
Increased mean platelet volume is related to
histologic severity of primary biliary cirrhosis
Mustafa Tahtacia, Oyku T. Yureklia, Aylin D. Bolata, Serdar Balcib, Fatma E. Akına, Naciye S. Buyukasika and
Osman Ersoyc

Aim To evaluate the main platelet volume (MPV) as a severity marker in patients with primary biliary cirrhosis (PBC).
Materials and methods Thirty-nine patients with biopsy-proven and as yet untreated PBC followed between January 2008 and
January 2015 were included in this study. Liver biopsies were categorized as early stage (stage 1 and 2 according to Scheuer’s
histological stage) and late stage (Scheuer’s stage 3 and 4). As part of the routine evaluation, all PBC patients had their full blood
count and biochemistry profile determined, where MPV, white blood cell count, hemoglobin, platelet count, red cell distribution
width (RDW), alanine aminotransferase, aspartate aminotransferase (AST), gamma glutamyl transferase, alkaline phosphatase,
and total bilirubin values were evaluated. Both groups were compared in terms of the RDW/platelet ratio, the AST platelet ratio
index, and the neutrophil lymphocyte ratio.
Results Eighteen patients had early-stage disease (46.2%), whereas 21 PBC patients had late-stage disease (53.8%). There
were no differences between groups in terms of routine hematological parameters (white blood cell count, platelet count,
hemoglobin, RDW) or biochemical parameters (alanine aminotransferase, AST, gamma glutamyl transferase, alkaline
phosphatase, total bilirubin, albumin) (P> 0.05). Similarly, there were no differences in AST platelet ratio index, RDW/platelet ratio,
or neutrophil lymphocyte ratio values between groups (P values 0.08, 0.19, and 0.14, respectively). The MPV and direct bilirubin
were significantly higher in the advanced stage group compared with the early-stage group (11.08 vs. 9.73 fl, respectively,
P= 0.01 and 0.44 vs. 0.28mg/dl, respectively, P= 0.03). The area under the curve, cut-off value, sensitivity, and specificity of
MPV and direct bilirubin for detecting advanced stage were 0.721, 10.3, 71%, and 66%, respectively, and 0.698, 0.23, 71%, and
66%, respectively.
Conclusion MPV can be used as a noninvasive, simple, and effective parameter in patients with PBC to predict histological
severity of the disease. Eur J Gastroenterol Hepatol 27:1382–1385
Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

Introduction

Primary biliary cirrhosis (PBC) is characterized by chronic
immune-mediated destruction of small-sized and medium-
sized bile ducts [1]. The diagnosis of PBC can be put forward
in the presence of two of the three diagnostic criteria iden-
tified by the following: (a) increased alkaline phosphatase
levels (ALP) as biochemical evidence of cholestasis, (b) pre-
sence of antimitochondrial antibody (AMA), and (c)
destructive and suppurative changes in histology in small-
sized and medium-sized bile ducts [2]. Liver biopsy is inva-
sive and is not a requisite for PBC diagnosis so it is not
generally performed in diagnostic workup of PBC except for
certain circumstances. However, evaluation of the histolo-
gical specimen provides valuable information on the stage of

the disease and aids in follow-up of the response for treat-
ment, therefore providing information on the prognosis [3].
Utilization of noninvasive diagnostic methods is limited
because of cost and limited access in most centers.

Mean platelet volume (MPV) is a parameter of routine
blood count that provides an insight into platelet function
and activation [4]. The value of MPV changes in evalua-
tion of disease activity, severity, and predicting prognosis
has been evaluated in various different diseases [5]. In
patients with nonalcoholic fatty liver disease, MPV values
were found to be significantly elevated compared with the
healthy population [6]. Increased MPV had been reported
to be an independent predictor of liver cirrhosis in chronic
hepatitis B infection [7]. In patients with chronic hepatitis
B and C, increased MPV had been found to be correlated
positively with liver fibrosis [8,9]. The MPV had been
proposed as a candidate marker for the diagnosis of
hepatocellular carcinoma in patients with chronic liver
disease [10]. To our knowledge, there are no studies
investigating MPV values in patients with PBC.

We aimed to evaluate the relationship of MPV values
with the severity of histological grade in patients with PBC.

Materials and methods

Study population

This was a retrospective case–control study evaluating
patients with PBC. Sixty-three patients were diagnosed
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with PBC during the aforementioned period. A total of 23
patients without liver biopsies and one patient whose MPV
values could not be measured in the complete blood count
were excluded from the study. As a result, 39 patients with
biopsy-proven and untreated PBC at the time of liver
biopsy were included in the final analyses.

Laboratory assessment

The following data were obtained retrospectively from the
computerized patient registry database and personal
patient files: alanine aminotransferase (ALT), aspartate
aminotransferase (AST), gamma glutamyl transferase,
ALP, total bilirubin, white blood cell count, platelet count,
hemoglobin, red cell distribution width (RDW), MPV, and
AMA. The AST platelet ratio index (APRI) was obtained
by dividing serum AST levels into serum platelet levels,
whereas the RDW platelet ratio (RPR) was obtained by
dividing serum RDW levels into serum platelet levels.
Finally, the neutrophil lymphocyte ratio (NLR) was
obtained by dividing the absolute neutrophil count by the
absolute serum lymphocyte count. Laboratory values clo-
sest to the date of liver biopsy were chosen for analyses.

Histological assessment

Histological evaluation was performed on the basis of the
staging system defined by Scheuer [11]. Disease stage can
be categorized into four stages according to this histologic
staging system. Florid duct lesions are seen in stage 1,
ductular proliferation in stage 2, scarring in stage 3, and
finally cirrhosis in stage 4. The cases were divided into two
groups as early stage (Scheuer’s stage 1 and 2) and late
stage (Scheuer’s stage 3 and 4) of PBC.

Statistical analysis

Preliminary analyses were completed for frequencies,
means, SEs, and percentages where applicable. Categorical
variables were analyzed using the χ2-test. Continuous
variables were analyzed using the Mann–Whitney U-test.
Receiver operating characteristic curve analysis was used
to determine the optimal cut-off value of MPV to identify
sensitivity and specificity for the detection of PBC stage.
Statistical significance was set at P less than 0.05 for all
analyses. Statistical analysis was carried out using SPSS,
version 17.0 (SPSS Inc., Chicago, Illinois, USA).

Results

Thirty-nine patients with biopsy-proven PBC were inclu-
ded in this study. Eighteen patients (46.2%) were cate-
gorized as early stage on the basis of histological
evaluation and the remaining 21 patients (53.8%) were
categorized as late stage. Percentage of female patients and
the mean age of the patients (year± SEM) in early and late
stages of the disease were 77.8%, 50.55 ±2.94, and 81%,
50.90 ± 2.76, respectively. There were no statistically sig-
nificant differences between the groups in terms of sex and
mean age (P>0.05).

Patients were found to be AMA positive in the early and
late stages of the disease: 83.3 and 66.7%, respectively.
This difference in the prevalence of AMA positivity was
not found to statistically significant (P=0.29). There were

no statistically significant differences between early and
late disease stage patients in terms of routine hematologic
(white blood cell count, platelet count, hemoglobin, RDW)
and biochemical (ALT, AST, gamma glutamyl transferase,
ALP, total bilirubin) parameters (P>0.05). Direct biliru-
bin was significantly higher in the advanced stage group
compared with the early-stage group (0.44 vs. 0.28mg/dl,
respectively, P=0.03). The area under the curve (AUC),
cut-off value, sensitivity, and specificity of direct bilirubin
for detecting advanced stage were 0.698, 0.23, 71%, and
66%, respectively. There were also no statistical differ-
ences between groups in terms of APRI, RPR, and NLR
values (P values 0.08, 0.19, and 0.14, respectively). Only
MPV values were found to be significantly elevated in late-
stage PBC patients (P=0.01) (Table 1). The AUC value for
MPV was found to be 0.721. The cut-off level of 10.3 to
indicate late-stage disease resulted in 71.4% sensitivity and
66.7% specificity. The receiver operating characteristic
analysis of MPV and direct bilirubin for identification of
early and late stage is presented in Fig. 1.

Discussion

To our knowledge, this is the first study evaluating MPV in
PBC patients. This study shows that MPV can be a simple
and efficient parameter to discriminate early-stage and
late-stage disease. In patients with PBC, MPV can be as
effective as liver biopsy in predicting prognosis and eval-
uating response to the treatment. Also, RDW, RPR, and
NLR, which are parameters proposed to indicate fibrosis,
have been first evaluated in PBC patients in this study.

PBC is a rare autoimmune liver disease mainly affecting
females characterized by immune-mediated destruction of
intrahepatic bile ducts [12]. Disease is usually slowly
progressive and asymptomatic. In symptomatic patients,
pruritus and fatigue generally predominate. Signs of
decompensated liver cirrhosis can be seen in late-stage
disease. Cholestatic-type liver enzyme elevation, mainly

Table 1. Comparison of hematological and biochemical characteristics
with early and advanced stage

Early stage (n=18) Late stage (n=21) P value

AST (U/l) 56.16 ±7.24 62.19 ±7.08 0.60
ALT(U/l) 82.50 ±12.2 70.14 ±9.79 0.32
GGT (U/l) 286.27 ±34.58 264.23 ±45.24 0.49
ALP (U/l) 300.88 ±42.74 295.23 ±36.97 0.97
Total bilirubin (mg/dl) 0.67 ±0.08 0.85 ±0.12 0.56
Direct bilirubin (mg/dl) 0.28 ± 0.05 0.44 ± 0.08 0.03
Albumin (g/dl) 4.25 ±0.06 4.11 ±0.08 0.29
Hemoglobin (g/l) 12.25 ±0.38 12.67 ±0.40 0.36
WBC (×109/l) 7.13 ±4.38 5.62 ±4.55 0.07
Platelet (×109/l) 257.66 ±18.89 205.9 ±19.22 0.06
Neutrophil (×109/l) 4.04 ±0.41 3.11 ±0.28 0.07
Lymphocyte (×109/l) 2.05 ±0.20 1.91 ±0.19 0.63
MPV (fl) 9.73 ± 0.37 11.08 ± 0.33 0.01
RDW 14.69 ±0.44 14.71 ±0.49 0.88
RPR 0.06 ±0.00 0.10 ± .02 0.19
NLR 2.91 ±0.64 1.85 ±0.17 0.14
APRI 0.42 ±0.17 0.36 ±0.05 0.08
ALT/platelet ratio 0.45 ±0.10 0.40 ±0.07 0.83

Parameters were expressed as mean with SE.
Statistically significant values are marked in bold.
ALP, alkaline phosphatase; ALT, alanine aminotransferase; APRI, AST platelet ratio
index; AST, aspartate aminotransferase; GGT, gamma glutamyl transferase; MPV,
main platelet volume; NLR, neutrophil lymphocyte ratio; RDW, red cell distribution
width; RPR, red cell distribution width platelet ratio; WBC, white blood cell count.
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elevation of ALP and AMA positivity, is generally enough
for diagnosis. Liver biopsy is generally performed in AMA-
negative cases or if there is a suspicion of liver disease
other than PBC. Nonetheless, liver histology is very useful
in predicting disease prognosis [13]. Information on the
histological stage of the disease can help in predicting the
response to the treatment. Patients with early-stage disease
generally show good clinical and biochemical response to
ursodeoxycholic acid treatment [14]. Being invasive, his-
tological staging is not usually used despite the fact that it
is very important in predicting the prognosis and response
to the treatment.

Routine hematological and biochemical parameters are
easy to obtain, and inexpensive and noninvasive tools
presenting an attractive alternative to determine the clinical
and histological severity of the disease. There are several
studies comparing hematological and biochemical para-
meters with histological stages in patients with chronic liver
disease, especially in patients with chronic viral hepatitis B
and C. In contrast, studies investigating the role of non-
invasive markers in predicting the stage of PBC are limited.

Recently, routine blood count parameters such as
RDW, RPR, NLR, and determination of their ratios have
gained popularity in predicting the degree of liver fibrosis.
Elevated RDW and RPR levels have been reported to be
predictors of liver fibrosis in chronic hepatitis B patients
[8]. However, factors that increase RDW and RPR levels
such as iron deficiency anemia and vitamin B12 deficiency
were not evaluated in this study. In our study, no sig-
nificant decrease was detected in terms of RDW and RPR
levels between PBC histological stages.

The NLR is a marker that can be calculated easily from
routine blood count parameters showing subclinical
inflammation and immune response. Low NLR has been
shown to be correlated negatively with fibrosis in inactive
hepatitis B patients [15]. In contrast, it is shown to be
correlated positively with histological activity and fibrosis

in nonalcoholic steatohepatitis patients [16]. The NLR was
not found to be a significant marker for predicting PBC
disease severity in our study. NLR can be affected by
various factors such as coronary artery disease, smoking,
and obesity [17]. As this was a retrospective study, these
factors could not be investigated in our PBC patients.
Furthermore, NLR might not be specific enough to predict
disease severity. As a result, all of these factors might be
responsible for our negative results with NLR.

MPV is a routine parameter of full blood count. MPV is
closely related to platelet activation and function [4]. MPV
has been investigated in various clinical fields, especially
cardiovascular and hematological diseases [5]. MPV tends
to increase or decrease depending on inflammation severity
and disease-specific pathophysiological reasons [18]. MPV
generally decreases in diseases with high-grade inflamma-
tion, whereas MPV has been proposed to increase in dis-
eases with low-grade inflammation [18]. MPV was also
found to decrease significantly in early-stage PBC patients
in our study. This implies that there may be significant
inflammation in the early stage of the PBC. Prominent
destruction of liver architecture and decreased inflamma-
tion in late-stage disease might be responsible for increased
MPV levels in these patients.

In patients with PBC, bilirubin levels have been shown
to be an independent predictor of prognosis [19]. We
could not detect any significant difference between early-
stage and late-stage patients in terms of biochemical and
hematologic parameters, except for direct bilirubin. In our
hepatology unit, we usually do not perform liver biopsy on
patients with esophageal varices, serious thrombocytope-
nia, and ascites implying cirrhotic liver disease. This might
be the reason for the lack of significant differences in
albumin or platelet levels, which are indicators of cirrhosis
between late and early stages of PBC.

Studies investigating the relationship of biochemical
markers between histological stages are limited in PBC.
APRI has been found to be correlated positively with his-
tological stage in PBC patients [20]. The ALT/platelet ratio
and the AST/platelet ratio have been reported to be sig-
nificantly decreased in late-stage disease in a study, but
AUC levels were reported to be 0.412 and 0.362, respec-
tively, in this study [21]. There were no significant differ-
ences between early-stage and late-stage disease in terms of
AST platelet or ALT platelet ratios in our study. These
markers might not be sensitive enough to detect fibrosis.
Our staging system was different from the aforementioned
study. These factors might explain the different results of
our study.

In a study comparing histological stage and fibrosis
with transient elastography for histological stage≥3, AUC
was 0.92 [22]. In our study, AUC values for MPV were
found to be lower than transient elastography.
Nevertheless, MPV results can be obtained much more
easily than transient elastography.

There are a few limitations in the current study: (a) the
sample size is small. To compare biochemical and hema-
tological parameters with liver biopsy findings, we selected
PBC patients with liver biopsy. As liver biopsy is not
necessary for the diagnosis of PBC, the number of patients
with liver biopsy is limited. (b) The liver biopsy scoring
system proposed to provide better staging for severity of
disease was not used. Instead, mostly the staging system
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Fig. 1. ROC analysis of MPV and direct bilirubin for identification of early and
advanced stage. MPV, main platelet volume; ROC, receiver operating
characteristic.
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was used [23]. We chose the staging system as a new
scoring system has not been validated as yet with large
prospective studies.

Our study showed that MPV could be a new cheap and
easily obtained marker for the determination of PBC
severity without liver biopsy. Treatment and follow-up of
patients can be optimized when disease severity could be
estimated. In terms of MPV cut-off levels, patients with
low MPV levels can be treated with effective ursodeoxy-
cholic acid dosing, whereas patients with high MPV can be
referred to variceal and hepatocellular carcinoma screen-
ing. We believe that our findings need to be confirmed with
larger scale prospective studies.

Acknowledgements

Author contributions: Tahtaci M. and Ersoy O. con-
tributed to the study concept and design; Tahtaci M.
contributed to the statistics; Yurekli O.T. revised the
manuscript for important intellectual content; Bolat A.D.,
Balci S., Akin F.E. and Buyukasik N.S. contributed to
acquisition of data, analysis, and interpretation of data; all
authors have read and approved the final version to be
published.

Conflicts of interest

There are no conflicts of interest.

References
1 Flores A, Mayo MJ. Primary biliary cirrhosis in 2014. Curr Opin

Gastroenterol 2014; 30:245–252.
2 Lindor KD, Gershwin ME, Poupon R, Kaplan M, Bergasa NV,

Heathcote EJ. Primary biliary cirrhosis. Hepatology 2009; 50:291–308.
3 Locke GR 3rd, Therneau TM, Ludwig J, Dickson ER, Lindor KD. Time

course of histological progression in primary biliary cirrhosis. Hepatology
1996; 23:52–56.

4 Bath PM, Butterworth RJ. Platelet size: measurement, physiology and
vascular disease. Blood Coagul Fibrinolysis 1996; 7:157–161.

5 Leader A, Pereg D, Lishner M. Are platelet volume indices of clinical
use? A multidisciplinary review. Ann Med 2012; 44:805–816.

6 Celikbilek M, Gürsoy S, Deniz K, Karaman A, Zararsiz G, Yurci A. Mean
platelet volume in biopsy-proven non-alcoholic fatty liver disease.
Platelets 2013; 24:194–199.

7 Qi XT, Wan F, Lou Y, Ye B, Wu D. The mean platelet volume is a
potential biomarker for cirrhosis in chronic hepatitis B virus infected
patients. Hepatogastroenterology 2014; 61:456–459.

8 Karagoz E, Ulcay A, Tanoglu A, Kara M, Turhan V, Erdem H, et al.
Clinical usefulness of mean platelet volume and red blood cell dis-
tribution width to platelet ratio for predicting the severity of hepatic
fibrosis in chronic hepatitis B virus patients. Eur J Gastroenterol Hepatol
2014; 26:1320–1324.

9 Purnak T, Olmez S, Torun S, Efe C, Sayilir A, Ozaslan E, et al. Mean
platelet volume is increased in chronic hepatitis C patients with late
fibrosis. Clin Res Hepatol Gastroenterol 2013; 37:41–46.

10 Kurt M, Onal IK, Sayilir AY, Beyazit Y, Oztas E, Kekilli M, et al. The role of
mean platelet volume in the diagnosis of hepatocellular carcinoma in
patients with chronic liver disease. Hepatogastroenterology 2012;
59:1580–1582.

11 Scheuer P. Primary biliary cirrhosis. Proc R Soc Med 1967;
60:1257–1260.

12 Kaplan MM, Gershwin ME. Primary biliary cirrhosis. N Engl J Med 2005;
353:1261–1273.

13 Lammers WJ, Kowdley KV, van Buuren HR. Predicting outcome in
primary biliary cirrhosis. Ann Hepatol 2014; 13:316–326.

14 Poupon R. Primary biliary cirrhosis: a 2010 update. J Hepatol 2010;
52:745–758.

15 Yilmaz B, Aydin H, Can G, Sentürk Z, Üstüner B, Yilmaz H, et al. The
relationship between fibrosis level and blood neutrophil to lymphocyte
ratio in inactive hepatitis B carriers. Eur J Gastroenterol Hepatol 2014;
26:1325–1328.

16 Alkhouri N, Morris-Stiff G, Campbell C, Lopez R, Tamimi TA, Yerian L,
et al. Neutrophil to lymphocyte ratio: a new marker for predicting
steatohepatitis and fibrosis in patients with nonalcoholic fatty liver dis-
ease. Liver Int 2012; 32:297–302.

17 Azab B, Camacho-Rivera M, Taioli E. Average values and racial
differences of neutrophil lymphocyte ratio among a nationally repre-
sentative sample of United States subjects. PLoS One 2014; 9:
e112361.

18 Gasparyan AY, Ayvazyan L, Mikhailidis DP, Kitas GD. Mean platelet
volume: a link between thrombosis and inflammation? Curr Pharm Des
2011; 17:47–58.

19 Shapiro JM, Smith H, Schaffner F. Serum bilirubin: a prognostic factor in
primary biliary cirrhosis. Gut 1979; 20:137–140.

20 Joshita S, Umemura T, Ota M, Tanaka E. AST/platelet ratio index
associates with progression to hepatic failure and correlates with his-
tological fibrosis stage in Japanese patients with primary biliary cirrhosis.
J Hepatol 2014; 61:1443–1445.

21 Alempijevic T, Krstic M, Jesic R, Jovanovic I, Sokic Milutinovic A,
Kovacevic N, et al. Biochemical markers for non-invasive assessment of
disease stage in patients with primary biliary cirrhosis. World J
Gastroenterol 2009; 15:591–594.

22 Floreani A, Cazzagon N, Martines D, Cavalletto L, Baldo V, Chemello L.
Performance and utility of transient elastography and noninvasive
markers of liver fibrosis in primary biliary cirrhosis. Dig Liver Dis 2011;
43:887–892.

23 Chan AW, Chan RC, Wong GL, Wong VW, Choi PC, Chan HL, To KF.
Evaluation of histological staging systems for primary biliary cirrhosis:
correlation with clinical and biochemical factors and significance of
pathological parameters in prognostication. Histopathology 2014;
65:174–186.

Mean platelet volume in PBC staging Tahtaci et al. www.eurojgh.com 1385




