. We used Chi-square or Fisher’s exact tests, as
appropriate, to examine between-group differences in categorical
variables.

We used univariate ANOVA to evaluate group differences in scores on
the derived incentive salience and negative emotionality components.
Group was the between-subject categorical independent variable and
each ANA component was the dependent variable (modeled separately).
Following a significant effect of ELS, between-group differences were
evaluated using Least Significant Difference. Also following a significant
effect of ELS group, models were repeated including variables identified as
significant predictors in the multiple linear regression model as covariates.
Parallel procedures were used to evaluate group differences in peripheral
CRP (logarithmically transformed; dependent variable). Significant results
(p < 0.05) are reported below.

RESULTS

PCA analysis of Addictions Neuroclinical Assessment domains
A PCA was conducted using the indicator variables described
above. The scree plot suggested two components (supplemental
Fig. 1). Supplemental Table 1 details the pattern matrix providing
the component loadings and reflecting the correlation coefficients
between each variable and each rotated component. The first
component accounted for 40.3% of the variance, had an
Eigenvalue of 2.4, and was composed of the PACs total score,
ADS item #25, and ADS item #18. We considered this component
to parallel the incentive salience domain in the ANA. Two
participants had incomplete data for these measures and there-
fore did not have an incentive salience domain score. The second
component accounted for 17.7% of the variance, had an
Eigenvalue of 1.1, and was composed of the BDI total score, BAI
total score, and AUDIT item #7. We considered this component to
parallel the negative emotionality domain in the ANA. Descriptive
statistics on indicator variables are described in supplemental
Table 2.
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Multiple linear regression testing early life stress as a
predictor of Addictions Neuroclinical Assessment domains
and C-reactive protein

Table 2 details results of the multiple linear regression models.
Greater cumulative ELS (p=0.001) and younger age (p=0.03)
predicted higher negative emotionality scores. Cumulative ELS did
not predict incentive salience scores (p = 0.3), but smoking status
predicted incentive salience (p=0.004) such that non-smokers
had the lowest scores. Greater cumulative ELS (p =0.03) and
higher BMI (p < 0.001) predicted higher CRP. Eight participants in
the CRP analysis endorsed past two-week sickness symptoms or
vaccination; therefore, we conducted a sensitivity analysis
excluding these participants. When doing so, ELS remained a
significant predictor of CRP (p = 0.006).

Early life stress group classifications and differences in
sociodemographic, clinical, and alcohol/drug use
characteristics

The no-ELS group included 22 participants (13.5%), the moderate-
ELS group included 79 participants (48.5%), and the high-ELS
group included 62 participants (38%). Table 3 displays cumulative
number of ACEs; Fig. 1 reports number of participants with/
without each. Groups did not significantly differ in sociodemo-
graphic, alcohol/drug use, and psychiatric variables (see Table 1).

Early life stress group differences in Addictions Neuroclinical
Assessment domains: incentive salience and negative
emotionality

There was a significant effect of ELS group on the negative
emotionality domain (F = 6.5, p = 0.002, partial eta squared=0.08).
The high-ELS group had significantly greater negative emotion-
ality scores compared with both the no-ELS (p=0.03) and
moderate-ELS (p <0.001) groups. The no-ELS and moderate-ELS
groups did not differ on the negative emotionality domain
(p =0.8). Results remained significant (p = 0.02) when covarying
age. There was a significant effect of age on negative emotionality
(p=0.02) such that younger age was associated with greater
negative emotionality. There was no effect of ELS group on
the incentive salience domain (F=0.6, p=0.5 partial eta
squared = 0.008). Figure 2A illustrates results.

Early life stress group differences in C-reactive protein

Only nine participants in the no-ELS group provided blood
samples for CRP data; therefore, the no-ELS and moderate-ELS
groups were combined into a single group, “no/moderate-ELS”
(N=159). In support of combining these groups, the no-ELS and
moderate-ELS groups did not differ in CRP levels (p =0.1). There
was a significant effect of ELS group on CRP levels (F=5.5,
p = 0.02, partial eta squared=0.05), such that the high-ELS group
had significantly greater levels of CRP than the no/moderate-ELS
group. Results remained significant (p = 0.03) when controlling for
BMI. There was a significant effect of BMI (p <0.001) such that
higher BMI was associated with greater levels of CRP. Figure 2B
illustrates results. As above, we conducted a sensitivity analysis
excluding participants (n=8) who endorsed past two-week
sickness symptoms or vaccination. When doing so, there was still
a significant effect of ELS group on CRP levels (F=6.4, p=0.01,
partial eta squared =0.07), such that the high-ELS group had
significantly higher levels of CRP compared with the no/moderate-
ELS group.

DISCUSSION

This study investigated the impact of ELS on ANA domains and
peripheral CRP in individuals with AUD. First, we confirmed prior
work [16, 21], finding that cumulative ELS predicted higher
negative emotionality and elevated peripheral CRP levels, and
extended these findings to treatment-seeking individuals with
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Table 2. Multiple Linear Regression.
Variable Unstandardized
Coefficients
B Std. Error
Dependent = Negative Emotionality
ELS (ACE Total) 0.08 0.02
Gender —0.04 0.12
Age —0.01 0.01
Smoking status —0.01 0.07
THC toxicology screen 0.08 0.13
Dependent = Incentive Salience
ELS (ACE Total) 0.03 0.02
Gender 0.21 0.12
Age —0.01 0.01
Smoking status 0.20 0.07
THC toxicology screen 0.04 0.13
Dependent = C-Reactive Protein
ELS (ACE Total) 0.05 0.02
Gender 0.05 0.10
Age 0.00 0.01
Smoking status —0.08 0.06
THC toxicology screen —0.17 0.13
Body Mass Index (BMI) 0.05 0.01
Sickness Symptoms and/or Vaccination 0.03 0.19
Anti-inflammatory Medications 0.26 0.13

ELS early life stress, ACE adverse childhood experience.

AUD. Contrary to prior research [16], ELS did not predict incentive
salience in this sample, suggesting a dissociation of the effects of
ELS on AUD phenomenology. Next, we tested whether individuals
with AUD and a history of ELS differ in their clinical presentation
and underlying biology from diagnostic controls without ELS
history. ELS was highly prevalent within our sample, with 86.5% of
participants reporting at least 1 ACE. Consistent with our
prediction, individuals with AUD and high-ELS exhibited greater
negative emotionality compared to diagnostic controls with no-
ELS and moderate-ELS. Contrary to our prediction, the no-ELS and
moderate-ELS groups did not differ in terms of negative
emotionality. There was no effect of ELS group on the incentive
salience domain. Additionally, the high-ELS group presented with
elevated CRP levels compared with the no/moderate-ELS group.
The high-ELS group was comprised of participants reporting 4+
ACEs, which aligns with large-scale studies showing that 4+ ACEs
marks the “de facto threshold” for defining “high risk” status for a
wide range of adverse health outcomes [51]. Our results extend
this work to suggest that 4+ ACEs also marks a threshold level of
ELS associated with unique AUD neuroclinical characteristics,
marked by greater negative emotionality, and inflammatory
profile, characterized by higher peripheral CRP levels.

The present study found that ELS is associated with the
negative emotionality, but not incentive salience, domain in
individuals with AUD. These results diverge from Kwako and
colleagues’ (2019) findings, which found that childhood trauma
predicts disruption across all three ANA domains (negative
emotionality, incentive salience, and executive function). While
Kwako and colleague’s findings suggest that ELS leads to a diverse
range of outcomes, a phenomenon known as multifinality [16, 53],
our results suggest a dissociation of the effects of ELS on AUD
phenomenology. It is important to consider that Kwako and
colleague’s study encompassed individuals across the alcohol use
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Standardized 95% Cl for B

Coefficient
B t p Lower bound Upper bound
0.25 3.27 0.00 0.03 0.13
—0.02 —0.30 0.77 —0.28 0.21
-0.17 —2.21 0.03 —0.02 0.00
—0.01 —0.15 0.88 —0.15 0.13
0.05 0.60 0.55 —0.18 0.34
0.09 1.13 0.26 —0.02 0.07
0.13 1.69 0.09 —0.04 0.45
—0.11 —-1.33 0.18 —0.02 0.00
0.23 2.92 0.00 0.07 0.34
0.03 0.33 0.75 —0.22 0.30
0.20 2.17 0.03 0.00 0.09
0.04 0.49 0.63 —0.16 0.26
—0.07 —0.76 0.45 —0.01 0.01
—0.11 —1.22 0.23 —0.21 0.05
—0.13 —-1.36 0.18 —0.42 0.08
0.47 5.11 <.001 0.03 0.06
0.01 0.16 0.87 —0.34 0.40
0.17 1.92 0.06 —0.01 0.53

spectrum, ranging from those with no AUD to those with current
AUD, whereas our study focused exclusively on treatment-seeking
individuals with AUD. This distinction in sample composition is
important, as it could suggest that ELS may predispose individuals
to increased susceptibility to developing alcohol-related incentive
salience, but that the presence of AUD may mask ELS-related
differences in this domain. Additionally, Kwako and colleagues
used the CTQ, and found that emotional abuse, but no other type
of childhood trauma (physical/sexual abuse, emotional/physical
neglect), predicted incentive salience. Given the current study
used cumulative ACE score to measure ELS, it is possible we could
not detect a specific effect of emotional abuse on incentive
salience.

Negative emotionality, on the other hand, appears to be a
distinctive ELS-related factor in the context of AUD. Our findings
indicate that high, but not moderate, levels of ELS are associated
with greater negative emotionality among individuals with AUD.
This is in line with a large body of research showing ELS is
predictive of negative affect in adulthood, and that greater
number of ACEs are associated with more depressive symptoms in
adulthood [54-57]. Indeed, ELS is associated with deficits in
emotional regulation [58, 59], with a prospective study finding
that individuals with SUD and childhood maltreatment exhibit
decreased activity in emotional regulation brain regions during an
emotional conflict task [60]. Furthermore, large-scale studies have
shown that individuals with, compared to those without, a history
of ELS are more likely to use alcohol to cope with negative affect
[61-63]. Therefore, drinking to alleviate negative affect may be a
common pathway leading to development and progression of
AUD in individuals with ELS history [64, 65]. As such, studies
testing whether individuals with high-ELS uniquely benefit from
treatment approaches focused on alleviating negative affective
processes are warranted [66]. This study did not assess the
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executive function ANA domain because the original parent study
did not include relevant executive function assessments. Future
studies are needed to replicate the current finding, which
suggests a dissociation between the effects of ELS on AUD

phenomenology, namely with a primary pathway of negative
emotionality, as compared to incentive salience.

Studies have consistently found ELS is associated with elevated
inflammation in adulthood [8, 22, 67-691. A recent study identified

elevated CRP as a putative mechanism linking ELS to alcohol use
in adulthood [21]. The present study extends these findings to an
AUD population, showing that ELS predicts peripheral CRP levels

Table 3. Cumulative Adverse Childhood Experiences. in treatment-seeking individuals with AUD. Furthermore, we found
that individuals with high-ELS had significantly elevated CRP levels
Group Cumulative # of Frequency (N)  Percent compared individuals with no/moderate-ELS. This is consistent
ACEs with prior studies showing a stronger relationship between higher,
No-ELS 0 22 13.5 compared with lower, ACE exposure and CRP [70], and that
Moderate-ELS 1 20 123 cumulative rather than singular stress exposure has a larger
5 36 221 impact on inflammation [71-73]. Research, however, has also
: shown that having lower ELS exposure (1-2 ACEs) is still
3 23 14.1 associated with elevated CRP [71, 72]. This study found no
High-ELS 4 17 104 difference in CRP between the no- and moderate-ELS groups;
5 17 104 however, as the no-ELS had only nine participants, this analysis
6 7 43 was not sufficiently powered to test unique effects of moderate

. (versus no) ELS on CRP.
7 10 6.1 Excessive alcohol consumption has also been associated with
8 7 43 elevated inflammatory markers, including CRP [27]. As ELS groups
9 3 18 did not differ in their recent drinking, our results suggest that
10 1 06 there could be an additive, or perhaps even interactive, effect of

ELS and alcohol use on inflammation. Abstinent (>4 months)

ACES adverse childhood experiences. individuals with AUD, however, still exhibit higher CRP levels

Adverse Childhood Experiences
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Mod  High Mod  High Mod  High Mod  High Mod  High Mod  High Mod  High Mod  High Mod  High Mod  High
ACE 1 ACE 2 ACE 3 ACE 4 ACES ACE 6 ACE7 ACE 8 ACE9 ACE 10

Fig. 1 Number of participants with (“Yes’) or without (“No”) each adverse childhood experience (ACE) stratified by moderate (Mod) and
high-early life stress (ELS) groups. ACE 1: Did a parent or other adult in the household often swear at you, insult you, put you down or
humiliate you? Or act in a way that made you afraid that you might be physically hurt? ACE 2: Did a parent or other adult in the household
often push, grab, slap, or throw something at you? Or ever hit you so hard that you had marks or were injured? ACE 3: Did an adult or person
at least 5 years older than you ever touch or fondle you or have you touch their body in a sexual way? ACE 4: Did you often feel that no one in
your family loved you or thought you were important or special? Or your family didn’t look out for each other, feel close to each other, or
support each other? ACE 5: Did you often feel that you didn't have enough to eat, had to wear dirty clothes, and had no one to protect you?
Or your family didn't look out for each other, feel close to each other, or support each other? ACE 6: Were your parents ever separated or
divorced? ACE 7: Was your mother or stepmother often pushed, grabbed, slapped, or had something thrown at her? Or sometime or often
kicked, bitten, hit, with a fist, or hit with something hard? Or ever repeatedly hit over at least a few minutes or threatened with a gun or knife?
ACE 8: Did you live with anyone who was a problem drinker or alcoholic or who used street drugs? ACE 9: Was a household member
depressed or mentally ill or did a household member attempt suicide? ACE 10: Did a household member go to prison?
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A. Addictions Neuroclinical Assessment Domains

I. Negative Emotionality

Main effect ELS, p=0.002
55 p=0.03

p<0.001

Negative Emotionality
(Estimated Marginal Means)
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B. C-Reactive Protein

i

p=0.02

I B

C-Reactive Protein
(Estimated Marginal Means)

:

No/Moderate-ELS

High-ELS

ELS Group

D.E. Kirsch et al.

Il. Incentive Salience

Main effect ELS, p=0.5

Incentive Salience
(Estimated Marginal Means)

Moderate-ELS
ELS Group

No-ELS High-ELS

Fig. 2 Early life stress (ELS) group differences in Addictions Neuroclinical Assessment Domains and C-reactive protein. A There was an
effect of ELS group on the negative emotionality domain (p = 0.002) such that the high ELS group had greater negative emotionality scores
compared with both the no-ELS (p = 0.03) and moderate-ELS (p < 0.001) groups. The no-ELS and moderate-ELS groups did not differ on the
negative emotionality domain (p = 0.5). There was no effect of ELS group on the incentive salience domain (p = 0.5). B There was an effect of
ELS group on C-reactive protein (CRP; p = 0.02) such that the high ELS group had elevated CRP levels compared with the no/moderate-ELS
group. The y-axis displays raw (as opposed to logarithmically transformed) CRP values for visualization purposes.

compared with controls without AUD [74]; therefore, case-control
studies are needed to test this hypothesis. Additionally, this study
focused only on CRP, and future studies should investigate
additional markers of inflammation in order to gain better insight
into the inflammatory correlates of ELS in AUD. Although our
findings only indicate associations between ELS and CRP, they
suggest that future studies investigating whether anti-
inflammatory pharmacotherapies are uniquely beneficial in
individuals with AUD and ELS history are warranted. Indeed, prior
work has shown that pharmacological treatments with anti-
inflammatory effects (i.e., infliximab, vortioxetine) are particularly
effective in treating individuals with mood disorders and a history
of ELS, as indicated by reduced depression and inflammation.
Furthermore, our group has found that baseline CRP levels predict
treatment response to a neuroimmune modulator in individuals
with AUD (i.e, higher baseline CRP levels predicted better
treatment response) [52]. Considering the elevated CRP levels
observed among individuals AUD and ELS history in this study, it is
the plausible that anti-inflammatory pharmacotherapies could
offer unique benefits in treating AUD in individuals with ELS
exposure [52].

This study'’s findings should be interpreted within the context of
its strengths and limitations. Notable strengths include a racially
diverse sample and the utilization of the ANA, a robust
neuroscience-based framework, to measure neuroclincal hetero-
geneity in AUD. Moreover, the objective of this study was to better
understand the clinical and biological profiles of individuals with
AUD and ELS history, with the goal of informing the development
of treatments for this population. Therefore, a significant strength

Neuropsychopharmacology

of this study lies in the exclusive focus on treatment-seeking
individuals with AUD, as this population represent the primary
recipients of AUD treatments. Additionally, the ELS groups did not
differ in AUD severity, recent alcohol use, and other clinical
characteristics, thereby reducing the likelihood that differences in
negative emotionality and CRP levels in the high-ELS group are
solely attributable to illness severity. Lastly, this study drew upon a
robust literature [4, 51] to inform the classification of participants
into ELS groups, thereby allowing us to gain a nuanced under-
standing of the dose effects of ELS in the context of AUD.

There are also several limitations of this study that must be
considered. First, this study was cross-sectional, and therefore,
cannot determine whether there is a causal association between
ELS and disturbances in negative emotionality and CRP. Second,
participants in this study were not recruited on the basis of ELS
status, but rather as part of an AUD treatment study. Despite this
limitation, the observed ACEs in this sample underscores the high
prevalence of ELS among individual's treatment-seeking for AUD.
Third, while the ACE Questionnaire is a well-validated and widely
implemented measure of ELS, there are some inherent limitations
associated with the assessment [75]. Specifically, the ACE
Questionnaire is a retrospective self-report that does not capture
duration, chronicity, or severity of each ACE. Forth, this study did
not, assess the executive function domain of the ANA due to the
absence of relevant measures in the parent study. Fifth, while
participants did not have any sickness symptoms on the day of
their blood draw, no exclusions were made based on recent
sickness symptoms or vaccination within the prior two weeks. To
mitigate potential confounding effects, all CRP-related analyses
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controlled for recent sickness symptoms or vaccination(s), current
use of anti-inflammatory medications, and other relevant biolo-
gical variables. Additionally, effects of ELS remained significant
when conducting a sensitivity analyses excluding all participants
(n=28) who reported past two-week sickness symptoms or
vaccination. Sixth, the sample size of the no-ELS was relatively
small. Consequently, participants with no-ELS and moderate-ELS
were combined into a single group for the CRP analysis. While this
improved our power to detect effects of high-ELS, it precluded our
ability to examine effects of moderate-ELS on CRP. As a next step,
we will require case-control studies prospectively assessing ELS to
replicate these findings and test causal associations between ELS
and disturbances in negative emotionality and CRP among
individuals with AUD.

In conclusion, this study provides a nuanced understanding of
the impact of ELS in AUD, suggesting that high-ELS (4+ ACEs) is
associated with a greater negative emotionality and elevated CRP.
ELS was not associated with incentive salience, thereby indicating
a dissociation of the effects of ELS on AUD phenomenology. This
study found support for the overarching hypothesis that
individuals with and without a history of ELS and the same
primary DSM-5 diagnosis are clinically and biologically distinct in
the context of AUD [11, 12], and suggests that tailored treatments
for this group, including neuroimmune modulators, are in need of
investigation.
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