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Abstract

Background.—Among the neurological consequences of alcoholism is peripheral neuropathy. 

Relative to HIV or diabetes-related neuropathies, neuropathy associated with Alcohol Use 

Disorders (AUD) is understudied. In both the diabetes and HIV literature, emerging evidence 

supports a CNS component to peripheral neuropathy.

Methods.—In seeking a central substrate for AUD-related neuropathy, the current study was 

conducted in 154 individuals with AUD (43 women, ages 21–74) and 99 healthy controls (41 

women, ages 21–77) and explored subjective symptoms (self-report) and objective signs 

(perception of vibration, deep tendon ankle reflex, position sense, 2-point discrimination) of 

neuropathy separately. In addition to regional brain volumes, risk factors for AUD-related 

neuropathy, including age, sex, total lifetime ethanol consumed, nutritional indices (i.e., thiamine, 

folate), and measures of liver integrity (i.e., γ-glutamyl-transferase) were evaluated.

Results.—The AUD group described more subjective symptoms of neuropathy and were more 

frequently impaired on bilateral perception of vibration.

From 5 correlates, the number of AUD-related seizures was most significantly associated with 

subjective symptoms of neuropathy. There were 15 correlates of impaired perception of vibration 

among the AUD participants: of these, age and volume of frontal precentral cortex were the most 

robust predictors.

Conclusions.—This study supports CNS involvement in objective signs of neuropathy in AUD.
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INTRODUCTION

Estimates of the prevalence of peripheral neuropathy associated with chronic alcohol 

consumption vary from 9 to 76% (Maiya and Messing, 2014, Julian et al., 2018). Symptoms, 

typically beginning in the feet, are described as numbness, aching, or burning (Zambelis et 
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al., 2005, Sadowski and Houck, 2019, Koike et al., 2003). Signs of neuropathy in Alcohol 

Use Disorders (AUD) include bilateral impairment of sensation (heat, pain, vibration), 

proprioception, and deep tendon ankle reflexes (Koike et al., 2001, Sadowski and Houck, 

2019, Ammendola et al., 2001). Both nerve conduction (Ammendola et al., 2000, Koike et 

al., 2001, D’Amour et al., 2000) and electromyographic (Behse and Buchthal, 1977, Scholz 

et al., 1986) studies support the diagnoses of axonal neuropathy in AUD. Factors reported to 

contribute to peripheral neuropathy among individuals with AUD include total lifetime dose 

and duration of alcohol intake (Vittadini et al., 2001, Monforte et al., 1995, Julian et al., 

2018), nutritional deficiencies for thiamine or folate (Chopra and Tiwari, 2012, Mellion et 

al., 2011, Sanvisens et al., 2017, Hamel and Logigian, 2018), macrocytosis (Zambelis et al., 

2005), or liver disease (Agelink et al., 1998, Milovanovic et al., 2009, Gane et al., 2004).

Recent evidence supports Central Nervous System (CNS) involvement in peripheral 

neuropathy (e.g., Tesfaye et al., 2016, Zahr et al., 2019, Keltner et al., 2017, Pfefferbaum et 

al., 2009). Diabetes with neuropathy relative to diabetes without neuropathy is associated 

with compromise in volume of cingulate cortex (Boland et al., 2014), implicated in the 

affective processing of pain (Coppieters et al., 2017, Buckalew et al., 2008, Absinta et al., 

2012). Similarly, distal neuropathic pain symptoms in HIV are associated with deficits in 

posterior cingulate volume (Keltner et al., 2017).

The current study aimed to determine correlates of subjective symptoms or “objective” signs 
[perception of vibration (great toes), deep tendon ankle reflexes, position sense (great toes), 

and 2-point discrimination (feet)] of AUD-related peripheral neuropathy. Relations between 

measures of neuropathy and demographic (e.g., age, sex), alcohol-related (e.g., total lifetime 

ethanol consumed, duration of AUD diagnosis), laboratory (e.g., thiamine, folate, γ-

glutamyl-transferase, mean corpuscular volume), balance (i.e., ataxia), and regional brain 

volume variables were evaluated. We hypothesized that subjective symptoms of AUD-

neuropathy would be associated with smaller cingulate volume, while “objective” signs 
would be associated with smaller somatosensory cortex volume (Kim and Choi-Kwon, 1996, 

Apkarian et al., 1999, Gelnar et al., 1999, Soros et al., 2007, Scholvinck et al., 2008).

MATERIALS AND METHODS

Participants

The current study sample included 99 controls (41 women, 58 men, 50.9±13.3 years) and 

154 participants with AUD (43 women, 111 men, 49.8±10.5 years) with signed consent 

provided in the presence of a staff member. This study, approved by the Institutional Review 

Boards of SRI International and Stanford University, included data that were collected 

between January 2007 and March 2018.

Individuals with AUD were recruited from local in- and out- patient treatment centers. 

Healthy, control participants were recruited from the local community via flyers and online 

ads (e.g., Nextdoor). The Structured Clinical Interview for DSM-IV (SCID) was used to 

screen study participants (First et al., 1998). Also collected were structured health 

questionnaires including Activities of Daily Living questionnaires (Pfeffer et al., 1982), and 

a semi-structured timeline follow-back to quantify lifetime alcohol consumption (Skinner 
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and Sheu, 1982). Of note, although subjects were screened with DSM-IV, which 

differentiates alcohol abuse and alcohol dependence, the DSM-V term “AUD” is used herein 

inclusive of both diagnoses.

Subjects were excluded if they had a significant history of medical (e.g., uncontrolled 

diabetes), psychiatric (i.e., schizophrenia), or neurological (e.g., stroke) disorders, or recent 

(i.e., within 3 months) substance dependence.

Evaluation of Peripheral Neuropathy

Laboratory personnel, trained and calibrated to assess neuropathy, included 4 individuals 

(among them author NMZ). Subjective neuropathy (i.e., self-report) was documented after 

participants were questioned regarding the bilateral severity – in feet or legs – of 1) pain, 

aching, or burning; 2) pins and needles; or 3) numbness. Subjective neuropathy scores were 

0 for absence of symptoms and 1 for symptoms ranging from mild to severe.

While we acknowledge that the gold standard for objective measurement of neuropathy 

requires electromyography or nerve conduction testing, the term “objective” is used herein 

to differentiate from self-report of subjective symptoms of neuropathy. The four “objective” 

signs of lower-limb neuropathy evaluated included perception of vibration (right or left 

great toe assessed separately) where 0 = normal, 1 = bilateral impairment (perception of 

vibration <10 seconds); deep tendon ankle reflexes (right or left ankle assessed separately) 

where 0 = normal, 1 = bilateral impairment (hypoactive ankle reflex); position sense (right 

or left great toe assessed separately) where 0 = normal, 1 = bilateral impairment (≥1 errors 

during evaluation); and 2-point discrimination (right or left soles of feet assessed 

separately): a 3-point aesthesiometer was used to determine minimal distance detected 

between 2 points. Raw scores were transformed to age-corrected Z-scores where 0 = normal, 

1 = bilateral impairment (≥2 standard deviations from Z-scored mean of controls).

Blood Measures

Samples (~40cc) were extracted and evaluated for complete blood count with differential 

(whole blood), a comprehensive metabolic panel including liver enzymes (serum), and 

hepatitis C virus (HCV) screening (serum) by Quest Diagnostics. In addition to standard 

laboratory testing at Quest Diagnostics, we include a whole blood measure of vitamin B1 

(thiamine) conducted by ARUP Laboratories.

Quantitative Ataxia Testing

An ataxia battery assessed balance with eyes open and eyes closed. Age-corrected Z scores 

of each subtest were calculated separately for eyes open and eyes closed conditions (Sullivan 

et al., 2000).

MRI Acquisition and Analysis

Image Acquisition—MRI data of the brain were acquired on a 3 Tesla whole body MR 

system (GE Healthcare, Waukesha, WI) using an 8-channel array head coil. T1-SPoiled 

Gradient Recall (SPGR) images were used for regional brain volume analyses. Axial SPGR 

acquisitions used the following parameters: repetition time (TR)=6.55/5.92ms, echo time 
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(TE)=1.56/1.93ms, inversion time (TI)=300ms, 256×256 matrix, field of view (FOV)=24cm, 

24 slices at a thickness of 1.25 mm. Imaging data were available for 74/99 of the control and 

125/154 AUD participants.

Image Processing—MRI data were processed using a pipeline developed in our 

laboratory (Pfefferbaum et al., 2018). Processing began with noise removal (Coupe et al., 

2008). Gray matter, white matter, and cerebrospinal fluid tissue was segmented using 

average intensity maps that were rigidly aligned via ANTS (Avants et al., 2008) then 

segmented via Atropos (Avants et al., 2011). Regions of interest were parcellated based on 

the SRI24 atlas (Rohlfing et al., 2010). Volume was quantified for 23 bilateral supratentorial, 

5 bilateral infratentorial (superior and inferior cerebellum, cerebellar white matter, vermis, 

pons), and 7 bilateral subcortical (amygdala, caudate, putamen, pallidum, thalamus, 

parahippocampus, hippocampus) regions, corpus callosum, third and lateral ventricles. 

Regional brain volumes were adjusted for age and supratentorial brain volume (Pfefferbaum 

et al., 2018).

Statistical Analysis

Statistics were performed using JMP Pro 14.1.0 (SAS Institute Inc. 2016). Group differences 

in demographic measures were evaluated by t-test or Pearson’s Chi-square tests. Two-group 

differences in subjective and “objective” measures of neuropathy were assessed using 

Pearson’s Chi-square tests. In the AUD group only, relationships between neuropathy 

measures and demographic, alcohol-related, laboratory, balance, or brain volume variables 

were assessed using non-parametric Wilcoxon rank sums tests. A nominal logistic regression 

was conducted to determine the percent of neuropathy (subjective or “objective”) explained 

by significantly associated variables. Finally, a data-driven approach entered scores on 

neuropathy (subjective or “objective”) and variables associated with these measures into a 

JMP-based cluster analysis.

RESULTS

Study Participants

Demographic data, presented in Table 1, demonstrates that AUD and healthy control 

participants were matched with respect to age, handedness, and body mass index (BMI). The 

AUD relative to the control group had proportionally more men and African-Americans, 

lower education and socioeconomic status (SES) (Hollingshead, 1975), more smokers, more 

depressive symptoms [as assessed with the Beck Depression Inventory-II (BDI-II) (Beck et 

al., (1996) )], and lower scores on the National Adult Reading Test (NART) (Nelson, 1982) 

and the Dementia Rating Scale (DRS) (Mattis, 1998).

A subset of the results from standard laboratory testing is presented in Supplementary Table 

1. General markers of nutrition - blood urea nitrogen (BUN), creatinine, albumin, folate, and 

vitamin B12 - were not different between the 2 groups. Prealbumin levels were moderately 

lower in the AUD relative to the control group (p=.04). Whole blood thiamine levels were 

slightly higher in the AUD than control group (p=.05).
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Neuropathy Measures

The AUD relative to the control group reported a greater incidence of symptoms of 

neuropathy (χ2=7.2 p=.007) [AUD group: normal n=134, impaired n=20 (mild n=8, 

moderate n=7, severe n=5); control group: normal n=96, impaired n=3 (mild n=2, moderate 

n=1)] (Figure 1a). Neuropathy was described by 10 AUD participants as pain, aching, or 

burning; by 4 as numbness; by 3 as pain, aching, and burning + numbness; by 2 as numbness 

+ pins and needles; and 1 AUD participant reported all 3 symptoms (i.e., pain, aching, and 

burning; pins and needles; numbness).

Among the “objective” neuropathy measures, only perception of vibration distinguished the 

two groups (χ2=4.6, p=.03) [AUD group: normal (>10 sec) n=113; impaired (<10 sec) 

n=41; control group: normal (>10 sec) n=84; impaired (<10 sec) n=15] (Figure 1b). Deep 

tendon ankle reflex (χ2=0.7, p=.40), position sense (χ2=2.6, p=.11), and 2-point 

discrimination (χ2=0.03, p=.85) scores were not different between the 2 groups (Figure 1c).

To ensure that neuropathy was not related to recency of drinking, AUD participants were 

triaged into groups based on recency of abstinence: current drinkers were defined as those 

with under 1 month of abstinence; recent drinkers were defined as those with between 2 and 

12 months of recovery; past drinkers were defined as those with over 1 year of sobriety. Of 

154 alcoholics, 58 were current drinkers, 81 were recent drinkers, and 14 were past drinkers 

(with an average of 61.1 ± 3.4 months of sobriety ranging from 13 to 154 months). Chi-

squared analyses for abstinence category by subjective neuropathy (χ2=3.2, p=.20: current 

drinkers, neuropathy absent n=48, neuropathy present n=10; recent drinkers, neuropathy 

absent n=71, neuropathy present n=10; past drinkers, neuropathy absent n=15, neuropathy 

present n=0) and “objective” neuropathy (i.e., perception of vibration) (χ2=.02, p=.98: 

current drinkers, neuropathy absent n=43, neuropathy present n=15; recent drinkers, 

neuropathy absent n=59, neuropathy present n=22; past drinkers, neuropathy absent n=11, 

neuropathy present n=4) were not significantly different between groups.

Relationships

Subjective Neuropathy—Among the AUD group, more frequent self-report of 

symptoms of neuropathy was associated with more frequent impairment in bilateral 

perception of vibration (χ2=6.4, p=.01, Figure 2a). Self-report of symptoms of neuropathy 

were not associated with any blood markers. Also contrary to our hypothesis, subjective 

symptoms of neuropathy in the AUD group did not correlate with cingulate volume: anterior 

(χ2=0.8, p=.37) or mid-posterior (χ2=1.5, p=.22). Instead, symptoms of neuropathy were 

associated with a greater frequency of AUD-related seizure history (χ2=15.6, p<.0001) 

(Figure 2b); impairment in activities of daily living: physical (χ2=4.7 p=.03) & instrumental 

(χ2=6.2 p=.01); worse performance on ataxia with eyes open (χ2=3.9, p=.05), and smaller 

frontal inferior volume (χ2=6.6, p=.01) (Supplementary Figure 1). A nominal logistic 

regression including all 5 correlates was significant (χ2=25.6, p<.0001), explained 29.4% of 

the variance in neuropathy symptoms, and was driven by a history of AUD-related seizures 

(χ2=8.2, p=.004).
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“Objective” Neuropathy—In the AUD group, impaired perception of vibration was 

associated with older age (χ2=13.7, p=.0002) (Figure 2c); psychosocial stressors (χ2=12.2, 

p=.0005); depressive symptoms (χ2=7.3 p=.007); greater BMI (χ2=7.1, p=.008); 

impairments in activities of daily living: physical (χ2=6.4, p=.01) & instrumental (χ2=9.2, 

p=.002); worse performance on ataxia with eyes open (χ2=5.9, p=.02); nicotine dependence 

(χ2=3.8, p=.05); and self-report of high blood pressure in the past year (χ2=12.1, p=.0005) 

(Supplementary Figure 2). There were no relationships between perception of vibration and 

any blood marker. With respect to regional brain volumes, poorer vibration perception was 

not related to parietal post-central (i.e., somatosensory cortex) volume (χ2=0.4, p=.53), but 

did correlate with smaller frontal precentral (χ2=3.8, p=.05) (Figure 2d), frontal medial 

(χ2=7.3, p=.007), temporal superior (χ2=4.3, p=.04), cingulate mid-posterior (χ2=6.6, p=.

01), thalamus (χ2=5.7, p=.02), and pons (χ2=7.2, p=.008) volumes (Supplementary Figure 

3). A nominal logistic regression including all 15 correlates was significant (χ2=40.8, p=.

0003), explained 50.7% of the variance in perception of vibration, and was driven by age 

(χ2=5.0, p=.02), psychosocial stressors (χ2=8.4, p=.004), nicotine dependence (χ2=4.8, p=.

03), and frontal precentral volume (χ2=4.6, p=.03). These 4 correlates explained 21.6% of 

the variance in perception of vibration (χ2=30.0, p<.0001).

Cluster Analysis—Subjective neuropathy, perception of vibration, and their correlates 

[including age, BMI, BDI-II scores, smoking status, psychosocial stressors, self-report of 

high blood pressure in the past year, AUD-related seizure history, activities of daily living 

(physical & instrumental), ataxia, and volumes of frontal inferior, frontal precentral, frontal 

medial, temporal superior, cingulate mid-posterior, thalamus, and pons] were entered into a 

JMP-based cluster analysis. This data-driven approach assigned the 19 variables into 6 

clusters (Table 2): Cluster 1 explained 9.8% of the overall variance and included perception 

of vibration, age, self-report of high blood pressure in the past year, and volumes of the 

frontal precentral and cingulate mid-posterior cortices. Cluster 3 explained 8.6% of the 

overall variance and included subjective neuropathy, number of AUD-related seizures, ataxia 

with eyes open, and BMI.

DISCUSSION

In the current study, individuals with AUD were more likely than controls to report 

symptoms of neuropathy; these correlated with a greater frequency of impairment in an 

“objective” measure of neuropathy, perception of vibration. This relationship in AUD was 

not identified in HIV, where subjective symptoms and “objective” signs of neuropathy were 

dissociable (Zahr et al., 2019). This finding, along with impairment in only perception of 

vibration in AUD, whereas individuals infected with HIV showed deficits in deep tendon 

ankle reflexes, position sense, and 2-point discrimination, suggests differing pathogenic 

mechanisms for neuropathy in the 2 disorders.

This study did not identify relationships between general markers of nutrition, non-fasted 

glucose levels, or any other blood marker evaluated and either subjective or “objective” 

neuropathy. While there is evidence for peripheral neuropathy specifically associated with 

thiamine deficiency, most studies in alcoholic neuropathy do not report relationships with 

markers of nutritional status (e.g., Ammendola et al., 2000, Koike et al., 2001); available 
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data suggest that the pathophysiology of thiamine-deficiency-related and alcoholism-related 

neuropathy is different (e.g., Chopra and Tiwari, 2012, Koike et al., 2003).

Symptoms of neuropathy in the AUD group correlated with 5 measures: an AUD-related 

seizure history, activities of daily living (physical & instrumental), ataxia with eyes open, 

and frontal inferior volume. Compromise in activities of daily living has previously been 

noted in patients living with diabetic (Le Floch et al., 2014) and chemotherapy-induced 

(Kanda et al., 2017) neuropathies. Our study of peripheral neuropathy in HIV found a 

correlation between symptoms of neuropathy and performance on ataxia with eyes closed 

(Zahr et al., 2019), (but see, Berner et al., 2017). These findings suggest that subjective 

symptoms of neuropathy in AUD contribute to impaired physical functioning, including 

deficits in balance and postural stability, as observed in diabetic neuropathy (cf., Riandini et 

al., 2018). A single study of diabetic retinopathy showed reduced gray matter density in 

frontal inferior gyrus (Wessels et al., 2006). The frontal inferior gyrus, an area that may be 

especially sensitive to reduced blood flow (Snowdon et al., 1997), shows reduced perfusion 

in AUD (Gansler et al., 2000).

AUD-related seizure history was highlighted by both the nominal logistic regression and the 

cluster-based analysis as relevant to symptoms of AUD-related neuropathy. In a previous 

study of 46 patients with alcoholic neuropathy, 11 (24%) had experienced seizures 

(Kemppainen et al., 1982). Beyond this report, there is little in the alcoholism-related 

literature associating seizures and peripheral neuropathy. By contrast, several reports on the 

neurological consequences of kidney disease report concomitant seizures and neuropathy 

(Jabbari and Vaziri, 2018, Baluarte, 2017, Mahoney and Arieff, 1982). Further analysis of 

the present dataset, however, did not provide evidence of kidney compromise (e.g., elevated 

creatinine or blood urea, or compromised estimated glomerular filtration rate) in the AUD 

group.

Previous studies suggest the presence of bilateral impairment of proprioception and deep 

tendon ankle reflexes in AUD (e.g., Koike et al., 2001, Sadowski and Houck, 2019, 

Ammendola et al., 2001). Findings in the current group of AUD subjects, however, show 

only impaired vibration sense. This comports with a recent literature review that reports 

individuals with AUD are more likely to show impaired vibration sense than altered 

proprioception (cf., Julian et al., 2018). Fifteen correlates of vibration sense were identified 

in the AUD group – including high blood pressure, smoking, and BMI, which have high 

odds ratio as risk factors for diabetic neuropathy (Tesfaye et al., 2016) – but not total 

lifetime ethanol dose – which a recent meta-analysis indicated is the most valid risk factor 

for the development of AUD-related peripheral neuropathy (Julian et al., 2018). Of the 15 

variables, age and frontal precentral volume were underscored by both the nominal logistic 

regression and the cluster analysis as significant to vibration sense. Older age has often been 

reported as a risk factor for neuropathy, regardless of the etiology (Barrell and Smith, 2019, 

Liu et al., 2019, Brouwer et al., 2015, Agelink et al., 1998).

Brain regions that correlated with perception of vibration included frontal precentral, frontal 

medial, and temporal superior cortices; the cingulate mid-posterior cortex, implicated in pain 

perception, and previously reported as relevant to both diabetic and HIV-related 
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neuropathies (Sugimine et al., 2016, Hsieh et al., 2015, Keltner et al., 2017); the thalamus, 

relevant to perception of pain (Geha and Apkarian, 2005, Peyron et al., 2000), and 

sometimes directly implicated in neuropathy (Selvarajah et al., 2011); and the pons, which 

has been reported in case studies of rare neuropathies (cf., Weinmann, 1967, Rossi et al., 

1986). Consistent with posterior cingulate involvement, our recent study in HIV found 

relations between subjective symptoms of neuropathy and smaller parietal precuneus volume 

(Zahr et al., 2019); both regions support introspection and self-awareness (Kjaer et al., 2002, 

Jacob and Kostev, 2016).

With respect to frontal regions, hereditary neuropathy has been associated with white matter 

disturbances in frontal regions (Wang et al., 2015); both chemotherapy-induced (Boland et 

al., 2014, Nudelman et al., 2016) and diabetic (Li et al., 2018, Manor et al., 2012) 

neuropathies show altered frontal activity. Furthermore, frontoparietal regions are relevant to 

encoding vibrotactile stimuli (Woolgar and Zopf, 2017) (see also, Godde et al., 2010, Wu et 

al., 2018, Fassihi et al., 2017, Ku et al., 2007, Soros et al., 2007). Circuits including frontal 

and cingulate cortices, thalamus and pons are relevant for distinguishing the position and 

intensity of painful stimuli (Apkarian et al., 2005) and are commonly affected in alcoholism 

(Sullivan et al., 2018). Indeed, it is likely that perceptual awareness is the result of 

interactions between a distributed network of brain regions including primary sensory and 

higher-order cortical regions (Boly et al., 2007). In AUD, vibratory sense may have an 

altered network substrate, as brains of individuals with AUD show profound changes in 

functional connectivity (cf., Chanraud et al., 2013, Chanraud et al., 2011).

Although this study is adequately-powered, limitations include reliance on accurate self-

reporting from individuals with AUD with respect to several of the relevant variables, 

including symptoms of neuropathy, AUD-related seizure history, and high blood pressure 

(cf., McKay, 1999, Heffernan, 2008). Furthermore, gold standards for the measurement of 

objective neuropathy such as nerve or muscle conduction studies, computerized quantitative 

sensory testing, or quantification of nerve fiber densities were not collected. Clinical 

assessment, as evaluated herein, is nevertheless often used in neuropathy studies (e.g., 

McArthur et al., 1998, Cherry et al., 2005). The lack of gold standard measures of 

neuropathy precludes ascribing the neuropathy observed in the current study to fiber gauge. 

In a study conducted in 98 alcohol-dependent subjects, 58% had neuropathy and of those, 

25.5% had both large and small fiber neuropathy; 12.2% had exclusively small fiber and 

20.4% exclusively large fiber neuropathy (Zambelis et al., 2005). Indeed, a study published 

in 1977 suggested that “at least 4 different types of fiber loss could be distinguished” in 27 

patients with alcoholic neuropathy (Tackmann et al., 1977). A more recent study reported 

only small fiber involvement in alcohol-related peripheral neuropathy (Mellion et al., 2014). 

These discrepancies suggest that alcoholic neuropathy is not clearly understood and requires 

more attention as a debilitating consequence, potentially contributing to motor impairment, 

in alcoholism. The current results are endorsed, however, because the correlates identified 

herein have previously been identified in the diabetes and HIV neuropathy literature.

In conclusion, the present study supports the presence of both subjective and “objective” 

neuropathy in AUD, recapitulates a number of the risk factors identified in the diabetic 
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literature as relevant to AUD-related neuropathy, and provides further evidence supporting 

CNS involvement in peripheral neuropathy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Percent of total healthy control (n=99) or AUD (n=154) group with a) no subjective 
symptoms (white) or bilateral subjective symptoms (gray) of neuropathy and no “objective” 
signs (white) or bilateral “objective” signs (gray) of impairment in b) perception of 

vibration, c) tendon reflex, position sense, and 2-point discrimination.
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Figure 2. 
a) Association between subjective symptoms and the “objective” sign (i.e., perception of 

vibration) of neuropathy. b) Association between subjective symptoms of neuropathy and 

AUD-related seizures. Associations between the “objective” sign of neuropathy (perception 

of vibration) and c) age or d) frontal precentral volume (age and supratentorial volume 

(svol) corrected).
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Table 1.

Characteristics of the study groups: mean±SD / frequency count

Control (n=99) AUD (n=154) p-value*

N (men / women) 58 / 41 111 / 43 0.03

Age (years) 50.9 ± 13.3 49.8 ± 10.5 0.50

Handedness (Right / Center) 87 / 12 133 / 21 0.73

Ethnicity
♩
 (Caucasian / African American / Other) 50 / 24 / 25 88 / 60 / 5 < 0.0001

Body Mass Index 26.4 ± 4.7 27.2 ± 4.6 0.18

Education (years) 15.8 ± 2.5 13.1 ± 2.2 < 0.0001

Socioeconomic Status
# 28.0 ± 13.3 43.4 ± 14.8 < 0.0001

Beck Depression Index (BDI) 3.1 ± 3.8 10.6 ± 8.3 < 0.0001

National Adult Reading Test (NART) 112.0 ± 8.4 106.3 ± 9.1 0.0005

Dementia Rating Scale (DRS) 139.8 ± 2.6 136.2 ± 5.0 < 0.0001

AUD onset age - 24.5 ± 9.2 -

Months since last drink - 8.1 ± 21.2 -

Lifetime alcohol consumption (kg) 35.8 ± 58.5 1301.6 ± 1090.8 < 0.0001

Smoker (never / past / current) 89 / 2 / 5 45 / 25 / 83 < 0.0001

Nicotine (daily) 0.9 ± 2.7 6.3 ± 7.1 < 0.0001

*
t-tests used on continuous variables (e.g., age); χ2 used on nominal variables (e.g., handedness)

♩
self-defined, where Other = Native American, Asian, or Islander

#
lower score = higher status
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