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Background: We aimed to determine the association between platelet indices including
plateletcrit (PCT), mean platelet volume (MPV), platelet distribution width (PDW), and pro-
teinuria associated with hypertension (HT) as well as the relative power of each to predict
proteinuria.

Methods: The study included 223 patients (68 men and 155 women) with primary HT.
PCT, MPV, PDW, and proteinuria levels were measured. The patients were divided into
two groups according to proteinuria status based on 24-hr urinary protein excretion: pro-
teinuria (+) group (15 men and 40 women) and proteinuria (-) group (53 men and 115
women).

Results: The mean and SD of platelet count, PDW, PCT, and MPV were 278.8+49.6
x10%L, 13.5+1.8%, 0.31+0.07%, and 11.3+2.6 fL, respectively. The mean platelet
count, PCT, MPV, and PDW were significantly higher in the proteinuria (+) group than in
the proteinuria (-) group (P<0.05); there were no significant differences in the other blood
parameters between the two groups. The platelet count, PCT, MPV, and PDW were inde-
pendent risk factors predictive of proteinuria according to a stepwise regression analysis of
PDW, PCT, and MPV. PCT was the strongest independent predictor of proteinuria.

Conclusions: The platelet indices PCT, PDW, and MPV were significantly higher in pa-
tients with proteinuria than in those without it. Among these three indices, PCT was the
strongest predictor of proteinuria.
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INTRODUCTION

Hypertension (HT) is a significant risk factor for cardiovascular
and cerebrovascular events including heart attack and stroke
[1]. The renovascular system is commonly affected by elevated
blood pressure in patients with HT. Proteinuria is among the
earliest markers of renal damage and occurs owing to sustained
high blood pressure. The effects of high blood pressure on the
vital organs may be mediated by activation of the coagulation
system via endothelium injury and/or might be due to their ef-
fects on platelets. Proteinuria is reportedly associated with en-
dothelial dysfunction, inflammation, and platelet activation [2].
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Platelet activation plays a critical role in the pathophysiology
of thrombotic events and HT-related target organ damage [3].
Platelets retain their original and inactive form while circulating
through vessels with intact endothelium. Because of the endo-
thelial damage due to high blood pressure, platelets adhere to
collagen released from the subendothelial tissue. Platelets are
activated by increases in platelet adhesion and aggregation. Ac-
tivated platelets exhibit degranulation, swelling, and increases in
mass and volume [4]. In this situation, alterations of platelet in-
dices occur owing to endothelial dysfunction, which also plays a
role in the pathophysiology of proteinuria.

Platelet indices such as mean platelet volume (MPV), platelet-
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crit (PCT), and platelet distribution width (PDW) are easily cal-
culated via routine blood counts. MPV reportedly increases in
HT and its associated complications as well as in diabetes melli-
tus, hyperlipidemia, and coronary artery disease [5-71. There is
an inverse relationship between MPV and cardiovascular out-
come [8]. PCT was recently accepted as an indicator of platelet
activation, and it reportedly increases in cardiovascular diseases
[9, 10]. PCT is calculated by using the following formula:
PCT =platelet countx MPV/107 [9]. PDW—another indicator of
platelet activation—is thought to be associated with inflamma-
tion and atherosclerosis. Although its significance in HT-related
proteinuria is unknown, PDW levels increase in acute coronary
syndrome [11], Alzheimer’s disease [12], and rheumatological
diseases [13].

To the best of our knowledge, the literature does not include
any studies on the relationship between the platelet indices
PCT, MPV, and PDW, and proteinuria due to HT. As such, the
present study aimed to determine the relationship between PCT,
MPV, and PDW, and proteinuria associated with HT, as well as
the relative power of each of the indices to predict proteinuria.

METHODS

This retrospective study was performed at Ankara Numune Ed-
ucation and Research Hospital, Nephrology Department, An-
kara, Turkey, in accordance with the Declaration of Helsinki.
The study protocol was approved by the Ankara Numune Edu-
cation and Research Hospital Ethics Committee. The study in-
cluded consecutive patients who were followed up with a diag-
nosis of isolated primary HT at the Nephrology and Internal
Medicine Clinics between March 1 and June 30, 2013. All par-
ticipants provided informed consent. All patient data, including
complete blood count, routine biochemical parameters, 24-hr
urine protein, and demographics, were obtained from the medi-
cal records. Duration of HT (years) was determined on the basis
of patient self-reports of the time of diagnosis. Patients with sec-
ondary HT, diabetes mellitus, coronary artery disease, cerebro-
vascular disease, acute-chronic infection, collagen tissue dis-
ease, malignancy, hematologic disease, thrombocytopenia
(platelet count <150x10%L), and thrombocytosis (platelet
count >450x 10%L) as well as those using aspirin, non-steroi-
dal anti-inflammatory drugs, immunosuppressive drugs, or anti-
coagulant drugs were excluded.

The 24-hr protein and microalbumin levels were measured
by a turbidimetric assay; creatinine levels were measured by a
colorimetric enzyme assay in a Hitachi Moduler P800 analyzer
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(Roche Diagnostics Corp., Indianapolis, IN, USA). The erythro-
cyte and platelet count, leukocyte count, and other blood cell
parameters were measured using the impedance (resistance)
method on a Sysmex XE-2100 optic laser scatter hematology
analyzer (Roche Diagnostics Corp.), while hemoglobin was
quantified photometrically. The glomerular filtration rate (GFR)
was calculated according to the simplified version of the Modifi-
cation of Diet in Renal Disease Study prediction equation for-
mula [14]: GFR=186xcreatinine % xage®?©x1.212 (if Afri-
can-American) x0.742 (if female). Proteinuria was defined as a
24-hr urine protein excretion >150 mg [15].

The study included 223 patients (68 men and 155 women)
with a mean age of 52.0+11.7 (median 53 [range, 18-84]) yr.
The patients were divided into two groups according to protein-
uria status based on 24-hr urine protein excretion: proteinuria
(+) group (15 men and 40 women; mean age, 53.3+11.1 (me-
dian, 53 [range, 21-84] yr) and proteinuria (-) group (53 men
and 115 women; mean age: 51.3+11.9 [median, 52 (range,
18-81)] yr). There were no significant differences in demo-
graphic characteristics between the two groups (Table 1). The
mean body mass index of the study population was 29.3+4.5
kg/m?, mean systolic blood pressure was 123.9+34.1 mm Hg,
mean diastolic blood pressure was 77.4+ 9.4 mm Hg, median
duration of HT was 3 yr, and smoking rate was 30%. In all,
25.5% of the patients were using angiotensin-converting en-
zyme and angiotensin receptor blocking agents, 13% were us-

Table 1. Patient demographic characteristics

Proteinuria (-)  Proteinuria (+)

Characteristic (N=168) (N=55) P
Age (yn) 51.5+11.9 533+11.1 0.331
Sex (male/female) 53/115 15/40 0.615
BMI (kg/m?) 29.1+45 30.1+4.4 0.198
Duration of HT (yr) 3 (1-20) 3 (1-20) 0.804
Current smokers, N (%) 35(22.9) 10 (20.8) 0.845
Antihypertensive drug class
ACE-ARB, N (%) 85(51.2) 32 (60.4) 0.271
B-Blocker, N (%) 21(12.7) 8 (15.1) 0.646
CCB, N (%) 66 (39.8) 23 (43.4) 0.634
Diuretic, N (%) 53 (35.1) 16 (33.3) 0.863
SBP (mm Hg) 123.9+28.4 121.3+11.3 0.524
DBP (mm Hg) 76.7x11.3 752+74 0.365

Values are mean+SD, median (range) or percentage.
Abbreviations: ACE-ARB, angiotensin converting enzyme-angiotensin recep-
tor blocker; BMI, body mass index; CCB, calcium channel blocker; SBP,
systolic blood pressure; DBP, diastolic blood pressure.
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ing beta-blockers, 39.9% were using calcium channel blockers,
and 30.9% were using diuretics.

The statistical analysis was performed by using SPSS v.20.0
for Windows (IBM Corp., Armonk, NY, USA). The Kolmogorov-
Smirnov test was used to determine the normality of the data
distribution. Normally distributed numeric parameters are pre-
sented as mean +SD, while non-normally distributed parame-
ters are shown as medians. Categorical variables are expressed
as number and percentage. The chi-square test and Fisher ex-
act test were used to compare categorical variables. Inter-group
differences in normally distributed numeric parameters were
analyzed by using the t-test for independent samples, while in-
ter-group differences in non-normally numeric parameters were
analyzed by the Mann-Whitney U test. Independent predictors
of proteinuria were identified by using stepwise logistic regres-

Table 2. Baseline laboratory data

Proteinuria (-)  Proteinuria (+)

Laboratory findings (N=168) (N=55) P

WBC (x 10%L) 70+14 7.1£15 0.604
Neutrophil (x 10%/L) 40+1.1 43+14 0.103
Lymphocyte (x 10%L) 2.3+05 22+08 0.275
Hemoglobin (g/dL) 14+14 138+1.8 0.311
Hematocrit (%) 42434 42144 0.546
MCV (fL) 85.5+5.9 86.3+6.2 0.622
Platelet count (x 10%L) 264.1+49.8 282.4+49.3 0.018
RDW (%) 13.7+13 140+1.6 0.162
PDW (%) 13.3+08 143+16 0.010
PCT (%) 0.26+0.06 0.33+0.08 0.002
MPV (fL) 10.8+2.3 124+3.0 0.001
Creatinine (mg/dL) 0.8+0.2 0.8+0.1 0.938
GFR (mL/min/1.73 m?) 96.6+12.2 935+137 0.110

Abbreviations: WBC, white blood cell; MCV, mean corpuscular volume;
RDW, red cell distribution width; PDW, platelet distribution width; PCT,
plateletcrit; MPV, mean platelet volume; GFR, glomerular filtration rate.

Table 3. Independent predictors of proteinuria on the basis of mul-
tivariate regression analysis

. 95% Cl
Variables OR P
Lower Upper
PDW 1.295 1.054 1.565 0.013
PCT 2.522 1.340 4538 0.005
MPV 1.397 1.142 1.874 0.011

Pseudo R?=0.248, P<0.001

Abbreviations: PDW, platelet distribution width; PCT, plateletcrit; MPV, mean
platelet volume; OR, odds ratio; Cl, confidence interval.
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sion. A receiver operating characteristic curve was analyzed to
determine the predictive power of the platelet indices for pro-
teinuria. The Youden index was used to determine the predic-
tion point. The level of statistical significance was set at P<0.05.

RESULTS

The mean platelet count, PDW, PCT, and MPV were 278.8+
49.6x10%L, 13.5%+1.8%, 0.31%+0.07%, and 11.3+2.6 fL,
respectively. The mean platelet count, PCT, MPV, and PDW
were significantly higher in the proteinuria (+) group than in the
proteinuria (-) group (P<0.05); no significant differences were
noted in the other blood parameters between the two groups
(Table 2).

The platelet count, PCT, MPV, and PDW were independent
risk factors predictive of proteinuria according to a stepwise re-
gression analysis of PDW, PCT, and MPV. PCT was the strongest
independent predictor of proteinuria (odds ratio [OR], 2.522;
P=0.005), followed by MPV (OR, 1.397; P=0.011), and PDW
(OR, 1.295; P=0.013) (Table 3). A PCT level >0.3% predicted
proteinuria with a sensitivity of 69.1% and a specificity of 62.5%
(area under the curve [AUC]+SE, 0.725+0.038; 95% confi-
dence interval [Cl], 0.661-0.782; P<0.001) (Fig. 1), an MPV
level >11 fL predicted proteinuria with a sensitivity of 59.3%
and a specificity of 54.5% (AUC+SE, 0.615+0.068; 95% Cl,
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Fig. 1. ROC curve analysis, the determination of the possible cut-
off value of plateletcrit level predicting the risk of proteinuria. Cutoff
values were determined from the Youden index. Arrow indicates the
Youden index.

Abbreviations: AUC, area under the curve; Cl, confidence interval.
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0.552-0.682; P=0.011), and a PDW level >13.1% predicted
proteinuria with a sensitivity of 62.1% and a specificity of 52.8%
(AUC£SE, 0.612+0.042; 95% Cl, 0.544-0.677; P=0.007). In
addition, the AUC value of PCT was significantly different from
those of MPV and PDW variables (AUCpctvs. mpv=110, P=
0.018; AUCect s pow=113, P=0.012; AUCwpv vs. ow=0.003,
P=0.991).

The PCT >0.3% and MPV level > 11 fL combination pre-
dicted proteinuria with a sensitivity of 43.6% and a specificity of
75% (AUC+SE, 0.593+0.045; 95% Cl, 0.504 -0.682; P=
0.038), MPV level >11 fL and PDW level > 13.1% combination
predicted proteinuria with a sensitivity of 45.5% and a specific-
ity of 66.1% (AUC+«SE, 0.558+0.045; 95% Cl, 0.469-0.646;
P=0.200), PCT >0.3% and PDW level >13.1% combination
predicted proteinuria with a sensitivity of 45.5% and a specific-
ity of 79.2% (AUC+SE, 0.623+0.045; 95% Cl, 0.534-0.712;
P=0.006), PCT >0.3% and MPV level >11 fL and PDW level
>13.1% combination predicted proteinuria with a sensitivity of
29.1% and a specificity of 83.3% (AUC+SE, 0.562+0.046;
95% Cl, 0.472-0.653; P=0.167).

DISCUSSION

In the present study, the platelet indices PCT, PDW, and MPV
were significantly higher in patients with proteinuria than in
those without it. Among these three indices, PCT was the stron-
gest predictor of proteinuria. The present study is the first to in-
vestigate the association between HT-associated proteinuria and
these three platelet indices.

High blood pressure causes endothelial damage via shear
stress, which results in activation of the coagulation and fibrino-
lytic pathways [16]. With the activation of the coagulation cas-
cade, the platelets are reactivated, and the increase in platelet
activation reduces bleeding time and increases platelet volume
[171; however, when platelet production is induced, MPV in-
creases, as do the platelet count and PDW [7]. Newly produced
large platelets are very active metabolically and enzymatically,
and their dense granules secrete thromboxane A and B>, which
increases thrombotic activity [18]. This increase in thrombotic
potential reportedly increases HT-associated proteinuria [19] by
inducing atherogenesis, inflammation, and atherothrombosis
[3]. The cause of platelet activation in patients with HT is not
limited to shear stress; rather, it is also associated with the renin-
angiotensin system, an increase in catecholamines, and an ele-
vated oxidative stress level [20]. The platelet count, MPV, and
PDW levels increase in response to platelet activation of any
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cause; therefore, increases in the platelet count and PCT level
calculated via MPV are expected.

A study that examined the correlation between subclinical tar-
get organ damage and MPV in HT patients reported that there
was a positive correlation between MPV level and microalbumin-
uria, carotid intima-media thickness, and left ventricle mass indi-
ces [21]. Studies in patients with type 2 diabetes mellitus re-
ported that the MPV level was higher in patients with microalbu-
minuria than in those without microalbuminuria [22]. Similarly,
the MPV level in our study was significantly higher in the protein-
uria (+) group than in the proteinuria (-) group. Although PDW
was reportedly increased in patients with cardiovascular diseases
such as coronary artery disease [11], acute myocardial infarc-
tion, and unstable angina [23], no studies have investigated the
association between target organ damage and PDW in patients
with HT. A few studies have examined the correlation between
PCT and cardiovascular disease; they have reported that the
PCT levels are higher in patients with coronary artery disease [9],
slow coronary flow [10], and mitral stenosis [24]. To the best of
our knowledge, no studies have evaluated the association be-
tween PCT and HT-associated microvascular complications. Ak-
pinar et al. [10] reported that the platelet count, PCT, MPV, and
PDW were higher in patients with slow coronary flow than in
those with normal coronary flow; however, among the platelet in-
dices, only PCT was an independent predictor of slow coronary
flow on the basis of a multivariate logistic regression analysis of
these parameters (platelet count, PCT, MPV, and PDW).

Moreover, in the present study, it was observed that PCT had
greater diagnostic power than MPV and PDW for predicting pro-
teinuria, indicating that it is a better predictor of HT-associated
target organ damage than other platelet indices.

In the study by Akpinar et al. [10], a PCT >0.2% predicted
slow coronary flow with a sensitivity of 62% and specificity of
72% in patients undergoing coronary angiography. In our study,
PCT >0.3% predicted HT-related proteinuria with a sensitivity
of 69.1% and a specificity of 62.5%. Based on the findings of
Akpinar et al. and those of the present study, PCT is a stronger
predictor of cardiovascular diseases than other platelet indices.
We can explain this as follows: platelet activation is a factor re-
lated to cardiovascular diseases [19]. PCT, which shows the
amount of platelets circulating in one unit of blood volume [10],
can be directly affected by platelet count, MPV, and PDW.
Therefore, we believe that PCT, among all the platelet indices, is
the strongest predictor of platelet activation and the parameter
most closely related to cardiovascular diseases.

The present study has some limitations, including its small
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patient population with proteinuria, lack of other thrombogenic
factors, and no follow-up evaluations to determine the correla-
tion between PCT, MPV, and PDW levels and disease prognosis.
We believe that if platelet-activating factor was evaluated along
with platelet indices and if a positive correlation was found be-
tween platelet indices and platelet-activating factor, this condi-
tion would have increased the reliability of the power of the
platelet indices to predict proteinuria.

In conclusion, the platelet index is a simple, practical, and in-
expensive test that can be calculated by hemogram parameters
and is suitable for use in daily practice to predict HT-related
proteinuria. However, additional randomized controlled studies
with long follow-up durations are needed before platelet indices
can routinely be used for diagnosis and treatment.

Authors’ Disclosures of Potential Conflicts of
Interest

No potential conflicts of interest relevant to this article were re-
ported.

REFERENCES

1. Kannel WB. Blood pressure as a cardiovascular risk factor: prevention
and treatment. JAMA 1996;275:1571-6.

2. Kalaitzidis R and Bakris G. Pathogenesis and treatment of microalbu-
minuria in patients with diabetes: the road ahead. J Clin Hypertens
(Greenwich) 2009;11:636-43.

3. Nadar S and Lip GY. The prothrombotic state in hypertension and the
effects of antihypertensive treatment. Curr Pharm Des 2003;9:1715-32.

4. Ruf A and Patscheke H. Flow cytometric detection of activated plate-
lets: comparison of determining shape change, fibrinogen binding, and
P-selectin expression. Semin Thromb Hemost 1995;21:146-51.

5. Pizzulli L, Yang A, Martin JF, Liuderitz B. Changes in platelet size and
count in unstable angina compared to stable angina or non-cardiac
chest pain. Eur Heart J 1998;19:80-4.

6. Nadar SK, Blann AD, Kamath S, Beevers DG, Lip GY. Platelet indexes
in relation to target organ damage in high-risk hypertensive patients: a
substudy of the Anglo-Scandinavian Cardiac Outcomes Trial (ASCOT). J
Am Coll Cardiol 2004;44:415-22.

7. Endler G, Klimesch A, Sunder-Plassmann H, Schillinger M, Exner M,
Mannhalter C, et al. Mean platelet volume is an independent risk factor
for myocardial infarction but not for coronary artery disease. Br J Hae-
matol 2002;117:399-404.

8. Greisenegger S, Endler G, Hsieh K, Tentschert S, Mannhalter C, Lalous-
chek W. Is elevated mean platelet volume associated with a worse out-
come in patients with acute ischemic cerebrovascular events? Stroke

634 www.annlabmed.org

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Ates I, et al.
Platelet indices and proteinuria

2004;35:1688-91.

. Ugur M, Ayhan E, Bozbay M, Cicek G, Ergelen M, Isik T, et al. The in-

dependent association of plateletcrit with long-term outcomes in pa-
tients undergoing primary percutaneous coronary intervention. J Crit
Care 2014;29:978-81.

Akpinar |, Sayin MR, Gursoy YC, Aktop Z, Karabag T, Kucuk E, et al.
Plateletcrit and red cell distribution width are independent predictors of
the slow coronary flow phenomenon. J Cardiol 2014;63:112-8.

Bekler A, Ozkan MT, Tenekecioglu E, Gazi E, Yener AU, Temiz A, et al.
Increased platelet distribution width is associated with severity of coro-
nary artery disease in patients with acute coronary syndrome. Angiology
2015;66:638-43.

Wang RT, Jin D, Li Y, Liang QC. Decreased mean platelet volume and
platelet distribution width are associated with mild cognitive impairment
and Alzheimer’s disease. J Psychiatr Res 2013;47:644-9.

Ozdemir R, Karadeniz C, Doksoz O, Celegen M, Yozgat Y, Guven B, et
al. Are mean platelet volume and platelet distribution width useful pa-
rameters in children with acute rheumatic carditis? Pediatr Cardiol
2014;35:53-6.

Levey AS, Berg RL, Gassman JJ, Hall PM, Walker WG. Creatinine filtra-
tion, secretion and excretion during progressive renal disease. Modifica-
tion of Diet in Renal Disease (MDRD) Study Group. Kidney Int Suppl
1989;27:S73-80.

Kashif W, Siddigi N, Dincer AP, Dincer HE, Hirsch S. Proteinuria: how
to evaluate an important finding. Cleve Clin J Med 2003;70:535-7, 541-
4,546-7.

Lee KW, Blann AD, Lip GY. High pulse pressure and nondipping circa-
dian blood pressure in patients with coronary artery disease: relation-
ship to thrombogenesis and endothelial damage/dysfunction. Am J Hy-
pertens 2005;18:104-15.

Boos CJ, Beevers GD, Lip GY. Assessment of platelet activation indices
using the ADVIATM 120 amongst ‘high-risk’ patients with hypertension.
Ann Med 2007;39:72-8.

Giles H, Smith RE, Martin JF. Platelet glycoprotein llb-llla and size are
increased in acute myocardial infarction. Eur J Clin Invest 1994;24.69-
72.

Guagnano MT, Ferroni P, Santilli F, Paoletti V, Manigrasso MR, Pescara L,
et al. Determinants of platelet activation in hypertensives with microal-
buminuria. Free Radic Biol Med 2009;46:922-7.

Blann AD, Nadar S, Lip GY. Pharmacological modulation of platelet
function in hypertension. Hypertension 2003;42:1-7.

Yarlioglues M, Kaya MG, Ardic |, Dogdu O, Kasapkara HA, Gunturk E,
et al. Relationship between mean platelet volume levels and subclinical
target organ damage in newly diagnosed hypertensive patients. Blood
Press 2011;20:92-7.

Hekimsoy Z, Payzin B, Ornek T, Kandogan G. Mean platelet volume in
Type 2 diabetic patients. J Diabetes Complications 2004;18:173-6.

Bae MH, Lee JH, Yang DH, Park HS, Cho Y, Chae SC. White blood cell,
hemoglobin and platelet distribution width as short-term prognostic
markers in patients with acute myocardial infarction. J Korean Med Sci
2014;29:519-26.

Akpek M, Kaya MG, Yarlioglues M, Dogdu O, Ardic |, Sahin O, et al. Re-
lationship between platelet indices and spontaneous echo contrast in
patients with mitral stenosis. Eur J Echocardiogr 2011;12:865-70.

http://dx.doi.org/10.3343/alm.2015.35.6.630



