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Abstract. Alcohol intake is associated with variation in many biochemical markers and metabolic processes implicated in car-
diovascular disease (CVD) and other non-communicable diseases associated with advanced aging. Some changes are beneficial,
while others may be harmful in relation to individual differences in genetic background. The objective of this study was to
compare the effects of alternative moderate consumption of red wine and brandy on the lipid profile in the same experimental
population of healthy adults and to identify genetic risk factors that may contribute to differences in response. An 8-week ran-
domised crossover intervention study of red wine versus brandy consumption was performed in 37 healthy volunteers (19 males
and 18 females) between the ages of 26 and 71 years. The assessments included anthropometric measurements, biochemical
determinations and genetic analysis using a multi-gene CVD test. The level of total glutathione as an indicator of antioxidant
capacity was significantly decreased only after the brandy intervention when compared to the baseline (p = 0.002). Both the
brandy and wine intervention resulted in a significant increase in HDL-cholesterol (p < 0.001). Significant differential effects
were shown in relation to genetic variation in the APOE (p = 0.027) and MTHFR (p = 0.048) genes, known to be associated
with hyper-responsiveness to alcohol intake. Novel findings included a statistically significant increase of both total cholesterol
(p = 0.016) and triglyceride (p = 0.022) levels with alcohol intake only in individuals who tested positive for the low-penetrance
H63D and/or C282Y mutations in the HFE gene. This study confirmed the well-established protective effect of moderate alcohol
consumption on the lipid profile, especially red wine. Since the genetic background influences the effect of alcohol on biochemical
parameters of CVD risk, safe limits of wine and brandy consumption may in future be based partly on the genetic profile.
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1. Introduction

As indicated by various scientific studies, regular
and moderate wine consumption, particularly red wine,
reduces cardiovascular mortality and the incidence of
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diabetes. However, whether these effects are due to
alcohol or to non-alcoholic components of red wine
still remains unknown. In 1992 Renaud and de Lorgeril
wrote in The Lancet and eternalised the unforgettable
phrase, the “French Paradox”. In most countries, high
intake of saturated fat is positively related to high mor-
tality from coronary heart disease (CHD). However, the
situation in France is paradoxical in that there is high
intake of saturated fat but low mortality from CHD.
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This paradox may be attributable in part to the protec-
tive effects of regular wine consumption [1]. Thus by
adding wine to the protection afforded by high dietary
intake of fresh vegetables and olive oil, a hypothesis
with wider implication emerged: prediction of CHD
involving dietary factors extending beyond the estab-
lished risk factors.

Traditionally, the French enjoy growing their own
vegetables in their gardens. Eating fresh vegetables
plus the exercise associated with gardening may both
contribute to protection against the adverse effects
of the traditional high fat diet and may help to explain
the French Paradox. It is now generally accepted that
the Mediterranean diet confers health benefits and that
wine with meals is part of that diet [2]. Although the
definitions of the Mediterranean diet differ, there is
consensus that the Mediterranean-style diet is cardio-
protective [2].

There are three important points regarding the
French food pattern to take into consideration. First, the
diet is very varied. Diets with low diversity are associ-
ated with increased CHD mortality [3]. Secondly, the
pattern of drinking is very different. In France, wine
is consumed daily and during meals, rarely alone [1].
Thirdly, devotion to food is a major part of the French
culture and choice of food is pleasure. Unfortunately,
even in France habits change with the times. Meals
are becoming shorter and less elaborate. Less exercise
is another current trend and as gardening disappears,
so does the French Paradox weaken. The most recent
prospective population study shows that the French
(or, at least, those studied) have similar cardiovas-
cular outcomes to those calculated from traditional
Framingham-based risk factor scores that are regarded
as valid throughout the rest of the Western world [4].

Previous studies performed in South Africa sup-
port the protective effects of red wine on biochemical
markers of CHD [5], while the genetic contribution
to these parameters may influence the response to
dietary factors and alcohol consumption [6, 7]. We
have also previously confirmed the known deleteri-
ous effect of genetic variation in the apolipoprotein
E (APOE) gene on cholesterol levels [8] and devel-
opment of the metabolic syndrome [9] in the South
African population. This is the first study to compare
the effect of the alternative consumption of brandy
and wine consumption on certain health parameters in
the context of a newly-developed pathology-supported
genetic testing strategy aimed at prevention of cumu-
lative risk and healthy aging [10, 11]. Since brandy

contains much less non-alcoholic components than
wine, it is important to determine whether moderate
intake of these beverages have similar cardiovascular
protective properties. Whether genetic variation con-
tributes to differences in responses to alcohol use also
remains an open question [12].

2. Research design and methods

2.1. Ethics approval

The study protocol (N09/08/225) was approved by
the Ethics Review Committee of the University of Stel-
lenbosch. Written informed consent for participation in
the study was obtained after informing the study par-
ticipants that the e4 allele of the APOE gene included
in the genetic analysis does not only increase the risk
of CHD in the presence of environmental risk fac-
tors such as smoking and a high-saturated fat diet, but
also the risk of Alzheimer’s disease, with a specific
gene-alcohol effect documented in various studies. As
reviewed by Kotze and van Rensburg [10], potential
gene-environment interaction had to be carefully con-
sidered before the genetic test results were provided to
the participants using our pathology supported genetic
testing strategy.

2.2. Study population

The study population included 37 healthy vol-
unteers: 19 males between the ages of 26 and 71
years (average age 50.37 ± 12.40) and 18 females
between the ages of 26 and 69 years (average age
48.61 ± 12.13). Patients with monogenic disorders of
lipoprotein metabolism, renal disorders, hepatic dis-
ease, morbid obesity, diabetes, hypertension requiring
medical treatment or a family history of alcoholism
were excluded. Daily intake of dietary supplements,
vaso-active medications, lipid lowering agents and
smoking were defined as exclusion criteria and study
participants were also encouraged to continue with
their current eating patterns during the study period.

2.3. Anthropometric measurements

Blood pressure, body weight, height as well as waist
and hip circumferences were measured at baseline
and follow-up visits of participants. Body mass index
(BMI) and the waist/hip ratio (WHR) were calculated.
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Table 1

Summary of the low-penetrance mutations evaluated as part of the CVD multi-gene test in this study and their metabolic associations

Biological pathway Gene Genetic variation

Lipid and Lipoprotein metabolism APOE 3937 T>C, allele e4 (rs429358)
4075 C>T, allele e2 (rs7412)

Homocysteine and Folate metabolism MTHFR 677 C>T, A222V (rs1801133)
Inflammation 1298 A>C, E429A (rs1801131)
Haemostasis Factor II 20210 G>A (rs1799963)

Factor V 1691 G>A, Leiden (rs6025)
Iron metabolism HFE 845 G>A, C282Y (rs1800562)
Oxidative stress 187 C>G, H63D (rs1799945)

2.4. Randomized controlled crossover
intervention of wine and brandy

After a 2-week washout period, half of the partic-
ipants consumed 250/175 ml red wine per day × 28
days, and the other half consumed 50/40 ml per
day brandy × 28 days, respectively, for males and
females. This intervention was followed immedi-
ately by a crossover period of wine and brandy
consumption for 28 days. Wine consumption in
males was 250 ml @ 13.5% alcohol = 33.75 g alco-
hol per day (13.5 × 2.5 = 33.75 g) and in females
175 ml @ 13.5% alcohol = 23.63 g alcohol per day
(13.5 × 1.75 = 23.63 g) (or 0.35 g alcohol/kg body
mass for males and females). Brandy consumption in
males was: 50 ml @ 43% alcohol = 21.5 g alcohol per
day (43 × 0.5 = 21.5 g) and in females: 40 ml @ 43%
alcohol = 17.2 g alcohol per day (43 × 0.4 = 17.2 g) (or
0.35 g alcohol/kg body mass for males and females).
Fasting blood specimens (50 ml per test day) were
taken three times from the anterior cubital vein (1) after
a 2-week washout period (baseline), (2) after the 28-
day red wine/brandy consumption period and (3) after
the next 28-day wine/brandy consumption crossover
period.

2.5. Biochemical measurements and anti-oxidant
status analysis

Blood samples were drawn in the morning after a
12-hour overnight fast. Blood tests were performed ex
vivo, i.e. the wine or brandy was consumed by volun-
teers undergoing certain blood tests before and after
each period of wine/brandy consumption to observe
the effect that wine or brandy had on the specified bio-
logical systems (plasma levels of different lipoprotein
fractions, oxidative and inflammatory status). A fasting

lipid profile was determined using standard methods
and biomarkers for oxidative stress and inflamma-
tion including a marker for lipid peroxidation, reduced
to oxidized glutathione ratios (GSH:GSSG), oxygen
radical absorbance capacity (ORAC), nitric oxide
metabolic products and oxidized low density lipopro-
teins (Ox-LDL). Total phenolic acid content (TP) of
plasma was determined using the Folin-Ciocalteau
method with minor modification, to avoid plasma
protein interference. Plasma antioxidant capacity was
determined using the Trolox equivalent antioxidant
capacity. Full lipid profiles and serum liver and kid-
ney function indicators assessed to exclude possible
toxicity induced by the consumption of the alcoholic
beverages (red wine and brandy).

2.6. Genetic studies

DNA was extracted from whole blood using stan-
dard methods and amplified for further analysis using
a real-time polymerase chain reaction (PCR)-based
method. The genetic analysis was performed using
the previously described CVD multi-gene assay [13]
including 8 functional single nucleotide polymor-
phisms (SNPs) (Table 1) implicated in CVD and
related disorders [10], with some modification to allow
high-throughput analysis using TaqMan® technology.
Direct DNA sequencing of PCR-amplified DNA was
performed to verify the results obtained with the ABI™

TaqMan® SNP Genotyping assays using the Applied
Biosystems (ABI™) 7900HT Fast Real-Time PCR
System.

2.7. Statistical analysis

Mixed model repeated measures ANOVA was used
to analyse the crossover design for testing the effects of
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brandy and wine consumption relative to baseline mea-
surements. Fisher least significant difference (LSD)
was used for post hoc testing of differences between
means. Analyses were done using Statistica 11.0 (Stat-
Soft, USA). A 5% (p < 0.05) significance level was
used as a guideline for significant differences.

3. Results and discussion

The effects of alternative moderate consumption of
red wine and brandy on biochemical and oxidative
stress markers were compared with baseline measure-
ments in an experimental population of 37 healthy
adults that served as their own controls. The results of
the blood biomarkers indicative of antioxidant activ-
ity and content, lipid peroxidation and redox status
(GSH:GSSG) are shown in Table 2. When consider-
ing the plasma antioxidant capacity (ORAC) and the
level of total polyphenols, no significant changes after
the wine or brandy interventions were detected when
compared to the baseline. This could be expected as the
plasma used was from fasting samples and polypheno-
lic compounds have a relative short half-life (1–5 hrs)
in plasma. No significant changes in plasma markers
for lipid peroxidation (CDs, TBARS) when compar-
ing the different interventions with the baseline were
detected in this study. The level of total glutathione
(tGSH) as an indicator of antioxidant capacity was sig-
nificantly decreased only after the brandy intervention
when compared to baseline (p = 0.002). This effect on
the erythrocyte antioxidant capacity was not observed
with the wine intervention and supports the protective
effect of the antioxidants in red wine on the oxidative
effect of alcohol on the body. Both brandy and wine
consumption resulted in a significant increase in oxi-
dised glutathione levels (more pronounced with brandy
consumption) with a resultant decrease in glutathione
redox status, but as mentioned with no associated
increase in lipid peroxidation.

The most significant finding related to the response
in the lipid profile was the effect of alcohol consump-
tion on HDL-cholesterol (good cholesterol) levels. As
shown in Fig. 1, both the wine and brandy intervention
resulted in a significant increase in HDL-cholesterol
levels, known to have a cardiovascular protective
effect. This beneficial effect was observed in both the
presence and absence of the APOE polymorphism,
although to a lesser extent in participants with the e4
allele (p = 0.027). The HDL-cholesterol raising effect

Fig. 1. Effect of alcohol consumption on HDL-cholesterol levels.

of alcohol was also modified by genetic variation in the
methylenetetrahydrofolate reductase (MTHFR) gene
found to be associated with lower levels (p = 0.048). A
similar association was previously reported in patients
with familial hypercholesterolaemia [14] in relation to
high homocysteine levels, known to reflect dysregula-
tion of the methylation pathway.

An increase of total cholesterol and triglyceride lev-
els was furthermore observed with alcohol intake in
both the wine and the brandy intervention period. Since
alcohol increases the uptake of iron from the diet, we
investigated the potential influence of genetic varia-
tion in the haemochromatosis (HFE) gene on lipid
levels in response to alcohol intake. Interestingly, a
statistically significant increase was only observed in
mutation-positive individuals for both cholesterol and
triglyceride levels (Fig. 2a, b) This finding demon-
strated an important gene-environment interaction and
may explain why some individuals in the general popu-
lation, but not all, experience an increase in cholesterol
and triglyceride levels with alcohol intake. This neg-
ative finding with alcohol consumption may increase
the risk in the minority of people with a genetic pre-
disposition for iron overload and associated medical
conditions.

Our results suggest that alcohol intake may be
an important environmental trigger of the HFE gene
effect. The link between low-penetrance iron over-
load mutations and lipid abnormalities was also shown
by Solanas-Barca et al. [15]. Most cases of pri-
mary hypertriglyceridemia are caused by interaction
of unknown polygenes and environmental factors. Ele-
vated iron storage is associated with the metabolic



M.J. Kotze et al. / Assessment of the impact of hereditary factors on biochemical parameters 193

Table 2

Antioxidant status and oxidative stress parameters

Group Conjugated TBARS tGSH ∗GSSG GSH:GSSG ORAC Total
dienes (�mol/L) (�mol/L) (�mol/L) (�mol/L) ratio (�mol/L) polyphenols (mg/L)

Baseline 128.1 ± 18.9a 0.89 ± 0.17a 1006 ± 177a 18.8 ± 30.6a 145 ± 108a 6193 ± 684a 158 ± 15a

Wine 133.5 ± 19.0a 0.87 ± 0.14a 995 ± 157a 20.1 ± 14.1b 84 ± 63b 6147 ± 793a 155 ± 15a

(p = 0.019) (p < 0.001)
Brandy 130.2 ± 20.7a 0.88 ± 0.17a 964 ± 144b 27.4 ± 23.1b 76 ± 90b 5926 ± 580a 153 ± 16a

(p < 0.001) (p < 0.001) (p < 0.001)

∗Analysis based on log transformed values. Values in columns are averages ± SD. Values followed by the same letter indicates p > 0.05 (non-
significance), while when letters differ indicates p < 0.05 (significance). Abbreviations: TBARS, thiobarbituric acid reactive substances; tGSH,
total glutathione; GSSG, oxidized glutathione; GSH:GSSG, ratio of reduced to oxidised glutathione; ORAC, oxygen radical absorbance capacity.

Fig. 2. a) Differential effect of alcohol consumption on total choles-
terol levels in relation to genetic variation on the HFE (mutations
C282Y and H63D) gene. b) Differential effect of alcohol consump-
tion on triglyceride levels in relation to genetic variation on the HFE
(mutations C282Y and H63D) gene.

syndrome, diabetes and obesity, and all of these
conditions are associated with hypertriglyceridemia.
Variation in the HFE gene, favouring iron overload
and/or oxidative stress, could play an important part

in the development of several phenotypes of primary
hypertriglyceridemia. Fasting glucose concentrations
did not change during the intervention periods, while
there was a trend for the mean adjusted insulin values to
decrease after both interventions. These findings sup-
port the protective effect of moderate alcohol intake on
diabetes risk factors.

The genetic studies improved our understanding
of the impact of hereditary factors on biochemi-
cal parameters of cardiovascular risk in relation to
moderate alcohol consumption. Assessment of rel-
atively common genetic variations may identify a
subset of individuals in the general population who
may not benefit from drinking alcohol as a conse-
quence of gene-environment mismatches. Nutrition
intervention may be more effective to lower cardiovas-
cular risk when the genetic background is taken into
consideration for identification of gene-environment
interactions. This type of assessment may be particu-
larly relevant to patients with features of the metabolic
syndrome, which is characterised by three or more of
the following features: central obesity, hypertension,
glucose intolerance and dyslipidaemia (low HDL-
cholesterol and/or high triglyceride levels). Metabolic
syndrome is associated with an increased risk of many
chronic diseases including CVD and Alzheimer’s dis-
ease. Realisation that the APOE e4 allele provides
a genetic link between CVD and Alzheimer’s dis-
ease highlighted the importance of addressing shared
disease mechanisms before or early in disease develop-
ment to optimize health in later life [10, 11]. Previous
studies have shown that the APOE e4 allele increases
the risk of Alzheimer’s disease, especially when other
CVD risk factors such as hypertension or obesity are
also present. Alcohol furthermore increases the absorp-
tion of iron that is of specific concern in HFE gene
mutation carriers with non-alcoholic fatty liver disease
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(NAFLD), the hepatic manifestation of the metabolic
syndrome [10, 16].

4. Conclusion

Most large-scale epidemiological data on the car-
diovascular benefits of moderate alcohol consumption
come from North America, suggesting that there are no
cardiovascular protective differences between drinking
white or red wine or between alcohol taken as wine and
other sources of alcohol [17]. This viewpoint is con-
firmed in a large and current meta-analysis [18]. The
finding that alcohol consumption relates to an overall J-
shaped mortality curve is no longer in doubt [19], thus
establishing the benefits of moderate alcohol consump-
tion. In the present study, only the brandy consumption
adversely affected the level of total glutathione and not
the red wine. Reduced glutathione is a powerful intra-
cellular antioxidant that plays a vital role in stabilizing
various enzymes.

The present study provided additional evidence that
red wine, containing more non-alcoholic components
than brandy, has the greatest health benefits. Moderate
alcohol has a protective effect against cardiovascular
disease risk factors, while red wine has an additional
benefit that may be ascribed to the presence of polyphe-
nol antioxidants in the wine. Although the antioxidant
effects of red wine are well documented, it seems
clear that alcohol intake may be contra-indicated in
individuals with certain genetic alterations that occur
relatively frequently in the general population [20].
Long-term intervention strategies for health promotion
including lifestyle modification and safer daily drink-
ing habits may therefore be more effective when guided
from the genetic background. The healthful effects of
wine may be enhanced by a healthy diet, such as the
Mediterranean diet, suggesting that wine polyphenols
have synergistic effects with compounds found in other
types of food.

Early detection of genetic markers correlating with
known biochemical pathological CVD risk factors
would enable the development of individually tai-
lored preventative medicine programmes. To address
the limitations of genetics alone to fully account for
the phenotypic expression of complex diseases, an
integrative approach is required to effectively explore
the relationship between known genetic markers of
chronic disease and the associated lifestyle factors
driving the disease process and clinical outcome.
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