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Introduction

Homocysteine is a sulfur‑containing intermediate prod‑
uct in the normal metabolism of methionine, an essen‑
tial amino acid. 

Homocysteine (Hcy) is a product of dietary methio‑
nine demethylation, an abundant aminoacid in animal 
protein. It is present in plasma in four different forms: 
around 1% circulates as free thiol, 70–80% remains 
disulphide‑bound to plasma proteins, mainly albumin 
and 20–30% as a dimer homocysteine. Homocysteine 
is a key determinant of the methylation cycle [1]. 

Measurement of total plasma or serum homo‑
cysteine represents the sum of oxidized and protein 
bound homocysteine. Homocysteine contains a reac‑
tive sulphydryl group that can react with plasma con‑
stituents, which may promote oxidative damage. An 
elevated homocysteine level therefore induces throm‑
bogenicity, causes procoagulant state and promotes 
the proliferation of smooth muscle cells [2]. 

Hyperhomocysteinemia is characterized by an 
abnormally high level (above 15 μmol/L) of homo‑
cysteine in the blood (Table 1); normal range for plas‑
ma homocysteine concentration increases with age 
(Table 2). Other factors influencing homocysteine con‑
centration are genetic factors, drugs, clinical conditions 
(renal and thyroid dysfunction, cancer, psoriasis, diabe‑
tes), lifestyle (alcohol, tobacco, coffee), gender, meno‑
pause, muscle mass [3]. 

Two types of hyperhomocysteinemia, which can be 
distinguished, are:

rare severe forms caused by major mutations of  –
genes encoding enzymes responsible for homo‑
cysteine metabolism,
more common moderately elevated homocysteine lev‑ –
els related to genetic and environmental factors [4].

Folic acid, vitamin B12, and B6 deficiency and reduced 
enzyme activities inhibit the breakdown of homo‑
cysteine, thus increasing the intracellular homocysteine 
concentration [5].
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Introduction. An elevated circulating concentration of homocysteine is associated with an increased risk of 
coronary, cerebral, and peripheral vascular disease. The purpose of this study was to determine the concentrations 
of homocysteine in the patients with newly diagnosed essential hypertension and healthy subjects and to analyze 
the correlation between homocysteine level and the other parameters (age, blood pressure, smoking).
Material and methods. the study group consisted of 18 patients with essential hypertension, 4 women and 14 
men (mean age 43 ± 16 years) and 15 healthy volunteers, 8 women and 7 men (mean age 47 ± 10 years). Serum 
homocysteine was analyzed by FPIA method (Fluorescence Polarization Immunoassay).
Results. The patients with essential hypertension had significantly higher homocysteine concentration compared 
to control group. No correlation was observed between homocysteine levels and age, diastolic, systolic blood 
pressure in subjects with essential hypertension. In healthy volunteers, only a correlation between age and 
homocysteine concentration was found.
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Numerous retrospective and prospective studies 
have consistently found an independent relationship 
between mild hyperhomocysteinemia and cardiovascu‑
lar diseases or all‑cause mortality [1]. 

Increase in homocysteine level can lead to damage 
of endothelial cells, decreased flexibility of blood ves‑
sels leading to aortic stiffness and to reduction of the 
speed of blood flow, reduced production of the vaso‑
dilator nitric oxide (NO). therefore, increased plasma 
homocysteine can promote atherosclerotic disease, 
including coronary disease, stroke and peripheral vas‑
cular disease.

Several epidemiological studies revealed that a 5 
μmol increase in plasma homocysteine results in 60% 
higher prevalence of ischaemic heart disease. Other 
studies demonstrated that the treatment of hyperho‑
mocysteinaemia reduces atherosclerotic plaque area, 
thus decreasing the risk of deep vein thrombosis, stroke 
and ischaemic heart disease [6–7]. 

High blood pressure is a major risk factor for car‑
diovascular diseases. Although its etiology has not 
been fully explained mostly because of as yet unknown 
genetic variation, multiple nonhereditary factors includ‑
ing dietary and other lifestyle factors have been iden‑
tified to have important and modifiable influences on 
blood pressure. Results of several studies suggest that 

mild increase in serum homocysteine may contribute to 
elevations in blood pressure [8].

the hypothesis that homocysteine may play a role 
in the pathogenesis of essential hypertension is based 
on the fact that homocysteine induces arteriolar con‑
striction, renal dysfunction, increased sodium reabsorp‑
tion and arterial stiffness. Also, elevated homocysteine 
is known to increase oxidative stress that causes oxi‑
dative injury to the vascular endothelium, diminishes 
vasodilation by nitric oxide, stimulates the proliferation 
of vascular smooth muscle cells, and alters the elastic 
properties of the vascular wall. All these factors are 
associated with the rise in hypertension. thus, homo‑
cysteine may contribute to blood pressure elevation 
[9–12].

Little is known about the relation between homo‑
cysteine levels and blood pressure in newly diagnosed 
essential hypertension. therefore, we have tested the 
homocysteine concentration in relation to the age, 
blood pressure and smoking in the patients with newly 
diagnosed hypertension.

Material and methods

the study was carried out in the Department of Clini‑
cal Pharmacology (University of Medical Sciences 

Table 1. Concentration of homocysteine in various stages of hyperhomocysteinemia

Plasma homocysteine concentration [μmol/L]
Normal range:

HPLC
immunoassay

5.0–15.0 
5.0–12.0 

Moderate hyperhomocysteinemia 16.0–30.0
Intermediate hyperhomocysteinemia 31.0–100.0

Severe hyperhomocysteinemia > 100.0

Table 2. Normal reference ranges of plasma homocysteine levels for different age groups [years]

Age 12–19 Age ≥ 60
Men 4.3–9.9 5.9–15.3

Women 3.3–7.2 4.9–11.6

Table 3. Clinical characteristic of patients with newly diagnosed essential hypertension and control

Patients Control
Number of participants 22 (8F, 14 M) 18 (9F, 9M)

Age [years] 43 ± 16 47 ± 10
Height [cm] 174 ± 11 171 ± 6
Weight [kg] 76 ± 13 70 ± 9

Body mass index [kg/m2] 24.72 ± 2.22 23.21 ± 1.86 
Smoking [n] 12 10
SBP [mm Hg] 158 ± 8 123 ± 7
DBP [mm Hg] 97 ± 5 75 ± 7
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in Poznań, Poland) and involved 40 participants (17 
females, 23 males; 39 to 65 years; see Table 3). the 
subjects were divided into control group (18 healthy 
people; 9 females, 9 males) and group of patients with 
newly diagnosed essential hypertension (22 patients; 8 
females, 14 males).

the control group did not show any signs of organ’s 
pathology (especially concerning cardiovascular sys‑
tem, liver and kidney’s activity or inflammatory state) 
in subjective and biochemical examinations (blood 
morphology, ESR, lipid balance, liver tests, urine anal‑
ysis) nor in additional examinations (blood pressure 
measurement). the questionnaire provided information 
about smoking history and medications.

In a pre‑study period and during the study the par‑
ticipants did not take any drugs (or contraceptives in 
case of women). Nobody was abusing alcohol.

In both groups, a clinical study was conducted, 
including basic anthropometric measurement used to 
calculate BMI values. Weight was measured on a bal‑
ance scale while height was measured in the standing 
position. 

Blood pressure of all subjects was measured twice 
on the right arm after 5 minutes of rest, using a stan‑
dard mercury sphygmomanometer. the mean of these 
2 readings was used to classify blood pressure accord‑
ing to JNC VII, where hypertension is defined as sys‑
tolic blood pressure more than 140 mm Hg or diastolic 
blood pressure more than 90 mm Hg. 

Secondary reasons of hypertension and obesity 
were excluded in the patients with newly diagnosed 
hypertension. 

Patients with coexisting heart failure, ischemic 
heart disease, peripheral arteries disease (carotid arter‑
ies, vertebral arteries or lower limbs arteries), kidney 
failure (serum creatinine concentration > 115 nmol/l), 

liver dysfunction (transaminases values 2.5 times high‑
er than normal), diabetes (or disturbed tolerance to 
glucose) or acute/persistent inflammatory state were 
not qualified for the research. 

The subjects were asked to fast for 10 hours. After 
all aseptic measures, 6 ml of blood was collected from 
the antecubital vein while the subjects were sitting up 
right.

Serum homocysteine concentration was analyzed 
by immunochemical method with measurement of 
fluorescence intensity in polarized light (Fluorescence 
Polarization Immunoassay – FPIA) on IMx analyzer 
using AbbOtt commercial kits.

Written consent for participation in the study was 
a mandatory condition for taking part in the research.

Statistical analyses

the all statistical analyses were performed using the 
CSS STATISTICA program (V 7.0; StatSoft). The mean 
values and standard deviations were calculated using 
descriptive module. before further analyses, normal 
distribution of the variables was checked with the 
Shapiro‑Wilk test. Variables with abnormal distribu‑
tion were analyzed by Mann‑Whitney Test for compari‑
sons within the groups. The statistical significance was 
determined at p values below than 0.05.

results

The patients with essential hypertension had signifi‑
cantly higher homocysteine concentration (15.23 ± 
6.41 mmol/L vs. 9.71 ± 3.21; p = 0.001; see Table 
4 and Figure 1) as compared to the control group; 
moreover, 28% of patients had the homocysteine level 
greater than 15 μmol/l. Additionaly, the homocysteine 

Table 4. Homocysteine concentration in patients and control group; * p < 0.05, ** p< 0.001

Homocysteine concentration [μmol/l] Patients Control
Everyone 15.23 ± 6.41** 9.71 ± 3.21
Smokers 17.66 ± 7.57* 10.56 ± 3.18

Non-smokers 12.32 ± 2.93 8.63 ± 3.12

Table 5. Correlation coefficients between homocysteine and studied parameters in patients 
with newly diagnosed essential hypertension and controls; * p < 0.05

Homocysteine
Correlated parameters Patients Controls 

age - 0.09 0.68*
BMI -0.16 0.31
SBP -0.15 0.38
DBP -0.12 0.36
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concentration in hypertensive smokers was significantly 
higher than in non‑smokers (p = 0.05; see Table 4).

No correlation was observed between homocysteine 
levels and age, diastolic and systolic blood pressure in 
patients with essential hypertension. In healthy vol‑
unteers only the correlation between age and homo‑
cysteine concentration was found. the results are sum‑
marized in Table 5.

Discussion

Homocysteine has been under a lot of speculation since 
its discovery in 1932. In 1969, an association between 
homocysteine and cardiovascular disease (CVD) was 
proposed when it was observed that people with a rare 
hereditary condition called homocystinuria are prone to 
develop severe cardiovascular disease in their teens and 
twenties. by the early 1990’s, elevated homocysteine has 
been considered an independent risk factor for cardio‑
vascular diseases (along with cholesterol and other lipid 
markers, age, gender, smoking status, obesity, hyper‑
tension and diabetes). It was shown that plasma homo‑
cysteine is more strongly associated with systolic than 
with diastolic blood pressure. As a result, it can increase 
arterial stiffness. However, the results of the studies 
investigating this hypothesis were inconsistent [13–15].

It is also believed that hyperhomocysteinemia dam‑
ages endothelial cells, reduces the flexibility of vessels, 
and adversely affects the process of hemostasis. Addi‑
tionaly, hyperhomocysteinemia increases the adverse 

effects of such risk factors as hypertension, smoking, 
impaired glucose, lipid and lipoprotein metabolism, and 
can promote the development of inflammation [7].

 The meta‑analysis performed by Boushey et al in 
1995 indicated that an increase of 5 μmol/L was asso‑
ciated with a 60% increase in risk of coronary artery 
disease in men and an 80% increase in risk in wom‑
en. Also, a reported 50% increase in cerebrovascular 
disease was reported. this magnitude of increase in 
plasma homocysteine was thought to be equivalent to 
the CVD risk of a 19‑mg/dL increase in cholesterol. The 
European Concerted Action Project also confirmed that 
the elevated plasma homocysteine was an independent 
risk factor for CVD, and calculated that an increase of 5 
μmol/L was associated with the increase in relative risk 
for CVD of 1.35. [16–17].

High blood pressure is a major risk factor for car‑
diovascular disease. It can be influenced by multiple 
non‑hereditary risk factors (including dietetics and life‑
style). Among others, elevated plasma homocysteine 
may contribute to increase in blood pressure. More‑
over, blood pressure may mediate part of the cardio‑
toxic effect of homocysteine [18]. 

Several epidemiological studies have examined the 
relationships between homocysteine and hypertension. 
Some of these examinations have found significant, 
although weak, association between plasma homo‑
cysteine and blood pressure. Elevated plasma Hcy lev‑
els have been consistently reported in hypertensive 
patients of different age and ethnicity.

Figure 1. Blood homocysteine concentration in patients with newly diagnosed essential hypertension 
and controls
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the results showed that fasting plasma homo‑
cysteine concentrations were significantly higher in 
subjects with hypertension than in those with nor‑
motension (mean +/‑ SEM, 8.1 +/‑ 0.6 v 6.8 +/‑ 0.2 
micromol/L; P <.05) [19]. It was shown that essential 
hypertension in adolescents is associated with lower 
folate and higher homocysteine levels, and with signs 
of insulin resistance. therefore, hypertension in young 
individuals may be a part of early manifestation of 
insulin resistance syndrome, and that disturbed folate 
and homocysteine metabolism may play a role in early 
stages of hypertension [20–21].

the results of the National Health and Nutrition 
Examination Survey (NHANES) denoted that homo‑
cysteine was shown to have an independent, positive 
association with blood pressure, stronger in women 
than in men. A one‑standard deviation increase in 
homocysteine was associated with an increase in sys‑
tolic blood pressure (SBP) and diastolic blood pres‑
sure (DBP) of 0.7 and 0.5 mm Hg in men, respectively, 
and in women, the increases in SbP and DbP were 1.2 
and 0.7 mm Hg, respectively [8]. the comparison car‑
ried out by Sutton‑Tyrrell et al reported that the level 
of plasma amino acid rose from 9.7 μmol/L at a SBP 
<140 mm Hg to 13 μmol/L at SBP >180 mm Hg [22]. 
Głowinska et al reported higher homocysteine level in 
hypertensive children [23]. 

Different results of this correlation were also 
obtained. Dinavahi et al. corroborated a significant, 
direct correlation of plasma homocysteine with SbP 
and DBP in premenopausal women, but not in men. 
However, when other factors, like age and body mass 
index were taken into account, no significant correla‑
tion was found [24]. 

Sundström et al. found no major relation of baseline 
plasma homocysteine level to hypertension incidence 
or longitudinal blood pressure progression in a large, 
community‑based cohort of nonhypertensive individu‑
als after adjustment for age, sex, and other important 
co‑variates [25].

At vascular level, the continuing exposure to high 
homocysteine concentration leads to structural and 
functional changes in the vascular wall. therefore, 
endothelial dysfunction seems to constitute a common 
association between homocysteine, hypertension and 
atherosclerosis.

There are some direct and indirect mechanisms by 
which high homocysteine exerts detrimental vascular 
effects. In a healthy endothelium NO rapidly reacts 
with homocysteine to form S‑nitrosohomocysteine, 
which constitutes a protective mechanism. High homo‑

cysteine level can compromise NO bioavailability, 
inhibiting its regulatory endothelial vascular action 
thus leading to injury and dysfunction.

Increased homocysteine levels may also decrease 
NO bioavailability by increasing asymmetric dimethy‑
larginine (ADMA) an analogue of L‑arginine which acts 
as a competitive inhibitor of endothelial Nitric Oxide 
Synthase (eNOS). ADMA can also promote superox‑
ide generation via uncoupling eNOS enzyme activ‑
ity [26–27]. reactive oxygen species (rOS)‑induced 
oxidative stress represents a hallmark in endothelial 
dysfunction. A significant increase in reactive oxygen 
species at vascular levels in animal models and human 
hypertensive subjects has been described. Results of 
many studies strongly suggest that both processes, 
a diminished NO availability and increased ROS pro‑
duction coexist, constituting a common feature in 
human hypertension [28].

In hypertension, the increase in arterial wall thick‑
ness and the loss of elasticity over time results in the 
increase in pulse wave velocity, a direct measure of 
arterial stiffness. This change is reflected in gradual 
fragmentation and loss of elastin fibers and accumula‑
tion of stiffer collagen fibers in the media that occurs 
independently of atherosclerosis. Similar results are 
seen with an elevated level of homocysteine known as 
hyperhomocysteinemia, which increases vascular thick‑
ness, elastin fragmentation, and arterial blood pressure 
[29–30]. 

Cardiovascular diseases remain the main cause of 
mortality in industrialized countries and have become 
increasingly prevalent in developing countries. the risk 
of developing cardiovascular disease is mainly attrib‑
utable to a number of known risk factors, which are 
in first instance hyperlipidemia, hypertension, smok‑
ing and diabetes mellitus. Smoking is one of the most 
important risk factors for cardiovascular diseases. 
Components of tobacco smoke cause physiological 
and morphological changes in endothelial cells and 
increase the concentration of many negatively acting 
substances, including homocysteine [31].

The association between elevated homocysteine 
concentrations and coronary, cerebral or peripheral 
artery disease was investigated in numerous epidemio‑
logical studies with either retrospective or prospective 
study design. the elevated homocysteine is known to 
increase oxidative stress that causes oxidative injury 
to the vascular endothelium, diminishes vasodilation 
by nitric oxide, stimulates the proliferation of vascular 
smooth muscle cells, and alters the elastic properties 
of the vascular wall. All these are associated with the 
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rise in hypertension. Thus, homocysteine may contrib‑
ute to blood pressure elevation. Higher levels of homo‑
cysteine in patients with primary hypertension may be 
an argument for introducing the evaluation of this ami‑
no acid concentration in clinical examinations.

It was observed that plasma homocysteine concen‑
tration in normotensive children of hypertensive par‑
ents is elevated before the development of hyperten‑
sion. Therefore, homocysteine level may be predictive 
of the subsequent development of hypertension in such 
patients [32].

According to Catena et al., plasma homocysteine 
was significantly greater in hypertensive patients 
with evidence of carotid plaques than patients with‑
out carotid plaques. Moreover, carotid intima‑media 
thickness progressively increased across quartiles of 
plasma Hcy levels and was independently related with 
age, blood pressure, C‑reactive protein, and Hcy lev‑
els. these results suggest the role of elevated plasma 
homocysteine in the development and progression of 
carotid atherosclerosis [33].

Conclusions
1. Significantly higher homocysteine concentration 

was observed in the group of patients with primary 
hypertension, compared to the control group.

2. Significantly higher homocysteine concentration 
was observed in the group of smoking patients with 
primary hypertension, compared to the non‑smok‑
ing patients.

3. No correlation was observed between homo‑
cysteine levels and age, diastolic, and systolic blood 
pressure in patients with essential hypertension.
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