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Abstract  

 

     Non-alcoholic fatty liver disease (NAFLD) is one of the most common liver diseases 

worldwide, it is a set of graded cases that not associated with drinking alcohol, which 

is characterized by accumulation of fat in the liver, especially in people who are 

overweight and smokers. The aim of the current study is to evaluate the serum 

erythropoietin (EPO) and complete blood count (CBC) levels in NAFLD patients. 45 

NAFLD blood samples and 45 control samples were collected, the whole blood used to 

perform CBC and the serum for EPO test which it was measured by ELIZA technique, 

all results statistically analyzed by SPSS based on the questionnaire information. The 

results showed a significant difference in EPO and some of CBC parameters in NAFLD 

patients compared with healthy people, where disease severity, smoking and BMI 

factors increase the abnormalities in the study parameters. In conclusion EPO and other 

hematological parameters may effect by NAFLD pathophysiology and worsen by 

different factors and this calls for more research to study the full dimensions of such 

changes in these patients.               
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Introduction 

 

       NAFLD is the most common liver disease around the world, especially in 

developing countries with prevalence of 25% of the adults [1, 2]. The life style and 

genetic factors involve in the development of NAFLD and most of the infected people 

are asymptomatic for a long period of time, so that they are difficult to diagnose before 

the disease progresses to more severe conditions like liver cancer [3]. NAFLD includes 

several levels of severity, where it starts with fatty liver steatohepatitis (NASH) and 

cirrhosis [4]. NAFLD increases among patients with type 2 diabetes, metabolic 

syndrome and obese people also it is a major cause of liver cirrhosis, which requires 

transplantation and a special  methods are used to diagnose liver fibrosis, such as 

transient elastography, ELF test and fibrosis Score [5]. NAFLD prevalence among 

obese and non-obese people also non-obese patients suffer from fibrosis and NASH, 

but at a lower rate than what occurs with obese patients also in non-obese patients, the 

metabolic syndrome is associated with the NAFLD progresses and some parameters 

can be used to diagnosing the progression of NAFLD in non-obese patients [6]. 

Smoking increases the risk of NAFLD occurrence, and this risk increases with the 

strictness of smoking, but no clear association was shown in the newly smoked [7]. 

Hypoxia contributes to the development of hepatosteatosis in NAFLD patients through 

its role in liver lipid accumulation via regulation of Hypoxia-inducible factor 1α and 2α 

in the liver which induces steatosis by induction of lipogenesis, hepatic free fatty acid 

uptake and oxidation [8]. EPO is a hormone and a cytokine known to play a vital role 

in erythropoiesis, the production of red blood cells, and its deficiency in blood is a 

major cause of anemia in kidney disease, where in the laboratory mice, it was observed 

that EPO receptors when restricted in hematopoietic tissues suffering from insulin 

resistance and obesity, where fat cells and the amount of white adipose tissue were 

elevated, and EPO lost its important role in energy regulation [9,10]. As well as EPO 

role in erythropoietsis, it plays an important role in healing wounds, protecting cells 

from apoptosis and inhibiting proinflammatory cytokines [11]. EPO is produced in 

kidney and its receptors are expressed in different places such as bone marrow, heart, 

brain and skeletal muscle which plays an important role in regulating sugar and fat 

levels by protecting fatty tissue from inflammations and when its rise above the normal 

value a defect in the formation of fats and bone tissue will occure [12]. When 

environmental oxygen decreases, the body tries to compensate for this loss by 

stimulating the production of RBCs by several factors such as EPO, leading to anemia 

or erythrocytosis, and any defect in EPO trascription leads to mutations in HIF which 

is a major cause of erythrocytosis [13]. EPO is known for its role in regulating lipid 

metabolism as it inhibits hepatic endoplasmic reticulum stress and stimulates the 



 

secretion of fibroblast growth factor -21 in mice [14]. The aim of the presesnt study is 

to study the possible changes in the serum EPO level and the hematological parameters 

in NAFLD patients under different conditions to record any relationship between 

disease physiology and 

 Study criteria.                                                                                                                                

 

Methods 

     The present study was achieved in Iraq / Basrah in 2021(December to March), which 

included 90 sample (45 people with NAFLD, and 45-matched healthy people as control 

group).  NAFLD patients were diagnosed by ultrasound and blood test under the 

supervision of an internist. The type of samples was classified according to the severity 

of the disease severity, smoking and BMI factors according to the questionnaire form. 

Whole blood were used to perform CBC by Mindray device and  serum of EPO 

concentration was measured by ELISA method (Bioassay technology laboratory kit / 

china) , exclusion criteria for all samples are other liver diseases, anemia, pulmonary 

diseases, kidney diseases, hormonal diseases , immune diseases  and prolonged 

medication intake,. The statistical analysis is carried out using SPSS (P<0.05 is 

considered statistically significant) and  the difference was evaluated by T-Test and one 

way Anova test.                     

Results 

 

     The current study results showed that there was a significant increase in EPO, WBC, 

LYM, RBC, HGB and HCT level, a significant decrease in PLT level in NAFLD 

patients when compared with the control groups, while there were no significant 

difference in the other parameters, table (1).                                                                     

Table 1- Comparison of serum EPO and CBC parameters between NAFLD 

patients and control groups, values were expressed as (mean ± standard 

deviation). 

 

Study parameters NAFLD(N=45) Control(n=45) 

EPO(mlIU/ml) 354.35±221.38 116.96±74.40* 

WBC (*109/L) 9.033±3.1855 7.02±2.09* 

LYM (*109/L) 5.68±3.39 0.92±0.34* 

RBC(*1012/L) 5.91±1.77 4.52±0.88* 

HGB(g/Dl) 16.80±.51 12.89±0.90* 

HCT% 48.92±8.57 43.72±5. 87* 

MCV(fL) 92.07±6.53 89.56±6.88 

MCH(pg) 31.34±2.51 31.002±2.3169 

MCHC (g/dL) 34.07±1.80 32.69±2.18 



 

RDW-CV(fL) 14.13±1.48 14.002±1.2607 

PLT(*109/L) 127.17±33.99 318.97±72.90* 

MPV(fL) 9.67±1.32 9.47±1.14 

PDW% 13.38±2.32 12.91±2.55 

PCT% 0.22±0.07 0.20±0.06 

* Significant at P≤0.05. 

 

     Serum EPO showed a significant positive correlation  with RBC, HGB,HCT and a 

significant adverse  correlation with PLT, while serum EPO showed non- significant 

correlation with WBC and LYM in patients with NAFLD, table (3).                              

Table 2: Correlation of EPO with CBC parameters. 

PLT HCT HGB RBC  LYM WBC  Variables 

-0.184* 0.166* 0.326* 0.252* 0.106 0.190 EPO 

*Correlation is Significant at P≤0.05. 

 

     Depending on the level of disease severity, one way anova test  showed a significant 

increase in EPO, WBC, LYM, RBC level between steatosis, NASH and  fibrosis 

patients  groups, where post hoc test showed a significant increase in EPO, WBC, LYM 

and  RBC between steatosis and  cirrhosis, also  a significant increase in LYM between 

NASH and  cirrhosis was observed, table (2).                                          

 Table- 3 Comparison of serum EPO and CBC parameters in NAFLD patients 

according to disease severity, values were expressed as (mean ± standard 

deviation). 

Study 

parameters 

Steatosis (n=18) NASH (n=15) fibrosis (n=12) 

EPO(mlIU/ml) 247.40±160.26 aa 355.47±212.54 513.39±229.20 ab* 

WBC (*109/L) 7.47±2.81 aa 9.02±2.60 11.38±3.11ab* 

LYM (*109/L) 3.80±2.69aa 5.30±3.25 bb 8.97±1.87ab* 

RBC(*1012/L) 4.96±1.11aa 6.08±1.59 7.13±2.08 ab* 

HGB(g/Dl) 16.68±0.59 16.82±0.45 16.93±0.45 

HCT% 47.40±7.88 50.71±7.18 48.95±11.12 

PLT(*109/L) 131.94±28.09 126.93±45.70 120.33±25.62 



 

*Significant at P≤0.05. 

 

     The current results showed a significant increase in the level of EPO and HGB 

only in smoking NAFLD patients when compared to non-smoking NAFLD patients, 

table (4).   

Table- 4 Comparison of serum EPO and CBC parameters in NAFLD patients 

according to smoking factor, values was expressed as (mean ± standard 

deviation). 

Study parameters Smoking (n=21) Nonsmoking (n=24) 

EPO(mlIU/ml) 457.93±243.42 263.72±154.48* 

WBC (*109/L) 10.42±3.08 7.81±2.78 

LYM (*109/L) 7.24±3.30 4.31±2. 88 

RBC(*1012/L) 6.43±2.05 5.46±1.38* 

HGB(g/Dl) 16.90±0.41 16.71±0.58* 

HCT% 50.01±10.15 47.96±6.98 

PLT(*109/L) 123.14±30.40 130.70±37.14 

*Significant at P≤0.05. 

 

     Depending on BMI , one way anova test  showed a significant  increase in EPO, 

WBC, LYM, RBC levels between normal weight, pre-obesity and  obesity class I 

NAFLD patients  groups, where post hoc test showed a significant increase in EPO 

normal weight and  obesity class I, also  a significant increase in WBC, LYM, RBC 

between normal weight and  pre-obesity ,  pre-obesity  and obesity class I, table (5). 

 

Table- 5 Comparison of serum EPO and CBC parameters in NAFLD patients 

according to BMI factor, values was expressed as (mean ± standard deviation). 

Study 

parameters 

Normal weight 

(n=20) 

Pre-obesity 

(n=14) 

Obesity class I 

(n=11) 

EPO(mlIU/ml) 274.17±157.67 aa 318.14±221.81 470.75±239.07ab* 
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WBC (*109/L) 7.20±2.84aa 8.50±2.35bb 11.40±2.88ab* 

LYM (*109/L) 3.62±2.60 aa 5.14±3.13 bb 8.27±2.74 ab* 

RBC(*1012/L) 5.00±1.20 aa 5.60±1.50 bb 7.13±1.91 ab* 

HGB(g/Dl) 16.75±0.61 16.75±0.51 16.89±0.42 

HCT% 47.360±8.6360 52.093±4.8999 47.30±10.77 

PLT(*109/L) 131.00±22.50 124.13±44.66 126.40±33.24 

*Significant at P≤0.05. 

 

 

Discussion 

 

     [15] Showed a simple effect of NAFLD on hematological parameters, whereas a 

significant increase in haematocrit (HCT) and a significant decrease in platelet count 

was recorded in NAFLD compared to control group. Elevated WBCs levels in NAFLD 

patients have been reported in many studies and it is associated with the occurrence of 

NAFLD regardless of cardiovascular and metabolic syndrome risk factors also 

inflammations play an important role in the occurrence of disease, especially hepatic 

steatosis that occurs as a result of systemic inflammation [16, 17, and 18].  Elevated 

hemoglobin has been observed in several studies and may be a risk factor for NAFLD, 

RBCs number and RDW abnormalities in NAFLD reflects the genetic changes that 

occurs in the liver [19, 20]. Hemoglobin elevation in NAFLD patients with cirrhosis 

may revert to liver hypoxia which leads to elevated erythropoietin levels [21].   Elevated 

HCT may be an important marker linking between NAFLD and the cardiovascular 

disease and It can be used as a clinical marker of disease severity [22, 23].  [24] Recoded 

a significant increase in the level of   WBC, Hb, and LYM. An increase in PDW level 

also a decrease in MPV and PCT level have been observed in NAFLD patients and 

MPV can be considered an important marker  in the diagnosis of NAFLD [25].  High 

levels of ferritin, HCT and MCH concentration was observed in lean subjects with 

NAFLD compared to healthy obese subjects and a significant difference in the lipid 

metabolism and iron status also observed between the two groups [26]. [27] Showed a 

clear defect in the fatty acids levels t in the RBCs membranes in patients with NAFLD.  

NASH children have high values of Hb, RDW, and hematocrit when compared with 

children with NAFLD [28]. EPO was found to reduce fat accumulation in the liver 

when used as a treatment for NAFLD as it improves lipid metabolism by activating 

proteins that synthesis lipid in the liver; EPO/EPOR-induced sterol regulatory element-

binding protein  [29]. EPO therapy relieves simple steatosis, where EPO receptor 
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stimulates autophagy in the liver cells via Sirtuin 1 dependent deacetylation of LC3 

protein and increases autophagosomes and hepatocytes lipid [30]. The most important 

complication of NAFLD is hepatitis, which leads to a disturbance in the level of body 

lipids and increased oxidative stress, where EPO can be used in the treatment of 

NAFLD in high quantities, and the reason for this weak response is due to liver 

inflammation [31]. An increase in EPO levels and inflammation markers was recorded 

in NAFLD patients compared to control group, and many research showed that high 

EPO level is associated with high interlukine-6, while with the high  level of 

transaminases, EPO will decreases [32]. In laboratory mice, EPO was shown to treat 

liver damage in sepsis patients, as it reduces mitochondrial damage  and this action 

stimulated by lipopolysaccharide through inhibiting the signaling of NLRP3 [33]. EPO  

is a hormone consist of 165 amino with four glycan that is produced in the kidneys 

under the control of hypoxia-inducible transcription factors (HIF), in NAFLD the 

accumulation of fat in the liver cells affects tissue oxygen levels, leading to hypoxia , 

so the body resorts mechanisms to maintain tissue oxygenation and genetic studies 

confirm hypoxia involved in  the dysfunction of the adipose tissue, leading to fibrosis 

and inflammation, where hypoxia affects the liver leading to fat accumulation [34]. 

Several studies have shown the high levels of blood parameters such as RBC, HGB, 

HCT, neutrophil, PLT and WBC also the low levels of erythropoietin and interleukine-

7 in cigarette smoking, which indicates that smoking causes inflammatory issues and 

polycythemia in smoker people [35,36] Obesity and smoking are factors affecting 

hematological parameters, for example, obesity affects HCT, smoking affects MCV, 

HCT and MCH, obesity and smoking raise the level of HGB, while obesity raises the 

RBC count [37].  In Conclusion EPO and CBC  parameters may effect by NAFLD and 

worsen disease severity, smoking and obesity ,where requires studying other aspects of 

the study criteria in these patients.                                                                                                                                                                                             
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