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Abstract Although the role of homocysteinemia (Hcy) as
a coronary risk factor (RF) has been scaled down, hyperHcy and carotid vascular damage (CVD) are still considered as RFs for cerebrovascular events. In 276 grade-1
hypertensives (160 men and 116 women aged
59.6 ± 15.0 years) without known cardiovascular disease
and having hyper-Hcy (C15 lM/L), subclinical CVD was
evaluated by ultrasonographic carotid-wall intima media
thickness (IMT). Hcy was divided into quartiles and
C667?T polymorphism codifying for methylenetetrahydrofolate reductase (MTHFR) was determined. According
to the genotype, subjects were divided into CC (wild), CT
(heterozygote) and TT (homozygous mutation). Differences between continuous variables were evaluated by
analysis of variance, while gender specific odds ratio (OR)
and 95 % confidence intervals (CI) of CVD (IMT
[0.9 mm or plaque) were calculated by multivariate
logistic regression analysis. Blood pressure (BP) values

were not different across the quartiles of Hcy. In 46.4 % of
cases, sub-clinical CVD was found, with a prevalence
increasingly distributed in the quartiles of Hcy (31.9, 42,
52.2, 59.4 %, p \ 0.001). Prevalence of TT allele of the
MTHFR genotype was also significantly distributed in the
quartiles of Hcy (13.6, 12.3, 23.5 and 50.6 %, p \ 0.0001),
whereas no relationship was found between genotype and
CVD. The last quartile of Hcy predicted CVD (OR 1.32, CI
1.12–2.2, p = 0.02) independent of age (OR 1.23, CI
1.002–1.56, p = 0.0001), systolic BP (OR 1.52, CI
1.24–2.10), diabetes (OR 2.11, CI 1:32–2.88, p = 0.01)
and smoking (OR 1.45, CI 1.14–1.98, p = 0.04). Adding
gender did not modify the model. In hypertensives, Hcy
values [36.5 lM/L independently predict CVD and in
those who are also diabetic and smokers, Hcy assessment
without MTHFR genotype should be recommended
to obtain a better stratification of global cerebrovascular
risk.
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The role of homocysteine, an amino acid with biological
functions in methionine metabolism, as a risk factor for
coronary heart and more in general for cardiovascular
disease has been scaled down in the scientific world [1–5].
This opinion comes from the results of randomized clinical
trials performed in subjects with known vascular disease or
diabetes where the oral supplementation of folate, B6, and,
B12 offered no benefit for the prevention of cardiovascular
events [6]. This evidence led to recommendations not to
treat cardiovascular disease patients with hyperhomocysteinemia with vitamin supplementation and to avoid routine screening of homocysteine [7] because of serum level
variability and for cost-effectiveness [8].
However in the setting of cerebrovascular disease, metaanalysis of prospective observational studies showed that a
25 % lower homocysteine level was associated with a
19 % lower stroke risk [4]. In experimental studies,
homocysteine causes oxidative stress, enhances inflammatory processes, and damages vascular endothelium [9,
10] and the addition folic acid supplementation is associated with a reduction in carotid atherosclerosis progression
[11, 12] suggesting a potential therapy for stroke prevention in subjects with hyperhomocysteinemia [13].
On the other hand, carotid-wall intima-media thickness
(IMT)—a well-known surrogate measure of atherosclerosis
[14]—is associated with the classic cardiovascular risk
factors [15] and stroke at the population level [16]. Among
these risk factors, arterial hypertension is the main condition associated with abnormalities in arterial structure and
the IMT measurement by ultrasonography is the most
common method to assess the sub-clinical CVD due to HT
[17, 18].
The aim of this cross-sectional study was to investigate
the role of hyperhomocysteinemia in predicting sub-clinical CVD in a cohort of uncomplicated hypertensive subjects (Fig. 1).

Materials and methods
276 grade-1 hypertensives (160 men and 116 women) aged
59.6 ± 15.0 years, without history of cardiovascular disease and having hyperhomocysteinemia (C15 lM/L),
consecutively referred to our hypertension centre from
April 2011 to May 2012, underwent assessment of IMT
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Fig. 1 Adjusted odd ratios (OR) for the independent predictors of
sub-clinical carotid vascular damage

(in mm) by ultrasonography. The study protocol was
approved by local ethics committee and institutional
review boards and the study was conducted in accordance
with ICH harmonized tripartite guidelines for good clinical
practice and the declaration of Helsinki principles. All
subjects gave informed consent.
Study design
All subjects underwent biochemical laboratory examination. Vitamin status and intake were also evaluated, and
subjects having low serum levels of folic acid, vitamin B6
and B12 and those with moderate-high alcohol intake (see
below) were not included in the study. Homocysteine
concentration was determined using an enzymatic assay on
the Hitachi 917 analyzer (Roche Diagnostics) using
reagents and calibrators from Catch, Inc. Homocysteinemia
(Hcy) was divided into quartiles and we examined
C667?T polymorphism codifying for methylenetetrahydrofolate reductase (MTHFR). MTHFR genotype determination was performed by a multiplex Polymerase Chain
Reaction with Reverse Line Blot (mPCR/RLB) hybridization assay (AB-Thrombo type kit, www.abanalitica.it). In
relation to T allele distribution, subjects were divided in
normal (CC), heterozygote (CT) and homozygote (TT) for
the MTHFR genotype.
Blood pressure (BP) was measured using a standard
mercury sphygmomanometer with a 14-cm cuff according
to 2013 European Hypertension guidelines [19]. BP was
measured in both arms and, if a difference[10 mmHg was
found, the arm with the higher BP was used throughout.
With subjects seated, systolic (SBP) and phase-5 diastolic
(DBP) were taken in triplicate at 10-min intervals, taking
special care to avoid any terminal digit preference. The
average of the last two measurements was taken into consideration in order to minimize white-coat effects, if any.
Pulse pressure was the difference between systolic and
diastolic BP. Heart rate was also measured at the same time.
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Table 1 General characteristics
of the subjects by gender

BMI body mass index, SBP
systolic blood pressure, DBP
diastolic blood pressure, PP
pulse pressure, HR heart rate,
HT hypertension, ClCr
creatinine clearance, TC total
cholesterol, HDL-C highdensity lipoproteins cholesterol,
LDL low-density lipoproteins
cholesterol, TG triglycerides,
ACEI angiotensin-converting
enzyme inhibitors, ARBs
angiotensin-I receptor blockers,
CCBs calcium channel blockers,
CVD carotid vascular damage,
MTHFR methylenetetrahydrofolate reductase

Items

All
(N = 276)

Men
(N = 160)

Women
(N = 116)

p value between
gender
\0.0001

Age (yrs)

59.6 ± 15.0

56.2 ± 15.1

64.5 ± 13.3

Serum homocysteine (lM/L)

22.8 ± 10.3

23.1 ± 10.9

22.5 ± 9.5

NS

BMI (kg/m2)

28.6 ± 5.0

28.1 ± 4.1

29.3 ± 6.0

\0.05

SBP (mmHg)

158.8 ± 17.7

158.9 ± 18.5

158.7 ± 16.7

NS

DBP (mmHg)

95.7 ± 10.7

97.3 ± 11.5

93.6 ± 9.2

\0.005

PP (mmHg)

63.1 ± 15.8

61.6 ± 15.8

65.1 ± 15.7

NS

HR (bpm)

75.9 ± 9.5

74.2 ± 10.2

78.3 ± 7.8

\0.0001

History of HT (years)

9.0 ± 7.1

8.8 ± 7.5

9.1 ± 6.2

NS

Antihypertensive drugs (%)

81.9

79.4

85.4

NS

ACEIs (%)

21.2

21.4

23.6

NS

ARBs (%)
CCBs (%)

23.5
19.7

20.3
18.7

24.7
20.1

NS
NS

Diuretics (%)

11.9

10.8

12.3

NS

b-blockers (%)

4.3

4.7

4.1

NS

Other antihypertensives (%)

1.3

1.2

1.1

NS

Creatinine (mg/dl)

0.9 ± 0.3

1.0 ± 0.2

0.9 ± 0.4

NS

Cl_Cr (ml/min)

102.4 ± 52.3

107.8 ± 39.1

95.6 ± 65.1

NS

Albuminuria (mg/24 h)

57.3 ± 218.5

42.5 ± 103.7

77.5 ± 311.2

NS

Glucose (mg/dl)

105.0 ± 28.7

107.6 ± 31.8

101.5 ± 23.5

NS

TC (mg/dl)

205.6 ± 40.5

202.8 ± 42.0

209.5 ± 38.1

NS

HDL-C (mg/dl)

56.6 ± 15.0

54.2 ± 13.4

60.0 ± 16.5

NS

LDL-C (mg/dl)

124.7 ± 37.1

123.7 ± 38.4

126.0 ± 35.5

NS

TG (mg/dl)

121.9 ± 63.7

124.6 ± 69.3

118.1 ± 55.2

\0.02

Diabetes (%)

17.1

20.1

13.0

NS

History of diabetes (years)

6.5 ± 8.2

7.2 ± 6.9

5.9 ± 9.7

NS

Smoking (%)
History of smoking (years)

16.3
20.4 ± 3.2

20.0
27.2 ± 4.8

11.2
16.8 ± 5.4

\0.04
\0.05

CVD (%)

46.4

43.8

50.0

NS

MTHFR (TT vs. Non-TT, %)

29.3

30.6

27.6

NS

BP was also measured after 1 and 5 min of orthostatism.
Arterial hypertension was defined as SBP C140 mm Hg or
DBP C90 mm Hg or current treatment with antihypertensive medications. Body mass index (BMI) was calculated as
the ratio of weight (in kilograms) to squared height (in
meters). Subjects with repeated fasting blood glucose of
C126 mg/dL, a history of diabetes, or treatment with antidiabetic drugs were considered to be diabetic.
Weekly alcohol intake was recorded by means of a
questionnaire. Subjects were divided into drinkers and nondrinkers, and those assuming [15 drinks weekly were
excluded from the study. Subjects were also classified into
never and prior or current ( C1 cigarette daily) smokers.
Fasting serum glucose, potassium and lipids were analyzed by enzymatic method. Serum creatinine (SCr) was
measured in mg/dl using an auto-analyzer (Cobas Mira Plus
8000, Roche diagnostic, USA) with the alkaline picratekinetic Jaffé method [20], and albuminuria was detected
from a 24 h urine specimen with the turbidimetric method

(Cobas Mira Plus 8000, Roche diagnostic, USA). Subjects
were carefully instructed to collect 24 h urine specimen for
creatinine clearance (CrCl, in ml/min) estimation, calculated
using the following formula: CrCl = Urine SCr 9 Urine
volume/creatinuria 9 minutes.
Assessment of intima-media thickness
Ultrasonographic images were acquired at end diastoledefined as the R wave of an electrocardiogram-by a Philiphs
IE33 sonographer using a 5–10 MHz multifrequency highresolution linear transducer. Measurements were carried out
in the common carotid artery, with the subject supine, neck
extended and head slightly turned in the direction opposite to
the carotid artery being examined. A 10-mm longitudinal
section located at a distance of 1 cm from the bifurcation was
studied, and measurements were performed in the proximal
and distal walls in lateral, anterior and posterior projections,
along an axis perpendicular to the artery, to establish two
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Table 2 General characteristics
of the population across the
homocysteinemia quartiles

BMI body mass index, SBP
systolic blood pressure, DBP
diastolic blood pressure, PP
pulse pressure, HR heart rate,
Cl_Cr creatinine clearance, TC
total cholesterol, HDL-C highdensity lipoproteins cholesterol,
LDL low-density lipoproteins
cholesterol, TG triglycerides,
CVD carotid vascular damage,
MTHFR methylenetetrahydrofolate reductase

Items

2nd quartile
(17.4 ± 0.7)

3rd quartile
(21.4 ± 1.5)

4th quartile
(36.5 ± 1.2)

p-value

Age (yrs)

57.1 ± 14.6

61.0 ± 14.1

60.6 ± 15.2

59.9 ± 15.9

NS

Men gender (%)

55.1

56.5

58.0

58

NS

BMI (kg/m2)

28.0 ± 3.7

28.7 ± 5.5

28.7 ± 5.0

28.8 ± 5.7

NS

SBP (mmHg)

160.5 ± 17.1

158.9 ± 16.8

159.5 ± 17.9

156.4 ± 16.1

NS

DBP (mmHg)

96.9 ± 11.0

95.5 ± 11.4

95.5 ± 9.7

95.1 ± 11.0

NS

PP (mmHg)

63.6 ± 14.6

61.0 ± 14.4

64.0 ± 19.1

63.9 ± 15.0

NS

HR (bpm)

75.7 ± 8.7

75.6 ± 9.1

75.3 ± 8.5

78.0 ± 11.3

NS

Creatinine (mg/dl)

0.9 ± 0.3

0.9 ± 0.2

1.0 ± 0.2

1.0 ± 0.3

NS

Cl_Cr (ml/min)

110.1 ± 32.6

112.3 ± 33.5

94.5 ± 30.7

95.4 ± 23.1

NS

Albuminuria (mg/24 h)

44.7 ± 108.4

49.3 ± 119.2

52.3 ± 117.7

81.6 ± 94.8

\0.001

Glucose (mg/dl)
TC (mg/dl)

102.3 ± 29.7
201.4 ± 42.1

109.4 ± ±39.1
207.3 ± 39.6

103.1 ± 19.9
203.0 ± 37.5

105.4 ± 22.4
211.0 ± 42.7

NS
NS

HDL-C (mg/dl)

57.8 ± 16.4

54.3 ± 17.1

56.5 ± 12.8

57.8 ± 13.5

NS
NS

LDL-C (mg/dl)

110.0 ± 57.0

136.5 ± 76.9

111.1 ± 60.9

130.0 ± 54.5

TG (mg/dl)

121.6 ± 35.9

124.3 ± 38.8

125.7 ± 36.7

127.2 ± 37.6 \0.001

Diabetes (%)

10.1

14.5

14.7

29.0

\0.02

Smoking (%)

7.2

10.2

20.3

27.5

\0.004

CVD (%)

31.9

42.0

52.2

59.4

\0.001

MTHFR (TT vs. Non-TT, %)

12.3

13.6

23.5

50.6 %

\0.0001

lines: the intima-media interface and the media-adventitia
interface. A total of six measurements were obtained in each
carotid artery, and the average mean and maximum values
were recorded [21]. We considered CVD to be present when
the mean carotid IMT was greater than 0.9 mm [19] or
arteriosclerotic plaques (carotid IMT [1.5 mm) were
detected.
Statistical analysis
Categorical variables were expressed as percentage rates
and were compared with the Pearson’s v2 test. Continuous
variables were expressed as mean and standard deviation,
and the differences values were evaluated by analysis of
variance, while gender-specific odds ratio (OR) and 95 %
confidence intervals (CI) of CVD were calculated for
independent variables by multivariate logistic regression
analysis. The null hypothesis was rejected for p \ 0.05.
Statistical analyses were performed using SPSS package
version 17.0

Results
The general characteristics of the subjects are summarized
in Table 1, also showing gender stratification. Men were
younger than women (56.2 ± 15.1 and 64.5 ± 13.3,
p \ 0.0001) and have compared to women significantly
higher diastolic BP, triglycerides values and prevalence of
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1st quartile
(15.6 ± 0.4)

smoking habits and smoking duration. On the contrary
BMI and heart rate values were higher in women than in
men. In 46.4 % of cases, sub-clinical CVD was found,
without difference between genders (43.8 vs. 50.0, NS). No
significant differences were found in the prevalence of the
antihypertensive treatment, of different antihypertensive
drugs taken and of the history of arterial hypertension and
diabetes between genders (Table 1). The prevalence of the
antidiabetic therapy (mainly with oral antidiabetic drugs)
was not different in men than women (data not shown).
However the duration of hypertension and diabetes were
higher in subjects with then without CVD, respectively
13.4 ± 5.8 versus. 7.5 ± 4.2 (p \ 0.05) in former and
10.3 ± 6.2 versus. 6.7 ± 5.8 (p \ 0.05) in the latter.
As shown in Table 2, age, BP, Scr, TC, HDL-C and LDCC values were not different across the quartiles of Hcy. On
the contrary, albuminuria and triglycerides were significantly (p \ 0.001) higher in upper versus lower Hcy quartiles. Prevalence of diabetes (10.1, 14.5, 14.7 and 29 %,
p \ 0.02), smoking (7.2, 10.2, 20.3, 27.5 %, p \ 0.004) and
sub-clinical CVD (31.9, 42, 52.2, 59.4 %, p \ 0.001) was
increasingly distributed in the quartiles of Hcy.
Prevalence of TT allele of the MTHFR genotype was
significantly distributed in the quartiles of Hcy (13.6, 12.3,
23.5 and 50.6 %, p \ 0.0001), whereas no relationship was
found between sub-clinical CVD and the genotype (48.6
vs. 34.3, NS).
In the multivariate logistic analysis the last quartile of
Hcy predicted sub-clinical CVD (OR 1.32, CI 1.12–2.2,
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p = 0.02) independent of age (OR 1.23, CI 1.002–1.56,
p = 0.0001), systolic BP (OR 1.52, CI 1.24–2.10), diabetes
(OR 2.11, CI 1:32–2.88, p = 0.01) and smoking (OR 1.45,
CI 1.14–1.98, p = 0.04). Adding gender did not modify the
model.

Discussion
In our study, performed in uncomplicated hypertensive
patients without previous cardiovascular events, age, systolic BP, diabetes, smoking and serum homocysteine each
independently predict sub-clinical CVD.
Age is one of the most important determinants of carotid
IMT so that IMT is a well-established marker of early atherosclerosis and arterial stiffness associated with advancing
age. Our results have been also confirmed in a populationbased study, involving people with unknown cardiovascular
diseases demonstrating that age was an independent predictor for increased carotid IMT [22].
BP levels have also been associated with increased carotid
IMT. The large elastic arteries, such as the carotid artery,
represent the most distensible part of the arterial system and
are vulnerable to systolic stress. In particular, the systolic BP
load stimulates the growth of vascular smooth muscle cells
that in long term cause the increase of IMT [23].
In clinical practice, the ultrasonographic assessment of
carotid IMT is commonly used as a surrogate marker of
cardiovascular disease in people with diabetes. Several
research groups have found a strong association between
diabetes and IMT, and according with Yamasaki et al. [24],
the positive association between diabetes and IMT found in
our study is in part due to higher duration of diabetes
observed in subjects with than those without sub-clinical
CVD. Although the incidence of cardiovascular disease is
increasing among patients with diabetes, the role of glycemia in this process remains uncertain, and most of the
data on the evolution of atherosclerosis in young uncomplicated diabetic subjects are driven by autopsy studies.
Cigarette smoking is an established causal factor for
early atherosclerosis. However, the exact mechanism of
smoking-induced damage to the arterial wall and its relation to the atherosclerotic process is still largely not
established. The Framingham study demonstrated that
smoking has a specific fibrogenic effect which causes
increase of IMT [25], but that degree of atherosclerosis
seems most related with male gender, the intensity and
duration of smoking [26] like in our study.
In our experience, the predictors of sub-clinical CVS
were similar in men than in women, confirming the data
from the literature where, in people with slight global
cardiovascular risk gender differences on IMT disappeared
with advanced age [27, 28].

As so far discussed, we confirmed the data from the
literature in which the roles of age, systolic BP, diabetes
and smoking as independent predictors of sub-clinical
CVD are undisputed [22–28]. On the contrary, the relationship between serum Hcy and IMT as independent
predictor of sub-clinical CVD in uncomplicated hypertensive subjects (HTs) was poorly investigated.
Although Hcy is not even mentioned in the new 2013
European hypertension guidelines for the management of
arterial hypertension [19], accumulating evidences suggest
that hyper-Hcy may play a role in increasing IMT in whitecoat and sustained hypertensive adolescents and in newly
diagnosed HTs [29, 30]. Our study was not addressed to
investigate the mechanism by which homocysteine plays
an independent role as predictor of sub-clinical CVD [31].
Moreover, we speculate that in HTs hyper-Hcy might
increase carotid artery IMT by reducing the amount of the
endothelial progenitor cells involved in the repair of the
injured endothelium and in modulating the oxidant/antioxidant balance of the body [29]. In keeping with this
finding, plasma nitrogen oxides (NO) were lower in
hypertensives with hyper-Hcy compared with normotensive controls [30]. Furthermore, homocysteine has atherogenic and prothrombotic properties, and histopathologic
examinations demonstrated that it induces vascular injury
as intimal thickening, elastic lamina disruption, smooth
muscle hypertrophy, marked platelet accumulation and,
thrombus formation [32].
Conflicting opinions are in the literature about the role of
the MTHFR genotype in relation to Hcy and folate metabolism, the risk of sub-clinical CVD and hypertension. Previous studies have shown that the MTHFR variants C677T
have been directly associated with both hyper-Hcy [33] and
hypertension risk [34]. In our experience, although in univariate analysis the TT allele of MTHFR genotype was
directly associated with higher Hcy levels, no association
with this genotype and sub-clinical CVD was observed in
multivariate regression analysis. This result confirms the
current opinion that identifying patients with the TT genotype of MTHFR is unlikely to be cost effective [35].
Limitation of the study
The design of our cross-sectional study does not permit us
to address the temporal relationships between early atherosclerosis and the IMT. However, longitudinal studies
suggest that arterial remodelling accompanies significant
progression of atherosclerosis in the carotid arteries.
Moreover, we speculate on the possible mechanisms by
which homocysteine independently predicts sub-clinical
CVD. Finally, our study was not addressed to evaluate the
effects on IMT and cerebrovascular events by homocysteine lowering through vitamin supplementation.
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In conclusion, in uncomplicated hypertensives, homocysteine values [36.5 mM/L independently predict subclinical CVD and in those who are also diabetic and
smokers, Hcy determination should be recommended to
better stratify the global cerebrovascular risk. We also
speculate that hyper-Hcy is (or might be) a mild risk factor
for cerebrovascular events exerting an action on IMT
probably through influencing the NO-endothelin axis [36].
However, in light of the mild potential benefits with folate
and combined B vitamins observed in primary stroke prevention [37], control-randomized trials are needed in
uncomplicated hypertensive subjects having hyper-Hcy
that represents over the 40 % of the overall hypertensive
population and in which high BP levels and sub-clinical
CVD still remain the main cerebrovascular risk factors.
Conflict of interest The authors declare they have any conflict of
interest with the present study.
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