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Introduction
Nonalcoholic fatty liver disease (NAFLD) 
encompasses the accumulation of 
triglycerides in the cytoplasm of hepatocytes 
in the rate of 5‑10% weight in the absence 
of liver disease, alcohol consumption, and 
other diseases.[1] The pathogenesis of the 
disease is unclear but may be the result of 
several factors, including insulin resistance, 
oxidative stress dyslipidemia, abdominal 
obesity, diabetes, hypertension, and some 
additional factors.[1,2] NAFLD is the most 
common liver disease and its prevalence 
in the general population is 20‑30%.[2] It 
is considered a hepatic manifestation of 
metabolic syndrome and includes a wide 
range of diseases from simple steatosis 
to nonalcoholic steatohepatitis (NASH) 
and cirrhosis.[3] In fact, 20% of those with 
NASH may evolve to cirrhosis during their 
lifetimes and it is the third leading cause of 
liver transplants in the world.[4] Therefore, 
the diagnosis and treatment of NASH and 
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Abstract
Background: Nonalcoholic fatty liver disease (NAFLD), defined as excessive liver fat deposition and 
one of end‑stage liver disease causes. Increased ferritin levels are associated with insulin resistance 
and a higher hepatic iron and fat content. Hyperferritinemia has been associated with severity of liver 
damage in NAFLD. The study aimed to evaluate the effects of phlebotomy on liver enzymes and 
histology in such patients. Materials and Methods: Thirty‑two eligible patients who had NAFLD 
and after 6 months of lifestyle modification still had NAFLD, and whose ferritin serum was above 
250 mg/dl, were enrolled in this clinical trial study. After written informed consent was obtained, each 
patient’s blood serum was taken for aspartate transaminase (AST), alanine aminotransferase (ALT), 
alkaline phosphatase (ALK‑P), complete blood count (CBC), total iron‑binding capacity (TIBC), 
iron, and ferritin. Then the patients underwent liver biopsy. After that patients underwent phlebotomy, 
giving 350 cc blood monthly. Before every phlebotomy, hemoglobin and ferritin were checked. If 
they were in the goal range, phlebotomy was discontinued and the patient underwent liver biopsy. 
A serum sample was taken for testing at the beginning of the study. The results before and after 
phlebotomy were compared. The maximum duration of the study was 6 months. Results: Thirty‑two 
patients (26 males and 6 females) were enrolled, and the mean average age was 33.7 ± 6.74 years. 
Phlebotomy improved liver enzymes and histology of liver significantly (P < 0.001) and induced 
reduction of ferritin. Conclusion: Phlebotomy is effective for the improvement of liver enzymes and 
histology in patients with NAFLD and hyperferritinemia.
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modification to address the underlying 
risk factors are of great importance.[2] A 
diagnosis of NAFLD requires confirmation 
of hepatic steatosis based on imaging, 
biochemical studies, and liver biopsy. Most 
patients with NAFLD are asymptomatic 
and it is detected during routine checkup 
or other imaging for other conditions such 
as gallbladder problems, but there are some 
clinical symptoms that are nonspecific and 
include fatigue and malaise, abdominal 
discomfort, pain in the right upper quadrant, 
nausea, and other symptoms.[3] Although 
the pathogenesis of this disease is still 
poorly understood, two hypotheses has been 
expressed. The first hypothesis involves 
triglyceride accumulation in the liver, 
causing steatosis, and the second hypothesis 
involves inflammation, oxidative stress, and 
inflammatory cytokines causing damage to 
liver cells.[2‑4]

Currently there is no effective full 
treatment for NAFLD; weight loss and 
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physical activity that increases insulin sensitivity are the 
most effective therapies for the treatment of this disease, 
but they have not been successful in curing the disease and 
there is no effective drug therapy for it.[5,6] The medications 
available are used to treat the underlying risk factors. 
Insulin sensitizers, hepatoprotectives, lipid‑lowering agents, 
angiotensin receptor blockers, and antioxidants are used.[7]

Hyperferritinemia with mild hepatic iron accumulation 
is observed in 20‑30% of patients with NAFLD and is 
commonly referred to as dysmetabolic iron overload 
syndrome.[8] Besides directly inducing liver damage, excess 
iron is also involved in the pathogenesis of metabolic 
syndrome by inducing adipose tissue, insulin resistance, 
and modifying the release of adipokines.[9] Furthermore, 
hyperferritinemia and increased iron stores have been 
associated with greater severity of liver disease and 
hepatocellular carcinoma in patients with NAFLD.[10]

Therefore, previous studies have evaluated the therapeutic 
value of iron depletion in NAFLD. Phlebotomy ameliorated 
insulin resistance more than lifestyle changes alone, whereas 
in a propensity score‑adjusted multicenter study with the 
prospective evaluation of 198 patients, it increased the 
likelihood of alanine aminotransferase (ALT) normalization 
at the end of follow‑up.[11] It has been associated with 
oxidative stress and mild hepatic iron overload, sometimes 
in the presence of common mutations of the C282Y and 
H63D polymorphisms of the HFE gene associated with 
hereditary hemochromatosis. Increased iron stores have 
been associated with an altered adipokine profile and 
insulin resistance in humans, and increased liver iron may 
induce hepatic insulin resistance.[12] Finally, in patients 
with NAFLD, hyperferritinemia has been associated with 
progressive liver damage. After the hypothesis that increased 
iron stores may play a role in the pathogenesis of insulin 
resistance and liver damage by increasing oxidative stress, 
a few studies have evaluated the effect of iron depletion on 
metabolic parameters, and it was reported to improve insulin 
resistance and liver enzymes in a small number of NAFLD 
patients without iron overload and either impaired or normal 
glucose tolerance.[13,14] Therefore, the aim of this study is to 
evaluate the role of phlebotomy in the improvement of liver 
enzymes and histology in NAFLD.

Materials and Methods
In this clinical trial study, 32 patients who according to the 
clinical evidence, liver enzymes, and sonographic criteria 
had NAFLD, and after 6 months of lifestyle modification still 
had fatty liver and their ferritin was above 250 mg/dl, were 
enrolled. Patients who were eligible to enter the study were 
selected and after written informed consent was obtained 
from them, their blood serum was taken for aspartate 
transaminase (AST), ALT, alkaline phosphatase (ALK‑P), 
bilirubin, and albumin. Then the patients at baseline 
underwent liver biopsy by a gastroenterologist. After that 
the patients underwent phlebotomy, giving 350 cc blood 

monthly. Before phlebotomy was performed, patients had 
been checked for hemoglobin (Hb), so if Hb <12 mg/dl 
in women and Hb <13 mg/dl in men, the phlebotomy was 
discontinued and the patient underwent liver biopsy, and a 
serum sample was taken for testing at the beginning of the 
study. The maximum duration of the study was 6 months. 
The biopsy and biochemical results were compared before 
and after phlebotomy. To check the results, the software 
SPSS V.20 (SPSS Inc., Chicago, IL, USA) and statistical 
tests, i.e., the sample t‑test and the Wilcoxon signed‑rank 
test have been used and a P value of less than 0.05 was 
considered meaningful.

The inclusion criteria were: (1) Age 18‑50 years, 
(2) nonalcoholic fatty liver on ultrasound, (3) increased 
serum ALT greater than 1.5 against the normal, and 
(4) ferritin above 250 mg/dl. The exclusion criteria were: 
(1) Decompensated liver failure, (2) pregnancy and 
lactation, (3) diabetes type 1 and 2, (4) thyroid disease, 
(5) alcohol consumption more than 20 g/day in women and 
30 g/day in men, (6) other diseases of the liver including, 
hemochromatosis, chronic viral hepatitis, consumption 
of medications that cause nonalcoholic fatty liver such as 
corticosteroids, estrogen, tamoxifen, and amiodarone.

Results
In this study, 32 patients (26 males and 6 females) 
were enrolled. The mean average age of the subjects 
was 33.7 ± 6.74 years. The mean average of ferritin at 
baseline was 434.2 ± 142.77 mg/dl. The mean average 
of liver enzymes is shown in Table 1. It was shown that 
phlebotomy had a significant positive effect on liver 
enzymes (P < 0/0001). A paired t‑test showed that after 
6 months of phlebotomy mean ALT, AST, and ALKP 
decreased significantly from baseline (P < 0/0001) 
[Tables 2 and 3]. The mean average of liver histology 
grading at baseline and after phlebotomy is described in 
Tables 3 and 4. The grades of histology showed significant 
improvement after phlebotomy (P < 0/001). The Wilcoxon 
test showed that the grades of fibrosis, steatosis, and 
hepatitis after phlebotomy were significantly reduced 
compared to baseline [Table 5]. Generally the results 
showed that in the case of fibrosis, 20 patients improved 
after phlebotomy, no one’s condition worsened, and 
12 patients remained unchanged.

Discussion
The aim of the present study was to investigate the 
efficacy of phlebotomy toward the improvement of liver 
enzymes and histology in patients with NAFLD. The 
results of this study showed that phlebotomy not only has 
a positive effect on the biochemical markers of fatty liver 
but is also effective on liver histology in these patients. 
Hyperferritenemia has been observed in patients with 
NAFLD and the level of it is dependent on the severity 
of NAFLD.[9] Hyperferritinemia is related to oxidative 
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stress and mild hepatic iron overload.[10] An increased 
iron store is dependent on adipokine production and 
insulin resistance.[10] The results of the present study are 
consistent with the study of Penkova et al. (2012) where 
there were 60 patients: Of them 30 patients had NAFLD 
and 30 patients had alcoholic liver disease (ALD). The 
subjects underwent phlebotomy over 12 months and finally 
the authors concluded that phlebotomy caused a decrease 
in liver enzymes, and improvement in insulin resistance 
and also homeostasis model assessment‑estimated insulin 
resistance (HOMA‑IR). They remarked that phlebotomy 

is effective for NAFLD and ALD.[11] Insulin resistance 
plays an important role in steatosis and steatosis 
hepatitis, and there is a relationship between NAFLD 
and diabetes type 2; insulin resistance is an independent 
factor for diabetes 2.[5] Also, Valenti et al. (2007) noted 
that phlebotomy can decrease HOMA‑IR and so lead 
to a decrease in diabetes 2. They selected 198 patients 
who were affected by NAFLD, and divided them into 
two groups: 79 people who underwent phlebotomy and 
119 patients who were designated the control group. 
The experimental group underwent phlebotomy for 
6‑8 months and finally, the researchers concluded that 
phlebotomy can decrease liver enzymes.[12] Housechayer 
et al. (2012) obtained similar results in patients with 
metabolic syndrome,[13] and Fransescos et al. (2002) 
reported that phlebotomy can reduce liver enzymes and 
insulin resistance.[14] All in all, it seems that decreasing 
iron by phlebotomy can reduce hepatocellular necrosis, 
a mechanism ascertained in different studies by drugs 
sensitive to insulin, and that decrease in necrosis causes the 
reduction of liver enzymes.[15] Experimental studies found 
that a decrease in oxidative stress and necrosis reduces 

Table 1: The mean average of liver enzymes and demographic characteristics
Age BMI Ferritin ALT1 AST1 ALKP1

Age
Pearson correlation 
coefficient

1 −0/056 −0/366 −0/075 −0/047 −0/116

P value ‑ 0/384 0/023 −0/347 0/402 0/271
Number 32 32 32 32 32 32

BMI
Pearson correlation 
coefficient

−0/056 1 −0/598 +0/530 +0/492 0/261

P value 0/384 ‑ 0/001 0/001 0/003 0/082
Number 32 32 32 32 32 32

Ferritin
Pearson correlation 
coefficient

−0/366 −0/598 1 +0/493 +0/453 +0/619

P value 0/023 0/001 ‑ 0/003 0/006 0/001
Number 32 32 32 32 32 32

ALT1

Pearson correlation 
coefficient

−0/075 +0/530 +0/493 1 +0/965 +0/485

P value −0/347 0/001 0/003 ‑ 0/001 0/003
Number 32 32 32 32 32 32

AST1

Pearson correlation 
coefficient

−0/047 +0/492 +0/453 +0/965 1 +0/470

P value 0/402 0/003 0/006 0/001 ‑ 0/004
Number 32 32 32 32 32 32

ALKP1

Pearson correlation 
coefficient

−0/116 0/261 +0/619 +0/485 +0/470 1

P value 0/271 0/082 0/001 0/003 0/004 ‑
Number 32 32 32 32 32 32

AST: Aspartate transaminase, ALT: Alanine transaminase, ALK‑P: Alkaline phosphatase

Table 2: Mean ALT, AST, and ALKP before and after 
phlebotomy

Variable Before 
phlebotomy
Mean±SD

After 
phlebotomy
Mean±SD

P

ALT 90±36.53 73.9±36.5 <0/0001
AST 63.1±27.8 51.9±26.3 <0/0001
ALKP 321.4±82.2 279.7±82.8 <0/0001
AST: Aspartate transaminase, ALT: Alanine transaminase, 
ALK‑P: Alkaline phosphatase
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apoptosis and leads to an improvement in liver cells.[16] By 
reducing iron liver stores through phlebotomy, oxidative 
stress can be decreased, and an improvement in insulin 
resistance can also lead to the decrease in production of 
liver glucose, which is one mechanism of development of 
steatosis in NAFLD.[17] Moreover, according to in vivo and 
in vitro observations, they emphasized phlebotomy in the 
intervention of retinol‑binding protein 4 (RBP4) in insulin 
resistance and iron overload, while RBP4 in relation to 
steatosis involves a different mechanism.[18] Thus, it appears 
that phlebotomy can improve histology and decrease 
liver enzymes in patients with NAFLD through the above 
mechanisms.

Some advantages of this study are that in patients with 
NAFLD confirmation has been done by liver biopsy and 
degrees of histological grading have been conducted 
individually and separately. On the other hand, in most of 
the other studies, liver biopsy is an invasive procedure and 
was not conducted to determine NAFLD, which has instead 
been done by biochemical criteria and imaging; obviously 
those tests cannot determine the grades of NAFLD. 
However, in this study these groups have been separated. 
Another factor investigated is the effect of phlebotomy 
on liver histology: Its effect survived during 6 months. 
Also, through searching different sources, the researchers 
evaluated the impact of phlebotomy on the biochemical 
criteria of NAFLD and insulin resistance, and there was 
no focus on liver histology. In fact, this study is the first 
study that seeks to determine the histology of fatty liver 
and its progress toward fibrosis, that is, an assessment of 
phlebotomy on liver histology.

The limitations in the present study are the lack of 
measuring chemical criteria related to insulin resistance 
and oxidative stress, and also the measurement of the rates 
of serum and liver iron.

Conclusion
All in all, it seems that phlebotomy is effective in decreasing 
liver cell damage and finally leads to an improvement of 
liver enzymes and histology in patients with NAFLD.
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