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Summary

Objective: To determine plasma homocysteine levels and the incidence of methylenetetrahydrofolate reductase (MTHFR)
gene C677T polymorphism in a group of subjects who underwent coronary angiography, in an attempt to establish a
correlation between these parameters and the severity of coronary artery disease (CAD), as well as investigate the
correlation between hyperhomocysteinemia and the presence of polymorphism.

Methods: Twenty subjects with no coronary atheromatosis (controls), fourteen subjects with mild/moderate atheromatosis,
and twenty-nine subjects with severe atheromatosis were evaluated.

Results: Significant differences were observed in mean homocysteine levels between the control and the severe
atheromatosis groups (p < 0.001). No significant differences were observed among the other groups. The severe
atheromatosis group showed rates of 62.0% and 6.9% for the C677T MTHFR gene polymorphism, in heterozygous
and homozygous subjects, respectively. However, there was no correlation between the presence of mutation and
hyperhomocysteinemia. A positive correlation of 41.91% (p < 0.001) was found between hyperhomocysteinemia and
CAD.

Conclusion: The most important finding of this study was the association between hyperhomocysteinemia and coronary
stenosis > 70%; yet, whether elevated plasma homocysteine worsens atherosclerosis or is a consequence remains to

be established.
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Introduction

Homocysteine (Hcy), an amino acid derived from
methionine metabolism, is considered an independent
risk factor for atherosclerosis. Studies demonstrate that
increased homocysteine levels have toxic effects on
vascular endothelium’. Homocysteine elevation has
multifactorial causes, including high methionine intake,
decreased metabolism, genetic changes, and enzyme
(cystathionine B-synthase or methylenetetrahydrofolate
reductase - MTHFR) or vitamin deficiency (Bn/ B, and
folic acid), all of them required for its metabolism. These
factors may lead to homocysteine accumulation and, as a
result, vascular endothelial damage?, thereby triggering
atherosclerotic lesions. MTHFR is an enzyme involved
in the transmethylation pathway by which homocysteine
is converted to methionine. The C677T mutation in the
MTHFR gene produces a thermolabile variant that may
interfere in enzyme activity of homocysteine metabolic
pathways, predisposing to hyperhomocysteinemia (HHcy)'>.
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Subjects homozygous for MTHFR C677T mutation may
show homocysteine plasma levels twice as high as those
of heterozygous subjects*.

Some studies®™” have demonstrated an association between
hyperhomocysteinemia and peripheral vascular disease,
cerebrovascular disease and CAD, showing that this amino
acid concentration was significantly higher than that found
in healthy subjects. Hyperhomocysteinemia, therefore,
is considered a risk factor for the aforementioned clinical
conditions. Investigations on different factors, such as smoking?,
lipid profile?, advanced age', arterial hypertension'®, diabetes
mellitus', and obesity'?, in addition to homocysteine, have
shown that their plasma concentration may be regarded as
independent risk factors for atherosclerotic disease. It should
be noted that homocysteine values seem to be paramount also
as predictors of mortality in CAD patients, besides showing a
relationship with the degree of atherosclerosis'>'>.

Considering all the above, this study sought to investigate
whether there is an association between hyperhomocysteinemia
and C667T polymorphism in the gene encoding the MTHFR
enzyme, as well as measure homocysteine plasma levels in
angiographically diagnosed CAD patients and compare them
with normal subjects, in an attempt to correlate possible
changes with the severity of the lesion.
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Methods

Sixty-three subjects of both genders, ages ranging from 46 to
68, were evaluated. These subjects were selected during three
months at the Hemodynamics Department of the Hospital
Socor in Belo Horizonte, Minas Gerais, after undergoing
coronary angiography. Patient selection emphasized
homogeneity in terms of gender, age, socioeconomic status,
and body mass index (BMI). Subjects were divided into three
groups based on coronary angiography results: control (n
= 20), mild/moderate atheromatosis (n = 14), and severe
atheromatosis (n = 29). The study protocol was approved by
the Research Ethics Committees of Hospital Socor and the
Federal University of Minas Cerais.

All selected subjects were informed about the study’s
objectives, and those who agreed to participate signed
an informed consent. Cardiologists at the Hemodynamics
Department filled out a case report form on each subject
containing identification, demographic data, family history,
and coronary angiography results.

Patients with intercurrent diseases, such as coagulation
disorders, renal, liver and autoimmune diseases, and cancer,
were excluded from the study.

The presence of smoking, sedentariness, and family history
of CAD was established according to the recommendations
of the Ill Brazilian Guidelines for Dyslipidemias and
Atherosclerosis Prevention'®. Subjects previously diagnosed
with diabetes mellitus and fasting glucose = 126mg/dL
considered diabetic'”. Subjects with systolic blood pressure
= 140mmHg or diastolic blood pressure = 90mmHg
or were taking antihypertensive drugs were classified as
hypertensive's.

Venous blood samples were collected after a twelve-hour
fast. These patients were instructed to refrain from vigorous
physical activity and avoid drinking alcohol 24 and 72 hours,
respectively, preceding blood collection, in an attempt to
obtain biological samples of patients in metabolic steady state.
Ten mL venous blood samples (5 mL without anticoagulant
and 5 mL in EDTA) were collected into Vacutainer® tubes
(Becton Dickinson). Blood samples without anticoagulant
were immediately centrifuged at 2500 rpm for 10 minutes;
the separated serum was aliquoted and stored at— 70 °C until
homocysteine measurement. The DNA was extracted from
the blood samples containing EDTA, which remained stored
at — 20 °C until genetic analysis was performed.

Serum homocysteine was measured using the Axsym®
Homocysteine assay (Abbott® Laboratories — Germany) based
on polarized immunofluorescence technology, according to
the manufacturer’s instructions. The assay was performed
in the Axsym® (Abbott® Laboratories — Germany) analyzer
using three commercial control sera in order to check its
performance. Presence of C677T mutation in the MTHFR
enzyme was investigated by PCR-RFLP using oligonucleotides
and restriction endonucleases described previously®. PCR
reactions were performed in a PT100 PCR thermal cycler
(MJ Research, Waltham, USA) using 1 pMol from each primer
(Invitrogen®, Sao Paulo, S.P), 0.2 mM dNTPs (GIBCO BRL®,
Sao Paulo, SP), and 1 unit of Taq polymerase (Phoneutria®-
Belo Horizonte, Minas Gerais, Brazil). PCR reactions were

run for 40 cycles, each consisting of one minute at 94 °C
for denaturation, one minute at 64 °C (C677T) for primer
annealing, and two minutes at 72 °C for primer extension.
The PCR products were digested with restriction endonuclease
(Hinf | - Promega, Inc.) during four hours at 37 2¢C. DNA
samples from previously typed subjects were included for
enzyme activity control. These samples were then analyzed
by polyacrylamide gel electrophoresis followed by silver
staining.

Coronary angiography was performed percutaneously via
femoral approach. The angiographic films were interpreted by
three experienced cardiologists, and reports were presented
according to criteria defined by reduced luminal diameter:
up to 30% stenosis was classified as mild atheromatosis; 30%
to 69% stenosis was classified as moderate atheromatosis,
and greater than 70% stenosis was classified as severe
atheromatosis.

For homocysteine values, statistical analysis was performed
using analysis of variance (ANOVA) followed by Tukey's test,
after logarithmic data transformation. Categorical variables
(risk factors and C677T mutation) were analyzed using
Fisher’s exact test. Spearman'’s test was used for correlation
between mutation status (categorical variable) and plasma
homocysteine (continuous variable) and between CAD
(categorical variable) and homocysteinemia (continuous
variable). Minimum sample size was defined by the variation
coefficient previously described in the literature', considering
ten percent variation for the mean and reaching a minimum
of eleven subjects in each group, so that potential statistical
differences with 5% significance level would be demonstrated.
Sigma Stat 1.0 and Prism 3.0 software were used to carry out
the analysis and plot the graph, respectively.

Results

Table 1 characterizes the study groups with regard to
gender, age, and BMI, as well as risk factors associated with
CAD. It also shows the number of subjects and rate of a
particular variable. No statistically significant differences were
found in smoking, arterial hypertension, physical inactivity,
family history, and diabetes mellitus among the three groups.
No participant had overweight or obesity, suggesting that these
subjects lacked the metabolic component.

Homocysteine measurements are also presented in table
1, as means and respective standard deviations. A statistically
significant difference was found between the control group
and severe atheromatosis group (p < 0.001). Among the
other groups, there were no significant differences in plasma
homocysteine levels. Figure 1 shows the distribution of
homocysteine values in the groups studied.

The incidence of MTHFR C677T mutation in the control,
mild/moderate, and severe atheromatosis groups is shown
in table 2, taking into account the presence or absence of
mutation in homozygosis or heterozygosis. There was no
statistically significant difference between groups C677T
frequency in heterozygous or homozygous mutation.

Positive correlation was found between high homocysteine
levels and CAD (r = 0.4191, p < 0.001). No correlation was
found among the other parameters.
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Discussion

This cross-sectional cohort study assessed an intermediate-
to-high risk population, since all selected subjects were
referred for catheterization due to chest pain and presented
demographic profile and risk factors for CAD, as shown in table
1. The three groups studied were homogeneous with respect
to age, gender, and BMI. There were no significant differences
in age, smoking, arterial hypertension, sedentariness, family
history, and diabetes mellitus among the three groups (Table
1). This may be explained by the structure of the study model
itself, in which, although patients in the control group did not
have coronary atheromatosis, they had several risk factors for
CAD (Table 1).

A number of landmark studies were published that
correlate plasma homocysteine levels and CAD. Some have
demonstrated an association between hyperhomocysteinemia
and CAD incidence, while others reported lack of association
between the two parameters®®. These controversial results
involving homocysteine concentration and CAD may be
explained by the fact that some factors that affect this amino
acid’s plasma levels differ in each population. Homocysteine
circulating levels may be affected by dietary habits, genetic
factors, lifestyle, and race®. In the Brazilian population,
characterized by ethnic heterogeneity?!, the results of
studies involving plasma homocysteine levels and CAD are
equally controversial. It is well to point out that most authors
consider hyperhomocysteine as an independent risk factor
for CAD?2. Table 1 shows that plasma homocysteine levels
were significantly higher in patients with severe atheromatosis,
compared with the control group (p < 0.001). Yet, no
statistically significant differences were found between the
control group and the mild/moderate atheromatosis group,
as well as between the mild/moderate atheromatosis group
and severe atheromatosis group.

Folson et al'* suggested that elevated homocysteine levels
may be a consequence, not only a cause, of CAD. These
authors also suggested that hyperhomocysteinemia may
predict a poor prognosis, reflecting CAD severity. However,
the hypothesis of increased homocysteine plasma levels as
a result of atherosclerotic lesion was refuted by Bostom &
Selhub?, because it is not supported by the epidemiological
evidence of several studies. This study’s findings indicate
that if hyperhomocysteinemia did not contribute to worsen
CAD in the assessed subjects, at least it was implicated in
the atherosclerotic process. Questions remain, however, as
to whether increased homocysteine is an aggravating factor
for the disease or manifests itself with the development
of the atherosclerotic process. Prospective studies with
follow-up involving a large number of subjects with known
hyperhomocysteinemia but no coronary disease are essential
to authoritatively elucidate the relationship between
hyperhomocysteinemia and CAD.

In the present study, the method used for homocysteine
measurement advocates a reference value for this parameter
ranging from 2 to 20 umol/L. Also controversial among authors
are the reference values for plasma homocysteine in the
general population.

Some authors regard plasma homocysteine between 5
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Fig. 1 - Characterization of the study groups and homocysteine plasma levels
expressed as mean and standard deviation. Characterization by n (size), M
(male gender) and F (female gender); age, BMI (body mass index), and plasma
homocysteine, expressed as mean and standard deviation, and risk factor
percentage in the studied group. A significant difference was found between
the control group and the severe atheromatosis group for the homocysteine
parameter, as indicated by the symbol (*). ns = nonsignificant.

and 15 umol/L*-?” as “normal”, while others believe that
the mean value in the general population is around 9 to 10
umol/L?%2. Boushey et al*, in a meta-analysis involving 27
studies and more than four thousand patients, concluded that
when homocysteine values are greater than 10 umol/L, each
5umol/L increment in circulating homocysteine concentration
is associated with an 80% CAD risk in women and 60% in
men. Currently, values equal to or greater than 10umol/L are
considered hyperhomocysteinemia and linked to increased
risk for CAD*. In this study, 72% of the patients with severe
atheromatosis had plasma homocysteine within the reference
range of the method used. Similar observation was made by
Gravina-Taddei et al*', who analyzed elderly people with
and without coronary disease using a method similar to that
of this study.

Among the 63 subjects that comprised the control, mild/
moderate atheromatosis and severe atheromatosis groups, the
presence of homozygous C677T MTHFR mutation was found
in only four subjects (Table 2), resulting in a 6.3% incidence.
The frequency of heterozygous MTHFR C677T mutation
was 44.4%, totaling 28 subjects (Table 2), all study subjects
considered (n = 63). According to Arruda et al*?, this mutation
prevalence in Brazilian Caucasians is approximately 10.3%
and 54.2% in homozygosis and heterozygosis, respectively.
Yet, this study (n = 63) was composed of 28.1% Caucasians,
22.8% blacks, and 49.1% mestizos (mulatto, dark skinned or
others), with no statistically significant difference among the
three groups for the different races.

The C677T mutation in the MTHFR gene was more
frequent in subjects with severe atheromatosis (62.0%);
yet, there was no significant difference between the severe
atheromatosis group and the others. A possible explanation
for this finding is that several factors are related to plasma
homocysteine elevation, and since the number of participants
evaluated in this study was insufficient to draw any conclusion
in this respect, a multicenter, epidemiological study is needed.
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Control Mild/moderate atheromatosis Severe atheromatosis p value
n (M/F) 20 (10/10) 14 (8/6) 29 (17/12) -
Age (years) 60.0 = 7.7 60.8 = 10.7 60.6 = 9.6
BMI (Kg/m?) 249 £ 43 26.9 £ 3.9 245+ 3.3 ===
Smoking 3 (15.0%) 3 (21.4%) 10 (34.5%) ns
Arterial hypertension 17 (85.0%) 11 (78.6%) 25 (86.2%) ns
Sedentariness 17 (85.0%) 10 (71.4%) 22 (75.8%) ns
Family history 8 (40.0%) 7 (50.0%) 12 (41.4%) ns
Diabetes Mellitus 2 (10%) 2 (14.3%) 3(10.3%) ns
Homocysteine (umol/L) 10.6 = 3.9 142 £ 6.5 17.0 = 7.4* p*< 0.001

Table 1 - Characterization of the study groups and homocysteine plasma levels expressed as mean and standard deviation. Characterization
by n (size), M (male gender) and F (female gender); age, BMI (body mass index), and plasma homocysteine, expressed as mean and standard
deviation, and risk factor percentage in the studied group. A significant difference was found between the control group and the severe
atheromatosis group for the homocysteine parameter, as indicated by the symbol (*). ns = nonsignificant

Control Mild/moderate atheromatosis  Severe atheromatosis p value
n 20 14 29 ===
Heterozygous 6 (30%) 4 (28.6%) 18 (62.0%) ns
Homozygous 1 (5%) 1(7.1 %) 2 (6.9%) ns
Nondetected 13 (65%) 9 (64.3%) 9 (31.1%) ns

Table 2 - C677T mutation in the MTHFR gene for the control and study groups. Results obtained for mutation incidence in the studied groups.
Data are represented as number of participants and percentage of subjects who had heterogygous or homozygous mutation or lack thereof

Pisciotta et al** obtained similar results when evaluating
subjects with hypercholesterolemia and CAD, with greater
prevalence of mutation in patients with CAD, although with
no significant difference relative to those without CAD.

The positive correlation observed between increased
plasma homocysteine and CAD (r = 0.4191, p < 0.001) in
the present study is in keeping with literature**. However, there
was no correlation between the presence of C677T mutation
and high levels of homocysteine in the population studied.
Although the severe atheromatosis group was found to have
higher mutation incidence and significantly higher plasma
homocysteine levels, no significant difference was observed
when compared with the other groups. Other authors reported
similar results®>2®. Therefore, homocysteine elevation in these
cases should be explained by other mechanisms that were not
examined in this study.

Among the CAD subjects, mild/moderate atheromatosis
and severe atheromatosis groups considered, (n = 43);
22 had heterozygous mutation (51.1%) and three had
homozygous mutation (6.9%), with no significant differences
when compared with the control group. On the other hand,
Almawi et al*” found higher frequency (71.9%) of heterogygous
mutation in patients with CAD and 45.5% in the control
group, with a significant difference between both groups
(p < 0.001). These authors also demonstrated a significant
higher incidence of homozygous mutation (31.3%) in patients
with severe atheromatosis, compared to the present study

(6.9%). The small sample size herein presented may have
contributed to our data being discordant with that reported
in the literature.

In this study, no correlation was found between mutation
and coronary atheromatosis, all subjects from the mild/
moderate atheromatosis and severe atheromatosis groups
considered (n = 43). Folsom et al¥, in a prospective study
involving more than 15.000 participants, also demonstrated
the lack of association between CAD and MTHFR C677T
mutation. Likewise, Kolling et al*®, in a case-control study
involving 2121 CAD patients and 617 non-CAD patients,
demonstrated a lack of association between mutation and
angiographically documented CAD.

Both studies mentioned above have demonstrated
significantly elevated plasma homocysteine levels in CAD
subjects, as compared with the control group, and these data
are consistent with those of the present study.

Study limitations - Although the number of subjects
evaluated was adequate for demonstrating a significant
difference in homocysteine levels between the control group
and severe atheromatosis group, studies published in the
literature involved much large samples, especially to evaluate
the association between C677T mutation and CAD. Another
limiting factor was that the present study failed to take into
account other key factors in homocysteine metabolism, such
as deficiencies of other enzymes involved in this metabolism,
dietary habits, and vitamin B,, and folic acid plasma levels
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of the participants. These data would have enriched this
study’s discussion.

Conclusion

The most important finding of this study was the
association between hyperhomocysteinemia and coronary
stenosis > 70%; yet, whether elevated plasma homocysteine
worsens atherosclerosis or is a consequence remains to be
established.
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