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Abstract: Objective: Mean platelet volume (MPV), which is determined by a routine complete blood count, is a 
parameter that is usually overlooked by clinicians. The present study was designed to investigate the association 
between MPV and different disease states in patients with hepatitis B virus (HBV) infection. Methods: A total of 120 
patients, including 17 with acute hepatitis B (AHB), 62 with chronic hepatitis B (CHB), and 41 with chronic severe 
hepatitis B (CSHB), as well as 58 healthy controls (HCs) were enrolled in the study. At study entry, blood samples 
were collected from all subjects to examine liver function and renal function, determine the international normal-
ized ratio and perform routine hematological tests. Results: We demonstrated that MPV was significantly increased 
in CSHB and CHB patients compared with HCs and AHB patients (all P<0.05). Among the patient groups, the CSHB 
patients had the highest MPV. Increased MPV was clinically associated with severe liver disease. Conclusions: MPV 
is significantly increased in chronic HBV-infected patients and is associated with disease severity; thus, it may serve 
as an important biomarker.
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Introduction

Mean platelet volume (MPV), a parameter rou-
tinely determined by complete blood count ana-
lyzers, indicates the average size of platelets 
and reflects the platelet production rate and 
stimulation [1]. Some studies have reported 
that MPV is a predictor of cardiovascular risk, 
stroke risk, and overall vascular mortality [2-4]. 
MPV is also associated with worse clinical prog-
nosis in acute myocardial infarction and acute 
stroke [5, 6]. Recently, the involvement of MPV 
in several hepatic diseases, such as steatosis, 
cirrhosis and hepatitis, has also been investi-
gated [7-9]. Hepatic steatosis and fatty liver 
disease are directly associated with athero-
sclerosis and cardiovascular disease risk fac-
tors, and several previous studies have 
observed increased MPVs in patients with 
these conditions [7, 9]. However, the role of 
MPV in other liver diseases without direct links 
to atherosclerosis, such as hepatitis B virus 
(HBV) infection, has not been fully clarified to 
date. HBV is a major public health problem in 

China, and it is estimated that this virus infects 
2 billion people worldwide, with 350 million 
chronic cases and 60,000 deaths each year 
[10, 11]. Minimal research has been conducted 
to investigate the relationship between MPV 
and the different disease states of HBV infec-
tion, such as acute hepatitis B (AHB), chronic 
hepatitis B (CHB) and chronic severe hepatitis B 
(CSHB). Therefore, we conducted this study to 
assess MPV in HBV-infected patients. 

Materials and methods

Subjects

Adult HBV-infected patients (≥18 years of age) 
who were admitted to the First Affiliated 
Hospital of Zhejiang University College of 
Medicine and diagnosed with AHB, CHB or 
CSHB were consecutively recruited between 
August 1, 2012 and August 1, 2013. All patients 
were given standard medical treatments, 
including energy supplements and intravenous 
infusions of albumin and plasma, and all 
patients received preventive treatment for com-
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plications. The exclusion criteria were as fol-
lows: (a) atherosclerotic heart disease, heart 
failure, peripheral vascular disease, hemato-
logical disorders, chronic obstructive pulmo-
nary disease or renal insufficiency; (b) malig-
nancy, such as hepatocellular carcinoma; (c) 
pregnancy; (d) ongoing steroid, PEGylated inter-
feron, or nucleoside analog therapy; and (e) 
autoimmune liver disease or concurrent HCV, 
hepatitis D virus, hepatitis G virus, or HIV infec-
tion. During the same time period, 58 age- and 
sex-matched healthy controls (HCs) were 
recruited from community-dwelling individuals 
who presented for their yearly physical exami-
nations and had no specific complaints or ill-
nesses requiring treatment. None of the 
patients or controls used medications such as 
aspirin, oral contraceptives, oral anticoagu-
lants or corticosteroids. This study was per-
formed in accordance with the Declaration of 
Helsinki, and the procedures have been 
approved by the Ethics Committee of the First 
Affiliated Hospital of Zhejiang University College 
of Medicine. Written informed consent was 
obtained from all study participants prior to 
their enrollment.

Clinical diagnosis

The criteria used for diagnosing AHB, CHB and 
CSHB were in accordance with the 2000 Xi’an 
Viral Hepatitis Management Guidelines recom-
mended by the Chinese Society of Infectious 
Diseases and Parasitology and the Society of 
Hepatology of the Chinese Medical Association 
[12]. Briefly, AHB patients are defined as indi-

viduals who display hepatitis B surface Ag 
(HBsAg)-negative conversion within 6 months 
after the initial onset of HBV symptoms. CHB 
patients are defined as individuals who show 
evidence of hepatitis B infection for more than 
6 months. CSHB is defined by a history of CHB 
or liver cirrhosis, with serum HBsAg positivity 
for more than 6 months and a serum total bili-
rubin level that is more than 10 times higher 
than the normal level (i.e., 171 μmol/L), with at 
least one of the following five signs of liver fail-
ure: prothrombin activity of less than 40%, 
hepatic encephalopathy, ascites, progressive 
reduction in liver size, and hepatorenal syn-
drome. In addition, liver cirrhosis was diag-
nosed based on clinical (e.g., physical stigmata 
of cirrhosis), biochemical (e.g., decreased 
serum albumin and increased serum globulin 
levels), and ultrasonographic or computed 
tomography (CT) findings (e.g., nodular liver sur-
face, coarsened echogenicity of liver parenchy-
ma, enlarged spleen, and/or ascites) [13]. 
Splenomegaly was diagnosed using an abdomi-
nal CT examination, and patients with a spleen 
size >14 cm according to CT and other exami-
nations were considered to have splenomegaly 
[14].

Laboratory analysis

Blood samples were collected from all patients 
within 24 h of admission and after they had 
fasted overnight, and samples were obtained 
from the 58 HCs at the time of recruitment. As 
part of a complete blood cell count, the platelet 
count, MPV and hemoglobin level were evalu-

Table 1. Clinical characteristics of the study participants
AHB (n=17) CHB (n=62) CSHB (n=41) Healthy controls (n=58) P

Age (year)* 40.0±10.8 46.7±12.4 49.0±13.4 44.8±9.0 0.109
Gender (male/female)** 12/5 42/20 32/9 42/16 0.724
Total bilirubin (μmol/L)*** 32 (24-65) 41 (27-73) 308 (226-399) 12 (9-15) <0.001
ALT (U/L)*** 597 (372-1139) 48 (37-109) 104 (63-189) 15 (11-22) 0.026
INR* 1.29±0.41 1.21±0.26 2.05±0.56 0.89±0.23 0.015
HBsAg positive (n) 17 62 41 0 -
HBeAg positive (n, %) 8 (47) 62 26 (63) 0 -
HBcAb IgM positive (n) 17 0 0 0 -
HBV-DNA positive (n, %) 13 (76) 62 33 (80) 0 -
MPV (fl)* 10.8±1.5 11.7±1.2 12.3±0.8 10.5±0.9 <0.001
Data are expressed as the number of patients (%), mean ± SD or medians (interquartile range). Abbreviations: ALT, alanine 
aminotransferase; INR, international normalized ratio; AHB, acute hepatitis B; CHB, chronic hepatitis B; CSHB, chronic severe 
hepatitis B; HBsAg, hepatitis B surface antigen; HBeAg, hepatitis B e antigen; HBcAb, hepatitis B core antibody; HBV, hepatitis 
B virus. *One way ANOVA Test, **Chi-Square Test, ***Kruskal-Wallis Test as compared among the four groups.
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ated using an XE-2100 automated hematology 
analyzer (Sysmex Corp., Kobe, Japan). Normal 
MPVs in our laboratory range between 7.4 and 
12.0 fl, and a preselected cutoff value of 10.0 fl 
was chosen. Serum creatinine, serum albumin, 
total protein, total bilirubin and alanine trans-
aminase (ALT) levels were measured using a 
Hitachi 704 Analyzer (Boehringer Mannheim 
Diagnostics), and the international normalized 
ratio (INR) was generated using a Sysmex 
CA1500 fully automatic analyzer (Sysmex 
Corp., Hyogo, Japan). At baseline, demographic 
and clinical characteristics were collected, 
including the model for end-stage liver disease 
(MELD) score (with higher scores indicating 
more severe illness).

MELD score

Liver disease severity was evaluated via the 
MELD score, which uses the patient’s serum 
bilirubin and creatinine levels and the INR for 
prothrombin time to predict survival. The MELD 
score was calculated using an online calculator 
(http://www.mayoclinic.org/gi-rst/mayomod-
el7.html).

Statistical analysis

All continuous variables were expressed as the 
mean ± standard deviation (SD) or medians 
(range), and categorical data were expressed 
as percentages. The differences in the vari-
ables were analyzed using analysis of variance 
(ANOVA) or the Kruskal-Wallis tests. The chi-
square test was used for categorical data, as 
appropriate. Correlations between the vari-
ables were examined using Spearman’s corre-
lations test. Statistical analyses were per-

formed using the statistical package SPSS ver-
sion 12.0 (SPSS Inc, Chicago, IL), and the level 
of statistical significance was set at P<0.05.

Results

Increased MPV levels in HBV-infected patients

A total of 120 HBV-infected patients, including 
17 with AHB, 62 with CHB, and 41 with CSHB, 
in addition to 58 HCs were recruited during the 
study period (Table 1). Our study showed that 
the MPV in the CSHB patients was significantly 
higher compared with that in the HCs (P<0.001), 
CHB patients (P=0.033), and AHB patients 
(P<0.001). The CHB patients had higher MPVs 
than the AHB patients and HCs (P=0.010 and 
P<0.001, respectively). However, comparisons 
of MPV between the AHB patients and HCs 
revealed no significant differences (P=0.510) 
(Figure 1). There was a positive correlation 
between the MELD scores and MPVs (r=0.362, 
P<0.001), while a significant negative correla-
tion was observed between the platelet counts 
and MPVs (r=-0.359, P<0.001) (Figure 2).

Baseline characteristics and baseline factors 
compared with MPV

The patients were divided into three groups 
based on their MPVs: group A (MPV≤10.0 fl), 
group B (>10.0 fl but <12.0 fl) and group C 
(≥12.0 fl). The clinical and laboratory results 
associated with the MPV are listed in Table 2. 
Patients with higher MPVs were more likely to 
have severe liver disease, lower total protein 
and albumin levels, and higher INR and total 
bilirubin levels. Moreover, highly elevated MPV 
levels were associated with a higher rate of 
clinical complications, such as cirrhosis, sple-
nomegaly and thrombocytopenia. Creatinine 
level, sex, age, and hemoglobin level were not 
significantly different among the three groups.

The MELD scores in groups A, B, and C were 
10.1 (7.1-11.3), 11.6 (7.2-16.4) and 17.1 (13.0-
20.8), respectively. There was a stepwise 
increase in MELD scores with increased MPVs 
(P=0.33 between groups A and B, and P<0.05 
between groups B and C) (Figure 3).

Discussion

In this study, we found that CHB and CSHB 
patients had significantly higher MPVs com-
pared with AHB patients and HCs. Additionally, 

Figure 1. The association between MPV and various 
stages of HBV infection. Data are shown as the mean 
± standard deviation. P values were calculated us-
ing the One-Way ANOVA and posthoc Tukey HSD. (*) 
P<0.001 when compared to HCs. (†) P<0.05 when 
compared to AHB group. (﹟) P<0.05 when compared 
to CHB group.
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the CSHB patients had the highest MPVs 
among all of the patients. It is well known that 
AHB patients are less commonly observed in 
the clinical setting because 90-95% of adult 
patients have spontaneously self-limited acute 
hepatitis without obvious manifestations. 
Additionally, before visiting physicians, these 
patients often enter a convalescence period 
after a short-term acute phase. Thus, there was 
no significant difference in MPV between the 
AHB patients and HCs. We speculate that these 
differences are an important factor influencing 
disease progression and may serve as an 
important marker for patients with HBV infec-
tion. Moreover, trials are currently underway to 
investigate the relationship between MPV and 
liver diseases. For example, Turhan et al. 
reported that MPV was significantly higher in an 
inactive HBsAg carrier group compared with a 
control group [15]. Furthermore, Shin et al. 
reported a significant correlation between MPV 
and non-alcoholic fatty liver disease in an 
obese patient population [16]. More recently, 
Qi et al. demonstrated that MPV is a simple and 
non-invasive routine laboratory parameter and 
that elevated MPV levels might be an indepen-
dent predictor of cirrhosis in patients with 
chronic HBV infections [17]. In contrast, Ceylan 
et al. observed that the MPV was lower among 
patients with severe fibrosis compared with 
patients with milder fibrosis [18]. These differ-
ences may largely reflect differences in the 
patients’ stage of liver disease in the differing 
studies.

The mechanism underlying the increased MPV 
in HBV-infected patients is not fully understood. 
Some published studies have reported an 
increase in the entry of young platelets into cir-
culation from the bone marrow because of the 
increased levels of inflammatory cytokines in 
patients with inflammatory diseases such as 
rheumatoid arthritis and inflammatory bowel 
disease, thereby leading to increased MPV [19]. 
Similar to the above-mentioned diseases, 
chronic hepatitis is also characterized by inflam-
mation; thus, the MPV is suggested to increase. 
Furthermore, the increased levels of interleu-
kin-6 caused by inflammation have also been 
reported to trigger an increase in the platelet 
production in patients infected with CHB [20]. 
On the other hand, thrombocytopenia is one of 
the most frequent hematological disorders in 
patients with HBV-related liver diseases. 
According to our previous research, peripheral 
platelet destruction or sequestration is the 
major mechanism underlying thrombocytope-
nia, and hypersplenism is an important cause 
of HBV-related hepatitis [21]. In the current 
study, MPV was negatively correlated with 
platelet counts, and we also observed that 
highly elevated MPVs were associated with a 
higher rate of clinical complications, such as 
thrombocytopenia. Based on our findings, it is 
reasonable to suggest that MPV is an indicator 
of platelet activation, systemic inflammation 
and infection.

We note that AHB, CHB and CSHB patients 
were diagnosed in accordance with the 2000 

Figure 2. Scatter diagrams showing the correlation between MELD scores and MPV and the correlation between 
platelet counts and MPV in patients with HBV infections. Coefficients (r) and P-values were calculated using Spear-
man correlation analysis. 
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Xi’an Viral Hepatitis Management Guidelines 
recommended by the Chinese Society of 
Infectious Diseases and Parasitology and the 
Society of Hepatology of the Chinese Medical 
Association [12]. In China, ‘CSHB’ usually refers 
to the fatal form of chronic hepatitis, which 
resembles ‘liver failure caused by chronic hepa-

titis B’ in Western countries. Although this term 
is not used uniformly on a global scale, CSHB 
often encompasses serious clinical courses 
with fatal consequences. Acute attacks may 
occur in some CHB patients. Moreover, the dis-
ease may develop into liver failure (i.e., CSHB) 
due to various factors, such as HBV mutations, 
co-infection with other hepatotropic viruses, 
long-term corticosteroid treatment, and bacte-
rial infections over the course of a disease. 
Although the application of newly developed 
drugs with an artificial liver support system is 
effective in some cases, the mortality rate of 
CSHB may still reach 80%-100%. For these 
patients, orthotopic liver transplantation might 
be the last option. Therefore, the identification 
of novel predictive biomarkers is critical in the 
therapeutic management of CSHB. In this 
study, we demonstrated an increased frequen-
cy of liver-related complications, such as cirrho-
sis and splenomegaly, in patients with higher 
MPVs. Furthermore, we also observed that 
MPV was positively correlated with the MELD 
score. Over the past decade, MELD scores have 
served as the most widely used method of 
determining organ allocation in liver transplan-
tation. This model, which includes variables 
related to both liver and renal function, was 
implemented in the U.S. in 2002 and is cur-
rently being used in many countries to classify 

Table 2. Clinical and laboratory characteristics of the patients with various mean MPVs (fl) upon 
admission

Group A (MPV≤10.0 
fl, n=15)

Group B (10.0<MPV<12.0 
fl, n=40)

Group C (MPV≥12.0 
fl, n=65)

P

AHB/CHB/CSHB (n) 8/6/1 5/26/9 4/30/31 <0.001
MPV (fl)* 8.88±0.87 11.15±0.52 12.64±0.53 <0.001
Age (year)* 40.0±10.64 48.12±13.91 46.51±13.15 0.129
Gender (male/female)** 11/4 34/6 45/20 0.191
Hemoglobin (g/dL)* 133.14±28.68 118.73±22.08 112.31±24.13 0.238
Total protein (g/L)* 66.96±7.65 62.39±6.53 61.2±7.75 0.035
Albumin (g/L)* 40.60±6.22 35.73±5.17 33.95±5.61 0.001
INR* 1.28±0.38 1.48±0.48 1.68±0.58 0.015
Creatinine (mmol/L)* 62.57±12.96 66.22±34.76 70.43±32.78 0.686
Total bilirubin (μmol/L)*** 48 (28-122) 92(36-177) 132 (48-301) 0.034
MELD score*** 10.3(7.1-14.2) 11.2 (6.7-16.0) 16.6 (13.0-20.8) <0.001
Hepatic cirrhosis (yes/no)** 5/10 15/25 41/24 0.014
Splenomegaly (yes/no)** 2/13 10/30 31/34 0.009
Platelet counts (×109/L)*** 121.0 (98.5-199.0) 115.0 (92.0-178.8) 99.0 (73.3-134.3) 0.022
Data are expressed as the number of patients (%), mean ± SD or medians (interquartile range). Abbreviations: MPV, mean 
platelet volume; INR, international normalized ratio; ALT, alanine aminotransferase; MELD score, model for end-stage liver 
disease score. *One way ANOVA Test, **Chi-Square Test, ***Kruskal-Wallis Test as compared among the three groups.

Figure 3. Comparisons of the MELD scores among 
the patients with various MPVs. Patients were divid-
ed into three groups based on MPV levels: groups 
A (≤10 fl), B (>10 fl, but <12 fl) and C (≥12 fl). Data 
are expressed as box plots, in which the horizontal 
lines illustrate the 25th, 50th, and 75th percentiles 
of the MPV levels. The vertical lines represent the 
5th and 95th percentiles. The P values for multiple 
comparisons were calculated using the nonparamet-
ric Kruskal-Wallis test.
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patients with cirrhosis who are awaiting trans-
plantation according to the severity of their liver 
disease [22]. Our previous study reported that 
the model for MELD scores was associated 
with the prognosis of patients with (HBV)-
related acute-on-chronic liver failure [23]. MPV 
is significantly increased in patients with HBV; 
thus, together with disease severity, MPV may 
serve as an important biomarker.

A few limitations of this study warrant consider-
ation. First, the study was non-randomized and 
was conducted at a single center; therefore, it 
was subject to selection bias. Investigations 
involving a larger sample size and prospective 
analyses are necessary. Second, MPVs were 
not monitored during the course of disease pro-
gression; therefore, it remains unclear whether 
the MPV is elevated in a stepwise manner when 
a patient’s condition progressively deterio-
rates. Knowledge regarding cytokine levels 
might have aided in establishing a mechanism 
for the observed results. Therefore, the mecha-
nistic pathways that increase the MPV in 
patients with HBV infection were only partially 
investigated in the present study.

In conclusion, the MPV is significantly increased 
in patients infected with HBV and is associated 
with the severity of the disease. Because the 
MPV is a parameter that is easily obtained at no 
additional cost from routine complete blood 
cell counts and is highly reproducible, it may 
serve as an important biomarker. However, fur-
ther studies with larger patient cohorts are 
required to verify our findings.
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