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 Background: Platelets are considered to be essential in proinflammatory environments, including atherosclerosis. The de-
gree of platelet activation has been demonstrated to be correlated with plateletcrit and platelet distribution 
width. The main purpose of this study was to assess the relationship between plateletcrit (PCT), platelet dis-
tribution, and the degree of hepatic steatosis in patients with non-alcoholic fatty liver disease (NAFLD).

 Material/Methods: We enrolled 225 biopsy-proven NAFLD patients and 142 control subjects without NAFLD. NAFLD patients were 
separated into 2 groups according to percentage of steatosis. Demographic and clinical data were collected 
retrospectively.

 Results: PCT level was significantly higher in NAFLD group I and group II than in the control group. PCT was higher in 
the NAFLD groups than in the control group. However, there was no difference according to PCT and PDW lev-
els between NAFLD groups.

 Conclusions: In this study, a relationship was found between PCT and hepatosteatosis, but no relationship was found with 
PDW. PCT might be a useful biomarker for early detection of steatohepatitis in patients with nan-alcoholic fat-
ty liver disease.
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Background

Non-alcoholic fatty liver disease (NAFLD) is a common disease 
that can range from simple steatosis to non-alcoholic steatohepa-
titis (NASH) [1]. Patients with NAFLD have a high risk for pro-
gression to severe and decompensated liver disease comprising 
cirrhosis and hepatocellular carcinoma. During the course of dis-
ease, detecting early stages of NASH is very important. The main 
method for assessment of inflammation and fibrosis is liver bi-
opsy. Nevertheless, other non-invasive methods are needed.

Recent studies have highlighted the critical role of platelets in 
inflammation [2–5]. Activated platelets and platelet-derived 
microparticles by various factors can play an important role in 
inflammation by stimulating proinflammatory substances such as 
chemokines, cytokines, and nitric oxide [2]. Platelet distribution 
width (PDW) characterizes the range of difference in platelet size 
and large PDW can be a sign of inflammation. Plateletcrit (PCT) 
is analogous to the hematocrit and reflects the proportion of 
volume platelets in whole blood. Recent studies showed the 
association between PCT and PDW with inflammation [6,7]. 
Therefore, PCT and PDW could be predictors of the degree of 
hepatic steatosis and inflammation in patients with NAFLD.

The aim of this study was to investigate the relationship be-
tween PCT and PDW levels between the degree of liver ste-
atosis and inflammation in patients with NAFLD.

Material and Methods

We retrospectively evaluated data of living donor appli-
cants who received liver biopsies between 2010 and 2019 
at the Demiroglu Bilim University Istanbul Gastroenterology 
Department. The study was approved by the Demiroglu Science 
University Ethics Committee. Informed consent was obtained 
from all study patients and control group members.

All of the living donor candidates underwent ultrasonography, 
computed tomography, and magnetic resonance imaging 
evaluation. When pretransplant imaging showed evidence of 
moderate or severe fatty liver, preoperative liver biopsy was 
performed. Any level of the steatosis is essential for either 
NAFLD or NASH according to definition. According to the histo-
pathological findings, the patients were divided into 2 groups; 
225 patients biopsy-proven NAFLD and 142 control subjects 
without NAFLD. The NASH Clinical Research Network was the 
main classification for specimens [8]. Patients with NAFLD 
were separated into 2 groups according to the steatosis lev-
els: Group I had 1–20% and Group II had >20%.

The inclusion criteria were age (18–65 years), no immoderate 
alcohol history (consumption of ethyl alcohol is >30 g/day for 

males, >20 g/day for females per a day), and negativity for 
viral hepatitis markers. The exclusion criteria were cirrhosis, 
diabetes mellitus, cardiovascular diseases, asthma, hema-
tologic problems, infections, previous cancer history of liver 
transplantation, drug-induced hepatosteatosis, or refusal to 
participate in the research. Demographic and anthropomet-
ric data were recorded, including age, sex, and body mass in-
dex (BMI), as well as serum biochemistry tests such as total 
bilirubin, albumin, alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), gamma-glutamyl transferase (GGT), 
alkaline phosphatase (ALP), total cholesterol (TC), triglycer-
ides (TG), platelet count (PLT), PCT, mean platelet volume (MPV), 
and PDW. The Homeostatic Model of Assessment HOMA-IR, 
a measure of insulin resistance, sets a level of ³2.5 to define 
insulin resistance [9].

Data are expressed as mean±standard deviation (SD). SPSS 21.0 
(SPSS, Inc., Chicago, USA) was used for biostatistical analy-
sis (means, standard deviations, ranges, and percentages). 
The Kolmogorov-Smirnov test was used for distribution. 
The Mann-Whitney U test was used for continuous variables, 
and ANOVA and Kruskal-Wallis tests were used to compare more 
than 2 groups. Pearson’s (continues variables) and Spearman’s 
(categorical variables) analyses were used for bivariant correla-
tions. The level of significance was set a two-tailed P value >0.05.

Results

A total of 367 patients were enrolled. The mean (±SD) age 
of the patients was 34.08±9.08 years in the NAFLD group 
and 34.24±8.72 years in the control group. There were 187 
males (61.4%) and 180 females (58.6%) in the NAFLD group and 
81 males (57.1%) and 59 females (42.9%) in the control group. 
There were no significant differences between the 2 groups in 
age or sex distribution. The total bilirubin, GGT, albumin, MPV, 
and PDW levels were similar in the 2 groups. However, BMI, 
ALT, ALP, AST TC TG, HOMA-IR, PLT, and PCT values were higher 
in patients with NAFLD than in the control group. Comparison 
of laboratory, clinical, and demographic data of patients and 
control groups are summarized in Table 1.

Correlations between the stage of steatosis and laboratory pa-
rameters, including PCT, PLT, and MPV, were also tested. PCT 
level was positively correlated with the severity of steatosis 
in patients with NAFLD, and PLT and MPV levels showed posi-
tive but weak correlations with steatosis in NAFLD patients. 
However, PDW level did not show any correlation with the 
stage of steatosis (Table 2).

Table 3 compares the variables among 3 groups (control and 
NAFLD groups I-II). Kruskal-Wallis testing showed that PCT lev-
els were significantly different among the 3 groups (p<0.001). 
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PLT, MPV, and PDW values were similar in all 3 groups. PCT 
value was significantly different between group I and the con-
trol group, as well as between group II and the control group. 
No significant difference was detected regarding PLT, PDW, and 
MPV values between group I and the control group and be-
tween group II and the control group. Furthermore, there was 
no significant difference detected according to PCT, PLT, PDW, 
and MPV values between group I and II.

Discussion

To the best of our knowledge this is the first research that 
evaluate the relationship between PCT and PDW levels and 

NAFLD (n=225) Control (n=142) P*

Age  34.08±9.08  34.24±8.72 0.80

Sex (Female/Male. n) 87/138 61/81 0.41**

Body mass index (kg/m2)  24.71±3.34  27.25±4.02 <0.001

ALT (IU/L)  18.47±10.88  22.76±14.13 0.001

AST (IU/L)  16.99±4.60  18.48±5.66 0.015

ALP (U/L)  66.11±20.06  72.92±24.40 0.009

GGT (U/L)  18.23±12.33  20.72±15.76 0.10

Total biluribin (mg/dl)  0.59±0.53  0.59±0.31 0.17

Albumin (g/dll)  4.66±0.61  4.68±0.31 0.10

Triglyceride (mg/dL)  96.54±43.79  117.74±66.10 0.03

Total cholesterol (mg/dl)  178.90±45.13  185.79±41.36 0.03

HOMA-IR  1.71±0.77  2.60±1.61 <0.001

PLT (103/μL)  234.86±62.56  248.56±63.44 0.03

PCT (%)  0.22±0.06  0.25±0.06 <0.001

MPV (fL)  10.05±0.92  10.09±0.95 0.45

PDW (fL)  11.83±1.67  12.01±2.01 0.89

Table 1. Laboratory, clinical, and demographic data of NAFLD patients and controls.

ALT – alanine aminotransferase; AST – asspartate aminotransferase; ALP – alkaline phosphatase; GGT – gamma-glutamyl transferase; 
PLT – platelet count; PCT – plateletcrit; MPV – mean platelet volume; PDW – platelet distribution width; HOMA-IR – homeostatic model 
assessment insulin resistance. * Mann-Whitney Test, ** c2 test.

NAFLD degree

r P*

PLT (103/μL) 0.110 0.036

PCT (%) 0.243 <0.001

MPV (fL) 0.116 0.026

PDW (fL) 0.069 0.187

Table 2.  Correlation analysis between hematologic parameters 
and NAFLD stage.

PLT – platelet count; PCT – plateletcrit; MPV – mean platelet 
volume; PDW – platelet distribution width. * Spearman 
correlation.

Group I (n=201) Group II (n=24) Control (n=142)

PLT (103/μL)  248±62.94  253.29±68.22  234.86±62.56

PCT (%)  0.25±0.0*  0.27±0.01*  0.22±0.60

MPV (fL)  10.04±0.06  10.47±0.16  10.05±0.07

PDW (fL)  11.97±2.03  12.36±1.89  11.83±1.67

Table 3. The comparison of hematologic parameters between NAFLD group I–II and control group.

* Kruskal-Wallis test; p<0.05 versus control. PLT – platelet count; PCT – plateletcrit; MPV – mean platelet volume; PDW – platelet 
distribution width.
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hepatic steatosis in biopsy-proven NAFLD patients. We found 
that NAFLD patients had notably higher PCT levels than the 
healthy control group. PCT levels were significantly elevated 
according to the degree (percentage) of hepatic steatosis. In 
addition, the PLT and MPV levels were also mildly higher than 
in healthy control. Nevertheless, in contrast to most previous 
studies, PDW levels were not associated with the degree of 
hepatic steatosis.

NAFLD is the main cause of chronic liver disease worldwide. 
A recent large multiethnic cohort study found that NAFLD is 
the major cause of chronic liver disease and cirrhosis [10]. Due 
to the limitations of non-invasive testing in NAFLD patients, 
liver biopsy remains the criterion standard for NAFLD staging. 
However, it has many drawbacks, including high cost, inadequate 
sampling, invasiveness, and risk of complications (e.g., bleeding, 
biliary peritonitis, gall bladder perforation). Therefore, novel basic, 
cost-effective, and safe diagnostic tools or tests are needed.

Many researchers indicated that platelets play a key role in 
the pathogenesis of inflammation by collaborating with leu-
kocytes and endothelium, or releasing mediators, which trig-
gers inflammation. Large thrombocytes are more massive than 
small thrombocytes, and they have a more active metabolism 
and enzyme activity [5,6]. PCT and PDW are simple platelet in-
dices that increase during platelet activation.

Recent studies showed a relationship between PCT and both 
acute and chronic diseases, including juvenile rheumatoid ar-
thritis, autoimmune gastritis, acute coronary syndromes, inflam-
matory bowel diseases, hyperemesis gravidarum, and acute 
hepatitis A [11–16]. Reviewing the literature, only 2 studies 
were published that investigated the association between PCT 
and NAFLD. The first study was a large population-based study 
from China that evaluated PCT levels in female patients with 
non-biopsy-proven NAFLD; the authors suggested that serum 
PCT level is an independently significant predictor of NAFLD 
development [17]. The second study showed similar results. 
They showed that the PCT levels were higher in NAFLD rather 
than control group. However similar to our study, they have 
found no significant differences between PCT levels and the 
degree of liver steatosis [18]. These 2 studies had some limi-
tations. The first study, the authors only investigated females 
and both of the 2 studies were not evaluated in biopsy-proven 
NAFLD patients. In contrast, the present study only included 
the biopsy-proven NAFLD and non-NAFLD patients and in-
cluded males and females.

PDW characterizes the changeability in thrombocyte size 
and delivers more information than MPV as regards plate-
let reactivity. To date, only 2 studies have investigated the 
relationship between NAFLD and PDW levels. The first study, 
by Milovanovic et al., showed that PDW levels were much higher 

in NAFLD patients than in the control group [18]. However, 
Sarami et al. showed that PDW levels were similar between 
healthy controls and NAFLD patients [19], and in agreement 
with this, we also found that PDW levels were not different be-
tween NAFLD patients and the control group. These 2 previous 
studies were limited by their small sample sizes and lack of 
biopsy-proven NAFLD patients. The large sample size and his-
tological examinations are most important factors contributing 
to the superior power of our study and its more reliable results.

The exact pathogenesis of NAFLD still remains unclear. However, 
most authors suggested the “2- hit: model of development of 
steatohepatitis. The first “hit” is high-fat diet, obesity, insulin 
resistance, and hepatic lipid accumulation. The second “hit” is 
liver fibrosis due to inflammatory events [20–22]. It was shown 
that depletion of liver macrophages leads to decreased lipid 
droplet accumulation in hepatocytes [23]. Recent research ex-
amining arginase 2-deficient mice suggested that inflammation 
can cause de novo hepatic lipogenesis [24]. Therefore, hepatic 
lipogenesis may lead to free fatty acid production with induc-
tion of reactive oxidant species (ROS) production [25]. Some 
studies found that ROS formation is important for platelet acti-
vation [26]. In the present we found that elevated platelet and 
PCT levels in patients with NAFLD might be explained by these 
complex pathophysiological mechanisms. Therefore, the aim of 
medical management of NAFLD should involve reducing plate-
let activation. In one study, researchers retrospectively analyzed 
the association between aspirin use and liver fibrosis among 
patients with chronic liver disease, concluding that aspirin use 
was associated with lower indices of liver fibrosis [27]. Recently, 
Simon et al. showed that daily aspirin use was associated with 
less severe histologic features of NAFLD, as well as decreased 
risk of fibrosis [28]. Based on these studies, we hypothesized 
that elevation of platelet levels might also lead to progression 
of liver steatosis and fibrosis in patients with NAFLD.

The present study has some limitations. Our study was a ret-
rospective single-center study and the number of patients with 
high degree of steatosis was low.

Conclusions

In conclusion, PCT, but not PDW, is a simple, non-invasive, 
and useful marker that may be a useful tool for predicting 
and screening steatosis in patients with NAFLD. In the future, 
investigators may focus on the role of PCT for predicting and 
screening the clinical outcome and progression of steatosis in 
patients with NAFLD.

Conflicts of interest

None.

9885
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Oral A. et al.: 
Plateletcrit in patients with NAFLD
© Med Sci Monit, 2019; 25: 9882-9886

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



References:

 1. Vernon G, Baranova A, Younossi ZM: Systematic review: The epidemiology 
and natural history of non-alcoholic fatty liver disease and non-alcoholic 
steatohepatitis in adults. Aliment Pharmacol Ther, 2011; 34: 274–85

 2. Varon D, Shai E: Platelets and their microparticles as key players in patho-
physiological responses. J Thromb Haemost, 2015; 13(1): 40–46

 3. Bakan A, Oral A, Alışır Ecder S et al: Assessment of mean platelet volume 
in patients with AA amyloidosis and AA amyloidosis secondary to familial 
mediterranean fever: A retrospective chart – review study. Med Sci Monit, 
2019; 25: 3854–59

 4. Sheng X, Zhang H, Ge P et al: A retrospective study of the prognostic sig-
nificance of preoperative plasma fibrinogen, mean platelet volume, and 
the neutrophil-to-lymphocyte ratio in patients with laryngeal squamous 
cell carcinoma. Med Sci Monit, 2019; 25: 4527–34

 5. Thomas MR, Storey RF: The role of platelets in inflammation. Thromb 
Haemost, 2015; 114(3): 449–58

 6. Işık M, Ş Hatice, Hüseyin E: New platelet indices as inflammatory param-
eters for patients with rheumatoid arthritis. Eur J Rheumatol, 2014; 1(4): 
144–46

 7. Santimone I, Di Castelnuovo A, De Curtis A et al: White blood cell count, 
sex and age are major determinants of heterogeneity of platelet indi-
ces in an adult general population: Results from the MOLI-SANI project. 
Haematologica, 2011; 96: 1180–88

 8. Kleiner DE, Brunt EM, Van Natta M et al: Design and validation of a his-
tological scoring system for nonalcoholic fatty liver disease. Hepatology, 
2005; 41: 1313–21

 9. Vasques AC, Rosado LE, Cássia GAlfenas Rd, Geloneze B: Critical analysis 
on the use of the homeostasis model assessment (HOMA) indexes in the 
evaluationof the insulin resistance and the pancreatic beta cells function-
al capacity. ArqBras Endocrinol Metabol, 2008; 52: 32–39

 10. Setiawan VC, Stram DO, Porcel JP et al: Prevalence of chronic liver dis-
ease and cirrhosis by underlying cause in understudied ethnic groups: The 
Multiethnic Cohort. Hepatology, 2016; 64(6): 1969–77

 11. Ergelen M, Uyarel H: Plateletcrit: A novel prognostic marker for acute cor-
onary syndrome. Int J Cardiol, 2014; 177: 161

 12. Ozturk ZA, Dag MS, Kuyumcu ME et al: Could platelet indices be new bio-
markers for inflammatory bowel diseases? Eur Rev Med Pharmacol Sci, 
2013; 17: 334–41

 13. Tang J, Gao X, Zhi M et al: Plateletcrit: A sensitive biomarker for evaluat-
ing disease activity in Crohn’s disease with low hs‐CRP. J Dig Dis, 2015; 16: 
118–24

 14. Tayfur C, Burcu DC, Gulten O et al: Association between platelet to lympho-
cyte ratio, plateletcrit and the presence and severity of hyperemesis grav-
idarum. J Obstet Gynaecol Res, 2017; 43: 498–504

 15. Vakili M, Ziaee V, Moradinejad MH et al: Changes of platelet indices in ju-
venile idiopathic arthritis in acute phase and after two months treatment. 
Iran J Pediatr, 2016; 26: e5006

 16. Coşkun ME, Alidris A, Temel MT et al: Plateletcrit: A possible biomarker of 
inflammation in hepatitis A infection. Niger J Clin Pract, 2019; 22(5): 727–30

 17. Wang LR, Zhou YF, Zhou YJ et al: Elevation of plateletcrit increasing the risk 
of non-alcoholic fatty liver diseasedevelopment in female adults: A large 
population-based study. Clin Chim Acta, 2017; 474: 28–33

 18. Milovanovic Alempijevic T, Stojkovic Lalosevic M, Dumic I et al: Diagnostic 
accuracy of platelet count and platelet indices in noninvasive assesment 
of fibrosis in Nonalcoholic Fatty Liver Disease Patients. Can J Gastroenterol 
Hepatol, 2017; 2017: 6070135

 19. Saremi Z, Rastgoo M, Mohammadifard M et al: Comparison of platelet num-
ber and function between nonalcoholic fatty liver disease and normal in-
dividuals. J Res Med Sci, 2017; 22: 75

 20. Buzzetti E, Pinzani M, Tsochatzis EA: The multiple-hit pathogenesis of non-
alcoholic fatty liver disease (NAFLD) Metabolism, 2016; 65: 1038–48

 21. Peverill W, Powell LW, Skoien R: Evolving concepts in the pathogenesis of 
NASH: Beyond steatosis and inflammation. Int J Mol Sci, 2014; 15: 8591–638

 22. Benedict M, Zhang X: Non-alcoholic fatty liver disease: An expanded re-
view. World J Hepatol, 2017; 9(16): 715–32

 23. Huang W, Metlakunta A, Dedousis N et al: Depletion of liver Kupffer cells 
prevents the development of diet-induced hepatic steatosis and insulin re-
sistance. Diabetes, 2010; 59: 347–57

 24. Navarro LA, Wree A, Povero D et al: Arginase 2 deficiency results in spon-
taneous steatohepatitis: A novel link between innate immune activation 
and hepatic de novo lipogenesis. J Hepatol, 2015; 62: 412–20

 25. Wei Y, Wang D, Topczewski F, Pagliassotti MJ: Saturated fatty acids induce 
endoplasmic reticulum stress and apoptosis independently of ceramide in 
liver cells. Am J Physiol Endocrinol Metab, 2006; 291: 275–81

 26. Violi F, Pignatelli P: Platelet NOX, a novel target for anti-thrombotic treat-
ment. Thromb Haemost, 2014; 111(5): 817–23

 27. Jiang ZG, Feldbrügge L, Tapper EB et al: Aspirin use is associated with 
lower indices of liver fibrosis among adults in the United States. Aliment 
Pharmacol Ther, 2016; 43(6): 734–43

 28. Simon TG, Henson J, Osganian S et al: Daily aspirin use associated with re-
duced risk for fibrosis progression in patients with nonalcoholic fatty liver 
disease. Clin Gastroenterol Hepatol, 2019 [Epub ahead of print]

9886
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Oral A. et al.: 
Plateletcrit in patients with NAFLD

© Med Sci Monit, 2019; 25: 9882-9886
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)


