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The impact of dialysis type on biomarkers for cardiovascular diseases

Diyaliz tipinin kardiyovaskiiler biyobelirtecler Gizerine etkisi

Asife Sahinarslan, M.D., Galip Giiz, M.D.,” Riilya Mutluay, M.D.,” Kaan Okyay, M.D.,
Canan Demirtas, M.D.," Hatice Pasaoglu, M.D.," Ridvan Yalgin, M.D.
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ABSTRACT

Objectives: The impact of dialysis type on the biomark-
ers that reflect the severity of cardiovascular diseases is
not clearly known. We aimed to investigate the effect of
dialysis type on biomarkers of cardiovascular diseases
in patients with end-stage renal disease (ESRD).

Study design: The study included 108 patients who
had been on dialysis treatment (57 patients receiving
hemodialysis, 51 patients receiving peritoneal dialy-
sis) for ESRD for at least three months. Blood samples
were collected just after the dialysis. Serum N-terminal
prohormone of brain natriuretic peptide (NT-proBNP),
high-sensitivity C-reactive protein (hs-CRP), cardiac
troponin | (Tnl), interleukin-6 (IL-6), tumor necrosis fac-
tor-alpha (TNF-a), and plasma fibrinogen levels were
measured and compared between the two dialysis
groups.

Results: The two dialysis groups were similar with re-
spect to age and gender. The frequency of hypertension
was significantly higher in patients receiving peritoneal di-
alysis. This group also had higher total cholesterol, HDL
cholesterol, LDL cholesterol, and hemoglobin levels. Se-
rum levels of NT-proBNP, hs-CRP, IL-6, and TNF-a, and
plasma fibrinogen levels were similar in the two dialysis
groups (p>0.05), but Tnl was significantly higher in pa-
tients receiving peritoneal dialysis (p=0.04). Comparison
of the patient subgroups based on the duration of dialysis
(<12 months, 12-36 months, and >36 months) showed that
longer dialysis duration was associated with significantly
lower values of NT-proBNP, TNF-a, and hs-CRP (p<0.05).
Conclusion: The dialysis type does not affect serum
NT-proBNP, hs-CRP, IL-6, TNF-a, and plasma fibrino-
gen levels, but Tnl level is higher in patients treated with
peritoneal dialysis.

OzZET

Amac: Diyaliz tipinin kardiyovaskuler hastalik ciddiyetini
yansitan biyobelirtecgler Gzerindeki etkisi tam olarak bi-
linmemektedir. Bu ¢alismada, son dénem bébrek hasta-
larinda diyaliz tipinin kardiyovaskuler hastalik belirtecleri
Uzerindeki etkisi arastirildi.

Calisma plani: Galismaya, son dénem bdbrek hastaligi
nedeniyle en az Ug¢ aydir kronik diyaliz tedavisi gérmekte
olan 108 hasta alindi. Elli yedi hasta hemodiyaliz teda-
visi gorurken, 51 hastaya periton diyalizi uygulaniyor-
du. Kan érnekleri diyalizin hemen sonrasinda toplandi.
Serumda beyin natritretik peptidi N-terminal prohor-
monu (NT-proBNP), yiksek duyarlikl C-reaktif protein
(hs-CRP), kardiyak tropinin | (Tnl), interl6kin-6 (IL-6),
timér nekroz faktéri-alfa (TNF-a) duzeyleri ve plazma
fibrinojen dizeyleri 6l¢ildi ve iki diyaliz grubu arasinda
karsilastirildi.

Bulgular: iki diyaliz grubu yas ve cinsiyet acisindan
benzerdi. Periton diyalizi uygulanan hastalarda hiper-
tansiyon sikhgi ve total kolesterol, HDL-kolesterol, LDL-
kolesterol ve hemoglobin dizeyleri anlamh derecede
daha yuksek idi. Serum NT-proBNP, hs-CRP, IL-6,
TNF-a dizeyleri ve plazma fibrinojen dizeyi iki diyaliz
grubu arasinda anlamh farklilik géstermedi; serum Tnl
duzeyi ise periton diyalizi grubunda anlamli derecede
daha ylUksek bulundu (p=0.04). Tim hastalar diyaliz
slresine (<12 ay, 12-36 ay ve >36 ay) gore gruplandi-
rilarak kargilastirildiginda, daha uzun diyaliz slresinde
NT-proBNP, TNF-a ve hs-CRP duzeyleri anlamli dere-
cede daha disuk bulundu (p<0.05).

Sonuc: Uygulanan diyaliz tipi serum NT-proBNP,
hs-CRP, IL-6 ve TNF-a ve plazma fibrinojen diizeylerini
etkilememekte, ancak Tnl duzeyi periton diyalizi uygula-
nan hastalarda daha yiksek seyretmektedir.
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Patients with end-stage renal disease have signifi-
cantly higher mortality and morbidity rates com-
pared to normal population. Despite the advances in
diagnosis and treatment, cardiovascular diseases are
still the leading cause of death in this patient group.!
The effect of dialysis type on cardiovascular mortal-
ity and morbidity in ESRD patients is also controver-
sial.}4

Brain natriuretic peptide (BNP) is a hormone se-
creted by ventricular myocytes in pathological over-
load conditions. Serum BNP level has been shown
to increase in heart failure and significant ischemia.
Increased BNP levels have been demonstrated in sev-
eral studies, suggesting a prognostic value of BNP in
ESRD.P*!

There are abundant data showing a close relation-
ship between inflammation and cardiovascular mor-
tality and morbidity. High-sensitivity C-reactive pro-
tein (hs-CRP) is a diagnostic indicator of systemic
inflammation. Interleukin-6 and tumor necrosis fac-
tor-alpha are proinflammatory cytokines that induce
synthesis of CRP in the liver.”8 All these biomarkers
have been shown to predict cardiovascular complica-
tions and mortality in patients with ESRD.5¢!

Cardiac troponin I is a strong diagnostic and prog-
nostic marker of the severity of myocardial injury in
patients with normal renal function.”'” Although the
power of Tnl to diagnose myocardial infarction is
lower in ESRD patients, it has been shown to have a
prognostic value even in this patient group.'!

Fibrinogen, the precursor of fibrin which is the ma-
jor protein in the coagulation system, plays a great role
in blood viscosity and platelet aggregation.'” Large
epidemiological studies have demonstrated a signifi-
cant association between plasma fibrinogen levels and
coronary artery disease.'*!¥

In this study, we aimed to compare serum and
plasma levels of biomarkers which have been shown
to have a prognostic value in cardiovascular dis-
eases in patients under different dialysis treatment
methods.

PATIENTS AND METHODS

The study included 108 patients with ESRD who had
been on chronic dialysis treatment for at least three
months. All the patients were receiving dialysis using
a low-flux synthetic membrane dialyzer and bicarbon-
ate dialysate bath. The local ethics review board ap-
proved the study.

The patients were
divided into two groups
based on the type of
dialysis treatment: 57
patients received hemo- ; 4
dialysis, and 51 patients
received peritoneal di-
alysis. Patients with a
known cardiovascular disease (coronary artery disease,
history of coronary revascularization, stroke, and heart
failure), malignancy, active infection or inflammatory
disease were excluded from the study. Data on base-
line characteristics and medical history were obtained
from patient interviews and hospital charts. Hyper-
tension was defined as active use of antihypertensive
drugs or documentation of blood pressure higher than
140/90 mmHg. Diabetes mellitus was defined as a fast-
ing glucose level over 126 mg/dl or glucose level over
200 mg/dl at any measurement or active use of antidia-
betic drugs or insulin. Smoking was defined as current
smoking. Family history for coronary artery disease
was defined as the presence of coronary artery disease
or sudden death in a first-degree relative before the age
of 55 years for men and 65 years for women.

Abbreviations:

EF Ejection fraction

ESRD  End-stage renal disease
hs-CRP High-sensitivity C-reactive
protein

Interleukin-6

TNF-a Tumor necrosis factor-alpha
Tnl Troponin 1

Blood samples for measurement of serum NT-proB-
NP, hs-CRP, Tnl, IL-6, TNF-a, and plasma fibrinogen
levels were collected just after the dialysis. Whole blood
samples were centrifuged and the aliquots were stored
at -80 °C. Serum NT-proBNP levels were measured via
the ELISA method using Biomedica kits. Serum lev-
els of hs-CRP and Tnl were evaluated with ELISA kits
(DRG International, Inc., USA) using the high-sensi-
tivity enzyme immunoassay method. Serum levels of
TNF-a and IL-6 were measured using the Biosource
ELISA kits. Plasma fibrinogen levels were determined
by using the Tokra reagent of M.T.I. F-2610 fibrinogen
on a MTI. 1C coagulometer.

Statistical analysis

Categorical variables were presented as numbers and
percentages and compared using the chi-square test.
The Kolmogorov-Smirnov test was performed for
checking the distribution of numeric parameters. Con-
tinuous variables were presented as mean +standard
deviation if normally distributed and as median with
25th and 75th percentiles otherwise. Independent
continuous variables were compared using the t test,
ANOVA, Mann-Whitney U-test, or Kruskal-Wallis
test where appropriate, and a post-hoc comparison
was also performed. Potential factors for elevations in
the biomarkers were evaluated with multivariate lin-
ear regression analyses. A P value of <0.05 was con-
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Table 1. Baseline characteristics of the dialysis patients

Hemodialysis (n=57)

Peritoneal dialysis (n=51)

n % Mean+SD n % Mean+SD p

Age (years) 43.8+13.7 46.6+13.7 0.29
Gender 0.14

Male 37 64.9 26 51.0

Female 20 35.1 25 49.0
Weight (kg) 64.9+13.7 69.5+15.2 0.10
Smoking 13 22.8 5 9.8 0.07
Hypertension 35 61.4 45 88.2 0.001
Diabetes mellitus 8 14.0 6 11.8 0.73
Duration of dialysis (months)® 51 (3-190) 38 (3-130) 0.14
Total cholesterol (mg/dl) 168.0+45.5 198.3+48.8 0.001
HDL cholesterol (mg/dl) 34.1+10.3 38.9+9.8 0.015
LDL cholesterol (mg/dl) 98.5+33.3 123.8+39.4 <0.001
Triglycerides (mg/dl)f 156 (106-212) 152 (106-207) 0.98
Hemoglobin (g/dl) 10.4+2.1 11.2+1.9 0.04
Creatinine (mg/dl) 8.6+2.6 9.1£3.0 0.29
Fasting blood glucose (mg/dl) 103.8+46.4 95.0+24.9 0.23
Uric acid (mg/dl) 5.7+1.1 5.7+1.2 0.92
Parathyroid hormone (pg/ml)t 264 (139-504) 380 (142-616) 0.40
Calcium (mg/dl) 8.9+0.9 9.1+0.7 0.33
Phosphorus (mg/dl) 4.8+1.3 4.9+11 0.63
Alkaline phosphatase (U/l) 128.4+54.2 113.3+49.0 0.13
Left ventricular ejection fraction (%) 62.3+4.5 61.0+5.9 0.18
Medications

Erythropoetin 34 59.7 29 56.9 0.77

Salicylate 1 19.3 7 13.7 0.44

Beta-blocker 14 24.6 20 39.2 0.089

Angiotensin-converting enzyme inhibitor/ 9 15.8 15 29.4 0.23

Angiotensin receptor blocker

Calcium channel blocker 24 421 32 62.8 0.032

Hypolipidemic# 10 17.5 14 275 0.22

Vitamin D 24 421 30 58.8 0.083

Phosphate binders* 37 64.9 33 64.7 0.98

fMedian with 25th and 75th percentiles; *Statins and/or fibrates; “Including Ca-acetate, Ca-carbonate, Sevelamer, and combined drugs.

sidered statistically significant. All statistical calcula-
tions were made using the SPSS (for Windows ver.
13.0) statistical software.

RESULTS

Baseline clinical characteristics of the patients are
shown in Table 1. The frequency of hypertension was

significantly higher in patients receiving peritoneal
dialysis. This group also had higher total cholesterol,
HDL cholesterol, LDL cholesterol, and hemoglobin
levels. The two groups were similar in use of medica-
tions except for calcium channel blockers (p<0.05).

Comparison of the two dialysis groups with respect
to ESRD etiologies is shown in Table 2. There were no
etiological differences between the two groups (p>0.05).
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Table 2. Etiologies of end-stage renal disease in the
two dialysis groups

Hemodialysis Peritoneal

(n=57) dialysis

(n=51)

n % n %
Hypertensive nephropathy 6 10.5 13 25.5
Diabetic nephropathy 8 14.0 6 11.8
Glomerulonephritis 17 29.8 10 19.6
Chronic pyelonephritis 5 8.8 2.0
Nephrolithiasis 1.8 4 7.8
Polycystic kidney disease 2 3.5 2.0
Amyloidosis 10 17.5 12 23.5

Multiple myeloma 5 8.8 —

Unknown 3 5.3 4 7.8

Serum levels of NT-proBNP, hs-CRP, IL-6, and
TNF-a, and plasma fibrinogen levels were similar in
the two groups (p>0.05, Table 3). However, Tnl level
was significantly higher in patients receiving perito-
neal dialysis (p=0.04).

The patients were also divided in subgroups based
on the duration of dialysis, that is <12 months (n=20),
12-36 months (n=37), and >36 months (n=51). In this
comparison, IL-6, fibrinogen, and Tnl levels did not
differ between the three groups. However, NT-proBNP,
TNF-a, and hs-CRP levels showed significant differ-
ences. In post-hoc tests, longer dialysis duration was
associated with lower values of NT-proBNP, TNF-q,
and hs-CRP (Table 4).

In multivariate linear regression analysis, there was
not any independent predictor of Tnl and TNF-a. The
only independent predictor of NT-proBNP was left ven-
tricular ejection fraction (t=-2.871, p=0.005), and the

independent predictors of hs-CRP were EF (t=-2.107,
p=0.038) and serum creatinine (t=2.520, p=0.013).

DISCUSSION

To date, many studies have tried to determine the ideal
type of dialysis with better survival rates. However,
these studies have yielded conflicting data regarding
the survival benefit of one type over the other.l#13161
The main reason of increased mortality and morbidity
rates in patients with ESRD is cardiovascular diseas-
es.! Cardiovascular diseases are progressive diseases
related with many pathophysiologic mechanisms such
as inflammation, increased wall stress, volume and
pressure overload, and myocardial injury. Biomarkers
reflecting the extent and severity of these pathophysi-
ologic mechanisms may help determine the ideal di-
alysis type. For this aim, we compared serum levels of
NT-proBNP, hs-CRP, IL-6, TNF-a, Tnl, and plasma
levels of fibrinogen in patients receiving hemodialysis
or peritoneal dialysis. We found higher serum Tnl lev-
els in patients who had been under peritoneal dialysis.
The other biomarkers exhibited similar levels in the
two dialysis groups.

It is well known that inflammation significantly
contributes to arterial damage in ESRD patients. In-
creased incidence of traditional risk factors such as
diabetes mellitus, hypertension, and dyslipidemia
among ESRD patients, low-grade infection, adren-
ergic overactivity, and repeated exposure to dialysis
filters induce inflammation in these patients.'”! We
evaluated three inflammatory markers to compare the
impact of dialysis types on the degree of inflamma-
tion: hs-CRP, IL-6, and TNF-a. These markers did not
show significant differences between the two dialysis
groups. The results of the studies investigating the de-
gree of inflammation with different dialysis types are

Table 3. Comparison of the two dialysis groups with respect to the levels of biomarkers

Hemodialysis

Peritoneal dialysis

(n=57) (n=51)
Mean+SD/ Mean+SD/
Median (Q;-Q,) Median (Q;-Q,)
N-terminal proBNP (fmol/ml ) 190 (138-250) 169 (84-310) 0.32
Interleukin-6 (pg/ml) 5.9 (1.8-11.1) 7.4 (3.1-23.5) 0.21
Fibrinogen (mg/dl) 329.7+122.0 344.5+120.1 0.53
Tumor necrosis factor-alpha (pg/ml) 30.8+12.2 33.3+6.2 0.18
High-sensitivity C-reactive protein (mg/l) 5.1 (2.8-12.9) 8.1 (4.6-11.5) 0.35
Troponin | (ng/ml) 0.7 (0.6-0.8) 0.9 (0.7-0.9) 0.04




460

Tirk Kardiyol Dern Ars

Table 4. Comparison of the levels of biomarkers in relation to the duration of dialysis

Duration of dialysis

Group 1 Group 2 Group 1
<12 months (n=20) 12-36 months (n=37) >36 months (n=51)
Mean+SD/ Mean+SD/ Mean+SD/

Median (Q,-Q,) Median (Q,-Q.) Median (Q,-Q;) P
N-terminal proBNP (fmol/ml ) 196 (91-403) 143 (65-202) 191 (150-299) 0.024**
Interleukin-6 (pg/ml) 7.9 (3.6-26.2) 7.2 (2.5-13.2) 5.9 (1.5-12.3) 0.60
Fibrinogen (mg/dl) 312+121 349+107 337+130 0.56
Tumor necrosis factor-alpha (pg/ml) 36.2+10.2 32.7+11.2 29.7+7.8 0.036*
High-sensitivity C-reactive protein (mg/l) 11.2 (4.9-15.3) 7.9 (3.9-12.7) 6.0 (2.1-10.0) 0.018***
Troponin | (ng/ml) 0.7 (0.6-1.0) 0.8 (0.76-0.9) 0.7 (0.7-0.8) 0.57

*p=0.032 between group 1 and 3 by post-hoc Tukey Test; **p=0.006 between group 2 and 3, and ***p=0.01 between group 1 and 3 by Mann-Whitney

U-test with Bonferroni correction.

not clear. Higher levels of inflammatory parameters
have been reported with hemodialysis!"® or peritoneal
dialysis.'” Tonbul et al.?” found similar CRP and fi-
brinogen levels and erythrocyte sedimentation rates in
their study comparing peritoneal dialysis and hemodi-
alysis. Hence, large scale studies are required to draw
a definite conclusion regarding this issue.

End-stage renal disease increases ventricular
wall stress due to volume and pressure overload on
the heart. The treatment method which effectively
decreases this volume overload also decreases wall
stress. Acute changes in blood pressure during dialysis
also affect this wall stress. The severity of wall stress
can be determined by NT-proBNP levels. The prog-
nostic value of NT-proBNP has been shown clearly
in patients with ESRD.*'?? In this study, NT-proBNP
levels were similar in the two dialysis groups. This
finding proves once more that both dialysis methods
are equally effective in removing extra volume in pa-
tients with ESRD.

Myocardial cells do not have regenerative capac-
ity and permanently degenerate after an injury. Tro-
ponin I is a unique molecule for myocardial cells,
which is released into the circulation only in case of
definite myocardial injury. The chronic myocardial
injury during dialysis treatment causes continuous
release of small amounts of TnI into the circulation.
Several studies have documented the prognostic val-
ue of Tnl in patients with ESRD.!''?3 In our study,
we found higher Tnl levels in patients receiving peri-
toneal dialysis. Left ventricular hypertrophy which
is very common in ESRD patients was found to be
associated with higher levels of cardiac troponins.*¥
We did not assess left ventricular hypertrophy in our

study, but the incidence of hypertension was higher
in the peritoneal dialysis group. This difference may
account for higher Tnl levels in patients receiving
peritoneal dialysis.

Increased plasma fibrinogen levels have been
found to be related with increased cardiovascular
mortality and morbidity rates.'*'¥ The active role of
fibrinogen in blood viscosity and coagulation may
lead to adverse cardiovascular events. Both ESRD
and dialysis treatment lead to hematological changes
and increases in fibrinogen levels. The extent of this
increase in fibrinogen level induced by dialysis treat-
ment may differ between hemodialysis and perito-
neal dialysis. Malyszko et al.”*! found significantly
higher fibrinogen levels in patients receiving perito-
neal dialysis compared to those receiving hemodial-
ysis. In contrast, Tonbul et al.?” found similar fibrin-
ogen levels in these two dialysis groups. Similarly,
we did not find a significant difference in fibrinogen
levels between the two dialysis groups. On the other
hand, hemoglobin level was lower in the hemodialy-
sis group. This may be explained by increased red
blood cell deformation during hemodialysis and by
the cumulative effect of small amounts of blood loss
during each procedure.

In multivariate linear regression analysis, we
found that EF was the only independent predictor
of NT-proBNP. This finding is not surprising, since
NT-proBNP is directly correlated with the systolic
performance of the left ventricle. We also found that
EF and serum creatinine level were the independent
predictors of hs-CRP. Higher hs-CRP level may be a
reflection of higher coronary atherosclerotic burden in
patients with lower EF and higher creatinine level.
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The relatively small number of the study popula-
tion may be a limitation for the interpretation of the
results. The other limitation of the study is its cross-
sectional nature. We did not repeat the measurements
for the biomarkers. Nonetheless, we included patients
who had been under dialysis treatment for at least
three months, so there was sufficient time for both
dialysis types to show dialysis-induced effects on the
biomarker levels. When we compared the biomarker
levels based on the duration of dialysis, we found that
NT-proBNP, TNF-a, and hs-CRP levels were signifi-
cantly different between the subgroups. Patients who
had been under dialysis treatment for >36 months had
significantly lower levels of NT-proBNP, TNF-a, and
hs-CRP compared to those with a dialysis duration
of <12 months. This finding shows a decline in the
responses such as inflammation, apoptosis, and wall
stress as the dialysis time increases. This may be a
reflection of adaptation process to dialysis treatment.
Despite its limitations, we think that this study may
provide more insight into the effects of dialysis type
on biomarkers used for cardiovascular diseases.

In conclusion, the dialysis type does not affect se-
rum NT-proBNP, hs-CRP, IL-6, TNF-a, and plasma
fibrinogen levels, but Tnl level is higher in patients
treated with peritoneal dialysis. Based on this finding,
hemodialysis may be preferred in patients with exten-
sive myocardial injury. Further studies with larger pa-
tient groups are required to draw definite conclusions.
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article: None declared
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