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Abstract

Objective The incidence of cardiovascular diseases
(CVD) is high in end-stage renal disease (ESRD)
population and hyperhomocysteinemia is an impor-
tant CVD risk factor. The aims of this study are to
asses the incidence of hyperhomocysteinemia and the
factors that affect the homocysteine (Hcy) levels in
peritoneal dialysis (PD) patients, and to analyze the
relationships between Hcy levels and clinical and
echocardiographic CVD, and the pulse wave velocity
(PWV).

Study design Sixty ESRD patients undergoing PD
for at least 6 months were included in the study.
Biochemical parameters, echocardiography, and PWV
were analysed for every subject.

Results Mean Hcy level was 27.2 £+ 15.7 pmol/L
and was high in 53 patients (88.3%). Fibrinogen,
dialysate/plasma creatinine ratio and folic acid were
found to be the independent predictors of Hcy level
(P <0.001; P <0.01; P<0.05, respectively).
Patients with atherosclerosis had significantly higher
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plasma Hcy levels (P < 0.05). No significant rela-
tionship was found between plasma Hcy levels and
echocardiographic findings and PWV.

Conclusion Hyperhomocysteinemia incidence seems
high among PD patients and despite significant rela-
tionship between fibrinogen and Hcy in our study, it is
essential to evaluate the link between Hcy levels and
inflammation. Folic acid replacement even in normal
folic acid levels, enough elimination of volume and
solutes may be beneficial to control Hey levels, whereas
PWV was found to be related with comorbidities and
and dialysate kinetics.
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Introduction

Despite advances in dialysis, pharmacology, and
patient rehabilitation programs, mortality and mor-
bidity rates of end-stage renal disease (ESRD) are
still high and cardiovascular diseases (CVD) consti-
tute more than half of them [1, 2]. Besides the
classical cardiovascular risk factors such as diabetes,
hypertension, and smoking, there are additional risk
factors like volume overload, proteinuria, high
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plasma uremic toxin levels, inflammation, abnormal
calcium-phosphorus metabolism, and hyperhomocy-
steinemia in this patient group [3].

Homocysteine (Hcy) is a sulfur-containing amino-
acid whose high levels were shown to be a cardio-
vascular risk factor in general population [4, 5]. Hcy
causes oxidative damage to vascular endothelium and
results in vascular smooth muscle proliferation and
atherogenesis, and increases tendency to thrombotic
events [6]. Hyperhomocysteinemia incidence was
found to be high in hemodialysis (HD) and peritoneal
dialysis (PD) patients [7, 8]. The exact mechanism of
this increase is not clear and the decreased renal
clearence of Hcy is not enough to explain it [8, 9].
Vitamin deficiencies, genetic polymorphisms of
enzymes involving Hcy metabolism and the effects
of uremic toxins on degradation of Hcy may be
possible causes [10—12].

Arterial system is affected by ESRD-related risk
factors and traditional risk factors in this patient
group, as shown in studies evaluating arterial intimal
and medial calcification and thickening of carotid
arteries by noninvasive methods [13, 14]. Pulse wave
velocity (PWV) is another indirect measure of arterial
stiffness [15]. The velocity of the pulse wave depends
on the features of arterial wall, which are wall
elasticity and radius of the vessel, according to
Moens-Korteweg equation [16]. The pressure
increases in systole and decreases in diastole. The
pulse waves and reflected waves are analyzed as
closed system of wave models of Windkessel, as
computerized analyses for noninvasive applications
[16, 17]. The measurements are generally performed
between femoral, carotid, radial, brachial or dorsalis
pedis pulses [16].

In this study, hyperhomocysteinemia rate in
chronic PD patients was evaluated. The factors that
affect the plasma Hcy levels and the relationships
between Hcy levels and the echocardiographic find-
ings and arterial stiffness, which is evaluated by
PWYV, were also analysed.

Materials and methods
Sixty ESRD patients [34 women (56.7%) and 26 men
(43.3%)] who are followed-up in our outpatient PD

Unit for at least 6 months were included in the study.
Mean age was 46.2 £ 13.2 years (range: 2069 years)
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and median follow-up period was 42.5 months
(6-108 months). Forty-seven patients were having
continuous ambulatory peritoneal dialysis (CAPD)
and 13 patients were having automated peritoneal
dialysis (APD). Patients who have a history of
chronic infection, paranchymal liver disease, hypo-
thyroidism, malignancy and drugs which may affect
plasma Hcy levels were excluded. All patients gave
their informed consents.

Mean of at least two measurements of plasma Hcy
levels and demographic features, comorbid diseases,
cardiovascular events, blood biochemistry, blood
pressure measurements, PD schedule, residual renal
function (RRF), and data about kinetic tests for
permeability of peritoneal membrane, adequacy of
PD and nutritional status were recorded. Smoking
status and history of medications (including erythro-
poietin doses calculated for each week and per kilo of
the patient) were also recorded. Measurements during
a systemic or PD-related infection were not included.

Body mass index (BMI) was calculated by
[weight(kg)/height (cm)z] formula and the body
surface area was calculated from Du Bois nomograms
[18]. Charlson comorbidity index was used for
comorbidity scoring [19].

Patients with systolic blood pressure exceeding
140 mmHg and diastolic blood pressure exceeding
90 mmHg and patients who were normotensive with
antihypertensive drugs were accepted as hyperten-
sive. Means of systolic and diastolic blood pressures
and pulse pressures were recorded.

Plasma Hcy levels were analysed with high-
pressure lipid chromatography (HPLC) and levels
exceeding 14 pmol/L were accepted as hyperhomo-
cysteinemia. The values between 15 and 30 pmol/L
were mild, >30 umol/LL were severe and >100 pmol/L
were very severe hyperhomocysteinemia according to
medical literature [20, 21]. Parathormone, vitamin
B12 and folic acid levels were measured by radio-
immunoassay (SimulTRAC-SNB), and lipoprotein
(a) levels by turbidimetric immunoassay. CRP,
prealbumin levels were evaluated by nephelometric
immiinoassay (Dade-Behring BN II), while glucose,
albumin, total cholesterol, triglyceride, LDL- and
HDL-cholesterol levels were measured by Beckman
LX 20 autoanalyzer.

Permeability of the peritoneal membrane was
evaluated with standard 4 hour-peritoneal equilibra-
tion test (PET). D/P creatinin ratio (D/PCrea),
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residual renal function, normalized urea clearance
(Kt/Vurea), and normalized protein equivalent of
nitrogen appearance (nPNA) were calculated.

Echocardiographic evaluation and arterial stiffness
measurements were performed at the end of the
follow-up. Echocardiography was performed by the
same experienced clinician. Left ventricular mass
(LVM) and left ventricular mass index (LVMI) were
calculated according to Devereux’s formula [22].

Pulse-wave velocity (PWV) measurements were
performed with SphygmoCor® Pulse Wave Velocity
System by the same experienced technician. The
height, body weight, arterial blood pressure values,
age, and sex of all patients were recorded and patients
underwent PWYV measurement. The distances
between supraclavicular notch and radial and femoral
pulses were recorded. The difference between these
two distances were recorded as the way that pulse
wave passes. Then pulse wave was recorded using
three electrocardiograph electrodes on their trunk.
PWYV recordings were analyzed by software system
of the SphygmoCor®, and the results were recorded
as velocity (m/s) = SD.

Results were defined as mean £ SD for continu-
ous variables, and as percentages for categoric
variables. Student’s 7, ANOVA, Mann—Whitney U
and Kruskal Wallis tests were used for comparison of
group means. The relationships between variables
were analyzed by using Spearman rank correlation
coefficient. Stepwise multiple regression analyses
were performed to evaluate the factors independently
affecting plasma Hcy levels and PWV. Differences
were considered significant when P < 0.05.

Results

Mean plasma Hcy level was 27.2 £ 15.7 pmol/L and
53 patients (88.3%) had hyperhomocysteinemia. Hcy
was higher than 30 pmol/L in 17 patients (28.3%).
Men had insignificantly higher Hcy levels than
women. Hey levels did not differ by to the smoking
status, ethiology of renal failure and medications.
Hypertensive and normotensive patients had similar
Hcy levels. Fibrinogen showed a positive correlation
with plasma Hcy, and there were significantly
negative correlations between Hcy levels and vitamin
B12 and folic acid levels (r = 0.502, P < 0.001;
r=-0.257, P <0.05 r=-0.306, P <0.05,

respectively) (Figs. 1, 2, 3). Plasma creatinine was
the only biochemical parameter that had correlation
with plasma Hcy (r = 0.328, P < 0.01). Hcy showed
a negative correlation with Kt/Vurea and total fluid
intake and a positive correlation with D/PCrea
(r=-0270, P<0.05 r=-0.277, P <0.05;
r = 0.374, P < 0.01, respectively). Hcy levels were
significantly higher in patients with high peritoneal
permeability (n = 6) when compared with the
patients with low permeability (43.8 £ 28.3 vs.
25.6 £ 12.7 ymol/L, P < 0.01) (Fig. 4). Hcy levels
did not differ between CAPD and APD patients
(25.6 £ 12.7 pmol/L vs.33.1 &£ 23.2 pmol/L, P > 0.05).
In stepwise multiple linear regression analysis
fibrinogen, folic acid, and D/P Creatinine ratio were
found to be independent variables for plasma Hcy
levels. Although fibrinogen was related with Hcy
levels, relationship with albumin and CRP was not
statistically significant in this analysis (P > 0.05)
(Table 1).

Thirteen patients (25%) had coronary artery dis-
ease and four patients (6.7%) had peripheric arterial
disease. Patients with a history of atherosclerotic
heart disease had significantly higher plasma Hcy
levels when compared with the disease-free ones
(34.0 £ 195 vs. 247 £ 13.4 umol/L, P < 0.05).
Patients with peripheral arterial disease had insignif-
icantly higher Hcy levels when compared with the
disease free ones.
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Fig. 1 The relationship between plasma Hcy and fibrinogen
levels
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Fig. 2 The relationship between plasma Hcy and folic acid
levels
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Fig. 3 The relationship between plasma Hcy and vitamin B12
levels

Echocardiographic evaluation was performed in 53
patients and 45 patients (84.9%) had left ventricular
hypertrophy, and five patients (9.4%) had Ileft
ventricular systolic dysfunction. No significant rela-
tionship was found between echocardiographic find-
ings and plasma Hcy levels.

A positive correlation between PWV and pulse
pressure was found (r = 0.359, P < 0.01). PWV was
significantly higher in patients who had atherosclerotic
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Fig. 4 The relationship between plasma Hcy and peritoneal
permeability

Table 1 The independent variables affecting plasma Hcy
levels (IS: Insignificant)

Beta t P
Fibrinogen 0.457 4.153  <0.001
Dialysate/plasma creatinine 0.301 2738  <0.01
Folic acid —-0235 —-2.168 <0.05
Creatinine 0.194 1.722 IS
Vitamin B, —0.155 —-1.383 IS
Total fluid intake —-0.092  -0.662 IS
Kt/Vyrea —0.038 —-0.243 IS
CRP 0.022 0.141 IS
Albumin 0.010 0.064 IS

heart disease and peripheric arterial disease when
compared with the disease free ones (10.1 £ 3.3 vs.
7.3 +£2.0m/sn; P <0.01 and 11.4 £ 3.0 vs. 7.8 &+
2.5 m/sn; P < 0.01, respectively). Men had insignif-
icantly higher values of PWV than women. Patients
with CAPD had significantly higher PWV than APD
patients (8.5 £ 2.6 vs. 6.7 £ 2.4 m/sn; P < 0.05).
There were significant negative correlations between
PWYV and exchange number and total infusion volume
(r=-0.305 P <0.05; r=-0300, P <0.05,
respectively). There was no relationship between
PWV and dialysis schedule and parameters of
dialysis adequacy.
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Table 2 The independent variables affecting PWV (IS:
Insignificant)

Beta t P
Co-morbidity index 0.544 4493  <0.001
Age 0.368 3.004 <0.01
Infusion volume —0.242 2.136 <0.05
Diabetes mellitus 0.323 1.516 IS
Hemoglobin levels 0.213 1.376 IS
Hypertension 0.138 0982 IS
Lipoprotein (a) 0.114 0913 IS
Number of exchanges 0.182 0.847 IS
Calcium x phosphorus 0.108 0.688 IS
CAPD 0.083 0438 IS
Weekly erythropoietin dose ~ —0.069  —0.431 IS
Glucose 0.037 0.184 IS

Significant relationships between PWV and
comorbidity index, age, hemoglobin levels, weekly
erythropoietin doses, lipoprotein(a), fasting plasma
glucose, calcium x phosphorus product, presence of
hypertension, and diabetes were found (Table 2). In
stepwise multiple linear regression analysis, comor-
bidity index, age, and infusion volume were found to
be the the independent variables related with PWV
(P <0.001; P <0.01; P <0.05, respectively). Aor-
tic diameter, left atrium diameter, left ventricule end-
diastolic diameter and left ventricular hypertrophy
were found to have significant relationships with
PWV (r =0.340, P < 0.05; r=0.352, P <0.05;
r = 0.293, P < 0.05, respectively).

Discussion

ESRD patients on maintenance dialysis have 10-100
times higher CVD prevalance when compared with
normal population and CVD constitute more than half
of the deaths in this population [1, 2]. Hyperhomocy-
steinemia has been shown to be an independent risk
factor for CVD in general population and it is more
frequent in ESRD patients [8, 22]. In the current study,
the incidence of hyperhomocysteinemia in PD patients
is assessed and the factors affecting plasma Hcy levels
were analysed. The relationships between hyperhomo-
cysteinemia and PD schedule, dialysis adequacy,
biochemical parameters, echocardiographic findings,

and PWV as an indicator of arterial stiffness and
atherosclerosis were determined.

In our study, 88.3% of the patients showed high Hcy
levels (>14 umol/L), and in 28.3% it was higher than
30 umol/L, which are concordant with the previous
studies [19, 23]. We did not find values higher than
100 pmol/L like the previous studies. In several studies
sex and age were found to be related with plasma Hcy
levels, but we did not find any relationship with
demographic features. In recent studies smoking was
found to have an impact on Hcy levels in both sexes
[24, 25]. Less number of smokers in our study may be
the reason for our findings, which indicated no
relationship between plasma Hcy and smoking.

Data about the relationship between hypertension
and hyperhomocysteinemia are conflicting [26-28].
Hyperhomocysteinemia may have undesirable effects
on endothelial functions that may cause the tendency
to hypertension. Among 60 patients, 36 (60%) were
hypertensive and we did not find any difference in
Hcy levels between hypertensive and normotensive
ones. There were no significant relationships between
Hcy levels and diastolic and systolic blood pressures
and pulse pressure.

Independent relationship between hyperhomocy-
steinemia and plasma fibrinogen that we have found
in our study is similar with the study of Aso et al.
may be a suggestion for the role of hyperhomocy-
steinemia on inflammation [29]. In vivo and in vitro
studies show that Hcy may be a triggering factor for
inflammation and the inflammation may be the
mediator between hyperhomocysteinemia and vascu-
lar damage [30]. Conflicting reports in clinical studies
and lack of significant relationship between CRP and
albumin levels and Hcy in our study make it difficult
to decide a definite conclusion about the relationship
between Hcy and inflammation [31, 32]. Prospective
studies with larger patient groups are needed to
conclude about the relationship between inflamma-
tory markers and Hcy levels.

Although none of our patients had folic acid
deficiency, we observed that plasma folic acid level
was an independent determinant for Hey levels in PD
patients. This finding may suggest the use of folic
acid replacement in hyperhomocysteinemia in this
patient group, even in cases of normal plasma folic
acid levels. It has been shown to be beneficial in some
recent reports, but its role in prevention of cardio-
vascular risks is still a controversy [33, 34].
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It has been reported that total Hcy elimination is
lower in APD patients and Hcy clearance is related
with D/P Creatinine and total fluid drainage [35, 36].
In our study, plasma Hcy levels were insignificantly
higher in APD patients when compared with CAPD.
D/P Creatinine, Kt/Vurea and total fluid drainage
were significantly related with Hey levels, and only
D/P Creatinine ratio was found to be an independent
factor affecting Hcy levels. Based upon the knowl-
edge of high peritoneal permeability as a poor
prognostic factor in PD patients, we also observed
higher Hcy levels in this patient group [37]. Besides
hypervolemia due to insufficient fluid elimination and
malnutrition due to excessive peritoneal protein loss,
hyperhomocysteinemia may be another poor prog-
nostic factor for these patients. Although the mech-
anism is still not clear and further studies are needed
to clarify this, Vychytil et al. and Johnson et al. also
suggested that hyperhomocysteinemia may be related
with high peritoneal permeability [36, 38].

Hyperhomocysteinemia was found to be an impor-
tant risk factor for both general population and ESRD
patients [8, 23]. Hcy causes oxidative damage to
vascular endothelium, which results with vascular
smooth muscle proliferation and atherogenesis, and it
also increases the tendency to thrombotic events [6,
39]. We observed higher Hcy levels in patients with
CVD in our study. The increase in Hcy levels in
patients with peripheral arterial disease was insignif-
icant, but that may be probably due to less number of
patients in this group. These findings that we have
obtained about the relationship between atheroscle-
rosis and Hcy are concordant with previous studies.

Previous studies explained the adverse effects of
Hcy on endothelial functions with decreased biologic
activity of nitric oxide [40]. Angiotensin converting
enzyme inhibitors (ACEI) may cause increased nitric
oxide release via bradykinin. ACEI and angiotensin-1
receptor blockers (ARB) can decrease asymmetric-
dimethyl arginine (ADMA), which is a nitric oxide
synthase inhibitor, and these drugs were thought to be
relevant for patients with hyperhomocysteinemia
[40]. But we did not find significant relationships
between Hcey levels and ACEI or ARB medications in
our study. This may be due to different medication
periods among patients.

We evaluated the relationship between Hcy and
echocardiographic findings in our patient group.
Among them, 9% had left ventricular systolic
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dysfunction, but Hcy levels did not show any
relationship with fractional shortening. In one study,
a significant relationship between Hcy and left
ventricular ejection fraction was observed in hyper-
tensive patients but not in normotensives [41]. This
inconcordant results may have several explanations;
(1) Our patient sample may be lesser (2) Percentage
fractional shortening values shows variability in very
narrow scale in this patient group, (3) Our follow-up
period may be too short to observe this relationship.
We observed left ventricular hypertrophy in 85% of
our patients, but there was no relationship between
Hcy levels and presence of left ventricular hypertro-
phy. This latter issue needs to be evaluated in larger
prospective studies with longer follow-up periods.

PWYV is an important and independent factor
which predicts cardiovascular events [25, 27, 42].
We found that patients with CAPD had significantly
higher PWV than APD patients and this difference
seems to be related with higher exchange number and
infusion volumes in APD when compared with
CAPD. In our study comorbidity index, age, and
dialysate infusion volume were found as independent
determinants of PWV. Existence of hypertension and
diabetes were evaluated in comorbidity index and
they are also significantly related with PWV.

The effect of Hcy on PWV was not evaluated in
detail before. Blacher et al. showed the relationship
between lower extremity PWV and Hcy levels in
ESRD patients [43]. In another report PWV and Hcy
levels were found to be correlated [44]. In the latter
study patients with Hcy > 25 pmol/L had higher
PWV than the lower quantile. There are several
studies showing significant relationships in hyperten-
sive patients but not in healthy people [45, 46]. We
also did not observe any effect of plasma Hcy levels
on PWV and we conclude that the short follow-up
period and less number of patients in our study may
be the reasons for our findings.

In conclusion, we report a high incidence of
hyperhomocysteinemia in PD patients. Besides folic
acid replacement even in normal folic acid levels,
providing enough elimination of volume and solutes
may be beneficial to control Hey levels. Independent
relationship between Hcy and fibrinogen levels that
we have found in our study make us to suggest the
possible role of inflammation together with other
mechanisms of vascular damage in hyperhomocy-
steinemia or a role of inflammation in Hcy increase.
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This relationship should be evaluated in detail in
further studies. Our short follow-up period and less
number of patients may be the reason for our finding
of no relationship between Hcy levels, echocardio-
graphic findings, and also with PWV. Prospective
studies with larger series and longer follow-up
periods might provide further data about these
relationships in PD patients.
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