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Abstract

Background—The adverse effects of alcohol on brain function result, in part, from
inflammatory processes. The sex-specific neuropsychiatric consequences and inflammatory status
of active alcohol dependence and early remission from dependence have not been investigated.

Methods—Neuropsychiatric symptoms, inflammatory factors, and liver enzymes were compared
in a prospective cohort study of adults with (n = 51) or without (n = 31) a current or recent history
of alcohol dependence.

Results—Neuropsychiatric profiles were similar in adults with current or recent alcohol
dependence regardless of sex. In male and female participants measures of depression (female p <
0.05, male p < 0.001), anxiety (female p < 0.001, male p < 0.001), and memory complaints
(female p < 0.001, male p < 0.05) were elevated, relative to non-dependent controls. Significant
sex x alcohol dependence history interactions were observed for plasma levels of tissue inhibitor
of metalloproteinase 1 (TIMP-1) and brain derived neurotrophic factor (BDNF), with women in
the alcohol dependent group exhibiting increased levels of both analytes (p < 0.05) relative to
controls. Positive correlations between TIMP-1 levels and measures of depression (r2 = 0.35, p <
0.01), anxiety (r2 = 0.24, p < 0.05) and memory complaints (r2 = 0.44, p < 0.01) were found in
female, but not male, participants.
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Conclusions—Though neuropsychiatric profiles were similar for men and women with current
or recent alcohol dependence, plasma factors associated with increases in depression, anxiety, and
memory impairment differed and support the need to tailor treatments based on sex.
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1. Introduction

Sexual dimorphism is observed in many pathological processes including brain diseases and
responses to a variety of drugs, including alcohol. For instance, women are more vulnerable
to alcohol-induced organ damage in the periphery, with higher rates or greater severity of
cardiomyopathy, peripheral neuropathy, some types of cancer and liver cirrhosis
(Ammendola et al., 2000; Fernandez-Sola and Nicolas-Arfelis, 2002; Kovacs and
Messingham, 2002; Praud et al., 2016). Due to differences in body mass composition, as
well as other still unknown factors, women are more susceptible to the harmful effects of
alcohol than men, as reflected by the lower alcohol consumption recommendations for
women vs. men provided by the National Institute on Alcohol Abuse and Alcoholism
(NIAAA). Sex differences in alcohol-induced brain damage and cognitive impairment have
rarely been addressed in clinical studies, and a consensus of whether increased damage or
dysfunction is observed in women is lacking (reviewed in Nixon et al., 2014). In general,
studies suggest that women exhibit brain damage with less total alcohol consumption, or
more damage with similar levels of intake than men, though not all studies have observed
this phenomenon (Hommer, 2003). Women may recover from alcohol-induced white matter
damage more quickly than men (Ruiz et al., 2013). Sex differences have also been observed
in the relationship between circulating inflammatory factors such as C-reactive protein and
the quantity of alcohol consumed (Oliveira et al., 2010). Mortality, the most devastating
consequence of alcohol abuse, is higher in women who have a greater-than two-fold
increased risk of premature death than men with alcohol dependence (John et al., 2013), a
finding that has been confirmed by systematic meta-analysis of mortality risks in alcohol use
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disorders (Roerecke and Rehm, 2013). Despite accumulating evidence, little effort has been
extended to identify the mechanisms underlying sex-differences in alcohol responses.

About half of the nearly 20 million people with an alcohol use disorder in the United States
develop neuropsychiatric symptoms that adversely impact addiction treatment outcomes.
The course of alcohol use disorders appears to vary between the sexes, with women showing
higher levels of alcohol craving associated with nicotine use (Hitschfeld et al., 2015) and
increased vulnerability to alcohol relapse (Abulseoud et al., 2013). Further, women exhibit
stronger associations between alcohol abuse and depression or anxiety than men (King et al.,
2003), and women with depression report engaging in heavy episodic alcohol drinking more
frequently than women without depression (Pedrelli et al., 2016).

A strong link between depression and inflammatory signaling has been established, and
mounting evidence suggests that inflammation may play a similar role in anxiety and
memory dysfunction (Huckans et al., 2015b; Vogelzangs et al., 2013). Women experience
higher rates of depression than men (reviewed in Albert, 2015), and inflammation appears to
be a key contributor to depression in women (reviewed in Derry et al., 2015). Chronic
alcohol consumption also induces inflammatory responses that contribute to the drug's
adverse neuropsychiatric effects. For example, neuroinflammation is evident in the brains of
adults with a history of alcohol abuse, with increased activation of microglia and elevated
expression of central and peripheral inflammatory factors (Achur et al., 2010; He and Crews,
2008). Studies using animal models of alcohol abuse observe greater inflammation
following alcohol exposure in females than males both in the brain (Alfonso-Loeches et al.,
2013; Wilhelm et al., 2014) and in the periphery (Fulham and Mandrekar, 2016). Thus, we
hypothesize that men and women with alcohol dependence may exhibit differences in the
symptom severity or inflammatory factors associated with neuropsychiatric impairments.

In this study, self-report measures of depression, anxiety, and memory complaints were used
to explore associations among neuropsychiatric symptoms and a panel of immune factors to
identify potential sex-specific effects of alcohol dependence in adults. We focused on
cytokines and chemokines commonly associated with inflammation-related depression
including interferon-y (IFN- -y) and interleukin-6 (IL-6) (Dahl et al., 2016; Huckans et al.,
2015a), and emerging factors that we and others have recently found to contribute to mood
and cognitive impairments including matrix metalloproteinase-3 (MMP-3), tissue inhibitor
of metalloproteinases-1 (TIMP-1), and brain derived neurotrophic factor (BDNF) (Hoyo-
Becerra et al., 2013; Hoyo-Becerra et al., 2015; Huckans et al., 2015b; Rybakowski et al.,
2013; Zhang et al., 2016). A hypothesis of this study was that relationships between
inflammatory markers and neuropsychiatric symptoms may be sex-specific, thus
associations were examined within each sex and not across the entire sample population.
Our results identify distinct plasma profiles linked with alcohol dependence and
neuropsychiatric impairment in men and women. These findings emphasize the need to
develop sex-specific treatments for alcohol and other substance use disorders, particularly
interventions (e.g., immunotherapies) targeting neuropsychiatric symptoms that hinder early
recovery efforts.
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2. Material and methods

2.1. Participants

Participants were categorized into the following study groups: 1) control group (n =31;n =
10 female; n = 21 male): adults with no lifetime history of dependence on any substance
other than nicotine or caffeine and 2) alcohol dependent group (n = 51): adults actively using
alcohol and currently meeting criteria for alcohol dependence (n = 21; n =5 female; n = 16
male) and adults in early remission from alcohol dependence (defined as = 1 month and < 9
months) (n = 30; n = 6 female; n = 24 male). Research participants in the early remission
group were recruited from Portland, Oregon area addiction treatment centers. Participants
who were active users or controls were recruited from the Portland, Oregon community
through word of mouth and via study advertisements posted in clinics, websites, and
newspapers.

General exclusion criteria included history of a major medical illness or current use of
medications that are likely to be associated with serious neurological or immune dysfunction
[e.g., stroke, traumatic brain injury, human immunodeficiency virus (HIV) infection,
hepatitis C virus (HCV) infection, primary psychotic disorder, immunosuppressants,
antivirals, or antitumor necrosis factor (TNF) agents]. Additional exclusion criteria for the
control group included: 1) meets criteria for lifetime history of dependence on any substance
(other than nicotine or caffeine dependence) based on Diagnostic and Statistical Manual of
Mental Disorders-Fourth Edition (DSM-I1V) (American Psychiatric Association, 2000) and
confirmed by the Mini International Neuropsychiatric Interview questionnaire (MINI)
(Sheehan et al., 1998), 2) for men, average recent alcohol use > 6 standard drinks/day for = 1
year, and 3) for women, average recent alcohol use > 4 standard drinks/day for = 1 year, and
4) a positive test on a urine drug analysis for any drug of abuse on the day of the study. The
urine drug analysis tested for the following drugs: amphetamine, tetrahydrocannabinol/
cannabis, opiates, cocaine, and methamphetamine. Additional inclusion criteria for the
alcohol dependent groups included: 1) meets DSM-IV (American Psychiatric Association,
2000) criteria for current or recent dependence on alcohol, confirmed by the MINI (Sheehan
et al., 1998), 2) for men, average use > 6 standard drinks/day for = 1 year during active
dependence, and 3) for women, average use > 4 standard drinks/day for = 1 year during
active dependence. Participants in the alcohol dependent group did not test positive on a
urine drug analysis for any drug of abuse on the day of the study. Other reported drug usage
by control and alcohol groups is reported in Supplemental Table 1 and indicates that use of
other drugs (with the exception of nicotine and alcohol) was not recent.

2.2. Ethical approval

The protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki (6
revision, 2008) and was approved by the Institutional Review Boards at the VA Portland
Health Care System and Oregon Health & Science University. Research participants gave
informed consent after the procedures of the study were explained in full.
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2.3. Procedures

Participants were compensated with grocery store vouchers ($50) to complete the following
procedures: clinical interview, urine drug analysis, HCV and HIV antibody screening, blood
sample collection for immune factor analysis and liver function measurements, and
questionnaires to assess depression, anxiety, and memory. All procedures were carried out
by a certified phlebotomist/retired licensed practical nurse that was trained and supervised
by a licensed psychologist and clinical neuropsychologist (MH). All measures were entered
into a database and double-checked by separate study personnel prior to analysis.

2.3.1. Questionnaires—1) Patient Health Questionaire-9 (PHQ-9) (Kroenke et al., 2001),
a nine-item measure of depression severity. 2) Generalized Anxiety Disorder-7 Scale
(GAD-7) (Spitzer et al., 2006), a seven-item measure of anxiety. 3) Prospective-
Retrospective Memory Questionnaire (PRMQ) (Smith et al., 2000), a 16-item measure of
self-reported memory complaints.

2.4. Multiplex assessment of inflammatory factors

Following all other study procedures, blood was drawn in the afternoon (mean time was 1:28
PM, SD = 2:35 hours) by one-time venipuncture into cell preparation tubes (BD Vacutainer
Systems, Franklin Lakes, NJ, USA) containing 1 mL of 0.1M sodium citrate solution. The
blood was then centrifuged at 1500 x g for 20 minutes at room temperature (22-25° C).
Plasma was separated, collected and immediately aliquoted into polypropylene tubes
(Phenix Research Products, Hayward, CA, USA) and frozen at -80° C until assayed. Plasma
levels of IFN-y, IL-6, TIMP-1, MMP-3, and BDNF were determined by Myriad Rules
Based Medicine, Inc., a CLIA certified laboratory, using a Human Inflammation Multi-
Analyte Profile (v 1.0) panel designed to discern inflammatory patterns in biological
samples (Austin, TX, USA). Levels of IFN-y (lowest detected concentration = 1.3 pg/ml)
and IL-6 (lowest detected concentration = 8.1 pg/ml) were below detection limits for the
majority of participants in all groups and therefore were not further analyzed.

2.5. Liver function tests

Whole blood was collected in BD Vacutainer tubes with lithium heparin (Fisher Scientific,
Pittsburgh, PA, USA). Liver function tests were conducted by the VA Portland Health Care
System Phlebotomy Lab per standard operating procedures.

2.6. Statistical analysis

Data analyses and graphs were carried out or created using Prism 6.05 (GraphPad Software,
Inc., La Jolla, CA, USA) and IBM SPSS Statistics (IBM Corporation, Armonk, NY, USA).
Given the limited number of women in the alcohol dependent groups (n = 5 with current
alcohol dependence; n = 6 in early remission from alcohol dependence), participants with
active alcohol dependence and those in early remission from dependence were combined
into a single group for statistical analyses. Analyses were conducted using analysis of
variance (ANOVA) and analysis of covariance (ANCOVA) to compare across groups. Data
were examined for normality and transformed as needed to conform to the assumptions of
ANOVA. Last alcohol use was natural log transformed prior to analysis. If normality could
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not be achieved, the Kruskal-Wallis non-parametric test was employed. Following
significant main effects or interactions, post hoc tests were carried out with Sidak
corrections for multiple comparisons. Statistical significance was maintained at p < 0.05.
Correlations were carried out using Pearson's correlation as the data conformed to
assumptions of normality. Outliers were identified using Prism analysis, with Q = 1%
(Motulsky and Brown, 2006) (n = 2 data points excluded, 1 PRMQ score from the male
alcohol group and 1 plasma MMP-3 value from the male alcohol group). Fisher's exact test
of independence was carried out (http://www.quantpsy.org/fisher/fisher.htm) to determine
whether groups differed in race, or nicotine status. Data are presented as mean * standard
deviation (S.D.) unless otherwise indicated.

3. Results

3.1. Sample characteristics

Two-way ANOVAS with sex (male vs. female) and study group (control vs. alcohol) as
factors indicated that participants did not differ in body mass index (BMI) and women did
not differ in years of education (Table 1). Men in the alcohol group had fewer years of
education than men in the control group (p < 0.05). Women were younger overall than men
(ANOVA: Fq 75 = 4.87, p < 0.05; women: 32.3 + 2.3 years old vs. men: 38.0 + 12 years old)
with no differences between control and alcohol groups. Women in the alcohol remission
group had last consumed alcohol 91 + 83 days ago compared with 209 + 573 days ago for
the control group. Men in the alcohol remission group had last consumed alcohol 99 + 66
days ago compared with 83 + 245 days ago for men in the control group. In a two-way
ANOVA with sex and alcohol group as factors, there were no effects of sex, alcohol, or sex x
alcohol interaction comparing the days since last alcohol between the control and alcohol
remission groups. Women in the alcohol group averaged 15 + 4 drinks per day during
alcohol dependence, with men averaging 18 + 10 drinks per day. There was no significant
difference in drinks per day between men and women in the alcohol groups. Women in the
alcohol group averaged 14 + 9 years of dependence, while men averaged 18 +11 years of
dependence, with a t-test indicating no significant difference between the sexes in length of
dependence.

For nicotine use, women in the alcohol group averaged 13 + 7 years of use and 8 + 3
cigarettes per day compared with 8 + 14 years of use and 4 + 6 cigarettes per day for women
in the control group. Men in the alcohol group averaged 19 + 13 years of nicotine use and 13
+ 10 cigarettes per day compared with 7 + 11 years of use and 5 + 7 cigarettes per day for
men in the control group. ANOVA indicated that the alcohol group had a longer history of
nicotine use than the control group (ANOVA: F1 78 = 5.25, p < 0.05), with no other
significant effects or interactions. The data for the number of cigarettes per day were non-
normal and could not be normalized via transformation, therefore, independent samples
Kruskal-Wallis tests were used and indicated no difference in the number of cigarettes per
day by sex, but that participants in the alcohol group smoked more cigarettes per day than
those in the control group (p < 0.001).

Fisher's exact test found a greater prevalence of nicotine usage in the alcohol group relative
to the control group for men with a similar trend (non-significant) observed in women.
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3.2. Neuropsychiatric symptoms

Individuals in the alcohol dependent group reported greater neuropsychiatric symptom
severity compared to the control group, as evidenced by higher scores on measures of
depression (PHQ-9: F1 73 = 19.7, p < 0.001), anxiety (GAD-7: Fq 7 = 27.3, p < 0.001), and
memory complaints (PRMQ: F1 77 = 22.4, p < 0.001). Post hoc tests indicated that female
and male alcohol dependent groups had increased scores on all neuropsychiatric measures
relative to their same-sex control groups (Table 1). Scores on the PHQ-9 and GAD-7 by
participants in the alcohol dependent groups were also elevated in comparison to normative
scores for women (PHQ-9: 3.1 £ 3.5; GAD-7: 3.2 £ 3.5) and men (PHQ-9: 2.7 + 3.5;
GAD-7: 2.7 + 3.2) (Kocalevent et al., 2013; Lowe et al., 2008). Sex specific normative
scores for the PRMQ were not available (Crawford et al., 2003). The presence of co-morbid
mood disorders was also assessed (Table 2). Women in the alcohol group exhibited increased
prevalence of major depressive disorder (MDD), panic disorder, and GAD relative to the
same-sex control group. Men in the alcohol group exhibited increased prevalence of
agoraphobia and GAD relative to their same-sex control group.

3.3. Plasma inflammatory factors

Significant sex effects were observed for plasma MMP-3 levels (ANOVA: Fq 77 = 10.96, p <
0.01), with women having lower plasma concentrations relative to men (Fig. 1A; Table 3).
MMP-3 levels increase with age (Komosinska-Vassev et al., 2011), so with age included as a
covariate, women still had significantly lower plasma concentrations of MMP-3 relative to
men (ANCOVA: F1 76 = 10.74, p < 0.01). A main effect of study group (ANOVA: F1 75 =
4.79, p < 0.05) and a significant sex x study group interaction (ANOVA: F; 75 = 7.31, p <
0.01) was observed for plasma levels of TIMP-1 (Fig. 1B). Inclusion of age as a covariate
did not change the results (main effect of study group: F1 77 = 5.02, p < 0.05; sex x study
group interaction: F1 77 = 5.34, p < 0.05). The main effect of group was driven by a
significant increase in plasma TIMP-1 in the female alcohol dependent group compared to
the female control group, with no such effect observed in the male alcohol dependent group.
A similar pattern was observed for plasma levels of BDNF (Fig. 1C) with a main effect of
study group (ANOVA: F1 7g = 4.36, p < 0.05) and a sex x study group interaction (ANOVA.:
F1 78 = 4.57, p <0.05). When age was included as a covariate, the main effect of study group
remained (ANCOVA: F1 77 = 4.38, p < 0.05); however, the sex x study group interaction
became marginal (ANCOVA: F1 77 = 3.54, p = 0.06). As with TIMP-1, post hoc
comparisons indicated that the effect of study group was driven by a significant increase in
plasma BDNF in women, but not in men, with current or recent alcohol dependence.

3.4. Relationship between neuropsychiatric symptom severity and inflammatory factors

Previous studies from our lab (Huckans et al., 2015b; Loftis and Hauser, 2004) and others
(reviewed in Byrne et al., 2016) indicate significant associations between mood and
cognitive impairments and circulating immune factors. Therefore, correlations between
neuropsychiatric symptom severity and plasma factors impacted by alcohol dependence (/.e.,
TIMP-1 and BDNF) were investigated. In women, TIMP-1 was positively correlated with all
three neuropsychiatric measures (Fig. 2A-C). Correlations are also shown for men (Fig. 2D-
F), where TIMP-1 was not correlated with any of the neuropsychiatric outcomes and in
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some cases exhibited a trend toward a negative correlation. No statistically significant
correlations were observed for BDNF (data not shown).

3.5. Liver function assessment

The liver is a major target of alcohol's effects and a substantial contributor to alcohol-
induced inflammatory signaling. Previous studies demonstrate that women are more
susceptible to alcoholic liver disease than men both in human (Kovacs and Messingham,
2002) and animal studies (Fulham and Mandrekar, 2016). To evaluate the potential
contribution of alcohol-induced liver damage to neuropsychiatric function and inflammatory
responses, blood liver function tests were conducted. All measures of liver function were
within the normal range (Staff, 2015) in men and women (Table 3).

4. Discussion

Neuropsychiatric profiles were similar in men and women with a current or recent history of
alcohol dependence. Participants with a history of alcohol dependence exhibited increases in
measures of depression, anxiety, and memory impairment relative to non-dependent
controls. These results support and extend the findings of other studies (e.g., Ling et al.,
2003) by examining sex x alcohol dependence interaction effects. In contrast to the similar
mood and cognitive effects, inflammatory factors putatively involved in neuropsychiatric
function differed between men and women. Women with a current or recent history of
alcohol dependence had higher plasma levels of TIMP-1 and BDNF relative to controls.
Increased plasma BDNF in recently abstinent alcohol-dependent subjects relative to controls
has been reported in a largely male cohort (Costa et al., 2011), but sex was not included as a
factor in between-group comparisons. Previous studies examining inflammatory factors
associated with liver fibrosis and alcoholic hepatitis have not observed increases in TIMP-1
associated with alcohol abuse (reviewed in Parkes et al., 2012). Women in both groups
exhibited lower levels of plasma MMP-3 than men, which is consistent with previous
observations (Komosinska-Vassev et al., 2011). A growing body of literature now supports
sex-specific responses to alcohol and indicates that women are more likely to exhibit a pro-
inflammatory response to the effects of alcohol (e.g. Pascual et al., 2016).

Reductions in BDNF are often associated with mood disorders (reviewed in Hashimoto,
2010; Moonat et al., 2011) and cognitive impairments (Levada et al., 2016); however,
elevations in BDNF are also reported in bipolar disorder (Barbosa et al., 2013) as well as in
inflammatory conditions with a high prevalence of co-morbid depression and anxiety such
as fibromyalgia (Epstein et al., 1999; Haas et al., 2010; Okifuji et al., 2000). Thus, alcohol-
related neuropsychiatric symptoms may share common pathways with neuropsychiatric
symptoms observed in fibromyalgia and in mental health disorders potentially mediated via
inflammatory mechanisms.

Women in the alcohol dependent group had increased TIMP-1 relative to the control group,
and TIMP-1 was correlated with measures of depression, anxiety, and memory impairment
in female participants. These sex-dependent findings with alcohol dependence are consistent
with other studies which show that elevations in TIMP-1 are associated with mild cognitive
impairment in a predominantly female population (Hanzel et al., 2014), disruptions in long-
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term potentiation (Okulski et al., 2007) and learning and memory (Jourquin et al., 2005).
TIMP-1 levels in the cerebrospinal fluid are also elevated in several neurodegenerative
diseases including: Alzheimer's disease, Parkinson's disease, Huntington's disease, and
Amyotrophic Lateral Sclerosis (Lorenzl et al., 2003). A preclinical rodent model of IFN-a.-
induced depression found elevations in 77mp-I mRNA expression in the hippocampus and
prefrontal cortex of animals exhibiting depression-like behavior (Hoyo-Becerra et al., 2015),
and in humans, administration of IFN-a. as an antiviral therapy leads to significant
behavioral alterations, including increases in anxiety, depression, and fatigue (Huckans et
al., 2015a; Loftis et al., 2013). Elevations in TIMP-1 have also been observed in the
hippocampus of suicidal individuals and in primary neuronal cultures treated with IFN-a
and the toll-like receptor 3 (TLR3) agonist poly(l:C) (Hoyo-Becerra et al., 2013). TIMP-1
may be a sex-specific marker of neuropsychiatric impairment associated with alcohol
dependence in women.

These results are limited by the relatively non-diverse sample of subjects available in this
study, the modest sample size of women, and the range of detection for IFN-y and IL-6. Due
to the sample size, results are considered preliminary, thus subsequent replication and
elaboration of results will be important. Men were also older than women, though inclusion
of age as a co-variate in analyses did not change the statistical outcomes. Observations were
carried out in a cross-sectional manner, thereby restricting interpretations to associations. In
addition, nicotine usage differed somewhat between control and alcohol dependent groups,
making it difficult to attribute group differences purely to alcohol dependence. The study is
strengthened by the use of comprehensive clinical assessments (including detailed substance
use histories and liver function tests), validated neuropsychiatric tests and well-characterized
and matched samples minimizing the likelihood that other unmeasured factors contribute to
the observations. Though subjects in the alcohol groups had experience with a wider range
of drugs of abuse, the majority of these experiences occurred several years prior to the
current study (Supplemental Table 1). Nevertheless, it is possible that some of these other
drugs of abuse induced long-term behavioral or biochemical changes that influenced the
results of the current study.

Peripheral immune factors can influence nervous system function and neuropsychiatric
status with several reports documenting the association between inflammatory cytokine
signaling and depression (e.g. Lotrich, 2015). Nevertheless, the connection between
peripheral markers of inflammation and subsequent neuropsychiatric dysfunction is still not
fully understood. The existence of sexually dimorphic factors associated with alcohol misuse
has been observed previously, with correlations reported between brain shrinkage and
hematocrit in males and brain shrinkage and AST levels in females (Chen et al., 2012).
Circulating factors such as TIMP-1 or BDNF may directly compromise the blood-brain
barrier via dysregulation of the extracellular matrix, may interact with the central nervous
system through cells lining or sampling from the cerebral vasculature (e.g. active transport),
or via areas of the nervous system with less restrictive blood-brain-barrier permeability
(Abdul Muneer et al., 2012; Denes et al., 2011).
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Conclusions

Neuropsychiatric symptoms were similar for male and female participants with alcohol
dependence (including those with active diagnoses and in early remission). The significant,
positive correlations between TIMP-1 and measures of depression, anxiety, and memory
complaints in women identify TIMP-1 as a potential marker of alcohol-induced damage
which may also be important therapeutically. Reliable biomarkers of tissue damage and
neuropsychiatric dysfunction remain lacking for alcohol use disorders. Regulators of the
extracellular matrix such as TIMP-1 are novel, inflammatory factors associated with
dependence and neuropsychiatric dysfunction.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
. Affective symptoms and memory problems are increased in alcohol

dependent men and women.

. Increases in tissue inhibitor of metalloproteinase 1 (TIMP-1) and brain
derived neurotrophic factor (BDNF) are associated with alcohol dependence,
but only in women.

. TIMP-1 correlates with depression, anxiety, and memory complaints in
women.
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Fig. 1.
Alcohol dependence is associated with increased plasma TIMP-1 and BDNF in women.

Two-way ANOVAs, followed by post hoc tests as appropriate, were conducted comparing
plasma levels of MMP-3, TIMP-1, and BDNF in control and alcohol dependent groups.
Female participants had significantly lower levels of MMP-3 than male participants,
regardless of their alcohol use disorder history (A). Female and male participants had similar
levels of TIMP-1 and BDNF, but compared to their same-sex control group, women with a
current or recent history of alcohol dependence had increased plasma levels of TIMP-1 (B)
and BDNF (C). *p < 0.05, **p < 0.01. Graphs depict mean + standard error of the mean
(S.EM)
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Plasma TIMP-1 correlates with depression, anxiety, and memory complaints in women.
Self-report measures of depression (PHQ-9; r2 = 0.35, n = 21, p < 0.01) (A), anxiety
(GAD-7; r2=0.24, n = 21, p < 0.05) (B), and memory complaints (PRMQ; r2 = 0.44, n = 21,
p < 0.01) (C) were positively correlated with plasma TIMP-1 levels in female participants.

No significant correlations were present in men (D-F).
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