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A B S T R A C T

Introduction: We have previously shown that some patients present thrombocytopenia (less

than 100 £ 109/L platelets) in non-alcoholic fatty liver disease (NAFLD). To further explore

the nature of this association, we have now analyzed the association of thrombocytopenia

with neutropenia (less than 0.5 £ 109/L granulocytes) in NAFLD.

Material and methods: Persons with NAFLD were prospectively accrued in the study after

February 2018. The presence of NAFLD was defined by both serologic determinations (Fibro-

max �) and liver transient elastography (TE/Fibroscan �).

Results: In 123 consecutive patients with NAFLD without cirrhosis, thrombocytopenia was

identified in 20 (16%), whereas neutropenia was identified in 9 (7%). In the subset of 20

patients with NAFLD and thrombocytopenia, granulocytopenia was identified in 5 (25%),

whereas in the subset of 9 patients with granulocytopenia, thrombocytopenia was identi-

fied in 5 (55%). We found a significant association between thrombocytopenia and both leu-

kopenia and granulocytopenia (OR 8.25, 95% CI 1.9−34.2, p = 0.004).

Conclusions: Both thrombocytopenia and neutropenia were identified in persons with

NAFLD and, as there is a significant relationship between these two variables, we speculate

that this findingmay support the possibility of hypersplenism being involved in the cytope-

nias found in NAFLD without cirrhosis.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is the most common
cause of chronic liver injury worldwide1; it encompasses a
wide spectrum of liver disorders ranging from steatosis,
through steatohepatitis and overt liver cirrhosis. Thrombocy-
topenia (less than 100 £ 109/L platelets) has been described in
some cases of NAFLD.2−8 The definite diagnosis of NAFLD is
ideally performed by means of a liver biopsy; however, sev-
eral non-invasive diagnostic strategies have been employed
as diagnostic alternatives, each with different sensitivities
and accuracies.9−13 Several studies have demonstrated the
predictive value and a better benefit-to-risk ratio than biopsy
of combinations of simple serum biochemical markers (Fibro-
max �)9 and/or liver transient elastography (Fibroscan �).10−13

In previous studies, we have shown that NAFLD, as defined
by Fibromax �5 and/or Fibroscan �6,7 is associated with
thrombocytopenia, in the absence of overt liver cirrhosis. The
cause of thrombocytopenia in NAFLD is strictly unknown;
several explanations have been offered, such as a certain
degree of hypersplenism, bone marrow hypoplasia, reduced
peripheral blood cell survival, thrombopoietin deficiency and
others.5−7 As hypersplenism may be associated with granulo-
cytopenia, we analyzed if granulocytopenia is associated with
NAFLD and/or thrombocytopenia.
Material andmethods

a) Patients: Individuals were prospectively included in the
study after February 2018. The presence of NAFLD was
defined by both Fibroscan � and Fibromax �.9−13 The study
was approved by the Ethics Committee of the Clinica Ruiz
and informed consent was obtained from all the patients.
Individuals with autoimmune thrombocytopenia, autoim-
mune diseases, hepatitis B, hepatitis C, chronic cholestatic
diseases, overt liver cirrhosis or alcoholism were excluded
from the analysis. Persons with anti-granulocyte antibod-
ies, anti-platelet antibodies, overt viral or bacterial infec-
tions, spleen enlargement or clinical data of portal
hypertension were also excluded from the analysis. The
Table 1 – Salient features of the patients with non-alcoholic fatt
or both. SD = standard deviation, BMI = bodymass index.

NAFLD and
thrombocytopenia n = 20

NAFL
n = 9

Age in years (SD) 42.5 (17.3) 49.3 (
BMI (SD) 31.3 (4.3) 32.5 (
FibroScan score (SD) 1.9 (0.5) 2.2 (0
FibroMax score (SD) 1.3 (0.2) 1.4 (0
Platelet count, x103/L (SD) 79.1 (41) 123 (3
Neutrophil count, x103/L (SD) 2.6 (1.8) 0.7 (0
Hemoglobin, g/dl (SD) 13.4 (0.9) 13.1 (
Splenomegaly 0 0
exclusion criteria were chosen to eliminate other possible
causes of cytopenias.

b) Fibroscan�: To assess transient elastography (TE),
a Fibroscan 502 Touch (Echosens, France) instrument
was used, with the XL probe.10−13 The ultrasonic con-
trolled attenuation parameter (CAP) defines steatosis
when its value is above 200 decibels per milliwatts (dB/
m) (S1−S3), whereas liver stiffness measurement (LSM)
defines fibrosis when above 7.5 kgpascals (kPa) (F2−F4).10

Patients with a CAP value over 200 dB/m coupled with an
LSM below 7.5 kPa were defined as individuals with liver
steatosis.10−13

c) Fibromax �: Alpha 2 macroglobulin, haptoglobin, apolipo-
protein A, bilirubin, gamma glutamyl transpeptidase, ala-
nine aminotransferase, aspartate aminotransferase,
glucose, cholesterol and triglycerides were measured in all
patients; these biochemical markers were analyzed in var-
ious manners to define: the quantitative assessment of
fibrosis (FibroTest), steatosis (SteatoTest) and necroinflam-
matory activity in chronic viral hepatitis (ActiTest) and the
categorical diagnosis of nonalcoholic steatohepatitis
(NashTest).9−11 Patients with a score above 50% in either
the SteatoTest or NashTest, coupled with a score below
50% in the Fibrotest, were defined as having NAFLD.9−11
Results

In 123 consecutive patients with NAFLD, as defined by both
the Fibroscan and Fibromax, thrombocytopenia (less than
100 £ 109/L platelets) was identified in 20 (16%), whereas neu-
tropenia (less than 0.5 £ 109/L granulocytes) was identified in
9 (7%). In the subset of 20 patients with NAFLD and thrombo-
cytopenia, granulocytopenia was identified in 5 (25%),
whereas in the subset of 9 patients with granulocytopenia,
thrombocytopenia was identified in 5 (55%), as shown in
Table 1. No patient had splenomegaly. There was a statisti-
cally significant association between thrombocytopenia and
both leukopenia and granulocytopenia (OR 8.25, 95% CI 1.9
−34.2, p = 0.004) in patients with NAFLD, as shown in Figures 2
and 3. A trend was found for an inverse relationship between
the degree of fatty infiltration of the liver, as defined by the
y liver disease (NAFLD) and thrombocytopenia, neutropenia

D and neutropenia NAFLD, thrombocytopenia
and neutropenia, n = 5

p

7.3) 61.8 (18.2) 0.3
5.4) 30.4 (3.1) 0.5
.4) 2.4 (0.8) 0.1
.4) 1.4 (0.3) 0.7
2) 68.2 (45) 0.01
.9) 0.89 (0.5) 0.02
1.2) 14.1 (1.1) 0.3

0 −



Figure 1 – In patients with non-alcoholic fatty liver disease (NAFLD), there was an association between granulocyte count and
platelet count, (r = 0.22, p = 0.04, 95% CI 0.1−0.5).

Figure 2 – In patients with non-alcoholic fatty liver disease (NAFLD), there was an association between white blood cell count
and platelet count, (r = 0.2, p = 0.04, 95% CI 0.09−0.3).
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Fibroscan�, and the platelet count, the white blood cell count
and the granulocyte count (Figures 3−5).
Discussion

The NAFLD is the hepatic component of the metabolic syn-
drome, as its features are similar to those of metabolic disor-
ders, such as obesity, inflammation, IR and type 2 diabetes
mellitus (T2DM).14,15 IR is one of the hallmarks of NAFLD,
being pivotal in the pathogenesis of the disease, associated
with obesity and an important early factor in the develop-
ment of T2DM, which may be present for years before the
emergence of any changes in the glycemic control.14

We have previously shown that persons with NAFLD, as
defined by the Fibromax �5 and/or Fibroscan �6,7 may have
diminished platelet counts in the absence of liver cirrhosis,
an association which had been previously suggested3,4 and



Figure 3 –Correlation between the degree of fatty infiltration of the liver as defined by the Fibromax � and the platelet count,
expressed in platelets x 109/L. (r = �0.04, p = 0.6, 95% CI �0.4−0.3).
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subsequently confirmed by other investigators.8 The salient
features of the NAFLD-associated thrombocytopenia are: a) it
presents in 3−24% of the patients;5−8 b) it is associated with
overweight; c) it is usually mild (above 40 £ 109/L); d) it is not
associated with mucocutaneous bleeding, and; e) it does not
need treatment. The prevalence of thrombocytopenia in
NAFLD is variable: Employing non-invasive methods to define
it, we have prospectively found it in 28%,6 24%7 and 16%
Figure 4 –Correlation between the degree of fatty infiltration of th
(WBC) count, expressed inWBC x 109/L. (r = �0.12, p = 0.1, 95% CI
(these data) of persons with NAFLD. Panke et al.,8 in a retro-
spective study and using liver biopsy, found it in 3.2% of
patients; it seems that the prevalence of thrombocytopenia in
NAFLD varies according to the method of defining the liver
steatosis and also to the nature of the study (prospective or
retrospective), In our prospective studies, we have previously
shown a significant association between the NAFLD and
thrombocytopenia (OR = 13, CI 1.5−162, p = 0.05);7 in this
e liver as defined by the Fibromax � and the white blood cell
�0.3−0.4).



Figure 5 –Correlation between the degree of fatty infiltration of the liver as defined by the Fibromax � and the granulocyte
count, expressed in granulocytes x 109/L. (r = �0.06, p = 0.4, 95% CI �0.02−0.3).
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study, we have confirmed this association and furthermore,
we have shown a statistically significant relationship
between thrombocytopenia and leukopenia/granulocytope-
nia in persons with fatty infiltration of the liver. Another
interesting finding in this study is that a trend between fatty
infiltration of the liver and the severity of the cytopenias was
observed.

One of the explanations which has been offered for the
thrombocytopenia of the NAFLD is certain degree of hyper-
splenism stemming from the changes in the liver and portal
circulation.6,14 The findings in this paper could support this
as a possible explanation, but other studies aiming at the
assessment of hypersplenism are needed to support this sug-
gestion. Other explanations have been offered for the low
platelet count found in some persons with NAFLD, such as
deficiency of thrombopoietin,3−8 which may also be related to
liver damage, decreased lifespan of the peripheral blood cells,
vitamin deficiencies, etc.5−7

In summary, in a larger number of patients, we have con-
firmed our previous observations about thrombocytopenia
being present in approximately one-fifth of persons with
NAFLD. In addition, we found that the prevalence of granulo-
cytopenia in NAFLD is lower than that of thrombocytopenia
and that these two cytopenias in the absence of overt liver cir-
rhosis may suggest hypersplenism in NAFLD. Additional
studies are needed to more clearly explain the presence of
peripheral blood cytopenias in the setting of the NAFLD
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