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ABSTRACT  

Many adolescents have chronic exposure to hazardous levels of alcohol. This is likely to be a 

significant predictor of health outcomes, including those related to immunity. We assessed 

substance use and biochemical immunological parameters in heavy drinking adolescents 

(meeting DSM-IV criteria for alcohol dependence) and light/non-drinking control adolescents in 

Cape Town. Lifetime alcohol dose, measured in standard units of alcohol, was orders of 

magnitude higher in alcohol dependent (AD) participants than controls. All adolescent AD had a 

‘weekends-only’ style of alcohol consumption. The AD group was chosen to represent relatively 

‘pure’ AD, with minimal other drug use and no psychiatric diagnoses. With these narrow 

parameters in place, we found that AD adolescents were lymphopenic compared to controls, 

with significantly lower mean numbers of absolute circulating CD3+, CD4+ and CD8+ T-

lymphocytes. Upon conclusion, we found that adolescent AD individuals with excessive alcohol 

intake, in a weekend binge-drinking style but without comorbid drug or psychiatric disorders, 

may be at increased risk of lymphopenia. This alcohol misuse may increase infectious disease 

susceptibility (including TB and HIV) by reducing immune system capabilities. Complex 

interactions of alcohol with other documented high-risk activities may further compound health 

risks.  
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INTRODUCTION  

Chronic exposure to hazardous levels of alcohol is typical for an alarming proportion of 

school-going adolescents internationally and in South Africa (Kim et al., 2008; Kuntsche et al., 

2004; Lim et al., 2007; Parry et al., 2004; Reddy et al., 2003; United States Department of 

Health and Human Services. Substance Abuse and Mental Health Services Administration. 

Office of Applied Studies, 2005). This harmful alcohol intake may impact health outcomes, 

including those related to immune function. The quantity of alcohol consumed, the frequency 

with which it is consumed, and the pattern of consumption determine the health and related 

effects of alcohol use (Li, 2008). Binge drinking is defined as consuming five or more drinks 

(male) or four or more drinks (female) in approximately 2 hours (NIAAA, 2004). This high-risk 

drinking pattern occurs frequently in adolescents and can result in damage due to a number of 

acute and chronic consequences that affect health (Li, 2008).  

South African surveillance shows binge drinking to be a common form of substance 

misuse among school-going youth of both genders, with over a third of the males in Cape Town 

reporting binge drinking by grade 11 (Parry et al., 2004). Recent (past month) alcohol use 

(particularly weekend binge-drinking) has been reported by 31.7% of school-going adolescents 

in the Cape Town area (Flisher et al., 2003).  

It is well documented that excessive alcohol intake results in compromised immunity and 

increased risk of infections (Cook, 1998; Happel and Nelson, 2005; MacGregor and Louria, 

1997; Messingham et al., 2002; Nelson and Kolls, 2002; Szabo, 1999). The effects of alcohol on 

immunity have largely been demonstrated in vivo in mice and rats (Szabo and Mandrekar, 

2009). Research with acute and chronic ethanol-fed C57BL/6 and BALB/c mice has 

demonstrated a significant reduction in splenic cellularity, CD4+ T-cell numbers, CD8+ T-cell 

numbers, B cell numbers and Natural Killer (NK) cell numbers (Meadows et al., 1989; 1992; 

Shellito and Olariu, 1998; Song et al., 2002; Starkenburg et al., 2001; Zhang and Meadows, 

2005). Most studies in humans investigating the impact of alcohol use on measures of immunity 
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have been conducted in samples of chronically alcohol-dependant adults in treatment facilities, 

with varying degrees of medical, externalizing, and other substance use problems (Charpentier 

et al., 1984; Cook, 1998; 1995; 1997; 1996; Mutchnick and Lee, 1988; Roselle et al., 1988; 

Schleifer et al., 2002). Due to the possible interactive effects of other substances commonly 

used by persons with alcohol use disorders (AUDs), the possibility exists that effects on 

immunity observed may not be directly attributable to alcohol consumption.  

Alcohol can disturb the complex process of host immunity through its modulating effects 

on the different cellular components of the adaptive and/or innate immune systems (Brown et 

al., 2006; Cook, 1998; Szabo, 1999). Studies have revealed that alcoholics without liver disease 

typically have normal numbers of lymphocytes in their peripheral blood, whereas those with liver 

disease have a wide range of abnormalities, depending on the stage and severity of disease. In 

alcoholic liver disease, there is lymphopenia in the later stages of cirrhosis (Cook, 1998).  

Through research into the effects of alcohol use, it has become clear that age is an 

important factor influencing its impact (Matthews, 2010).  Relatively little is known about the 

effects of alcohol and, more specifically, binge-drinking on immunity in adolescents. The paucity 

of information in this regard is concerning in light of documented increases in alcohol 

consumption among adolescents (Matthews, 2010; McArdle, 2008). 

Adolescence is associated with higher rates of risk-taking behaviours, exposure to high-

risk environments, and vulnerability to experimentation. South African youth risk-taking 

behaviours include under-age alcohol use, tobacco and other drug experimentation, and 

engagement in unprotected sex (Reddy et al., 2003).   

The Cape Town region of South Africa provides an opportunity to study adolescents 

meeting criteria for AD, but with minimal other drug use histories. The inclusion of adolescents 

without co-morbid externalizing disorders or substance use disorders (SUDs), including regular 

cigarette smoking, allows for the examination of the effects of alcohol on lymphocytes without 

the confounding effects of other substance abuse. To our knowledge, no studies examining the 
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effects of alcohol use on lymphocytes in treatment-naive, community-dwelling adolescents with 

AD and with no co-morbid SUDs have been published. The aim of this study was to explore the 

effect of adolescent AD on lymphocytes by examining and comparing quantitative in vivo 

parameters in treatment-naïve 13-15 year old adolescents with AD, but without co-morbid other 

SUDs or externalizing disorders, with light/non-drinking control adolescents, from the same well-

defined and homogenous study population.  

 

MATERIALS AND METHODS 

Study Population and Participants  

The current study examined a subset of participants recruited for a larger study (n=127) 

of relatively ‘pure’ adolescent AUD without concomitant drug use or psychiatric (including 

externalizing) diagnoses. In the parent study, participants were mixed ancestry English or 

Afrikaans-speaking adolescents (ages 12-15 years) from schools within a 25-km radius of the 

single test site at Tygerberg Hospital. Participants were individually matched for age (within 1 

year), gender, education level, language, and socioeconomic status. Screening procedures 

included a structured psychiatric diagnostic interview, a developmental and medical history 

(from participants and at least one biological parent or legal guardian) and a detailed physical 

and neurological examination that included anthropometry, assessment for stigmata of 

nutritional deficiencies and developmental delays (PDC).   The Schedule for Affective Disorders 

and Schizophrenia for School Aged Children (6-18 Years) Lifetime Version (K-SADS-PL) 

(Kaufman et al., 1996) was used to ascertain current and past psychiatric diagnoses. The Semi-

Structured Assessment for the Genetics of Alcohol (SSAGA-II) (Bucholz et al., 1994) was used 

to confirm AUD diagnosis and to derive detailed substance use histories (alcohol, tobacco and 

all other drugs).  

Participants were assigned to one of two groups: an AD group meeting DSM-IV criteria for 

alcohol dependence (American Psychiatric Association, 1994) or a light/non-drinking control 
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group (lifetime dose of <100 standard units of alcohol or never consumed alcohol). Exclusion 

criteria for both groups were: mental retardation, current DSM-IV Axis I diagnoses other than AD 

and lifetime diagnoses of psychoses, severe mood disorders (current and lifetime), ADHD, 

conduct disorders and SUDs other than alcohol, current use of sedative or psychotropic 

medication, signs or history of fetal alcohol syndrome or malnutrition, sensory impairment, 

history of traumatic brain injury with loss of consciousness exceeding 10 minutes, presence of 

diseases that may affect the CNS (e.g., meningitis, epilepsy), HIV (tested using the enzyme 

linked immunosorbent assay (ELISA)), less than 6 years of formal education, and lack of 

proficiency in English or Afrikaans. At the consent explanation interview, a social worker 

obtained collateral information from consenting parents, verifying the absence of medical, 

psychiatric and psychosocial problems. The mean age of the parent sample was 14.80 years 

and females (54%) slightly outnumbered males (46%). The parent sample consisted of 43% 

non-smokers (never smoked), 32% light smokers (<100 cigarettes in their lifetime) and 25% 

regular smokers (>100 cigarettes in their lifetime). The primary aim of the parent study was to 

explore the effects of heavy alcohol use on brain structure and function via the study of 

relatively pure untreated adolescent AUDs without comorbid Substance Use Disorders or 

comorbid psychiatric disorders (including externalizing disorders). 

The sub-sample of 37 males and females (ages 13-15 years) in the current study was 

selected consecutively from the parent study sample according to whether individuals still 

required blood collection and were non-smokers or light smokers. Regular smokers were 

excluded.  Blood collection for the immune measures was done on the same occasion as the 

additional blood collection for the parent study. Two participants refused the additional blood 

collection.  Participants in the sub-sample were from 7 schools within a 25-km radius of the 

single test site. The AD (n=18) and light/non-drinking control (n=19) groups had a mean age of 

14.70 years (±0.62) with no differences between groups.  Males (60%) outnumbered females 

(40%), and the majority of the sample were Afrikaans-speakers (78%). Half of the total sample 
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consisted of non-smokers (51%) and the other half were light smokers (49%). The majority of 

participants (73%) in the sample had never experimented with cannabis and none of the 

participants had experimented with any other drugs.  

Measures  

Substance use: A revised version of the Timeline Follow-back procedure (TLFB) (Sobell 

and Sobell, 1992), a semi-structured, clinician-administered assessment of lifetime history of 

alcohol use and drinking patterns (i.e., frequency, quantity and density of alcohol consumption, 

including every phase from when participants first started drinking at least once per month to the 

present, including all periods of sobriety) was used in collaboration with the K-SADS-PL to elicit 

alcohol-use data. It was administered by a trained Psychiatrist on the day of screening. During a 

pre-screening phase, potential participants were asked to write down their patterns and quantity 

of alcohol consumption. During the screening and the TLFB interview, the clinician compared 

alcohol consumption reported in the pre-screen and the TLFB procedure. Participants with great 

discrepancies between the pre-screen and screen report were excluded due to possible 

response bias. On the day of blood sample collection, alcohol use during the preceding week 

was determined, including quantity and alcohol type for each of the seven days. A standard 

drink was defined as one beer or wine cooler (340ml), one glass of wine (150ml) or a 45ml shot 

of liquor.  

Blood collection and sample preparation: EDTA venous blood samples (5 ml) for the 

immunological assays were collected from each participant at the various schools via 

venipuncture in the morning and delivered to the laboratory within 2 hours. The following 

parameters were measured for each participant: total T-cells (CD3+), the T cell subsets CD4+ 

(T helper) and CD8+ (T-cytotoxic), CD4+:CD8+ ratio, T-regulatory cells 

(CD3+CD4+CD25+CD62L+), NK Cell activity determined at 50:1, 25:1 and 12:1 (effector to 

target ratios).  
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Immunological biochemistry: The fresh blood received within the laboratory was 

processed for flow cytometric analyses TrueCount tubes (containing defined beads in order to 

calculate absolute cell numbers) that use multi-colour staining and single platform technology 

(Becton Dickinson, San Jose, California).  Well mixed blood (50 µl) was incubated with the 

mixture of monoclonal antibodies defining discreet subsets of the T cells.  The commercial 

antibody mixture (Becton Dickinson, San Jose, California) contained antibodies reacting to the 

following lymphocyte subsets: CD45+, CD3+, CD4+ and CD8+. A lyse no-wash method was 

use and samples were analyzed on a FACS Calibur flow cytometer using MultiTest software.  

Results are expressed as % Positive cells as well as absolute cell counts per µl blood. 

For the determination of the T-regulatory subset, a mixture of anti-CD3, anti-CD4, anti-

CD25 and anti-CD62L antibodies were used to define the cells which are of T-helper cell 

phenotype (CD3+CD4+) expressing high densities of CD25 and CD62L markers. This subset of 

T-cells correlate well with T-regulatory cells defined by their FoxP3 positivity as reported by 

other authors. 

Natural killer (NK) cell activity was conducted using the K562 cell line: peripheral blood 

mononuclear cells (PBMCs) were prepared from the blood samples by density gradient 

centrifugation.  The PBMCs were washed, counted and incubated at various ratios (50:1, 25:1 

and 12:1) with the K562 cells at 37oC and 5% CO2.  After 4 hours, Propidium Iodide was added 

to determine which cells had died during the co-culture: the flow cytometric method was used 

and involved a gating strategy identifying the K562 cells (these cells vary by size to the PBMCs) 

and, when compared to “control” cultures (K562 cells alone), the various ratios of cells could be 

analysed.  The results were expressed as % Cell death (% cell lysis).  

Procedures 

The Committee for Human Research of Stellenbosch University approved all study 

procedures.  After eligibility was established, written consent from parents and written assent 
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from participants was obtained. Participants were transported from their homes or schools to the 

testing site. After physical and psychiatric screening, urine analysis and breathalyzer testing, the 

participants completed demographic self-report questionnaires. On a Monday, between 1 and 6 

weeks after the screening and inclusion procedures at the testing site, the researchers visited 

the participants at the 7 schools to collect blood samples and the alcohol use data for the 

preceding 7 days. Mondays were selected in order to obtain the blood samples as soon as 

possible after the typical weekends-only alcohol consumption style observed in this population. 

Participants were provided with meals and refreshments and, at the conclusion of the testing 

sessions, were compensated for their time with gift vouchers. Confidentiality of all study 

information was maintained with the exception of statutory reporting requirements in newly-

identified or ongoing threats to the safety of minor participants.  

 

Statistical Analysis  

Data were analyzed using SPSS (SPSS Inc., 2008). The Fisher's exact test was used to 

examine the significance of the associations between categorical variables.  Two-way ANOVAs 

(Group by Gender) were performed on each dependent variable using the General Linear Model 

procedure, and partial eta squared was computed as a measure of effect size.  The Mann-

Whitney U test was used to confirm that effects were robust to ANOVA assumptions. 

Associations between ordinal/continuous variables were tested with Spearman’s rank order 

correlation coefficients. A 5% significance level (p<0.05) was used as guideline for determining 

significant differences.   

 

RESULTS  

Demographic and substance use characteristics (Table 1) 

All adolescents in the sample were deemed generally healthy following a medical and 

neurological examination by a psychiatrist. The groups were comparable in age and gender 
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distribution.  Almost half of the adolescents in the control group had never had alcohol and all, 

except one, had never been intoxicated. In participants that had ever used alcohol, groups did 

not differ in the age of onset of drinking. All adolescents in the AD group had a ‘weekends-only’ 

style of alcohol consumption. Only 4 AD and 1 control participant had consumed alcohol in the 7 

days preceding the Monday when blood samples were collected. The mean frequency of 

alcohol consumption during the most recent phase of drinking in the AD group was about 4 days 

per month. Experimentation with tobacco and cannabis was low in both groups. 

Lymphocyte measures (Table 2) 

Adolescents in the AD group had a significantly lower mean number of absolute 

circulating CD3+, CD4+, and CD8+ T-lymphocytes.  Overall, the AD group was lymphopenic 

when compared with controls.  There were no significant differences between groups for the 

CD4+:CD8+ ratio, levels of T-regulatory cells and NK cell activity.  

The CD3+, CD4+ and CD8+ T-lymphocyte cell counts are presented in Figure 1, in 

which the AD adolescents who used alcohol in the week preceding the blood sample collections 

are indicated. 

When analyzing associations between alcohol use and immune measures within the AD 

group, no significant correlations were found. However, there were trends towards inverse 

correlations between average standard units of alcohol consumed per month and absolute 

circulating CD8+ (r = -0.40; p=0.10).  

 

DISCUSSION  

We report here on the reduction of T-lymphocyte counts in a sample of healthy, 

treatment-naive adolescents with “pure” alcohol dependence (without comorbid substance use 

disorders or comorbid psychiatric, including externalizing, disorders) compared to light/non-

drinking adolescent controls. Groups were age and gender comparable and consisted of non-
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smokers or light smokers.  The average age of regular drinking and first intoxication was 

towards the end of the 12th year.  

An individual’s exposure to alcohol (quantity and duration) is one of the mediating factors 

in the risk for alcohol-related effects (Li, 2008).  Alcohol consumed per month was less than half 

that reported in a sample of adolescents in the United States (US) (Tapert and Brown, 1999) (57 

standard drinks per month vs. 131 standard drinks per month).  The AD adolescents in our 

sample had a similar pattern of weekend binge-drinking as is commonly found in the United 

States (Moss et al., 1994).  Our adolescent sample was generally healthy with no clinical 

physical sequallae of alcohol abuse being evident. 

The immunologic findings reported here suggest that heavy alcohol use in alcohol 

dependent adolescents is associated with reduced numbers of circulating total T-lymphocytes 

(CD3+) and T-lymphocyte subsets CD4+ (T helper) and CD8+ (T-cytotoxic).  The relatively 

unique aspects of the current AD sample (i.e., the lack of comorbid substance use or 

psychiatric, including externalizing, disorders), suggests that the reduced cellular immune 

capacity is likely an effect of heavy alcohol use and alcohol dependence, per se, and not a 

result that can be attributed to the usual comorbidities that accompany adolescent AD in most 

settings.  Moreover, the fact that very few of the AD sample used alcohol in the week preceding 

the Monday blood sample collections suggests that the effects are the result of chronic rather 

than acute alcohol abuse.  It is possible that the effects would have been larger were data 

collected after a week of heavy alcohol use.  It is also likely that effects would be greater in 

adolescent samples in the US, since alcohol use is higher and comorbidity effects would also be 

present (Brown et al., 2000; Tapert and Brown, 2000). Although the distributions of the CD3+, 

CD4+ and CD8+ cell counts in the AD adolescents who consumed alcohol in the preceding 

week appeared no different to those of the AD adolescents who did not drink in the preceding 

week (Figure 1), the subset who had consumed alcohol was very small and the comparison 

between subsets had minimal power.  As reported, all AD participants had a weekends-only 
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drinking style and the mean drinking frequency of this group was about 4 days per month. Some 

AD participants reported drinking only 2 days per month in the most recent drinking phase, 

indicating that although they drink only during weekends, they may not drink every weekend. 

This could explain the lower than expected number of participants that consumed alcohol intake 

in the week preceding the Monday blood draw. Another probable explanation is that most of the 

blood collection was done just prior to the start of school year-end examinations, which may 

have resulted in less social interaction and more firm parental control over these weekends, 

reducing the occasions where the adolescents could consume alcohol as they perhaps usually 

would. 

Acute or recent infections may also affect lymphocytes. The blood samples were 

collected at schools and participants attending school were assumed to be free of illness. No 

additional information on infections was obtained on the day of blood collection and serologic 

testing for viruses to rule out the observation of lymphopaenia was not deemed feasible.  

However, all participantss included in the parent study underwent a complete physical 

examination by a clinician on the day of screening to rule out severe illness/infection.  

Our findings are in line with research in human adult alcoholics and animal models, 

which have also found decreases in circulating T-lymphocyte numbers (Cook et al., 1995; 

Kutscher et al., 2002; Zhang and Meadows, 2005). Although the peripheral blood compartment 

does not reflect the total lymphocyte pool, the fact that other blood elements have been shown 

to decrease could imply that the bone marrow hematopoeisis process may be affected.   

  Schleifer and colleagues (1999), however, did not find such differences in alcohol-

dependant adults without medical disorders compared to non-abusing controls. Follow-on work 

by Schleifer and colleagues (2002), which included alcohol-dependent adults with minor health 

abnormalities, also found no differences in CD8+ and other immune measures.  Further 

research to clarify the effect of heavy alcohol use during adolescence on immunity is lacking 

and this study, although preliminary, contributes some insight into possible effects. 
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The higher, although not significantly so, ratios of CD4+ to CD8+ T-lymphocytes in AD 

vs. controls is in line with previous work in chronic alcoholics in which normal or elevated ratios 

have been documented (Cook, 1998).  We did not significant find differences between groups in 

NK cell activity. NK cells have been reported to display reduced functional activity in alcoholics, 

especially in individuals with liver or other alcohol-related diseases (Cook, 1998).  

Previous research that examined peripheral blood lymphocytes in smokers and non-

smokers showed that active smoking increases most immune cell numbers, including total 

lymphocytes, total T-cells, helper and suppressor T-cells, B-cells, and monocytes (Wolfe et al., 

1993).  Although more AD participants than controls smoked cigarettes, all were light smokers.  

There was some experimentation with cannabis in both groups but cannabis doses were very 

low and none of our participants reported ever using any other type of illicit drug.   

The limitations of this study include the small sample size and also the lack of 

measurement of antigen-specific T-lymphocyte responses.  The aim of this work was to explore 

possible differences between control and pure AD adolescents with regard to circulating T cells.  

We did not conduct functional assays such as mitogen-induced cell proliferation or antigen-

specific responses to determine response potential to offending antigens.  Given this preliminary 

data, indicating alcohol-related effects on lymphocyte numbers, it is reasonable to speculate 

that this sample may also show reduced cellular responses in vivo.  Future work could consider 

stimuli derived from recall bacterial/yeasts (Candida) or Tetanus toxoid to determine these 

responses, either by measuring proliferation or by the secretion of important immune regulatory 

cytokines.  

In conclusion, developmentally vulnerable adolescents who consume excessive amounts of 

alcohol in a weekend binge drinking style may be at increased risk of lymphopenia, more 

specifically in relation to circulating absolute CD3+, CD4+ and CD8+ T-lymphocyte numbers. 

This reduction may impact immune capabilities and if these effects are perpetuated throughout 

adolescent development, ongoing alcohol misuse may increase susceptibility to a range of 
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infectious diseases and may also impact acute phase responses to ongoing stressors, including 

exposure to infective pathogens. This possible reduction in cellular immune capacity is 

particularly concerning in light of the endemic rates of infectious diseases, including TB and 

HIV, in South Africa. The complex interaction of alcohol use with other high risk activities such 

as unprotected sex and, in older adolescents with higher rates of co-morbid substance misuse, 

further compounds the potential risks suggested by our data. Because of the small sample sizes 

reported here, findings should be interpreted with caution. However, within this research field 

where data is limited, these results provide an initial indication of possible effects of heavy 

alcohol use during adolescence on cellular immunity. In Africa HIV transmission is higher than in 

Europe and the US (Miller and Shattock, 2003) and some of this difference in transmission 

efficiency is attributable to host factors (Miller and Shattock, 2003). Factors common to 

developing settings, such as poor nutrition and recurrent infections, like helminths and sexually 

transmitted diseases, are known to negatively affect immune function and may increase HIV 

susceptibility (Chersich and Rees, 2008; Miller et al., 1993; Schaible and Kaufmann, 2007). We 

can reasonably hypothesize that the decreased lymphocyte counts are an observation that may 

be linked to heavy alcohol use. Therefore, within this context, these adolescents may be more 

susceptible to HIV and other infections due to both risky behavior and decreased immune 

capabilities, as a result of reduced levels of available effector cells able to combat and prevent 

infection.   
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Figure 1: Scatter plots representing the distributions and differences in CD3+, CD4+ and 

CD8+ T-lymphocyte subsets between the alcohol dependence (AD) (n=18) and 

light/nondrinking control (NAC) (n=19) groups. Adolescents in the AD group had 

significantly lower mean numbers of CD3+ (p= 0.01), CD4+ (p= 0.03) and CD8+ (p= 0.02) 

T-lymphocytes than those in the control group. The plots also show the CD3+, CD4+ and 

CD8+ cell counts for the few adolescents who used alcohol in the week and weekend (seven 

days) preceding the Monday of blood sample collections. The distributions of these cell 

counts in the AD adolescents who consumed alcohol in the preceding week appeared no 

different to those of the AD adolescents who did not drink in the preceding week. All cell 

counts are shown as absolute cell counts per microlitre. 

 



 

Table 1. Demographic and Substance Use       

  

AD Group Control Group Effect Sizeb 
(n= 18) (n = 19) Partial Eta 

Squared 
Odds 
Ratio M (SD) or % M (SD) or % 

Demographics         
Age (in years) 14.8 (0.5) 14.6 (0.7) 3.5  
Gender Ratio (M/F)                                                                             10/8 11/8  0.96 
                                                                                                       

Alcohol Use       
% Never consumed alcohol 0% 47%   
%Never intoxicated 0% 95%   
Age at first alcohol use 12.0 (2.2)  13.0 (1.3)              (n=10) 6.0  

Alcohol lifetime dose (standard units) 1296 (1577) 2 (3) 26.8a  
Age at first intoxication  12.8 (1.4) N/A   
Age of onset of regular drinking  12.9 (1.4) N/A   
% Weekends-only alcohol style 100% N/A   
Frequency of alcohol intake (days per month) in most recent drinking 
phase 4.2 (2) N/A   

% Subjects who drank in week preceding blood collection 22.2% 5.3%  4.2 
       
Other Substance Use     
% Smoked tobacco 61% 37%  1.7 
% Lifetime >100 cigarettes 0% 0%   
Lifetime tobacco dose 16.1 (28.2) 2.5 (6.9) 10.7*  
% Used cannabis 39% 10.5%  3.2 
Lifetime cannabis dose .83 (1.3)                    .16 (0.5)            12.0*  
% Never used any other drugs 100% 100%     

Difference between groups is significant (by either F test or Mann-Whitney U test). * p≤0.05, **p≤0.01     
a Statistical comparisons are not valid for variables associated with group selection criteria.     
b Partial Eta Squared - percent of variance of dependent variable accounted for by group membership     
 



Table 2: Immunology Measures  
   

  
AD Group Control Group Effect size 

(n=18) (n=19)   
Immune Measures Mean (SD) Mean (SD)  

T-cell CD3+ (%) 63.6 (6.8) 62.4 (3.9) 2.3 

T-cell CD4+ (%) 38.3 (5.4) 35.8 (5.1) 3.8 

T-cell CD8+ (%) 21.0 (6.5) 22.7 (5.5) 0.8 

T-cell CD3+  (cells per microlitre) 1273 (356) 1620 (415) 15.2** 

T-cell CD4+ (cells per microlitre) 749 (241) 916 (229) 11.4* 

T-cell CD8+  (cells per microlitre) 438 (165) 598 (231) 11.5* 

CD4+ to CD8+ Ratio 2.0 (0.7) 1.7 (0.7) 3.2 

T-regulatory cells (%) 12.6 (5.0) 13.7 (8.2) 0.3 

Natural Killer Cell Activity-50 (%) 16.9 (5.3) 16.1 (7.2) 1.4 

Natural Killer Cell Activity-25 (%) 18.4 (6.6) 19.2 (11.3) 0 

Natural Killer Cell Activity-12 (%) 17.8 (6.6) 21.5 (14.8) 1.7 
Difference between groups is significant (by either F test or Mann Whitney U Test). *: p<0.05; **: p<0.01  
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