
Pharmacology & Pharmacy, 2014, 5, 181-194 
Published Online February 2014 (http://www.scirp.org/journal/pp) 
http://dx.doi.org/10.4236/pp.2014.52025  

Chronic Alcohol Consumption Affects Serum Enzymes 
Levels in the HIV-Infected Patients on Stavudine 
(d4T)/Lamivudine (3TC)/Nevirapine (NVP) Treatment 
Regimen 

Godfrey S. Bbosa1*, David B. Kyegombe2, William W. Anokbonggo1, Aloysius Lubega1, 
Apollo Mugisha3, Jasper Ogwal-Okeng1 

 

1Department of Pharmacology and Therapeutics, Makerere University College of Health Sciences, Kampala, Uganda; 2Department 
of Pharmacology & Toxicology, Kampala International University College of Health Sciences, Ishaka Campus, Kampala, Uganda; 
3Clinical Chemistry Laboratory, Mulago Complex National Referral Hospital, Kampala, Uganda. 
Email: *godfossa@yahoo.com 
 
Received December 17th, 2013; revised January 17th, 2014; accepted January 28th, 2014 
 
Copyright © 2014 Godfrey S. Bbosa et al. This is an open access article distributed under the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. In accor-
dance of the Creative Commons Attribution License all Copyrights © 2014 are reserved for SCIRP and the owner of the intellectual 
property Godfrey S. Bbosa et al. All Copyright © 2014 are guarded by law and by SCIRP as a guardian. 

ABSTRACT 
Chronic alcohol use is a common problem globally among the HIV-infected patients on ARV treatment regimens, 
leading to severe liver damage and increase in serum enzymes. The study determined effect of chronic alcohol 
intake on serum enzymes (alanine aminotransferase (ALT), aspartate aminotransferase (AST) and γ-glutamyl 
transferase (GGT)) in HIV-infected patients on d4T/3TC/NVP treatment regimen in Uganda using the WHO 
alcohol use disorders’ identification test (AUDIT) tool and chronic alcohol use biomarkers (ALT, AST, GGT, 
AST/ALT ≥ 2.0 and mean corpuscular volume (MCV)). A case control study using repeated measure design with 
serial measurements model was used. Alcohol use biomarkers were used to standardize the gender differences in 
alcohol use. A total of 41 patients (21 alcohol group and 20 control group) were followed up for 9 months with 
blood sampling done at 3 month intervals. The serum enzymes’ levels were determined by using the Cobas In-
tergra 400 Plus analyzer system. The mean GGT levels were higher in chronic alcohol use group as compared to 
control group in both groups. The levels were above reference ranges during 6 month and three times higher 
during 9-month follow-up period for both chronic alcohol use self reporting WHO AUDIT tool and biomarkers’ 
groups. Generally, the mean AST, ALT and AST/ALT levels were slightly higher in alcohol use group as com-
pared to control group and were slightly higher in both groups as compared to reference ranges during the 9 
month follow-up period. Chronic alcohol consumption by HIV-infected patients on d4T/3TC/NVP drug regimen 
increased GGT and AST/ALT serum enzyme levels and hence was used as chronic alcohol use biomarkers. 
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1. Introduction 
Alcohol, mainly ethanol, is by far the most abused drug 
for centuries globally [1-3]. The types of alcohol con-
sumed in alcoholic beverages include wine, spirits, liq-
uors, beers and as traditional brew especially in develop-

ing countries. The World Health Organization (WHO) 
estimates that there are about 2 billion people in both 
developing and developed countries globally who con-
sume the different forms of alcoholic beverages [4-6] 
(WHO, 2011). And it is currently reported that females 
are the drivers of the increased cases of alcohol con-
sumption in both developed and developing countries [7]. *Corresponding author. 
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Also alcohol consumption is the leading risk factor for 
disease burden like HIV infection especially in develop-
ing countries and the third largest risk factor in devel-
oped countries accounting for 4% of the burden of the 
diseases [4,8,9]. Among the chronic alcohol users are the 
HIV-infected patients. HIV/AIDS is still a global prob-
lem and the HIV prevalence varies in the different re-
gions of the world with the sub Saharan Africa still expe-
riencing the burden (Figure 1) [10]. And in Uganda, 

currently the HIV prevalence stands at 7.3% and there is 
regional variation in urban and rural areas of the country 
(Figure 1) [11]. 

Many of the HIV-infected patients are currently on va- 
rious antiretroviral (ARVs) drug regimes. However, some 
of the patients on ARVs are reported to consume alcohol 
chronically despite of the rigorous counseling prior to ini- 
tiation of treatment to change their lifestyles or behaviors 
including alcohol use. Chronic alcohol use by the patients 
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Figure 1. Estimated current global and Uganda regional HIV prevalence. 
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leads to ethanol-drug-HIV virus interactions that can 
damage the various body organs and tissues especially 
the liver, thus affecting the serum enzyme levels. 

In Uganda, various types of alcoholic beverages are 
consumed, including the home-made brews that are con-
sumed in the countryside (Table 1). 

It is a serious problem in the country and is ranked as a 
top most country in alcohol consumption among the 189 
WHO member countries and in the African region [12- 
17]. However, among the people who consume alcohol 
are the HIV-infected patients, some of whom are on an-
tiretroviral drugs like the d4T/3TC/NVP drug regimen 
[18,19]. The liver is the main site of ethanol metabo- 
lism especially in the females though metabolism can 
also occur in other tissues such as the gastrointestinal 
tract (GIT) mainly in the males and other body tissues 
[20-24]. 

In the body, especially in the liver and the gastrointes-
tinal tract (GIT), ethanol is broken down by a number of 
metabolizing enzyme systems by both the oxidative and 
non-oxidative pathways to generate a number of poten- 
tially harmful byproducts that cause deleterious effects 
on the body tissues and organs [21,24,25]. Ethanol is 
metabolized by various enzymes including the alcohol 
dehydrogenase (ADH) enzyme isoforms and aldehyde 
dehydrogenase (ALDH), cytochrome P450 enzyme sys-
tem and catalase [21,24-26] (Figure 2). 

There are various ADH and ALDH enzyme isoforms 
that play a significant role in ethanol metabolism. Class I 
ADH and ALDH2 play a central role in alcohol metabol-
ism [21,24-26]. Variations in the genes encoding ADH 
and ALDH produce alcohol- and acetaldehyde-metabo- 
lizing enzymes that vary in activity. This genetic varia-
bility influences a person’s susceptibility to developing 
alcoholism and alcohol-related tissue damage. Several 
isozymes of ALDH have been identified, but only the 
cytosolic ALDH1 and the mitochondrial ALDH2 meta-
bolize acetaldehyde. ALDH2 plays an important role in 
determining peak blood acetaldehyde levels and volun-
tary ethanol consumption and also influences vulnerabil-
ity to alcohol dependence [21,24-26] (Table 2). 

The cytochrome P450 isozymes include CYP2E1, 1A2 
and 3A4. Most especially, the CYP2E1 is induced by 
chronic alcohol consumption and plays an important role 
in metabolizing ethanol to acetaldehyde at elevated 
ethanol concentrations. The CYP2E1-dependent ethanol 
oxidation also occurs in other tissues like the brain 
where ADH activity is low [21,24-26]. It also produces 
reactive oxygen species (ROS), including hydroxyethyl, 
superoxide anion and hydroxyl radicals, which increase 
the risk of tissue damage especially to the liver hepato-
cytes. Alcohol also enhances the activity of the central 
enzyme of the microsomal ethanol oxidizing system 
(MEOS), cytochrome P450 2E1, which exacerbates some 

 
Table 1. The commonest traditional alcohol (local brew) in Uganda. 

Traditional brew (Local brew) in Uganda Sources 

Fermented alcohol beverages  

Ajon or Malwa or Kongo or Abasohi Millet beer 

Tonto or bwakata or mwenge bigere Banana wine with sorghum 

Mbege Banana and millet ferment 

Kweete Maize beer from maize and malted millet flour 

Busheera Millet wine 

Omuramba Sorghum ferment 

Munanasi Pineapple wine 

Kalire Banana fermented without sorghum 

Spirits   

Waragi or enguli, kasese or mandule or arege High alcoholic content (40% v/v and above) 

Lira-lira or lujutu Distilled from cassava 

Ting Residue of cassava liquor with low alcoholic content 

Mixtures (liquors or spirits)  

Kaliga or kikulu Cocktail of banana wine and spirits 

Ajabajaba Freshly heated maize flour mixed with spirits 
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contribute to oxidative metabolism of alcohol (Adopted from Zakari, 2006) [24]. 

 

 
Physiological and toxic activities associated with hepatic CYP2E1 on ethanol meta-
bolism (Adopted from King, 2013) [25]. 

Figure 2. Metabolism of ethanol and generation of reactive oxygen species (ROS) in the body. 
 
Table 2. Mammalian Alcohol Dehydrogenases (ADH) and aldehyde dehydrogenases (ALDH) involved in alcohol metabolism 
[21,24-26]. 

Gene Name Gene Class Protein Name KM(mM) for Ethanol Primary Tissue Metabolic function 
ADH1A I α 4.0 liver 

Metabolize 70% of ethanol in the liver 

ADH1B*1  I β1 0.05 liver, lung 
ADH1B*2  I β2 0.9  
ADH1B*3  I β3 40  
ADH1C*1  I γ1 1.0 liver, stomach 
ADH1C*2  I γ2 0.6  
ADH4  II π 30 liver, cornea Metabolize 30% ethanol at higher concentrations 
ADH5 (also identified  
as ADHX) III χ >1,000 widely expressed Has a very low affinity for ethanol and 

used in methanol metabolism 

ADH6  V ADH6 unknown stomach Found in both fetal and adult liver; 
unknown function  

ADH7  IV μ or σ 30 liver, stomach Involved in both ethanol and retinol oxidation 

ALDH1 Cell cytosol, brain 
and other tissues 

Eliminates acetaldehyde and keep its levels low 
and involved in the synthesis of retinoic acid 

ALDH2 Mitochondria Protective effect and main route of 
acetaldehyde elimination from the body 
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of the toxic effects of acetaldehyde and generates a harm- 
ful condition called oxidative stress in the cells that is 
characterized by excess levels of reactive oxygen species 
(ROS). Acetaldehyde, a reactive metabolite of ethanol, 
binds to proteins such as enzymes, microsomal proteins 
and microtubules. The generated ROS can also activate 
or repress the epigenetic mechanisms such as chromatin 
remodeling, non-coding RNAs (microRNAs), DNA (de) 
methylation and histone modification that affect gene 
expression, hence leading to various disease conditions 
like cancer, liver disease and many others [54]. It dam-
ages DNA leading to fanconi anaemia (FA) which is a 
chromosome-breakage disease that causes developmental 
defects, sterility, bone-marrow failure and a highly ele-
vated risk of cancer and other body defects [27] (Figure 
3). 

It also forms adducts with central neurotransmitters in 
the brain such as dopamine that forms salsolinol, which 
may contribute to alcohol dependence, and with DNA to 
form carcinogenic DNA adducts such as 1,N2-propano- 
deoxyguanosine [21,24-26]. The formation of protein 
adducts in hepatocytes impairs protein secretion, which 
has been proposed to play a role in enlargement of the 
liver. Acetate, produced from the oxidation of acetal- 
dehyde, is oxidized to carbon dioxide (CO2) in heart, 
skeletal muscle and brain cells. Acetate can also affect 
various metabolic processes of the different organs and 
tissues such as depression of the central nervous system, 
and it can be metabolized to acetyl CoA, which is in-
volved in lipid and cholesterol biosynthesis in the mito-
chondria of peripheral and brain tissues [21,24-26]. The 

generated ROS includes superoxide ( •
2O − ), hydrogen 

peroxide (H2O2), hypochlorite ion (OCl−) and hydroxyl 
(•OH) radicals, and the ROS acts by “stealing” hydrogen 
atoms from other molecules leading to the formation of 
the deleterious highly reactive free radicals that play an 
important role in the carcinogenesis, atherosclerosis, di-
abetes, inflammation, aging and other harmful processes to 
various organs and tissues in the body [21,24-26,28] 
(Figure 4). 

The byproducts of ethanol metabolism such as acetal-
dehyde, acetate, reactive oxygen species (ROS) like hy-
droxyl radicals, superoxide anion and hydroxyl radicals 
and fatty acid ethyl esters (FAEEs) can disorganize the 
physiological body functions of various tissues, organs 
and especially the liver. Chronic use of alcohol over-
whelms the liver and thus damages the liver cells, and 
together with the administered ARVs and the HIV virus, 
the damage is exacerbated, leading to massive release of 
liver enzymes into circulation and hence a rise in serum 
enzymes in the patients as a sign of liver toxicity. Also, 
the metabolic ethanol intermediate products like acetal-
dehyde and the generated free radicals can have delete-
rious effects to the body tissues and organs where they 
may interfere with the normal metabolism of essential 
elements, leading to cellular damage through oxidation 
mechanisms and secondary oxidative stress as well as the 
endocrine function disturbances [28-31]. Chronic alcohol 
consumption not only harms liver cells but also inter- 
feres with the normal functioning of the liver that later 
have an impact on the distant organs like the brain lead-
ing to hepatic encephalopathy [32]. However, excessive 

 

 

Acetaldehyde Acetate 

Environment 
(diet/alcohol) 

Metabolism DNA damage 

DNA repair 

Cancer 

Inter-strand crosslink 

Bone-marrow failure 
Developmental 
defects, fetal 

alcohol syndrome 

ALDH2 

Fanconi 
anaemia 
pathway 

 
Figure 3. Acetaldehyde metabolism and the Fanconi anaemia pathway of DNA repair (Adopted from Joenje, 2011) [27]. 

OPEN ACCESS                                                                                          PP 



Chronic Alcohol Consumption Affects Serum Enzymes Levels in the HIV-Infected Patients 
on Stavudine (d4T)/Lamivudine (3TC)/Nevirapine (NVP) Treatment Regimen 

186 

 

Alcohol 

ADH 

2E1 4A1 
NADH 

+O2 

Toxicity 
Primary or Secondary 

Malnutrition 

Microsomal Cytochrome P450 
(MEOS) Induction 

Acetaldehyde 

Lack of vitamins,pro- 
teins, and minerals, 
leading to adverse  
health consequences 

Enters the 
mitochondrial 
electron 
transport 
chain to 
generate 
usable 
energy 

Excess NADH 
leads to meta- 
bolic disorders 
(fatty liver, 
hyperlipemia, 
hypoglycemia, 
hyperfactacid- 
emia, hyper- 
uricemia, and 
gouty attacks, 
increased col- 
lagen and 
scar tissue 
formation) 

Oxygen deficits 
(1) lead to cell and tis- 

sue damage 
(2) prevent generation 

of usable 
energy from NADH 

Disturbances in lipid 
and fatty acid meta- 
bolism (e.g., increased 
α-hydroxylation, per- 
oxisomal β-oxidation, 
L-FABP and FA 
esterification) 

Deactivation of proteins; increased 
collagen production leading to fibro- 
sis; inhibited DNA repair resulting in 
mutations and cell death; impaired 
mitochondrial electron transport chain 
resulting in insufficient usable energy 

Accelerated metabolism of drugs, 
enhanced degradation of testos- 
terine and retinaids, energy wastage 

Oxidative stress 
(e.g., production of 
reactive oxygen 
species, depletion of 
the antioxidant glu- 
tathione, lipid peroxi- 
dation); activation of 
substances that can 
damage the liver 
and/or cause cance 

 
Figure 4. Effects of heavy alcohol consumption caused by alcohol-related malnutrition and alcohol breakdown by the enzyme 
alcohol dehydrogenase (ADH) and the microsomal ethanol-oxidizing system (MEOS); nicotinamide adenine dinucleotide 
(NADH), liver fatty acid binding protein (L-FABP), fatty acids (FA) (Adopted from Liber, 2004) [28]. 
 
consumption of alcohol leads to hepatocellular damage 
resulting in increased catalytic activities of serum AST 
and ALT [32-37]. Due to the high liver cell turnover, 
they are normally found in the blood. The ALT and AST 
are reported to be indicators of liver disease that may be 
due to alcohol induced liver damage. ALT is more spe- 
cific to alcohol induced liver cell injury [33-37]. AST is 
also found in heart, muscle, kidney and brain cells 
[32-37]. Any injury or disease attributable to chemicals 
like drugs, aflatoxins and viral hepatitis [38,39], can in-
crease the level of cellular injury or death to these or- 
gans, hence causing an elevation of the chronic alcohol 
use biomarkers [32-37]. The ratio of AST to ALT has 
been reported to provide more meaningful information 
on ethanol use especially if the ratio cut-off is greater 
than 2 [36,40-44]. The gamma glutamyl transferase (GGT) 
enzyme, a glycoprotein found in the liver, is the most 
widely used of all the liver enzymes to determine liver 
cell injury due to excessive alcohol consumption [36, 
40-44]. The study therefore determined the effect of 
chronic alcohol use on the serum enzymes (alanine ami- 
notransferase (ALT), aspartate aminotransferase (AST) 
and γ-glutamyl transferase (GGT) (AST/ALT) in the 
HIV-infected patients on d4T/3TC/NVP drug regimen 
using the chronic alcohol use self reporting WHO alco- 
hol use disorders identification test (AUDIT) tool [45] 
and the chronic alcohol use biomarkers (ALT, AST, 

GGT, AST/ALT ≥2.0 and mean corpuscular volume 
(MCV)) methods [42,44] during the 9 month follow-up 
period. 

2. Materials and Methods 
2.1. Study Design 
A case-control study that used repeated measures design 
with serial measurements was used to quantify the serum 
enzymes in the HIV infected patients who were exposed 
to chronic alcohol and at the same time, they were in-
itiated on the d4T/3TC/NVP drug regimen [triomune 30 
(lamivudine (3TC) 150 mg, nevirapine (NVP) 200 mg 
and stavudine (d4T) 30 mg tablets)] for the last 6 months. 
The d4T/3TC/NVP drug regimen was selected because 
during the time of the study, it was one of the first line 
drug regimens available for the treatment of HIV in-
fected patients in the country. The serial measurements 
model was used to determine the serum enzymes at 3 
month intervals (0, 3, 6 and 9 months) for a period of 9 
month for both the control group and the chronic alcohol 
exposed group. 

2.2. Study Site and Population 
The study was conducted at St. Raphael of St Francis 
hospital, Nsambya ART clinic and at the Mulago Na-
tional Referral Hospital Clinical Chemistry laboratory.  

OPEN ACCESS                                                                                          PP 



Chronic Alcohol Consumption Affects Serum Enzymes Levels in the HIV-Infected Patients 
on Stavudine (d4T)/Lamivudine (3TC)/Nevirapine (NVP) Treatment Regimen 

187 

The hospital handles about 1500 HIV-infected patients. 

2.3. Inclusion Criteria 

All the HIV-infected patients who were included in this 
study were HIV positive, on d4T/3TC/NVP drug com- 
bination regimen and were reported to have an adher- 
ence rate of above 95%. Also those included were in the 
age range of 18 years to 50 years old. In the test group, 
they must be exposed to chronic alcohol use at that time 
and in the control group, they must have not been ex- 
posed to any type of alcohol at all or for the last 6 to 12 
months. 

2.4. Exclusion Criteria 

All the patients who were exposed to other medications 
other than the d4T/3TC/NVP and those reported to be 
using traditional herbs were excluded from the study. All 
the individuals with known liver and kidney problems 
were also excluded from the study. Individuals below 18 
years of age were also excluded because they could not 
consent for themselves and the very young tend to have 
inefficient liver and kidney physiological functions. Also 
those above 55 years of age were excluded since they 
tend to start having liver and kidney problems. And those 
who refused to consent as well as obey the study guide-
lines were also excluded from the study. 

2.5. Eligibility Criteria and Enrolment of Study 
Participants 

The study was conducted on the HIV infected patients 
who were all initiated on the d4T/3TC/NVP drug regi-
men for the last 6 months. A total of 41 HIV infected 
patients on d4T/3TC/NVP were screened for chronic 
alcohol use using the WHO Alcohol Use Disorder Iden-
tification Test (AUDIT) tool. The 20 patients (13 males 
and 7 females) were identified to use ethanol chronically 
and the 21 patients (17 males and 4 females) were identi-
fied by the tool as non-alcohol consumers. The WHO 
AUDIT is a non-invasive method that is routinely used 
worldwide to screen patients exposed to chronic ethanol 
[45]. The AUDIT tool has a set of 10 questions, each 
with responses and scores which the individual respond-
ed to by self-reporting. A total score of 8 - 15 indicates 
hazardous alcohol use, 16 - 19 indicates alcohol use pro- 
blem and scores above 20 indicates alcohol use depen-
dence [45]. All the patients recruited in the chronic alco-
hol group had a total score of above 8 according to the 
WHO AUDIT tool interpretation of the scores. The pa-
tients enrolled in the control group had a score value of 
less than 8 (Box 1). 

However because the WHO AUDIT was not sensitive 
enough to actually detect some of the patients in the con-
trol group who were consuming alcohol chronically, the 
chronic alcohol use biomarkers (GGT, MCV and AST/ 
ALT ratio) were used to further sort out the patients in 
the control group. The simultaneous elevation of GGT 
values above 55.0 UI, MCV values above 96 fL and 
AST/ALT ratio above 2.0 were indicators of chronic al-
cohol use and these were monitored throughout the 9 
months of study period, to ensure that there were no re-
verts and converts. The baseline serum enzyme concen-
trations (GGT, ALT and AST) at time 0 month just be-
fore they were initiated on the d4T/3TC/NVP drug regi-
men of all the patients that participated in the study were 
collected retrospectively from the patients records to en-
sure that these patients in the chronic alcohol use group 
were being exposed to alcohol. Therefore, the 41 HIV 
infected patients were again grouped according to the 
chronic alcohol use biomarkers into 2 groups. The 
chronic ethanol use group had 26 patients (22 males and 
4 females) and the control group with 15 patients (8 
males and 7 females). The patients in both the control 
and chronic alcohol exposed group were followed-up for 
9 months starting from March 2008 to November 2008. 
All the patients who participated in the study signed the 
consent forms. 

2.6. Whole Blood Sample Collection and 
Processing 

About 3 ml whole blood samples from the recruited 
HIV-infected patients were collected from cubital vein 
every 3 months for a period of 9 months (0, 3, 6 and 9th 
month) into the clot-activator vacutainers for serum ex-
traction that was used for serum enzyme assays. The se-
rum samples were extracted by centrifuging the clot- 
activator vacutainers with whole blood at 2000 revolu-
tions per minute (rpm) for duration of 5 minutes. After 
which a clear supernatant of serum were transferred to 
the clean cryovials. The serum samples were immediate-
ly refrigerated at −70˚C prior to analysis. The liver func-
tion tests like the serum enzymes such as alanine amino 
transferase (ALT), aspartate amino transferase (AST) and 
the gamma-glutamyl transpeptidase (GGT) were used as 
biomarkers of chronic alcohol consumption. The liver 
function test study was carried out at the Mulago Nation-
al Referral Hospital Clinical Chemistry laboratory with 
the use of the Cobas Intergra 400 Plus analyzer (Roche 
Diagnostics GmbH, Mannheim, Germany) using stan-
dard methods and laboratory standard operating proce-
dures (SOPS). The results were entered into the excel 
spreadsheet and from there which they were analyzed 
statistically.     

OPEN ACCESS                                                                                          PP 



Chronic Alcohol Consumption Affects Serum Enzymes Levels in the HIV-Infected Patients 
on Stavudine (d4T)/Lamivudine (3TC)/Nevirapine (NVP) Treatment Regimen 

188 

 
Box 1. WHO alcohol use disorder identification test (AUDIT) tool with the 10 questions. 

WHO AUDIT Tool 

1. How often do you have a drink containing alcohol? 
(0) Never [Skip to Qs 9-10] 
(1) Monthly or less 
(2) 2 to 4 times a month 
(3) 2 to 3 times a week 
(4) 4 or more times a week 

6. How often during the last year have you needed a first drink in the 
morning to get yourself going after a heavy drinking session? 
(0) Never 
(1) Less than monthly 
(2) Monthly 
(3) Weekly 
(4) Daily or almost daily 

2. How many drinks containing alcohol do you have 
on a typical day when you are drinking? 
(0) 1 or 2 
(1) 3 or 4 
(2) 5 or 6 
(3) 7, 8, or 9 
(4) 10 or more 

7. How often during the last year have you had a feeling of guilt or 
remorse after drinking? 
(0) Never 
(1) Less than monthly 
(2) Monthly 
(3) Weekly 
(4) Daily or almost daily 

3. How often do you have six or more drinks on one occasion? 
(0) Never 
(1) Less than monthly 
(2) Monthly 
(3) Weekly 
(4) Daily or almost daily 
Skip to Questions 9 and 10 if Total Score 
for Questions 2 and 3 = 0 

8. How often during the last year have you been unable to remember 
what happened the night before because you had been drinking? 
(0) Never 
(1) Less than monthly 
(2) Monthly 
(3) Weekly 
(4) Daily or almost daily 

4. How often during the last year have you found that 
you were not able to stop drinking once you had started? 
(0) Never 
(1) Less than monthly 
(2) Monthly 
(3) Weekly 
(4) Daily or almost daily 

9. Have you or someone else been injured as a result of your drinking? 
(0) No 
(2) Yes, but not in the last year 
(4) Yes, during the last year 

5. How often during the last year have you failed to do 
what was normally expected from you because of drinking? 
(0) Never 
(1) Less than monthly 
(2) Monthly 
(3) Weekly 
(4) Daily or almost daily 

10. Has a relative or friend or a doctor or another health worker 
been concerned about your drinking or suggested you cut down? 
(0) No 
(2) Yes, but not in the last year 
(4) Yes, during the last year 

Record total of specific items here __________________ 

Interpretation of AUDIT scores: 
• Scores between 8 and 15 for hazardous alcohol drinking. 
• Scores between 16 and 19 Alcohol use problem 
• AUDIT scores of 20 or above for alcohol dependence 

 
2.7. Data Analysis 
The data was imported into the SAS 2003 version 9.1 
statistical package for statistical data analysis. The data 
was analyzed at 95% confidence interval. The repeated 
measures fixed model was used in the statistical data 
analysis. The t-test was used to compare the means of 
serum enzymes for the chronic alcohol use (chronic al-
cohol use group) and the control group at different time 
intervals. The outcome measures were the mean differ-
ence of the measured parameters between the chronic 
alcohol use and non-alcohol use basing on the chronic 
alcohol use self-reporting WHO AUDIT tool method and 
the chronic alcohol use biomarkers. The p value of less 
than 0.05 was regarded as statistically significant. 

2.8. Ethical Consideration 
The research work was approved by the Faculty of Med-
icine Higher degrees, Research and Ethics committee of 
Makerere University Institution Review Board (IRB) 
(IRB#-2007-060), IRB of St. Raphael of St Francis hos-
pital, Nsambya (no. IRB 03: 01/03/2008) where the study 
participants were recruited from and the Uganda National 
Council for Science and Technology (UNCST) (no. HS 
387), a government body that oversee all the research 
activities done in the country. In this study, a written 
informed consent was obtained from each participant and 
that all the procedures used were in accordance with the 
ethical standards of the responsible committee on human 
experimentation (institutional or regional) and with the 
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Helsinki Declaration of 1975, as revised in 1983. They 
were given study code numbers which were used all 
through the study period in order to protect their privacy 
and confidentiality. Their names or any identifier were 
not used anywhere in the study. 

3. Results 
A total of 41 HIV-infected patients were recruited into 
the study. Twenty patients (13 males and 7 females) were 
identified to use ethanol chronically and the other 21 
patients (17 males and 4 females) were identified by the 
WHO AUDIT tool as non-alcoholic consumers. And  

using the chronic alcohol use biomarkers, the chronic 
ethanol use group had 26 patients (22 males and 4 fe-
males) and the control group had 15 patients (8 males 
and 7 females). All the patients were in the age range of 
18 - 55 years. The effect of chronic alcohol consumption 
on the liver (serum) enzymes (ALT, AST and GGT) le-
vels were determined during the 9 months period of fol-
low up for both the chronic alcohol use self reporting 
WHO AUDIT tool and the chronic alcohol use biomark-
ers methods. The mean GGT levels in the 6 and 9 month 
were higher than the reference ranges of 0 – 55IU in both 
groups (Tables 3 and 4). 

For the chronic alcohol use self reporting WHO AUDIT 
 

Table 3. Variation of mean serum (liver) enzymes levels with time among the control and chronic alcohol use group. 

Mean serum enzyme levels 
Time of follow-up (months) 

Ref 
0 3 6 9 

Chronic alcohol use self reporting with WHO AUDIT tool 

GGT ± SE (Ul) 
Control 52.86 ± 29.72 53.87 ± 28.70 79.00 ± 44.58 104.08 ± 70.84 

0-55 
Alcohol 48.50 ± 29.17 49.40 ± 28.20 74.35 ± 29.75 148.17 ± 105.89 

p value  0.59 0.59 0.69 0.12  

AST ± SE (Ul) 
Control 48.43 ± 28.7 38.57 ± 25.00 39.79 ± 16.90 42.29 ± 55.43 

0-46 
Alcohol 43.70 ± 27.11 44.75 ± 23.65 51.80 ± 37.65 28.54 ± 8.19 

p value  0.58 0.46 0.20 0.27  

ALT  ± SE (Ul) 
Control 41.60 ± 46.32 23.90 ± 15.33 27.00 ± 11.21 33.81 ± 22.75 

0-40 
Alcohol 34.16 ± 17.26 24.65 ± 14.91 27.35 ± 14.17 26.82 ± 12.10 

p value  0.46 0.95 0.88 0.17  

AST/ALT 
Control 1.65 ± 1.23 1.77 ± 0.73 1.61 ± 0.64 1.22 ± 0.56 

<2.00 
Alcohol 1.41 ± 0.66 2.00 ± 0.66 1.95 ± 0.72 1.19 ± 0.43 

p value  0.55 0.25 0.03 0.86  

Chronic alcohol use biomarkers group 

GGT ± SE (Ul) 
Control 46.33 ± 24.22 44.00 ± 27.82 60.62 ± 21.12 68.04 ± 36.37 

0-55 
Alcohol 54.17 ± 32.63 55.04 ± 32.97 84.62 ± 41.21 155.17 ± 97.39 

p value  0.66 0.32 0.046 0.009  

AST ± SE (Ul) 
Control 41.34 ± 20.57 32.31 ± 17.88 32.77 ± 9.22 29.15 ± 11.82 

0-46 
Alcohol 49.87 ± 32.14 47.52 ± 26.18 52.54 ± 34.09 38.55 ± 47.92 

p value  0.73 0.11 0.06 0.81  

ALT ± SE (Ul) 
Control 35.09 ± 36.14 22.13 ± 12.22 25.15 ± 10.61 28.82 ± 18.29 

0-40 
Alcohol 40.22 ± 34.82 25.64 ± 16.55 28.19 ± 1.64 31.06 ± 18.66 

p value  0.87 0.37 0.17 0.93  

AST/ALT 
Control 1.47 ± 0.53 1.60 ± 0.53 1.45 ± 0.57 1.13 ± 0.56 

<2.0 
Alcohol 1.58 ± 1.25 2.06 ± 0.69 1.95 ± 0.70 1.24 ± 0.56 

p value  0.76 0.13 0.09 0.50  

Key: Ref: Reference values; SE: standard error; GGT: gamma glutamyl transferase; AST: aspartate amino transferase; ALT: alanine aminotransferase. 
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Table 4. Comparison of mean serum enzymes levels among the chronic alcohol use self reporting WHO AUDIT tool and 
chronic alcohol use biomarkers groups during the follow-up period. 

Mean serum enzyme Control group Chronic alcohol consumption p value 

Chronic alcohol use self reporting WHO AUDIT tool 

GGT ± SE (Ul) 115.03 ± 23.22 151.39 ± 21.81 0.263 

AST ± SE (Ul) 44.45 ± 10.50 28.67 ± 9.87 0.282 

ALT ± SE (Ul) 35.37 ± 4.77 26.98 ± 4.48 0.208 

Chronic alcohol use biomarkers group 

GGT ± SE (Ul) 69.18 ± 30.62 153.09 ± 19.36 0.029 

AST ± SE (Ul) 28.03 ± 15.29 41.05 ± 9.67 0.478 

ALT  ± SE (Ul) 27.00 ± 6.07 30.62 ± 3.84 0.619 

Key: Ref: Reference values; SE: standard error; GGT: gamma glutamyl transferase; AST: aspartate amino transferase; ALT: alanine aminotransferase. 
 
tool, the mean GGT levels in the control group were 
higher than in the chronic alcohol use group except in the 
9 month and the difference in all were not statistically 
significant (p ≥ 0.05) (Table 3). For the chronic alco- 
hol-use biomarkers group, the mean GGT levels in 6 and 
9 month for the control group and 0, 3, 6 and 9 month in 
the chronic alcohol use group were higher than the ref- 
erence ranges (Table 3). The levels in the chronic alco- 
hol use group were generally higher than in the control 
group and the difference was statistically significant (p = 
0.046 and p = 0.009) in the 6 and 9 month respectively 
(Table 3). The overall mean GGT levels in chronic al- 
cohol use group were higher than in the control group for 
both the chronic alcohol use self reporting WHO AUDIT 
tool and the chronic alcohol use biomarkers methods but 
the difference was statistically significant (p = 0.029) in 
chronic alcohol use biomarkers method and hence used 
as biomarker for chronic alcohol use (Table 4). 

The mean AST levels were generally within the nor-
mal reference ranges of 0 - 46IU except in the 0 month 
for the control group and in the 6 month for the chronic 
alcohol use group (Table 3). For the chronic alcohol use 
self reporting WHO AUDIT tool, the levels were higher 
in the 0 and 9 month for the control group and in 3 and 6 
month for the chronic alcohol use group but the differ-
ence was not statistically significant (p ≥ 0.05) (Table 3). 
For the chronic alcohol use biomarkers methods, the 
mean AST levels in the chronic alcohol use group were 
higher than the reference ranges in the 0, 3 and 6 month 
follow up period (Table 3). Generally the mean AST 
levels in the chronic alcohol use group were higher than 
in the control group but the difference was not statisti-
cally significant (p ≥ 0.05). The same effect was ob-
served in the overall mean AST levels in both the chronic 
alcohol use self reporting WHO AUDIT tool and the 
chronic alcohol use biomarkers methods (Table 4). 

For the ALT levels, the mean ALT values were within 
the normal reference ranges of 0 - 40IU except in the 0 

month for the control group in the chronic alcohol use 
self reporting WHO AUDIT tool method and in 0 month 
for the chronic alcohol use group in the chronic alcohol 
use biomarkers methods (Table 3). The mean ALT levels 
in the chronic alcohol use group were higher than in the 
control group in the 3 and 6 month but the difference was 
not statistically significant (p ≥ 0.05) in the chronic al-
cohol use self reporting WHO AUDIT tool method (Table 
3). For the chronic alcohol use biomarkers method, the 
mean ALT levels in the chronic alcohol use group were 
higher than in the control group in the 0, 3, 6 and 9 
month period of follow up but the difference was not 
statistically significant (p ≥ 0.05) (Table 3). The overall 
mean ALT levels in the control group were higher than 
in the chronic alcohol use group but the difference was 
not statistically significant (p ≥ 0.05) in the chronic al-
cohol use self reporting WHO AUDIT tool method. 
While for the chronic alcohol use biomarkers method, the 
overall mean ALT levels in the chronic alcohol use group 
were higher than in the control group, though still the 
difference was not statistically significant (p ≥ 0.05) 
(Table 4). For the mean AST/ALT ratio, the value was 
higher than 2.0 in the 3 month in the chronic alcohol use 
group for both the chronic alcohol use self reporting 
WHO AUDIT tool method and the chronic alcohol-use 
biomarkers method and hence used as a chronic alcohol 
consumption indicator when it exceed 2.0. 

4. Discussion 
The increased mean GGT levels in the HIV-infected pa-
tients on d4T/3TC/NVP drug regimen was due to chronic 
alcohol consumption and its metabolic ethanol interme-
diate products like acetaldehyde and free radicals gener-
ated during metabolism that can have a deleterious ef-
fects to the body tissues and organs especially the liver 
where they may interfere with the normal metabolism of 
essential elements, leading to cellular damage through 
oxidation mechanisms and secondary oxidative stress as 
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well as the endocrine function disturbances [29-31].  
Chronic alcohol consumption not only harm liver cells 
but also interfere with the normal functioning of the liver 
that later have an impact on the distant organs like the 
brain leading to hepatic encephalopathy [32]. The effects 
of the ingested ethanol on different organs depend on the 
ethanol concentration achieved in the tissue or organ and 
the duration of exposure. However, excessive consump-
tion of alcohol leads to liver cell decay resulting in in-
creased catalytic activities of serum AST and serum en-
zymes ALT. These enzymes metabolize amino acids. The 
ALT and AST are known to be indicators of liver disease 
in general and less specific to alcohol induced liver 
damage [33-37]. The increased byproducts of alcohol 
during the chronic alcohol consumption affect the liver 
cells by the increased destruction of the hepatocytes 
[34,43,44]. Also the slight increase in the mean GGT 
levels has been reported to be due to the prostate GGT, 
pancreas and kidneys [34,43,44]. It can also be due to the 
adverse effects of the drugs like stavudine (d4T) such as 
acute pancreatitis and hepatitis [46-50]; lamivudine (3TC) 
such as hepatomegally and lactic acidosis [46-50] and 
nevirapine such as hepatitis and hepatic failure [46-50]. 
The observed simultaneously increased levels of the 
mean AST and ALT indicate a sign of the liver cell de-
cay or destruction leading to increased release of these 
liver enzymes in blood causing their increased catalytic 
activities. These enzymes metabolize amino acids and 
due to the high liver cell turnover, they are normally 
found in the blood circulation [34,44,51-53]. The raised 
ALT and AST are reported to be indicators of liver dis-
ease but less specific to alcohol induced liver damage. 
However, ALT has been reported to be more specific to 
alcohol induced liver cell injury than AST which can also 
be found in heart, muscle, kidney and brain cells. Any 
injury or disease that can increase the level of cellular 
injury or death in these organs can cause an elevation of 
these enzyme markers [34,44, 51-53]. The liver disease 
can be caused by a variety of agents including chemicals 
like alcohol and its metabolites [36], toxins like aflatox-
ins [39], drugs like the anticancer and antiviral drugs like 
the ARVs in this case stavudine [46,47,49,50], lamivu-
dine [46,47,49,50] and nevirapine [46,47,49,50], injuries, 
anticancer and antiviral agents [46,47,49,50] and infec-
tions like the viral hepatitis [38]. Chronic alcohol con-
sumption leads to increased GGT, ALT and AST serum 
enzymes levels as well as the ratio of AST to ALT great-
er than 2.0 [36,42,43] that has been reported to be asso-
ciated with chronic ethanol use and the problems may be 
exacerbated by the HIV disease itself, the antiretroviral 
drugs used as well as the other concomitant medicines 
like the herbal preparations which the patients may be 
using during the 9 month follow up period. 

5. Significant Limitations of the Study 
1) It was difficult to quantify the daily alcohol con-

sumption for the patients in their natural environment 
since this was an effectiveness type of study and there-
fore the WHO AUDIT tool and chronic alcohol use bio-
markers are commonly used to screen patients for chron-
ic alcohol use. 

2) The use of the WHO AUDIT tool to screen the pa-
tients was not sensitive enough to detect some patients on 
chronic alcohol use and therefore chronic alcohol use 
biomarkers were used. 

3) Since this was a follow up study, there was some 
loss to follow up of the patients during the 9 months pe-
riod of follow up especially in the control group. 

6. Conclusion 
Chronic alcohol use by the HIV-infected patients on the 
d4T/3TC/NVP drug regimen affects the serum enzyme 
levels in blood circulation. The GGT enzyme levels were 
greatly raised in the chronic alcohol use group as com-
pared to the control during the 9 months of follow-up. 
The serum/liver enzymes (GGT, AST and ALT) were 
monitored in this study as a way to determine the status 
of the liver since it was the main organ that metabolized 
many substances in the body such as drugs like the 
ARVS, chemicals like ethanol and other xenobiotics. The 
enzyme levels increased in circulation when the liver and 
other tissues and organs are damaged by the drugs, 
chemicals, chronic alcohol use, viral hepatitis infection 
and others. These enzymes are used as biomarkers of 
chronic alcohol use, and therefore they can be used in the 
therapeutic monitoring of the HIV-infected patient on 
chronic alcohol use as well as the adverse drug reactions 
associated with the ARVs. In this sub-study, chronic al-
cohol use greatly increased the GGT levels, and to some 
extent, the AST levels during the 9-month period of fol-
low-up were higher in both the alcohol use self reported 
group and alcohol use biomarkers’ group though the dif-
ference was more observed for the alcohol use biomark-
ers’ group especially with the GGT levels. 
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