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in such patients. Various laboratory markers are being 
studied including lipid profile, resistin and ghrelin,[2] 
hepatic transaminases (aspartate aminotransferase [AST] 
and alanine aminotransferase [ALT]),[3] platelet (PLT) 
number and its function markers such as mean platelet 
volume (MPV)[4] and platelet distribution width (PDW), 
and many other markers.

All the efforts made in this discipline are to define 
more accurately the role that noninvasive laboratory 
tests can have in diagnosis, screening, or follow‑up 
of NAFLD patients.[6] A laboratory marker which 
has gained attention in NAFLD is PLT count and its 

INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is defined 
as the presence of steatosis (fat accumulation) in 
hepatocytes in a patient who does not consume alcohol. 
Many patients may be asymptomatic, and the disease 
may be diagnosed accidentally when liver imaging (for 
example by ultrasound) is done for other purposes.[1]

Laboratory tests have been the focus of research studies 
recently to better understand the abnormalities occur 
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function. Several studies have addressed this laboratory 
marker, especially in alcoholic liver disease, liver cirrhosis, 
and prediction of fibrosis severity (grade) in NAFLD and 
nonalcoholic steatohepatitis (NASH).[7‑11] The utility of PLT 
count stems from the observations in liver cirrhosis patients 
and pathophysiologic changes which occur including 
splenomegaly and sequestration of PLTs which end in 
thrombocytopenia. Moreover, PLT count has been included 
in some scoring systems such as NAFLD fibrosis score.[12] 
The fact that PLT count is decreased in liver diseases has 
long been known. In a study, it was reported that patients 
with moderate‑to‑severe NAFLD had higher PLT counts 
than milder form of NAFLD.[13] In contrast, another study 
reported a significant linear decrease in PLT count as the 
histological severity of fibrosis in NAFLD worsened.[10]

MPV is a biomarker of PLT activation and function. It has been 
reported that MPV has prognostic value for cardiovascular 
diseases and a risk factor for atherothrombosis[14] and raised 
levels of MPV are associated with acute myocardial infarction 
(MI) and higher mortality rate thereafter.[15] Larger PLTs 
compared to small PLTs are more active enzymatically and 
produce more thromboxane A2 with higher possibility of 
vascular damage and thrombosis formation.[4] MPV has also 
been noted to have association with metabolic diseases.[16] 
Therefore, much interest is observed in the literature about 
the level of MPV in NAFLD. There is controversy about 
this topic. A previous study reported that MPV is higher in 
NAFLD compared to control group.[7] However, there are 
studies that did not show such difference regarding MPV 
between healthy controls, simple steatosis, borderline NASH, 
and definitive NASH.[17] Another study also showed that 
MPV is not significantly different among healthy participants, 
alcoholic liver disease, NAFLD, and alcoholics.[8]

Here, we decided to compare PLT count and its function 
between NAFLD and healthy controls. We think that the 
results presented here would improve the current evidence 
about the role that PLT has in NAFLD.

MATERIALS AND METHODS

Study population and research design
In this case–control study conducted in February to 
September 2015 in Vali‑e‑Asr Hospital, Birjand, Iran, the 
study population consisted of patients who presented 
to the internal medicine clinic of our university hospital. 
There were two groups. One group had NAFLD based on 
ultrasound examination and the other group was healthy 
controls. The sample size was calculated based on the 
study by Ozhan et al. about mean values of high‑density 
lipoprotein (HDL) in patients with NAFLD.[7] At confidence 
level of 95% and power of 80%, the estimated sample size 
was calculated as 61 patients in each group. The sampling 

method was convenient. The inclusion criteria were the age 
range of 18–45 years. Exclusion criteria were history of MI 
or stroke in the last month, infectious diseases, malignancy, 
chronic liver disease, hepatitis C, rapid weight loss (more 
than 10% of the body weight in the past 3 months) or rapid 
weight gain (more than 10% of the body weight in the 
past 3 months), connective tissue or autoimmune diseases, 
inflammatory bowel disease, alcoholics, hematologic 
diseases, taking medicines that interact with normal PLT 
functions (such as aspirin) or cause NAFLD (amiodarone, 
valproic acid, antiretroviral drugs, methotrexate, and 
tetracyclines), or medicines that are used for management 
of NAFLD (Vitamin E, metformin, thiazolidinediones, or 
herbal medicines/supplements). The controls were recruited 
from patients who presented for getting routine checkups.

Data collection
The demographic data gathered included age, gender, height, 
weight, and waist circumference. Body mass index (BMI) 
was calculated, and blood pressure (BP) readings were 
documented by a board‑certified internist. Hypertension 
was defined as systolic BP (SBP) of ≥140 mmHg and/or 
diastolic BP (DBP) of ≥90 mmHg.

Five CC venous blood sample was obtained from the 
brachial vein and sent to the laboratory. The laboratory 
markers assayed were PLT count, MPV, PDW, prothrombin 
time (PT), partial thromboplastin time (PTT), lipid 
profile (HDL, low‑density lipoprotein [LDL], total 
cholesterol, and triglyceride), hepatic transaminases 
(ALT and AST), fasting blood sugar (FBS), and ferritin.

NAFLD was divided into three grades based on ultrasound 
examination.[18]

Statistical analyses
The data were gathered and entered into the SPSS software 
for Windows (version 21.0) (IBM Corp., Armonk, NY, 
USA). Descriptive indices such as frequency, percentage, 
mean, and its standard deviation (SD) were used to express 
data. One‑sample Kolmogorov–Smirnov (K–S) test was 
used to evaluate whether the distribution of continuous 
variables including SBP, DBP, BMI, PLT, MPV, PDW, PT, 
and PTT was normal or not. BMI, weight, PLT, and LDL 
in each group and MPV and PDW in control group had 
normal distribution (K–S test, P > 0.05). Other variables had 
nonnormal distribution. For comparison of mean values 
of BMI, weight, PLT, and LDL between the two studied 
groups, we used Student’s t‑test. Mann–Whitney U‑test 
was used to compare nonnormal variables between the two 
groups. For comparison of qualitative variables between the 
studied groups, Chi‑square test was used. For comparison of 
mean values of PLT between control, NAFLD Grade I, and 
NAFLD Grades II and III, one‑way analysis of variance was 
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used. Kruskal–Wallis test was used for comparison of MPV, 
PDW, PT, and PTT between the three mentioned groups. 
Finally, to control the effect of confounding variables and to 
determine the effect of the variables on NAFLD occurrence; 
a multiple logistic regression model (stepwise method) 
was developed. The variables included in the model were 
PLT, MPV, PDW, PT, PTT, age, BMI, weight, and gender. 
Significance level for all analyses was set at 0.05.

Ethics
The study protocol was approved by the Ethics Committee 
of our medical university (No. 987). The study objectives 
were explained for the patients before participation, and if 
agreed, written informed consent was obtained from them.

RESULTS

There were totally 130 patients (65 patients in NAFLD group 
and 65 in control group). Mean (± SD) age of the patients was 
37.62 (±5.66) years. There were 28 males (44.4%) in NAFLD 
group and 37 males (55.2%) in control group (P = 0.29). 
Table 1 presents a comparison of age, BP, weight, BMI, 
and waist circumference between the study groups. As 
observed age, waist circumference, weight, and BMI were 
significantly higher in this group compared to healthy 
control group. More patients in NAFLD group (11 cases, 
16.9%) had hypertension compared to control group (4 cases, 
6.2%); P = 0.04. In NAFLD group, Grades I, II, and III 
were diagnosed, respectively, in 33 patients (50.8%), 
30 patients (46.2%), and 2 patients (3.1%).

Mean (± SD) MPV in NAFLD group (10.29 ± 0.95 fL) was 
significantly higher than in control group (9.56 ± 1.18 fL); 
P < 0.001. Table 2 presents a comparison of PLT count 
and its function between the two study groups. As 
seen, PLT count and PDW were not different between 
the two groups. PT and PTT were both significantly 
lower in NAFLD group. In addition, comparison of the 
mentioned variables between three groups (control, NAFLD 
Grade I, and NAFKD Grades II and III) is presented in 
Table 2. Kruskal–Wallis test showed that MPV value was 

significantly different among NAFLD Grades I–III and 
control group (P = 0.001). Mann–Whitney test showed that 
MPV value was significantly different between NAFLD 
Grade I and control group (P = 0.004) and between NAFLD 
Grades II and III and control group (P = 0.001). Regarding 
PTT, this value was significantly different between Grade I 
NAFLD and control group (P = 0.001) and between Grades 
II and III NAFLD and control group (P = 0.006). Regarding 
PT, this value was significantly different between Grades II 
and III NAFLD and control group (P = 0.02). No statistically 
significant difference was detected regarding PLT and PDW 
between Grade I NAFLD and control group as well as 
between Grades II and III NAFLD and control group and 
PT between Grade I NAFLD and control group.

PLT count of more than 200,000/dL was seen in 60 patients 
in NAFLD group (92.3%) and in 56 patients of healthy 
group (86.2%); P = 0.39.

Table 3 presents comparisons made in regarding PLT count 
and its function markers separately in males and females. 
As shown in NAFLD group, PLT count was significantly 
lower in males than in females. The difference observed 
regarding MPV between NAFLD and control groups still 
existed based on gender. In both males and females, MPV 
values were significantly higher in NAFLD group compared 
to healthy participants.

Table 4 presents lipid profile comparison between the two 
groups. As seen, serum total cholesterol and triglyceride 
levels were significantly higher in NAFLD group. However, 
no difference existed regarding serum LDL and HDL levels.

Mean (SD) AST (26.09 ± 11.2 vs. 23.4 ± 12.2 U/L; P = 0.2), 
FBS (103.3 ± 31.7 vs. 96.6 ± 10.8 mg/dL; P = 0.1), and 
ferritin (114.4 ± 115.8 vs. 104.1 ± 101.6 ng/mL; P = 0.5) 
levels were not statistically different between NAFLD and 
non‑NAFLD groups, respectively. On the other hand, ALT 
was significantly higher in NAFLD group (37.3 ± 21.3 U/L) 
than in non‑NAFLD group (27.06 ± 24.6 U/L); P = 0.01.

Using logistic regression analysis, BMI (odds ratio [OR] = 1.50, 
confidence interval [CI] = 1.05–2.15), MPV (OR = 1.90, 
CI = 1.20–3.02), PT (OR = 0.14, CI = 0.02–0.82), and PTT 
(OR = 0.72, CI = 0.58–0.88) were found to be significantly 
associated with the risk of NAFLD occurrence [Table 5]. 
MPV and BMI had a significant positive association with 
NAFLD. However, PT and PTT had a negative association 
with NAFLD. In other words, with higher values of PT and 
PTT, the risk of NAFLD occurrence reduced.

DISCUSSION

As the basis for PLT count reduction in liver disease is 
portal hypertension and resultant splenomegaly which 

Table 1: Comparison of age and body mass index, 
weight, and waist circumference between nonalcoholic 
fatty liver disease patients and healthy controls

NAFLD 
(n=65)

Healthy control 
(n=65)

P

Age (year) 37.62±5.66 34.00±8.84 0.01a

BMI (kg/m2) 27.61±3.46 24.17±3.60 <0.001b

Weight (kg) 78.25±11.85 69.21±12.54 <0.001b

Waist circumference (cm) 94.16±9.96 86.60±10.74 <0.001a

SBP (mmHg) 115.57±18.72 110.76±11.46 0.009a

DBP (mmHg) 70.43±13.50 68.46±12.86 0.18a

aMann–Whitney U‑test, bIndependent sample t‑test. NAFLD=Nonalcoholic fatty liver 
disease; SBP=Systolic blood pressure; DBP=Diastolic blood pressure; BMI=Body 
mass index
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causes PLT destruction,[11] it is assumed that the patients 
here did not have liver injury so severe to produce portal 
hypertension though measuring spleen size and determining 
portal hypertension was not performed here. This finding 
is in contrast to a former study which reported that PLT 
count was significantly lower in NAFLD group (average of 
237.9 × 103/dL) in comparison to control group (average of 
266 × 103/dL).[8] The reason of this discrepancy seems to be 
due to the presence of eight patients (out of 105 cases with 
NAFLD) with biopsy‑proven NASH and heterogeneous 
group in terms of gender (89 males and 16 females) in 
the mentioned study.[8] Herein, as the severity of NAFLD 

worsened, an increase in PLT count was found though this 
trend was not statistically significant. There are studies 
which tried to find any possible correlation between PLT 
count and the severity of liver fibrosis in NAFLD. Another 
ultrasonography‑based study also reported similar results 
to ours as with the increase in steatosis grade, PLT count 
increased, but they also reported that a significant difference 
existed between mild steatosis versus moderate/severe 
steatosis. However, this difference did not exist anymore 
in males when analyses were performed considering 
gender.[13] In a large cohort of 1048 biopsy‑proven NAFLD 
patients, a negative correlation was reported between PLT 
count and histological grade of NAFLD as follows (mean 
PLT count): stage 0: 24.8 × 104/μL; Stage 1: 23.7 × 104/μL; 
Stage 2: 22.0 × 104/μL; Stage 3: 18.9 × 104/μL; and Stage 
4: 12.4 × 104/μL; P < 0.0001. However, when the same 
authors re‑analyzed their data of the same sample of 
1048 patients, they reported that those with severe steatosis 
(Grades III and IV) were removed from the analyses; the 
authors reported that PLT count did not correlate with 
steatosis grade (23.5 × 104/μL in Grade I, 23.6 × 104/μL in 
Grade II, and 24.2 × 104/μL in Grade III, P = 0.2029).[9] Another 
finding which should be considered is the role of gender. 
When PLT count comparisons between the groups were 
done in the gender subgroups, it was found that PLT count 
was significantly higher in female patients with NAFLD 
in comparison to female controls. In our opinion, at the 
moment, considering the evidence in the literature and the 
presented findings here, the role of PLT count in determining 
NAFLD fibrosis severity yet to be studied more and clarified 
before advised as a routine use in clinical practice.

According to the obtained findings, MPV was a significant 
marker which was higher in NAFLD patients. MPV has been 
noted in several studies as a novel inflammatory marker 
and important risk factor for cardiovascular diseases.[19] 
MPV, which is the volume of the average circulating PLT, 
is measured easily by automated hematology analyzer in 
routine complete blood cell analysis.[20] It is considered as an 
indicator of PLT size and function. Since PLTs have a role in 
thrombosis formation and evidence pointing to association 
between PLT count and liver injury,[21] some studies have been 

Table 3: Platelet count and its function markers based 
on gender in nonalcoholic fatty liver disease patients 
and healthy controls
Characteristics NAFLD (n=65) Control (n=65) P
PLT (×103/mm3)a

Male 249.37±46.29 266.86±93.35 0.38
Female 286.71±50.96 258.50±49.29 0.02
P 0.004 0.67

MPV (fL)b

Male 10.20±0.90 9.52±1.28 0.02
Female 10.35±0.99 9.60±1.09 0.002
P 0.47 0.12

PDW (%)b

Male 11.12±1.88 11.27±1.87 0.81
Female 14.31±6.31 10.87±1.38 0.03
P 0.86 0.49

aMann–Whitney U‑test, bIndependent sample t‑test. PLT=Platelet; MPV=Mean 
platelet volume; PDW=Platelet distribution width; NAFLD=Nonalcoholic fatty liver 
disease

Table 4: Comparison of lipid profile between 
nonalcoholic fatty liver disease patients and healthy 
controls

NAFLD (n=65) Healthy 
control (n=65)

P

Total cholesterol (mg/dL)a 196.2±37.04 177.9±43.2 0.01
HDL (mg/dL)a 44.5±16.3 42.1±9.4 0.21
LDL (mg/dL)b 120.4±34.5 116.3±35.2 0.53
Triglyceride (mg/dL)b 169.6±81.3 121.9±43.7 <0.001
All data are presented as mean±SD. aMann–Whitney U‑test, bIndependent 
sample t‑test. HDL=High‑density lipoprotein; LDL=Low‑density lipoprotein; 
NAFLD=Nonalcoholic fatty liver disease; SD=Standard deviation

Table 2: Comparison of platelet count and its function between nonalcoholic fatty liver disease patients and healthy 
controls as well as between control group and nonalcoholic fatty liver disease Grade I and Grades II and III

NAFLD (n=65) Control (n=65) Pa NAFLD Control Pb

Grade I Grades II and III
PLT (×103/mm3) 271.20±52.11 262.86±75.81 0.46 263.15±57.32 279.50±45.56 262.86±75.81 0.13
MPV (fL) 10.29±0.95 9.56±1.18 <0.001 10.23±1.00 11.29±1.84 9.56±1.18 0.001
PDW (%) 11.44±1.86 11.08±1.66 0.17 11.29±1.84 11.59±1.89 11.08±1.66 0.32
PT (s) 12.86±0.35 13.05±0.57 0.03 12.90±0.33 12.82±0.37 13.05±0.57 0.07
PTT (s) 30.65±2.46 32.50±2.97 <0.001 30.45±1.99 30.85±2.88 32.50±2.97 0.001
Data are presented as mean±SD. aIndependent sample t‑test or Mann–Whitney U‑test was used; bone‑way ANOVA or Kruskal–Wallis was used. PLT=Platelet; MPV=Mean 
platelet volume; PDW=Platelet distribution width; PT=Prothrombin time; PTT=Partial thromboplastin time; NAFLD=Nonalcoholic fatty liver disease; ANOVA=Analysis of variance; 
SD=Standard deviation
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done to elucidate the role of MPV in NAFLD. In particular, 
larger PLTs contain more granules which result in increased 
activation of PLTs.[7] In a previous study on seventy patients 
with NAFLD, it was noted that MPV was significantly 
higher than control healthy participants.[7] This study also 
showed that MPV was positively associated with AST and 
ALT level and negatively associated with PLT count. In 
another report including 100 patients who underwent liver 
biopsy, a significant stepwise increase in MPV was observed 
from normal biopsy (9.5 fL) to simple steatosis (10.2 fL) and 
NASH (11.3 fL).[4] However, there are reports that did not 
find considerable difference regarding MPV values between 
healthy individuals and patients with NAFLD.[22] In a study 
on 51 patients with NAFLD (9 patients with simple steatosis, 
24 with borderline NASH, and 22 with definitive NASH), no 
significant difference existed regarding MPV between these 
patients and healthy controls. This study also demonstrated 
the inverse relationship between MPV and PLT count.[18] Since 
MPV has been introduced as an inflammatory marker, it is 
necessary to control any confounding factor which can affect 
MPV level. Here, we did not include patients with recent 
cardiovascular or cerebrovascular events and excluded those 
who had any autoimmune or connective tissue diseases. It 
seems that the role of MPV in NAFLD is still controversial, 
and with ongoing studies about MPV in various diseases, 
we should consider all contributing factors that can change 
MPV values. If MPV, possibly in the near future, is recognized 
as an established factor in NAFLD, it could be used as a 
noninvasive, simple test to follow the patients. Although 
MPV and PLT count were significantly higher in female 
patients with NAFLD compared to control groups, such 
difference was not observed in male patients. There is no 
similar evidence in the literature that such difference exists 
only in females. This finding should be addressed in future 
studies.

PDW is also a marker for PLT activation. PLTs change 
their shape to obtain a larger surface which results in 

increased PDW.[23] PDW is a marker which has been shown 
to be higher in patients with alcoholic liver cirrhosis.[5] 
This marker was not significantly different in our study 
between the two groups. Similarly, the above‑mentioned 
study[5] did not find difference regarding PDW between 
healthy controls (11.99) and NAFLD (11.76). Although 
some differences existed between the groups regarding PT 
and PTT values, both were within normal ranges. As stated 
earlier, most patients studied here did not have so severe 
liver disease to expect changes in PT and PTT values. In 
a previous similar study on NAFLD patients and healthy 
participants to assess hemostatic alterations, it was shown 
that PT and activated PTT were normal in both groups.[24]

Triglyceride and total cholesterol are cardiovascular 
diseases risk factors which were found to be significantly 
higher in NAFLD group. Dyslipidemia is a common 
finding in NAFLD patients. In NAFLD, because of insulin 
resistance as one of the major factors, the balance between 
synthesis and accumulation impairs and results in high 
triglyceride level.[25] This finding was observed in our 
patients. Although atherogenic dyslipidemia is the most 
common form of dyslipidemia in NAFLD patients,[26] we 
did not find significant difference regarding LDL, the major 
atherosclerotic dyslipidemic factor, between NAFLD and 
control groups. Several factors including insulin resistance, 
alterations in intracellular cholesterol transport, unbalanced 
cellular cholesterol homeostasis, increased cholesterol 
de‑esterification and attenuation of cholesterol export, and 
bile acid synthesis pathways have been mentioned as the 
basis for dyslipidemia observed in NAFLD.[27]

As fat accumulates in hepatocytes, it is expected to see 
abnormalities in hepatic transaminases. Here, ALT was 
significantly higher in NAFLD, but AST was not different. 
Normal AST and ALT levels do not rule out NAFLD and 
generally have been suggested to be insensitive factors in 
follow‑up of NAFLD patients to determine improvement or 
worsening of condition.[3] AST and ALT have been studied 
mostly to differentiate alcoholic versus nonalcoholic fatty 
liver changes.

It is not clear that what percentages of patients with 
NAFLD have abnormal hepatic transaminases as it is not 
uncommon to suspect NAFLD when abnormal hepatic 
transaminases are noted.[28] Patients with NAFLD in whom 
AST and ALT are raised, their levels usually increase two 
to five times the upper limit of normal and AST to ALT 
ratio is usually >1.[28]

Another marker studied here was ferritin. There are reports 
that ferritin and iron are increased in NAFLD.[29] There is 
also evidence suggesting association between increased 
ferritin and insulin resistance in NAFLD. In a previous 

Table 5: Independent association of variables with fatty 
liver (logistic regression analysis)

B SE P OR 95% CI
PLT 0.00 0.004 0.90 1 0.99-1.00
MPV 0.64 0.23 0.006 1.90 1.20-3.02
PDW −0.003 0.03 0.93 0.99 0.93-1.06
PT −1.91 0.88 0.02 0.14 0.02-0.82
PTT −0.32 0.10 0.001 0.72 0.58-0.88
Age (year) 0.03 0.03 0.33 1.03 0.96-1.10
BMI (kg/m2) 0.41 0.18 0.02 1.50 1.05-2.15
Weight −0.04 0.04 0.38 0.95 0.87–1.05
Sex 0.30 0.72 0.67 1.36 0.32–5.65
Waist circumference (cm) 0.01 0.03 0.70 1.01 0.94–1.09
Constant 18.16 13.55 0.18
PLT=Platelet; MPV=Mean platelet volume; PDW=Platelet distribution width; 
PT=Prothrombin time; PTT=Partial thromboplastin time; BMI=Body mass index; 
OR=Odds ratio; CI=Confidence interval; SE=Standard error
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study, a serum ferritin concentration <1.5 times of the upper 
limit of normal was associated with higher NAFLD activity 
score.[30] However, according to our findings, even though 
ferritin concentration was higher in NAFLD, it was not 
statistically significant.

A limitation of the study was not an equal number of 
samples in Grades I, II, and III NAFLD so that patients 
included here mostly had Grade I or II NAFLD.

CONCLUSION

MPV, but not PLT count or PDW, seems to be a noticeable 
laboratory marker which increases significantly in NAFLD 
patients. As MPV is reported to be a potential risk factor for 
atherosclerosis, this marker may be useful in follow‑up of 
patients with NAFLD.

Suggestions
Further studies are required to determine the evolution 
of changes in MPV, PT, and PTT in long‑term follow‑up 
of patients with NAFLD. In our opinion, such studies will 
add to our knowledge about the possible prognostic value 
of these laboratory markers. Furthermore, other studies can 
determine the potential effect of exercise, weight loss, and 
medicines used for NAFLD on these factors.
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