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Abstract:    Objective: To investigate the effect of enalapril on plasma homocysteine (Hcy) levels and the association 
of methylenetetrahydrofolate reductase (MTHFR) C677T polymorphism with the changes of Hcy levels in response to 
enalapril among patients with essential hypertension. Methods: A total of 130 patients with mild-to-moderate essential 
hypertension were enrolled and enalapril was orally administered at a dose of 10 mg/d for eight weeks. Plasma Hcy 
levels were measured by denaturing high-performance liquid chromatography (DHPLC) at baseline and after eight 
weeks of treatment. Genotyping of MTHFR C677T polymorphism was performed by TaqMan probe technique. Results: 
Compared with baseline, plasma Hcy levels did not change significantly after eight weeks (P=0.81). Stratified by 
baseline Hcy levels, a significant increase in plasma Hcy levels (P=0.02) among those with Hcy <10 μmol/L was 
observed, in contrast to no significant changes in plasma Hcy levels (P=0.54) among those with Hcy ≥10 μmol/L. No 
significant association was observed between MTHFR C677T polymorphism and changes in Hcy levels in response to 
enalapril. Conclusions: Enalapril may cause an increase in plasma Hcy levels among the hypertensives with low 
baseline Hcy levels. There was no significant association between MTHFR C677T genotypes and changes in Hcy 
levels in response to enalapril among subjects with essential hypertension. 
 
Key words:  Essential hypertension, Methylenetetrahydrofolate reductase (MTHFR) C677T polymorphism, Enalapril, 

Homocysteine 
doi:10.1631/jzus.B1001003                     Document code:  A                    CLC number:  R54 
 
 
1  Introduction 
 

Over the past 20 years, cardiovascular disease 
(CVD) has become the leading cause of death in both 
urban and rural China (Gu et al., 2006). Data from the 
monitoring trends and determinants in a cardiovascular 
ongoing trial (MONICA) have revealed that ischemic 
stroke in China is increasing by 8.7% per year (Zhao 
et al., 2008). The classical risk factors for CVD are 
widely known, among which hypertension is very 
important, being closely associated with stroke 
(Kjeldsen et al., 2001). In recent years, hyperhomo- 
cysteinemia has received increasing attention as a 

new risk factor for CVD. Many studies have shown 
that homocysteine (Hcy) is positively correlated with 
CVD: subjects with higher Hcy levels are more 
susceptible to CVD (Boushey et al., 1995; 
Homomcysteine Studies Collaboration, 2002; Wald 
et al., 2002), and lowering Hcy could significantly 
lower the risk of CVD, especially that of stroke (Yang 
et al., 2006; Wang et al., 2007; Saposnik et al., 2009). 
In China, the percentage of hypertension patients with 
hyperhomocysteinemia is as high as 75% (Hu and Xu, 
2008), and several studies have revealed that 
hyperhomocysteinemia interacts with hypertension in 
significantly increasing the risk of vascular events 
(Graham et al., 1997). Therefore, hypertension with 
hyperhomocysteinemia has been defined as “H-type 
hypertension” in order to promote a multi-risk 
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factor-intervention strategy and to emphasize the 
benefit from lowering both blood pressure (BP) and 
Hcy level, especially for a large portion of the 
hypertensive patients in China (Li et al., 2007; Hu and 
Xu, 2008; Wang et al., 2008). 

Many factors may affect the metabolism of Hcy, 
including several medications widely used in the 
treatment of CVD (Ueland et al., 2001; Desouza et 
al., 2002; Dierkes and Westphal, 2005). The 
Framingham offspring study (Jacques et al., 2001) 
examined the relationship between fasting plasma 
Hcy concentrations and several health factors in 5135 
persons. The results showed that the Hcy 
concentrations were 9% higher in those who were 
using antihypertensive medications than in those who 
were not using these medications (P<0.001). The 
increase in Hcy concentrations after antihypertensive 
medications may be clinically relevant and counteract 
the desired cardiovascular protection conferred by 
lowering the BP, given that higher Hcy concentrations 
increase the risk of CVD. This effect may depend on 
the type of antihypertensive agents. Several studies 
have already shown that thiazide-type diuretics can 
significantly increase plasma Hcy levels (Westphal et 
al., 2003; Atar et al., 2005), and the β-receptor 
blocker, metoprolol, decreases plasma Hcy levels. 
However, findings from several studies on the 
association between angiotensin-converting enzyme 
inhibitor (ACEI) and Hcy (Šebeková et al., 2003; 
Westphal et al., 2003; Poduri et al., 2008) remain 
controversial. Additional trials to understand the 
effect of ACEI on plasma Hcy levels are needed. 

The metabolism of Hcy is also under genetic 
control. Methylenetetrahydrofolate reductase (MTHFR) 
represents a key enzyme in the folate cycle, which 
provides the methyl group in the remethylation of 
Hcy. Frosst et al. (1995) observed that the MTHFR 
677C→T genotype influences the activity of MTHFR: 
TT genotype with decreased activity of MTHFR was 
associated with higher plasma Hcy levels as 
compared to the heterozygote or homozygote of wild 
genotype. For individuals with the TT genotype, the 
effect of folate on the metabolism of Hcy is more 
significant than for those without the homozygote of 
the mutation, leading to a remarkable decrease in Hcy 
level in response to folate supplement or Hcy- 
lowering therapy with folic acid combinants (Jacques 
et al., 1996; Xu et al., 2006; McNulty et al., 2008). 

Jiang et al. (2004) found an association between 
MTHFR C677T genotypes and changes in BP levels 
in response to benazepril among subjects with 
essential hypertension. Thus, there may be gene- 
nutrient and gene-gene interactions, which indicate 
that there may be an association of MTHFR C677T 
genotypes and plasma Hcy levels in response to 
ACEI. 

In the present study, we examined the effect of 
ACEI on plasma Hcy levels in a cohort of mild and 
moderate essential hypertensive patients. We also 
studied the genetic modification effect on the changes 
of Hcy levels after enalapril treatment. 

 
 

2  Patients and methods 

2.1  Study population 

We used the data of subjects treated with enala-
pril 10 mg/d in the phase II clinical trial on enalapril 
maleate and folic acid (Li et al., 2007). Hypertensive 
patients were recruited from seven hospitals and 
centers in several cities in China. Participants who 
met the following criteria were recruited as mild and 
moderate hypertensives: (1) systolic blood pressure 
(SBP) between 140 and 180 mmHg, and/or diastolic 
blood pressure (DBP) between 90 and 110 mmHg; 
and, (2) aged from 18 to 75 years. To avoid poten-
tially severe adverse effects, patients with secondary 
hypertension, chronic CVD, chronic cerebrovascular 
disease, chronic lung, liver or renal disease, chronic 
liver or renal insufficiency, and folate intake, as well 
as pregnant and lactating women, were excluded. 
Written informed consent was obtained from all 
subjects. 

2.2  Enalapril treatment 

After a washout period of 7–10 d, all subjects 
were treated orally with enalapril (Shanghai modern 
pharmaceutical Co., Ltd., China) at a daily fixed 
dosage of 10 mg for eight consecutive weeks. Sub-
jects were required to take their enalapril between 
8:00 a.m. and 10:00 a.m. During treatment, subjects 
were required to visit our clinical center every two 
weeks to have BP and heart rate measured, and to 
report any adverse effect. This study was approved 
by the Ethics Committee of the Peking University 
First Hospital. 
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2.3  Blood pressure measurement 
 

The subjects were invited to our clinic center at 
8:00 a.m. to 10:00 a.m. after fasting overnight. After a 
5-min rest, sitting BPs were measured via mercury 
sphygmomanometer according to a standard opera-
tion protocol (SOP). All subjects had an empty 
bladder before the measurements, and no coffee or 
cigarettes were allowed. Three consecutive meas-
urements were taken with a 30-s interval between 
replicates. If the difference between the measure-
ments was more than 4 mmHg, the patient was asked 
to rest for another 5 min, and then the measurements 
were repeated. The average of three consecutive BP 
readings was used. 

2.4  Plasma Hcy examination  

Venous blood samples (8 ml) were drawn and 
collected in ethylenediaminetetraacetic acid (EDTA) 
tubes after a 10-h fast at 8.00 a.m. to 10.00 a.m. The 
samples were then centrifuged at 3000 r/min for  
10 min to obtain the serum, this being carried out 
within 15 min of collection. A portion of the serum  
(3 ml) was sent to the laboratories of local hospitals 
within 30 min, where the blood biochemical criterion 
was measured according to the unified SOP on the 
automatic biochemistry analyzer by technician in 
charge. The residual serum (5 ml) was immediately 
snap frozen at −20 °C, and kept at −80 °C for one 
week before the collective measurement of Hcy levels 
by the central laboratory. 

Total plasma Hcy levels were measured by high 
performance liquid chromatography (HPLC, Agilent 
HP 1100 type) coupled with a fluorescence detector 
(HP 1046 type). The chromatographic column was 
Hypersil C18 (4.6 mm×250 mm, 5 μm). We used a 
0.07 mol/L HAc buffer as the mobile phase with a 
flow-rate of 0.8 ml/min. The inject volume was 15 μl. 
The column temperature was 25 °C. The analysis time 
was 15 min. The excitation and emission wavelengths 
were set at 390 and 470 nm, respectively. The intra- 
and inter-assay coefficient variations (CVs) for total 
Hcy were 3.5% and 4.2%, respectively. 

2.5  Genotyping of MTHFR 

The central laboratory was responsible for the 
genotyping of MTHFR by TaqMan technique. The 
probe was E-rs1801133. The assay was performed 

under universal conditions, with each reaction con-
taining 4 ng dried DNA, 0.08 µl 40× assay mix, and 
2.0 µl TaqMan universal polymerase chain reaction 
(PCR) master mix made to a final volume of 4 µl with 
1.92 μl sterile water. The PCR cycle conditions were as 
follows: initial denaturation at 95 °C for 10 min, fol-
lowed by 50 cycles of 92 °C for 15 s and 60 °C for 1 min. 
Concordance of 100% was observed for all samples. 

2.6  Statistical analysis 

EpiData 3.1 was used to input data. SAS 8.2 
software was used to perform all statistical analysis. 
All results were analyzed by using per protocol set 
(PPS). Quantitative variables were assessed via the 
geometric mean and categorical variables by the 
constituent ratio. The t-test was used to compare 
quantitative variables among two groups, and analy-
sis of variance (ANOVA) was used to compare 
quantitative variables among more than two groups. 
The Chi-square test was used for categorical variables. 
Paired t-test was used to compare Hcy levels before 
and after treatment. Using the generalized estimating 
equation (GEE) correction, a multivariate linear re-
gression model was used to evaluate the modification 
effect of the baseline Hcy levels and MTHFR C677T 
polymorphism on the changes of Hcy levels after 
enalapril treatment before and after adjusting for 
possible confounders, including age, gender, body 
mass index (BMI), and center. Probability values 
<0.05 were considered statistically significant. 

 
 

3  Results 

3.1  Baseline characteristics of participants  

A total of 160 patients with mild and moderate 
hypertension were enrolled. After excluding patients 
with the prescribed regimen as described in Section 
2.1, 130 subjects with complete information were 
used in the final data analysis. The age, BMI, and 
baseline BP were not significantly different between 
the male and female subjects. Males had higher 
baseline Hcy levels [(16.3±1.7) μmol/L] than female 
[(11.2±1.4) μmol/L] (P=0.00). The percentages of 
hyperhomocysteinemia (Hcy ≥10 μmol/L) were 
91.8% and 66.7% in male and female patients, re-
spectively (P=0.00). The distribution of MTHFR 
C677T genotypes was not significantly different  
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between males and females (P=0.84), where the per-
centages of TT genotype were 30.6% and 25.9%, 
respectively (Table 1). The baseline Hcy levels for 
CC, CT, and TT genotypes were (11.5±1.4), 
(11.2±1.4), and (18.0±1.8) μmol/L respectively. Sub-
jects with the TT genotype had higher Hcy levels than 
others (P=0.00) (Table 2). 

3.2  Effect of enalapril treatment on Hcy levels 

Among all subjects, no significant changes were 
observed in the Hcy levels after enalapril treatment 
(P=0.81). Stratified by baseline Hcy levels, the pa-
tients with baseline Hcy <10 μmol/L had a significant 
increase in plasma Hcy levels (P=0.02). By contrast, 
those with baseline Hcy ≥10 μmol/L had no remark-
able changes in plasma Hcy levels (P=0.54) (Table 3). 
The results of multivariate linear regression demon-
strate the effect of the baseline Hcy levels on 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

the changes of Hcy levels after enalapril treatment, 
and this is shown in Table 4. However, no significant 
association of the baseline Hcy levels and the changes 
of Hcy levels was found in either unadjusted or ad-
justed GEE model. 

3.3  Modification effect of MTHFR C677T poly-
morphism on the changes of Hcy levels after 
enalapril treatment 

There were 34, 60, and 36 patients with CC, CT 
and TT genotypes, respectively. The changes in the 
percentages of Hcy after eight weeks of treatment 
were (1±16)%, (3±15)%, and (0±30)%, respectively. 
However, there were no significant changes after 
enalapril treatment for all genotypes, and no correla-
tion between MTHFR C677T polymorphism and the 
changes of Hcy levels was found in either unadjusted 
or adjusted GEE model (Table 5). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3  Effect of enalapril treatment on Hcy levels  

Group n
Baseline 
Hcy level 
(μmol/L) 

Hcy 
changes 
(μmol/L) 

Hcy 
changes 

(%) 
P

Total 130 12.9±1.5 −0.1±3.9 1±20 0.81
Baseline Hcy level    
<10 μmol/L 31 7.9±1.2 0.5±1.2 6±15 0.02
≥10 μmol/L 99 15.0±1.5 −0.3±4.4 0±21 0.54

Values are expressed as X ±s 

Table 4  Multivariate linear regression of the baseline Hcy level modification effect on the changes of Hcy levels after 
enalapril treatment 

Unadjusted GEE 
 

Adjusted GEE 
Group n Value of Hcy 

changes (μmol/L) β SE P 
 

β SE P 
Baseline Hcy level <10 μmol/L 31 0.5±1.2 0 0  

 

0 0  
Baseline Hcy level ≥10 μmol/L 99 −0.3±4.4 −0.79 0.80 0.32 

 

−0.76 0.85 0.38 
Adjusted for age, gender, BMI, and center. GEE: generalized estimating equation; β: partial regression coefficient; SE: standard error 

Table 2  Baseline Hcy levels of subjects with the three 
different MTHFR C677T genotypes 

Baseline Hcy level (μmol/L) 
Group  

CC CT TT 
P 

Total  11.5±1.4 11.2±1.4 18.0±1.8 0.00 
Male  13.5±1.3 13.3±1.3 23.6±2.1 0.00 
Female  10.0±1.3 10.3±1.4 14.7±1.5 0.00 

Values are expressed as X ±s 
 

Table 1  Baseline characteristics of the subjects 

Baseline Hcy MTHFR C677T genotypes
Group n Age  

(year) 
BMI 

(kg/m2) 
SBP 

(mmHg) 
DBP 

(mmHg) Mean level 
(μmol/L) <10 μmol/L ≥10 μmol/L CC CT TT 

Male 49 57.9±9.7 25.1±2.9 152.7±10.1 94.7±8.3 16.3±1.7 4 (8.2%) 45 (91.8%) 12 
(24.5%) 

22 
(44.9%) 

15 
(30.6%)

Female 81 56.5±9.5 26.0±3.4 154.9±11.7 92.8±7.5 11.2±1.4 27 (33.3%) 54 (66.7%) 22 
(27.2%) 

38 
(46.9%) 

21 
(25.9%)

P  0.41 0.14 0.29 0.17 0.00 0.00 0.84 

Values are expressed as X ±s or n (%). BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure 
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4  Discussion 

4.1  Baseline characteristics  

Hcy is a sulpher-containing amino acid produced 
by conversion of methionine, an essential amino acid 
present in foods regularly consumed within the diet. 
Generally speaking, when by Hcy, we mean the total 
Hcy, including all the forms of Hcy in plasma. Low 
levels of Hcy (5–15 μmol/L) are normally found in 
the plasma. There is no uniform critical value for 
hyperhomocysteinemia as of yet (Guilliams, 2004). In 
2006, the American Heart Association/American 
Stroke Association (AHA/ASA) issued guidelines for 
the prevention of stroke in patients with ischemic 
stroke (IS) or transient ischemic attack (TIA), which 
recommended that for patients with IS or TIA and 
hyperhomocysteinemia (Hcy levels >10 μmol/L), 
daily standard multivitamin preparations were rea-
sonable to reduce the levels of homocysteine, given 
their safety and low cost (Class I, level A) (Sacco et 
al., 2006). Many epidemiological and clinical studies 
also revealed that the risk of developing CVD in-
creased significantly when plasma Hcy level was 
more than 10 μmol/L (Boushey et al., 1995; Guil-
liams, 2004; Sun et al., 2009), and that the reduction 
to lower Hcy levels by multivitamin preparations 
could benefit these patients (Spence et al., 2001). 
Therefore, our study also defined hyperhomocys-
teinemia as Hcy ≥10 μmol/L. 

We observed that Hcy levels were related to 
gender. The males had higher Hcy levels, and the 
percentage of hyperhomocysteinemia of males was 
up to 91.8%, which is consistent with studies from 
home to abroad (Andersson et al., 1992; Brattstrom et 
al., 1994; Nygård et al., 1995; Huang et al., 2006), 
probably because estrogen is involved in the metabo-
lism of Hcy. 

Hcy is metabolized via two major pathways 
(Zhu et al., 2001): the first is a trans-sulphuration 

 
 
 
 
 
 
 
 
 

pathway resulting in the production of cystathionine, 
which requires vitamin B6 as a cofactor, and the other 
is a methionine-conserving pathway involving re-
methylation of Hcy to methionine, which requires 
methyltetrahydrofolate as the carbon donor for the 
remethylation of Hcy to methionine and vitamin B12 
as a cofactor. In the second process, methyltetrahy-
drofolate comes from the folic acid cycle (Ueland et 
al., 1993), requiring MTHFR as a rate-limiting en-
zyme, which catalyzes the reduction of methylene-
tetrahydrofolate to methyltetrahydrofolate. C677T is 
a common missense mutation of MTHFR gene. The 
mutation of 677-nucleotide (C→T) of this gene 
causes a 222-amino acid substitution (A→V), which 
results in reduced activity and increased thermola-
bility of MTHFR. Finally, this mutation influences 
the remethylation of Hcy, resulting in the elevation of 
Hcy (Frosst et al., 1995). As reported in earlier 
studies (Jacques et al., 1996; Verhoef et al., 1997; 
Sunder-Plassmann and Födinger, 2003), we also 
found that those with the TT genotype had signifi-
cantly higher plasma Hcy levels than subjects with 
other genotypes. 

4.2  Effect of enalapril treatment on Hcy levels and 
the mechanism 

Many factors may affect Hcy metabolism. As 
mentioned above, folate, and vitamins B6 and B12 are 
all involved in the conversion of Hcy. Factors which 
affect B-vitamins will influence the metabolism of 
Hcy (Trabetti, 2008). Plasma Hcy is mainly cleared 
by the kidney, so patients with elevated creatinine 
will have higher Hcy levels (Dierkes and Westphal, 
2005; Rong et al., 2009). 

ACEIs are recommended as the first-line medi-
cine for hypertension treatment. The main pharma-
cology action of ACEIs is to inhibit the activity of 
ACE, resulting in the reduction of angiotensin II. 
ACEIs can also reduce the degradation of bradykinin, 

Table 5  Modification effect of MTHFR C677T polymorphism on the changes of Hcy levels after enalapril treatment
Unadjusted GEE 

 

Adjusted GEE 
Genotype n Baseline Hcy 

level (μmol/L) 
Value of Hcy 

changes (μmol/L)
Hcy changes 

(%) β SE P 
 

β SE P 
CC 34 11.5±1.4 0.21±2.17 1±16 0 0  

 

0      0       
CT 60 11.2±1.4 0.40±2.01 3±15 0.18 0.82 0.82 

 

0.23 0.82 0.78
TT 36 18.0±1.8 −1.16±6.56 0±30 −1.37 0.91 0.14 

 

−1.35 0.90 0.14
Adjusted for age, gender, BMI, and center. GEE: generalized estimating equation; β: partial regression coefficient; SE: standard error 
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leading to the elevation of bradykinin in plasma, and 
enhancing the vasodilatation affected by bradykinin, 
which finally causes vascular dilatation and pressure 
reduction. ACEIs can be used to treat mild and mod-
erate hypertension, and also severe hypertension in 
combination with other anti-hypertension medica-
tions. Additionally, ACEIs can protect some patients 
with cardiovascular heart disease (CHD), diabetes 
mellitus, or chronic kidney disease (CKD) from heart 
failure and end-stage renal disease. Thus, ACEIs are 
widely used in clinical treatment (Zhan et al., 2001). 
However, studies related to the effect of ACEI 
treatment on Hcy levels have produced conflicting 
results, with varying ACEIs.  

Šebeková et al. (2003) observed the anti-oxidative 
effect of ACEIs in patients with non-diabetic neph-
ropathy during short-term administration of ramipril, 
in which Hcy was used as a parameter of oxidative 
stress. Ramipril (2.5–5.0 mg/d) was administered to 
12 newly diagnosed patients for two months and data 
were compared with a patient group (n=7) under 
conventional therapy (diuretic/β-blockers). The re-
sults revealed that Hcy levels remained unaffected, 
and ramipril treatment did not affect renal function (as 
evaluated by plasma creatinine concentration, 
creatinine clearance, and cystatin C concentration 
(Madero et al., 2006)) either. 

Westphal et al. (2003) investigated not only Hcy 
levels, but also the major determinants (vitamins B6 
and B12, folic acid, creatinine, and cystatin C) of Hcy 
concentrations after treatment with hydrochorothi-
azide (HCT) (n=21, 25 mg/d) and captopril (n=19, 
twice daily doses of 25 mg) for 29 and 31 d, respec-
tively. They found that there were no significant 
changes after captopril treatment. The ACEI did not 
increase or decrease any of these parameters, except 
cystatin C, which showed an increasing trend 
(P=0.053). 

Yet, in the study by Poduri et al. (2008), there 
was a significant decrease of Hcy levels in mild es-
sential hypertensive patients (n=94) after ramipril 
treatment (5 mg/d) for six weeks. The Hcy levels 
before and after ramipril treatments were (19.12±6.94) 
and (14.39±5.75) μmol/L, respectively. There were 
no significant changes of folate and vitamin B12. Thus, 
the authors concluded that the reduction in Hcy levels 
with the ACEI did not appear to be influenced by 
these factors.  

We investigated the changes of Hcy levels of 
130 mild and moderate hypertensive subjects after 
enalapril treatment for eight weeks. As with the first 
two studies, we did not find an increase or decrease in 
Hcy levels. But stratified by baseline Hcy levels, we 
found that those with baseline Hcy <10 μmol/L had a 
significant increase in plasma Hcy levels (P=0.02). 
There were no stratified baseline Hcy levels in any of 
the three studies previously mentioned, and the base-
line Hcy levels were not the same as each other. Two 
of the former studies had a baseline level of 13–14 
μmol/L, but in the study of Poduri et al. (2008), the 
baseline Hcy level was (19.12±6.94) μmol/L, sug-
gesting that this may explain the difference in results 
among the studies. Therefore, we did a multivariate 
linear regression of the baseline Hcy level modifica-
tion effect on the changes of Hcy levels after enalapril 
treatment, and there were no additional effects, 
probably because there were few patients with Hcy 
<10 μmol/L (n=31). We did not examine folate, vi-
tamins B6 and B12, and cystatin C, so we could not 
investigate these parameters’ effect on Hcy levels. 

The Rotterdam study (Bots et al., 1999), in-
volving 7983 subjects, from 1990 to 1994 found that 
the risk of stroke and myocardial infarction increased 
directly with total homocysteine. The linear coeffi-
cient suggested a risk increase of 6% to 7% for every 
1 μmol/L. Saposnik et al. (2009) additionally analyzed 
the heart outcomes prevention evaluation 2 (HOPE2) 
study. After five-year follow-up, there were 258 
strokes in 5522 patients. The incidence of stroke in 
patients with or without B-vitamin supplements was 
0.88% or 1.15% (hazard ratio (HR) 0.75, 95% con-
fidence interval (CI) 0.59–0.97), and the Hcy level 
decreased to 2.2 μmol/L in the former team. This 
result suggests that we should pay attention to mild 
elevations in Hcy levels and consider starting 
B-vitamin supplement. 

4.3  Modification effect of MTHFR C677T poly-
morphism on the changes of Hcy levels after 
enalapril treatment 

There are few studies on the modification effect 
of MTHFR C677T polymorphism on the changes of 
Hcy levels after anti-hypertension treatment. Poduri 
et al. (2008) did not find any correlation between 
MTHFR C677T genotypes with changes in plasma Hcy 
levels following any anti-hypertension medications, 
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which suggested that the observed changes in Hcy 
concentrations with anti-hypertension medications 
were independent of MTHFR polymorphisms. How-
ever, the MTHFR C677T genotypes were limited to 
CC and CT, without TT genotype. We observed the 
modification effect of MTHFR C677T polymorphism 
involving all the three genotypes, but did not find any 
correlation either.  

However, these findings need to be replicated 
and expanded to a large population of essential hy-
pertensive individuals to understand the effect of 
anti-hypertension treatment on Hcy levels. One can 
also examine folate, vitamins B6 and B12, and cystatin 
C to investigate the relationship between these pa-
rameters and Hcy levels. 
 
 
5  Conclusions 
 

To summarize, our data suggest that enalapril can 
cause an increase in plasma Hcy levels among hyper-
tensives with low baseline Hcy levels, and there is no 
significant association of MTHFR C677T genotypes 
with changes in Hcy levels in response to enalapril 
among the subjects with essential hypertension. The 
changes of Hcy levels after enalapril treatment were 
not modulated by MTHFR C677T polymorphism. In 
consideration of the correlation between Hcy and 
CVD, one should pay attention to the mild elevation of 
Hcy levels after anti-hypertensive treatment, and 
consider starting B-vitamin supplement. 
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