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Introduction

Chronic kidney disease (CKD) is a disease
with gradually increasing prevalence and associated
with high morbidity and mortality and with high
personal and public economic burden. Comorbid
conditions in patients with CKD additionally con-
tribute to this burden(1). Cardiovascular diseases
(CVDs) and CVD-associated mortality are more
common in patients with CKD than in general pop-
ulation. Proteinuria, hypertension, dyslipidemia,
diabetes, and smoking, which are among the tradi-
tional risk factors frequently encountered in CKD
patients, are the risk factors also for CVD and

directly contribute to CVD events(2). Even in the
earlier stages of CKD, in which function loss is
minimal, cardiovascular risk has been demonstrated
to be increased3. In addition, a number of kidney-
related factors also contribute to the cardiovascular
events as the renal functions are decreased. These
factors include anemia due to decrease in erythro-
poietin (EPO) release, endothelial dysfunction, vita-
min D deficiency, calcium and phosphorus metabo-
lism disorders, electrolyte disorders, increased
inflammatory factors and oxidative stress, abnormal
apolipoprotein levels, elevated plasma homocys-
teine level, and enhanced coagulability(2, 3).
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ABSTRACT

Aims: To investigate the levels of mean platelet volume (MPV) and beta-thromboglobulin (β-TG), two of platelet activation
markers, in non-diabetic patients in different stages of chronic kidney disease (CKD), who were receiving or not receiving hemo-
dialysis.

Material and methods: This prospective study included 122 subjects (88 CKD patients and 34 healthy controls). Analyses were
performed among three groups: dialysis group including patients (n=50) with nondiabetic stage 5 CKD and receiving hemodialysis,
non-dialysis group including patients (n=38) with nephropathy of nondiabetic stage 1-4 CKD and not receiving hemodialysis, and
healthy controls (n=34). Demographic data, medical history, and cardiac risk factors were recorded. Physical examinations and
measurements of complete blood count, and MPV and β-TG levels were performed. Plasma β-TG levels were determined by the enzy-
me-linked immunosorbent assay method.

Results: The mean age of the study subjects (n=122; 78 females) were 54.56±17.20 years. Hypertension (38.6%) and polycy-
stic kidney disease (13.6%) were the major etiologies of CKD. The β-TG level of the non-dialysis group was significantly higher than
those of the dialysis (p=0.001) and control groups (p<0.01). The MPV levels of the non-dialysis and dialysis groups were significan-
tly higher than that of the control group (p=0.001and p=0.011, respectively).

Conclusion: Both MPV and β-TG levels were higher in the non-dialysis CKD patients than in the control group. Monitoring of
these two markers (MPV and β-TG) in early-stage CKD patients would be beneficial as these markers may be useful in early detec-
tion of the cardiovascular risks and as their measurements are non-invasive and easily applicable.

Key words: Nondiabetic chronic renal disease, mean platelet volume, β-thromboglobulin, cardiovascular risk, hemodialysis
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Early detection and prevention of risk factors
or commencement of appropriate risk-reducing
treatments has been reported to increase the quality
of care and reduce the cost of care1. Therefore, risk
factor screening in the early stage should be consid-
ered within therapeutic approach in patients diag-
nosed with CKD.

Studies on platelet functions have become
popular along with the availability of stents and
antiplatelet agents in the treatment of atherosclerot-
ic diseases. Platelet activation acts as a triggering
factor in many arterial diseases and in acute and
chronic inflammation(4). Both platelet activation and
platelet dysfunction may be observed in patients
with end-stage renal disease (ESRD)(5).

Among platelet activation markers, mean
platelet volume (MPV) is drawing increasing inter-
est in recent years(6). MPV is a quantity of the aver-
age size of platelets encountered in a blood sample
and a marker of platelet size, function and activa-
tion(4). CVD risk factors such as smoking, hyperten-
sion, dyslipidemia and diabetes have been demon-
strated to enhance MPV levels. Furthermore, MPV
levels have been reported to be associated with pre-
diabetes, obesity, paroxysmal atrial fibrillation, risk
of thrombosis, and cardiovascular and cerebrovas-
cular morbidity(4, 6).

β -thromboglobulin (β-TG) is a platelet-spe-
cific chemokine, stored in platelet alpha-granules
and released extracellularly upon activation(6, 7). It
has been reported that β-TG level is altered in many
diseases including cancer, hypertension, coronary
artery disease and diabetes. Nevertheless, consider-
ation of renal insufficiency rather than platelet acti-
vation is recommended in the event of high plasma
β-TG levels since it is excreted via renal route(7). 

The present study aimed to investigate the lev-
els of MPV and β-TG, two of platelet activation
markers, in non-diabetic patients in different stages
of CKD, who were receiving or not receiving
hemodialysis.

Materials and methods

The present study, which was designed as a
prospective study, was performed on a total of 122
subjects of whom 88 had CKD and 34 were healthy
volunteers. The patients were categorized as CKD
according to the criteria of the National Kidney
Foundation-Kidney Disease Outcomes Quality
Initiative (NKF-KDOQI)(8).

Analyses were performed among three groups:
dialysis, non-dialysis and control groups. The dialy-
sis group included patients (n=50) with nondiabetic
stage 5 CKD (this was defined as ESRD) and
receiving hemodialysis. The non-dialysis group
included patients (n=38) with nephropathy of non-
diabetic stage 1-4 CKD and not receiving
hemodialysis. The control group was composed of
healthy volunteers (n=34) who had no systemic dis-
ease and no habitual use of drugs.

Patients having a condition (other than nondia-
betic nephropathy) increasing the plasma β-TG and
MPV levels were excluded. These conditions
increasing the plasma β-TG level include throm-
boembolic diseases (cerebrovascular diseases,
myocardial infarction, venous thromboembolic dis-
eases), peripheral artery disease, heart failure, artifi-
cial heart valve surgery, malignancies, hyperthy-
roidism and diabetes mellitus, whereas the condi-
tions increasing the plasma MPV levels include
immune thrombocytopenia, hereditary macrothrom-
bocytosis, diabetes mellitus, hyperlipidemia and
preeclampsia(9,10). 

The protocol of the present study was
approved by the Local Ethics Committee of
Haydarpasa Numune Training and Research
Hospital. Informed consents were obtained from all
patients.

Demographic data, as well as medical history
and cardiac risk factors of the subjects were evalu-
ated and recorded. Physical examinations of all
subjects were performed. After 10-12 h fasting,
blood samples were collected from antecubital vein
in the upright position. Venous blood of 1.8 mL was
then mixed with 0.2 mL of 3.8% sodium citrate
solution (9:1) in order to perform a complete blood
count and MPV measurement. The measurements
were completed within 1 h using a Sysmex XT
2000i (Sysmex Corporation, Kobe, Japan).

For the measurement of the plasma β-TG lev-
els, firstly 2 mL of blood taken from the patients
was drained out and the blood was added to the
CTAD tubes containing a special mixture for
platelet markers. The tubes were kept in iced water
for 15 min and then centrifuged at 2500 rpm at 2-
8°C for 20 min. One third of the volume of the
plasma was obtained from the middle region and
these samples were stored at -20°C. The plasma
levels of β-TG were then determined using the
enzyme-linked immunosorbent assay (ELISA)
method.

930 Refik Demirtunc, Meral Ulukoylu et Al



Statistical Analysis
Data were analyzed using the NCSS (Number

Cruncher Statistical System) 2007 & PASS (Power
Analysis and Sample Size) 2008 Statistical
Software (Utah, USA) program. In addition to
descriptive statistical methods (mean, standard
deviation), logarithmic transformation was used for
β-TG measurements, which were not normally dis-
tributed. After normal distribution was provided,
one-way analysis of variance (ANOVA) was used
for intergroup comparisons, and Tukey’s HSD test
was then used to make pairwise comparisons. Data
were evaluated within 95% confidence interval and
at a significance level of p<0.05.

Results

The study included 122 subjects, with a mean
age of 54.56±17.20 years (range, 18-85 years), of
whom 78 (63.9%) were female and 44 (36.1%)
were male. Of the patients, 38 were in the non-dial-
ysis group, 50 were in the dialysis group, and 34
were in the control group. Hypertension (38.6%)
and polycystic kidney disease (13.6%) were the
major etiologies of CKD. The remaining causes
included amyloidosis, chronic glomerulonephritis,
nephrolithiasis, Alport Syndrome, and unknown
causes. The characteristics of the study groups are
summarized in Table 1.

The level of β-TG of the non-dialysis group
was significantly higher than those of the dialysis
and control groups (p=0.001 and p<0.01, respec-
tively; Figure 1). The MPV levels of the non-dialy-

sis and dialysis groups were significantly higher
than that of the control group (p=0.001and p=0.011,
respectively; Figure 1).

Among CKD patients, there was no difference
between the groups receiving and not receiving
EPO in terms of MPV levels (7.84±1.14 fL and
7.47±1.30 fL respectively; p=0.565) and β-TG lev-
els (156.68±161.57 ng/mL and 132.12±126.05
ng/mL respectively; p=0.142).

Discussion

In the present study, we as well investigated
the levels of MPV and β-TG, which are considered
among the risk factors of CVD, in CKD patients.
For this purpose, CKD patients receiving and not
receiving dialysis and control subjects were com-
pared in terms of MPV and β-TG levels. In the pre-
sent study, there was no difference between the
groups in terms of gender distribution. The mean
age was lower in the non-dialysis group. Although
the platelet count showed difference between the
groups, all mean values were within the normal
ranges. In order to eliminate confounding effects of
various factors, including those among the tradi-
tional risk factors of CVD and/or those of which
direct effects on MPV and β-TG levels has been
demonstrated, patients with these factors were
excluded from the study.

In the present study, MPV level was found to
be significantly higher in CKD patients (both in
non-dialysis and dialysis groups) as compared to
the controls. It is known that coagulation activation
occurs due to the interaction with extracorporeal
components during hemodialysis treatment(11). In the
early stages of hemodialysis, platelet microaggrega-
tion followed by deaggregation may occur, as evi-
denced by a significant decrease in MPV.
Thereafter, platelet production is stimulated and
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Control group
(n=34)

Non-dialysis group
(n=38)

Dialysis group
(n=50) p

Gender

Female (n(%)) 23 (68) 21 (55) 34 (68) 0.406

Male (n(%)) 11 (32) 17 (45) 16 (32)

Age (years) 54.12±13.89 49.42±19.37 58.76±17.13 0.04

Hemoglobin (g/dL) 13.50±1.02 10.08±1.76 12.20±1.79 0.001

Platelet count (103/µL) 235.91±60.81 196.53±81.4 170.56±51.9 0.007

MPV (fl) 7.42±1.37 8.28±1.12 8.19±1.02 0.003

β-TG (ng/mL) 79.43±1.23 165.96±1.95 87.09±2.08 0.001

Results are demonstrated as mean±standard deviation and num-
ber (%). MPV, mean platelet volume; β-TG, β -thromboglobulin.
Table 1: Characteristics of the study groups.

Fig. 1: Mean platelet volume (MPV) and β-thromboglo-
bulin (β-TG) levels in the study groups.



MPV increases due to the decreased life-span of
platelets in uremia(12). Dialysis has been reported to
have improving effect on platelet functions by
means of removing uremic toxins but enhance ten-
dency to bleeding as a result of platelet activation
due to the utilization of systemic anticoagulants and
to the interaction of blood with artificial surfaces(13).
Henning et al.(14) reported that MPV was an inde-
pendent risk factor for coronary heart disease in
hemodialysis patients and that the rate of coronary
heart disease was higher among those with higher
MPV levels.

In CKD patients on dialysis, MPV level has
been reported to be significantly higher in those
receiving EPO treatment than in those not receiving
EPO treatment(15). In the present study, although
there was a difference between the groups in terms
of hemoglobin levels, no difference was observed
in terms of MPV and β-TG levels between the
groups receiving and not receiving EPO among
CKD patients. Nonetheless, there is a need for more
specific studies on this issue.

It has been reported that level of β-TG, which
is metabolized in and excreted through the kidneys,
is increased in plasma when renal functions are
impaired and is high in hemodialysis patients(11).
Mussselman et al.(16) found β-TG level to be sub-
stantially higher in dialysis-dependent patients than
in normal control group. In the present study, the
highest β-TG levels were also determined in the
non-dialysis CKD patients. The reduction of levels
of β-TG level in dialysis-dependent patients may be
important in reducing the risk of CVD. When car-
diovascular events is still considered to be the most
common cause of death in CKD patients on dialy-
sis, we can suggest that other factors than platelet
activation can play a role.

Limitation; in our study, the patients with car-
diovascular disease were excluded because that can
affect the MPV and β-TG level. In this case, the
presence of cardiovascular disease has not been
compared in patients with high levels of both MPV
and β-TG level.

Conclusions; In the present study, both MPV
and β-TG levels were found to be higher in the
non-dialysis CKD patients (Stage 1-4), i.e. before
renal disease progresses to end-stage, as compared
to the control group. The reduction of both MPV
and β-TG levels in dialysis patients may indicate
that dialysis is important in reducing cardiovascular
risk. It can be suggested that monitoring of these
two markers (MPV and β-TG) in early-stage CKD

patients would be beneficial as these markers may
be useful in early detection of the cardiovascular
risks and as their measurements are non-invasive
and easily applicable. Large-scale prospective stud-
ies are needed to show the benefits of early initia-
tion of dialysis to reduce cardiovascular risk when
the levels of MPV and β-TG levels rise rapidly.
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