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SUMMARY
Motivation
Alcohol consumption is one of the major risk factors of cardiovascular disease (CVD). Excessive
alcohol drinking is the fifth leading cause of death worldwide and the prevalence of alcohol abuse
continues to increase especially in low-income areas of sub-Saharan Africa. The alarming rate of
urbanisation seems to be the driving force for excessive alcohol intake in the developing world. In
addition to its influence on CVD, heavy drinking also results in a number of non-cardiovascular
consequences that include injury, risky sexual behaviour, violent crime and family dysfunction
among black South Africans, contributing to high mortality. Moreover, the highest number of
individuals with human immunodeficiency virus (HIV) infection in South Africa is partly attributable
to high intake of alcohol. HIV remains a major concern in South Africa with significant funding
diverted to address the pandemic. The continued increases in mortality from preventable
outcomes such as stroke, myocardial infarction and renal failure are largely due to urbanisation,
poverty and dysfunctional health systems working with limited budgets. These are some of the
factors requiring in-depth study of the scientific aspects of alcohol intake in South Africa. Although
there is enough evidence that links excessive drinking with hypertension and CVD, the markers of
alcohol intake – self reporting of alcohol, gamma-glutamyltransferase (GGT) and carbohydrate
deficient transferrin – are still not specific enough to isolate other confounding factors in the
association of alcohol intake with CVD. The markers of alcohol that independently predict CVD
and mortality need to be explored. Finally, the severe lack of longitudinal investigations on
alcohol-related hypertension development and total mortality in black South Africans has
compromised the early identification of risk factors associated with these outcomes. This study
will therefore attempt to address the limited availability of longitudinal studies and stimulate
interest for continued investigation.
Aim
The aim of this study was to investigate whether alcohol intake of black South Africans is related
to specific measures of cardiovascular function (change in blood pressure (BP), hypertension
development) and mortality over a period of 5 years.
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Methodology
This study was based on the international Prospective Urban and Rural Epidemiology (PURE)
study which includes 26 countries, investigating the cause and development of cardiovascular
risk factors in low, middle and high income countries. This South African leg of the PURE study
started in 2005 in which the baseline data was collected from 2021 black South Africans from
rural and urban areas in Ikageng, Ganyesa and Tlakgameng in the North West Province. Eleven
participants presented with missing data, leaving 2010 participants with complete datasets at
baseline. However, data from these 11 participants was useful, especially for Chapter 4. All
participants gave informed consent and the Ethics committee of the North-West University
(Potchefstroom Campus) approved the study. The follow-up data collection was done in 2010.
General health questionnaires, anthropometric measurements, lipid profiles and cardiovascular
measurements were taken both at baseline and follow-up using appropriate methods. We also
collected blood samples and performed biochemical analyses for lipid markers, liver enzymes,
inflammatory markers and percentage carbohydrate deficient transferrin (%CDT). Finally, we
obtained data on cardiovascular and non-cardiovascular mortality through verbal autopsy and
death certificates.
We made use of analysis of variance (ANOVA) and Chi-square tests to compare means and
proportions, respectively. We used dependent t-tests and the McNemar test to compare baseline
and follow-up variables. Furthermore, we employed single and partial linear regression analyses
to correlate alcohol markers with each other and with the cardiovascular measures. Multiple
regression analyses were used to correlate dependent variables in the study with various
independent variables as required. Finally, we employed multivariable-adjusted Cox regression
analyses to assess the association of the selected alcohol markers with mortality while adjusting
for several independent variables.
Results and Conclusions of each manuscript


With the first research article (Chapter 4), we aimed to compare self-reported alcohol intake
estimates with GGT and %CDT, considering their relationship with percentage change in
brachial blood pressure (BP) and central systolic blood pressure (cSBP) over 5 years. The
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results indicated that only self-reported alcohol intake independently predicted % change in
brachial BP and cSBP. This was not found for the biochemical markers GGT and %CDT.
Self-reported alcohol intake seems to be an important measure to implement by health
systems in low income areas of sub-Saharan Africa, where honest reporting is expected.


Given the likely presence of high GGT levels in both alcohol consumption and non-alcoholic
fatty liver disease (NAFLD), the second manuscript (Chapter 5) aimed to compare the
cardiovascular and metabolic characteristics of excessive alcohol users and individuals with
suspected NAFLD (confirmed with self-report, GGT and %CDT). We found that different sex
and cardiometabolic profiles characterised excessive alcohol users and individuals suspected
with NAFLD. Lean body mass and male sex were the dominant characteristics in excessive
alcohol use while the NAFLD group had a dysmetabolic profile with obese women making up
the higher proportion of this group. In excessive alcohol users systolic blood pressure and
pulse pressure were independently associated with high-density lipoprotein cholesterol.
Diastolic blood pressure showed a significant correlation with waist circumference. These
disparate profiles may guide healthcare practitioners in primary healthcare clinics to identify
individuals with elevated GGT levels who may suffer from NAFLD or alcohol overuse. These
results emphasise the importance of modifiable risk factors as the main contributors to CVD
and that lifestyle change should be the main focus in developing countries such as South
Africa.



The third manuscript (Chapter 6) aimed to determine the measure of alcohol intake (selfreported alcohol intake, GGT and %CDT) that related best with hypertension development,
cardiovascular and all-cause mortality over 5 years in the same population of black South
Africans. We found that GGT was the only independent predictor of hypertension
development, cardiovascular as well as all-cause mortality. Moreover, self-reporting of alcohol
intake predicted incident hypertension, confirming our findings from Chapter 4. The third
marker, %CDT, a highly specific marker of alcohol intake, was not related with any outcome
variable, perhaps due to its low sensitivity. Although self-reported alcohol intake is useful in
low-resource primary healthcare settings, measurement of GGT is encouraged due to its

viii

predictive value for hypertension and mortality. GGT represents alcohol intake, non-alcoholic
steatohepatitis and obesity - all known to have severe cardiovascular consequences.
Discussion and Conclusions
Excessive alcohol intake remains a major concern in the development of hypertension, CVD and
premature death in sub-Saharan Africa. Despite their weaknesses such as bias and nonspecificity, self-reporting of alcohol consumption and GGT emerged as reliable alcohol markers
that independently predicted 5-year change in BP, hypertension development and total mortality
in this population. Serum %CDT did not show any association with the mentioned cardiovascular
markers. Finally, we were also able to show that black South Africans with suspected NAFLD (i.e.
with high GGT levels who do not consume alcohol) are typically obese women, whereas lean
men were more likely to have high alcohol consumption. Further prospective investigations are
encouraged regarding (a) these mentioned associations, as well as (b) other self-reporting
estimates such as quantity and frequency of drinking and (c) the use of %CDT as a highly
specific marker of alcohol intake. The simultaneous presence of HIV infection in alcohol abuse in
this population also warrants further investigation.

Keywords:

self-reported

alcohol

consumption,

gamma-glutamyltransferase,

percentage

carbohydrate deficient transferrin, percentage change in blood pressure, hypertension, mortality,
high-density lipoprotein cholesterol, non-alcoholic fatty liver disease, HIV infection, low socioeconomic status, Africans
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AFRIKAANSE OPSOMMING
Motivering
Alkoholinname is een van die belangrikste risikofaktore vir kardiovaskulêre siekte (KVS).
Oormatige alkoholinname is die vyfde grootste oorsaak van mortaliteit in die wêreld en daar is
steeds ‘n toename in die voorkoms van alkoholmisbruik veral in die lae-inkomste gebiede van
sub-Sahara Afrika. Die drastiese toename in verstedeliking blyk om die dryfveer te wees vir
oormatige alkoholinname in die ontwikkelende wêreld. Behalwe vir die invloed op KVS, lei
oormatige alkoholgebruik ook tot ‘n aantal nie-kardiovaskulêre gevolge wat beserings, hoë risiko
seksuele gedrag, geweld, misdaad en gesinsprobleme by swart Suid Afrikaners, wat verder
aanleiding gee tot mortaliteit. Verder beskik Suid-Afrika ook oor die grootste aantal persone wat
geïnfekteer is met die menslike immuniteitsgebreksvirus (MIV), wat gedeeltelik ook toe te wy is
aan hoë alkoholinname. MIV bly ‘n ernstige kommer in Suid-Afrika, met groot hoeveelhede
befondsing gefokus om die pandemie aan te spreek. Die voortdurende toenames in mortaliteit
vanweë uitkomstes soos beroerte, miokardiale infarksie en nierversaking word grootliks
toegeskryf aan verstedeliking, armoede en swak gesondheidsstelsels waar met beperkte fondse
gewerk word. Hierdie is sommige van die faktore wat in-diepte studie benodig wanneer die
wetenskaplike aspekte van alkoholinname in Suid-Afrika ondersoek word. Hoewel daar
voldoende wetenskaplike bewyse bestaan dat oormatige alkoholgebruik met hipertensie en KVS
verband hou, is die merkers van alkoholinname – self-gerapporteerde alkoholinname, gammaglutamieltransferase (GGT) en koolhidraattekort transferrien – steeds nie spesifiek genoeg om
die merkers te isoleer van ander faktore wat dit mag beïnvloed nie. Die merkers van alkohol wat
KVS en mortaliteit onafhanklik voorspel moet dus verder ondersoek word. Laastens, die ernstige
tekort aan longitudinale ondersoeke m.b.t. alkohol-verwante hipertensie ontwikkeling en
mortaliteit in swart Suid Afrikaners, het die gevolg dat daar onvoldoende navorsing bestaan
rakende die vroeë identifisering van risikofaktore van hierdie uitkomste. Hierdie studie wil daarom
poog om die beperkte beskikbaarheid van longitudinale studies aan te spreek, en verdere
belangstelling te stimuleer vir voortgesette ondersoeke.
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Doel
Die doel van die studie was om te bepaal of alkoholinname in swart Suid Afrikaners verband hou
met spesifieke aspekte van kardiovaskulêre funksie (verandering in bloeddruk, hipertensie
ontwikkeling) en mortaliteit oor ‘n periode van 5 jaar.

Metodologie
Die studie is gebaseer op die internasionale ‘Prospective Urban Rural Epidemiology (PURE)’
studie wat 26 lande insluit, en wat die oorsake en ontwikkeling van kardiovaskulêre risikofaktore
in lae, middel en hoë inkomste lande ondersoek. Die Suid Afrikaanse been van die PURE-studie
het in 2005 begin waartydens die basislyndata by 2021 swart Suid Afrikaners versamel is. Dit is
gedoen in landelike en verstedelikte gebiede in Ikageng, Ganyesa en Tlakgameng in die
Noordwes Provinsie. By 11 proefpersone was daar onvolledige data, en daarom is 2010
proefpersone met volledige basislyndata ingesluit. Nietemin, in sekere gevalle was die data van
die 11 proefpersone wel bruikbaar, veral in Hoofstuk 4. Alle proefpersone het ingeligte
toestemming verleen en die Etiekkomitee van die Noordwes-Universiteit (Potchefstroomkampus)
het die studie goedgekeur. Die opvolgdata is versamel in 2010. Algemene gesondheidsvraelyste,
antropometriese metings, lipiedprofiele en kardiovaskulêre metings is geneem tydens basislyn en
opvolgopnames volgens aanvaarde metodologie. Ons het bloedmonsters versamel en
biochemiese analises vir lipiede, lewerensieme, inflammatoriese merkers en persentasie
koolhidraattekort transferrien (%CDT) bepaal. Ons het ook data rakende kardiovaskulêre en niekardiovaskulêre mortaliteit verkry d.m.v. verbale outopsies en doodsertifikate.
Ons het van variansie analises (ANOVA) en Chi-kwadraattoetse gebruik gemaak om gemiddelde
en proporsies te vergelyk. Ons het afhanklike t-toetse en die McNemartoets gebruik om basislyn
en opvolgdata te vergelyk. Verder het ons enkel en parsiële regressie analises gebruik om
alkoholmerkers met mekaar te korreleer, asook met kardiovaskulêre metings. Meervoudige
regressie analises is gebruik om die afhanklike veranderlikes van die studie met verskeie
onafhanklike veranderlikes te korreleer. Laastens is Cox-regressie analises gebruik waartydens
aanpassings vir verskeie onafhanklike veranderlikes aangebring is, om die verwantskap te
ondersoek tussen die geselekteerde alkoholmerkers en mortaliteit.
xi

Resultate en Gevolgtrekkings van elke manuskrip


Met die eerste navorsingsartikel (Hoofstuk 4) was ons doelwit om self-gerapporteerde
alkoholinname te vergelyk met GGT en %CDT met betrekking tot die verwantskap met
persentasie verandering in bragiale bloeddruk en sentrale sistoliese bloeddruk (cSBP) oor 5
jaar. Die resultate het getoon dat slegs self-gerapporteerde alkoholinname die % verandering
in bragiale bloeddruk en cSBP onafhanklik voorspel het. Dit is nie gevind vir die biochemiese
merkers, GGT en %CDT, nie. Self-gerapporteerde alkoholinname blyk om ‘n belangrike
meting te wees wat in gesondheidsstelsels geïmplementeer kan word in lae inkomste
gebiede van sub-Sahara Afrika, waar eerlike rapportering verwag word.



Volgens die literatuur kom hoë GGT vlakke voor by beide hoë alkoholinname en niealkoholverwante lewervervetting. Met die tweede manuskrip (Hoofstuk 5) is daar gepoog om
die kardiovaskulêre en metaboliese eienskappe van oormatige alkoholgebruikers (bevestig
met self-rapportering, GGT en %CDT) en persone met nie-alkoholiese vervette lewersiekte te
vergelyk (NAFLD). Lae liggaamsmassa en manlike geslag was dominante eienskappe by
oormatige alkoholgebruikers terwyl die NAFLD groep ‘n dismetaboliese profiel getoon het
waar obese vroue die grootste proporsie van die groep gevorm het. By oormatige
alkoholgebruikers het sistoliese bloeddruk en polsdruk onafhanklik verband gehou met hoëdigtheid lipoproteïen cholesterol. Diastoliese bloeddruk het ‘n betekenisvolle korrelasie met
middel-omtrek getoon. Hierdie verskillende profiele kan gesondheidswerkers in primêre
gesondheidsorgklinieke moontlik help om individue te identifiseer met verhoogde GGT-vlakke
wat aan NAFLD ly of alkohol misbruik. Hierdie resultate beklemtoon die belangrikheid van
aanpasbare risikofaktore as belangrike bydraers tot KVS en dat lewenstylveranderinge
steeds die hooffokus in ontwikkelende lande soos Suid-Afrika behoort te wees.



Die derde manuskrip (Hoofstuk 6) het bepaal watter meting van alkoholinname (selfgerapporteerde alkohol inname, GGT en %CDT) die beste met die ontwikkeling van
hipertensie verband hou, asook met kardiovaskulêre mortaliteit en totale mortaliteit oor 5 jaar.
In dieselfde groep swart Suid Afrikaners het ons bevind dat GGT die enigste onafhanklike
voorspeller van hipertensie ontwikkeling, kardiovaskulêre en totale mortaliteit was. Bykomend
het self-gerapporteerde alkoholinname hipertensie insidensie voorspel, wat ons bevindinge
xii

van Hoofstuk 4 bevestig. Die derde merker, %CDT, ‘n hoogs spesifieke merker van
alkoholinname, het nie met enige uitkomste verband gehou nie, moontlik vanweë die lae
sensitiwiteit daarvan. Hoewel self-gerapporteerde alkoholinname bruikbaar is by primêre
gesondheidsorg klinieke met min hulpbronne, word die meting van GGT steeds aangemoedig
vanweë die voorspellingswaarde vir beide hipertensie en mortaliteit. GGT verteenwoordig
alkoholinname, nie-alkoholverwante steatohepatitis en obesiteit – alles toestande wat
ernstige kardiovaskulêre gevolge het.
Bespreking en Gevolgtrekkings
Oormatige alkoholgebruik bly ‘n ernstige bydraende faktor tot die ontwikkeling van hipertensie,
KVS en vroeë dood in sub-Sahara Afrika. Ten spyte van beperkinge soos vooroordeel en nonspesifisiteit, het ons resultate getoon dat self-gerapporteerde alkoholinname en GGT betroubare
alkoholmerkers is wat onafhanklik die 5-jaar veranderinge in bloeddruk voorspel het, asook
hipertensie en totale mortaliteit. Serum %CDT het geen assosiasie met die genoemde
kardiovaskulêre merkers getoon nie. Laastens, ons het getoon dat swart Suid Afrikaners wat
vermoedelik aan NAFLD ly (i.e. hoë GGT vlakke, maar wat nie alkohol gebruik nie) tipies bestaan
uit obese vroue, waar skraal mans tipies ‘n hoë alkoholinname toon. Verdere langtermynstudies
word aangemoedig om (a) die genoemde verwantskappe verder te ondersoek, asook om (b)
ander self-gerapporteerde aanduidings soos hoeveelheid en frekwensie van alkoholgebruik, en
(c) %CDT as ‘n hoogs spesifieke merker van alkoholinname te ondersoek. Die simultane
teenwoordigheid van beide MIV infeksie en alkoholmisbruik in die bevolkingsgroep moet ook
verder ondersoek word.

Sleutelwoorde: self-gerapporteerde alkoholinname, gamma-glutamieltransferase, persentasie
koolhidraattekort transferrien, persentasie verandering in bloeddruk, hipertensie, mortaliteit, hoëdigtheid lipoproteïen cholesterol, nie-alkoholiese lewervervetting, MIV infeksie, lae sosioekonomiese status, Afrikane
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materials and methods used to collect and obtain the data.



Chapter 4 investigated the usefulness of self-reported alcohol intake as the better estimate of
5-year change in blood pressure than biochemical markers in low resource settings. These
results were published in the Journal of Hypertension in April 2014.



Chapter 5 compares the cardiometabolic profile of black South Africans with suspected
NAFLD and excessive alcohol use. The article from this chapter has been accepted for
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Chapter 6 is titled ‘Alcohol intake, hypertension development and mortality in black South
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1. INTRODUCTION
Cardiovascular disease (CVD) progression has increased dramatically over the last few decades
with hypertension as one of the main risk factors in sub-Saharan Africa.1,2 Obesity, physical
inactivity, smoking, and alcohol overuse are also known modifiable risk factors - associated with
lifestyle changes accompanying urbanisation.1,3-5 Furthermore, obesity and low physical activity
are also linked to non-alcoholic fatty liver disease (NAFLD), insulin resistance and type 2
diabetes.6-8

In South Africa, CVD is the second major leading cause of morbidity and mortality after human
immunodeficiency virus (HIV) infection.1 Among the factors that lead to the rise in mortality from
hypertension and CVD is excessive alcohol consumption.9-11 Alcohol abuse is also an important
risk factor for liver injury,11-13 stroke14,15 and premature death.16,17 Heavy drinking may also lead to
high levels of HIV infection as alcohol abuse tends to be associated with multiple non-regular
sexual partners.18-21 In turn, HIV infected individuals may abuse alcohol as a coping mechanism
in societies in which HIV infection is stigmatised, especially in low- to middle-income countries of
sub-Saharan Africa.22

Most studies on CVD and alcohol intake in sub-Saharan Africa are cross-sectional. The paucity of
longitudinal studies on the association between alcohol intake, hypertension and mortality has
hampered the development of interventions that address problematic use of alcohol consumption
and its role on cardiovascular outcomes. As a result, and as emphasized by others,3,23 there is a
growing need to perform prospective studies that aim at identifying and preventing the risk factors
associated with CVD. With this thesis, I will attempt to increase our understanding of the longterm influence of alcohol abuse on CVD in South Africa. Hypertension and CVD are predicted to
increase many fold in sub-Saharan Africa in the near future13 and to help reduce this health
burden, early identification of risk factors is crucial. In addition to high blood pressure (BP), liver
damage and mortality risk, alcohol overuse has adverse effects on several organs of the body
(Fig. 1.1).
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Figure 1.1. The influence of excessive alcohol use on various organs.

2. PROBLEM STATEMENT AND MOTIVATION
Urbanisation and a westernised lifestyle in South Africa have shifted the dietary intakes of
Africans from carbohydrate and dietary fibre to a diet consisting predominantly of increased fat
and animal protein. A high fat and protein diet is associated with obesity – an important risk factor
for CVD.24 Urbanisation and dietary changes are generally accompanied by excessive smoking
and alcohol consumption, which are also independent risk factors for hypertension in black South
Africans.10,25 Alcohol consumption is the fifth leading cause of death worldwide with increasing
prevalence of excessive drinking in the developing world, especially in Africa.26 Sub-Saharan
Africa, which once had low rates of hypertension, currently has prevalences higher than those in
the developed world; with alcohol consumption as one of the main contributing factors, with an
average alcohol intake of 19.5 L per drinker.10,27 Moreover, South Africa is known to have one of
the highest prevalences of hypertension in the world.28
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Heavy alcohol intake is also associated with cardiovascular outcomes such as stroke and
mortality. A significant increase in stroke risk was observed in a large cohort study followed for
over two decades on participants consuming alcohol excessively.29 Stroke is more prevalent in
low to middle income countries as poverty leads to poor knowledge that may lead to heavy
alcohol intake, poor diet, limited access to health care and thus underdiagnosis of CVD – all
serious risk factors for stroke.5,15,30 Alcohol consumption, an important risk factor for stroke itself,
is also closely linked to hypertension and diabetes, which in turn are important determinants of
stroke.15 Hypertension, earlier reported to be very high in South Africa, is the well known
predictor of stroke and there is evidence of increasing prevalence of stroke at young age in subSaharan Africa.3 Moreover, poor awareness and control of hypertension means that most people
present with advanced stages of disease outcomes at diagnosis with severe complications.3,28
This is further evidence supporting early identification of modifiabkle risk factors for CVD. The
outcome of cardiovascular complications such as alcoholic heart disease and stroke adds to a
high mortality rate. As a result, the life expectancy in sub-Saharan Africa is significantly lower
when compared with the western world, perhaps also due to infectious diseases.31,32

This means that a low level of education, poverty, unemployment and dysfunctional health
systems in the low resource settings of South Africa are some of the leading factors in the rise of
alcohol abuse. As a result, CVD and health outcomes such as stroke and premature death
become the eventualities of excessive alcohol consumption.33,34 Poverty and unemployment are
also linked to advanced disease progression at diagnosis due to lack of awareness and access to
screening in low to middle income compared to high-income countries.3 Interventions through
education of the population at risk about the possible risk factors - smoking, high cholesterol,
physical inactivity, insufficient fruit and vegetable consumption and excessive alcohol intake - is
important in reducing the prevalence of CVD and associated fatal outcomes.35,36 Whereas the
increasing prevalence of hypertension, stroke and mortality in African population is well-reported,
the actual contribution of alcohol abuse on these outcomes remains limited in black South
Africans – a gap that needs to be filled in our understanding.
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Although HIV infection will not form a specific focus of this thesis, it is important to understand the
link between HIV and alcohol overuse, including the resultant impact on cardiovascular
outcomes. The association of alcohol abuse and HIV infection is a major challenge in povertystricken sub-Saharan Africa.37 HIV infection is associated with an increased inflammatory profile
and disease progression in Africans.22,38 The co-existence of alcohol abuse with HIV infection can
hasten the onset of cardiometabolic disease especially in cases where there is compromised
adherence to HIV treatment due to excessive alcohol intake.39,40 Moreover, there is evidence that
both alcohol overuse and HIV infection can be attributable to each other with serious
consequences such as reinfection and risky sexual behaviour.37 However, both low to moderate
alcohol intake lead to favourable changes in both lipid and hemostatic profiles41-42 improve
endothelial function and plasma oxidant status,43 and may possibly be associated with reduced
cardiovascular risk and HIV infection.

The increasing prevalence of stroke and total mortality – largely associated with rapid
urbanisation, poverty and dysfunctional health systems1,44 – are some of the factors that provide
calls for in-depth studies on the scientific aspects of alcohol intake in South Africa. The
cardioprotective effects of moderate alcohol intake are based mostly on evidence from the
developed world, with limited studies in sub-Saharan Africa.45 The well-known J-shaped
association of alcohol consumption with BP or mortality implies that the risk is low (lower than not
taking alcohol) with beneficial effects when alcohol is consumed moderately while heavy use of
alcohol increased the risk of both hypertension and mortality.46 A linear association, on the other
hand, indicates that the CVD risk increases steadily with increase in alcohol consumption.47
Therefore, high alcohol consumption and its role in end stage CVD forms another motivation for
this study.

Despite the well-known association of GGT with hypertension and mortality, ethnic-related GGT
levels do impact on the influence of alcohol intake and cardiovascular outcomes. Africans are
known to have high GGT levels48,49 with evidence of high GGT not predicting hypertension
development or linked to alcohol consumption in this ethnic group.50 Given these findings, the
5
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association of GGT and hypertension or mortality in this African study population will be explored,
and whether GGT levels in this population are indeed alcohol-related.

The available literature on alcohol abuse in South Africa is limited to the effects of alcohol abuse
on risky sexual behaviour, violence, crime, injury and dysfunctional family structures, leading to
children leaving homes and staying in the streets.51 To our knowledge there are no studies
performed in sub-Saharan Africa on excessive alcohol intake with hypertension and mortality.

We made use of the South African leg of the multi-national Prospective Urban and Rural
Epidemiology (PURE) study in which 2021 Africans were recruited at baseline from rural and
urban areas of the North West Province. The central focus of this thesis is therefore to investigate
alcohol intake in black South Africans and how it relates to cardiovascular health outcomes and
mortality over a period of 5 years.
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1.

INTRODUCTION

One of the main causes of the growing prevalence of cardiovascular disease (CVD) in subSaharan Africa is excessive intake of alcohol.1-3 It is estimated that about 2 billion people in the
world consume alcohol.4 Historically, Africans lived a rural lifestyle with low prevalence of noncommunicable diseases (NCDs). But excessive alcohol consumption is now a major risk factor for
hypertension, stroke and mortality in South Africa.1 With South Africa having one of the highest
human immunodeficiency virus (HIV) infection in the world,5 abuse of alcohol by HIV infected
individuals promote disease progression and spread to the uninfected population.6 Alcohol abuse
in low resource settings is also associated with injury, violence, malnutrition and psychological
distress.7
The influence of alcohol intake as a risk factor for CVD is well documented in the literature.8-12
With regards to South African studies, this prospective study will shed light by investigating the
association of alcohol overuse on blood pressure (BP) change, hypertension development, and
mortality in black South Africans over a 5 year period. It is envisaged that this study will increase
our understanding of the negative effects of excessive alcohol use on the cardiovascular system
in the black South African population.
This chapter includes a detailed literature review which, in addition to the literature background in
each of the manuscripts, forms the background information for data analyses and discussion of
the results. Alcohol intake and CVD in South Africa are explored with the main emphasis on the
detrimental effects of excessive alcohol use. This is followed by a discussion of the measures of
alcohol use such as liver enzymes and self-reporting of alcohol intake. Finally, the general
overview of alcohol-related elevation in BP, hypertension development and mortality are
discussed.
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2.

CARDIOVASCULAR DISEASE AND ALCOHOL INTAKE OF BLACK SOUTH
AFRICANS

Urbanisation and a western lifestyle in Africans have resulted in the growing prevalence of
CVD.13,14 Moreover, as a result of urbanisation, there is high prevalence of physical inactivity,
obesity and smoking in black South Africans.

Finally, the loss of social support and family

disorganisation as a result of heavy drinking is evident leading to poverty and increased
psychosocial stress among the black urban population.15

2.1 Alcohol intake in South Africa
Alcohol overuse is one of the main social, economic and health problems among black South
Africans.16 In addition to CVD, other adverse health consequences are liver damage,
dysfunctional families, physical injuries, violent crime and loss of memory due to neuronal
degeneration - all contributing to increased prevalence of premature death.17-19
Traditionally, Africans use alcohol as a form of entertainment at weddings, traditional ceremonies
held for the spirit of an adult who had died, propitiation of ancestral spirits and graduation
ceremonies following successful circumcision.20,21 Extreme care was taken on who should drink
and how much, leading to old males as the dominant drinkers over women and young people.22-24
The rural existence, in which many people were mainly dependent on small scale farming, and
living away from the cities, meant that few people could afford buying commercial brands of
alcoholic drinks of high ethanol content. As a result, alcohol abuse did not exist and the
prevalence of alcohol-related diseases was very low.13 Generally, one of the main reasons for
drinking is believed to bring about a change of mood in order to feel better, such as to relieve
stress or cheer oneself up, especially in the African population.25
Alcohol abuse among Africans is traced back to the time of Dutch Settlers and French Huguenots
as wine farmers in the Cape. Africans worked as labourers on these farms and were given wine
as a top-up in addition to their low wages. Urbanisation and industrialisation in South Africa also
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contributed to easy access to commercially available alcoholic drinks and invention of ways of
brewing home-made brands faster.26
Today, the prevalence of alcohol consumption is higher in urban compared to rural areas. There
is more alcohol consumption by the working class and male sex, and a growing prevalence of
binge drinking in youth in South Africa.27,28 This is largely due to affordability and availability of
high ethanol content alcoholic drinks in urban areas.29 Moreover, the number of informal liquor
outlets, which function outside the boundaries of the South African Liquor Act of 2003, have
increased dramatically in urban areas.30 Additionally, poverty and unemployment have also been
mentioned as further causes of alcohol abuse,16,28 perhaps due to stress and anxiety caused by
these factors.31 While traditionally women did not abuse alcohol, there seems to be a rise in
abuse of alcohol by this sex, especially at a young age and in most urban areas of sub-Saharan
Africa.32,33

There is a strong association of alcohol abuse with violence, crime and risky sexual
behaviour.27,29 Violence is evident when the male partner is an alcoholic and becomes worse
when the female partner is also abusing alcohol,34 resulting to dysfunctional families and child
maltreatment.35 Arrestees of serious crimes such as rape, murder and house breaking have been
found with high alcohol content in their blood.9 Alcohol abuse and the resulting risky sexual
behaviour, as discussed later in this review, is also responsible for the high incidence of traffic
accidents, unwanted pregnancy and high HIV infection in South Africa.36-38
Given the highest rate of HIV prevalence in South Africa, alcohol abuse by HIV infected
individuals is a major concern. Alcohol consumption is indeed a serious risk factor for
hypertension and mortality in HIV infected people.39,40 HIV infection is likely to lead to increased
alcohol intake as a form of coping with the stress and stigma associated with HIV/AIDS,41
especially in poverty-stricken populations. Moreover, risky sexual behaviour commonly reported
in alcohol abuse may in turn be responsible for the high prevalence of HIV infection in subSaharan Africa.36 Furthermore, since alcohol can adversely affect immune function, nutritional
status and adherence to medication,42-45 it is highly recommended that health care providers must
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screen for unhealthy alcohol use in HIV positive patients as alcohol consumption can also
interfere with hepatic metabolism and lead to hepatotoxity.46

2.2 Alcohol intake and cardiovascular disease
There is either a J-shaped (Fig. 2.1) or linear association between alcohol intake and CVD or
mortality.47-49 The J-shaped association implies a beneficial effect when alcohol consumption is
low to moderate, and higher risk of CVD or mortality with excessive drinking. A meta-analysis of
many longitudinal studies reported 10 000 deaths from over a million participants and confirmed a
J-shaped association between alcohol and total mortality (Fig. 2.1).47 The linear association, on
the other hand, means that the beneficial effects are only observed during abstinence, and that
high volume or quantity of alcohol is associated with increased risk of hypertension and
mortality.50 Most published studies51-53 associate low levels of alcohol intake with cardioprotection
and prevention against CVD. Moderate drinking is defined as one drink for women and two drinks
per day for men (44 ml whisky, 148 ml wine or 355 ml of beer).10
In the South African context, alcohol consumption follows a linear pattern with a dichotomy
between either no alcohol intake or heavy episodic drinking mainly on weekends and big
traditional occasions.9,54 The most prevalent age of binge drinking in South Africa is between 18
and 35 years by mostly men in urban areas.54,55 Generally, a linear association of alcohol intake
with BP seems to be more prevalent in men while in women a J-shaped relationship is more
commonly observed.56
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47

Figure 2.1. Relative risk of mortality with increased quantity of alcohol consumption.

2.2.1 The beneficial effects of moderate alcohol consumption
The ways in which alcohol induces cardioprotection are wide-ranging and related to changes in
serum lipids, lipoproteins, blood clotting proteins, platelets, inflammatory cytokines and insulin
resistance.57,58 Increased levels of high-density lipoprotein cholesterol (HDL-C) and decreased
low-density lipoprotein cholesterol (LDL-C) are associated with reduced risk of CVD, and HDL-C
are elevated with increased alcohol intake.59,60 The mechanism by which HDL-C reduces the risk
of CVD lies in the prevention of atherosclerosis progression. HDL-C protects against
atherosclerosis by inhibiting LDL-C oxidation, preventing foam cell formation as well as play a
role in reverse cholesterol transport and diminishing the formation of tissue factor.17,61 Alcoholrelated HDL-C increase is also important in its anti-inflammatory action. Alcohol tends to interfere
with the activity of pro-inflammatory factors although the actual role of HDL-C in reducing the risk
of CVD in alcohol consumption is not fully understood.62
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Alcoholic beverages such as red wine have a specific advantage by lowering oxidation of LDLC,63,64 preventing atherosclerotic plaque formation through their polyphenol content.65,66
Furthermore, formation of phosphatidylcholine (PEth) following alcohol intake increases HDL-C
binding to endothelial cells eventually increasing vascular endothelial growth factor (VEGF), which
protects against atherosclerotic plaque formation.67 Alcohol intake increases apoA-I levels and
paraoxonase (PON)-1 activity - antioxidants related to HDL-C. However, these antioxidants seem
to increase on moderate alcohol consumption but not with heavy alcohol intake.68 Moderate
alcohol

intake

further

reduces

platelet

aggregation,

fibrinogen

levels

and

increase

fibrinolysis.53,61,69 Moderate drinking also improves insulin sensitivity. The proposed mechanism of
improved insulin sensitivity is that ethanol enhances the synthesis of adenosine monophosphate
(AMP) which stimulates protein kinase. Protein kinase in turn stimulates the synthesis of longacting proteins that boost insulin sensitivity.61,70-73

In conclusion, although it is generally known that moderate drinking is beneficial, some studies
attribute this benefit only to individuals at increased risk for CVD, to older subjects or to those with
poor nutritional status.74,75 The French paradox is the phenomenon of a low CVD risk seen in
French population despite a diet high in saturated fats and increased alcohol consumption.48 It
remains to be seen whether this well-known paradox is applicable to Africans.

2.2.2 Harmful effects of chronic alcohol overuse
According to the World Health Organisation (WHO),8 alcohol-related death is more prevalent in
developing countries.76 Excessive alcohol consumption does not only result in loss of
cardioprotective effects shown by moderate drinking, but is also linked with myocardial
dysfunction, hypertension development, coronary artery disease (CAD), cardiomyopathy,
atherosclerosis and stroke.51,77
Alcohol intake, endothelial function and oxidative stress
Alcohol abuse results in cardiomyocyte damage through several mechanisms that include
oxidative stress, changes in calcium handling and mitochondrial dysfunction. With increased
alcohol intake oxidant chemicals are elevated, leading to depletion of antioxidants such as
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glutathione (GSH), enhancing myocyte susceptibility to oxidant injury.78 Alcohol abuse also
damages contractile proteins, interfere with calcium signalling, reduces myofiber calcium
sensitivity, – promoting calcium overloading, which results in apoptosis, necrosis, and reduced
contractile function.78 Chronic alcohol intake can lead to sudden cardiac death (Fig. 2.2).79,80
Potential alcohol-related mechanisms include an increased QT interval, leading to ventricular
tachyarrhythmia, electrolyte abnormalities, sympathoadrenal stimulation and decreased vagal
input.81,82 Moreover, alcohol-induced reactive oxygen species (ROS) impair myocyte calcium
handling and cause hypertrophy, alter gene expression and induce apoptosis.83,84 Apoptosis may
be caused by increased calcium influx in the mitochondrion, which triggers caspase activation
and the apoptotic cell death pathway.10
The vascular endothelium is also the target of many alcohol-induced harmful substances leading
to its dysfunctional state. Alcohol regulates endothelial cell genes involved in inflammation.85 ROS
produced as a result of alcohol abuse react with nitric oxide leading to reduced vasodilation and
this may also contribute to high BP seen in chronic alcohol abusers.10,85 High gammaglutamyltransferase (GGT) levels associated with alcohol abuse seem to be followed by oxidative
stress, similarly to that seen in obesity.86,87 Excess fat deposition in the liver as a result of
excessive alcohol intake increases ROS such as peroxides, leading to overconsumption of GSH
with a compensatory increase in GGT synthesis.11,88

Alcohol intake and blood pressure
Regular alcohol overuse is associated with higher BP and the development of hypertension,89
while acute intake seems to lower BP through vasodilation.90 The mechanisms of alcohol-induced
hypertension include the potentiation of the renin-angiotensin –aldosterone system (RAAS).
Alcohol abuse leads to high angiotensin II levels and increased cardiac expression of
angiotension type I receptors.91 Alcohol intake leads to weight gain which in turn varies directly
with BP.92 Alcohol abuse is also associated with increased psychological stress and poor coping
mechanisms, which are also risk factors for hypertension.7,93 Results from the large cohort
INTERSALT study94 indicated that after adjusting for body mass index (BMI), smoking and
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urinary excretion of sodium and potassium, systolic blood pressure (SBP) continued to increase
with the volume of alcohol intake. Moreover, a population-based survey has indicated a positive
association between alcohol consumption and BP in current non-hypertensive drinkers.95

Alcohol intake, target organ damage and cardiovascular events
Excessive alcohol intake is known to affect several organs directly, including the liver, brain, heart
and kidneys – partially via the effects on the cardiovascular system. Although evidence exists that
moderate drinking protects against stroke and myocardial infarction, people who use alcohol
excessively have an increased risk of stroke.96,97 It seems that moderate intake of alcohol
protects against ischemic but not hemorrhagic stroke, which is more closely associated with
heavy drinking.12 Although there is no clear mechanism linking moderate drinking and reduced
stroke risk, several pathways that are likely to play a role include an improved lipid profile,
reduced insulin resistance and favourable coagulation activity.12 The excessive alcohol
consumption related to stroke may be mediated by an alcohol-induced increase in BP and may
also interfere with normal blood clotting processes resulting in bleeding with the likely onset of
hemorrhagic stroke.98,99 Kolapo and colleagues100 reported that excessive alcohol intake is a
strong predictor for stroke, and that alcohol-induced stroke incidence seems to increase with age.
Although the prevalence of stroke seems lower in low-income than in high-income countries, the
disability resulting from stroke is as prevalent as in developed countries.101
The best method of reducing the risk of stroke is by modification of the risk factors such as
reducing BP and the alcohol intake.102 Alcohol consumption was independently associated with a
high-estimated 10-year stroke risk in a large cohort study in Thailand in which most participants
affected were from a low-socio economic background.103 The association of stroke with excessive
alcohol intake, high smoking levels and male sex prevalence is confirmed by other
studies.100,103,104
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Figure 2.2. The association between excessive alcohol intake, HIV infection and cardiovascular
disease.

105

HIV, human immunodeficiency virus; CART, combination antiretroviral therapy

The association of coronary heart disease (CHD) and alcohol consumption is strongly related to
the quantity and pattern of drinking – another example of a J-shaped pattern.77,106 These findings
show pathways through which moderate drinking contributes to reduced risk of CVD and also
support that excessive alcohol intake is linked to an increased risk of myocardial infarction or
death. This seems more evident in HIV infection especially in cases in which treatment is not
taken regularly (Fig. 2.2). As indicated earlier, the positive association of HDL-C with alcohol
consumption is beneficial, whereas elevation of HDL-C in alcohol abuse is linked to the risk of
CVD. Other lipids such as triglycerides (TG) and LDL-C, together with BP, are elevated in heavy
drinking, increasing the risk of heart attack.107 Inflammatory markers, including C-reactive protein
(CRP) are elevated in alcohol abusers and are important risk factors for CVD.105 Alcohol abuse is
implicated in cardiomyopathy. Structural and functional changes occur in contractile proteins and
intracellular organelle damage of the myocytes occurs, which leads to changes in heart
contractility and ventricular dysfunction (Fig. 2.3).108,109 Alcohol abuse also damages the nerves
supplying the heart and blood vessels and may thus alter BP towards higher values.110 In addition
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to pattern and quantity of drinking, the potential damage to the heart related to alcohol abuse
seems to vary with population, individual, or genetic and environmental factors.111
The damaging effects of alcohol on the kidneys could also raise BP as damaged kidneys exert
pressure on the arteries.112 Excessive alcohol consumption is one of the serious risk factors for
kidney disease, contributing to over 1.4 million cases of renal replacement therapy in the world.113
High GGT levels were found in smokers with chronic kidney diseases and this was closely
associated with alcohol consumption.114

Figure 2.3. Pathophysiology of alcohol abuse in CHD.
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CHD, coronary heart disease; RNA,

ribonucleic acid.

Alcohol intake and mortality
Excessive alcohol intake is an independent risk factor for mortality. The known biomarkers of
alcohol consumption have been found to have positive associations with cardiovascular40,116,117
and all-cause mortality.40,118,119 A large cohort study reported interesting results in which high
alcohol consumption and low physical activity were independently associated with both
cardiovascular and all-cause mortality. They further indicated that moderate drinking and high
physical activity correlated positively with reduced risk of total mortality.120 This confirms the wellknown J-shaped association of alcohol consumption with both cardiovascular and all-cause
mortality. Similarly, heavy drinking and smoking have increased risk of mortality, while the
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opposite is associated with reduced mortality risk,121 with moderate drinking associated with
reduced mortality in comparison with non-drinking.122

2.2.3

HDL-C and excessive alcohol intake

Despite the well-known beneficial association of alcohol intake with elevated HDL-C and reduced
risk of CVD in moderate drinking, a further rise of HDL-C increases CVD risk. Increases in BP
and inflammation that normally follow high HDL-C appear to predominate during excessive
alcohol intake.62 While moderate alcohol intake raises the levels of smaller particle-sized HDL-C,
associated with reduced risk of CVD, heavy drinking is associated with high levels of larger HDLC particle size.123,124 Contrary to this, some recent findings support the association of small-sized
HDL-C particles with heavy alcohol consumption,125,126 suggesting that both small and large-sized
HDL-C particles are potential risk factors for CVD. Therefore, elevated HDL-C which is known to
be beneficial in moderate alcohol consumption may also have detrimental cardiovascular effects
based on the HDL-C particle size. These negative outcomes may also be influenced by genetic
and metabolic factors influencing the HDL-C particle size.126
The mechanisms of the beneficial effects of HDL-C on moderate drinking have been discussed
already in this review (p.18). Alcohol abuse may lead to the rise in certain components of HDL-C
including polyunsaturated fatty acid content of HDL-C. This increases HDL-C particle fluidity that
may significantly alter various HDL-C functions,127 possibly resulting in reduced benefit of HDL-C.
Moreover, production of fatty acid ethyl esters (FAEEs) as a result of heavy drinking promotes
fibrosis or hepatic damage.62,127 Although contradicting evidence exists regarding the genetic
modulation of HDL-C response to alcohol intake, black and white people seem to have similar
alcohol dose responses for increases in HDL-C and apo A-I levels.128
Finally, in addition to HDL-C, LDL-C is another well-known lipid marker generally reduced in
moderate alcohol intake.129,130 However, elevated LDL-C levels are seen in individuals with high
alcohol consumption.50,131 Excessive alcohol intake brings about several unfavourable changes in
hepatic cholesterol metabolism that finally lead to decreased extracellular signal-related kinase
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activation in the liver, leading to elevation of LDL-C.62 Genetic factors, explained in detail
elsewhere,131 seems to be the main influence in these discrepancies.

2.2.4 Body composition and alcohol consumption
Excessive alcohol use is generally linked to lean body mass while increased weight gain is
associated with moderate to low intake of alcohol.78 Body composition also depends on the type,
quantity and volume of alcohol consumed. Furthermore, alcohol increases the levels of orexin in
the brain, which in turn stimulates excess fat intake, increasing body weight and finally elevating
TG levels.132 There is generally a U-shaped relation between alcohol intake and TG levels, and
alcohol consumption in Africans and in men seems to lead to elevated TG levels.128 There is also
evidence of increased food intake during episodes of alcohol consumption.133,134 Alcohol intake
can also cause dyslipidemia, increased fat mass, and disrupt adipokine profiles such as leptin
and adiponectin.135
Underweight as a result of alcohol abuse may be caused by decreased food consumption or
malabsorption resulting in decreased micronutrient availability and changes in tissue growth
factors.136 Moreover, decreased muscle protein synthesis, accelerated muscle proteolysis,
increased amino acid oxidation, decreased circulating levels of androgens and insulin-like growth
factor-1 (IGF-1) and upregulation of myostatin are factors that lead to decreased body mass seen
as a result of excessive alcohol consumption.78 Alcohol abuse is also associated with altered
bone metabolism, decreased bone mineral density and an increased risk of fractures,137
contributing further to lean body mass. Decreased body mass in chronic alcohol intake is also
due to altered neuroendocrine function resulting in increased cortisol release.138 Lean alcohol
users are at serious increased risk of stroke. The elevated BP as a result of alcohol abuse

damages and constricts the microvasculature in the brain, depriving the brain cells of oxygen
and nutrients increasing the risk of stroke.139 Finally, it is important to note that genetic and
environmental influences are the main factors that determine body composition in alcohol
consumption.78
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2.3 Measures of alcoholic intake
In order to assess alcohol consumption, numerous biomarkers of alcohol intake are described in
the literature and include ethanol, GGT, aminotransferases, mean corpuscular volume (MCV) and
percentage carbohydrate-deficient transferrin (%CDT).140 Recently new biomarkers such as ethyl
glucuronide (EtG), ethyl sulphate (EtS) and phosphatidylethanol (PEth) have also been
identified.141 These alcohol biomarkers differ from each other in sensitivity, specificity, reliability,
and half-life in the blood.142 Although screening alcohol intake by means of a questionnaire
proves beneficial because of low cost and increased sensitivity, biomarkers can be useful for
detecting unhealthy use of alcohol among those who are not honest in their reporting of alcohol
use.46
2.3.1 Self-reported alcohol intake
Biochemical markers of alcohol intake are generally known to be better estimates than selfreporting of alcohol. However, self-reported alcohol intake is an easier and cheaper method to
assess alcohol intake. The potential inaccuracy associated with self-reporting of alcohol
consumption

can lead to either under- or overestimation of alcohol reporting.143-145 This is

especially true when comparing populations from different ethnical backgrounds with differing
social perceptions of alcohol consumption. Self-reporting of alcohol use has, in many instances,
been used with laboratory biomarkers to detect alcohol usage. In addition to prevailing attitudes
towards drinking among the reporting subjects, questionnaire surveys require good skills in
pursuing clinical interviews, and are time consuming.146,147
Self-reporting investigation tools to screen alcohol abuse include general health questionnaires
with yes/no responses and questions on volume, type of alcohol, frequency and duration of
drinking. The Alcohol Use Disorders Identification Test (AUDIT)148 has demonstrated good
returns of both sensitivity (86%) and median specificity (89%) in various studies.147 It also
displayed a good pattern of drinking in South Africa, in which men, participants with low level of
education and staying in urban residences were more likely to report current alcohol
consumption.54 Moreover, CAGE questions and the Michigan Alcohol Screening Test (MAST) are
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often used as tools for assessing problem drinking.149 A validated quantitative food frequency
questionnaire (QFFQ) is also widely used and has a low rate of false positive responses150
although a low level of accuracy has often been detected.143 The validity of the QFFQ was
reported in a Japanese study in which nutrient intake of each individual was assessed151– has
also been validated in South Africa.150-153
A simple self-administered questionnaire can provide useful estimates of alcohol intake over an
extended period of time.154 Self-reporting of alcohol intake showed a significant association
between alcohol intake and CRP155 or BP.156 Lee et al157 also showed that self-reporting showed
a positive association with biochemical markers when they compared the validity of an 8-item
semiquantitative food frequency questionnaire (SFFQ) with four spot urine samples collected over
a 12-month period in a dietary isoflavone assessment validation study. The strong association
between self-reporting of alcohol intake with biomarkers indicating alcohol use such as GGT and
%CDT by some large cohort studies156,158 confirmed the honesty and reliability of reporting
alcohol use. Finally, the use of self-administered questionnaires only without validation by alcohol
intake biomarkers by Sasaki and colleagues,159 successfully showed the significant association
between alcohol consumption and arterial stiffness.

Some authors have however reported that questionnaire data on alcohol intake does not always
correspond to alcohol biomarkers as underreporting is common among alcohol abusers,
especially in high socio-economic populations.146,160,162 GGT prevailed as the only independent
predictor of CVD163 and stroke164 when compared with self-reported alcohol intake in Chinese
and Finnish populations, respectively. This casts doubt on the reliability of self-reported alcohol
intake especially in adults in the high income bracket, suggesting that self-reported alcohol intake
may be influenced by socio-economic status and level of education.165
Other self-reported estimates of alcohol such as volume and frequency of alcohol intake may
perhaps be more difficult to report on in populations from low resource settings, mostly with a low
level of education.165 Increasing the number of items (more food items or alcohol types) in a
questionnaire might result in an overestimation of the intake, whereas combining several similar
items into a single item could lead to underestimation.165
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2.3.2

Ethanol

Ethanol is measured in blood, breath or urine samples and is more suitable for use in subjects
where alcohol intoxication is suspected.142 It is rarely used to investigate long-term alcohol abuse
because of its short half-life, although increased tolerance of ethanol in some people may give an
indication of alcohol dependence.166 Ethanol measurements are specific, simple to perform and
therefore suitable for screening. They are also useful in follow-up studies to assess noncompliance for abstinence.140 Moreover, FAEEs, minor ethanol metabolites that can accumulate
in hair, are useful in the assessment of chronic alcohol consumption.
In a recent study167 FAEEs reached specificity levels of 87% in assessing excessive drinking
when the identified false positives were excluded from data elaboration. FAEEs are also found in
the liver and adipose tissue, and have been useful as postmortem markers of premortem ethanol
intake. Ethanol is also a suitable marker for detection of alcohol overuse in pregnancy because of
high specificity and a long detection window in the matrix hair.168 Ethanol and other biomarkers
such as serotonin metabolites and sialic acids have limited use despite their good diagnostic
characteristics. Their association with hypertension or mortality in clinical practice is sparse due
to the costly equipment necessary for their measurement.169 Some studies have investigated the
association between ethanol and traumatic brain injury where alcohol intoxication contributed
significantly to high prevalence of traumatic brain injury.170,171 However, the presence of ethanol
in the blood of patients with traumatic brain injury associated significantly with higher survival of
these patients from their injuries.171 Further research is recommended to validate potential
therapeutic implications of this neuroprotective role of ethanol.172

2.3.3

Mean corpuscular volume (MCV)

Mean corpuscular volume (MCV), the determination of the red blood cell size, is a useful
screening procedure for the detection of chronic alcohol abuse.173 MCV is more sensitive in
women,140 has stronger correlation with self-reported drinking behaviour and has more specificity
than GGT in most populations.174 MCV responds slowly to abstinence, and its normalisation may
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require 2 to 4 months.142 The specificity of MCV is, however, decreased by vitamin B12 deficiency,
liver disease, hematological disease, hypothyroidism, or reticulocytosis.140,142
Alcohol increases the MCV by interfering with cell structure and metabolism. Moreover, ethanol
has a direct bone marrow toxic effect, causing reduced bone marrow cellularity and vacuolisation
of red cell precursors.175 Acetaldehyde, an important metabolite of ethanol, has been found inside
red blood cells of many alcoholics, in which it forms adducts with proteins and other cell
constituents, thereby damaging and reducing the half-life of these cells.176,177 Occult bleeding is
associated with alcohol dependence. As a result, bleeding or hemolysis introduces young red
blood cells, reticulocytes, with large cell volume.140 In addition to high MCV, excessive ethanol
consumption may be determined through blood cell counts,178 mean corpuscular haemoglobin
(MCH) and low platelet count,178 and the occurrence of sideroblastic anemia.179 However, MCV
was found to be the least reliable marker of alcohol consumption in one study in which all the
alcohol biomarkers were compared.180

2.3.4

Aminotransferases (ALT and AST)

Alanine transaminase (ALT) and aspartate transaminase (AST) are two well-known liver enzymes
that are sensitive indicators of liver injury.140 ALT catalyses the transamination between L-alanine
and α-ketoglutarate to form pyruvate and L-glutamate. AST, catalyses the following reaction: Laspartate + 2-oxoglutarate ⇋ oxaloacetate + L-glutamate.181 However, the correlation between
the degree of liver damage and these enzymes is generally poor.182 These aminotransferases are
less sensitive and show poor specificity, particularly AST, which can be found in various organs
outside the liver.140,183
Although these liver enzymes are suitable for the assessment of chronic intake of alcohol, their
correlation with alcohol consumption is generally weak, and rather non-specific.140 However, an
association between AST and chronic alcohol intake does exist in adults.158 ALT and AST are
more sensitive to hazardous drinking patterns than volume of alcohol intake.184 As a result, some
authors suggest AST:ALT ratio as a better assessment of alcohol consumption.140 A ratio of >2 is
considered to be highly suggestive that alcohol is the cause of the patient’s liver injury. In their
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study, Nyblom and colleagues185 concluded that an AST:ALT ratio below 2 may be indicative of
high alcohol consumption but without severe liver disease - confirmed by Kazemi-Shirazi et al.186
An AST:ALT ratio of <2 is also associated with non-alcoholic steatohepatis (NASH).187-189 Africans
have high levels of liver enzymes, and it is unclear whether this is due to genetic or environmental
influences.183
Both AST and ALT, despite being known markers of liver injury, are also linked with CVD risk. For
example, association of ALT with endothelial dysfunction, and its positive association with CRP
has been reported.190 ALT showed a significant association with CHD after adjustment for the
other components of the metabolic syndrome and traditional risk factors.181 There is evidence that
ALT is associated with GGT, markers of inflammation and oxidative stress - all risk factors for
CVD.191,192 Finally, elevated ALT was shown to be independently associated with increased CVD
in a study by Yun and colleagues193 and they suggested that ALT may serve as a surrogate
predictor of CVD among the Korean population.

2.3.5

Gamma-glutamyltransferase (GGT)

GGT, a liver enzyme widely used as a marker of excessive alcohol intake, is a glycoprotein
enzyme that catalyzes the hydrolysis of gamma-glutamyl bonds in glutathione.194 GGT is found
mainly in the liver but is also produced by the kidneys, heart and the spleen. Glutathione, the
substrate for GGT, is the most abundant antioxidant molecule in cells, stores and transports nitric
oxide, protects cells against oxidative stress, and is also involved in the detoxification of harmful
compounds in the liver.195 The sequence of human GGT contains seven N-glycosylation sites
with four cysteines likely to be involved in the formation of disulphide bonds. The enzymatic
reaction of GGT on GSH involves the cleavage of gamma-glutamyl bonds and the transfer of
gamma-glutamyl moieties to either water to form glutamate or to amino acids, forming new
gamma-glutamyl compounds (Fig. 2.4).195

The

positive

correlation

between

alcohol

consumption

and

serum

GGT

is

well

established.140,156,158,196 But GGT levels are also generally higher in men,197 in obesity and old
age,198,199 and elevated in non-alcoholic fatty liver disease (NAFLD).200 Evidence exists that
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alcohol intake has an independent association with elevated GGT levels.58,196 As with other liver
enzymes, Africans show higher GGT levels than other ethnic groups.201 Black South Africans
consistently showed higher levels of GGT than whites in various studies by our group.202,203
Shankar et al.204 found a positive association between GGT and peripheral arterial disease in
Caucasian men but not in women or Afro-American men. This suggests that association of GGT
and cardiovascular markers may also be sex and ethnic specific. Factors such as CRP, markers
of oxidative stress and glycosylated haemoglobin (HbA1c) are reportedly higher in Africans and
possibly cause elevation of GGT levels independent of alcohol intake.204,205 The clinical value of
GGT in the assessment of excessive alcohol intake could thus be markedly improved if these
confounders are more carefully controlled.

GGT correlates positively with BP,163 obesity,

diabetes mellitus, dyslipidemia and fibrinogen levels while a negative correlation exists with
antioxidants (Fig. 2.5).157 GGT is also considered to be proatherogenic in atherosclerotic CVD116
and found with lipoproteins in atherosclerotic plaques.142

Gamma-glutamyltransferase and non-alcoholic fatty liver disease (NAFLD)
GGT has low specificity for alcohol intake and is influenced by several other factors as mentioned
earlier.199 NAFLD is among the well-known factors that associates with high GGT levels,
independent of other confounding factors. NAFLD refers to a spectrum of diseases of the liver
ranging from fat infiltration (steatosis) to NASH, characterised by inflammation and necrosis.206
NASH is therefore the advanced stage of NAFLD as alcoholic steatohepatitis (ASH) is the
advanced form of alcoholic fatty liver disease (AFLD).207 These conditions are increasingly
becoming apparent because of their association with obesity and diabetes mellitus,208 and while
both sexes are affected,209 African women seem to be at more risk in sub-Saharan Africa
because of the highest prevalence of obesity, type 2 diabetes and metabolic syndrome in this
population group.210-212 The highest rates of obesity were found among the least educated and
poverty-stricken populations.213
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Figure
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Ethnically, Africans are the least affected in American-based studies214-216 perhaps due to their
genotype of the gene that predisposes NAFLD,217,218 or as a result of underdiagnosis.219 Similar
findings have been confirmed in a recent South African study.220 Another likely reason for the low
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prevalence of NAFLD may be the more subcutaneous to visceral fat profile and also a different
lipoprotein metabolism in Africans.221 Subcutaneous adiposity is associated with a ‘healthy’
adipose tissue while visceral obesity is linked to a dysfunctional adipose tissue.222
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Figure 2.5. The relationship of obesity, fatty liver and alcohol intake with GGT and oxidative stress.
GGT, gamma-glutamyltransferase

The close association of NAFLD with obesity, other components of the metabolic syndrome and
other risk factors is well documented (Fig. 2.6).208,216,223-225 The ‘two hit’ hypothesis in the
progression of NAFLD involves accumulation of TG in hepatocytes (simple steatosis) followed by
uncontrolled production of cytokines leading to oxidative stress and necrosis, characteristic of
NASH.226 This observation is relevant in South Africa in which more than 40% of the adult
population is overweight or obese with a very high unemployment rate.210,227 This suggests that
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NAFLD and obesity may be common and yet underdiagnosed in low resource settings in subSaharan Africa. Obesity is closely associated with insulin resistance, which in turn leads to
NAFLD or NASH, characterised by high GGT levels in the absence of alcohol consumption.228

Liver enzymes are elevated in NAFLD. The AST:ALT ratio, one of the better indicators of NAFLD
diagnosis, is usually less than 2.207,224 Amongst the components of the metabolic syndrome,
insulin resistance seems to be the main contributor to NAFLD. Insulin resistance, like obesity,
leads to increased deposition of fatty acids in liver cells.215 The inflammatory response that
results from fat deposition may lead to progression of cirrhosis and CVD.229-231
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Figure 2.6. Some of the risk factors for fatty liver disease.

The close association of NAFLD with insulin resistance, the metabolic syndrome and lipid profiles
is a clear indication that NAFLD is a risk factor for CVD. Moreover, fatty liver, one of the main
symptoms of NAFLD, is associated with increased levels of fibrinogen, CRP, plasminogen
activator inhibitor 1 (PAI-1) - all established risk factors for CVD (Fig. 2.7).232,233 NAFLD or NASHrelated mortality from coronary events is well documented234-237 leading to the assumption that
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the leading cause of death from NAFLD or NASH is CVD rather than liver damage.235 This
association suggests strongly that NAFLD is an important marker of CVD.200
Another concept worth mentioning is the association of serum iron and uric acid with liver injury.
Fasting serum ferritin and transferrin-iron saturation are elevated in NAFLD and linked to fat
accumulation in the liver.238 Iron overload is also known to be associated with diabtetes, obesity
and metabolic syndrome, which have an important link with NAFLD.239,240 While studies have
reported on positive association between adiposity and iron deficiency,241 high serum ferritin
concentrations have also shown an inverse association with body weight.242 Iron overload is
implicated in AFLD and seems to reduce the activation of adenosine monophosphate protein
kinase associated with ethanol.196 The consumption of traditional beers brewed in iron pots seem
to contribute to iron overlaod in sub-Saharan Africa.243 High serum iron levels are also linked to
oxidative stress244 and severity of atherosclerosis.245 Uric acid on the other hand, is elevated in
obesity and is associated with hypertension,246,247 with evidence of high uric acid levels in
Africans.240
Finally, NAFLD is known to improve dramatically following early detection accompanied by
appropriate lifestyle changes such as weight loss and exercise.224 Given that the most reliable
form of diagnosis is an invasive and expensive liver biopsy,206 education of the population about
risk factors and change of lifestyle will prove beneficial in sub-Saharan Africa. However, in order
to achieve this, prospective studies that assess the long-term natural history of NASH with
validated biomarkers are urgently needed. This will also help to determine whether or not NAFLD
carries independent risk beyond the traditionally-considered cardiovascular risk factors.
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233

Figure 2.7. Mechanisms that link metabolic syndrome, NAFLD and markers of CVD.

FFA, free fatty

acids; PAI-1, plasminogen activator inhibitor-1; HDL, high-density lipoprotein; VLDL, very low-density
lipoprotein; LDL, low-density lipoprotein; T2DM, type 2 diabetes mellitus; TG, triglycerides; DNL, de
novo lipogenesis

2.3.6

Carbohydrate deficient transferrin (CDT)

Carbohydrate deficient transferrin (CDT) is a relatively new, highly specific and possibly the most
reliable biomarker of chronic alcohol intake.184,248,249 Human transferrin is a serum iron
transporting protein which usually binds carbohydrate chains of variable composition.142 The
structure of CDT is only partially known. However, available studies250,251 emphasise the loss of
the entire glycan side chains and not of individual sialic acid moieties of a transferrin protein.
Alcohol disturbs the synthesis of the transferrin carbohydrate chain by interfering with the
transferase enzymes.252-255 Furthermore, ethanol or acetaldehyde may enhance the sialidase
enzyme that removes the carbohydrate groups from transferrin. Disturbed function of various liver
cell receptors could possibly also influence the serum concentrations of the desialylated
fractions.142,256 As a result of these mechanisms, a defective transferrin carbohydrate structure,
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especially a sialic acid deficiency, in serum, commonly from alcoholics, is formed. The well-known
method of CDT measurement is expressed as %CDT, which measures the relative amount of
CDT isoforms in proportion to total transferrin.257 This method is better than absolute CDT values
and accommodates the natural variability in transferrin.257
The serum %CDT varies directly with increased alcohol intake.58,255,258 High %CDT was seen in
excessive alcohol intake together with high CRP in one Chinese study.259 This is an indication
that %CDT is a possible risk marker for CVD. Generally a serum %CDT of more than 2% is
indicative of chronic alcohol intake and %CDT is more sensitive in men.258 Other factors such as
old age and pregnancy are also known to influence %CDT values to higher levels.260 Liver
diseases, chronic iron deficiency, inborn errors of glycoprotein metabolism and rare genetic Dvariants of transferrin are among other factors that elevate serum %CDT.254,261,262
There is a positive correlation between %CDT and BP or CVD.263,264 The study by Baros and
colleagues263 showed that reduction in alcohol consumption in heavy drinkers was associated
with reductions in both BP and biomarkers of alcohol consumption, including %CDT. Moreover,
while there is a positive correlation of GGT with CHD reported in obe study, an inverse
association was also observed with %CDT.265 Because of its better sensitivity than other
biomarkers of alcohol intake, %CDT was investigated in unhealthy drinking of HIV infected
people. However, it was not sufficiently sensitive for use in screening for excessive drinking in
individuals with HIV infection.46

2.3.7

Other biochemical markers of alcohol intake: Ethyl glucuronide (EtG), ethyl
sulphate (EtS) and phosphatidylethanol (PEth)

Since none of the biomarkers to date are completely accurate in assessing alcohol consumption,
novel biomarkers have since been investigated. These biomarkers are ethyl glucuronide (EtG),
ethyl sulphate (EtS) and phosphatidylethanol (PEth).266 EtG and EtS are two specific metabolites
of ethanol

synthesized via

conjugation

with activated UDP-glucuronic acid and 3′-

phosphoadenosine 5′-phosphosulphate, respectively.267 They are detectable in urine after
consumption of about 5 g of ethanol with its assessment possible up to five days after
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consumption. Furthermore, EtG may undergo sulphate conjugation to produce EtS. As a result,
individuals positive in urinary EtG are also positive for EtS.268 EtG is also a useful marker for
assessing fitness to drive in suspected drinking while driving compared to CDT.269

PEth is a direct ethanol metabolite with a half-life of 4 days and can be detectable in blood for
more than two weeks after sustained ethanol intake. PEth is synthesized by phospholipase from
phosphatidylcholine in the presence of ethanol (Fig. 2.8). PEth synthesis is specifically dependent
on ethanol, thus the diagnostic specificity of PEth as an alcohol biomarker is theoretically very
high.270 One study found a significant correlation between PEth and other established markers of
alcohol intake such as GGT, CDT and MCV.271 Moreover, PEth can be a more sensitive indicator
of alcohol consumption than %CDT and GGT or a combination of these.272

270

Figure 2.8. The synthesis of PEth from ethanol.

PEth, phosphatidylethanol

The validity of these novel biomarkers of alcohol was shown where their association with mortality
was stronger than liver enzymes.273 The highest sensitivity of PEth than frequently used
biomarkers274 and positive correlation with self-reported alcohol intake suggests these novel
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markers are promising in their accurate detection of alcohol consumption.275,276 Although these
markers may be the most reliable, they are expensive and not a realistic option for population
studies or clinical practice in low-resource settings.

3. BLOOD PRESSURE AND CARDIOVASCULAR DISEASE
3.1 Brachial and central blood pressure (BP)
Scientists make use of various cardiovascular measures in order to detect the association of
alcohol intake with CVD. High BP is one of the main measures of cardiovascular dysfunction. BP
measurements are used to draw conclusions about the prevalence and risk factors for CVD.277,278
Brachial BP, the force exerted by the blood on the blood vessel walls has, for over a century, been
a reliable predictor of CVD and mortality.279,280 Despite the long history of its use and reliability, the
use of brachial BP has recently been associated with challenges, especially when used in isolation.
Challenges of brachial BP measurement have been brought forward by researchers,279,281,282 who
expressed concern of inaccuracy as a result of the ‘white-coat effect’ and the unevenness of the
SBP in different sites of the arterial tree. This means that brachial SBP value may not be a true
reflection of the pressure experienced by the central organs such as the kidneys, brain – organs
more adversely affected by high BP.283,284

The more effective and reliable method to record BP is ambulatory blood pressure monitoring
(ABPM). ABPM is measured continuously during the course of the day over a 24-hr period and
has become important for the diagnosis and management of hypertension.285 Readings in ABPM
can be set into time windows such as mean daytime or night time values. Daytime clinic BP is
associated with bias that includes white coat effect and so ABPM seems suitable as it can be
taken from a non-medical setting. Moreover, daytime BP monitoring is better associated with
cardiovascular mortality than night time BP monitoring.286 During sleep, BP typically decreases,
or dips, such that mean sleep BP is lower than mean awake BP.287 Moreover, there is evidence
of the important association of ABPM with target organ damage, superiority to casual BP in
prediction of mortality. The association of alcohol consumption and ABPM can provide useful
information on the risks linked to hypertension or benefits of moderate alcohol consumption.288
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Although ABPM is very reliable and useful in hypertension clinics, it is not feasible to perform in
large population-based epidemiological studies.
Finally, central BP, the pressure in the aorta in contrast to brachial BP (bBP) indicative of the
pressure in the brachial arteries, seems promising as a more accurate predictor of cardiovascular
events.279 Central BP normally reflects lower values than bBP, especially in younger
subjects289,290 due to more stiffer muscular arteries.279 Central BP is generated by a forward wave
from the left ventricle and a backward wave from the arterial tree.279,291 Elasticity of the large
arteries causes the reflected wave to arrive back to the heart during diastole, thereby contributing
less to central BP. Stiffer arteries, on the other hand, drive the reflected wave early during
systole, adding to the central BP.291,292 Age is an important determinant of arterial wave reflection
pattern, with forward and backward waves faster in old age, causing the reflected wave to occur
in systole with greater amplitude (Fig. 2.9).291

Aortic stiffness and central pulse pressure (PP) are predictors of cardiovascular events relating
well with target organ damage.293 Early wave reflections in a damaged elastic artery elevate
central SBP with subsequent increase in central PP.292 While there is evidence that brachial BP
associates significantly with CVD,294 some findings are in favour of central BP as a better
indicator in this regard.284,295-297 Peripheral BP seems to regain its importance over the age of 55
when the degree of stiffness in elastic arteries is close to the muscular arteries.292 In addition to
younger subjects, central BP is also an important cardiovascular predictor during antihypertensive
treatment.292,297,298
There is a general trend of increased alcohol intake and central BP, possibly caused by the
vascular damage or atherosclerosis induced by alcohol usage.10,17 Despite the support of central
BP over brachial BP, there are studies that still provide enough evidence of peripheral BP as the
relevant marker to predict cardiovascular risk.300,301 Studies on the association of chronic alcohol
consumption and central BP are scant in sub-Saharan Africa. In South African studies, peripheral
BP correlated well with other cardiovascular variables and proved to be a reliable predictor of
cardiovascular risk.1,302,303 Moreover, lifestyle risk factors such as smoking and alcohol
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consumption showed a positive correlation with peripheral BP in studies performed in black South
Africans.153,304

299

Figure 2.9. Central aortic pressure wave forms.

P1, ejected wave; P2, reflected wave; ∆P,

augmentation index; PP, pulse pressure; T F, time between the foot of the wave and incisura; T R, time
between TF and the inflection point

3.2 Hypertension and mortality in sub-Saharan Africa
Hypertension continues to be one of the main challenges in sub-Saharan Africa and is the
greatest health challenge after HIV and AIDS.305 As indicated earlier, excessive drinking is a
major risk factor for hypertension and CVD.1,28 Age is an important non-modifiable risk factor for
hypertension and age-related hypertension prevalence is high in low resource settings due to
poverty and financial constraints in treating hypertension.1,306 The prevalence of hypertension
increases steadily with age in both rural and urban environments of sub-Saharan Africa with
higher cases in urban settings.2 Age-related hypertension is characterised by reduced elasticity of
the conduit arteries leading to increased arterial stiffness. The result is the faster forward
ventricular ejection wave and early reflected wave which increases central BP in old age.291,292
Ethnic differences in the prevalence of hypertension exist. Several studies indicate that
hypertension is more common among black Africans when compared with other ethnic groups.307309

This trend however tends to level up by old age (about 70 years) possibly because more severe
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hypertension in younger black Africans leads to a high mortality rate leaving less black
hypertensives to old age.1 One of the reasons for the high mortality rate in Africans is that
hypertension in Africa is more often underdiagnosed and frequently undertreated, as patients
cannot afford treatment or treatment is not always readily available in clinics.2
As a result, adverse health outcomes in the form of stroke, myocardial infarction, and renal failure
are more common leading to high mortality.310,311 Other factors such as sodium sensitivity, low
plasma renin levels and increased peripheral vascular resistance contribute more to the high
incidence of hypertension-related cerebrovascular and renal complications among Africans.1,312
Moreover, Africans are known to have very high obesity levels210,227 and obesity-related
hypertension in black South Africans support this association.156 Obesity is associated with
urbanisation in Africans with consequent high rate of hypertension in black South African women
in urban settings.278

The shift to a westernised lifestyle as a result of urbanisation has also caused changes in
behavioural patterns among African people. Black Africans in urban areas suffer from
psychosocial distress,7,313 show high levels of smoking304,314 and demonstrate excessive intake of
alcohol.28,161 The prevalence of hypertension in the younger population continues to grow.1,2
Schutte and colleagues302 observed elevated arterial stiffness at a young age in Africans another important risk factor for hypertension. Given these early signs, prospective early
detection of predictors of hypertension in sub-Saharan Africa cannot be overemphasized.
In conclusion, the levels of detection, treatment and control of hypertension in sub-Saharan Africa
are still very poor, meaning that adverse effects such as stroke, heart failure, renal dysfunction
and mortality will become even more apparent in years to come.1,315-318 The estimated number of
hypertensives in 2008 was nearly four times than in 2005, and there is a projected increase of
68% in 2025.2 It is as a result of these findings and projections that longitudinal studies of
hypertension and CVD are urgently needed in Africa.319,320 Healthy lifestyle and public awareness
through education programs on the dangers of alcohol abuse must be encouraged by health
policy makers in order to reduce the risk of hypertension and CVD.
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4. MOTIVATION, AIMS, OBJECTIVES AND HYPOTHESES FOR EACH MANUSCRIPT
This thesis includes three manuscripts submitted for publication. Since the relevant literature
background for each manuscript is discussed in the papers and in the literature review above,
only a brief motivation together with aims, objectives and hypotheses for each article will be
provided below. The central aim of this study was to investigate whether alcohol intake of black
South Africans is related to specific measures of cardiovascular function (change in BP,
hypertension development) and mortality over a period of 5 years.
4.1

Self-reported alcohol intake is a better estimate of 5-year change in blood pressure
than biochemical markers in low resource settings: the PURE study (Chapter 4)

Motivation
The importance and reliability of biomarkers of alcohol use such as GGT and %CDT are well
documented.158,199,259 Moreover, both GGT and %CDT have shown positive associations with BP
and other cardiovascular variables.156,259,263 However, these biomarkers of alcohol use are
expensive and not readily available in low resource settings of sub-Saharan Africa. Moreover,
they are influenced by obesity, liver damage, old age and ethnicity.161,198,199 Self-reported alcohol
use, on the other hand, is easier and cheaper to use but less reliable with under- and
overestimation often associated with it.164,321 With the burden of CVD and excessive alcohol use
highly prevalent, and due to limited resources to assess alcohol intake using expensive
biomarkers in sub-Saharan Africa, the usefulness of self-reported alcohol use regarding its
association with BP should be evaluated as an affordable measure of alcohol use in populations
with low socio-economic status.
Aim
To compare self-reported alcohol estimates with biochemical measures (GGT and %CDT)
regarding their relationship with percentage change in brachial BP (%bSBP, %bDBP) and central
SBP over a 5-year period, in a black South African population.
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Objectives
To establish which marker of alcohol intake is better associated with percentage change in BP
and central SBP over 5 years in black South Africans.
Hypotheses
Based on the literature, the following hypothesis was formulated:


GGT and %CDT have a better positive association with %BP and central SBP than selfreported alcohol intake.

4.2

The comparison of the cardiometabolic profile of black South Africans with
suspected non-alcoholic fatty liver disease (NAFLD) and excessive alcohol use
(Chapter 5)

Motivation
In sub-Saharan Africa CVD remains one of the leading contributors to morbidity and mortality.2,308
With urbanisation, lifestyle change has taken the centre stage in the African population leading to
high prevalence of obesity and chronic diseases of lifestyle such as hypertension, diabetes and
the metabolic syndrome. The risk factors for CVD as a result of lifestyle change include an
unhealthy diet high in fat intake, smoking, physical inactivity and excessive alcohol use.1,308
These factors elevate BP and may also lead to liver damage that may begin as AFLD in the case
of excessive alcohol intake, and NAFLD when alcohol intake is low or moderate.207,322,323 It is a
major challenge to treat CVD in sub-Saharan Africa.324 Therefore, it is important to identify the
possible risk factors of early cardiovascular dysfunction. Moreover, there is scant literature on
NAFLD and alcohol consumption in Africa regarding prevalence and risk factors. The early
identification and prevention of these risk factors will help reduce the burden of CVD in povertystricken sub-Saharan Africa.
Aim
To compare the cardiovascular and metabolic characteristics of Africans with suspected NAFLD
and excessive alcohol use; and their associations with BP in black South Africans.
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Objectives


To compare the cardiometabolic profiles of three groups of Africans: excessive alcohol users,
those with suspected NAFLD and non-alcohol users;



To establish if there are associations between the cardiometabolic profiles of each group with
BP.

Hypotheses
Based on literature, the following hypotheses were formulated:


Metabolic and cardiovascular markers are elevated in excessive alcohol users, while lipid
markers stay favourable with HDL-C elevated and having a significant positive association
with BP;



NAFLD is closely associated with obesity, the components of metabolic syndrome and high
BP.

4.3

Alcohol intake, hypertension development and mortality in black South Africans
(Chapter 6)

Motivation
The high prevalence of urbanisation in sub-Saharan Africa has, among other behavioural factors,
led to a high rate of alcohol consumption, which is a modifiable risk factor for hypertension and
mortality.1,156,325 Although light to moderate intake of alcohol is beneficial and associated with
reduced risk of CVD,288 alcohol abuse is associated with stroke, myocardial infarction, renal
damage and mortality.100,326 Furthermore, the well-known J-shaped association between alcohol
consumption and BP or mortality seems not relevant in black South Africans. Instead, a linear
pattern with either none or excessive drinking dichotomy has been reported.9,54 Since high
mortality can be attributed to excessive alcohol intake in sub-Saharan Africa,41 including high
rates of HIV infection,327 there is a need to determine if alcohol intake predicts total mortality in a
low resource African population. By also identifying the alcohol marker that predicts
cardiovascular outcomes best, this may aid in reducing the burden of alcohol-related CVD and
mortality that is highly prevalent in sub-Saharan Africa.
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Aim
To determine which biomarker of alcohol use relates best with cardiovascular and all-cause
mortality, and predict the development of hypertension over 5 years in a population of black
South Africans.
Objectives


To investigate which alcohol biomarker (self-reported alcohol intake, GGT or %CDT) predicts
mortality; and



incident hypertension in black South Africans over a 5 year period.

Hypotheses
Based on the literature, the following hypotheses were formulated:


GGT predicts alcohol-related mortality better than %CDT and self-report in black South
Africans;



GGT also indicates the strongest association with incident hypertension over a 5 year period.
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1. STUDY DESIGN AND SUBJECT SELECTION
This study is a sub-study of the international Prospective Urban and Rural Epidemiology (PURE)
study which investigates the health transition in urban and rural subjects. The PURE study is an
on-going investigation that involves the follow-up of 180 000 individuals across 26 countries
worldwide. Communities that participated in the study had to meet certain inclusion criteria. The
main criterion was that there should be migration stability within the chosen rural and urban
communities. The selected communities in this South African leg of PURE were part of the North
West Province. Moreover, the chosen communities had to be large enough to allow random
selection of subjects. The rural communities included Ganyesa, 450 km west of Potchefstroom on
the way to Botswana; and Tlakgameng, 35 km east of Ganyesa, only accessible by gravel road
(Fig. 3.1). Both communities were under tribal law. The urban communities were chosen in
Potchefstroom and were the established urban township of Ikageng and informal settlements
surrounding Ikageng (Fig. 3.1).

Figure 3.1. Geographical locations of Potchefstroom, Tlakgameng and Ganyesa in the North West
Province, South Africa.
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The two sets of data collection for this study took place in 2005 (baseline), with the follow-up data
collected in 2010. Trained African field workers who spoke the participant’s native language were
employed and responsible to keep track of participants over the 5-year follow-up period. The
participants were contacted by the field workers every three months. Initially, a total of 2021
Africans, 30 years and older from 6000 households were originally recruited from selected urban
and rural areas of the North West Province. The recruited subjects were visited at their homes
and gave voluntary informed consent.

2. MATERIALS AND METHODS
Ethical considerations
The study was approved by the Ethics committee of the North-West University, South Africa
(ethics number: 04M10) and complied with the Helsinki Declaration. Permission to conduct the
study was given by the provincial Department of Health of the North West Province, community
leaders, tribal chiefs and mayors in charge of the selected communities. All subjects were
informed about the objectives and procedures. The field workers were available to do the
translation in the participant’s native language. Confidentiality and anonymity of all the results
were assured. An agreement with local clinics and hospitals serving the selected communities
was reached, so that subjects identified with chronic illnesses such as hypertension and Human
Immunodeficiency Virus (HIV) were referred with a standardised referral letter. Participants
received meals and remuneration for travelling expenses during the study, in addition to the
necessary counselling as appropriate.

Questionnaires
The participants were interviewed using structured demographic, socio-economic, lifestyle and
physical activity questionnaires developed and standardised for the international PURE study,1
validated and adapted for South Africa. The questionnaires included questions on alcohol
consumption behaviour including a yes/no question on alcohol use (yes, current or former use;
no, never used), the quantity, frequency of intake and the type of alcoholic beverage. Different
beverages of alcohol were assessed separately in these questions (Appendix A).
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Additionally, a quantified food frequency questionnaire (QFFQ)2,3 which was developed and
validated for this population and tested for validity and reproducibility in the PURE study, was
completed by each participant with the help of trained fieldworkers (Appendix B). Participants
estimated portion sizes by using a food-portion photograph book and other suitable tools.4,5
Portion sizes were then converted to weights by using standard tables.6 The food and alcohol
intake was coded and analysed using the South African Food Composition Tables.3,7-8 The
dietary questionnaire data (QFFQ and 24-hour recall) were coded by two dieticians and sent to
the Medical Research Council of South Africa for computerisation, cleaning and nutrient
analyses. The alcohol intake was estimated by the amount of alcohol consumed per day and
expressed as intake of pure alcohol (ethanol) in grams (g) per day. Beer, home-made brews,
spirits and wine were considered to contain 3.6 g, 3 g, 36 g and 9.4 g of pure alcohol per 100 g of
beverage, respectively.

Anthropometric measurements
Weight, height and waist circumference were measured using calibrated instruments by
anthropometrists (Precision Health Scale, A & D company, Tokyo, Japan; Invicta Stadiometer, IP
1465, London, UK; Holtain unstretchable metal tape).9,10 Weight was determined with the use of a
digital scale with the participant standing still without support with the weight evenly distributed
over the centre of the scale, looking straight ahead while the weight is recorded, to the nearest
0.1 kg. The height was taken as the maximum vertical distance from the floor to the vertex of the
head. The participant stood erect with heels together and touching the base of the stadiometer
and arms hanging by the sides. The anthropometrist brought the headpiece firmly down the hair
and having made contact with the vertex, made a pencil mark on the paper tape level with the
underside of the headpiece. Measurements were made before the participant exhaled. After the
participant stepped aside, the headpiece was removed and the vertical distance from the floor to
pencil mark measured with the retractable metal tape stadiometer and read to the nearest 0.1 cm.
The waist circumference was measured in triplicate at the midpoint between the lower margin of
the last rib and the top of the iliac crest11 while the participant was standing erect looking straight
ahead with a metallic measuring tape (Holtain unstretchable metal tape).
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Cardiovascular measurements
After a 10-min rest period, duplicate measurements, 5 minutes apart, of blood pressure (systolic,
diastolic) and heart rate were taken with the validated Omron HEM-757 apparatus (Omron
Healthcare, Kyoto, Japan) both in 2005 and at follow-up in 2010 while the participants were
seated upright with the right arm at heart level. Central systolic blood pressure and pulse
pressure were also taken at follow-up using the Omron HEM-9000AI (Omron HealthCare, Kyoto,
Japan) whilst the participant was in a sitting position.

Blood, serum and plasma samples
Before blood samples were taken, all participants were requested to fast for approximately 8-10
hours. A registered nurse took a blood sample from the ante-brachial vein branches. Blood was
centrifuged within two hours of collection and stored at -80 °C until analysis. Serum samples
were prepared by collecting whole blood into tubes that did not contain any anticoagulant. This
blood was then allowed to clot at room temperature for 30 minutes and centrifuged at 2 000 g for
15 minutes at 10 °C. Collected serum was subsequently transferred to cryo tubes and then stored
at -80 °C until analysis. As for the preparation of plasma samples, blood collection tubes
containing ethylenediamine tetra acetic acid (EDTA) were filled (vacutainers) to capacity. This
ensured optimal blood to anticoagulant ratios. These tubes were centrifuged at 2 000 g for 15
minutes at 4 °C. Plasma was transferred to cryo tubes and stored at -80°C until analysis. In cases
where blood samples could not be processed immediately, they were immediately frozen and
stored at -18°C for no longer than five days, transported to a laboratory facility and stored at 80°C until analysis.

Biochemical analyses
From the blood samples collected from the participants, we measured a series of biochemical
markers. Serum glucose, uric acid, liver enzymes [GGT, alanine aminotransferase (ALT),
aspartate aminotransferase (AST)], high-density lipoprotein cholesterol (HDL-C), total cholesterol
(TC), triglycerides and high-sensitivity C-reactive protein (hsCRP) were determined using the
Konelab20i auto analyser (Thermo Scientific, Vantaa, Finland). Furthermore, serum iron was
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determined using immunological, colorimetric and high-performance liquid chromatography
methods. Glycosylated haemoglobin (HbA1c) was measured on-site in EDTA-treated whole blood
using the D-10 Haemoglobin testing system (Bio-Rad Laboratories, Hercules, CA).

Serum

percentage carbohydrate deficient transferrin (%CDT) analyses were performed by using an in
vitro heterogeneous immunoassay with column separation followed by a turbidimetric
measurement (Axis-Shield %CDT kit, Oslo, Norway). The coefficient of variance (CV) for all
assays was < 10%.

HIV testing
The HIV status was determined in 2005 by using the First Response (PMC Medical, India) rapid
HIV card test with whole blood. The test was repeated by using the Pareeshak (BHAT Bio-tech,
India) card test. Appropriate guidelines of the National Department of Health, South Africa were
followed in determining the HIV status of all the participants. Everyone received pre-test
counselling before the test was done and then post-test counselling for those who opted to know
their results.

Mortality
In order to assess both cardiovascular and non-cardiovascular mortality, we obtained the cause
of death through verbal autopsy coded by a physician according to the International Classification
of Disease codes for the immediate and underlying causes, and from the family’s death
certificate. Cardiovascular mortality was defined as death from congestive cardiac failure,
ischemic heart disease, diabetes mellitus, stroke and myocardial infarction. All-cause mortality
included cardiovascular and non-cardiovascular mortality.

Statistical analyses
Statistical analyses of all the results were performed using Statistica software (StatSoft, Inc.,
Tulsa, OK). Variables with a non-Gaussian distribution were logarithmically transformed and the
central tendency and spread were represented by the geometric mean and the 5th and 95th
percentile intervals. Means and proportions were compared by analyses of variance (ANOVA)
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and Chi-square tests, respectively. Dependent t-tests and the McNemar test (for proportions)
were used to compare baseline and follow-up variables. Single and partial linear regression
analyses were employed to correlate alcohol markers with each other and with the cardiovascular
variables. Multiple regression analyses were used to correlate dependent variables in the study
with various independent variables as required. Multivariable-adjusted Cox regression analyses
were used to assess the association of the selected alcohol markers with cardiovascular and allcause mortality, as well as incident hypertension while adjusting for several independent
variables.
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ABSTRACT
Background: Despite criticism of self-reported alcohol intake, it is a valuable tool to screen for
alcohol abuse as a risk factor for cardiovascular disease. We aimed to compare various selfreported estimates of alcohol use with gamma-glutamyltransferase (GGT) and percentage
carbohydrate deficient transferrin (%CDT) considering their relationship with blood pressure
changes (%BP) over a 5-year period in black South Africans.
Method: We recruited 2021 participants and collected 5-year followed up data (N=1246).
Participants completed questionnaires on alcohol intake indicating their former and current
alcohol use (‘yes’ response and ‘no’ if alcohol was never used). We assessed alcohol intake (in
grams) using a quantified food frequency questionnaire. We collected blood samples and
measured GGT and %CDT. Brachial blood pressure (bBP) was measured at baseline and followup and central BP (cBP) at follow-up only.
Results: Self-reported alcohol intake associated significantly with the 5-year change in bBP
before and after adjusting for confounders (%bSBP: R2=0.263, β=0.06, p=0.023; %bDBP:
R2=0.326, β=0.08 p=0.005), as well as cSBP (R2=0.286, β=0.09, p=0.010) and central pulse
pressure (R2=0.254, β=0.06, p=0.020). GGT and %CDT correlated well with self-reported alcohol
intake (r=0.44; p=0.001; r=0.34 p=0.001), but did not associate significantly with %bBP or cBP at
follow-up.
Conclusions: Self-reported alcohol use associated strongly with a 5-year increase in BP in
Africans with a low socio-economic status. This was not found for biochemical measures, GGT
and %CDT. Self-reported alcohol intake could be an important measure to implement in primary
healthcare settings in middle to low income countries, where honest reporting is expected.

Key words: Self-reported alcohol intake, GGT, %CDT, blood pressure, low socio-economic
status, hypertension, cardiovascular disease.
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INTRODUCTION
Cardiovascular disease (CVD) is a major challenge in developing countries and is one of the
main causes of morbidity and mortality [1,2]. Rapid urbanisation in sub-Saharan Africa (SSA)
drives many lifestyle changes, including unhealthy high fat diets, stressful lifestyle and chronic
excessive alcohol abuse [3,4], the latter of which is regarded as a critical risk factor for
hypertension, stroke and coronary heart disease [5,6]. Although the detrimental consequences of
alcohol abuse are constantly emphasised [7,8], excessive alcohol consumption remains a
significant concern in SSA [9]. Apart from the devastating cardiovascular consequences of
alcohol abuse in urbanising SSA, it poses additional threats in the form of premature deaths
through malnutrition, stress, violence and crime [10].
Biochemical markers for alcohol use are accepted as superior to self-reported estimates.
Although self-reporting is the easier and cheaper method for assessing alcohol intake, its
potential inaccuracy may lead to an underestimation or overestimation of alcohol intake,
especially when comparing participants from different ethnical backgrounds with differing social
perception to alcohol consumption [11]. The biochemical markers that are commonly used in
screening for alcohol abuse are gamma-glutamyltransferase (GGT) and percentage carbohydrate
deficient transferrin (%CDT). GGT is the most widely used marker of excessive drinking [12], but
high GGT levels could also be associated with aging, obesity and liver damage [13,14].
Percentage CDT, on the other hand, is another well-known marker of alcohol intake, and is
characterised by a higher specificity and lower sensitivity to alcohol consumption, when
compared to GGT [12].

Due to limited resources in SSA to test for biochemical measures of alcohol abuse, we aimed to
compare self-reported estimates with these biochemical measures (GGT and %CDT),
considering their relationship with percentage change in brachial blood pressure (%bSBP,
%bDBP) and central systolic blood pressure (SBP) over a 5-year period, in a black South African
population.
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METHODOLOGY
Study design and subject selection
This study is based on the South African leg of the Prospective Urban and Rural Epidemiology
(PURE) study which investigated the health transition in urban and rural subjects in the North
West Province. This is an on-going investigation that involves a series of follow-up studies over a
12-year period. The baseline data used in the present study was collected in 2005, with the first
follow-up data obtained in 2010. To keep track of participants over the 5-year follow-up period,
trained field workers contacted the participants every three months. A total of 2021 African
volunteers (30 years and older) from 6000 households were originally recruited from urban and
rural areas. The recruited participants were visited at their homes and gave voluntary informed
consent.

The study was approved by the Ethics committee of the North-West University, South Africa. The
provincial Department of Health of the North West Province, community leaders, tribal chiefs and
mayors also gave permission to conduct the study. All subjects were informed about the
objectives and procedures of the study and were asked to fast for 10 hours prior to sample
collection. Field workers were available to do the translation in the participant’s native language.
Confidentiality and anonymity of all the results were assured, and individuals identified with
chronic illnesses such as hypertension and Human Immunodeficiency Virus (HIV) were referred
to their local clinics and hospitals. Participants received remuneration for travelling expenses
during the study, in addition to the necessary counselling.

Questionnaires
The participants were also interviewed using structured demographic, socio-economic, lifestyle
and physical activity questionnaires developed and standardised for the international PURE study
[15]. The questionnaires had questions on alcohol consumption behaviour including a yes/no
question on alcohol use (yes, current or former use; no, never used), the quantity, frequency of
intake and the type of alcoholic beverage. In these questions, intakes of different beverages were
assessed separately.
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Additionally, a validated [16,17] food frequency questionnaire was completed for each participant
by trained fieldworkers. The food intake was coded and analysed using the South African Food
Composition database [17,18]. Alcohol consumed was expressed as pure alcohol in grams per
day. Beer, home-made brews, spirits and wine were considered to contain 3.6 g, 3 g, 36 g and
9.4 g of pure alcohol per 100 g of beverage, respectively.

Cardiovascular measurements
An appointment was secured with each participant to measure the cardiovascular variables. After
a 10-min rest period, blood pressure (systolic, diastolic) and heart rate were measured in
duplicate, 5 min apart, with the validated Omron HEM-757 apparatus (Omron Healthcare, Kyoto,
Japan) while the participants were seated upright with the right arm at heart level. Additional
cardiovascular measurements, namely central SBP and pulse pressure (cPP) were taken at
follow-up in 2010 using the Omron HEM-9000AI (Omron HealthCare, Kyoto, Japan) whilst the
participant was in a sitting position.

Anthropometric measurements
Height, weight, waist and hip circumferences were measured (Precision Health Scale, A & D
company, Japan; Invicta Stadiometer, IP 1465, UK; Holtain unstretchable metal tape) using
standardised methods [19].

Blood, serum and plasma samples
After fasting for approximately 10 hours, a registered nurse took a blood sample from the antebrachial vein branches. Samples were prepared according to appropriate methods and stored at 80°C until analyses. Blood samples were immediately frozen and stored at -18°C for no longer
than 5 days, transported to a laboratory facility and stored at -80°C until analysis.

Biochemical analyses
From the blood samples, we measured GGT, alanine aminotransferase (ALT), aspartate
aminotransferase (AST), high-density lipoprotein cholesterol (HDL-C), total cholesterol (TC),
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triglycerides, C-reactive protein (CRP) and serum glucose (Konelab20i auto analyser; Thermo
Scientific, Vantaa, Finland). Furthermore, glycosylated haemoglobin (HbA1c) was determined in
EDTA-treated whole blood using the D-10 Haemoglobin testing system (Bio-Rad Laboratories,
Hercules, CA) and serum %CDT analyses were performed by using an in vitro heterogeneous
immunoassay with column separation followed by a turbidimetric measurement (Axis-Shield
%CDT kit, Oslo, Norway). The coefficient of variance (CV) for all assays was less than 10%.

The protocol of the National Department of Health, South Africa, was followed in determining the
HIV status of all the participants. HIV status was determined in 2005 by using the First Response
(PMC Medical, India) rapid HIV card test with whole blood. The test was repeated by using the
Pareeshak (BHAT Bio-tech, India) card test. Everyone received pre-test counselling before the
test was done and then post-test counselling for those who tested positive and opted to know
their results.

Statistical analyses
Statistica version 11 (StatSoft, Inc., Tulsa, OK) was used to compare the means and proportions
in this study. Variables with a non-Gaussian distribution were logarithmically transformed.
Analysis of variance (ANOVA) was used to compare the variables when the 2005 characteristics
of the participants were divided into three groups: (1) those that were successfully followed from
2005 to 2010; (2) those lost during the follow-up period; and (3) those who passed away. Chisquare tests were used to compare proportions for categorical variables. Dependent t-tests and
the McNemar test were used to compare baseline and follow-up variables. Single and partial
linear regression analyses were employed to correlate alcohol markers with each other and with
the cardiovascular variables. The multiple regression models employed percentage change in
brachial SBP (%bSBP), DBP (%bDBP), and cSBP and cPP (taken at follow-up) as dependent
variables with a single alcohol marker, and the following variables included as independent
variables: age, rural/urban, sex, body mass index (BMI), HbA1c, total cholesterol to HDL ratio
(TC:HDL), CRP, smoking, physical activity, hypertension medication at baseline and HIV status.
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RESULTS
Table 1 presents baseline characteristics of those followed, lost to follow-up and those who
passed away. Over this 5-year follow-up study, we were able to collect data from 1473 (73%) of
the original 1994 recruited participants, of whom 227 (11.3%) passed away. At baseline,
participants who passed away had a significantly lower BMI and higher proportion than the other
groups reported that they use alcohol, confirmed by all the biochemical markers of alcohol abuse
at baseline (p<0.001). Those participants lost to follow-up were generally younger and showed
the shortest duration of alcohol consumption. The three groups were comparable in terms of
blood pressure (BP).

Table 2 indicates the changes in characteristics of the follow-up group (n=1246) over a period of
5 years. Obesity markers (weight, BMI, waist circumference), metabolic markers (glucose,
HbA1c, TC:HDL, CRP) and BP increased despite a lowering in reported alcohol intake and serum
liver enzymes.

To determine whether self-reported alcohol measures are related to the biochemical measures,
we compared the correlations of self-reported and biochemical alcohol markers in Table 3. Selfreported alcohol intake (no/yes) showed highly significant associations with all the biochemical
markers (p≤0.001), and showed a stronger correlation with GGT (r=0.44; p=0.001) and %CDT
(r=0.34; p=0.001) than the intercorrelation between %CDT and GGT (r=0.23; p<0.001).

Table 4 shows the independent associations of alcohol markers with the 5-year percentage
change in BP (%SBP or %DBP), and cSBP or cPP. Self-reported alcohol intake was the only
alcohol measure that was associated with %bSBP, %bDBP, cSBP and cPP at follow up,
independent of the various confounders. Furthermore, %bDBP associated positively with the
volume of alcohol intake whereas the duration of drinking was negatively associated with cPP.
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Table 1. Descriptive characteristics at baseline of the study population who were followed up, lost or
passed away by 2010.
2005
Follow-up

Lost to follow-up

Passed away

(n=1246)

(n=548)

(n=227)

p-value

Socio-demographic profile
ab

Age, years
Body mass index, kg/m

50.0 ± 10.16
2

sex, women n (%)
Location, rural, n (%)
HIV infected, n (%)
Smoking, n (%)

25.1 ± 7.10

46.4 ± 9.39

a

ac

bc

b

24.98 ± 7.12
a

824/1246 (66.1)

a

669/1246 (53.7)

ac

148/1239 (12.0)

a

674/1241 (54.3)

<0.001

52.6 ± 11.82
22.2 ± 6.14

ab

<0.001

324/537 (60.3)

ab

116/227 (51.1)

238/547 (43.5)

a

108/227 (47.6)

ab

bc

97/548 (18.0)

75/224 (33.5)

303/533 (56.9)

142/226 (62.8)

ab

<0.001
<0.001
<0.001

a

0.053

Biochemical measurements
Serum glucose, mmol/L
Glycosylated haemoglobin, %

4.85 (3.50-6.90)
5.63 (4.90-6.60)

Total cholesterol, mmol/L

5.10 ± 1.34

TC:HDL

3.81 ± 2.43

C-reactive protein, mg/L

4.80 (3.50-6.20)
a

a

5.51 (4.80-6.30)
4.97 ± 1.45

a

b

3.10(0.25-39.4)

0.098

5.54 (4.70-6.60)

0.001

4.61 ± 1.33

3.90 ± 2.55
a

4.69 (3.40-6.10)
ab

<0.001
<0.001

4.26 ± 4.42

2.60 (0.27-31.8)

b

5.18 (0.32-53.6)

ab

<0.001

Markers of alcohol intake
Self-reported alcohol use, n (%)

a

517/1239 (41.7)
a

Alcohol intake, g/day*

11.4 ± 23.2

Daily frequency of alcohol use, n (%)

167/473 (35.3)

>5 drinks/d at least once/month, n (%)

90/366 (25.0)

Started drinking age, years

26.1 ± 8.90

Duration of drinking, years

23.0 ± 10.9

Volume of alcohol intake, L

3.28 ± 8.00

Alanine aminotransferase, IU/L
Aspartate aminotransferase, U/L
Gamma-glutamyltransferase, U/L
Carbohydrate deficient transferrin, %

124/225 (55.1)

11.2 ± 24.1
a

15.7 ± 25.3

ab

a

28.0 (13.0-96.1)
53.9 (19.0-350)

a

a

<0.001

30/171 (18.0)

23/82 (28.0)

0.102

26.0 ± 8.58

25.5 ± 9.18

0.779

ac

26.2 ± 13.2

4.58 ± 17.3
a

0.001

0.050

20.5 ± 9.81

17.5 (7.71-49.7)

a

a

38/118 (32.2)

66/228 (29.0)

a

2.92 ± 1.37

241/533 (45.2)

<0.001

3.24 ± 6.91

18.7 (8.00-53.0)
29.1 (12.0-102.0)
53.7 (17.8-347)
2.94 ± 1.49

bc

b

b

0.352

19.6 (7.00-69.0)
b

a

34.0 (12.0-146.1)
74.0 (21.8-488)
3.26 ± 1.53

ab

ab

<0.001
ab

<0.001
<0.001
0.006

Cardiovascular variables
Systolic blood pressure, mmHg

133 ± 23.7

132 ± 24.15

136 ± 29.1

0.163

Diastolic blood pressure, mmHg

87.8 ± 14.1

87.1 ± 14.9

88.4 ± 16.3

0.515

Pulse pressure, mmHg

45.7 ± 15.0

Heart rate, bpm

73.4 ± 15.4

45.3 ± 14.1
a

72.4 ± 15.6

47.8 ± 18.0
b

80.5 ± 19.2
th

0.108
ab

th

<0.001

Values are interpreted as arithmetic mean ± standard deviation; geometric mean (5 to 95 percentile interval);
number of participants (%). Values with the same superscript letter differed significantly (p≤0.05), and bold p-values
denote statistical significance where p≤0.05. HIV, human immunodeficiency virus.*Alcohol intake as analysed using
the quantified food frequency questionnaire (QFFQ).
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Table 2. Comparison of the study population over 5 years (N=1246).
Baseline (2005)

Follow-up (2010)

p-value

64.0 ± 17.1

65.2 ± 17.9

<0.001

1.60 ± 0.08

1.59 ± 0.08

<0.001

24.1 (16.5-38.5)

25.0 (16.4-39.8)

<0.001

80.0 ± 13.0

82.0 ± 13.2

<0.001

Serum glucose, mmol/L

4.86 (3.50-6.90)

5.10 (3.90-7.30)

<0.001

Glycosylated haemoglobin, %

5.63 (4.90-6.60)

6.02 (5.10-7.30)

<0.001

TC:HDL

3.47 (1.85-6.61)

3.65 (1.90-6.95)

<0.001

C-reactive protein, mg/L

3.10 (0.25-39.4)

3.51 (0.33-34.0)

0.013

Self-reported alcohol use, n (%)

517/1239 (41.7)

430/1169 (36.8)

<0.001

Alcohol intake, g/day*

13.5 (1.07-85.1)

11.0 (1.00-107)

<0.001

>5 drinks/d at least once/month, n (%)

143/619 (23.1)

Alanine aminotransferase, U/L

17.5 (7.71-49.7)

Anthropometric measurements
Weight, kg
Height, m
Body mass index, kg/m

2

Waist circumference, cm
Biochemical measurements

Markers of alcohol intake

-

-

16.8 (7.70-48.9)

0.013

Aspartate aminotransferase, U/L

27.9 (12.6-96.1)

25.7 (13.5-79.7)

<0.001

Gamma-glutamyltransferase, U/L

53.9 (19.0-350)

45.1 (12.1-310)

<0.001

Carbohydrate deficient transferrin, %

2.63 (1.32-5.62)

-

-

Cardiovascular measurements
Systolic blood pressure, mmHg

133 ± 23.8

135 ± 24.1

0.017

Diastolic blood pressure, mmHg

87.8 ± 14.1

88.4 ± 13.6

0.159

Central systolic BP, mmHg

-

Central pulse pressure, mmHg

-

147 ± 24.4

-

58.3 ± 18.4

-

th

th

Values are arithmetic mean ± standard deviation; geometric mean (5 to 95 percentile interval); number
of participants (%). Bold p-values denote statistical significance where p≤0.05.
*Alcohol intake as analysed using the quantified food frequency questionnaire (QFFQ).
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Table 3. Single linear regression analysis of markers of alcohol intake at baseline (N=1246).
Daily frequency of

Volume of

alcohol use , n (%)

aIcohol, L

>5 drinks/day

Duration of

Alcohol

ALT, U/L

AST, U/L

GGT, U/L

at least

drinking, years

intake, g/day

CDT, %

r=0.42

r=0.20

r=0.32

r=0.44

r=0.34

p=0.001

p<0.001

p=0.001

p=0.001

p=0.001

once/month, n
(%)

Self-reported alcohol, n
(%)
Start drinking age, years

r=0.15

r=-0.09

r=0.04

r=-0.57

r=-0.01

r=-0.10

r=-0.18

r=-0.06

r=-0.06

p=0.001

p=0.06

p=0.44

p=0.001

p=0.87

p=0.03

p<0.001

p=0.17

p=0.24

Daily frequency of

r=0.15

r=0.02

r=-0.14

r=-0.23

r=-0.11

r=-0.15

r=-0.13

r=-0.05

alcohol use, n (%)

p=0.001

p=0.72

p=0.003

p<0.001

p=0.02

p=0.002

p=0.006

p=0.30

r=0.23

r=0.10

r=-0.02

r=-0.07

r=-0.04

r=0.03

r=-0.07

p=0.001

p=0.04

p=0.69

p=0.14

p=0.44

p=0.55

p=0.15

>5 drinks/day at least

r=-0.09

r= 0.04

r=0.08

r=0.11

r=0.15

r=-0.01

once per month, n (%)

p=0.10

p=0.50

p=0.12

p=0.05

p=0.006

p=0.82

Duration of drinking,

r=-0.03

r=-0.02

r=0.02

r=-0.02

r=-0.04

years

p=0.55

p=0.71

p=0.62

p=0.74

p=0.41

r = 0.12

r = 0.21

r = 0.25

r = 0.19

p =0.03

p =0.001

p =0.001

p <0.001

Volume of aIcohol, L

Alcohol intake, g/day*

ALT, U/L

AST, U/L

GGT, U/L

r=0.62

r = 0.60

r = 0.12

p=0.001

p =0.001

p <0.001

r = 0.60

r = 0.21

p =0.001

p <0.001
r = 0.23
p <0.001

Bold p-values denote statistical significance where p≤0.05. ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyltransferase; CDT,
carbohydrate deficient transferrin.*Alcohol intake as analysed using the quantified food frequency questionnaire (QFFQ).
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Sensitivity analyses
Due to weak associations between %BP and alcohol markers, we wanted to determine whether
baseline BP would yield similar results. When substituting %BP with baseline BP (Supplemental
Tables 1 & 2) we found that SBP and DBP correlated significantly with baseline self-reported
alcohol intake (both r=0.17; p<0.001), liver enzymes, and %CDT, also after adjusting for age, sex
and BMI (p≤0.001).

We additionally excluded all individuals who changed reporting from “No” to “Yes” or from “Yes”
to “No” in 2005 vs. 2010. After repeating the original multiple regression analyses (Supplemental
Table 3), we found similar results to those reported in Table 4.

As there is a possibility that changes in body composition over 5 years may associate with the
%BP, we performed an additional sensitivity analysis by including change in BMI (%BMI) in our
multiple regression models instead of baseline BMI (Supplemental Table 4). However, this did not
change our main findings.
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Table 4. Multiple regression analyses with BP as dependent variables, and one marker of alcohol intake as the main independent variable.
a

Alcohol marker
Self-reported alcohol, n (%)
Alcohol intake, g/day*
Daily frequency of alcohol intake, n (%)
>5 drinks/day at least once/month, n (%)
Started drinking age, years
Duration of drinking, years
Volume of alcohol intake, L
ALT, U/L
AST, U/L
GGT, U/L
CDT, %

N
1239
1221
473
366
472
472
457
1163
1164
1164
1156

Self-reported alcohol, n (%)
Alcohol intake, g/day*
Daily frequency of alcohol intake, n (%)
>5 drinks/day at least once/month, n (%)
Started drinking age, years
Duration of drinking, years
Volume of alcohol intake, L
ALT, U/L
AST, U/L
GGT, U/L
CDT, %

1239
1221
473
366
472
472
457
1163
1164
1164
1156

a

% Brachial Systolic BP
2
R
β value (SE)
0.263
0.06 (0.03)
0.252
0.03 (0.03)
0.239
0.03 (0.04)
0.232
0.01 (0.05)
0.238
0.01 (0.05)
0.239
-0.04 (0.06)
0.242
0.07 (0.04)
0.251
-0.02 (0.03)
0.252
-0.04 (0.03)
0.251
0.01 (0.03)
0.251
0.01 (0.03)
c
Central Systolic BP
0.286
0.09 (0.03)
0.283
0.03 (0.03)
0.270
0.005 (0.04)
0.264
0.004 (0.05)
0.272
0.05 (0.05)
0.273
-0.08 (0.06)
0.275
0.07 (0.04)
0.282
-0.01 (0.03)
0.282
-0.03 (0.03)
0.282
0.023 (0.03)
0.282
-0.008 (0.03)
b

b

% Brachial Diastolic BP
R
β value (SE)
p-value
0.005
0.326
0.08 (0.03)
0.318
0.03 (0.03)
0.30
0.307
-0.03 (0.04)
0.50
0.301
-0.03 (0.05)
0.56
0.306
0.003 (0.044)
0.94
0.306
0.02 (0.05)
0.76
0.040
0.314
0.08 (0.04)
0.320
-0.04 (0.03)
0.17
0.320
-0.04 (0.03)
0.14
0.317
0.01 (0.03)
0.75
0.318
0.04 (0.03)
0.17
d
Central Pulse Pressure
0.020
0.254
0.06 (0.03)
0.247
0.03 (0.03)
0.27
0.235
0.04 (0.04)
0.35
0.228
0.03 (0.05)
0.52
0.236
0.06 (0.05)
0.22
0.033
0.254
-0.12 (0.06)
0.234
0.04 (0.04)
0.41
0.250
0.02 (0.03)
0.48
0.246
-0.004 (0.03)
0.86
0.247
0.03 (0.03)
0.23
0.248
-0.05 (0.03)
0.12
2

p-value
0.023
0.36
0.57
0.81
0.83
0.43
0.13
0.41
0.21
0.76
0.83
0.010
0.30
0.89
0.93
0.32
0.16
0.083
0.65
0.28
0.40
0.77
c

N, number of participants; adjusted for baseline systolic blood pressure; adjusted for baseline diastolic blood pressure. adjusted for baseline systolic blood pressure;
adjusted for baseline pulse pressure. Bold p-values denote statistical significance where p≤0.05. Independent variables included in each model: a measure of alcohol
intake, age, rural/urban, sex, BMI, glycosylated haemoglobin, total cholesterol to HDL ratio (TC:HDL), C-reactive protein (CRP), smoking, physical activity, hypertension
medication at baseline and HIV status. ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyltransferase; CDT, carbohydrate deficient
transferrin.*Alcohol intake as analysed using the quantified food frequency questionnaire (QFFQ).
d

103

Chapter 4

DISCUSSION
This study evaluated self-reported estimates of alcohol intake, comparative to the accepted
laboratory based biochemical assays, considering their association with BP elevations over 5
years in a black South African population. We found that self-reported alcohol intake significantly
predicted the change in BP, which was not seen for the biochemical alcohol markers, GGT and
%CDT. Self-reported alcohol intake also associated significantly with central SBP and pulse
pressure at follow-up, also not found for the biochemical markers. Given the honesty of the
participants, self-reported alcohol intake may perhaps be the most accurate indicator of alcohol
use, when considering that biochemical variables are known to be influenced by age, obesity,
liver damage and sex [13,14,20,21]. This may especially be of benefit in low resource settings in
which biochemical markers are an expensive option in the public health sector, and not readily
available in poor resource settings.

Our results confirm findings from previous studies that self-reported alcohol intake correlates well
with other measured biochemical markers (such as GGT and %CDT) and BP. Although selfreported intake has for long been regarded as reliable [22,23], effective screening methods may
be complicated by cultural differences in response to questions such as frequency of drinking
[24]. The reliability of self-reporting is undermined by underreporting of alcohol abuse, which is
common in high socio-economic populations, especially among young adults having to report
excessive drinking [25,26]. Black South African school teachers with a high socio-economic
status (SES) recently reported low use of alcohol but demonstrated high levels of GGT [27]. This
places doubt on the honesty of self-reported alcohol intake especially in adults in the high income
bracket [24], who are also likely to be involved in excessive drinking [28].

In 1991 Glovannucci et al.[29] indicated that a simple self-administered questionnaire can provide
useful estimates of alcohol intake over an extended period of time. Furthermore, large studies
have successfully employed self-reported alcohol intake to assess, for example, the association
between alcohol consumption and CRP concentration [30], or BP. Tsai et al. [8] recently found
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that self-reported excessive drinkers also reflected high GGT concentrations in both men and
women after adjustment for confounders, confirming the honesty and reliability of self-reported
alcohol use. Furthermore, the projected increase of GGT (about 314%) in excessive drinking men
without history of liver damage confirmed the risk of developing cardiovascular disease in
individuals abusing alcohol [31].

These findings from Tsai et al. [8] and a study in a Chinese population in Hong Kong [32] support
the importance of biochemical markers such as GGT as a risk marker for hypertension and CVD.
Furthermore, GGT prevailed as the only marker associated with stroke when used with selfreported alcohol use [33], further exposing the underestimation of reporting alcohol intake in high
socio-economic populations. However, our study failed to show an association between elevation
in BP and GGT presumably because of other factors such as liver damage, obesity and old age
[13,14] that elevated GGT levels irrespective of alcohol intake. Moreover, Africans are known to
have elevated GGT levels, independent of alcohol intake [27]. This could also have impacted on
the lack of association between GGT and change in BP in this study population.

The strengths of our study are that the participants were from a low socio-economic environment
with an average age of 50 ± 10.16 years, which is a group likely to report honesty regarding
alcohol intake in an attempt to improve their health. Moreover, the presence of African field
workers who would translate the questions into the participants’ home language ensured that
clear responses were obtained. Honest alcohol reporting is arguably the most accurate measure
of alcohol intake, as GGT levels may be influenced by other conditions [13,14]. Although our
study population may have reported honesty on alcohol intake, their low level of SES may have
limited their ability to accurately report on other alcohol intake behaviour, e.g. the volume of
alcohol intake. This study also adds to the limited availability of longitudinal studies on lifestyle
and CVD in SSA. This study included participants from the North West Province (South Africa)
and although these results may have wider application in other populations, this needs to be
investigated. It is therefore recommended that consistency of self-reported use of alcohol be
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explored in other populations and income groups. Finally, residual confounding cannot be
excluded, although our results remained consistent after multiple adjustments.

We conclude that self-reported alcohol intake is independently associated with the 5-year change
in BP of black South Africans with low SES. This association was not found for GGT and %CDT,
which are biochemical alcohol markers known to relate to CVD [8,29]. We suggest that selfreported alcohol intake may be a highly useful and affordable measure of alcohol to use in
populations wherein honest reporting is expected, such as in those with low SES. The early
identification of excessive drinking through self-reporting may contribute in reducing the burden
on the national health system regarding high incidence of non-communicable diseases.
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Supplemental Table 1. Single linear regression analysis of baseline blood pressure with alcohol
markers.
Marker of alcohol intake

SBP (mm Hg)

DBP (mm Hg)

Self-reported alcohol use, n (%)

r=0.17

r=0.17

p<0.001

p<0.001

r=-0.009

r-0.02

p=0.84

p=0.62

r=0.05

r=0.05

p=0.25

p=0.33

r=0.01

r=0.11

p=0.79

p=0.032

r=0.05

r=0.01

p=0.29

p=0.81

r=0.23

r=0.10

p<0.001

p=0.039

r=0.07

r=0.07

p=0.11

p=0.12

r=0.11

r=0.15

p<0.001

p<0.001

r=0.07

r=0.12

p=0.012

p<0.001

r=0.15

r=0.20

p<0.001

p<0.001

r=0.04

r=0.04

p=0.15

p=0.17

Alcohol intake, g/day

Daily frequency of alcohol intake, n (%)

>5 drinks/day once/month, n (%)

Started drinking age, years

Duration of drinking, years

Volume of alcohol intake, L

Alanine aminotransferase, IU/L

Aspartate aminotransferase, U/L

Gamma-glutamyltransferase, U/L

Carbohydrate deficient transferrin, %

Data in bold denote statistical significance where p≤0.05. SBP, systolic blood pressure; DBP, diastolic blood
pressure
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Supplemental Table 2. Partial regression analysis of baseline blood pressure with alcohol markers,
adjusted for age, sex and body mass index.
Marker of alcohol intake

SBP (mm Hg)

DBP (mm Hg)

Self-reported alcohol use, n (%)

r=0.21

r=0.23

p<0.001

p<0.001

r=-0.01

-0.003

p=0.78

p=0.95

r=0.06

r=0.04

p=0.23

p=0.46

r=0.04

r=0.12

p=0.50

p=0.023

r=-0.06

r=-0.07

p=0.18

p=0.17

r=0.001

r=0.02

p =0.97

p=0.74

r=0.07

r=0.08

p=0.16

p=0.12

r=0.12

r=0.17

p<0.001

p<0.001

r=0.12

r=0.16

p<0.001

p<0.001

p=0.17

p=0.24

p<0.001

p<0.001

r=0.10

r=0.10

p=0.001

p=0.001

Alcohol intake, g/day

Daily frequency of alcohol intake, n (%)

>5 drinks/day once/month, n (%)

Started drinking age, years

Duration of drinking, years

Volume of alcohol intake, L

Alanine aminotransferase, IU/L

Aspartate aminotransferase, U/L

Gamma-glutamyltransferase, U/L

Carbohydrate deficient transferrin, %

Data in bold denote statistical significance where p≤0.05. SBP, systolic blood pressure; DBP, diastolic blood
pressure
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Supplemental Table 3. Multiple regression analyses with percentage change in blood pressure as dependent variables, and one marker of alcohol
intake as the main independent variable, after exclusion of participants who changed their reporting on alcohol intake over 5 years (“No” to “Yes” or
“Yes” to “No”).
Alcohol marker
N
Self-reported alcohol, n (%)
Alcohol intake, g/day*
Daily frequency of alcohol intake, n (%)
>5 drinks/day at least once/month, n (%)
Started drinking age, years
Duration of drinking, years
Volume of alcohol intake, L
ALT, U/L
AST, U/L
GGT, U/L
CDT, %

899
355
311
256
308
308
305
837
837
838
833

% Brachial Systolic BP
2
R
β value (SE)
0.261
0.231
0.225
0.221
0.224
0.224
0.227
0.245
0.247
0.245
0.245

a

0.17 (0.04)
0.06 (0.05)
-0.01 (0.05)
0.06 (0.06)
-0.002 (0.06)
0.02 (0.07)
0.06 (0.05)
-0.02 (0.03)
-0.04 (0.03)
0.007 (0.03)
-0.02 (0.03)
Central Systolic BP

Self-reported alcohol, n (%)
Alcohol intake, g/day*
Daily frequency of alcohol intake, n (%)
>5 drinks/day at least once/month, n (%)
Started drinking age, years
Duration of drinking, years
Volume of alcohol intake, L
ALT, U/L
AST, U/L
GGT, U/L
CDT, %
a

899
355
311
256
308
308
305
837
837
838
833

0.291
0.264
0.257
0.251
0.257
0.258
0.262
0.277
0.277
0.277
0.277

0.17 (0.04)
0.06 (0.05)
-0.006 (0.05)
0.03 (0.06)
-0.004 (0.06)
0.05 (0.07)
0.07 (0.05)
-0.02 (0.03)
-0.03 (0.03)
0.02 (0.03)
-0.03 (0.03)
b

b

2

p-value

R

<0.001
0.26
0.81
0.31
0.97
0.81
0.26
0.49
0.17
0.82
0.56

0.323
0.297
0.299
0.286
0.293
0.297
0.300
0.313
0.313
0.311
0.311

c

% Brachial Diastolic BP
β value (SE)
p-value
0.15 (0.04)
0.04 (0.05)
-0.08 (0.05)
-0.007 (0.06)
-0.03 (0.06)
0.10 (0.07)
0.09 (0.05)
-0.04 (0.03)
-0.05 (0.03)
0.001 (0.03)
0.01 (0.03)

<0.001
0.40
0.11
0.89
0.59
0.15
0.07
0.16
0.10
0.97
0.74

Central Pulse Pressure

<0.001
0.23
0.91
0.56
0.95
0.42
0.15
0.55
0.30
0.44
0.44

0.260
0.239
0.236
0.229
0.257
0.232
0.233
0.252
0.252
0.254
0.254
C

0.12 (0.04)
0.06 (0.05)
0.07 (0.05)
0.06 (0.06)
-0.004 (0.06)
-0.01 (0.07)
0.04 (0.05)
0.01 (0.03)
-0.001 (0.03)
0.04 (0.03)
-0.05 (0.03)

d

<0.001
0.27
0.21
0.33
0.95
0.87
0.45
0.67
0.98
0.22
0.14

N, number of participants; adjusted for baseline systolic blood pressure; adjusted for baseline diastolic blood pressure. adjusted for baseline systolic blood pressure;
d
adjusted for baseline pulse pressure. Bold p-values denote statistical significance where p≤0.05. Independent variables included in each model: a measure of alcohol
intake, age, rural/urban, sex, BMI, glycosylated haemoglobin, total cholesterol to HDL ratio (TC:HDL), C-reactive protein (CRP), smoking, physical activity, hypertension
medication at baseline and HIV status. ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyltransferase; CDT, carbohydrate deficient
transferrin.*Alcohol intake as analysed using the quantified food frequency questionnaire (QFFQ).
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Supplemental Table 4. Multiple regression analyses with percentage change in BP as dependent variables, and one marker of alcohol intake as
the main independent variable, after replacing baseline BMI with %BMI as one of the independent variables.
Alcohol marker
N
Self-reported alcohol, n (%)
Alcohol intake, g/day*
Daily frequency of alcohol intake, n (%)
>5 drinks/day at least once/month, n (%)
Started drinking age, years
Duration of drinking, years
Volume of alcohol intake, L
ALT, U/L
AST, U/L
GGT, U/L
CDT, %

1239
535
473
366
472
472
457
1163
1164
1164
1156

% Brachial Systolic BP
2
R
β value (SE)
0.263
0.248
0.246
0.292
0.246
0.247
0.249
0.258
0.259
0.258
0.292

0.09 (0.03)
0.02 (0.04)
0.02 (0.04)
0.03 (0.05)
0.009 (0.05)
-0.05 (0.06)
0.06 (0.04)
-0.01 (0.03)
-0.03 (0.03)
0.02 (0.03)
0.002 (0.03)

Central Systolic BP
Self-reported alcohol, n (%)
Alcohol intake, g/day*
Daily frequency of alcohol intake, n (%)
>5 drinks/day at least once/month, n (%)
Started drinking age, years
Duration of drinking, years
Volume of alcohol intake, L
ALT, U/L
AST, U/L
GGT, U/L
CDT, %
a

1239
535
473
366
472
472
457
1163
1164
1164
1156

a

0.296
0.287
0.279
0.273
0.280
0.283
0.284
0.291
0.291
0.292
0.291

p-value

R

<0.001
0.59
0.66
0.58
0.85
0.35
0.13
0.67
0.31
0.48
0.95

0.320
0.309
0.307
0.301
0.703
0.306
0.314
0.318
0.319
0.318
0.318

c

0.09 (0.03)
0.07 (0.04)
-0.001 (0.04)
0.006 (0.05)
0.04 (0.04)
-0.08 (0.05)
0.07 (0.04)
-0.001 (0.03)
-0.02 (0.03)
0.04 (0.03)
-0.01 (0.03)
b

b

2

% Brachial Diastolic BP
β value (SE)
p-value
0.07 (0.03)
0.02 (0.04)
-0.03 (0.04)
-0.02 (0.05)
0.02 (0.04)
-0.007 (0.05)
0.09 (0.04)
-0.02 (0.03)
-0.04 (0.03)
0.019 (0.03)
0.03 (0.03)
Central Pulse Pressure

0.005
0.06
0.97
0.90
0.40
0.14
0.08
0.96
0.46
0.18
0.71

0.250
0.239
0.243
0.227
0.234
0.238
0.233
0.245
0.245
0.246
0.246
C

0.09 (0.03)
0.09 (0.04)
0.03 (0.04)
0.03 (0.05)
0.04 (0.05)
-0.10 (0.06)
0.04 (0.04)
0.02 (0.03)
0.003 (0.03)
0.04 (0.03)
-0.04 (0.03)

0.032
0.55
0.47
0.65
0.70
0.90
0.03
0.36
0.14
0.49
0.35
d

0.008
0.02
0.43
0.56
0.36
0.07
0.40
0.43
0.92
0.16
0.17

N, number of participants; adjusted for baseline systolic blood pressure; adjusted for baseline diastolic blood pressure. adjusted for baseline systolic blood pressure;
d
adjusted for baseline pulse pressure. Bold p-values denote statistical significance where p≤0.05. Independent variables included in each model: a measure of alcohol
intake, age, rural/urban, sex, percentage change in BMI, glycosylated haemoglobin, total cholesterol to HDL ratio (TC:HDL), C-reactive protein (CRP), smoking, physical
activity, hypertension medication at baseline and HIV status. ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyltransferase; CDT,
carbohydrate deficient transferrin. *Alcohol intake as analysed using the quantified food frequency questionnaire (QFFQ).
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ABSTRACT
Excessive alcohol use and non-alcoholic fatty liver disease (NAFLD) are putative cardiovascular
disease risk factors. In order to ease the identification of these conditions on primary healthcare
level, we aimed to determine and compare the demographic and cardiometabolic characteristics
of excessive alcohol users and those with suspected NAFLD in black South Africans. In the
Prospective Urban and Rural Epidemiology study (North West Province, South Africa, N = 2021,
collected in 2005) we selected 338 participants, namely: 1) alcohol users (N = 143) reporting ‘yes’
to alcohol intake, with high gamma-glutamyltransferase (GGT) ≥ 80 U/L and a percentage of
carbohydrate-deficient transferrin (%CDT) ≥2%; 2) non-alcohol users (N = 127) self-reporting ‘no’
to alcohol intake with GGT ≤ 30 U/L and %CDT ≤ 2%; and 3) NAFLD group (N = 68) who were
non-drinkers with GGT levels ≥ 60 U/L and %CDT ≤ 2%. The demographics indicated that the
alcohol users were mostly men (73%) with a body mass index (BMI) of 19.8 (15.2–27.3) kg/m2,
90% of whom were smokers. Systolic blood pressure (SBP) of alcohol users significantly
correlated with high-density lipoprotein cholesterol (HDL-C) (β = 0.24; p = 0.003) and waist
circumference (WC) (β = 0.22; p = 0.006). Non-alcohol users were mostly women (84%) with a
BMI of 26.0 (18.0–39.2) kg/m2, and blood pressure in this group related positively with
triglycerides. The NAFLD group were also mostly women (72%) with a comparatively larger WC
(p < 0.001) and an adverse metabolic profile (total cholesterol: 5.55 ± 1.69 mmol/L; glycosylated
hemoglobin: 6.03 [4.70–9.40]%). Diastolic blood pressure in the NAFLD group associated
positively with WC (β = 0.27; p = 0.018). We therefore found disparate gender and
cardiometabolic profiles of black South Africans with suspected NAFLD and excessive alcohol
use. The described profiles may aid healthcare practitioners in low resource settings when using
these crude screening measures of gender, obesity indices, and self-reported alcohol use to
identify individuals at risk.
Keywords:

non-alcoholic

steatohepatitis;

blood

pressure;

low

hypertension; cardiovascular disease; high-density lipoprotein cholesterol
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INTRODUCTION
Cardiovascular disease (CVD) remains one of the leading causes of morbidity and mortality in
sub-Saharan Africa (Opie & Seedat, 2005; Sliwa et al., 2008; Twagirumukiza et al., 2011). South
Africa is experiencing a rapid rate of urbanization, which leads to lifestyle changes that contribute
to the high prevalence of hypertension and type 2 diabetes (Stewart et al., 2011; Van Rooyen et
al., 2000). The levels of alcohol intake and abuse have increased in Africans over the last decade
and is considered one of the main contributors to hypertension (Schutte et al., 2012) and liver
injury (Nguyen & Thuluvath, 2008) in this ethnic group.

Gamma-glutamyltransferase (GGT) is a well-known marker of alcohol intake and GGT levels are
elevated in individuals who use alcohol excessively (Tsai, Ford, Li, & Zhao, 2012). GGT is also
known to relate strongly with the development of CVD and may predict cardiovascular outcomes
(Mason, Starke, & Van Kirk, 2010). Apart from the association of GGT with excessive alcohol
intake, it is also influenced by other factors including age, obesity, and liver injury (Mason et al.,
2010; Puukka et al., 2006; Torrente, Freeman, & Vrana, 2012). GGT is also elevated in patients
with non-alcoholic fatty liver disease (NAFLD) even in the absence (or during very low intake) of
alcohol (Bhatia, Curzen, Calder, & Byrne, 2012; Hall & Cash, 2012).

The prevalence of NAFLD has been shown to be positively associated with body weight (Bayard,
Holt, & Boroughs, 2006) and is recently receiving significant attention as a putative CVD risk
factor (Bhatia et al., 2012; Targher, Day, & Bonora, 2010; Tsuzaki, Kotani, Fujiwara, Sano, &
Sakane, 2014). Obesity is common among black South Africans, contributing to the onset of
hypertension (Puoane et al., 2002; Schutte et al., 2008). Although obesity is associated with
NAFLD, a study carried out in South Africa did not find any association between the degree of
obesity and severity of NAFLD in Africans (Kruger et al., 2010), possibly due to the low number of
Africans (N = 12) used in their study. Additionally, patients with NAFLD are mostly asymptomatic,
making it difficult to accurately characterize these individuals with NAFLD (Scaglioni, Ciccia,
Marino, Bedogni, & Bellentani, 2011). Despite the availability of various tests used for indicating

121

Chapter 5
excessive alcohol use (percentage carbohydrate-deficient transferrin [%CDT], ethyl glucuronide
[EtG], ethyl sulfate [EtS], and phosphatidylethanol [PEth]), they are rather costly and not
necessarily viable options for use in developing countries (Junghanns et al., 2009; Viel et al.,
2012).

In a large African population cohort of 2021 participants, we characterized 3 subgroups for the
purpose of this investigation: (1) self-reported excessive alcohol users, (2) abstainers (both the
latter confirmed with %CDT and GGT), and (3) individuals with characteristics of NAFLD, who
reported no or low alcohol intake, with low %CDT and elevated GGT. We aimed to compare the
cardiovascular and metabolic characteristics of these 3 groups in order to obtain a better
understanding regarding the risk factors contributing toward elevated blood pressure (BP) in each
group.

MATERIALS AND METHODS
Study population
This is a sub-study of the international PURE (Prospective Urban and Rural Epidemiology) study
and the detailed methodology has been described elsewhere (Schutte et al., 2012; Teo et al.,
2009). This South African leg of the PURE study is based in the North West Province, where data
was collected in 2005 from 2021 participants. We identified 338 individuals who complied with the
inclusion criteria of the predetermined groups, namely, (1) those who reported ‘yes’ to alcohol
intake, confirmed with a GGT ≥ 80 U/L and %CDT ≥ 2% (named “alcohol users”) (N = 143); (2)
those that self-reported ‘no’ to alcohol intake, confirmed by low GGT ≤ 30 U/L and %CDT ≤ 2%
(named “non-alcohol users”) (N = 127); and 3) those who presented with the characteristics of
NAFLD, i.e., reported ‘no’ to alcohol intake but accompanied with GGT ≥ 60 U/L and %CDT
levels ≤ 2% (named “NAFLD group”) (N = 68). The cut offs for GGT and %CDT were selected
based on the normal ranges of these biomarkers (Kratz, Ferraro, Sluss & Lewandrowski, 2004;
Cash & Hall, 2012; Tsai et al 2012).
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The study was approved by the Ethics Committee of the North-West University, South Africa and
complied with the Helsinki Declaration of 1975, as revised in 2004. Permission was obtained from
the Department of Health of the North West Province, community leaders, tribal chiefs, and
mayors in this area to conduct the study. All subjects were informed about the objectives and
procedures of the study and gave written informed consent prior to voluntary participation.
Participants were asked to fast for 10 h prior to blood sample collection. Field workers were
available to do the translation in the participant’s native language. Confidentiality and anonymity
of all the results were assured. Participants identified with chronic illnesses such as hypertension
and Human Immunodeficiency Virus (HIV) were referred to their local clinics and hospitals with
which prior arrangements were made. Afterward participants received a light meal. If any health
risk was identified, they received counseling and a referral letter. Moreover, remuneration was
offered to ensure they could go to clinics if referred.

Questionnaires
The participants were requested to complete structured demographic, socioeconomic, lifestyle,
and physical activity questionnaires, conducted by trained African fieldworkers, developed and
standardized for the international PURE study (Teo et al., 2009). The questions on alcohol
consumption included a yes/no question on alcohol use (yes, current or former use; no, never
used).

Anthropometric measurements
Each participant had height, body weight, waist, and hip circumferences measured (Precision
Health Scale, A & D company, Tokyo, Japan; Invicta Stadiometer, IP 1465, Leicester, UK; Holtain
unstretchable metal tape) using standardized methods (Marfel-Jones, Olds, Stewart, & Cartel,
2006).

Cardiovascular measurements
Cardiovascular measurements were executed after a 10-min rest period once BP had stabilized.
Systolic and diastolic blood pressure (SBP, DBP) and heart rate were measured in duplicate,
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5 min apart, with the validated Omron HEM-757 apparatus (Omron Healthcare, Kyoto, Japan),
while the participants were seated upright with the right arm at heart level. Appropriately sized
cuffs were used for obese participants. Pulse pressure (PP) was then calculated by subtracting
DBP from SBP.

Blood, serum and plasma samples
As indicated earlier, each participant was requested to fast for approximately 10 h before blood
sampling commenced. A registered nurse took a blood sample from the ante-brachial vein
branches. Samples were prepared according to appropriate methods. In the rural area, samples
were immediately frozen and stored at −18 °C for no longer than five days, transported to a
laboratory facility and stored at −80 °C until analysis.

Biochemical analyses
From the collected blood samples, liver enzymes (GGT, alanine aminotransferase (ALT),
aspartate aminotransferase (AST)), high-density lipoprotein cholesterol (HDL-C), total cholesterol
(TC), triglycerides (TG), uric acid, C-reactive protein (CRP), and serum glucose (Konelab20i auto
analyzer; Thermo Scientific, Vantaa, Finland) were determined. Serum iron was determined using
immunological, colorimetric and high-performance liquid chromatography methods and
glycosylated hemoglobin (HbA1c), in the EDTA-treated whole blood, using the D-10 Hemoglobin
testing system (Bio-Rad Laboratories, Hercules, CA). We performed serum percentage
carbohydrate

deficient

transferrin

(%CDT)

analyses

using

an

in vitro

heterogeneous

immunoassay with column separation followed by a turbidimetric measurement (Axis-Shield
%CDT kit, Oslo, Norway). The coefficient of variance (CV) for all assays was < 10%.

The HIV status of each participant was determined using whole blood samples and following the
protocol of the National Department of Health, South Africa, using the First Response (PMC
Medical, India) rapid HIV card test. The test result was confirmed using the Pareeshak (BHAT
Bio-tech, India) card test also. Each participant received pre-test counseling before the test was
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performed and post-test counseling for those who tested positive and had opted to know their
results.

Statistical analyses
Statistica version 11 (StatSoft, Inc., Tulsa, OK) was used to compare the 3 groups as defined in
the aim of the study. Variables with a non-Gaussian distribution, including body mass index (BMI)
and all biochemical measurements (except glucose), were logarithmically transformed. Analysis
of variance (ANOVA) was used to compare the characteristics of the 3 groups, and chi-square
tests to compare proportions of the categorical variables. Using Pearson’s correlations, we
determined unadjusted associations between BP or PP and cardiometabolic variables. Partial
correlations were performed after adjustment for gender and age. We employed forward stepwise
multiple regression analyses to determine the independent association of BP or PP (dependent
variable) with the following variables included as independent variables: age, gender, smoking,
WC, HbA1c, HDL-C, CRP, TG, AST/ALT ratio, iron, uric acid, GGT and %CDT within each of the
3 groups.
RESULTS
The descriptive statistics for the ‘alcohol users’; the ‘non-alcohol users’; and the group reflecting
characteristics of NAFLD are given in Table 1. The alcohol users were mostly men (73%), with a
below average mean BMI of 19.8 (15.2–27.3) kg/m2, comparatively the highest HDL-C levels and
AST:ALT ratios (p < 0.001), 90% of which were smokers (p < 0.001). The non-alcohol users
consisted largely of women (84%), with comparatively the lowest SBP and DBP of the three
groups (both p < 0.001). The NAFLD group also comprised mostly of women (72%), with
comparatively less smokers than the alcohol-users group, and characterized by the highest
comparative abdominal adiposity of the three groups based on waist circumference (p < 0.001).

Moreover, the NAFLD group showed an unfavorable metabolic profile represented by elevated
glucose, HbA1c, TG, and CRP (all p < 0.001). Serum iron and uric acid levels were comparable
between alcohol users and the NAFLD group, but significantly lower in non-alcohol users
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Table 1. Descriptive characteristics of the African study population.

Alcohol users

Non-alcohol

NAFLD group

(n=143)

users (n=127)

(n=68)

49.0 ± 8.71

49.3 ± 12.3

51.4 ± 11.9

ac

ab

bc

p-value

Socio-demographic profile
Age, years
Sex, women, n (%)
Body mass index, kg/m

38 (27.0)
2

Waist circumference, cm

107 (84.3)

19.8 (15.2-27.3)
74.3 ± 8.19

ab

ab

49 (72.1)

26.0 (18.0-39.2)
81.0 ± 13.0

a

ac

0.26
<0.001

28.0 (16.4-43.3)
88.0 ± 14.4

b

bc

<0.001
<0.001

Location, rural, n (%)

67 (46.9)

67 (52.8)

30 (44.1)

0.45

HIV infected, n (%)

14 (9.80)

18 (14.2)

12 (17.7)

0.25

a

17 (25.0)

b

<0.001

Smoking, n (%)

128 (90.1)

ab

44 (34.7)

Unemployed, n (%)

127 (89.0)

113 (89.0)

65 (96.0)

0.250

Education, n (%)

78 (55.0)

78 (61.4)

44 (65.0)

0.302

Biochemical measurements
Serum glucose, mmol/L
Glycosylated haemoglobin, %
Total cholesterol, mmol/L
HDL-C, mmol/L
TC:HDL
Triglycerides, mmol/L
C-reactive protein, mg/L

4.60 (3.30-6.25)
5.41 (4.80-6.00)

a

ab

5.08 ± 1.45

4.83 (3.30-6.20)
5.63 (4.90-6.40)
4.82 ± 1.13

1.90 (0.81-3.01)

ab

2.57 (1.56-5.71)
1.08 (0.56-2.69)

a

2.93 (0.27-41.8)

Iron, U/L

27.0 (9.40-63.2)

a

Uric acid, mmol/L

0.46 (0.21-1.10)

a

b

ac

a

5.50 (3.60-8.10)

1.18 (0.65-2.16)
3.99 (2.25-7.39)

a

1.06 (0.55-2.13)

b

2.60 (0.27-22.2)

a

<0.001

bc

<0.001

6.03 (4.70-9.40)
5.55 ± 1.69

a

ab

a

0.003

1.32 (0.76-2.51)

b

<0.001

3.99 (2.30-7.70)

a

<0.001

ab

<0.001
0.010

1.55 (0.68-4.00)

4.97 (0.48-25.2)

a

16.3 (6.60-31.4)

ab

24.0 (8.42-54.0)

b

<0.001

0.33 (0.17-0.99)

ab

0.46 (0.21-1.32)

b

<0.001

Markers of alcohol intake
ab

Self-reported alcohol use, n (%)

143 (100)

>5 drinks/day, once/month, n (%)

24/93 (25.8)

Alanine aminotransferase, IU/L
Aspartate aminotransferase, U/L
AST:ALT
Ɣ-glutamyl transferase, U/L
Carbohydrate deficient transferrin, %

0 (0)

0 (0)

0/1 (0)

30.1 (10.0-90.0)
59.2 (20.0-180)

a

ac

1.95 (0.77-4.33)
186 (84.7-743)

a

ab

ab

5.10 (3.72-7.98)

ab

b

<0.001

0/3 (0)

13.6 (7.00-25.0)

ab

20.2 (9.54-37.0)

ab

1.48 (0.65-3.00)
23.1 (17.0-30.0)

a

ac

1.48 (0.96-1.90)

a

0.504
b

<0.001

bc

<0.001

b

<0.001

bc

<0.001

b

<0.001

25.0 (12.0-47.0)
32.0 (14.0-90.0)

1.26 (0.65-2.85)
102 (61.2-323)

1.40 (0.96-1.98)

Cardiovascular variables at baseline
Systolic blood pressure, mmHg

137 ± 23.7

a

130 ± 23.5

ab

139 ± 25.3

b

0.001

Diastolic blood pressure, mmHg

90.4 ± 16.0

a

85.2 ± 14.4

a

90.0 ± 13.1

0.001

Pulse pressure, mmHg

46.6 ± 13.6

44.5 ± 15.2

49.5 ± 17.5

0.098

a

a

72.0 ± 13.8

<0.001

Heart rate, bpm
Anti-hypertensive medication, n (%)

78.3 ± 18.0
5 (3.50)

ab

71.0 ± 13.4
15 (11.8)

a

13 (19.1)
th

th

b

0.001

Values are interpreted as arithmetic mean ± standard deviation; geometric mean (5 to 95 percentile interval);
number of participants (%). Values with the same superscript letter differ significantly, and bold p-values denote
statistical significance where p≤0.05. NAFLD, non-alcoholic fatty liver disease; HDL-C, high-density lipoprotein
cholesterol; HIV, human immunodeficiency virus.
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(p < 0.05). When directly comparing men and women (Supplementary Table 1), we found women
to have significantly higher BMI, WC, and lower self-reported alcohol intake, GGT and %CDT (all
p < 0.001).

We performed single linear regression (Fig. 1; Supplementary Table 2) and partial regression
(Table 2) analyses between BP and several independent variables (BMI, WC, HbA1c, iron, uric
acid, CRP, HDL-C, TG, smoking, AST/ALT, GGT, and %CDT) in each of the 3 groups. In alcohol
users, SBP was positively associated with HDL-C and WC (Fig. 1); and PP showed positive
associations with age and HDL-C (Supplementary Table 2). In non-alcohol users, SBP was
associated significantly with age and TG; DBP with TG; and PP with age and TG (Fig. 1 and
Supplementary Table 2). In the NAFLD group both SBP and DBP correlated positively with age,
and DBP further showed a positive association with WC (Supplementary Table 2).
After adjusting for confounders (gender and age), in alcohol users BP remained significantly
associated with HDL-C and WC, and PP showed positive associations with iron (r = 0.17,
p = 0.050) (Table 2). While in non-alcohol users both SBP and DBP remained significantly
associated with TG, positive associations with iron and uric acid emerged. In NAFLD group DBP
was strongly associated with WC.

Forward stepwise regression analyses with BP or PP as dependent variables are shown in
Table 3. In all the groups, SBP and PP were independently associated with age. In alcohol users,
SBP was independently associated with WC and HDL-C (β = 0.22 and β = 0.24, respectively);
DBP related positively with gender, WC, and AST:ALT, and PP showed significant positive
associations with HDL-C. In non-alcohol users, SBP, DBP and PP related positively to TG
(β = 0.25 to 0.28; p ≤ 0.004), while SBP and DBP showed positive associations with iron and uric
acid, respectively. Finally, in the NAFLD group, DBP was significantly associated with WC
(β = 0.27; p = 0.018).
Sensitivity analyses
We excluded all individuals who tested positive for HIV infection and repeated the analyses. The
results remained the same irrespective of the HIV status of the participants.
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NAFLD group

Non-alcohol users

Alcohol users
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Figure 1. Association of SBP with HDL-C, TG and WC in alcohol users, non-alcohol users and
NAFLD group. SBP, systolic blood pressure; HDL-C, high-density lipoprotein cholesterol; TG,
triglycerides; WC, waist circumference.
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Table 2. Partial correlations of blood pressure with cardiometabolic variables, adjusted for sex and age.
Alcohol users (N=143)

Non-alcohol users (N=127)

NAFLD group (N=68)

Independent
Variable

SBP, mm Hg

DBP, mm Hg

PP, mm Hg

SBP, mm Hg

DBP, mm Hg

PP, mm Hg

SBP, mm Hg

DBP, mm Hg

PP, mm Hg

BMI, kg/m2

r=0.20;p=0.016

r=0.21;p=0.013

r=0.11;p=0.17

r=0.13;p=0.16

r=0.16;p=0.08

r=0.04;p=0.68

r=0.09;p=0.47

r=0.30; p=0.016

r=-0.12;p=0.35

WC, cm

r=0.20;p=0.020

r=0.20;p=0.021

r=0.13;p=0.12

r=0.11;p=0.23

r=0.11;p=0.23

r=0.06;p=0.52

r=0.08;p=0.51

r=0.28; p=0.025

r=-0.11;p=0.37

HbA1c, %

r=-0.08;p=0.36

r=-0.14;p=0.11

r=0.02;p=0.77

r=0.04;p=0.64

r=-0.02;p=0.85

r=0.09; p=0.35

r=-0.07;p=0.59

r=-0.08; p=0.50

r=-0.17;p=0.18

Iron, U/L

r=0.08;p=0.38

r=-0.03;p=0.74

r=0.17;p=0.050

r=0.22;p=0.013

r=0.17;p=0.07

r=0.19;p=0.042

r=-0.13;p=0.30

r=-0.08; p=0.54

r=-0.12; p=0.34

Uric acid, mmol/L

r=0.03;p=0.70

r=0.05;p=0.57

r=0.0002;p=0.99

r=0.10;p=0.26

r=0.20;p=0.030

r=-0.04;p=0.66

r=-0.02;p=0.89

r=0.09; p=0.43

r=-0.11;p=0.39

CRP, mg/L

r=-0.07;p=0.44

r=-0.04;p=0.60

r=-0.06;p=0.45

r=-0.02;p=0.84

r=-0.01;p=0.90

r=-0.02;p=0.84

r=0.09;p=0.49

r=0.05; p=0.68

r=0.08;p=0.52

HDL-C, mmol/L

r=0.21;p=0.011

r=0.14;p=0.11

r=0.22;p=0.010

r=-0.03;p=0.71

r=-0.01;p=0.90

r=-0.04;p=0.64

r=0.15;p=0.24

r=0.16; p=0.19

r=0.07;p=0.56

TG, mmol/L

r=0.03;p=0.69

r=0.005;p=0.96

r=0.05;p=0.52

r=0.30;p=0.001

r=0.22;p=0.014

r=0.24;p=0.007

r=0.02;p=0.88

r=0.03; p=0.83

r=0.005;p=0.97

Smoking, n (%)

r=-0.007;p=0.93

r=-0.04;p=0.61

r=0.04;p=0.65

r=-0.10;p=0.26

r=-0.02;p=0.81

r=-0.14;p=0.13

r=-0.07;p=0.59

r=-0.11;p=0.37

r=-0.002;p=0.99

AST/ALT

r=0.02;p=0.83

r=0.12;p=0.18

r=-0.10;p=0.23

r=-0.08;p=0.40

r=0.002;p=0.98

r=-0.13;p=0.17

r=-0.03;p=0.84

r=-0.08; p=0.55

r=0.03;p=0.83

GGT, U/L

r=0.10;p=0.24

r=0.14;p=0.09

r=0.009;p=0.92

r=0.05;p=0.58

r=0.06;p=0.54

r=0.02;p=0.81

r=-0.06;p=0.65

r=-0.05; p=0.67

r=-0.04;p=0.77

CDT, %

r=0.12;p=0.17

r=0.009;p=0.92

r=0.10;p=0.25

r=0.05;p=0.60

r=-0.03;p=0.76

r=0.11;p=0.25

r=0.18;p=0.15

r=0.22; p=0.080

r=0.07;p=0.57

Bold data denote statistical significance where p≤0.05. SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; WC, waist circumference; HbA1c,
glycosylated haemoglobin; CRP, C-reactive protein; HDL-C, high-density lipoprotein cholesterol; TG, triglycerides; AST, aspartate aminotransferase; ALT, alanine
aminotransferase; GGT, gamma-glutamyltransferase; CDT, carbohydrate deficient transferrin.
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Table 3. Forward stepwise regression analysis with blood pressure (SBP, DBP) and pulse pressure
(PP) as dependent variables.

Alcohol users
(n=143)
SBP, mm Hg

DBP, mm Hg

2

PP, mm Hg

2

R =0.146

2

R =0.136

Independent variable

β (SE)

p-value

Age, years

0.25 (0.08)

0.002

Sex (0, men; 1, women)

0.16 (0.09)

0.06

0.30 (0.08)

<0.001

WC, cm

0.22 (0.08)

0.006

0.25 (0.08)

0.003

HDL-C, mmol/L

0.24 (0.08)

0.003

0.15 (0.09)

0.09

0.19 (0.08)

0.030

AST/ALT

β (SE)

R =0.144

p-value

β (SE)

p-value

0.35 (0.08)

<0.001

0.19 (0.08)

0.020

Non-alcohol users
(N=127)
SBP, mm Hg

DBP, mm Hg

2

PP, mm Hg

2

R =0.245

2

R =0.090

Independent variable

β (SE)

p-value

Age, years

0.31 (0.09)

<0.001

Triglycerides, mmol/L

0.28 (0.08)

0.001

Iron, U/L

0.19 (0.08)

0.020

Uric acid, mmol/L

β (SE)

R =0.251

p-value

0.25 (0.09)

0.004

0.19 (0.09)

0.030

Smoking, n (%)

β (SE)

p-value

0.33 (0.08)

<0.001

0.26 (0.08)

0.003

-0.16 (0.08)

0.040

NAFLD group
(N=68)
SBP, mm Hg

DBP, mm Hg

2

PP, mm Hg

2

R =0.326

2

R =0.167

Independent variable

β (SE)

p-value

β (SE)

Age, years

0.58 (0.10)

<0.001

0.33 (0.11)

R =0.329
p-value
0.005

β (SE)

p-value

0.58 (0.10)

<0.001

0.018
Waist circumference, cm
0.27 (0.11)
Bold p-values denote statistical significance where p≤0.05. N, number of participants; NAFLD, non-alcoholic fatty liver
disease; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol.
Independent variables included in the model: age, sex, waist circumference, smoking, glycosylated haemoglobin, highdensity lipoprotein cholesterol, triglycerides, C-reactive protein (CRP), iron, uric acid, AST/ALT, gammaglutamyltransferase (GGT), percentage carbohydrate deficient transferrin (%CDT).
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DISCUSSION
We compared the cardiometabolic profiles of black South Africans according to three categories
related to liver function, namely alcohol users, non-alcohol users, and those with suspected
NAFLD. Although no age differences were encountered, we found gender, metabolic, and
cardiovascular differences characterizing the 3 groups.

We found that alcohol users consisted mostly of lean men (73%), with a high percentage of
smokers (90%). The most recent South African National Health and Nutrition Examination Survey
(Shisana et al., 2013) reported that 31% of adult men were alcohol consumers, in contrast to only
9.3% of adult women. Traditionally, alcohol in Africans was only used by adult men socially and
as a sign of masculinity, while drinking in women was associated with derision, condemnation,
and even divorce (Marques-Vidal et al., 2010; Setlalentoa, Pisa, Thekisho, Ryke, & Loots, 2010).
In our study, we confirmed that men are the main alcohol users in many of the households of the
North West Province impoverished areas.

Black South Africans are known to have a favorable lipid profile (Opie & Seedat, 2005), with or
without alcohol intake (Wakabayashi, 2008). However, we found that during states of alcohol
overuse HDL-C levels are elevated, and resultant increase in BP ensues. This association is
likely to predict the later development of hypertension in excessive alcohol users (Ariesen, Claus,
Rinkel, & Algra, 2003; Schutte et al., 2012).

Excessive alcohol consumption is a risk factor for stroke (Ariesen et al., 2003), and despite the
general inverse association between HDL-C and stroke (Wang et al., 2011), Bots et al. (2002)
reported a positive association between these. Specific types of polymorphisms of HDL-C are
known to lead to very high serum HDL-C levels of larger particle size, which has been associated
with an increased risk for CVD (Van der Steeg et al., 2008). To the contrary, excessive alcohol
intake was very recently positively associated with small-sized HDL-C particles and increased risk
for coronary heart disease (Akinkuolie, Paynter, Padmanabhan, & Mora, 2014; Tsuzaki et al.,
2014). This suggests that the elevated HDL-C previously reported to be associated with alcohol
131

Chapter 5
overuse may have detrimental cardiovascular effects based on the HDL-C particle size and may
also be influenced by genetic and metabolic factors influencing HDL-C particle size. Future
studies in the black South African population should take into account analyses of HDL-C particle
size to shed more light on understanding the positive association with BP.

Body composition was distinctly different in our groups with alcohol users being underweight to
lean compared to overweight to obese in non-alcohol users and the NAFLD group. This may be
explained by the interaction of smoking and alcohol overuse to influence weight, since only 10%
of our group did not smoke. According to Koppes, Twisk, Van Mechelen, Snel, & Kemper, 2005
smoking is a major confounder in the association between alcohol intake and body weight.
Smoking increases energy expenditure and reduces appetite, leading to weight loss (Chiolero,
Faeh, Paccaud, & Cornuz, 2008). However, alcohol intake alone has also been associated with
weight loss (Breslow & Smothers, 2005; Lukasiewicz et al., 2005). Contradictory to this, Yeomans
(2010) reported a positive relationship between alcohol consumption and energy intake,
suggesting that alcohol increases subsequent food intake, confirmed by Schröder et al. (2007)
indicating a positive correlation between measures of obesity and alcohol. Alcohol consumption
in small amounts is generally considered an appetite enhancer, however, these associations
need to be interpreted with care, as there are many physiological, genetic, psychological,
societal, and economic factors that are at play when looking at the association of alcohol
consumption and weight.

In our study, the excessive alcohol use and the associated lean body mass reported in the
alcohol-users group, suggest they are at risk for stroke (Andersen & Olsen, 2013; Kolapo &
Vento, 2011). Apart from our previous argument linking elevated HDL-C to stroke, the elevated
BP caused by alcohol overuse can additionally damage and narrow the microvasculature in the
brain, depriving the brain cells of oxygen and nutrients, increasing the risk of stroke (Tikhonoff,
Zhang, Richart, & Staessen, 2009). On the other hand, it is well known that moderate alcohol
consumption is associated with a reduced risk for stroke (Elkind et al., 2006). Considering this, it
is currently highly debatable as to whether health education in low resource settings should
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promote any alcohol use whatsoever, due to lack of education and potential misinterpretation of
this information.

The NAFLD group of this study consisted mostly of overweight or obese women, with DBP
significantly correlating with abdominal adiposity. Furthermore, this group had the highest blood
pressures, dysmetabolic profiles and inflammatory markers comparatively. As previously
reported, obesity and hypertension are highly prevalent in black South Africans and has
subsequently characterized this group as high risk for developing both CVD (Puoane et al., 2002;
Schutte et al., 2008) and NAFLD (Vernon, Baranova, & Younossi, 2011). NAFLD has become a
putative CVD risk factor, possibly because of its close association with insulin resistance, obesity,
and a dysmetabolic profile (Bhatia et al., 2012). Obesity and type 2 diabetes are the two risk
factors for NAFLD that are more common in black women (Hilawe, Yatsuya, Kawaguchi, &
Aoyama, 2013; Tuei, Maiyoh, & Ha, 2010; van der Merwe & Pepper, 2006). As a result, African
women are at more risk for NAFLD than men.

Published articles by Onyekwere, Ogbera, & Balogun (2011) and Matsha et al. (2014) on NAFLD
risk factors within the African population provide an indication that NAFLD is rising in subSaharan Africa. Fujita & Hata (2013) also showed a positive correlation of abdominal obesity and
BP, and its association with stroke. Huang, Gusdon, & Qu (2013) additionally reported that
NAFLD is increasing proportionately with the obesity epidemic. A number of groups also report
women to be at greater risk for developing NAFLD and associated complications, which supports
our findings of 72% of the suspected NAFLD group being women (Fujita & Hata, 2013; Ong et al.,
2005). Although black South Africans are known for a favorable lipid profile, they are at more risk
than white populations to develop NAFLD and CVD, possibly because of lifestyle changes
associated with urbanization (Schutte et al., 2012). One important mechanism shown to
contribute to NAFLD is increased lipolysis and lipid synthesis, as a result of insulin resistance and
hyperglycemia associated with the metabolic syndrome. This is thought to be induced by changes
to diet and physical activity and interventions to these are shown to correct this state (Huang
et al., 2013).
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Lastly, despite the non-alcohol users being characterized as a control group due to normal liver
function and generally favorable cardiometabolic profiles, their mean BMI fell within the
overweight range (26.0 [18.0-39.2] kg/m2) in addition to 12% of this group using anti-hypertensive
medication. This group also consisted mostly of women (84%) and their BP associated positively
and independently with TG. Elevated TG is a marker of dyslipidemia, which is normally followed
by hepatic accumulation of TG (Gaggini et al., 2013). Uric acid, which correlated well with DBP in
these non-alcohol users, is elevated in obesity (Tsushima et al., 2013) and is associated with
hypertension (Hwu & Lin, 2010). Palmer, Schutte, & Huisman (2010) found significant
correlations between BP and uric acid, but these associations seem to be linked to obesity
measures as they disappeared after adjustment for confounders.

Considering this, the high TG and the uric acid levels in the non-alcohol group may be indicative
of an increased risk of hypertension and CVD. Moreover, as previously reported, metabolic
syndrome-related elevations in uric acid is more common among blacks (DeBoer, Dong, & Gurka,
2012). The association of SBP with iron in our study, and its link to metabolic syndrome, is also
supported by previous reports in the literature (DeBoer et al., 2012; Houschyar et al., 2012;
Rajapurkar et al., 2012). There is also evidence for the higher serum iron levels, its association
with oxidative stress (Muñoz-Bravo, Gutiérrez-Bedmar, Gómez-Aracena, García-Rodríguez, &
Navajas, 2013), and the increased severity of atherosclerosis and coronary artery disease
(Bagheri et al., 2013).

These results should be interpreted within the context of its strengths and limitations. One of the
major strengths of this investigation was the use of African field workers to obtain reliable
responses from the questionnaires. However, as we recruited all our participants from a low
socioeconomic background, only from North West Province of South Africa, the results may not
be a true reflection of the whole country. Moreover, the design of this study is cross-sectional and
all results were based on associations. Although our results were consistent after multiple
adjustments, residual confounding cannot be excluded. Finally, our study did not include the
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association of HDL-C particle size and alcohol consumption, and this needs to be investigated by
similar future studies.
In conclusion, we found distinctly different gender and cardiometabolic profiles for black South
Africans with suspected NAFLD versus excessive alcohol users. The NAFLD group was
comprised mainly of obese women with a dysmetabolic profile, while the alcohol-user group
consisted mostly of lean men whose SBP and PP were independently positively associated with
HDL-C. These disparate profiles may guide healthcare practitioners in primary healthcare clinics
to identify individuals with elevated GGT levels who may suffer from NAFLD or alcohol overuse.
These results follow similar calls of previous findings that emphasize the importance of modifiable
risk factors as the main contributor of CVD in sub-Saharan Africa, and that lifestyle change
should be the main focus of the national health systems and legislators in developing areas like
sub-Saharan Africa. Additionally, it could further be investigated as to whether these disparate
profiles may guide healthcare practitioners in primary healthcare clinics to identify individuals with
elevated GGT levels who may suffer from NAFLD or alcohol overuse.
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Supplementary Table 1. The comparison of the characteristics of African men and women.

Men

Women

p-value

N

144

194

Age, years

48.1 ± 10.0

51.0 ± 12.0

0.050

Unemployed, n (%)

128 (89.0)

177 (91.0)

0.47

Education, n (%)

78 (54.0)

122 (63.0)

0.11

57.4 ± 11.4

68.0 ± 20.0

<0.001

20.0 (15.6 – 27.0)

26.4 (17.4 – 43.3)

<0.001

75.8 ± 8.90

82.4 ± 14.2

<0.001

Self-reported alcohol intake, n (%)

105 (73.0)

38 (20.0)

<0.001

Gamma-glutamyltransferase, U/L

131 (24.7 – 684)

50.0 (17 – 358)

<0.001

Carbohydrate deficient transferrin, %

3.77 (1.31 – 7.98)

1.81 (0.98 – 4.58)

<0.001

Socio-demographic profile

Weight, kg
Body mass index, kg/m

2

Waist circumference, cm
Markers of alcohol

Bold p-values denote statistical significance where p≤0.05. Values are interpreted as arithmetic mean ±
th
th
standard deviation; geometric mean (5 to 95 percentile interval); number of participants (%).
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Supplementary Table 2. Pearson’s correlations of blood pressure with cardiometabolic variables.
Alcohol users (N=143)

Non-alcohol users (N=127)

NAFLD group (N=68)

Independent
Variable

SBP, mm Hg

DBP, mm Hg

PP, mm Hg

SBP, mm Hg

DBP, mm Hg

PP, mm Hg

SBP, mm Hg

DBP, mm Hg

PP, mm Hg

Age, years

r=0.26;p=0.002

r=0.10;p=0.26

r=0.34;p=0.001

r=0.39;p<0.001

r=0.17;p=0.057

r=0.44;p<0.001

r=0.58;p<0.001

r=0.34;p=0.004

r=0.58;p<0.001

Sex, 0 1

r=0.15;p=0.057

r=0.29;p<0.001

r=-0.06;p=0.44

r=0.10;p=0.29

r=0.13;p=0.15

r=0.03;p=0.77

r=0.17;p=0.17

r=0.24;p=0.055

r=0.07;p=0.56

BMI, kg/m2

r=0.24;p=0.004

r=0.27;p=0.001

r=0.10;p=0.22

r=0.15;p=0.10

r=0.20;p=0.029

r=0.04;p=0.63

r=0.15;p=0.20

r=0.35; p=0.004

r=-0.03;p=0.78

WC, cm

r=0.23;p=0.006

r=0.20;p=0.017

r=0.16;p=0.05

r=0.14;p=0.11

r=0.14;p=0.11

r=0.08;p=0.35

r=0.11;p=0.37

r=0.29; p=0.017

r=-0.05;p=0.67

HbA1c, %

r=-0.05;p=0.58

r=-0.13;p=0.13

r=0.07;p=0.42

r=0.13;p=0.16

r=-0.03;p=0.76

r=0.17; p=0.062

r=-0.13;p=0.29

r=-0.16; p=0.20

r=-0.07;p=0.57

Iron, U/L

r=0.05;p=0.53

r=-0.04;p=0.67

r=0.05;p=0.53

r=0.15;p=0.09

r=0.14;p=0.13

r=0.11;p=0.24

r=-0.29;p=0.016

r=-0.19; p=0.12

r=-0.28; p=0.020

Uric acid, mmol/L

r=0.07;p=0.42

r=0.04;p=0.61

r=0.07;p=0.42

r=0.14;p=0.11

r=0.20;p=0.023

r=0.03;p=0.75

r=-0.03;p=0.79

r=0.09; p=0.47

r=-0.11;p=0.36

CRP, mg/L

r=-0.03;p=0.72

r=-0.04;p=0.62

r=-0.005;p=0.95

r=-0.07;p=0.41

r=-0.05;p=0.59

r=-0.07;p=0.45

r=0.20;p=0.09

r=0.14; p=0.27

r=0.19;p=0.12

HDL-C, mmol/L

r=0.20;p=0.019

r=0.15;p=0.07

r=0.17;p=0.047

r=-0.02;p=0.86

r=-0.009;p=0.99

r=-0.02;p=0.79

r=0.19;p=0.12

r=0.20; p=0.09

r=0.12;p=0.31

TG, mmol/L

r=0.08;p=0.35

r=0.07;p=0.42

r=0.06;p=0.49

r=0.40;p=0.001

r=0.26;p=0.003

r=0.37;p=0.001

r=0.12;p=0.33

r=0.11; p=0.39

r=0.09;p=0.46

Smoking, n (%)

r=-0.06;p=0.47

r=-0.11;p=0.18

r=0.03;p=0.75

r=-0.12;p=0.17

r=-0.02;p=0.81

r=-0.17;p=0.056

r=-0.05;p=0.69

r=-0.02;p=0.86

r=-0.09;p=0.47

AST/ALT

r=0.002;p=0.98

r=0.08;p=0.32

r=-0.09;p=0.26

r=-0.03;p=0.78

r=0.04;p=0.68

r=-0.004;p=0.97

r=-0.15;p=0.23

r=-0.15; p=0.21

r=-0.09;p=0.43

GGT, U/L

r=0.04;p=0.63

r=0.10;p=0.25

r=-0.04;p=0.63

r=0.07;p=0.44

r=0.05;p=0.60

r=0.06;p=0.49

r=-0.07;p=0.56

r=-0.05; p=0.70

r=-0.07;p=0.58

CDT, %

r=0.03;p=0.76

r=-0.05;p=0.59

r=0.09;p=0.24

r=-0.02;p=0.83

r=-0.07;p=0.46

r=0.03;p=0.71

r=0.22;p=0.070

r=0.27; p=0.030

r=0.13;p=0.31

Bold p-values denote statistical significance where p≤0.05. Sex (0, men; 1, women); SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; WC,
waist circumference; HbA1c, glycosylated haemoglobin; CRP, C-reactive protein; HDL-C, high-density lipoprotein cholesterol; TG, triglycerides; AST, aspartate aminotransferase;
ALT, alanine aminotransferase; GGT, gamma-glutamyltransferase; CDT, carbohydrate deficient transferrin.
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ABSTRACT
Background: Excessive alcohol intake is a risk factor for cardiovascular disease (CVD) and
predicts cardiovascular and all-cause mortality. We determined which alcohol marker (selfreported alcohol intake, gamma-glutamyltransferase (GGT) or percentage carbohydrate deficient
transferrin (%CDT)) relates best with mortality and predicts hypertension development over 5
years in black South Africans.
Design: This was a longitudinal study as part of the PURE (Prospective Urban and Rural
Epidemiology) study in the North West Province, South Africa.
Method: We included 2010 participants and followed 1471 participants. Over five years, 230
deaths occurred, of which 66 were cardiovascular-related. At enrolment, participants completed
questionnaires on alcohol intake (yes, for former and current use; no, for alcohol never used). We
measured blood pressure, collected blood samples and measured GGT and %CDT.
Results: When comparing hazard ratios (HRs) of self-report, GGT and %CDT, we found that only
GGT predicted cardiovascular (HR=2.76 (1.49-5.12)), all-cause mortality (HR=2.47 (1.75-3.47))
and hypertension development ((HR=1.31 (1.06-1.62)). Participants self-reporting yes for alcohol
intake had a 30% increased risk for developing hypertension [HR=1.30 (1.07-1.60)], but not for
mortality. When adding both GGT and self-report in the prediction model for hypertension, only
self-reporting of alcohol was significant (HR=1.24 (1.01-1.53)). The alcohol marker, %CDT, did
not show any significant association with mortality or hypertension development.
Conclusion: GGT independently predicted cardiovascular and all-cause mortality, as well as
hypertension development in black South Africans. Despite non-specificity to excessive alcohol
consumption, GGT may be a useful general marker for hypertension development and mortality,
also due to its significant association with self-reported alcohol intake.

Key words: Gamma-glutamyltransferase, percentage carbohydrate deficient transferrin, selfreported alcohol intake, hypertension, morbidity, sub-Saharan Africa, cardiovascular disease
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INTRODUCTION
Cardiovascular disease (CVD) is a significant health threat in sub-Saharan Africa and is one of
the main causes of morbidity and mortality.1,2 Smoking and alcohol consumption are associated
with the development of hypertension and CVD.3,4 Alcohol abuse in particular is highly prevalent
in South Africa5 and is an important risk factor for hypertension,6-9 stroke6,10,11 and mortality.12,13
Alcohol consumption is also linked to high blood pressure (BP) and addiction among adolescants
– important risk factors for hypertension.14 Furthermore, there is a J-shaped association between
alcohol intake and mortality with heavy drinkers having higher mortality.15 Some studies16,17 also
reported a linear association between alcohol consumption and BP.

An accurate estimation of alcohol intake is still a challenge and a biomarker of alcohol with
sufficient sensitivity and specificity is yet to be identified. The known biochemical measures of
alcohol include gamma-glutamyltransferase (GGT), percentage carbohydrate deficient transferrin
(%CDT), ethyl glucuronide, ethyl sulphate and phosphatidylethanol. However, these biochemical
measures are costly and therefore become a challenge to use in low resource settings.18 While
literature is sparse regarding other alcohol markers and the risk of mortality, GGT is the marker of
alcohol that is known to predict cardiovascular and all-cause mortality, sometimes independent of
alcohol intake.13,19,20

In the present study we included three estimates of alcohol consumption, namely self-reported
alcohol intake, GGT and %CDT in a large African population cohort. We were able to follow-up
1471 participants over a period of five years, from which 230 were deceased. This study allowed
us to determine which measure of alcohol intake related best to cardiovascular or all-cause
mortality, and predicted the development of hypertension over five years in this population of
black South Africans.
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METHODOLOGY
Study population
This is a sub-study of the international Prospective Urban and Rural Epidemiology (PURE) study
and the detailed methodology has been described elsewhere.8,21 The sub-study is based in the
North West Province of South Africa, where baseline data was collected in 2005 (n=2010), with a
response rate of 69%.

During the year 2010, we successfully followed 1471 participants

(including 230 that were deceased) and 539 participants were lost to follow-up.

The study was approved by the Ethics Committee of the North-West University, South Africa, and
complied with the Helsinki Declaration, as revised in 2013. All subjects were fully informed about
the objectives and procedures of the study and gave written informed consent prior to voluntary
participation. Field workers were available to translate information into the participant’s native
language. The participants were assured of the confidentiality and anonymity of the results.
Participants found to have chronic illnesses such as hypertension and human immunodeficiency
virus (HIV) were referred to their local clinics and hospitals.

Questionnaires
Structured demographic, socio-economic, lifestyle and physical activity questionnaires, developed
and standardised for the international PURE study21 were completed by the participants with the
assistance of African fieldworkers. The questions on alcohol consumption included a ‘yes’ for
current or former use and ‘no’ for alcohol never used.

Anthropometric measurements
Height, body weight and waist circumference (WC) were measured for each participant (Precision
Health Scale, A & D company, Tokyo, Japan; Invicta Stadiometer, IP 1465, Leicester, UK; Holtain
unstretchable metal tape) using standardised methods.22
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Blood pressure
Blood pressure was taken after a 10-min rest period. Systolic BP (SBP), diastolic BP (DBP) and
heart rate (HR) were measured in duplicate, five minutes apart, with the validated Omron HEM757 apparatus (Omron Healthcare, Kyoto, Japan), while the participants were seated upright with
the right arm at heart level. Appropriate sized cuffs were used for obese participants. Following
the guidelines of International Society of Hypertension,23 participants with a BP measurement of
≥140 and/or 90 mmHg at follow-up, were regarded as hypertensive.

Blood, serum and plasma samples
Each participant was requested to fast for 10 hours before blood sampling commenced. A
registered nurse took a blood sample from the ante-brachial vein branches. Samples were
prepared according to appropriate methods. In the rural area, samples were immediately frozen
and stored at -18°C for no longer than five days, transported to a laboratory facility and stored at 80°C until analysis.

Biochemical analyses
Liver enzymes (GGT, alanine aminotransferase (ALT), aspartate aminotransferase (AST)), highdensity lipoprotein cholesterol (HDL-C), triglycerides (TGs) and high-sensitivity C-reactive protein
(hsCRP) were determined from the serum samples (Konelab20i auto analyser; Thermo Scientific,
Vantaa, Finland) and glucose from sodium fluoride samples. Glycosylated haemoglobin (HbA1c)
was determined in ethylenediaminetetraacetic acid (EDTA)-treated whole blood, using the D-10
Haemoglobin testing system (Bio-Rad Laboratories, Hercules, California, USA). Serum %CDT
analyses were performed using an in vitro heterogeneous immunoassay with column separation
followed by a turbidimetric measurement (Axis-Shield %CDT kit, Oslo, Norway). The coefficient of
variance (CV) for all assays was <10%. The HIV status of each participant was determined using
whole blood samples and following the protocol of the National Department of Health, South
Africa, using the First Response (PMC Medical, India) rapid HIV card test. The test result was
confirmed using the Pareeshak (BHAT Bio-tech, India) card test. Each participant received pretest and post-test counselling.
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In assessing the outcome, we obtained the cause of death through verbal autopsy coded by a
physician according to the International Classification of Disease codes for the immediate and
underlying causes, and from the family’s death certificate. Cardiovascular mortality was defined
as death from congestive cardiac failure, ischaemic heart disease, diabetes mellitus, stroke and
myocardial infarction. All-cause mortality included cardiovascular and non-cardiovascular
mortality.

Statistical analyses
We used Statistica version 12 (StatSoft, Inc., Tulsa, OK) for statistical analyses. Variables with a
non-Gaussian distribution (body mass index (BMI) and all biochemical measurements (except
HDL-C)) were logarithmically transformed. Means and proportions were compared by analysis of
variance (ANOVA) and the Chi-square test, respectively. Multi-variable adjusted Cox regression
analyses were used to assess the association of the selected alcohol markers with either allcause, cardiovascular mortality, or hypertension development. We considered the following
covariates for inclusion in the Cox regression models: age, sex, BMI, WC, baseline SBP,
smoking, anti-hypertensive medication, AST/ALT ratio, HbA1c, glucose, hsCRP, low-density
lipoprotein cholesterol, HDL-C, total cholesterol and TG.

Finally, covariates included in the

model were age, sex, smoking, anti-hypertensive medication, WC, baseline SBP, AST/ALT ratio,
HbA1c, hsCRP, HDL-C, and TG. Statistical significance was set at p≤0.05.
RESULTS
We compared the characteristics of the participants that were successfully followed-up over five
years to the deceased due to cardiovascular and other causes (Table 1). The cardiovascular
mortality group was the oldest (p<0.001), had the highest BP and included the highest number of
individuals on anti-hypertensive treatment (23%). The non-cardiovascular mortality group
consisted mainly of men (53%) with a low BMI of 21 (15.0 - 32.2) kg/m2 and the highest
percentage of HIV infection (43%). Compared to the follow-up group, a larger proportion of the
non-cardiovascular mortality group smoked (63% vs. 54%), consumed alcohol (self-reported
alcohol, 60% vs. 42%) and had significantly elevated C-reactive protein (CRP) (p=0.001).
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Table 1. A comparison of the baseline characteristics of the study participants.
Follow-up

Cardiovascular

Non-cardiovascular

group

mortality

mortality

p-value

Socio-demographic profile
Number of participants

1241

Age, years

51.0 ± 10.2

821/1240 (66.2)
2

Waist circumference, cm
Location, rural, n (%)
HIV infected, n (%)
Smoking, n (%)

24.1 (16.5-38.5)
80.0 ± 13.0

164

60.0 ± 11.4
a

Sex, women, n (%)
Body mass index, kg/m

66
a

a

a

ab

41/66 (62.1)

b

81.4 ± 17.0

<0.001

76.0 ± 11.0

0.001

a

81/164 (49.4)

0.050

b

8/65 (12.3)

21.0 (15.0-32.2)

<0.001

ab

ab

26/66 (39.4)

a

b

<0.001

ab

b

a

148/1234 (12.0)

b

77/164 (47.0)

23.2 (15.3-40.0)

a

668/1241 (54.0)

50.4 ± 11.1

70/162 (43.2)

ab

<0.001

a

0.053

670/1235 (54.3)

41/66 (62.1)

103/163 (63.2)

Serum glucose, mmol/L

4.85 (3.50-6.90)

4.73 (3.20-6.10)

4.67 (3.80-6.10)

0.11

Glycosylated hemoglobin, mmol/L

5.63 (4.90-6.60)

5.58 (4.60-6.80)

5.52 (4.80-6.30)

0.15

1.54 ± 0.62

1.53 ± 0.64

1.40 ± 0.74

0.040

Biochemical measurements

HDL-C, mmol/L
Triglycerides, mmol/L
C-reactive protein, mg/L

1.15 (0.56-2.77)

1.20 (0.65-2.21)

1.11 (0.53-2.95)

a

4.12 (0.43-53.7)

a

a

29/66 (44.0)

3.11 (0.25-39.4)

5.59 (0.38-53.2)

0.51
<0.001

Markers of alcohol intake
b

<0.001

513/1233 (42.0)

ALT, IU/L

18.0 (7.49-50.0)

19.0 (7.00-77.0)

20.3 (7.00-69.0)

0.009

AST, U/L

28.0 (13.0-96.0)

a

29.0 (12.0-98.0)

36.3 (12.2-159)

a

<0.001

AST:ALT

1.60 (0.71-3.35)

1.52 (0.66-3.90)

1.78 (0.83-3.63)

0.031

a

b

<0.001

2.95 (1.45-6.22)

0.021

ab

Gamma-glutamyltransferase, U/L

53.5 (19.0-347)

Carbohydrate deficient transferrin, %

2.64 (1.33-5.65)

80.0 (25.0-480)

98/162 (60.1)

ab

Self-reported alcohol use, n (%)

2.74 (1.25-7.54)

75.2 (21.0-489)

Cardiovascular variables at baseline
a

Systolic blood pressure, mmHg

133 ± 24.0

Diastolic blood pressure, mmHg

88.0 ± 14.1

Pulse pressure, mmHg
Heart rate, bpm
Hypertension, n (%)
Anti-hypertensive medication, n (%)

47.0 ± 15.0
78.4 ± 15.4

147 ± 34.4

ab

92.0 ± 13.1

a

54.4 ± 23.3

ab

ab

80.0 ± 20.0

737/1231 (60.0)
a

129/1239 (10.4)

a

47/66 (71.2)
15/66 (23.0)

ab

b

<0.001

87.0 ± 16.0

0.030

45.0 ± 14.2

b

<0.001

81.0 ± 19.2

b

<0.001

132 ± 25.4

95/163 (58.2)
14/164 (8.54)

b

0.15
0.004

Values with the same superscript letter differ significantly, and bold p-values denote statistical significance where
p≤0.05. ALT, alanine aminotransferase; AST, aspartate aminotransferase; CV, cardiovascular; HDL-C, high-density
lipoprotein cholesterol; HIV, human immunodeficiency virus. Values are interpreted as arithmetic mean ± standard
th
th
deviation; geometric mean (5 to 95 percentile interval); number of participants (%). Bold p-values denote statistical
significance.
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Table 2 presents the characteristics of the participants that were all normotensive at baseline
(N=582). Thirty-eight percent of these participants had BP in the hypertensive range, while 15%
died after a 5-year period. The deceased group had a lower BMI [20 (15.0 - 32.0) kg/m2]
compared to other groups, with 49% infected with HIV and having elevated CRP levels (8.00
(0.45 - 54.0) mg/L).

They also reported the highest alcohol use (54%), which was significant and confirmed by the
highest GGT levels (p<0.001). The group with BP in the hypertensive range had a higher WC
(mean 79 cm vs. 75 cm) than the followed normotensive group. Finally, we observed a steady
significant increase in self-reported alcohol use and liver enzymes, especially GGT, from the
normotensive to the deceased group (p<0.001).

In Figure 1 the multi-variate adjusted hazard ratios (HRs) of each alcohol marker for the
prediction of mortality and hypertension development are shown. We found that GGT was the
only alcohol marker significantly predicting cardiovascular and all-cause mortality, as well as
hypertension development (HR=2.76 (1.49 - 5.12); 2.47 (1.75 - 3.47) and 1.31 (1.06 - 1.62),
respectively). Participants self-reporting yes for current and former alcohol intake had a 30%
increased risk for developing hypertension over five years (HR=1.30 (1.07 - 1.59)). Percentage
CDT did not show any significant association with either cardiovascular and all-cause mortality,
as well as hypertension development.
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Table 2. The baseline characteristics of participants that were normotensive at baseline (N=582),
remaining normotensive, becoming hypertensive or deceased after 5 years.
Followed-NT

Followed-HT

All-cause mortality

p-value

Socio-demographic profile
Number of participants

275

Age, years

48.1 ± 10.0

Sex, women, n (%)
Body mass index, kg/m

219
48.4 ± 9.49

183/275 (67.0)
2

Waist circumference, cm
Location, rural, n (%)
HIV infected, n (%)
Smoking, n (%)

a

22.4 (16.0-35.0)
75.0 ± 12.0

88

ab

a

141/219 (64.4)

24.0 (17.3-36.2)
79.2 ± 11.4

ac

ab

129/219 (59.0)

ab

ac

148/274 (54.0)

25/217 (12.0)

a

42/88 (48.0)

ab

0.005

20.0 (15.0-32.0)
74.0 ± 11.0

171/275 (62.2)
54/275 (20.0)

0.008

51.0 ± 13.0
b

bc

b

<0.001

51/88 (58.0)
42/86 (49.0)

0.67

bc

117/217 (54.0)

57/87 (66.0)

<0.001

<0.001

a

0.14

Biochemical measurements
Serum glucose, mmol/L

5.00 (3.40-5.90)

4.80 (3.50-6.30)

4.61 (3.80-5.60)

0.16

Glycosylated haemoglobin, mmol/L

5.53 (4.40-6.20)

5.60 (4.90-6.50)

5.56 (4.80-6.30)

0.36

1.45 ± 0.56

1.46 ± 0.56

1.31 ± 0.73

0.11

HDL-C, mmol/L
Triglycerides, mmol/L
C-reactive protein, mg/L

1.18 (0.53-2.21)

1.10 (0.58-2.77)

a

b

2.31 (0.25-45.0)

2.92 (0.24-40.0)

1.15 (0.63-2.58)
8.00 (0.45-54.0)

ab

0.38
<0.001

Markers of alcohol intake
Self-reported alcohol use, n (%)

82/274 (30.0)

ab

87/217 (40.0)

ac

46/86 (54.0)

16.0 (7.00-39.2)

a

16.0 (6.00-40.2)

b

AST, U/L

26.0 (12.0-55.0)

a

25.3 (12.3-84.0)

b

AST:ALT

1.61 (0.71-3.34)

1.63 (0.69-3.50)

ALT, IU/L

ab

Gamma-glutamyltransferase, U/L

40.0 (18.0-180)

Carbohydrate deficient transferrin, %

2.55 (1.35-5.61)

48.4 (18.4-218)

ac

2.61 (1.27-5.04)

bc

<0.001
ab

0.005

ab

<0.001

20.0 (6.20-68.3)
33.3 (13.3-143)

1.71 (0.94-3.63)
74.0 (23.2-452)

bc

2.82 (1.45-6.16)

0.64
<0.001
0.26

Cardiovascular variables at baseline
Systolic blood pressure, mmHg

113 ± 12.0

a

117 ± 12.0

a

ab

Diastolic blood pressure, mmHg

74.2 ± 7.34

Pulse pressure, mmHg

39.0 ± 9.13

41.0 ± 9.56

a

b

Heart rate, bpm
Anti-hypertensive medication, n (%)

72.2 ± 15.0

12/275 (4.36)

76.0 ± 7.00

ab

73.0 ± 15.0
a

18/219 (8.22)

111 ± 13.1

b

<0.001

b

<0.001

73.0 ± 8.14

0.040

39.0 ± 10.1
83.1 ± 19.1

ab

<0.001

a

0.084

9/88 (10.23)

Values with the same superscript letter differ significantly, and bold p-values denote statistical significance where
p≤0.05. ALT, alanine aminotransferase; AST, aspartate aminotransferase; Followed-NT, normotensive after 5 years;
followed-HT, hypertensive after 5 years; HDL-C, high-density lipoprotein cholesterol; HIV, human immunodeficiency
th
th
virus. Values are interpreted as arithmetic mean ± standard deviation; geometric mean (5 to 95 percentile interval);
number of participants (%).
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Self-reported alcohol intake
All-cause mortality

1.39 [0.98 - 2.00]

Cardiovascular mortality

0.81 [0.43 - 1.55]

Hypertension development

1.30 [1.07 - 1.59]

*

Gam m a-glutam yltransferase, U/L
2.47 [1.75 - 3.47]

All-cause mortality

***

2.76 [1.49 - 5.12] **

Cardiovascular mortality
Hypertension development

1.31 [1.06 - 1.62]

*

Carbohydrate deficient transferrin, %
All-cause mortality

1.85 [0.86 - 4.02]

Cardiovascular mortality
2.99 [0.69 - 13.0]
Hypertension development

0.81 [0.53 - 1.25]

1.0

10.0

Hazard ratio, 95% CI
Figure 1. Standardized hazard ratios of alcohol markers in association with all-cause and cardiovascular
mortality, and hypertension development over a 5-year period in 1471 individuals. Models included age, sex,
smoking, anti-hypertensive medication, waits circumference, high-sensitivity C-reactive protein, AST:ALT ratio,
high-density lipoprotein cholesterol, glycosylated haemoglobin, triglycerides, HIV infection, baseline systolic blood
pressure. *, p≤0.05; **, p=0.001; ***, p<0.001.

Sensitivity analyses
Due to the known effects of HIV on mortality, we also included HIV infection as one of the
independent variables (Supplementary Material Table S1). Our main results were robust
regardless of the HIV status of our participants. HIV infection did not contribute significantly to
hypertension development (HR=0.79 (0.61 - 1.05); p=0.11) or cardiovascular mortality (HR=1.31
(0.55 - 3.10); p=0.54) but contributed strongly to all-cause mortality (HR=3.58 (2.57-4.97);
p=<0.001) (Supplementary Material Table S1). Furthermore, we tested if the association of GGT
with the dependent variables in question was alcohol-related. In the Cox regression models, we
respectively included self-reported alcohol intake or %CDT, with GGT. Our main findings
remained the same. However, when self-reporting was included with GGT with hypertension
development as dependent variable, only self-reported alcohol intake was significant (R2=0.238;
HR=1.24; p=0.043), and not GGT (R2=0.238; HR=1.20; p=0.11) (Supplementary Material Table
S2).
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DISCUSSION
In this study we evaluated which measure of alcohol intake (self-reported alcohol intake, GGT or
%CDT) related best to cardiovascular and all-cause mortality in a population of black South
Africans over five years. We also assessed which alcohol markers predict the development of
hypertension. Our main finding is that GGT was the only marker that significantly predicted the
development of hypertension as well as cardiovascular and all-cause mortality. We also found
that self-reported alcohol intake was useful since it showed a significant association with
hypertension development.
GGT is a well-known marker of alcohol intake that is associated with both cardiovascular and allcause fatal events. Several large cohort studies indicate a positive association between GGT and
cardiovascular mortality,24-26 and all-cause mortality,27,28 with an increased total mortality risk in
diabetic individuals13 and coronary artery disease, independent of other cardiovascular risk
factors.29 The positive association between GGT and change in BP is an indication that high GGT
levels are alcohol-related and a risk factor for hypertension.8,30 However, it is also important to
mention that GGT can predict hypertension development and mortality independent of alcohol
intake.31 Moreover, there is evidence of GGT linking with insulin sensitivity and metabolic
syndrome without alcohol use.32 GGT is also elevated in non-alcoholic fatty liver disease or nonalcoholic steatohepatitis (NASH) in the absence of alcohol intake.33 Therefore, it is clear that GGT
may not necessarily reflect only alcohol consumption.

GGT is further influenced by ethnicity, sex, obesity, age, CRP, HbA1c and liver damage 34-38 and
our finding that GGT is the strongest predictor of mortality and hypertension, may thus reflect
GGT’s representation of both alcohol- and non-alcohol related risk. However, a recent study
based on the 2005-08 National Health and Nutrition Examination Survey (NHANES) showed that
excessive current drinkers had an increased likelihood of 75-314% for men and 226% for women
of having elevated GGT.39 Moreover, we found a positive correlation of GGT and self-reported
alcohol use (r=0.44; p=0.001) in the same study population.9 In this study we also found that with
regard to hypertension development, GGT may represent specifically alcohol use since it became
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non-significant when included with self-reported alcohol intake in the same model, further
confirming our previous finding.9 In this instance, self-reported alcohol use was the significant
predictor of hypertension development. Thus, the pattern of drinking in black South Africans
seems to follow a linear association with BP or mortality risk with high GGT likely to increase in
heavy binge drinking on weekends or traditional cultural occasions.40,41

We included %CDT in this study as a highly specific marker of alcohol intake but with low
sensitivity.42,43 Baros and colleagues30 found that BP related positively with %CDT in alcohol
users confirming %CDT as a marker of alcohol-related CVD and mortality. Recently it was
confirmed that %CDT is a reliable biomarker to screen for alcohol abuse.44 It is noteworthy that
the presence of CDT in the vitreous humor of the eyes of alcoholics at post-mortem indicated that
CDT is a marker for possible withdrawal-related death in alcoholics.45 Although we found a
positive association between self-reported alcohol intake and %CDT in the same study
population,9 %CDT did not predict hypertension development or mortality in this study,
suggesting that it may not have sufficient sensitivity to use in population studies.

South Africa continues to be the country with the most HIV infections in the world.46,47 As
expected, in our study mortality was strongly related to HIV infection. Individuals infected with HIV
showed a more than 3-fold risk of all-cause mortality.

HIV infected individuals are likely to

consume more alcohol as a form of coping mechanism and alcohol abuse is a risk factor for
hypertension in an HIV infected population.48 HIV infection is in turn likely to be attributable to
excessive alcohol use49 as alcohol overuse may lead to risky sexual behaviour.50,51 Our study is
consistent with the above as all-cause mortality is closely associated with a high proportion of
alcohol intake and HIV infection.

Limitations of our study were that GGT may have been influenced by other factors as reported
earlier. Self-reported alcohol intake may have been overestimated or underestimated as a result
of different individual perceptions. Although our study population may have been honest in their
reporting of alcohol intake, their low level of education may have limited their ability to accurately
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report on other alcohol intake behaviour, e.g. the volume of alcohol intake.9 However, the
accurate reporting of questionnaire responses was enhanced by the presence of African field
workers who would translate the questions into the participants’ native language. This study
included only participants from the North West Province of South Africa and similar broader
investigations are encouraged. Finally, residual confounding cannot be excluded, although our
results remained consistent after multiple adjustments. This study adds to the limited availability
of longitudinal studies on lifestyle-related mortality in sub-Saharan Africa.

In conclusion, GGT was the alcohol marker that consistently predicted cardiovascular and allcause mortality as well as hypertension development in a population of African ancestry. Despite
the confounding factors that influence GGT, the associations between self-reported alcohol intake
and hypertension development in this study suggests that high GGT levels were mainly due to
alcohol overuse – confirmed by the non-significance of GGT when included with self-reported
alcohol intake in the same model with hypertension development. Although self-reported alcohol
intake is useful in low-resource primary healthcare settings, measurement of GGT is encouraged
due to its predictive value for hypertension and mortality, and since it represents alcohol intake,
NASH and obesity - all known to have severe cardiovascular consequences.

Acknowledgements
The authors would like to thank all supporting staff, postgraduate students and the participants of
the PURE study. We also would like to specifically give thanks to:
1. PURE-South Africa: The PURE-NWP-SA research team, fieldworkers and office staff in the
Africa Unit for Trans disciplinary Health Research (AUTHeR) and the Hypertension in Africa
Research Team (HART), Faculty of Health Sciences, North-West University, South Africa.
2. PURE International: Dr S Yusuf and the PURE project office staff at the Population Health
Research Institute, Hamilton Health Sciences and McMaster University, ON, Canada.

Declaration of Conflicting Interests
None declared.
161

Chapter 6

REFERENCES
1.

Rehm J, Mathers C, Popova S, et al. Global burden of disease and injury and economic
cost attributable to alcohol use and alcohol-use disorders. Lancet 2009; 373:2223-2233.

2.

Stewart S, Libhaber E, Carrington M, et al. The clinical consequences and challenges of
hypertension in urban-dwelling black Africans: insights from the Heart of Soweto Study.
Int J Cardiol 2011; 146:22-27.

3.

Dalal S, Beunza JJ, Volmink J, et al. Non-communicable diseases in sub-Saharan Africa:
what we know now. Int J Epidemiol 2011; 40:885-901.

4.

Poulter NR. Current and projected prevalence of arterial hypertension in sub-Saharan
Africa by sex, age and habitat: an estimate from population studies. J Hypertens 2011;
29:1281-1282.

5.

Peer N, Lombard C, Steyn K, et al. Rising alcohol consumption and a high prevalence of
problem drinking in black men and women in Cape Town: the CRIBSA study. J Epidemiol
Community Health 2014; 68:446-452.

6.

Opie LH, Seedat YK. Hypertension in sub-Saharan African populations. Circulation 2005;
112:3562-3568.

7.

Ogah OS, Rayner BL. Recent advances in hypertension in sub-Saharan Africa. Heart.
2013; 99:1390-1397.

8.

Schutte AE, Schutte R, Huisman HW, et al. Are behavioural risk factors to be blamed for
the conversion from optimal blood pressure to hypertensive status in Black South
Africans? A 5-year prospective study. Int J Epidemiol 2012; 41:1114-1123.

9.

Zatu MC, Van Rooyen JM, Loots Du-T, et al. Self-reported alcohol intake is a better
estimate of 5-year change in blood pressure than biochemical markers in low resource
settings: the PURE study. J Hypertens 2014; 32:749-755.

10.

Matsumoto C, Miedema MD, Ofman P, et al. An expanding knowledge of the
mechanisms and effects of alcohol consumption on cardiovascular disease. J Cardiopulm
Rehabil Prev 2014; 34:159-171.

162

Chapter 6
11.

Kolapo KO, Vento S. Stroke: a realistic approach to a growing problem in sub-Saharan
Africa is urgently needed. Trop Med Int Health 2011; 16:707-710.

12.

Connor MD, Thorogood M, Casserly B, et al. Prevalence of stroke survivors in rural South
Africa: results from the Southern Africa Stroke Prevention Initiative (SASPI) Agincourt
field site. Stroke 2004; 35:627–632.

13.

Kengne AP, Czernichow S, Stamatakis E, et al. Gamma-glutamyltransferase and risk of
cardiovascular disease mortality in people with and without diabetes: Pooling of three
British Health Surveys. J Hepat 2012; 57:1083-1089.

14.

Le-Ha C, Beilin LJ, Burrows S, Huang R-C, et al. Oral contraceptives use in girls and
alcohol consumption in boys are associated with increased blood pressure in late
adolescence. Eur J Prev Cardiol 2012; 20:947-955.

15.

Ronksley PE, Brien SE, Turner BJ, et al. Association of alcohol consumption with
selected cardiovascular disease outcomes: a systematic review and meta-analysis. BMJ
2011; 342:d671

16.

Curtis AB, Sherman JA, Strogatz DS, et al. Alcohol consumption and changes in blood
pressure among African Americans – the Pitt County study. Am J Epidemiol 1997;
146:727-733.

17.

Briasoulis A, Agarwal V, Messerli FH. Alcohol consumption and the risk of hypertension in
men and women: A systematic review and meta-analysis. J Clin Hypertens 2012; 14:792798.

18.

Viel G, Boscolo-Berto R, Cecchetto G, et al. Phosphatidylethanol in blood as a marker of
chronic alcohol use: A systematic review and meta-analysis. Int J Mol Sci 2012;
13:14788-14812.

19.

Lioudaki E, Ganotakis ES, Mikhailidis DP. Liver enzymes: potential cardiovascular risk
markers? Curr Pharm Des 2011; 17:3632-3643.

20.

Guangli D, Song Z, Zhang Q. Gamma-glutamyltransferase is associated with
cardiovascular and all-cause mortality: A meta-analysis of prospective cohort studies.
Prev Med 2013; 57:31-37.

163

Chapter 6
21.

Teo K, Chow CK, Vaz M, et al. PURE Investigators writing group. The Prospective Urban
Rural Epidemiology (PURE) study: examining the impact of societal influences on chronic
non-communicable diseases in low-, middle-, and high-income countries. Am Heart J
2009; 58:1-7.

22.

Marfell-Jones M, Olds T, Stewart AD, et al. International standards for anthropometric
assessment: International Society for the advancement of Kinanthropometry. South
Africa; Potchefstroom, 2006, p.18.

23.

Weber MA, Schiffrin EL, White WB, et al. Clinical Practice Guidelines for the management
of hypertension in the community. A statement by the American Society of Hypertension
and the International Society of Hypertension. J Hypertens 2014; 32:3-15.

24.

Haring R, Wallaschofski H, Nauck M, et al. Ultrasonographic hepatic steatosis increases
prediction of mortality risk from elevated serum gamma-glutamyl transpeptidase levels.
Hepatology 2009; 50:1403-1411.

25.

Wannamethee SG, Lennon L, Shaper AG. The value of gamma-glutamyltransferase in
cardiovascular risk prediction in men without diagnosed cardiovascular disease or
diabetes. Atherosclerosis 2008; 201:168-175.

26.

Koehler M, Sanna D, Hansen BE, et al. Serum liver enzymes are associated with allcause mortality in an elderly population. Liver Int 2014; 34:296-304.

27.

Fraser A, Harris R, Sattar N, et al. Gamma-glutamyltransferase is associated with incident
vascular events independently of alcohol intake: analysis of the British Women's Heart
and Health study and meta-analysis. Arterioscler Thromb Vasc Biol 2007; 27:2729-2735.

28.

Ruhl

CE,

Everhart

JE.

gammaglutamyltransferase

Elevated
and

serum

mortality

in

alanine
the

aminotransferase

United

States

and

population.

Gastroenterology 2009; 136:477-485.
29.

Stojakovic T, Scharnagl H, Trauner M, et al. Serum gamma-glutamyltransferase and
mortality in persons undergoing coronary angiography—the Ludwigshafen Risk and
Cardiovascular Health study. Atherosclerosis 2010; 208:564-571.

30.

Baros AM, Wright TM, Latham PK, et al. Alcohol consumption, %CDT, GGT and blood
pressure change during alcohol treatment. Alcohol & alcoholism 2008; 43:192-197.
164

Chapter 6
31.

Liu C-F, Gu Y-T, Wang H-Y, et al. Gamma-glutamyltransferase level and risk of
hypetension: A systematic review and meta-analysis. Plos One 2012; 7:e48878.

32.

Matsha TE, Macharia M, Yako YY, et al. Gamma-glutamyltransferase, insulin resistance
and cardiometabolic risk profile in a middle-aged African population. Eur J Prev Cardiol
2014; 21:1541-1548.

33.

Hall P, Cash J. What is the real function of the liver ‘function’ tests? Ulster Med J 2012:
81:30-36.

34.

Puukka K, Hietala J, Koivisto H, et al. Additive effects of moderate drinking and obesity on
serum gamma-glutamyltransferase activity. Am J Clin Nutr 2006; 83:1351-1354.

35.

Stewart SH, Connors GJ, Hutson A. Ethnicity and gamma-glutamyltransferase in men
and women with alcohol use disorders. Alcohol Alcohol 2007; 42:24-27.

36.

Shankar A, Li J, Klein BEK, et al. Serum gamma-glutamyltransferase level and peripheral
arterial disease. Atherosclerosis 2008; 199:102-109.

37.

Saijo Y, Utsugi M, Yoshioka E, et al. The relationship of gamma-glutamyltransferase to Creactive protein and arterial stiffness. Nutr Metab Cardiovasc Dis 2008; 18:211-219.

38.

Mason JE, Starke RD, Van Kirk, JE. Gamma-glutamyltransferase: a novel cardiovascular
risk biomarker. Prev Cardiol 2010; 13:36-41.

39.

Tsai J, Ford ES, Li C, et al. Past and current alcohol consumption patterns and elevations
in serum hepatic enzymes among US adults. Addict Behav 2012; 37:78-84.

40.

Peltzer K, Davids A, Njuho P. Alcohol use and problem drinking in South Africa: findings
from a national population-based survey. Afr J Psychiatry (Johannesburg) 2011; 14:3037.

41.

Gossage JP, Snell CL, Parry CDH, et al. Alcohol use, working conditions, job benefits,
and the legacy of the “Dop” system among farm workers in the Western Cape Province,
South Africa: Hope despite high levels of risky driving. Int J Environ Res Public Health
2014; 11:7406-7424.

165

Chapter 6
42.

Bortolotti F, De Paoli G, Tagliaro F. Carbohydrate deficient transferrin (CDT) as a marker
of alcohol abuse: A critical review of the literature 2001-2005. J Chromatography B 2006;
841:96-109.

43.

Solomons HD. Carbohydrate deficient transferrin and alcoholism. Germs 2012;12:75-78.

44.

Madhubala V, Subhashree AR, Shanthi B. Serum carbohydrate deficient transferrin as a
sensitive marker in diagnosing alcohol abuse: A case – control study. J Clin Diagn Res
2013; 7:197-200.

45.

Berkowicz A, Wallerstedt S, Wall K, et al. Carbohydrate-deficient transferrin in vitreous
humour: a marker of possible withdrawal-related death in alcoholics. Alcohol Alcohol
2001; 36:231-234.

46.

Joint United Nations Programme on HIV/AIDS (UNAIDS). Global report: UNAIDS report
on the global AIDS epidemic 2010.
http://www.unaids.org/sites/default/files/media_asset/20101123_globalreport_en_1.pdf.
(accessed 10 April 2014).

47.

Fourie CM, Van Rooyen JM, Kruger A, et al. Lipid abnormalities in a never treated HIV-1
subtype C-infected African population. Lipids 2010; 45:73-80.

48.

Ikeda MLR, Barcellos NT, Alencastro PR, et al. Association of blood pressure and
hypertension with alcohol consumption in HIV-infected white and non-white patients. Sci
World J. Epub ahead of print 21 Oct 2013. Doi: 10.1155/2013/169825.

49.

Braithwaite RS, Nucifora KA, Kessler J, et al. Impact of interventions targeting unhealthy
alcohol use in Kenya on HIV transmission and AIDS-related deaths. Alcohol Clin Exp Res
2014; 38:1059-1067.

50.

Morojele NK, Kachieng’a MA, Mokoko E, et al. Alcohol use and sexual behaviour among
risky drinkers and bar and shebeen patrons in Gauteng province. South Africa Soc Sci
Med 2006; 62:217-227.

51.

Opio CK, Seremba E, Ocama P, et al. Diagnosis of alcohol misuse and alcoholic liver
disease among patients in the medical emergency admission service of a large urban
hospital in Sub-Saharan Africa: a cross sectional study. Pan Afr Med J 2013; 15:23.

166

Chapter 6
Supplementary Material Table S1. Standardized hazard ratios of alcohol markers in association with
all-cause and cardiovascular mortality, and hypertension development over a five year period in 1471
individuals, with HIV infection included as an independent variable.
Alcohol marker

R

2

Hazard Ratio

95% CI

p-value

All-cause mortality
Self-reported alcohol intake, n (%)

0.488

1.31

0.93; 1.84

0.13

HIV infection

0.488

3.67

2.63; 5.13

<0.001

Gamma-glutamyltransferase, U/L

0.531

2.41

1.72; 3.41

<0.001

HIV infection

0.531

3.58

2.57; 4.97

<0.001

Carbohydrate deficient transferrin, %

0.485

1.94

0.90; 4.17

0.09

HIV infection

0.485

3.66

2.61; 5.14

<0.001

Self-reported alcohol intake, n (%)

0.548

0.82

0.43; 1.56

0.54

HIV infection

0.548

1.29

0.55; 3.07

0.56

Gamma-glutamyltransferase, U/L

0.609

2.75

1.47; 5.13

0.002

HIV infection

0.609

1.31

0.55; 3.09

0.54

Carbohydrate deficient transferrin, %

0.557

3.04

0.70; 13.3

0.14

HIV infection

0.557

1.33

0.56; 3.16

0.52

Self-reported alcohol intake, n (%)

0.243

1.31

1.07; 1.61

0.009

HIV infection

0.243

0.78

0.60; 1.02

0.07

Gamma-glutamyltransferase, U/L

0.239

1.29

1.05; 1.60

0.020

HIV infection

0.239

0.80

0.61; 1.05

0.11

Carbohydrate deficient transferrin, %

0.251

0.81

0.53; 1.25

0.34

HIV infection

0.251

0.83

0.63; 1.09

0.17

Cardiovascular mortality

Hypertension development

Bold p-values denote statistical significance where p≤0.05. Models included age, sex, smoking, anti-hypertensive
medication, waits circumference, high- sensitivity C-reactive protein, AST:ALT ratio, high-density lipoprotein
cholesterol, glycosylated haemoglobin, triglycerides, HIV infection, baseline systolic blood pressure.
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Supplementary Material Table S2. Standardized hazard ratios of gamma-glutamyltransferase
with all-cause and cardiovascular mortality, as well as hypertension development over a five
year period in 1471 individuals, with self-reported alcohol intake or percentage carbohydrate
deficient transferrin included as independent variables.
R

2

All-cause mortality
Self-reported alcohol intake, n (%)
Gamma-glutamyltransferase, U/L

0.411

Cardiovascular mortality
Self-reported alcohol intake, n (%)
Gamma-glutamyltransferase, U/L

0.608

Hypertension development
Self-reported alcohol intake, n (%)
Gamma-glutamyltransferase, U/L

0.238

All-cause mortality
Carbohydrate deficient transferrin, %
Gamma-glutamyltransferase, U/L

0.400

Cardiovascular mortality
Carbohydrate deficient transferrin, %
Gamma-glutamyltransferase, U/L

0.600

Hypertension development
Carbohydrate deficient transferrin, %
Gamma-glutamyltransferase, U/L

0.250

Hazard Ratio

95% CI

p-value

1.15
2.52

0.80; 1.66
1.78; 3.56

0.44
<0.001

0.66
3.29

0.34; 1.27
1.76; 6.15

0.21
<0.001

1.24
1.20

1.01; 1.53
0.96; 1.50

0.043
0.11

1.54
2.46

0.71; 3.32
1.73; 3.49

0.27
<0.001

2.20
2.82

0.49; 9.94
1.48; 5.36

0.31
0.002

0.76
1.28

0.49; 1.17
1.02; 1.59

0.21
0.030

Bold p-values denote statistical significance where p≤0.05. Models included age, sex, smoking, antihypertensive medication, waits circumference, high-sensitivity C-reactive protein, AST:ALT ratio, highdensity lipoprotein cholesterol, glycosylated haemoglobin, triglycerides, HIV infection, baseline systolic blood
pressure.
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Chapter 7
1. INTRODUCTION
The summary of the main findings of the three manuscripts (Chapters 4, 5 and 6) will be
presented in this chapter. The results of each research article will be discussed, interpreted and
compared to the literature. Conclusions will be drawn and recommendations made regarding
further prospective studies of alcohol intake and cardiovascular disease (CVD).
2. SUMMARY OF MAIN FINDINGS
The main results reported in the manuscripts of this thesis are presented below.
2.1

Self-reported alcohol intake is a better estimate of 5-year change in blood pressure
than biochemical markers in low resource settings: the PURE study

The aim of this manuscript was to compare self-reported alcohol estimates with biochemical
measures of alcohol [gamma-glutamyltransferase (GGT) and percentage carbohydrate deficient
transferrin (%CDT)], considering their relationship with percentage change in brachial blood
pressure (BP) (%bSBP, %bDBP) and central systolic blood pressure (SBP) over a 5-year period
in black South Africans. The hypotheses were that GGT and %CDT are better estimates of
alcohol consumption and have better association with BP change over time in prospective
studies.

The results of this study showed, however, that self-reported alcohol intake was independently
associated with a change in BP in black South Africans over 5 years. This association was not
found for GGT and %CDT – biomarkers of alcohol known to relate positively with hypertension
and CVD.1,2 These results showed self-reporting as a suitable marker of alcohol intake in low
resource settings in which honest reporting is expected. Both hypotheses were therefore rejected
as self-reported alcohol intake proved a better alcohol marker in this population and also had a
better association with a change in BP over the 5-year period of this study.
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2.2

A comparison of the cardiometabolic profile of black South Africans with
suspected non-alcoholic fatty liver disease (NAFLD) and excessive alcohol use

Since GGT is also influenced by other factors, it is important to understand its involvement in both
NAFLD and alcoholic fatty liver disease (AFLD). The prevalence of NAFLD is higher in poverty,
among the least educated,3 in women and is also associated with central obesity in Africans.4

African women, without alcohol consumption, have the highest prevalence of obesity in all
ethnic and sex groups in South Africa.5,6 In contrast, men are traditionally more active, have a
higher prevalence of smoking and alcohol intake, all of which contribute to their lean body
weight.7 Finally, studies on NAFLD and CVD in Africans are sparse and the disease profile has
not yet been studied in South Africa.8

This manuscript therefore compared the cardiovascular and metabolic characteristics of black
South Africans with suspected NAFLD and excessive alcohol use; and their associations with BP
in a cross-sectional analysis. Non-alcohol users were included in the study as control. It was
hypothesized that different adverse cardiovascular and metabolic profiles are present in
excessive alcohol users and those with suspected NAFLD.

We found that different sex and cardiometabolic profiles characterised excessive alcohol users
and individuals suspected with NAFLD. For NAFLD obese participants and female sex with a
dysmetabolic profile were the dominant characters, where diastolic blood pressure (DBP)
associated positively with waist circumference (WC). In the alcohol user group, lean body mass in
men characterised excessive alcohol use and their SBP and pulse pressure (PP) were
independently associated with high-density lipoprotein cholesterol (HDL-C). All hypotheses set for
this investigation were therefore accepted.

2.3

Alcohol intake, hypertension development and mortality in black South Africans

With this manuscript, the aim was to determine which alcohol marker (self-reported alcohol
intake, GGT or %CDT), related best with cardiovascular and all-cause mortality, and predicted
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the development of hypertension over 5 years in a population of black South Africans (Fig. 7.1).
We hypothesised that excessive alcohol consumption is associated with hypertension
development and total mortality, and that GGT, a well-known marker of both alcohol intake and
NAFLD, is better associated with both mortality and hypertension development in a black
population of South Africa, than the other alcohol markers.

Year: 2005

Baseline
N=2010

Year: 2010

Follow-up
N=1241

Non-CV mortality
N=164

CV mortality
N=66

Lost to follow-up
N=539

Figure 7.1. Outline of the study population.
CV, cardiovascular

The results indicated that excessive alcohol intake is an independent predictor of both
hypertension development and total mortality based on the associations of GGT with
cardiovascular and all-cause mortality, as well as hypertension development. Moreover, selfreporting of alcohol intake predicted a 30% increased risk of hypertension development,
confirming that the association of GGT with cardiovascular and all-cause mortality, as well as
hypertension development, was alcohol-related.

The third marker, %CDT - highly specific to alcohol intake - was not related to any health
outcome variable. Also worth mentioning is the expected strong association between HIV
infection and all-cause mortality, a result observed during sensitivity analysis. Participants with
HIV infection also had the highest proportion of alcohol intake. All hypotheses set for this article
were therefore accepted.
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3. DISCUSSION AND THE COMPARISON OF MAIN FINDINGS WITH THE LITERATURE
It is important that the results of this study are compared with those found in the literature. Most of
the results in this study confirmed published research findings while some were contradictory to
those found in the literature.

I focused on the influence of alcohol overuse as a risk factor for CVD. The results were based on
the association of alcohol biomarkers (self-reported alcohol use, GGT and %CDT) with
hypertension development and mortality. Self-reporting of alcohol and GGT emerged as the
prominent markers that independently predicted BP change, hypertension development and total
mortality in this study. The results from this thesis therefore confirm literature findings that alcohol
abuse has detrimental effects on the cardiovascular system, raising BP, leading to hypertension9
and is a critical risk factor for both cardiovascular and all-cause mortality,10 also in the South
African setting.

The usefulness of self-reported alcohol intake
We found that self-reporting of alcohol predicted both the change in BP over 5 years, as well as
incident hypertension. In the literature, there is sufficient evidence of self-reporting as a reliable
tool to screen for alcohol abuse,11-13 confirmed by positive correlations with known alcohol
biomarkers (GGT and %CDT) in this thesis. The other self-reported markers of alcohol intake,
namely, quantity, volume, duration of drinking and quantitative food frequency questionnaire
(g/day) did not show any association with a change in BP over the study period. These selfreported estimates are perhaps more difficult to report correctly, also when different types of
alcohol come into play (e.g. spirits vs. home-made beer intake). Moreover, they may also not
have been sensitive enough to capture alcohol intake behaviour correctly. The low level of
education of this population may have also contributed to having difficulties in estimating alcohol
intake behaviour.14,15 In the end a simple yes/no answer was easy to understand and to report on
accurately. The screening of participants for alcohol use, quantity and frequency of alcohol
consumption by questionnaires, and their significant association with GGT supported that selfreporting is a useful low cost tool to assess alcohol consumption.16 Simple questionnaires to
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estimate alcohol intake over an extended period of time have long been in use.17 Based on
findings of this thesis, in low income countries, self-reporting of alcohol may be a very useful low
cost screening tool.

Alcohol abuse and cardiovascular risk
The results of this thesis showed that excessive drinking predicts hypertension development and
mortality. According to published data, alcohol intake is only beneficial when it is consumed in low
or moderate levels and seems to reduce the risk of CVD.9,18,19 However, in the South African
context, alcohol consumption follows a linear pattern with either none or heavy drinking
dichotomy and heavy episodic drinking mainly on weekends or traditional ceremonies,20,21 with
no evidence of moderate drinking and its beneficial effects. This is perhaps the reason simple
yes/no responses to alcohol consumption showed a positive correlation with a change in BP over
other self-reported alcohol estimates. It would thus be advisable to recommend that drinking be
avoided in South Africa given the linear association with the risk of CVD.

Our results that alcohol abuse is a risk factor for CVD and mortality found numerous support in
the literature. The projected increase of GGT (about 314%) in excessive drinking men without
history of liver damage confirmed the risk of developing CVD when alcohol is consumed
heavily.16,22 Tang and colleagues23 found that excessive alcohol users have increased risk of
having stroke while drinkers with hypertension are almost three times more susceptible [2.89
(1.55-5.39)] to stroke. These findings become especially more important in sub-Saharan Africa
when considering that over two-thirds of stroke-related deaths occur in developing countries.24
There was a significant association of a change in BP with high GGT levels over 4 years in
drinkers in a prospective study by Lee and co-authors,25 confirming that excessive alcohol intake
contributes to elevated BP over time.

Studies exist that correspond well with hypertension development,1,26 cardiovascular10 and allcause mortality27 in alcohol-induced GGT elevation. The role of GGT in predicting hypertension
development was further confirmed by the positive association of self-reported alcohol intake with
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the development of hypertension in this study. In a large cohort study of more than 32 000
participants followed for 4 years, it was demonstrated that long-term alcohol use is an
independent risk factor for hypertension development with a linear association between alcohol
intake and incident hypertension.28

However, it is worth mentioning that GGT reflects both AFLD and NAFLD.29 This suggests that
the mortality associated with GGT may not necessarily be alcohol-related. GGT was in this study
not associated with a percentage change in BP while it was an independent predictor for mortality
and hypertension development over 5 years. This discrepancy could have been caused by the
numerous confounding factors that influence GGT. There is also evidence of higher GGT levels
in Africans compared with other ethnic groups.30 Although the association of self-reporting of
alcohol with elevated BP was confirmed later in the thesis (Chapters 4 and 6), GGT was
emphasised as the useful marker since it has a predictive value with both hypertension and
mortality, and possibly due to its representation of AFLD and NAFLD.

We were surprised that our third marker of alcohol intake, %CDT, did not show any association
with elevated BP, hypertension development or total mortality. However, %CDT showed a strong
correlation with both self-reported alcohol intake and GGT in this study - another confirmation that
elevated BP and hypertension development were indeed mainly from alcohol abuse. Baros et al. 2
found that both GGT and %CDT correlated significantly with change in DBP but in their study only
%CDT showed a positive association with SBP. But we found that %CDT, which is also
expensive to use in low income countries, was not a useful marker in our African population
perhaps due to its low sensitivity to alcohol consumption. The low sensitivity of CDT was also
shown by Harasymiw and Bean31 in which CDT test alone showed a sensitivity rate of 58% in
contrast to the 88% sensitivity shown by Early Detection of Alcohol Consumption (EDAC) test in
the same study. However, the sensitivity of CDT seems to improve significantly when used in
combination with other markers of alchol consumption,31,32 which may be useful in our study
population.
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HDL-cholesterol and alcohol abuse
Excessive alcohol consumption in this study associated with elevated HDL-C which correlated
with increased SBP in heavy drinkers and these results are confirmed by others.33,34 Despite the
well-known protective role of HDL-C with moderate drinking,35,36 evidence of elevated HDL-C in
heavy alcohol consumption and its association with CVD exist.35,37,38 The high HDL-C levels in
excessive alcohol consumption and its risk for CVD seems to be influenced by the HDL-C particle
size with some studies reporting larger particle size association with alcohol abuse39,40 while there
is evidence for alcohol-induced small HDL-C particle size.41,42 However, there are studies that
reported an inverse association between HDL-C larger particle size and CVD,41,43 although the
beneficial role of HDL-C seems to be linked to smaller HDL-C particle size.35 Future studies in
HDL particle size are recommended in order to better understand the significant association
between HDL-C and alcohol overuse.

Alcohol intake and HIV infection
The significant association of heavy alcohol intake with HIV infection in this study is a finding well
documented in the literature.44,45 Although HIV and alcohol intake are not the main focus of this
thesis, it is still important to mention it in the South African context, which continues to have the
highest HIV infection prevalence in the world.46 With the population under study mainly of low
socio-economic background and with low level of education, it is possible that alcohol was
consumed by HIV positive participants to cope with psychological stress and stigma associated
with HIV infection.47,48 Alternatively, alcohol abuse may lead to risky sexual behaviour that may
raise the rate of HIV infection in poverty-stricken populations.45,49 Studies from low-income
populations reported similar results in which HIV prevalence was lower in the general population
but significantly high in people who consume alcohol excessively mainly as a result of risky
sexual behaviour with non-regular partners.50-52

The strong association (p<0.001) of all-cause mortality with HIV infection in this study suggests
that heavy drinking in HIV infected individuals can lead to disease progression and re-infection
with new partners.53 Both excessive alcohol intake and HIV infection are associated with high
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levels of CRP especially in the presence of smoking and low socio-economic status.54 The mean
CRP in this study, especially in the mortality group, was very high [8.00 (0.45-54.0)]. A CRP value
of higher than 3.0 mg/L shows a high risk for disease, and the majority of participants in our study
had values ranging from 3.0 to 8.0 mg/L. The high CRP levels may be indicative of advanced
progression of disease from both alcohol intake and HIV infection – highly linked to mortality. The
HIV infected participants in this sudy were newly diagnosed with HIV and did not yet receive
antiretroviral therapy. This may have had an effect on the reported moratlity.

NAFLD and cardiovascular risk
We found the characteristics of NAFLD mainly in women presenting with a dysmetabolic profile.

To our knowledge, literature confirming the distinct sex prevalences of NAFLD between
African men and women is limited. But sex comparisons performed in other ethnic groups
reported contrasting results.55,56 It is well-known that there are distinct body composition profiles
in African men and women, especially from poverty-stricken areas,3 namely, obesity is more
prevalent in African women while men have lean body weight. Malnutrition, either over- or under
nutrition, and alcohol abuse may account for these body composition differences.57 Finally, even
the control group mainly comprised of women with no alcohol intake and body mass index (BMI)
levels in the overweight and obese range. This may indicate that they are at risk to develop
NAFLD, especially considering that they were younger (mean 49 years ± 12.3) than the NAFLD
group (mean 51 years ± 11.9), which means they are likely to develop NAFLD as they age.

Alcohol abuse and mortality
In addition to hypertension development, we found that GGT independently predicted all-cause
mortality in this study population as shown by Kaplan-Meier plots in Figure 7.2. While heavy
alcohol consumption predicts total mortality, it is also an important contributing factor to stroke in
sub-Saharan Africa.58 The positive association of excessive alcohol intake with BP in lean males
in this study is strongly related to the risk of stroke.2,59 Stroke is the fourth leading cause of death
in South Africa with obesity and heavy alcohol intake some of the main contributing factors.60 As
with hypertension development, the positive association of GGT with self-reported alcohol intake
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in the earlier results confirmed the significant role of excessive alcohol consumption in total
mortality.

All-cause mortality (%)
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Figure 7.2. Kaplan-Meier plots of low, medium and high GGT levels and all-cause mortality.
GGT, gamma-glutamyltransferase

Non-cardiovascular mortality included accidents meaning that not all deaths were caused by
disease. It is well-known that heavy alcohol intake is also responsible for major motor vehicle
accidents,61 criminal offences and suicide attempts.62 Alcohol is actually a depressant, and when
it is consumed excessively it is one of the main risk factors of depression and suicides. 63
Criminal offenses and suicides due to heavy drinking are not uncommon in low resourced
impoverished areas of sub-Saharan Africa.64 However, despite the increased risk of alcohol in
injuring oneself, there appears to be a benefit to alcohol in mediating the body’s response to
injury and reducing in-hospital mortality.65,66

One study reported neuroprotective effects of alcohol through inhibition of N-methyl-D-aspartate
receptors reducing intracellular calcium accumulation and hyperglycolysis, which is associated
with reduced lesion in the brain.67 However, whether this benefit is applicable to individuals with
excessive alcohol use is unknown. Furthermore, given the state of poverty and unemployment,
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this study population is likely to suffer from psychological distress which may enhance their
hypertension development, with excessive drinking used as a coping mechanism further
exacerbating the situation.68 Finally, despite the above, the risk of excessive alcohol use in CVD
and mortality is critically important and from the results of this thesis (Figure 7.3) early
interventions that include lifestyle change should be an immediate consideration.

Excessive alcohol intake

High GGT levels

↑ % change
in BP

High HDL-C levels
(changes in
particle size)

Hypertension
development

Stroke,
Myocardial infarction,
Renal disease

Mortality

Figure 7.3. A simplified pathway on how alcohol intake leads to cardiovascular mortality. GGT,
1,9,18,35
gamma-glutamyltransferase; HDL-C, high-density lipoprotein cholesterol; BP, blood pressure.
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4. CHANCE AND CONFOUNDING
It is important to note that several factors may have affected the results of this study. The
methodological limitations could have resulted in some weaknesses and influenced various
conclusions drawn from the results. Statistically, the results should be confirmed by future similar
investigations as possibility of chance should be taken into account. Factors such as chronic
illness, medication, physical activity, smoking, self-reported alcohol intake and socio-economic
status were possibly affected by bias and cultural background. Although participants were
requested not to eat or drink after 10:00 pm for the purpose of taking fasting blood samples, the
number of participants who complied with this request could not be confirmed especially to
chronic alcohol users who are likely to go to sleep late in the night. Nevertheless, an attempt was
made to adjust for confounders relevant to these factors. By adjusting for relevant independent
variables, there is a possibility that these covariates confounded associations between alcohol
markers and the various variables investigated in this study.

The other self-reported markers of alcohol intake (e.g frequency of alcohol intake or volume of
alcohol intake) were perhaps more difficult to report correctly, possibly due to low level of
education. Despite the well-known confounders of GGT, ethnicity is one other confounder and
Africans seem to have high GGT levels.30 This may have affected some results in this study. Due
to the prospective nature of this study, the number of participants at follow-up decreased as a
result of migration to other places for various reasons while others decided not to participate
further. Furthermore, some participants may have withdrawn to participate due to HIV testing
required in the study because of the stigma associated with HIV infection in Africans.
5. WEAKNESSES AND STRENGTHS OF THIS STUDY
Weaknesses


This study did not focus much on the influence of the rural or urban origin of the participants.
In South Africa rural areas are no longer reflecting the true rural existence since the rise of
urbanisation. There is evidence of increased sugar intake over a 5 year period in rural areas
of this study population. This added sugar intake was associated with obesity and non180

communicable disease risk factors69 – findings that are normally associated with urban
existence. The urban existence found in many rural areas seems to be carried back by those
who migrated to urban areas in search of better living conditions.


The categorical nature of self-reported alcohol intake means all other factors associated with
alcohol intake are ignored compared to biochemical markers which are able to quantify the
amount of alcohol intake as they are continuous variables. This is critically important
especially considering that, despite the recently proposed phosphatidyl ethanol as the most
reliable alcohol marker, there is still no marker of alcohol specific enough to stand alone for
alcohol consumption.



The measurements used to quantify diet (e.g. micronutrients) and lifestyle factors such as
smoking and physical activity in this large epidemiological study may not have been sensitive
enough to capture the possible confounding effects of these behaviours accurately.



In addition to risky sexual behaviour and HIV infection, high prevalence of pregnancy is not
uncommon in poverty-stricken sub-Saharan population that consume alcohol excessively.70
Children born to such families are likely to suffer from fetal alcoholic syndrome, which this
study did not investigate.



The population in this study comprised only of black South Africans from a low socioeconomic background. Our results are not necessarily generalizable to other ethnic groups in
sub-Saharan Africa.

Strengths


The prospective nature of this study adds to the paucity of longitudinal studies on CVD in subSaharan Africa, especially the availability of the mortality data.



The study population included black individuals from understudied environments, namely,
from low resource settings, which are characterised by poverty and a low level of education.



This thesis showed that elevated HDL-C levels in excessive alcohol consumption is not
beneficial and are closely associated with increased CVD risk.
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The presence of extensively trained African field workers, who could speak both the
participants’ native language and English, ensured that the questionnaire responses were as
accurate as possible.



All the questionnaires were adapted and validated for the African population.

6. RECOMMENDATIONS
Due to the adverse effects of excessive alcohol consumption in CVD in sub-Saharan Africa, it is
important that the following recommendations are taken into consideration in order to improve
future studies regarding this topic.


Similar longitudinal studies including data from several research centres throughout subSaharan Africa are needed to determine the influence of lifestyle, health behaviours and
excessive drinking, in particular on CVD in the African population. This wider representative
ethnic population should also consider the rural-urban existence of the study participants,
where still applicable.



Policy makers are encouraged to consider providing funding in order to improve the overall
detection of alcohol abuse and education on its consequences in this black African
population, which compares poorly with other ethnic groups.



It is suggested that more advanced validated questionnaires be developed and investigated,
relevant to recording other self-reported alcohol estimates accurately, especially in lowresource settings with low level of education.



Prospective studies that focus specifically on the joint association of heavy alcohol
consumption, HIV infection and CVD or mortality need to be explored further.



The national Department of Health of South Africa is advised to use self-reporting as a tool in
primary healthcare settings and to perhaps implement routine GGT assessment to identify
individuals at increased CVD risk.



Since fetal alcoholic syndrome is likely to be more of a concern in low resource settings
because of alcohol abuse, poverty, stress and unemployment, it will be a significant
advantage in these areas if prospective studies on excessive alcohol consumption and
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pregnancy could be performed at the same time. Education on the effects of alcohol beyond
CVD is therefore warranted.


HDL-C particle size in excessive alcohol intake and its association with CVD needs more
scientific investigations in South Africa.



Since studies on alcohol abuse and CVD are scant in South Africa, similar investigations
should be extended to other areas and ethnic groups in the country.



Regarding those patients already on treatment from alcohol-related outcomes such as
hypertension and stroke, proper management and timely dispensing of treatment in clinics
with no delays in availability could help reduce mortality that is related to these health
outcomes.
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7. FINAL CONCLUSIONS AND PERSPECTIVES
In addition to smoking, physical inactivity and unhealthy diet, alcohol abuse continues to be a
major risk factor for hypertension and CVD in sub-Saharan Africa. This study was able to validate
these findings regarding excessive alcohol intake in South Africa. Self-reported alcohol intake
was independently associated with change in BP and central SBP over 5 years. Furthermore,
GGT independently predicted hypertension development and mortality over the same period.
GGT elevation also showed significant correlations with different cardiometabolic profiles from
excessive alcohol use to NAFLD. Both GGT and %CDT showed highly significant correlations
with self-reported alcohol intake, suggesting that high levels of GGT and %CDT indeed reflect
excessive alcohol use. Overall, these results suggest that heavy alcohol consumption is a critical
risk factor for hypertension, CVD and total mortality. Early identification, education and prevention
of alcohol abuse should be the main target in the low-income black South African population.
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Self-reported alcohol intake is a better estimate of
5-year change in blood pressure than biochemical
markers in low resource settings: the PURE study
Mandlenkosi C. Zatu a,d, Johannes M. van Rooyen a, Du Toit Loots b, Edelweiss Wentzel-Viljoen b,
Minrie Greeff c, and Aletta E. Schutte a

Background: Despite criticism of self-reported alcohol
intake, it is a valuable tool to screen for alcohol abuse as a
risk factor for cardiovascular disease. We aimed to
compare various self-reported estimates of alcohol use
with g-glutamyltransferase (GGT) and percentage
carbohydrate deficient transferrin (%CDT) considering their
relationship with blood pressure changes (%BP) over a
5-year period in black South Africans.
Method: We recruited 1994 participants and collected
5-year followed up data (N ¼ 1246). Participants completed
questionnaires on alcohol intake indicating their former
and current alcohol use (‘yes’ response and ‘no’ if alcohol
was never used). We assessed alcohol intake (in g) using a
quantified food frequency questionnaire. We collected
blood samples and measured GGT and %CDT. Brachial BP
(bBP) was measured at baseline and follow-up and central
BP (cBP) at follow-up only.
Results: Self-reported alcohol intake was significantly
associated with the 5-year change in bBP before and after
adjusting for confounders (%bSBP: R2 ¼ 0.263, b ¼ 0.06,
P ¼ 0.023; %bDBP: R2 ¼ 0.326, b ¼ 0.08 P ¼ 0.005), as well
as cSBP (R2 ¼ 0.286, b ¼ 0.09, P ¼ 0.010) and central pulse
pressure (R2 ¼ 0.254, b ¼ 0.06, P ¼ 0.020). GGT and %CDT
correlated well with self-reported alcohol intake (r ¼ 0.44;
P ¼ 0.001; r ¼ 0.34 P ¼ 0.001), but did not associate
significantly with %bBP or cBP at follow-up.
Conclusion: Self-reported alcohol use was strongly
associated with a 5-year increase in BP in Africans with a
low socio-economic status. This was not found for
biochemical measures, GGT and %CDT. Self-reported
alcohol intake could be an important measure to
implement in primary healthcare settings in middle to low
income countries, where honest reporting is expected.
Keywords: blood pressure, cardiovascular disease,
g-glutamyltransferase, hypertension, low socio-economic
status, percentage carbohydrate deficient transferrin, selfreported alcohol intake
Abbreviations: %CDT, percentage carbohydrate deficient
transferrin; %DBP, percentage change in DBP; %SBP,
percentage change in SBP; ALT, alanine aminotransferase;
AST, aspartate aminotransferase; BP, blood pressure; cPP,
central pulse pressure; CRP, C-reactive protein; cSBP,

central SBP; CVD, cardiovascular disease GGT,
g-glutamyltransferase; HbA1C, glycosylated haemoglobin;
HDL-C, high-density lipoprotein cholesterol; PURE study,
Prospective Urban and Rural Epidemiology study; TC, total
cholesterol

INTRODUCTION

C

ardiovascular disease (CVD) is a major challenge in
developing countries and is one of the main causes
of morbidity and mortality [1,2]. Rapid urbanization
in sub-Saharan Africa (SSA) drives many lifestyle changes,
including unhealthy high fat diets, stressful lifestyle and
chronic excessive alcohol abuse [3,4], the latter of which is
regarded as a critical risk factor for hypertension, stroke and
coronary heart disease [5,6]. Although the detrimental consequences of alcohol abuse are constantly emphasized
[7,8], excessive alcohol consumption remains a significant
concern in SSA [9]. Apart from the devastating cardiovascular consequences of alcohol abuse in urbanizing SSA, it
poses additional threats in the form of premature deaths
through malnutrition, stress, violence and crime [10].
Biochemical markers for alcohol use are accepted as
superior to self-reported estimates. Although self-reporting
is the easier and cheaper method for assessing alcohol
intake, its potential inaccuracy may lead to an underestimation or overestimation of alcohol intake, especially when
comparing participants from different ethnical backgrounds with differing social perception to alcohol consumption [11]. The biochemical markers that are commonly
used in screening for alcohol abuse are g-glutamyltransferase (GGT) and percentage carbohydrate deficient
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transferrin (%CDT). GGT is the most widely used marker of
excessive drinking [12], but high GGT levels could also be
associated with ageing, obesity and liver damage [13,14].
Percentage CDT, on the contrary, is another well known
marker of alcohol intake and is characterized by a higher
specificity and lower sensitivity to alcohol consumption,
when compared with GGT [12].
Due to limited resources in SSA to test for biochemical
measures of alcohol abuse, we aimed to compare selfreported estimates with these biochemical measures
(GGT and %CDT), considering their relationship with percentage change in brachial blood pressure (%bSBP,
%bDBP) and central SBP over a 5-year period, in a black
South African population.

METHODOLOGY
Study design and participant selection
This study is based on the South African leg of the Prospective Urban and Rural Epidemiology (PURE) study that
investigated the health transition in urban and rural individuals in the North West Province. This is an ongoing
investigation that involves a series of follow-up studies over
a 12-year period. The baseline data used in the present
study were collected in 2005, with the first follow-up data
obtained in 2010. To keep track of participants over the
5-year follow-up period, trained field workers contacted
the participants every 3 months. A total of 2021 African
volunteers (age 30 years and older) from 6000 households
were originally recruited from urban and rural areas. The
recruited participants were visited at their homes and gave
voluntary informed consent.
The study was approved by the Ethics committee of
the North-West University, South Africa. The provincial
Department of Health of the North West Province, community leaders, tribal chiefs and mayors also gave permission to conduct the study. All participants were
informed about the objectives and procedures of the
study and were asked to fast for 10 h prior to sample
collection. Field workers were available to do the translation in the participant’s native language. Confidentiality
and anonymity of all the results were assured, and
individuals identified with chronic illnesses such as
hypertension and HIV were referred to their local clinics
and hospitals. Participants received remuneration for
travelling expenses during the study, in addition to the
necessary counselling.

Questionnaires
The participants were also interviewed using structured
demographic, socio-economic, lifestyle and physical activity questionnaires developed and standardized for the
international PURE study [15]. The questionnaires had
questions on alcohol consumption behaviour including a
no/yes question on alcohol use (yes, current or former use;
no, never used), the quantity, frequency of intake and the
type of alcoholic beverage. In these questions, intakes of
different beverages were assessed separately.
In addition, a validated [16,17] food frequency questionnaire was completed for each participant by trained
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fieldworkers. The food intake was coded and analysed
using the South African Food Composition database
[17,18]. Alcohol consumed was expressed as pure alcohol
in grams per day. Beer, home-made brews, spirits and wine
were considered to contain 3.6, 3, 36 and 9.4 g of pure
alcohol per 100 g of beverage, respectively.

Cardiovascular measurements
An appointment was secured with each participant to
measure the cardiovascular variables. After a 10-min rest
period, blood pressure (systolic, diastolic) and heart rate
were measured in duplicate, 5 min apart, with the validated
Omron HEM-757 apparatus (Omron Healthcare, Kyoto,
Japan) while the participants were seated upright with
the right arm at heart level. Additional cardiovascular
measurements, namely central SBP (cSBP) and central
pulse pressure (cPP) were taken at follow-up in 2010 using
the Omron HEM-9000AI (Omron HealthCare) whilst the
participant was in a sitting position.

Anthropometric measurements
Height, weight, waist and hip circumferences were
measured (Precision Health Scale, A & D Company, Tokyo
Japan; Invicta Stadiometer, IP 1465, Leicester, UK; Holtain
unstretchable metal tape) using standardized methods [19].

Blood, serum and plasma samples
After fasting for approximately 10 h, a registered nurse took
a blood sample from the ante-brachial vein branches.
Samples were prepared according to appropriate methods
and stored at 808C until analyses. Blood samples were
immediately frozen and stored at 188C for no longer than
5 days, transported to a laboratory facility and stored at
808C until analysis.

Biochemical analyses
From the blood samples, we measured GGT, alanine aminotransferase (ALT), aspartate aminotransferase (AST),
high-density lipoprotein cholesterol (HDL-C), total cholesterol (TC), triglycerides, C-reactive protein (CRP) and serum
glucose (Konelab20i auto analyser; Thermo Scientific, Vantaa, Finland). Furthermore, glycosylated haemoglobin
(HbA1c) was determined in EDTA-treated whole blood
using the D-10 Haemoglobin testing system (Bio-Rad Laboratories, Hercules, California, USA) and serum %CDT
analyses were performed by using an in-vitro heterogeneous immunoassay with column separation followed
by a turbidimetric measurement (Axis-Shield %CDT kit,
Oslo, Norway). The coefficient of variance (CV) for all
assays was less than 10%.
The protocol of the National Department of Health,
South Africa, was followed in determining the HIV status
of all the participants. HIV status was determined in 2005 by
using the First Response (PMC Medical, Daman, India)
rapid HIV card test with whole blood. The test was
repeated by using the Pareeshak (BHAT Bio-tech, Bangalore, India) card test. Everyone received pretest counselling before the test was done and then post-test counselling
for those who tested positive and opted to know their
results.
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Statistical analyses
Statistica version 11 (StatSoft, Inc., Tulsa, Oklahoma, USA)
was used to compare the means and proportions in
this study. Variables with a non-Gaussian distribution
were logarithmically transformed. Analysis of variance
(ANOVA) was used to compare the variables when the
2005 characteristics of the participants were divided into
three groups: those who were successfully followed from
2005 to 2010; those lost during the follow-up period; and
those who passed away. Chi-square tests were used to
compare proportions for categorical variables. Dependent
t-tests and the McNemar test were used to compare baseline and follow-up variables. Single and partial linear
regression analyses were employed to correlate alcohol
markers with each other and with the cardiovascular variables. The multiple regression models employed percentage change in brachial SBP (%bSBP), DBP (%bDBP), and
cSBP and cPP (taken at follow-up) as dependent variables
with a single alcohol marker, and the following variables
were included as independent variables: age, rural/urban,
sex, BMI, HbA1c, TC to HDL ratio (TC:HDL), CRP, smoking,
physical activity, hypertension medication at baseline and
HIV status.

RESULTS
Table 1 presents baseline characteristics of those followed,
lost to follow-up and those who passed away. Over this
5-year follow-up study, we were able to collect data from

1473 (73%) of the original 1994 recruited participants, of
whom 227 (11.3%) passed away. At baseline, participants
who passed away had a significantly lower BMI and higher
proportion than the other groups reported that they use
alcohol, confirmed by all the biochemical markers of
alcohol abuse at baseline (P < 0.001). Those participants
lost to follow-up were generally younger and showed the
shortest duration of alcohol consumption. The three groups
were comparable in terms of blood pressure.
Table 2 indicates the changes in characteristics of the
follow-up group (n ¼ 1246) over a period of 5 years.
Obesity markers (weight, BMI, waist circumference), metabolic markers (glucose, HbA1c, TC:HDL, CRP) and BP
increased despite a lowering in reported alcohol intake
and serum liver enzymes.
To determine whether self-reported alcohol measures
are related to the biochemical measures, we compared the
correlations of self-reported and biochemical alcohol
markers in Table 3. Self-reported alcohol intake (no/yes)
showed highly significant associations with all the biochemical markers (P  0.001) and showed a stronger correlation with GGT (r ¼ 0.44; P ¼ 0.001) and %CDT (r ¼ 0.34;
P ¼ 0.001) than the intercorrelation between %CDT and
GGT (r ¼ 0.23; P < 0.001).
Table 4 shows the independent associations of alcohol
markers with the 5-year percentage change in BP (%SBP or
%DBP), and cSBP or cPP. Self-reported alcohol intake was
the only alcohol measure that was associated with %bSBP,
%bDBP, cSBP and cPP at follow up, independent of the

TABLE 1. Descriptive characteristics at baseline of the study population who were followed-up, lost or passed away by 2010

Socio-demographic profile
Age (years)
BMI (kg/m2)
Sex, women, n (%)
Location, rural, n (%)
HIV infected, n (%)
Smoking, n (%)
Biochemical measurements
Serum glucose (mmol/l)
Glycosylated haemoglobin (%)
Total cholesterol (mmol/l)
TC:HDL
C-reactive protein (mg/l)
Markers of alcohol intake
Self-reported alcohol use, n (%)
Alcohol intake (g/day)d
Daily frequency of alcohol use, n (%)
>5 drinks/day at least once/month, n (%)
Started drinking age (years)
Duration of drinking (years)
Volume of alcohol intake (l)
Alanine aminotransferase (IU/l)
Aspartate aminotransferase (U/l)
g-glutamyltransferase (U/l)
Carbohydrate deficient transferrin (%)
Cardiovascular variables
SBP (mmHg)
DBP (mmHg)
Pulse pressure (mmHg)
Heart rate (bpm)

Follow-up (n ¼ 1246)

Lost to follow-up (n ¼ 548)

Passed away (n ¼ 227)

P

50.0  10.16a,b
25.1  7.10a
824/1246 (66.1)a
669/1246 (53.7)a
148/1239 (12.0)a,c
674/1241 (54.3)a

46.4  9.39a,c
24.98  7.12b
324/537 (60.3)a,b
238/547 (43.5)a
97/548 (18.0)a,b
303/533 (56.9)

52.6  11.82b,c
22.2  6.14a,b
116/227 (51.1)a,b
108/227 (47.6)
75/224 (33.5)b,c
142/226 (62.8)a

<0.001
<0.001
<0.001
<0.001
<0.001
0.053

4.85 (3.50–6.90)
5.63 (4.90–6.60)a
5.10  1.34a
3.81  2.43
3.10 (0.25–39.4)a

4.80 (3.50–6.20)
5.51 (4.80–6.30)a
4.97  1.45b
3.90  2.55
2.60 (0.27–31.8)b

4.69 (3.40–6.10)
5.54 (4.70–6.60)
4.61  1.33a,b
4.26  4.42
5.18 (0.32–53.6)a,b

0.098
0.001
<0.001
<0.001
<0.001

517/1239 (41.7)a
11.4  23.2a
167/473 (35.3)a
90/366 (25.0)
26.1  8.90
23.0  10.9a,b
3.28  8.00
17.5 (7.71–49.7)a
28.0 (13.0–96.1)a
53.9 (19.0–350)a
2.92  1.37a

241/533 (45.2)
11.2  24.1
66/228 (29.0)a
30/171 (18.0)
26.0  8.58
20.5  9.81a,c
4.58  17.3
18.7 (8.00–53.0)
29.1 (12.0–102.0)b
53.7 (17.8–347)b
2.94  1.49b

124/225 (55.1)a
15.7  25.3a
38/118 (32.2)
23/82 (28.0)
25.5  9.18
26.2  13.2b,c
3.24  6.91
19.6 (7.00–69.0)a
34.0 (12.0–146.1)a,b
74.0 (21.8–488)a,b
3.26  1.53a,b

0.001
<0.001
0.050
0.102
0.779
<0.001
0.352
<0.001
<0.001
<0.001
0.006

133  23.7
87.8  14.1
45.7  15.0
73.4  15.4a

132  24.15
87.1  14.9
45.3  14.1
72.4  15.6b

136  29.1
88.4  16.3
47.8  18.0
80.5  19.2a,b

0.163
0.515
0.108
<0.001

Values are interpreted as arithmetic mean  standard deviation; geometric mean (fifth to 95th percentile interval); number of participants (%). Bold P-values indicate p<0.05.
a,b,c
Values with the same superscript letter differed significantly (P < 0.05).
d
Alcohol intake as analysed using the quantified food frequency questionnaire (QFFQ).
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TABLE 2. Comparison of the study population over 5 years (N ¼ 1246)
Baseline (2005)
Anthropometric measurements
Weight (kg)
Height (m)
BMI (kg/m2)
Waist circumference (cm)
Biochemical measurements
Serum glucose (mmol/l)
Glycosylated haemoglobin, %
TC:HDL
C-reactive protein (mg/l)
Markers of alcohol intake
Self-reported alcohol use, n (%)
Alcohol intake (g/day)a
>5 drinks/day at least once/month, n (%)
Alanine aminotransferase (U/l)
Aspartate aminotransferase (U/l)
g-glutamyltransferase (U/l)
Carbohydrate deficient transferrin, %
Cardiovascular measurements
SBP (mmHg)
DBP (mmHg)
Central SBP (mmHg)
Central pulse pressure (mmHg)

Follow-up (2010)

P

64.0  17.1
1.60  0.08
24.1 (16.5–38.5)
80.0  13.0

65.2  17.9
1.59  0.08
25.0 (16.4–39.8)
82.0  13.2

<0.001
<0.001
<0.001
<0.001

4.86
5.63
3.47
3.10

(3.50–6.90)
(4.90–6.60)
(1.85–6.61)
(0.25–39.4)

5.10
6.02
3.65
3.51

(3.90–7.30)
(5.10–7.30)
(1.90–6.95)
(0.33–34.0)

<0.001
<0.001
<0.001
0.013

517/1239
13.5
143/619
17.5
27.9
53.9
2.63

(41.7)
(1.07–85.1)
(23.1)
(7.71–49.7)
(12.6–96.1)
(19.0–350)
(1.32–5.62)

430/1169 (36.8)
11.0 (1.00–107)
–
16.8 (7.70–48.9)
25.7 (13.5–79.7)
45.1 (12.1–310)
–

<0.001
<0.001
–
0.013
<0.001
<0.001
–

133  23.8
87.8  14.1
–
–

135  24.1
88.4  13.6
147  24.4
58.3  18.4

0.017
0.159
–
–

Values are arithmetic mean  standard deviation; geometric mean (fifth to 95th percentile interval); number of participants (%). Bold P-values indicate p<0.05.
a
Alcohol intake as analysed using the quantified food frequency questionnaire (QFFQ).

various confounders. Furthermore, %bDBP associated positively with the volume of alcohol intake, whereas the
duration of drinking was negatively associated with cPP.

Sensitivity analyses
Due to weak associations between %BP and alcohol
markers, we wanted to determine whether baseline BP
would yield similar results. When substituting %BP with

baseline BP (Supplemental Tables S1 and S2, http://links.
lww.com/HJH/A315), we found that SBP and DBP correlated significantly with baseline self-reported alcohol intake
(both r ¼ 0.17; P < 0.001), liver enzymes and %CDT, also
after adjusting for age, sex and BMI (P  0.001).
We additionally excluded all individuals who changed
reporting from ‘No’ to ‘Yes’ or from ‘Yes’ to ‘No’ in 2005 vs.
2010. After repeating the original multiple regression

TABLE 3. Single linear regression analysis of markers of alcohol intake at baseline (N ¼ 1246)
Daily
>5 drinks/
frequency
day at
of alcohol Volume least once/ Duration Alcohol
use,
of alcohol
month,
of drinking intake
n (%)
(l)
n (%)
(years)
(g/day)
Self-reported alcohol, n (%)
Start drinking age (years)
Daily frequency of alcohol use, n (%)
Volume of alcohol (l)
>5 drinks/day at least once per month, n (%)
Duration of drinking (years)
Alcohol intake (g/day)a
ALT (U/l)
AST (U/l)

r ¼ 0.15
P U 0.001

r ¼ 0.09
P ¼ 0.06
r ¼ 0.15
P ¼ 0.001

r ¼ 0.04
P ¼ 0.44
r ¼ 0.02
P ¼ 0.72
r ¼ 0.23
P ¼ 0.001

r ¼ 0.57
P ¼ 0.001
r ¼ 0.14
P ¼ 0.003
r ¼ 0.10
P ¼ 0.04
r ¼ 0.09
P ¼ 0.10

r ¼ 0.42
P ¼ 0.001
r ¼ 0.01
P ¼ 0.87
r ¼ 0.23
P < 0.001
r ¼ 0.02
P ¼ 0.69
r ¼ 0.04
P ¼ 0.50
r ¼ 0.03
P ¼ 0.55

ALT
(U/l)

AST
(U/l)

GGT
(U/l)

CDT,
%

r ¼ 0.20
P < 0.001
r ¼ 0.10
P ¼ 0.03
r ¼ 0.11
P ¼ 0.02
r ¼ 0.07
P ¼ 0.14
r ¼ 0.08
P ¼ 0.12
r ¼ 0.02
P ¼ 0.71
r ¼ 0.12
P ¼ 0.03

r ¼ 0.32
P ¼ 0.001
r ¼ 0.18
P < 0.001
r ¼ 0.15
P ¼ 0.002
r ¼ 0.04
P ¼ 0.44
r ¼ 0.11
P ¼ 0.05
r ¼ 0.02
P ¼ 0.62
r ¼ 0.21
P ¼ 0.001
r ¼ 0.62
P U 0.001

r ¼ 0.44
P ¼ 0.001
r ¼ 0.06
P ¼ 0.17
r ¼ 0.13
P ¼ 0.006
r ¼ 0.03
P ¼ 0.55
r ¼ 0.15
P ¼ 0.006
r ¼ 0.02
P ¼ 0.74
r ¼ 0.25
P U 0.001
r ¼ 0.60
P U 0.001
r ¼ 0.60
P U 0.001

r ¼ 0.34
P ¼ 0.001
r ¼ 0.06
P ¼ 0.24
r ¼ 0.05
P ¼ 0.30
r ¼ 0.07
P ¼ 0.15
r ¼ 0.01
P ¼ 0.82
r ¼ 0.04
P ¼ 0.41
r ¼ 0.19
P < 0.001
r ¼ 0.12
P < 0.001
r ¼ 0.21
P < 0.001
r ¼ 0.23
P < 0.001

GGT (U/l)

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CDT, carbohydrate deficient transferase; GGT, g-glutamyltransferase. Bold P-values indicate p<0.05.
a
Alcohol intake as analysed using the quantified food frequency questionnaire (QFFQ).
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TABLE 4. Multiple regression analyses with blood pressure as dependent variables, and one marker of alcohol intake as the main
independent variable
% Brachial SBPa
N

R2

Self-reported alcohol, n (%)
Alcohol intake (g/day)e
Daily frequency of alcohol intake, n (%)
>5 drinks/day at least once/month, n (%)
Started drinking age (years)
Duration of drinking (years)
Volume of alcohol intake (l)
ALT (U/l)
AST (U/l)
GGT (U/l)
CDT, %

1239
1221
473
366
472
472
457
1163
1164
1164
1156

0.263
0.252
0.239
0.232
0.238
0.239
0.242
0.251
0.252
0.251
0.251

Self-reported alcohol, n (%)
Alcohol intake (g/day)
Daily frequency of alcohol intake, n (%)
>5 drinks/day at least once/month, n (%)
Started drinking age (years)
Duration of drinking (years)
Volume of alcohol intake (l)
ALT (U/l)
AST (U/l)
GGT (U/l)
CDT, %

1239
1221
473
366
472
472
457
1163
1164
1164
1156

0.286
0.283
0.270
0.264
0.272
0.273
0.275
0.282
0.282
0.282
0.282

Alcohol marker

P

R2

b value (SE)

P

(0.03)
(0.03)
(0.04)
(0.05)
(0.05)
(0.06)
(0.04)
(0.03)
(0.03)
(0.03)
(0.03)

0.023
0.36
0.57
0.81
0.83
0.43
0.13
0.41
0.21
0.76
0.83

0.326
0.318
0.307
0.301
0.306
0.306
0.314
0.320
0.320
0.317
0.318

0.005
0.30
0.50
0.56
0.94
0.76
0.040
0.17
0.14
0.75
0.17

(0.03)
(0.03)
(0.04)
(0.05)
(0.05)
(0.06)
(0.04)
(0.03)
(0.03)
(0.03)
(0.03)

0.010
0.30
0.89
0.93
0.32
0.16
0.083
0.65
0.28
0.40
0.77

0.254
0.247
0.235
0.228
0.236
0.254
0.234
0.250
0.246
0.247
0.248

0.08 (0.03)
0.03 (0.03)
0.03 (0.04)
0.03 (0.05)
0.003 (0.044)
0.02 (0.05)
0.08 (0.04)
0.04 (0.03)
0.04 (0.03)
0.01 (0.03)
0.04 (0.03)
Central pulse pressured
0.06 (0.03)
0.03 (0.03)
0.04 (0.04)
0.03 (0.05)
0.06 (0.05)
0.12 (0.06)
0.04 (0.04)
0.02 (0.03)
0.004 (0.03)
0.03 (0.03)
0.05 (0.03)

b value (SE)
0.06
0.03
0.03
0.01
0.01
0.04
0.07
0.02
0.04
0.01
0.01
Central SBPc
0.09
0.03
0.005
0.004
0.05
0.08
0.07
0.01
0.03
0.023
0.008

% Brachial DBPb

0.020
0.27
0.35
0.52
0.22
0.033
0.41
0.48
0.86
0.23
0.12

N, number of participants. Independent variables included in each model: a measure of alcohol intake, age, rural/urban, sex, BMI, glycosylated haemoglobin, total cholesterol to HDL
ratio (TC:HDL), C-reactive protein (CRP), smoking, physical activity, hypertension medication at baseline and HIV status. ALT, alanine aminotransferase; AST, aspartate aminotransferase;
CDT, carbohydrate-deficient transferase; GGT, g-glutamyltransferase.
a
Adjusted for baseline SBP.
b
Adjusted for baseline DBP.
c
Adjusted for baseline SBP.
d
Adjusted for baseline pulse pressure.
e
Alcohol intake as analysed using the quantified food frequency questionnaire (QFFQ).

analyses (Table S3, http://links.lww.com/HJH/A315), we
found similar results to those reported in Table 4.
As there is a possibility that changes in body composition over 5 years may associate with the %BP, we performed an additional sensitivity analysis by including
change in BMI (%BMI) in our multiple regression models
instead of baseline BMI (Table S4, http://links.lww.com/
HJH/A315). However, this did not change our main findings.

DISCUSSION
This study evaluated self-reported estimates of alcohol
intake, comparative to the accepted laboratory-based biochemical assays, considering their association with BP
elevations over 5 years in a black South African population.
We found that self-reported alcohol intake significantly
predicted the change in BP, which was not seen for
the biochemical alcohol markers, GGT and %CDT. Selfreported alcohol intake also associated significantly with
central SBP and pulse pressure at follow-up, also not found
for the biochemical markers. Given the honesty of the
participants, self-reported alcohol intake may perhaps be
the most accurate indicator of alcohol use, when considering that biochemical variables are known to be influenced
by age, obesity, liver damage and sex [13,14,20,21]. This
may especially be of benefit in low resource settings in
which biochemical markers are an expensive option in the
Journal of Hypertension

public health sector, and not readily available in poor
resource settings.
Our results confirm findings from previous studies that
self-reported alcohol intake correlates well with other
measured biochemical markers (such as GGT and
%CDT) and BP. Although self-reported intake has for long
been regarded as reliable [22,23], effective screening
methods may be complicated by cultural differences in
response to questions such as frequency of drinking [24].
The reliability of self-reporting is undermined by underreporting of alcohol abuse, which is common in high socioeconomic populations, especially among young adults
having to report excessive drinking [25,26]. Black South
African school teachers with a high socio-economic status
(SES) recently reported low use of alcohol but demonstrated high levels of GGT [27]. This places doubt on the
honesty of self-reported alcohol intake especially in adults
in the high income bracket [24], who are also likely to be
involved in excessive drinking [28].
In 1991, Glovannucci et al. [29] indicated that a simple
self-administered questionnaire can provide useful estimates of alcohol intake over an extended period of time.
Furthermore, large studies have successfully employed selfreported alcohol intake to assess, for example, the association between alcohol consumption and CRP concentration
[30], or BP. Tsai et al. [8] recently found that self-reported
excessive drinkers also reflected high GGT concentrations
in both men and women after adjustment for confounders,
www.jhypertension.com
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confirming the honesty and reliability of self-reported alcohol use. Furthermore, the projected increase of GGT (about
314%) in excessive drinking men without history of liver
damage confirmed the risk of developing CVD in individuals abusing alcohol [31].
These findings from Tsai et al. [8] and a study in a Chinese
population in Hong Kong [32] support the importance of
biochemical markers such as GGT as a risk marker for
hypertension and CVD. Furthermore, GGT prevailed as the
only marker associated with stroke when used with selfreported alcohol use [33], further exposing the underestimation of reporting alcohol intake in high socio-economic
populations. However, our study failed to show an association between elevation in BP and GGT presumably
because of other factors such as liver damage, obesity
and old age [13,14] that elevated GGT levels irrespective
of alcohol intake. Moreover, Africans are known to have
elevated GGT levels, independent of alcohol intake [27].
This could also have impacted on the lack of association
between GGT and change in BP in this study population.
The strengths of our study are that the participants were
from a low socio-economic environment with an average
age of 50  10.16 years, which is a group likely to report
honesty regarding alcohol intake in an attempt to improve
their health. Moreover, the presence of African field
workers who would translate the questions into the participants’ home language ensured that clear responses were
obtained. Honest alcohol reporting is arguably the most
accurate measure of alcohol intake, as GGT levels may be
influenced by other conditions [13,14]. Although our study
population may have reported honesty on alcohol intake,
their low level of SES may have limited their ability to
accurately report on other alcohol intake behaviour, e.g.
the volume of alcohol intake. This study also adds to the
limited availability of longitudinal studies on lifestyle and
CVD in SSA. This study included participants from the North
West Province (South Africa), and although these results
may have wider application in other populations, this needs
to be investigated. It is therefore recommended that
consistency of self-reported use of alcohol be explored
in other populations and income groups. Finally, residual
confounding cannot be excluded, although our results
remained consistent after multiple adjustments.
We conclude that self-reported alcohol intake is independently associated with the 5-year change in BP of black
South Africans with low SES. This association was not found
for GGT and %CDT, which are biochemical alcohol
markers known to relate to CVD [8,29]. We suggest that
self-reported alcohol intake may be a highly useful and
affordable measure of alcohol to use in populations
wherein honest reporting is expected, such as in those
with low SES. The early identification of excessive drinking
through self-reporting may contribute in reducing the burden on the national health system regarding high incidence
of noncommunicable diseases.
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Reviewer’s Summary Evaluation

Self-reported alcohol use (yes/no) decreased during the
5-year study period, and also self-reported alcohol
intake, as calculated from another questionnaire,
decreased, but the upper limit of the range dramatically
increased from 85 to 107 g/day. In my opinion, the
latter questionnaire should be validated for classes of
drinkers.

Referee 2
In this paper the authors conclude that self-reported
alcohol intake can be an important measure to implement in primary healthcare settings in low to middle
income countries, where honest reporting is expected.
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