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Background: Nonalcoholic fatty liver disease has become a worldwide challenge. Liver biopsy remains the single most reliable approach
to determine the severity of this disease. As patients with nonalcoholic fatty liver disease require close follow-up, performing this invasive
method repeatedly seems impractical; therefore, designing a noninvasive system to follow up patients has become a common interest.
Objectives: We intended to investigate the association between platelet counts of patients with nonalcoholic fatty liver disease and the
severity of their disease based on serum levels of liver enzymes and grade of fatty liver on ultrasonography.

Patients and Methods: One thousand, three hundred and five patients with nonalcoholic fatty liver disease were included in this
descriptive study. Serum levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP) and
platelet counts of patients were measured. The grade of fatty liver was determined by abdominal ultrasonography.

Results: Of our study population, 54.3% (n =708) were women. Patients with.mild fatty liver on ultrasonography had lower platelet counts
than those with moderate and severe fatty liver. However, no cutoff value of platelet count could reliably distinguish different grades of
fatty liver. We found no significant association between platelet counts and serum levels of AST, ALT or ALP. However, we showed that male
patients with abnormal levels of ALT had higher platelet counts.

Conclusions: Platelet count in nonalcoholic fatty liver disease can serve as a clue to the severity of disease, but it cannot be considered as

asole test to follow up patients.
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1. Background

Nonalcoholic fatty liver disease (NAFLD) comprehends
a spectrum of liver disorders ranging from simple fat
accumulation in the hepatocytes (hepatic steatosis), to
liver inflammation and hepatocyte injury (nonalcoholic
steatohepatitis, NASH) with increasing levels of fibro-
sis to cirrhosis and hepatocellular carcinoma (HCC) in
the worst-case scenario (1-3). Patients with NAFLD have a
higher risk of morbidity and mortality (3-5). It is estimat-
ed to have a prevalence of 20%-30% in the western general
population (2, 6,7). NAFLD has become the most common
cause of chronic liver disease (8). In the Asian-Pacific re-
gion, the prevalence of NAFLD has been reported to range
from 12% to 24% (3, 7, 8) and it is rapidly on the rise (3, 6).
In Iran, the prevalence is 2.04% in the adult population
(9)and 7.1% in the adolescent population (10). In addition,
NAFLD appears to have similar clinical and paraclinical
features in Iran’s population compared to other areas of
the world (11).

For definite diagnosis and staging of NAFLD, liver bi-
opsy remains the gold standard. Liver biopsy may, how-

ever, over- or underestimates the stage of liver disease,
because it only samples a very small portion of the liver.
The invasive nature of this procedure plus practical dif-
ficulties and high expenses further justify the need for a
safe and reliable approach for follow-up of patients with
NAFLD (12-16). In the recent years, emergence of noninva-
sive methods has provided clinicians with the possibility
to identify severe liver fibrosis. However, these approach-
es do not fully correlate with histological stage of NAFLD
in the absence of substantial liver fibrosis (16, 17). In clini-
cal practice, on the other hand, NAFLD is diagnosed based
on ultrasonographic findings of fatty liver, elevated liver
enzymes that cannot be otherwise explained and by ex-
cluding other causes of liver disease (18,19).
Thrombopoietin (TPO) is a hormone produced mainly
by hepatocytes, which promotes platelet production by
the bone marrow (20). Studies indicated that the level of
TPO is correlated to the degree of liver fibrosis and im-
pairment of hepatocyte function (20, 21), both of which
contribute to NAFLD (1-3). Therefore, peripheral platelet
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count can possibly reflect the severity of liver injury (22).
A number of studies demonstrated an association be-
tween platelet counts and the severity of liver injury (23-
27), the results are controversial however. Several systems
of scoring liver fibrosis such as the NAFLD fibrosis score
(28), aspartate aminotransferase (AST)-to-platelet ratio in-
dex (APRI) (29) and the FIB-4 index (30) incorporated the
platelet count as one of their variables emphasizing the
potential role of platelet count as an indicator of liver in-
jury. There is a definite need for further research regard-
ing the association between platelet counts and noninva-
sive measures of the severity of NAFLD.

2. Objectives

In this study, we intended to investigate the association
between platelet counts of patients with NAFLD and ac-
tivity of their disease regarding clinical measures of the
severity of NAFLD. To achieve this purpose, we specifically
sought to assess platelet counts of patients in correspon-
dence to their serum levels of liver enzymes and ultraso-
nographic grade of fatty liver.

3. Patients and Methods

3.1. Study Design

A total of 1305 patients with NAFLD were recruited from
our outpatient clinic from December 2007 to April 2013
in this descriptive study.

The diagnosis of NAFLD was based on ultrasonographic
findings of fatty liver, elevated serum levels of alanine
aminotransferase (ALT) or aspartate aminotransferase
(AST) that could not be otherwise explained, and by ex-
cluding other causes of liver disease. Other causes of
chronic liver disease were eliminated if the patient met
the following criteria: alcohol consumption less than 20
g/d for men and less than.10 g/d for women; no recent
use of medications such as glucocorticoids, estrogens,
tamoxifen, or amiodarone that may cause fatty liver; ab-
sence of other causes of liver disease indicated by normal
results of laboratory tests including hepatitis B surface
antigen (HBsAg), anti-hepatitis C antibody (anti-HCV),
antinuclear antibodies (ANAs), anti-smooth muscle anti-
bodies (ASMAs), Liver Kidney Microsomal type 1antibody
(anti-LKM1), gamma globulin levels, ceruloplasmin lev-
els, ferritin levels and serum o-1 antitrypsin levels (18).

Serum levels of liver enzymes including ALT, AST and
alkaline phosphatase (ALP) and the platelet counts of pa-
tients were measured. Serum levels more than 40 IU/L for
ALT and AST and more than 120 IU/L for ALP were consid-
ered abnormal. Patients with platelet counts less than 15
x104/uL were considered to have thrombocytopenia.

Abdominal ultrasonography was performed. Fatty liver
was defined by at least two of three findings on abdomi-
nal ultrasonography; diffusely increased liver echogenici-
ty greater than that of the kidneys or spleen, blurred
intrahepatic vessels and attenuation of ultrasound pen-

etration into the deep portions of the liver (31). In addi-
tion, the ultrasonographic grade of fatty liver defined as
mild, moderate or severe was determined. Patients were
assessed for the presence of an enlarged spleen.

The laboratory tests and abdominal ultrasonography
in this study were performed before administration of
therapy or within six months of therapy to avoid poten-
tial effects of treatment on their results.

3.2. Statistical Analysis

Statistical analysis was conducted using Statistical Pack-
age for the Social Sciences version 22 (IBM SPSS Statistics
ChicagoILUSA)and Minitab 16.2 statistical software (State
College, Pennsylvania, United States). Pearson correlation
was used to evaluate the association between platelet
count and demographic, laboratory or ultrasonographic
findings. t-test and one-way analysis of variance (ANOVA)
were used for group comparisons. Categorical data were
compared by chi-square and Cochran-Mantel-Haenszel
tests. Sidak'and Bonferroni tests were used for multiple
comparisons. The normality of all continuous variables
was tested using the Q-Q plot, and for variables without a
normal distribution, appropriate mathematical transfor-
mation was applied to reform their deviation from nor-
mal. The diagnostic performance of the platelet count
was assessed using the receiver operating characteristic
(ROC) curve. Data were expressed as mean * standard
error of mean (SEM) or as proportions (n). Error bars in
the figures represent 95% confidence interval (CI). Differ-
ences were considered statistically significant at P < 0.05.

3.3. Ethical Concerns

This study was approved by the ethics committee of
Tabriz University of Medical Sciences. All the required in-
formation for this study were acquired as part of routine
medical care for patients with NAFLD and no extra tests
or costs were imposed on patients. The personal infor-
mation of patients remained concealed throughout the
study.

4. Results

One thousand, three hundred and five patients with
NAFLD were included in the analysis. The characteristics
of patients are summarized in Table 1.

The platelet counts in patients with NAFLD ranged from
2.3 to 49.4 x 10%[uL. Only 2.4% of patients (n = 32) had
thrombocytopenia, and none of them had an enlarged
spleen on abdominal ultrasonography. The mean plate-
let count was significantly lower in males compared to
females (23.8 £ 0.2 x 104/uL vs. 27.1+ 0.2 x 104[uL, P = 0). Of
the study population, 48.2% were younger than 45 years
(n = 629). There was no significant difference between
the platelet counts of patients younger than 45 years and
those 45 years old or older.

Platelet counts stratified by the ultrasonographic grade
of fatty liver were as follows; mild: 25.3 + 0.2x 104/uL; mod-
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erate: 26 £ 0.3 x 104[uL; severe: 26.2 + 0.6 x 104[uL. Patients
with mild fatty liver had significantly (P = 0.042) lower
platelet counts than those with moderate and severe fatty
liver collectively (25.3 £ 0.2 x 104/uL vs. 26.1 £ 0.3 X 104/uL).
However, when we compared platelet counts within male
and female patient groups, no significant difference was
found between different grades of fatty liver in males. In
females, on the other hand, platelet count was signifi-
cantly lower in patients with mild fatty liver compared
to those with moderate and severe fatty liver (26.7+ 0.2 x
104/uL vs. 28 £ 0.4 x 104[pL, P = 0.015) (Figure 1). According
to these findings, we executed a receiver operating char-
acteristic (ROC) curve analysis to evaluate the diagnos-
tic performance of platelet count to discriminate three
grades of nonalcoholic fatty liver on ultrasonography.
Remarkably, all ROC curves for detecting mild, moderate
and severe fatty liver based on the platelet count were
along the so-called line of no-discrimination. No optimal
cutoff value for the platelet count could be determined
to differentiate the three grades of fatty liver (Figures 2,
3and 4).

There was no significant difference between the platelet
counts of patients with normal and abnormal AST or ALP.
Regarding normal and abnormal ALT, the platelet count
did not differ between the two groups in general; how-
ever, male subjects with abnormal ALT had higher (P =
0.029) platelet counts than those with normal ALT (24.2 +
0.3 x10%[uLvs. 23.1£ 0.3 x104[uL). Of the study population,
50.6% of patients had platelet counts equal to or lesser
than 25.2 x 10%/uL (n = 661). When we compared serum
levels of liver enzymes (i.e. ALT, AST and ALP) between the

Table 1. Characteristics of NAFLD Patients Population ab

Demographics Data
Age,y 46.4103
Gender, male/female 597(45.7)[708 (54.3)

Hematology
Platelet count, x 10%/uL 25.6+ 0.1

Hepatology panel
AST, IUJL 30.2+1
Abnormal, AST € 329 (25.2)
ALT, IUJL 38441
Abnormal, ALTd 581(44.8)
ALP, IU[L 206.3+2

Ultrasonographic findings of fatty liver
Mild 846 (64.8)
Moderate 381(29.2)
Severe 78 (6)

a

Abbreviations: ALT, alanine aminotransferase; ALP, alkaline

phosphatase; AST, aspartate aminotransferase; HDL, high-density

lipoprotein.
Data are given as mean + SEM or No. (%).
€ Abnormal AST is defined as AST > 40 IU/L.
Abnormal ALT is defined as ALT > 40 IU/L.
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two groups, the only significant difference was found
in male patients whose natural logarithm of the serum
levels of ALT was higher (P = 0.018) with platelet counts >
25.2 x10%[pL than with values <25.2 x104uL (52.7+1[95%
C148.9-56.8] IU[Lvs. 47 +1[95% CI 44.3- 49.8] IU/L).
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Figure 1. Platelet Counts of Female and Male Patients With Mild Fatty
Liver Compared to Those With Moderate and Severe Fatty Liver
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Figure 2. Receiver Operating Characteristic (ROC) Curve for Detecting
Mild Nonalcoholic Fatty Liver by Ultrasonography Based on the Platelet
Count
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Figure 3. Receiver Operating Characteristic (ROC) Curve for Detecting
Moderate Nonalcoholic Fatty Liver by Ultrasonography Based on the
Platelet Count
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Figure 4. Receiver Operating Characteristic (ROC) Curve for Detecting
Severe Nonalcoholic Fatty Liver by Ultrasonography Based on the Platelet
Count

5. Discussion

The present study was planned to determine the asso-
ciation between platelet counts of patients with NAFLD
and certain features of their disease. In this study, diag-
nosis of NAFLD was made based on clinical, laboratory
and ultrasonographic findings, and no liver biopsy was

performed (12-16).

As mentioned earlier, few studies in this field yielded
controversial results. A number of prior investigations
demonstrated a negative correlation between platelet
count and severity of NAFLD for liver fibrosis. The most
current study in this respect was a major cohort study
conducted by Yoneda et al. (23), in which a low platelet
count was presented as a measure of severe liver fibro-
sis. The fact that platelet count can merely predict severe
stages of liver fibrosis and its insignificant role to differ-
entiate milder stages of fatty liver is common in all these
studies (23-25). A possible explanation for this is splenic
sequestration of platelets, which might occur in patients
with severe liver fibrosis and cirrhosis (32). It is also prob-
able that liver injury causesreduced platelet production
in the bone marrow due to defective TPO release (20, 21,
32). There are, on the other hand, recent studies which
have cast doubt on the association between liver injury
and the levels of TPO (33, 34). However, this subject is be-
yond the scope of our discussion.

Contrary to these findings, the results of our study in-
dicated that patients with moderate and severe nonalco-
holic fatty liver on ultrasonography have higher platelet
counts than those with mild fatty liver. This finding is
consistent with those of some recent researches (26, 35,
36). Cao et al. for instance, demonstrated that patients
with NASH have higher platelet counts than those with
hepatic steatosis (26). This rather contradictory result
may be due to the fact that platelet counts increase in re-
sponse to inflammation (37), and hepatic inflammation
is the channel through which hepatic steatosis leads to
liver injury and fibrosis (1-3). Only 2.4% of patients with
NAFLD had thrombocytopenia, and none of them had
an enlarged spleen on ultrasonography. It is because not
many of our patients had severe liver fibrosis or cirrhosis
and that steatohepatitis contributed to the pathogenesis
of our NAFLD patients with moderate and severe fatty liv-
er and higher platelet counts. However, in the absence of
liver biopsy, these data must be interpreted with caution.
Moreover, we concluded that no cutoff value for platelet
count could reliably predict the grade of fatty liver on ab-
dominal ultrasonography.

Surprisingly, in our study, the difference between the
platelet counts of patients with different grades of fatty
liver was significant only in women. This observation
may signify the influence of gender on NAFLD. The litera-
ture on this issue is insufficient. Studies have shown that
NASH is more prevalent in women (38). It may be the case
that these variations between men and women are due
to the failure of abdominal ultrasonography to differen-
tiate severe forms of hepatic steatosis and NASH. Bearing
in mind that inflammation may raise the platelet count,
itis possible that male patients with moderate and severe
fatty liver had hepatic steatosis, while their female coun-
terparts had steatohepatitis. Further investigation is nec-
essary to address these questions.

Regarding the liver enzymes, ALT and AST, the results
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of our study did not show any significant difference be-
tween the platelet counts of patients with normal and
those with abnormal liver enzymes in general. It can be
assumed that elevated liver enzymes do not indicate he-
patic inflammation and injury. This observation accords
with some prior studies which failed to show any correla-
tion between serum levels of liver enzymes and the sever-
ity of liver injury (39). However, this finding seems not to
apply to men in our study, who had higher platelet counts
with abnormal serum levels of ALT. Its reason is not clear,
but it is possible that serum levels of ALT are superior to
abdominal ultrasonography in detecting steatohepatitis
in men. Taken together, it is suggested to perform further
researches regarding the role of gender in NAFLD.

Taking into account the necessity to implement nonin-
vasive methods for follow-up of patients with NAFLD, this
study attempted to determine whether platelet count of
NAFLD patients could predict the activity of their disease.
This study suggests that platelet count could be used as a
clue to the severity of NAFLD, but it cannot be considered
as a sole noninvasive test to follow up patients.

5.1. Study Limitation

There were some limitations in this study. The severity
of NAFLD was defined mostly based on ultrasonographic
findings, while liver biopsy remains the single most re-
liable method to determine the severity of NAFLD. How-
ever, performing liver biopsy on such a large number of
patients seems both impractical and unethical. Further-
more, ultrasonography cannot differentiate fat infiltra-
tion from hepatic fibrosis, also is not always reliable in
obese patients (40). Another limitation was that our
study population included only NAFLD patients, while
evaluating NAFLD patients against a control group might
have yielded more dependable results. Finally, future co-
hort studies on this topic are recommended to further
clarify the association between platelet count and nonin-
vasive measures of NAFLD.
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