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Plasma homocysteine levels in
cardiovascular disease, malaria and
protein—energy malnutrition in Sudan
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ABSTRACT This study investigated the role of hyperhomocysteinaemia as a risk factor in Sudanese
adults suffering from cardiovascular disease or malaria and children with protein—energy malnutrition.
Mean total plasma homocysteine levels (umol/L) were significantly higher in patients with coronary
heart disease (17.64; SD 11.68) recurrent venous thrombosis (5.06; SD 10.55) and recurrent malaria
(13.61; SD 4.82) than in healthy adult controls (7.85; SD 3.39). The mean homocysteine level was also
significantly higher in children with protein—energy malnutrition (8.41; SD 1.61) than in healthy control
children (5.72; SD 1.99).

Taux d’homocystine plasmatique dans les maladies cardiovasculaires, le paludisme et la mal-
nutrition protéino-énergétique au Soudan

RESUME Cette étude s’est penchée sur le role de 'hyperhomocystéinémie en tant que facteur de
risque chez des adultes soudanais souffrant de maladie cardiovasculaire ou de paludisme et chez des
enfants atteints de malnutrition protéino-énergétique. Les taux moyens d’homocystéine totale plasma-
tique (umol/L) étaient significativement plus élevés chez les adultes présentant une coronaropathie
[17,64 (E.T. 11,68)], une thrombose veineuse récidivante [15,06 (E.T. 10,55)] et un paludisme récur-
rent [13,61 (E.T. 4,82)] que chez les adultes témoins sains [7,85 (E.T. 3,39)]. En outre, le taux moyen
d’homocystéine était significativement plus élevé chez les enfants atteints de malnutrition protéino-
énergétique [8,41 (E.T. 1,61)] que chez les enfants témoins sains [5,72 (E.T. 1,99)].
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Introduction

Elevated levels of plasma homocysteine
(hyperhomocysteinaemia) have been linked
to a variety of disease conditions, particu-
larly coronary artery disease and venous
thromboembolism [/-3]. Even where
hyperhomocysteinaemia is a well estab-
lished risk factor, we do not know the exact
mechanism whereby high homocysteine
levels cause thromboembolic disease [4]
and the issue has not been studied in Suda-
nese patients, where the prevalence of these
diseases is assumed to be low.

In tropical developing countries, in-
cluding Sudan, malaria and malnutrition
are still major public health problems and
are more prevalent than thromboembolic
disease. There are limited data, however, on
fluctuations in homocysteine levels in these
conditions, particularly malaria [ 5, 6], and in
protein—energy malnutrition (PEM) [7] to
determine whether hyperhomocysteinaemia
is also risk factor in these diseases.

The aim of this study was to investigate
the role of hyperhomocysteinaemia as a risk
factor in Sudanese adults suffering from
coronary heart disease (CHD), recurrent ve-
nous thrombosis (VT) or recurrent malaria,
and in children suffering from PEM.

Methods

Patient groups

Patients were recruited from the 3 teaching
hospitals in the Sudanese triple capital Khar-
toum, Omdurman and Khartoum North over
the period February 2006-March 2007. A
total of 146 patients were selected from the
outpatient clinics and wards, using the ran-
dom number procedure where consultants
were requested to pick 1 patient for every
3 to 4 attendants at the outpatient clinics or
admission to hospital.

Participants were divided into 4 groups:
» Patients with CHD (n = 50): 43 men and
7 women [mean age 55.6 (standard de-
viation (SD) 14.4 ) years; mean weight
77.3 (SD 8.3) kg]. These patients were
diagnosed by history, medical examina-
tion, electrocardiogram, echocardiogram
and blood tests, including enzymes (tro-
ponin T and creatine phosphokinase).

» Patients with recurrent VT (n = 26): 17
men and 9 women [mean age 50.9 (SD
14.7) years; mean weight 73.6 (SD 10.9)
kg]. Their diagnosis was based on his-
tory, medical examination and Doppler
ultrasound imaging.

» Patients with recurrent malaria (n = 50):
32 men and 18 women [mean age 36.8
(SD 10.1) years; mean weight 74.9 (SD
9.7) kg]. All patients were confirmed
with Plasmodium falciparum infection
using the thick-blood film technique.
Recurrence referred to any recurrence
of symptoms of malaria (in addition to
positive thick-blood film test) after a
previous malarial attack.

* Children with PEM (n =20): 13 boys
and 7 girls [mean age 1.3 (SD 0.7) years;
mean weight 6.5 (SD 1.9) kg]. Mal-
nutrition was diagnosed according to
Wellcome classification of malnutrition
criteria [§].

Consent was taken from adult subjects
and the guardians of children before blood
sampling.

Healthy subjects

Healthy Sudanese controls were recruited

from copatients, colleagues and blood do-

nors and children coming for vaccination or

routine health checks.

» Adult controls: 75 men [mean age 45.2
(SD 13.2) years; mean weight 82.0 (SD
10.8) kg] and 75 women [mean age 37.7
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(SD 11.1) years; mean weight 71.1 (SD
12.6) kg].

e Child controls: 25 boys [mean age 7.4
(SD 2.8) years; mean weight 24.7 (SD
7.2) kg] and 25 girls [mean age 7.6 (SD
3.2) years; mean weight 26.1 (SD 6.5)

kg].

Blood collection and processing

A 2.5 mL blood sample was collected from
each participant by venepuncture using a
plastic disposable syringe (Mediject, South
Korea) into tubes containing EDTA after
an overnight fast (EDTA plasma is recom-
mended in the assay used in this study). As
homocysteine is synthesized by erythro-
cytes and leukocytes and continues to be
produced following collection of blood,
the sample tubes were placed on ice and
the plasma was separated from blood cells
within 30 minutes. For the children 2.5 mL
blood were added to plain plastic tubes and
serum was separated and used for the assay
of vitamin B, and folic acid.

Laboratory methods

Homocysteine measurement was done
by enzyme-linked immunosorbent assay
(ELISA) according to the manufacturer’s
instructions (Homocysteine Microtiter Plate
Assay, Diazyme, Poway, California) and
the plates were read in the Stat Fax 2100
Microplate Reader (Awareness Technol-
ogy, Palm City, Florida). Vitamin B , and
folic acid measurements were done with a
chemiluminescence technique with reagents
supplied by Bayer HealthCare (Diagnostics
Division, Torrytown, New Y ork).

Statistical methods

SPSS, version 11 was used for data analysis.
The data were expressed as mean and SD.
Student #-test for independent groups was
employed in the comparison between the
healthy controls and patient groups. One-

way analysis of variance (ANOVA) was
used to compare all parameters for different
group of patients and multiple comparisons
were used to find the significance between
case and control groups. Correlation coef-
ficients were calculated, where appropriate,
between the different parameters for normal
and abnormal groups.

Results

The mean total plasma homocysteine level
was 7.85 (SD 3.39) umol/L, and was sig-
nificantly higher in males [8.42 (SD 4.09)
umol/L] than females [7.27 (SD 2.40)
umol/L] (P < 0.05).

The mean total plasma homocysteine
level was significantly higher in patients
with CHD [17.64 (SD 11.68) umol/L], re-
current VT [15.06 (SD 10.55) umol/L] and
recurrent malaria [13.61 (SD 4.82) umol/L]
than in healthy adult controls [7.85 (SD
3.39) umol/L] (P < 0.0001) (Table 1).

The mean level of total plasma homo-
cysteine was significantly higher in chil-
dren with PEM [8.41 (SD 1.61) pmol/L]
than in healthy children [5.71 (SD 1.99)

Table 1 Comparison of plasma homocysteine
levels between healthy adult controls and
adults with coronary heart disease, recurrent
venous thromboembolism and recurrent
malaria

Group Homocysteine P-value?
(umol/L)
Mean (SD)
Controls (n = 150) 7.85 (3.39)

Coronary heart

disease (n = 50) 17.64 (11.68) < 0.0001
Recurrent venous

thromboembolism

(n=26) 15.06 (10.55) < 0.002
Recurrent malaria

(n =50) 13.61 (4.82) < 0.0001

aVersus controls.
SD = standard deviation.
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umol/L] (P <0.0001). The vitamin B ,
levels were 72.55 (SD 26.13) versus 290.5
(SD 115.66) pmol/L respectively and for
folic acid were 6.36 (SD 2.63) versus 13.38
(SD 2.67) nmol/L (P <0.0001) (Table 2).
Furthermore, there was a significant nega-
tive correlation between the blood levels of
total homocysteine and folic acid (Figure
1) and total homocysteine and vitamin B,
(Figure 2) in children with PEM.

Discussion

Many studies have confirmed that hyper-
homocysteinaemia plays a major role in the
pathogenesis of cardiovascular disease and
other conditions characterized by disturbed
haemostasis [ /-3]. However, very few stud-
ies in this area emerged from underdevel-
oped countries, where the prevalence of
cardiovascular diseases is lower than in
developed countries [9] and it is not known
whether hyperhomocysteinaemia plays any
pathognomic role in cardiovascular and
other more prevalent diseases in the trop-
ics. The current study, which we believe
is the first of its type in Sudanese patients,
therefore offers a unique chance to explore
the involvement of hyperhomocysteinaemia
in cardiovascular disease as well as malaria
and PEM.

Blood samples were collected from
healthy controls and patients with CHD,
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recurrent VT and recurrent malaria and
from children with PEM, who usually suffer
from multiple vitamin deficiencies [/0].
The levels of homocysteine were measured
by ELISA, which correlates well with the
widely used high-pressure liquid chroma-
tography method [/7].

Our finding of significantly higher total
plasma homocysteine concentrations in
adult males than in females is in line with
many earlier studies in different populations
and ethnic groups [/2—16]. Although earlier
studies found higher homocysteine levels in
boys than in girls [/7,18], in our study the
difference was not statistically significant.

Total plasma homocysteine levels in
the CHD patients were significantly higher
than in healthy controls. These findings are
in line with similar studies in industrial-
ized countries [/,2,19]. There is no agree-
ment on the pathophysiological mechanism
underlying the association between hyper-
homocysteinaemia and clot formation in
thromboembolic diseases. While some
studies found a significant procoagulant
effect of homocysteine on endothelial cells
[20], others could not find evidence of hae-
mostatic activation in hyperhomocystein-
aemia [/§].

Hyperhomocysteinaemia is known to
be more prevalent in patients with VT than
in healthy subjects [3]. Our findings agree
with this observation; the mean level of to-

Table 2 Comparison between the mean levels of plasma homocysteine, vitamin B,, and folic
acid of the healthy control children and children with protein—energy malnutrition (PEM)

Group Homocysteine Vitamin B,, Folic acid
(umol/L) (pmol/L) (nmol/L)
Mean (SD) Mean (SD) Mean (SD)
Controls (n = 20) 4.27 (1.19) 290.5 (115.7) 13.38 (2.67)
PEM (n = 20) 8.41 (1.61) 72.6 (26.1) 6.36 (2.63)
P-value® < 0.0001 < 0.0001 < 0.0001

aVersus controls.
SD = standard deviation.
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Figure 1 Correlation between folic acid and homocysteine (Hcy) levels in children with protein—
energy malnutrition (n = 20)
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Figure 2 Correlation between vitamin B, and homocysteine (Hcy) levels in children with
protein—energy malnutrition (n = 20)
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tal plasma homocysteine was significantly
higher in patients with recurrent VT than
in healthy controls, indicating that hyper-
homocysteinaemia is a risk factor for arte-
rial and VT disease in our patients.

Very few studies have probed the rela-
tionship between homocysteine and malaria
infection and this could be due to the geo-
graphical distribution of malaria, which is
a disease of tropical countries where local
researchers have not taken an active inter-
est in this subject. We found significantly
higher levels of total plasma homocysteine
in patients with recurrent malaria than in
healthy subjects. Our finding gives sup-
port to the recent report of Chillemi et al.,
who further confirmed that homocysteine
levels correlated positively with severity
of the disease as reflected by the degree of
parasitaemia [5].

The pathogenic relationship between
hyperhomocysteinaemia and malaria
is open to speculation. It is possible that
the presence of S-adenosylhomocysteine
hydrolase in the P. falciparum parasites
results in the accumulation of homocysteine
in plasma [6]. P. falciparum infection is
known to be associated with disturbance of
the folate-vitamin B, -methionine metabolic
pathway and/or haemolysis, leading to rela-
tive deficiencies of B , and folic acid, which
in turn result in elevation of homocysteine
levels [21].

In the current study we found significant-
ly lower levels of serum folic acid and B,
and higher levels of plasma homocysteine in
children with PEM than in healthy controls.
There was also significant negative cor-
relation between the levels of homocysteine
and the levels of these vitamins, and this
is in line with earlier studies [/5,17,18].
The close association between the levels of
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these 2 vitamins and homocysteine levels
was confirmed in a study in Taiwan that
focused on the effect of a vegetarian diet on
B-vitamin status and plasma homocysteine
level [22]. Significantly higher levels of
plasma folate were found in vegetarians
compared to omnivores, but lower levels of
vitamin B, . Fasting plasma homocysteine
levels were significantly higher in vegetar-
ians than in omnivores [11.20 (SD 4.27)
versus 8.64 (SD 2.06) umol/L; median:
10.5 versus 8.5 umol/L]. In agreement with
our study, fasting plasma homocysteine
correlated inversely with plasma folate and
vitamin B , levels in the vegetarian group.
This negative correlation was also reported
in studies performed among children in
Brazil [23] and Guatemala [24].

The occurrence of hyperhomocystein-
aemia in patients with PEM has also been
ascribed to the shrinking of endogenous
nitrogen pools as a result of decreased
protein intake [7] and accordingly, raised
total homocysteine may be an attempt by
the malnourished and/or stressed body to
preserve methionine homeostasis [7]; the
authors further suggested that low con-
centrations of folic acid and vitamin B ,
may play a role in the elevation of plasma
homocysteine levels.

In conclusion, the current study on homo-
cysteine levels in health and disease in
Sudanese subjects revealed that, as in reports
from developed countries, hyperhomo-
cysteinaemia is associated with CHD and
VT. In addition, hyperhomocysteinaemia
features significantly in patients with recur-
rent malaria and in children with PEM. Thus
hyperhomocysteinemia seems to underlie
the aetiopathogenesis of diverse disease
conditions, with no clear geographical or
ethnic boundaries.
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WHO Drug Information

WHO Drug Information provides an overview of topics of current rel-
evance relating to drug development and requlation. Latest lists of
proposed and recommended International Nonproprietary Names for
Pharmaceutical Substances (INN) are also included. All issues of Drug
Information are made available in portable document format (PDF).
Copies can be downloaded at: http://www.who.int/medicines/publica-
tions/druginformation/en/index.html
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