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Abstract:

Objective The rate of platelet count reduction appears to differ among different liver diseases. In the pre-
sent study, we investigated the difference in the platelet counts of patients with nonalcoholic fatty liver dis-
ease (NAFLD) and those with chronic liver disease due to hepatitis C virus (CLD-HCV).

Methods The study population included 620 patients with NAFLD and 405 patients with CLD-HCYV, all of
whom were diagnosed by liver biopsy. The relationships between the grade of fibrosis and the platelet count
in the two diseases were compared. The optimal cut-off value for the diagnosis of liver cirrhosis (LC) was
measured. The relationships between the platelet count and anti-platelet antibodies, the serum thrombopoietin
level, the grade of splenomegaly and liver stiffness were also investigated in both LC groups.

Results In NAFLD patients, the platelet count was significantly higher at each grade of fibrosis in compari-
son to CLD-HCV. The optimal cut-off value for the diagnosis of LC was 16.0x10"/uL [sensitivity, 86.7%;
specificity, 87.6%; area under the curve (AUC), 0.930] in NAFLD and 12.7x10*/uL (sensitivity, 57.8%; speci-
ficity, 88.2%; AUC, 0.863) in CLD-HCV. No anti-platelet antibodies were detected in patients with either
type of LC. The serum thrombopoietin levels, the distribution of splenomegaly grades, and liver stiffness did
not differ between the two LC groups to a statistically significant extent. As the splenomegaly grade in-
creased, the platelet count decreased.

Conclusion The optimal cut-off values for diagnosing LC differed between the two diseases and should be
determined separately. The reason for the difference in platelet reduction is still unclear, and requires further
investigation.
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liver biopsy has several drawbacks because it is an invasive,
painful, and costly procedure. Furthermore, there is a possi-
bility of sampling error and variability in interpretation.

Introduction

Nonalcoholic fatty liver disease (NAFLD) has become the
most common type of liver disease in developed countries
worldwide. NAFLD covers a wide spectrum from nonalco-
holic fatty liver (NAFL) to nonalcoholic steatohepatitis
(NASH), which can progress to cirrhosis and hepatocellular
carcinoma (HCC) (1-3). NASH was initially identified as a
clinicopathological entity, and biopsy is still considered to
be the gold standard for a definitive diagnosis. However,

Moreover, there is an extremely high prevalence of NAFLD
in the general population, and it is impossible to carry out
liver biopsies in all NAFLD patients. These shortcomings
and drawbacks of liver biopsy highlight the urgent need to
find noninvasive markers or imaging techniques for the as-
sessment of NASH. Several biomarkers for distinguishing
NASH from NAFLD and/or diagnosing advanced fibrosis or
cirrhosis have been evaluated (4).
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Recently, Angulo et al. (5) reported that a number of pa-
thologic features were associated with hepatic mortality in a
univariate analysis, but that fibrosis was the only independ-
ent predictor in a multivariate analysis; thus, the severity of
fibrosis rather than the diagnosis of NASH determined he-
patic mortality. In other words, the degree of liver fibrosis is
the most important index of the severity of NAFLD.

The platelet counts has been shown to be a convenient
marker of liver fibrosis in several liver diseases, such as
hepatitis C and NAFLD (6-9). The platelet count is easy to
measure and the measurement is cost effective. The mecha-
nism underlying the reduction in the platelet count in liver
disease has been variously explained by anti-platelet anti-
bodies, the decreased production of thrombopoietin and por-
tal hypertension, including hypersplenism. In addition, the
rate of platelet count reduction has been suggested to differ
among liver diseases (10, 11). Although there are platelet
count data for NAFLD and chronic liver disease due to
hepatitis C virus (CLD-HCV), they were gathered at differ-
ent institutes and could not be directly compared (7-9).
Mawatari et al. reported on the relationship between liver
stiffness (as assessed by transient elastography ) and the
platelet count in CLD-HCV and NAFLD (12). However,
they did not investigate the relationship between the histo-
logical findings of liver fibrosis and the platelet count in the
two diseases. In addition, their sample size was small, with
just 187 patients (91 patients with NAFLD and 96 patients
with CLD-HCV).

In this study, we compared the rates of platelet count re-
duction between NAFLD and CLD-HCV at the same histo-
logical fibrosis stages in a large population of patients who
were treated at the same institute, and explored the reasons
for the difference.

Materials and Methods

Patients

Among patients with liver disease who were treated at To-
kyo Women’s Medical University between 2000 and 2016,
620 patients who were diagnosed with NAFLD (clinically
and histologically) and 405 patients diagnosed with CLD
due to HCV were enrolled in the present study. The diagno-
sis of NAFLD was based on the following criteria: (1)
macrovesicular steatosis affecting at least 5% of the hepato-
cytes, (2) an intake of <20 g of ethanol/ day in women and
<30 g/day in men (confirmed by the attending physician and
family members residing with the patient), and (3) the ap-
propriate exclusion of other liver diseases such as alcoholic
liver disease, viral hepatitis, autoimmune hepatitis, drug-
induced liver disease, primary biliary cholangitis, and pri-
mary sclerosing cholangitis (1, 2, 13). The patients with
CLD due to HCV (CLD-HCV) were diagnosed based on the
detection of HCV RNA by a quantitative polymerase chain
reaction and had not been treated with either interferon or
direct antiviral agent (DAA) therapy.

A complete history was obtained and a physical examina-
tion was performed in all patients; the following laboratory
parameters were then measured: aspartate aminotransferase
(AST), alanine aminotransferase (ALT), platelet count, hepa-
titis B serology (hepatitis B surface antigen, antibody to
hepatitis B surface antigen), hepatitis C serology (hepatitis C
virus antibody and/or HCV RNA), and autoantibodies (anti-
nuclear antibody and anti-mitochondrial antibody). All of
the liver biopsy specimens were examined by the same pa-
thologist essential hypertensive (EH). In NAFLD patients, fi-
brosis was scored on a 5-grade scale: FO, normal connective
tissue; F1, focal perivenular or pericellular fibrosis in zone
3; F2, perivenular or pericellular fibrosis confined to zones 2
and 3 with portal/periportal fibrosis; F3, bridging or septal
fibrosis; and F4, cirrhosis (13, 14).

In CLD-HCV, the fibrosis stage was scored on a 5-grade
scale: FO, normal connective tissue; F1, periportal fibrosis; F
2, bridging fibrosis; F3, bridging or septal fibrosis with
lobular distortion; and F4, cirrhosis (15).

In F4 patients with NAFLD or CLD-HCV, the anti-
platelet antibodies were measured by the mixed passive he-
magglutination (MPHA) method, as described by Tsubaki et
al. (16). The serum thrombopoietin levels were measured by
bioluminescent enzyme immunoassay, as described by Rios
et al. (17). The grade of splenomegaly was determined by
CT or ultrasound. LC patients were divided into 4 groups
(no  splenomegaly, mild splenomegaly,
splenomegaly and severe splenomegaly) according to the
spleen index (SI), which was determined based on the
spleen length (cm) x width (cm) as follows: SI <39, no
splenomegaly; SI 40-60, mild splenomegaly; SI 61-89, mod-
erate splenomegaly; SI 290, severe splenomegaly (18).

Transient elastography was performed with a FibroScan®
device (Echosenses, Paris, France) and an ultrasound trans-
ducer probe mounted on the axis of a vibrator. The tip of
the probe transducer was placed in the intercostal space at
the level of the right mid-axillary line and at the center of
the right liver lobe. The vibration transmitted from the vi-
brator towards the tissue induces an elastic shear wave that
propagates through the tissue. These propagations are fol-
lowed by pulse-echo ultrasound acquisition, and their veloc-
ity, which is directly related to tissue stiffness, is meas-
ured (19). Ten successive images were acquired in each pa-
tient. The results are expressed as kilopascals (kPa), using a
median of 10 valid acquisitions. The success rate was calcu-
lated as the ratio of the number of successful acquisitions to
the total number of acquisitions, and a success rate of >60%
or an interquartile range of <30% was considered to indicate
a reliable result.

Informed consent was obtained from all of the patients
before their enrollment in the study. The study protocol con-
formed to the ethical guidelines of the 2008 Declaration of
Helsinki and was approved by our institution’s research
committee.
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Table 1. Patients Profile.
Total NAFLD CLD-HCV  pvalue
Number 620 405
Gender (male%) 55.6 52.6 N.S.
Age (mean) 67.4 57.4 p=0.02
Liver cirrhosis
Number 69 46
Gender (male%) 43.5 50.0 N.S.
Age (mean) 60.5 63.1 N.S.

NAFLD: nonalcoholic fatty liver disease, CLD-HCV: chronic
liver disease due to hepatitis C virus, N.S.: not significant

Statistical analysis

The statistical analyses were conducted using the SPSS
12.0 software program (SPSS, Chicago, USA).

The mean platelet counts were expressed as the mean +
standard deviation and were compared by the Mann-
Whitney test. The diagnostic performance of the platelet
count was assessed by a receiver-operating characteristic
(ROC) curve analysis. The probability of true positive (sen-
sitivity) and true negative (specificity) assessment was deter-
mined for selected cut-off values, and the area under the
ROC curve (AUROC) was calculated. The correlations be-
tween the platelet count and the serum thrombopoietin level,
the grade of splenomegaly and the ratio of collagen were
examined by Spearman’s correlation test. The correlation in-
dex (R) was calculated. The p values of <0.05 were consid-
ered to indicate statistical significance.

Results

Table 1 shows the data of patients with NAFLD and
CLD-HCV. The percentage of male patients in each group
did not differ to a statistically significant extent. The mean
age in the NAFLD group was greater than that in the CLD-
HCV group. Table 2 shows the mean platelet counts for
each stage of fibrosis. Stage 3 in NAFLD and stage 2 or 3
in CLD-HCV had bridging fibrosis without LC and were
thought to be of an equivalent grade. Thus, we compared
the platelet counts between FO-1 in NAFLD and FO-1 in
CLD-HCV (mean platelet count (ul/L): 24x10* vs. 19x10%),
F3 in NAFLD and F2-3 in CLD-HCV (18x10* vs. 12x10%),
F4 in NAFLD and F4 in CLD-HCV (12x10* vs. 10x10%.
The platelet counts of the NAFLD patients were signifi-
cantly higher in each fibrosis group.

Regarding the diagnosis of LC, the optimal cut-off value
of the NAFLD patients with LC was 16.0x10* pl/L: (sensi-
tivity, 86.7%; specificity, 87.6%; AUC, 0.930) while that in
HCV patients was 12.7x10* ul/L (sensitivity, 57.8%; speci-
ficity, 88.2 %; AUC, 0.863) (Fig. 1). The optimal cut-off
value of the NAFLD patients was also higher than that of
the CLD-HCV patients.

To investigate the mechanism underlying the reduction in
the platelet count, we measured the anti-platelet antibodies,

Table 2. The Comparison of Platelet Count be-
tween NAFLD and CLD-HCYV Each Stage.

St NAFLD St CLD-HCV 1
age =620 age n=405 p value
0-1 24x10%/uL 0-1 19x10%/uL <0.01

n=239 n=232

2 22x10%/uL
n=207

3 18x10%/uL 2-3 12x10%/uL <0.01
n=105 n=127

4 12x10%uL 4 10x10%uL <0.01
n=69 n=46

NAFLD: nonalcoholic fatty liver disease, CLD-HCV: chronic
liver disease due to hepatitis C virus

serum thrombopoietin level, grade of splenomegaly and liver
stiffness in LC patients with NAFLD or CLD-HCV. No anti-
platelet antibodies were detected in either LC group (31
NAFLD-LC patients and 20 HCV-LC patients). There was
no significant difference in the serum thrombopoietin levels
of the two LC groups (NAFLD-LC (n=31), 1.42+1.67 Fmol/
mL; HCV-LC (n=20), 1.36+0.58 Fmol/mL]. Furthermore,
there was no significant correlation between the platelet
count and the serum thrombopoietin level (Fig. 2). The per-
centages of the various grades of splenomegaly are shown in
Fig. 3A (60 NAFLD-LC patients and 41 HCV-LC) patients;
the distribution of the grades of splenomegaly did not differ
between the two LC groups to a statistically significant ex-
tent. Fig. 3B shows the association between the platelet
count and the grade of splenomegaly in each LC group. The
platelet counts decreased with the progression of
splenomegaly in both LC groups. The platelet counts for no
splenomegaly and mild splenomegaly in the NAFLD-LC
group were significantly higher than those in the HCV-LC
group. The same tendency was observed for moderate
splenomegaly in NAFLD-LC; however, the difference was
not statistically significant. The platelet count was negatively
correlated with the grade of splenomegaly (NAFLD-LC, r=
-0.383, p<0.01; HCV-LC, r=-0.423, p<0.05).

Regarding liver stiffness, there was no difference between
the two LC groups [liver stiffness, 27.8+19.1 kPa; in
NAFLD-LC (n=15) vs. 36.9422.8 kPa in HCV-LC (n=16)].
In NAFLD-LC, liver stiffness tended to be negatively associ-
ated with the platelet count (r=-0.468, p=0.079); however,
there was no significant association in CLD-HCV-LC (r=
0.280, not significant, Fig. 4).

Discussion

We compared platelet counts between NAFLD and CLD-
HCV. The platelet counts in NAFLD were significantly
higher than in CLD-HCV at all equivalent grades of fibrosis.

The mean age of the NAFLD patients was greater; how-
ever, it was thought that age did not influence platelet
counts or our results, because the mean age did not differ
between the two LC groups. The clinical usefulness of
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Figure 1.
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The diagnosis of liver cirrhosis in 620 NAFLD patients (A) and 405 chronic liver disease

patients with HCV (B). An ROC analysis was performed to calculate the AUC, sensitivity and speci-
ficity of the platelet count. The optimal cut-off value for NAFLD-LC was 16.0x10* pl/L (sensitivity,
86.7%; specificity, 87.6%; AUC, 0.930), while that for CLD-HCV-LC was 12.7x10* (sensitivity,

57.8%; specificity, 88.2 %; AUC, 0.863).

NAFLD-LC(n= 31)

Platelet (x104/L)
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Spearman correlation index: 0.170
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Figure 2. The correlation between the serum thrombopoietin level and the platelet count. There
was no significant correlation between the serum thrombopoietin level and the platelet count in either
LC group. r, correlation index (calculated by Spearman’s correlation test).

platelet count has been previously reported in both CLD-
HCV and NAFLD (7-12). Qiu et al. (9) reported that the
optimal cut-off value in LC with HCV was 11x10" pl/L. In
contrast, the optimal cut-off value in LC with NAFLD has
been reported to be 15.3x10* pl/L (8) and 16.0x10* ul/L (7).
This was similar to the cut-off value obtained in the present
study (16.0x10* pl/L). These data suggest that the optimal
cut-off value of LC with NAFLD is higher than that of LC
with HCV. In the present study, we compared the cut-off
values between the two diseases in a large population of pa-
tients who were treated at the same institute and the evalu-
ations were performed by the same pathologist. Our results
confirmed that the cut-off values differed between the two

liver diseases, suggesting that different causative mecha-
nisms might account for the of platelet count reductions in
the respective diseases.

To explore the mechanism underlying the difference in
the rates of platelet reduction, we measured the anti-platelet
antibody levels, the thrombopoietin level, the grade of
splenomegaly and liver stiffness. The anti-platelet antibody
levels and thrombopoietin levels did not differ between the
two LC groups. In both LC groups, the grade of
splenomegaly was negatively correlated with the platelet
count. However, the distribution of the splenomegaly grades
did not differ between the two LC groups. Furthermore,
there was no difference in the degree of liver stiffness be-
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tween the two LC groups. In HCV-LC, liver stiffness was
not correlated with the platelet count, as shown in Fig. 4. In
contrast, liver stiffness tended to be negatively associated
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Figure 3. (A), (B). The association between the platelet count

and splenomegaly. The percentages of patients with various
grades of splenomegaly are shown in A. There was no signifi-
cant difference in the distributions of the two LC groups. B
shows the platelet count for each grade of splenomegaly. The
platelet counts for no splenomegaly and mild splenomegaly
were significantly higher in the NAFLD-LC group than in the
HCV-LC group.

NAFLD-LC(n=15)

80

with the platelet count in NAFLD-LC. Taken together, it
was suggested that both splenomegaly and the degree of
liver fibrosis might influence the platelet count in NAFLD.
However, another factor (besides splenomegaly) might be
associated with the decrease in the platelet count in CLD-
HCV.

Sanjo et al. (20) reported that the platelet count was not
correlated with the serum thrombopoietin level in CLD-
HCYV, but that it was correlated with the spleen volume and
platelet-associated IgG (PAIgG). In contrast, Giannini et
al. (21) reported that the serum thrombopoietin levels were
correlated with the degree of liver functional impairment
and the degree of liver fibrosis in CLD-HCV. The influence
of thrombopoietin remains controversial and should be in-
vestigated in the future.

Several papers (20, 22) have reported that PAIgG is in-
creased in CLD-HCV. In this study, no anti-platelet antibod-
ies were detected. However, our method for detecting anti-
platelet antibodies differed from the method that was used to
measure PAIgG. It is necessary to further investigate the dif-
ferences between PAIgG and anti-platelet antibodies.

Recently, the measurement of liver stiffness by transient
elastography was reported to be useful for the quantification
of liver fibrosis (19, 23). However, Gaia et al. (24) reported
that transient elastography could be considered a valid
method for the detection of HCV-associated fibrosis in CLD,
but that it should be interpreted cautiously in patients with
chronic hepatitis B and NAFLD. It has been suggested that
obesity or liver steatosis might influence elastographic meas-
urements (25, 26). The platelet count may be easier to use
and it might be a more precise than elastography for deter-
mining the liver stiffness in severely obese NAFLD patients.

This study was associated with some limitations. In order
to compare patients with the same condition and to obtain a
correct diagnosis of NAFLD, liver biopsies were performed
in all patients. Thus, LC patients with decompensated stage
and burned-out NASH were excluded. As a result, our com-
parisons did not include patients with decompensated LC. If

HCV-LC(n=16)

70
60 a

. 50
Liver

stiffness
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Spearman correlation index; —0.468

p=0.079

30
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Spearman correlation index; 0.280
N.S.

Figure 4. The association between liver stiffness and the platelet count. In the NAFLD-LC group,
liver stiffness tended to be negatively associated with the platelet count (r=-0.468, p=0.079). There was

no such association in the HCV-LC group (r=0.280, not significant). r, correlation index.
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we were to re-analyze the cut-off value for LC to include
decompensated-stage cases, the cut-off value might change.

In this study, the diagnostic sensitivity, specificity and
AUC for the cut-off values of the platelet count showed that
it was a useful parameter for identifying liver fibrosis and
LC. However, the optimal cut-off values for diagnosing LC
were different and should be determined separately for each
liver disease. The reason for the difference in the rates of
platelet reduction is still unclear and requires further investi-
gation.

The authors state that they have no Conflict of Interest (COI).
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