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Asymmetric dimethylarginine (ADMA) is an endogenous
inhibitor of endothelial-based nitric oxide synthase. Its level is
increased by end stage renal disease. However, most studies
showing an increase in ADMA in dialysis patients have
focused on hemodialysis. Results with peritoneal dialysis
patients have been more inconclusive. Recent studies suggest
that ADMA may be a new cardiovascular risk factor. The aim
of the present study was to evaluate the relationship between
ADMA levels, residual renal function, and left ventricular
hypertrophy in peritoneal dialysis patients. Serum ADMA
measurements and echocardiographic evaluations were per-
formed in 54 peritoneal dialysis patients and 26 healthy volun-
teers. Residual renal function was measured in peritoneal
dialysis patients by urea clearance from a urine collection.
Thirty-two of the 54 peritoneal dialysis patients had residual
renal function. ADMA levels of the peritoneal dialysis group
were found to be significantly higher than those of healthy
individuals ( p  = 0.03). Within the peritoneal dialysis group,

ADMA levels of patients with residual renal function were
significantly lower than those without residual renal function
(p = 0.01), though they were still higher than the ADMA levels
of the control group (p=0.04). Serum levels of ADMA were
positively correlated with left ventricular mass index (r = 0.29,
p = 0.01) and negatively correlated with early mitral inflow
velocity (Em) (r = −0.28, p = 0.01), Em/Late mitral inflow
velocity (Am) (r = −0,32, p = 0.00), and isovolumetric relax-
ation time (r = −0.30, p = 0.01). In conclusion, increased
ADMA levels seem to be associated with left ventricular
hypertrophy in peritoneal dialysis patients, and residual renal
function may lead to a reduction of serum ADMA levels.

Keywords CAPD, ADMA, residual renal function, left ventricular
hypertrophy

INTRODUCTION

It is well known that cardiovascular disease is the most
important cause of mortality in end stage renal disease
(ESRD) patients, and the mortality risk is increased more
than 100 times when compared to the general population.[1]

Defining the cardiovascular risk factors in these patients is
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critical to the prevention of cardiovascular events.[2] Recent
studies suggest that Asymmetric dimethylarginine
(ADMA) may be a new cardiovascular risk factor in both
normal subjects and ESRD patients.[3–5]

ADMA is an endogenous inhibitor of endothelial-
based nitric oxide synthase.[4] Nitric oxide (NO) is not
only an endothelial-based strong vasodilator, but it also
prevents incidents that can trigger the development of
atherosclerosis, such as leukocyte adhesion, platelet aggre-
gation, and vascular smooth muscle cell proliferation.[5] NO
also controls vascular regeneration through angiogenesis,
thus protecting against the development of atherosclerosis.[5]

It also protects against the development of left ventricular
hypertrophy (LVH). Previous studies reported that NO con-
trols the growth of the myocardium and is influential in the
development of cardiac remodeling, which in turn has an
antiproliferative effect on the myocardium.[6] As a periph-
eral vasodilator, it additionally reduces both afterload and
preload. This hemodynamic effect of NO helps the preven-
tion of LVH.[6] ADMA eliminates these positive effects by
suppressing NO synthesis.[4] As a result, NO inhibition by
ADMA may lead to cardiovascular events, including the
development of atherosclerosis and LVH.

As ADMA is partially eliminated through urine,
kidney failure causes its level to increase.[4] This increase
is suggested to be related to an increase in cardiovascular
risk commonly seen in dialysis patients.[4,5,7,8] This
hypothesis was supported by Zoccali et al, who demon-
strated a relationship between LVH and ADMA in hemo-
dialysis patients.[9]

It has been postulated that cardiovascular mortality in
dialysis patients decreases in the presence of residual renal
function (RRF).[10] To the best of our knowledge, there is
no study evaluating the relationship between ADMA
level, RRF, and cardiovascular disease in ESRD patients.

In the present study, we aimed to evaluate the
relationship between ADMA levels, RRF, and LVH in
peritoneal dialysis patients.

MATERIAL AND METHODS

Fifty-four continuous peritoneal dialysis outpatients at
Gazi University School of Medicine Clinic of Nephrology
who had been receiving dialysis for at least six months
were admitted to the study, along with 26 healthy volun-
teers in the control group. Subjects diagnosed with valve
disease, atherosclerotic heart disease, or cardiovascular
disease were excluded from the study, as were those with
uncontrolled blood pressure, hypervolemia or a disease
causing active inflammation. Kidney failure was due to
amyloidosis in two subjects, polycystic kidneys in four,
diabetes mellitus in five, glomerulonephritis in nine, and

nephrolithiasis in four. The etiology was unknown in 30 of
54 patients. Of the patients, 8 had diabetes mellitus, and 39
had hypertension. Our patients were performing their
CAPD treatment using lactate containing standard dialysis
solution for four or five exchanges. The patients had been
on peritoneal dialysis for 55.5 ± 49 months on average.
Prior to the study, all patients were informed and their
consent was taken. The study was approved by the Ethical
Committee on Studies Involving Human Beings at Gazi
University, Faculty of Medicine. The blood pressures of all
subjects were calculated as the average values of eight mea-
surements that were taken during a period of one month.
Body mass index (BMI) was calculated as BM = kg/m2).
Blood samples were drawn after a 12-hour fasting, and
serum glucose, albumin, high sensitive C-reactive protein
(hsCRP), blood urea nitrogen (BUN), creatinine, calcium
(Ca), phosphate (P04), total cholesterol, low-density lipo-
protein (LDL) cholesterol, high-density lipoprotein (HDL)
cholesterol, hemoglobin, and intact parathormone (iPTH)
measurements were made using standard methods in the
routine biochemistry laboratory.

Serum samples separated for ADMA measurement
were stored at −70°C for a short period of time, and the
tests were performed by ELISA (enzyme-linked immun-
osorbent assay) method using immunodiagnostic AG kits
(Stubenwald-Allee 8a D-64625 Bensheim, lot number
K7812-070115). The dialysis adequacy of the patients was
assessed by using the Kt/V formulation:

In CAPD patients who had urine, 24-hours urine was
collected, and residual renal function was calculated by
urea clearance method.[11] Urea clearance was calculated
with the following formula:

where U = urinary urea concentration (mmol/L), V =
volume of the 24 hour urine collection (ml), and P = plasma
urea concentration (mmol/L).

Echocardiography

All subjects in the study evaluated with 2D, M-Mode,
pulse wave Doppler, and tissue doppler echocardiography
using GE Vivid 7 dimension echocardiography machine.
Echocardiographic evaluations were performed at left
lateral decubitus position with standard techniques. 2D
long-axis views were used to obtain linear measurements
of left ventricular cavity. Left ventricular mass (LVM)

eKt/V spKt/V K/V= − × +( . ) ( ) . .0 6 0 03

Urea clearance KRU  mL/min U V / P( ) ( ) ( )= × ×1440
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was estimated by using the anatomically validated formula
of Devereux et al.[12]:

where IVST = interventricular septal thickness, LVID = left
ventricular internal dimension, and LPWT = left posterior
wall thickness. Left ventricular mass index (LVMI) was
calculated by the following formula[12]:

Mitral inflow velocities were obtained by pulse wave
Doppler in the apical four-chamber view with the sample
volume placed at the tips of the mitral valve leaflets. The
ratio of early diastolic to late diastolic mitral inflow veloc-
ities was measured. Color tissue Doppler imaging was per-
formed from the apical four-chamber view, and the images
were digitized. Myocardial velocity profiles of the lateral
mitral annulus were obtained by placing a 6 mm-sample
volume at the junction of the mitral annulus and lateral
myocardial wall. Early, late diastolic velocities, systolic
velocities, and IVRT were measured from two consecutive
cardiac cycles and averaged. The ratios of early to late
diastolic mitral annular velocities were calculated.

Statistical Analysis

Data are shown as mean ± SD or as percentages.
Comparisons between groups were performed by student’s
t test, chi-square test, or one-way analysis of variance
(ANOVA), as appropriate. Univariate correlation was
established by Pearson’s correlation coefficient. To assess
the influence of tested parameters on LVMI as the depen-
dent variable, multiple regression analysis was performed.
All statistical calculations were performed using the
Statistical Package for the Social Sciences (SPSS version
13). Significance was defined as a p value less than 0.05.

RESULTS

Thirty-two of the 54 peritoneal dialysis patients had
RRF. Using the urea clearance method, mean RRF was
5.94 ± 5.07 mL/min in these patients. Their average
ultrafiltration was 1123.17 ± 419.83, urine amount was
739.77 ± 506.54 milliliters, and the average Kt/V of
patients was 1.55 ± 0.44.

The anthropometric, demographic, and biochemical
parameters comparing the control group and the peritoneal
dialysis patients are given in Table 1. ADMA levels of the

peritoneal dialysis group were found to be significantly
higher than those of healthy individuals ( p = 0.03; see
Table 1). Within the peritoneal dialysis group, ADMA lev-
els of patients with RRF were significantly lower than
those without residual renal function (0.32 ± 0.24 μmol/L
and 1.36 ± 2.48 μmol/L respectively; p = 0.014); however,
they were still higher than the ADMA levels of the control
group (0.25 ± 0.05 μmol/L, p = 0.04; see Figure 1).
Among the peritoneal dialysis patients, those with residual
renal function included 26 hypertensive patients, whereas
those without residual renal function included 13 hyper-
tensive patients. In the assessment done with the χ2 test,
no significant difference existed between groups with
respect to the presence of hypertension ( p = 0.07). When
compared, there was no significant difference for the dura-
tion of dialysis, Kt/V levels, fasting blood glucose, hemo-
globin, iPTH, Ca, P04, albumin, hsCRP, and ferritin levels
between patients with and without RRF. Mean systolic/
diastolic blood pressures were found in the RRF group,
122.58 ± 8.83/73.06 ± 10.85, and without the RRF group,
122.50 ± 9.85/71.36 ± 10.59. Difference between these
groups was not significant.

LVM   IVST LVID LPWT LVID= + + +0 8 1 04 0 63 3. ( . ( ) ) .−

LVM/height2 7 12, [ ]

Table 1 
Comparison of selected characteristics between CAPD patients 

and control subjects

CAPD patients 
(n = 54)

Control subjects 
(n = 26)

Gender (M/F) 29/25 12/14
Age (year) 45.4 ± 14.3 46.7 ± 10.7
BMI (kg/m2) 24.48 ± 4.24 25.60 ± 3.88
Systolic BP (mmHg) 122.54 ± 9.18 121.71 ± 8.71
Diastolic BP (mmHg) 72.35 ± 10.67 70.76 ± 8.90
Hemoglobin (g/dL) 11.50 ± 1.82† 14.50 ± 1.16†

Fasting blood glucose 
(mg/dL)

97.06 ± 23.41 91.31 ± 8.78

Blood urea nitrogen 
(mg/dL)

50.68 ± 12.67† 12.54 ± 2.89†

Creatinine (mg/dL) 8.95 ± 3.18† 0.95 ± 0.20†

Albumine (g/dL) 4.11 ± 0.47† 4.96 ± 0.30†

Calcium (mg/dL) 9.14 ± 0.69† 9.54 ± 0.44†

Phosphate (mg/dL) 5.00 ± 1.35† 3.39 ± 0.43†

T cholesterol (mg/dL) 184.14 ± 44.54 189.18 ± 29.83
LDL cholesterol (mg/dL) 106.92 ± 30.07 118.31 ± 24.73
Triglycerides (mg/dL) 153.32 ± 72.08† 107.22 ± 34.73†

hsCRP (mg/dL) 0.87 ± 2.15 0.98 ± 3.27
iPTH (pg/mL) 358.26 ± 269.27 —
Duration of dialysis 

(month)
55.50 ± 49.91 —

ADMA (μmol/L) 0.74 ± 1.65 0.25 ± 0.05*

*p < 0.05, †p < 0.001.
Abbreviations: hsCRP = high sensitive C-reactive protein,

iPTH = intact parathormone.
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Echocardiographic Findings

A comparison of tissue Doppler echocardiographic
parameters of the peritoneal dialysis and control groups is
given in Table 2. Left ventricular mass index was higher in
the peritoneal dialysis group compared to control subjects.
Among the diastolic function parameters obtained through
tissue Doppler echocardiography, the early mitral inflow
velocity (Em) and Em/Late mitral inflow velocity (Am) lev-
els were significantly lower in CAPD patients when com-
pared to the control group (p < 0.05). The IVRT value was
significantly prolonged in the patient group (p < 0.05; see
Table 2). Left ventricular mass of the patients with RRF,
without RRF, and the control group were 236.96 ± 72.76 (gr),
204.23 ± 68.43 (gr), and 164.76 ± 45.35 (gr), respectively.
The LVMI of these groups were 63.36 ± 21.92 (gr/m2,7),
54.59 ± 13.60 (gr/m2,7), and 42.43 ± 11.33 (gr/m2,7),
respectively. The difference between the with-RRF and with-
out-RRF groups was not significant. Additionally, the left
atrial diameters of these groups were 34.42 ± 6.19 (mm),
33.42 ± 5.90 (mm), and 30.27 ± 6.45 (mm), respectively.
The difference between groups was not statistically
significant.

There was a significant negative correlation between
ADMA and Em (r = −0.28, p=0.01), Em/Am (r = −0.32,
p  = 0.00), and IVRT (r = −0.30, p  = 0.01), and a positive
correlation with LVMI (r = 0.29, p  = 0.01) in CAPD
patients. When the LVMI was taken as the dependent vari-
able and ADMA, BMI, age, and hCRP were taken as inde-
pendent variables, linear regression analysis showed that

statistical significance was only seen between BMI and
left ventricular mass index (β  = 0.294, p = 0.04).

DISCUSSION

In our study, we found ADMA levels to be signifi-
cantly higher in peritoneal dialysis patients than the con-
trol group. Studies showing an increase in ADMA in
dialysis patients have mostly focused on hemodialysis.[4]

However, results of evaluating serum ADMA levels in

Figure 1. Comparison of ADMA levels between CAPD patients with residual renal function and those without residual renal
function or healthy subjects. 

*p = 0.01, **p = 0.04

Table 2 
Comparison of echocardiographic parameters between CAPD 

patients and control subjects

Echocardiographic 
parameters

CAPD patients 
(n = 54)

Control subjects 
(n = 26)

Ejection fraction (%) 66.84 ± 6.80 62.33 ± 12.09
Fractional shortening (%) 37.32 ± 5.39 34.00 ± 7.51
Em (cm/sn) 9.27 ± 2.66* 11.47 ± 2.65*
Am (cm/sn) 10.62 ± 2.67 10.50 ± 1.84
Em/Am 0.92 ± 0.34* 1.14 ± 0.40*
IVRT (msn) 92.74 ± 24.6† 76.77 ± 13.83†

Systolic velocity (cm/sn) 8.02 ± 1.64 8.19 ± 1.74
LVMI (gr/m2,7) 59.74 ± 19.25† 42.43 ± 11.33†

*p < 0.05, †p < 0.001.
Abbreviations: Em = mitral annular early velocity, Am =

mitral annular late velocity, IVRT = isovolumetric relaxation
time, LVMI = left ventricular mass index.
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CAPD patients are inconclusive.[8,13,14] While some stud-
ies reported ADMA levels 2–6 greater in CAPD
patients,[13,14] Kielstein et al. did not report any difference
of ADMA levels in CAPD patients and healthy subjects.[8]

Additionally, there are several reports suggesting
increased cardiovascular risk in hemodialysis and CAPD
patients with high serum levels of ADMA.[4,5,7,8] This
increased risk is believed to be a result of the NO inhibi-
tion. In the blood vessel, NO relaxes vascular smooth mus-
cle to increase blood flow and suppresses processes
involved in vascular disease, including leukocyte adhe-
sion, platelet aggregation and vascular smooth muscle cell
proliferation. All of these factors have a role in the devel-
opment of atherosclerosis. Consequently an endogenous
NO synthase inhibitor such as ADMA should be associ-
ated with vascular disease.[4,5,15] Increased ADMA level is
also suggested to be related to the development of endot-
helial dysfunction. Endothelial dysfunction refers to a
disruption in the regulating role of endothelium in cardio-
vascular incidents, such as vascular dilatation, fibrinolysis,
or smooth muscle cell proliferation.[16] The most impor-
tant reason for endothelial dysfunction is a reduction in the
amount of nitric oxide or its bioavailability.[16] The inhibi-
tor effects of ADMA on NO synthesis may also lead to
endothelial dysfunction, which may in turn cause an
increase in cardiovascular events.[16]

Another risk factor increasing cardiovascular mortality
in end stage renal disease patients is LVH.[17] The present
study demonstrated a significant relationship between
LVMI and ADMA level in CAPD patients. The relation-
ship between ADMA and LVH may be due to hemody-
namic load as a result of the decrease in NO synthesis,
disruption in cardiac remodeling, and the development of
endothelial dysfunction.[6] Pannier et al. postulated that
endothelial dysfunction and the development of LVH are
related in patients with advanced kidney failure.[18] Several
experimental studies have also suggested a relationship
between NO inhibition and LVH.[19]

Similar to study reported by Zoccali et al. in hemodi-
alysis patients,[9] we found a positive relationship between
LVMI and serum ADMA levels in CAPD patients. They
also suggested that ADMA is an independent risk factor in
left ventricular hypertrophy development in hemodialysis
patients.[9] Although a significant relationship between
ADMA and LVMI was demonstrated in the present study,
linear regression analysis did not show ADMA as an inde-
pendent risk factor for LVH. This may be due to the small
number of patients in our study. A result of this study’s
negative correlation was found between ADMA levels and
Em, Em/Am, and IVRT. This result suggests that elevated
ADMA levels may negatively affect left ventricular dias-
tolic functions in CAPD patients. Our study is the first
study a relationship shown between ADMA and left

ventricular diastolic dysfunction. Further large-scale, pro-
spective studies are needed concerning this subject.

Another conclusion of the present study is that
ADMA levels are lower in the presence of RRF. This may
be due to the contribution of RRF to ADMA’s renal elimi-
nation and metabolism.

Recently, it has been claimed that RRF has positive
effects on cardiovascular events and LVH.[10] However, in
our study, LVMI was higher in patients with RRF than in
patients without RRF. This condition has been thought to be
related to a higher rate of hypertension in patients with RRF.

RRF is generally accepted to have positive effects on
the cardiovascular outcome.[10] These effects cannot be
solely explained by the better volume control of patients
with RRF. Low serum ADMA levels in the presence of
RRF may also reduce cardiovascular events.

A major limitation of our study was the cross-
sectional design. A prospective study with a large sample
size may be more meaningful about this issue.

In conclusion, the present study has found serum
ADMA levels of peritoneal dialysis patients to be signifi-
cantly higher than healthy individuals. Increased ADMA
level may have a negative effect on left ventricular struc-
ture. Therefore, observing ADMA levels may lead to an
awareness of early cardiovascular risk increase in dialysis
patients. Additionally, factors leading to a reduction in
ADMA levels, such as RRF, may lead to a reduction of
cardiovascular events. Larger scale studies are needed to
support of this issue.
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