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Pharmacological management of non-alcoholic fatty
liver disease: Atorvastatin versus pentoxifylline
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Abstract. In this study, we aimed to evaluate the efficacy of
pentoxifylline and atorvastatin in the treatment of non-alcoholic
fatty liver disease (NAFLD). The study included 98 patients
with histologically confirmed NAFLD divided into 2 groups
as follows: group I (57 dyslipidemic patients, receiving
atorvastatin 20 mg/day and group II (41 non-dyslipidemic
patients, treated with pentoxifylline, 800 mg/day). The present
study was conducted for a mean of 32.8+3.4 weeks. For all
patients, we determined the body mass index, a liver biopsy
was performed, and we measured the serum levels of alanine
aminotransferase (ALT), aspartate aminotransferase (AST),
gamma-glutamyl transpeptidase (GGT), alkaline
phosphatase (ALP), total cholesterol (TC) and triglycerides (TG)
at the beginning and at the end of the study period. The NAFLD
activity score (NAS) was used to evaluate the liver biopsies
for steatosis, fibrosis and necroinflammation. The patients in
group I exhibited a considerable reduction in ALT, AST, GGT,
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TC, AP and TG levels (P<0.0001). Histologically, there were
no changes in fibrosis and necroinflammation, although the
extent steatosis was reduced. The improvement in the ALT,
AST and GGT values (P<0.05) in group II were similar to those
in group I; however, no statistically significant decrease was
noted in the levels of ALP, TC and TG in this group. Our results
thus demonstrated that atorvastatin attenuated steatosis and
improved liver function parameters in patients with NAFLD
associated with dyslipidemia. Similar results were obtained in
the non-dyslipidemic patients administered pentoxifylline.

Introduction

Non-alcoholic fatty liver disease (NAFLD) is a condition charac-
terized by the accumulation of large fat droplets in hepatocytes
(hepatic steatosis) that usually appear in those without a history
of alcohol abuse or known liver disease (1).

NAFLD is a metabolic disorder affecting obese or over-
weight individuals in particular, and is considered the main
cause of chronic liver disease with an increasing incidence
worldwide (2). NAFLD is considered to be the hepatic compo-
nent of metabolic syndrome, which includes features such
as obesity, hyperinsulinemia, peripheral insulin resistance,
diabetes, dyslipidemia, and hormonal disturbances secondary
to interaction between this syndrome and reproductive axis (3).
In women with ovarian dysfunction, such us polycystic ovary
syndrome (PCOS) and acne, the possibility of NAFLD occur-
rence is much higher, and approximately 7% of obese patients
with PCOS also develop NAFLD associated with insulin resis-
tance (4,5). Environmental pollutants, particularly pesticides or
solvents represent tangible NAFLD risk factors (6-8). Studies
have demonstrated that NAFLD is an important risk factor
for the development of primary liver cancer, mostly due to
NAFLD-associated cirrhosis (cryptogenic cirrhosis) (9,10). A
high prevalence of NAFLDS occurs in hepatitis C virus infec-
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tions where double antiviral therapy with peginterferon and
ribavirin can have a significant impact on the progression of the
disease (11,12). Understanding the pathogenesis, biochemical
parameters, histological grading and staging, and the manage-
ment of NAFLD, are vital in clinical practice today.

The prevalence of NAFLD in the general population is
not yet completely understood. NAFLD is the most common
liver disorder in Western industrialized countries, affecting
20-40% of the population. The major risk factors for NAFLD
are abdominal obesity, type 2 diabetes mellitus, dyslipidemia
and metabolic syndrome (13). Some studies also demonstrate
an association between cardiovascular disease and development
of NAFLD (14). NAFLD is also associated with metabolic
syndrome, insulin resistance being considered as the key
mechanism leading to hepatic steatosis (15). Therefore, it is
important to actively search for NAFDL in other conditions
associated with insulin resistance, such as PCOS, acromegaly
and psoriasis, and to consider liver function when treating the
primary disorder.

In the management of patients with NAFLD there is a need
for a multidisciplinary system, as apart from the standard treat-
ment for liver disease, and also a need for the specific treatment
of associated metabolic disturbances, such as obesity, hyper-
lipidemia, insulin resistance and type 2 diabetes mellitus. The
aim of this planned, prospective and uncontrolled study was
to evaluate the efficacy of atorvastatin and pentoxifylline in
treating NAFLD.

Materials and methods

The present study included 98 patients with histologically
confirmed NAFLD, admitted between October 2012 and
January 2016 at the Department of Internal Medicine at
Filantropia University Hospital (Craiova, Romania). Upon
admission, a comprehensive medical history and full physical
examination was carried out, including the determination of
body mass index (mean BMI, 31.45+5.54 kg/m?). There were
2 groups of patients: group I (57 dyslipidemic patients and
group II (41 non-dyslipidemic patients). No differences in
terms of age and gender between the 2 groups were observed.
The results of biochemical tests upon admission are shown
in Table I.

This study was carried out in accordance with the Helsinki
Declaration of 1975, and was approved by the Review Ethics
Board of the University Medicine and Pharmacy of Craiova
and of the Filantropia University Hospital. All patients involved
in this study signed a full informed consent. Taking into
consideration ethical concerns and the overall poor consent to
hepatic biopsies, we decided not to use placebos or controls in
the present study; this is primarily due to the fact that it would
involve a large number of patients having to undergo two liver
biopsies while receiving no active treatment.

The patients were divided into 2 therapeutic groups as
follows: group I, 57 dyslipidemic patients receiving atorvastatin
20 mg/day; and group II, 41 non-dyslipidemic patients treated
with pentoxifylline 800 mg/day (400 mg twice daily).

The average duration of drug administration was
32.8+3.4 weeks. According to the study design, the patients
were subjected to a medical examination upon admission (TO),
two regular medical examinations (T1 and T2) at 10 and
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Table 1. Mean values of biochemical parameters and BMI in
therapeutic groups at inclusion.

Group [ Group 11
n=57 n=41
Parameter Mean SD Mean SD P-value
ALT Ul/dl 82.64 13.82 82.60 12.82 0.9884
AST UI/dl 83.13 20.36 9147 14.17 0.0262
GGT Ul/dl 52.99 15.27 55.27 17.55 0.4951
TC mg/dl 298.76 26.76 14132 3456  <0.0001
TG mg/dl 260.09 62.36 9541 27.12  <0.0001
ALP Ul/dl 209.20 6123 165.61 52.45 0.0004
G (mg/dl) 117.40 27.78  103.85 19.95 0.0090
BMI (kg/m?) 31.347 5341  29.056 6.884  0.0667

SD, standard deviation; BMI, body mass index; G, glucose; ALT,
alanine aminotransferase; AST, aspartate aminotransferase; GGT,
gamma-glutamyl transpeptidase; TC, total cholesterol; TG, triglycerides;
ALP, alkaline phosphatase. The results of Wilcoxon test for comparisons

between groups I and II are presented as P-values.

20 weeks after the initial medical examination and one medical
examination at the end of treatment at week 30 (T3).

All patients (51 males/47 females) were Caucasians with a
mean age of 54/52 years and no active viral hepatitis and no
history of drug and/or alcohol abuse.

The study group was selected using inclusion and exclu-
sion criteria as follows: patients were included in the study if
they were able to provide written informed consent, had been
histologically confirmed to suffer from NAFLD and had no
history of drug and/or alcohol abuse. The exclusion criteria
were represented by the history of chronic intake or abuse of
alcohol or active viral hepatitis.

In monitoring alcohol intake, we used a question-
naire (which was slightly modified) based on the Behavioral
Risk Factor Surveillance System 2006 Questionnaire (16)
taken at each medical examination. The infrequent consump-
tion of small amounts of alcohol amounts was permitted, in
the condition that this did not exceed >2 drinks per week,
with each drink being defined as one standard US alcoholic
drink (approximately 14 g ethanol i.e., 12 oz of beer, 5 oz of
wine, or 1.5 oz of liquor; 1 US oz = approximately 30 ml).

No restriction or modifications in lifestyle or diet
were enforced on any patient, apart from any current
recommendations made by their endocrinologist or cardiologist.
BMI, serum levels of alanine aminotransferase (ALT), aspartate
aminotransferase (AST), gamma-glutamyl transpeptidase
(GGT), alkaline phosphatase (ALP), total cholesterol (TC) and
triglycerides (TG), and blood glucose levels were determined
for all patients upon admission, at each visit and at the end
of treatment. The patients were sampled after at least 8 h of
overnight fasting by standard venipuncture.

The patients underwent liver biopsy at the beginning and end
of the present study; we deemed 2 weeks before or after the first
and last visit to be a respectable and acceptable time interval
for biopsy. Hepatic biopsy was carried out using the Menghini
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Table II. Mean values for NAS scores at TO and T3.

Atorvastatin Pentoxifylline
Mean SD Mean SD P-value
Score 1 5.26 1.82 5.06 1.65 0.5639
Score 2 2.93 1.62 3.98 148 0.0093
Mean diff.
Score 1/ Score 2 2.33 1.08
P-value <0.001 <0.05

NAS, NAFLD activity score; SD, standard deviation. The results of the
Wilcoxon test for comparisons between the NAS scores between groups I
and II at times TO and T3 and for each group between times TO and T3
are presented as P-values.

technique, using Braun Melsungen Sonocan 20 G needles
(B. Braun Medical S.R.L., Timis, Romania), 0.8x160 mm and
21 G, 0.8x160 mm. Biopsy fragments with a minimum length
of 12 mm were considered adequate and delivered for patho-
logical analysis.

Histological staining techniques were carried out to deter-
mine inflammation, steatosis and hepatic fibrosis using the
NAFLD activity score (NAS or the Brunt score) for each case,
upon admission into the study and at the end of the treatment,
as previously described (17).

In this study, we used the NASH recognized lesion evalua-
tion system developed by Kleiner ef al (17). Using these criteria,
the NASH Clinical Research Network Pathology Committee
designed and validated a histological system of scoring which
addresses the entire spectrum of NAFLD lesions and proposed
a NAS to use in clinical trials (17). The scoring system is
made up of 14 histological features, of which 4 were evaluated
semi-quantitatively: lobular inflammation (0-2), steatosis (0-3),
fibrosis (0-4) and hepatocellular ballooning (0-2). NAS is the
sum of lobular inflammation, steatosis and hepatocellular
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ballooning scores, a NAS score >5 correlates with a NASH
diagnosis and scores of <3 are considered as ‘not NASH.” The
NAS admission scores at TO (score 1) and at the termination of
the study at T3 (score 2) were database-stored and compared
between the therapeutic groups.

The results were calculated as the means + standard
deviation. For data processing, the program Microsoft Excel
was used (Microsoft Corp., Redmond, WA, USA), along with
the XLSTAT suite for MS Excel (Addinsoft SARL, Paris,
France).

For statistical comparisons between the 2 groups at
admission (TO) and at the end of the treatment period (T3),
variance analysis (one way ANOVA) was used, and for
comparisons within the groups themselves, variant analysis
and the Kruskall-Wallis and Wilcoxon tests were used. A value
of P<0.05 was considered to indicate a statistically significant
difference.

Results

During the analysis of our results, we noted that the TG and
TC levels were higher in group I compared with group IT at TO,
while the ALT, AST, GGT and ALP values were comparable
between the groups (Table I). BMI and blood glucose levels
were also higher in the dyslipidemic patients than in the patients
with normal lipid levels (Table I).

The mean NAS score upon admission (NAS score TO)
was 5.26+1.82 in group I and 5.06+1.48 in group II, with
no significant differences between the 2 therapeutic
groups (P=0.5639, P>0.05) (Table II); likewise, there were
no significant differences observed between the 2 groups as
regards steatosis, necroinflammation, ballooning and fibrosis
upon admission (data not shown).

The importance of evaluating patients at T1 and T2,
respectively, consisted of the information obtained on the
direct and comparative effects of administering atorvastatin or
pentoxifylline after 10 and 20 weeks following the different
treatments (Table III). During treatment, an improvement in
the liver biochemical parameters was noted.

Table I1I. Mean values of biochemical parameters and BMI in the therapeutic groups at the different time points in the experiment.

Group I Group 11
Param TO Tl T2 T3 P-value TO T1 T2 T3 P-value
ALT  82.64+13.82 75.12+11.89 69.53+10.20 43.63+10.32 <0.0001 82.6+12.82 80.02+12.19  77.08+9.59 549+6.83 <0.0001
AST  83.13x20.36 75.59+16.57 70.61x13.31 43.28+12.35 <0.0001 91.47+14.17 88.87+11.62 86.91+9.11 58.59+8.45 <0.0001
GGT 52.99+1527 49.82+1226 48.84+9.04 37.02+1045 <0.0001 55271755 53.04+1346 51.23+11.34 4295+895 <0.0001
TC  298.76+26.76 275.60+24.24 269.72+20.77 243.7+16.07 <0.0001 141.32+34.56 141.85+29.41 136.57+30.09 137.68+31.79 0.837
TG  260.09+62.36 257.31+55.08 249.96+46.13 239.04+40.41 0.002 9541+27.12  95.81+£2627 91.09+22.19  88.44+18.35 0.435
ALP  209.2+61.23 218.32+60.45 178.93+54.89 142.5+40.2 <0.0001 165.61+£52.45 202.06+68.35 208.31+49.95 151.07+40.98 <0.0001
G 117.4+£27.78 11591£26.18 111.35+2524 112.68+19.8 0542 103.85+19.95 101.85+17.48 103.88+1542 119.39+21.12 <0.0001
BMI 31.347+£5.341 3147+5.65 31.23+6.74 30.337+4.341 0.726 29.056+6.884 28.75+6.324  28.36+6.783 28.059+5.867 0.905

BMI, body mass index; G, glucose; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transpeptidase; TC, total cholesterol;
TG, triglycerides; ALP, alkaline phosphatase. The results of ANOVA test for comparison between times TO, T1, T2 and T3, for each of the groups, are presented
as P-values. Param, parameter. TO, upon admission; T1, at 10 weeks; T2, at 20 weeks; T3, at week 30.
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Figure 1. Variation of biochemical parameters TO-T3. (A) Total cholesterol (TC); (B) aspartate aminotransferase (AST); (C) alanine aminotransferase (ALT);
(D) gamma-glutamyl transpeptidase (GGT); (E) alkaline phosphatase (ALP); F glucose (G) and (G) triglycerides (TG).

The results of biochemical parameters after 30 weeks
from the beginning of the present study revealed a significant
decrease (P=0.018) in the glucose levels in patients from study
group I and a non-significant decrease in patients from study
group II. A significant a decrease was observed in group I
in the levels of ALT (P<0.0001), AST (P<0.0001), GGT
(P<0.0001), TC (P<0.0001) and ALP (P<0.0001). In group II,
the decrease in the ALT, AST and GGT levels was similar to
that of group I (P<0.05); however, the levels of TC and TG in
group II were only slightly and non-significantly decreased
(Tables IIT and IV, and Fig. 1)..

No significant alteration was noticed regarding the levels
of glucose and BMI within the groups. After the first 10 weeks
of treatment, a significant decrease in the ALT levels in both
groups was observed (Table III). In both groups, a significant
decrease was observed in the ALT and AST levels; the ALT and

AST levels markedly decreased after 20 weeks of treatment.
For GGT values, a similar descending trend was observed
during treatment with the difference that lower rates were noted
between T2 and T3. Histopathological evaluation for group I
presented a mean NAS score at termination of 3.13+1.62,
which is highly significantly lower than score 1 (P=0.0007).
Group II exhibited a mean NAS score at termination
of 3.98+1.48, which is borderline significant compared to
the initial NAS score (P=0.04073). The lowest NAS score at
termination was achieved by the patients in group I treated with
atorvastatin (Table III).

NAS components improvement (one or more) was noticed
only in group I; however, no attenuation of fibrosis was observed
in either group. The steatosis score was significantly decreased
in patients from group I, but only group II experienced an
improvement of necroinflammation that was statistically
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Table I'V. Mean values for biochemical parameters and BMI at
study termination.

Atorvastatin Pentoxifylline

Parameter Mean SD Mean SD P-value
ALT 43.63 10.32 54.90 6.83 <0.0001
AST 4328 12.35 58.59 8.45 <0.0001
GGT 37.02 1045 42.95 8.95 0.0041
TC 243.70 16.07 137.68 31.79 <0.0001
TG 239.04 4041 88.44 18.35 <0.0001
ALP 142.50 40.20 151.07 40.98 0.3044
G 112.68 19.80 119.39 21.12 0.1108
BMI 30.337 4341  28.059 5.867 0.905

SD, standard deviation; BMI, body mass index; G, glucose; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl
transpeptidase; TC, total cholesterol; TG, triglycerides; ALP, alkaline phos-
phatase. The results of Wilcoxon test for comparisons between groups I
and II are presented as P-values.
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NAS score - TO NAS score - T3
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8
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Scor NAS-T3

p Wilcoxon = 0.04073

Figure 2. Mean values for NAS scores at TO and T3 for (A) group I and
(B) group II. NAS, NAFLD activity score. HS, highly significant; S, significant.

significant. A comparison between the NAS scores at admis-
sion vs. termination in both groups is shown in Fig. 2.

Discussion
The pharmacological treatment of NAFLD includes vitamin E,

insulin sensitisers and other metabolic agents aiming an
antioxidant or hypolipemic activity, such as atorvastatin,
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while pentoxifylline inhibits the production of tumor necrosis
factor-o. (TNF-a), which stimulates NASH development.

The results of the present study are in agreement with
those of other trials. In short, both drugs led to a significant
reduction in ALT and GGT levels. No significant weight loss
was observed in the current study (P>0.05). Atorvastatin also
led to a significant reduction in the levels of ALP (P<0.0001),
TC (P<0.0001) and TG (P=0.002).

The lack of a control group imposed limits on the ability
of determining the real pharmacotherapy impact, but when
considering that these parameters failed to improve treatment
previously, it is possible that the positive effects observed in the
present study were caused by pentoxifylline and atorvastatin.

On the other hand, the histological evaluation showed
significant improvement in 2 of the 4 NAS components of both
groups. Neither group exhibited any changes in fibrosis. The
dyslipidemic patients exhibited a highly statistically significant
difference between the initial and final NAS scores, resulting in
a P-value of 0.00007. The difference in the initial and final NAS
scores of patients from the non-dyslipidemic group adminis-
tered pentoxifylline was of marginal significance (P=0.04073).

Atorvastatin is a HMG-CoA reductase inhibitor which
catalyzes the HMG-CoA conversion into mevalonate, an early
and rate-limiting step in the cholesterol biosynthesis, leading
to low cholesterol production by the liver, high LDL choles-
terol plasmatic clearance and up-regulation of hepatocyte
LDL-receptors (18).

Kiyici et al observed that the use of atorvastatin for 6 months
on a number of 27 dyslipidemic patients, for whom NASH
diagnosis was histopathologicaly verified, was both effective
and safe (19), while Balistreri observed that atorvastatin
normalized serum ALT levels, TC and TG levels in patients
with NASH (20).

In 2011, as part of the Saint Francis Heart Study, 80 patients
with NAFLD confirmed by computer tomography were
administered 20 mg/day atorvastatin combined with 1 g
vitamin C, and 1,000 IU vitamin E. After 4 years of therapy,
the reduction of hepatic steatosis was 71% (OR=0.29, P<0.001).
However, the fact that the patients received a combination of
vitamins C and E along with atorvastatin, and that the NAFLD
diagnosis was based on imaging and not on histology, limited
the power of the conclusions (21).

Gomez-Dominguez et al examined the way in which
atorvastatin in doses of 10-80 mg/day affects lipid metabolism
and transaminases levels in 22 patients for whom NAFLD
diagnosis was established through ultrasonography. Following
6 months of treatment, 36.3% of the patients presented normal
levels of transaminases and TC and after 12 months of
treatment, a statistically noticeable decrease in transaminases
levels and TC (from 268.5+44.2 to 186.8+14.4 mg/dl) were
present, confirming the effect of atorvastatin in NAFLD and
dyslipidemic patients without notable side-effects for daily
doses of 10-80 mg (22).

Pentoxifylline is an inhibitor of TNF-a. It is evident that
TNF-a is associated with hepatic inflammatory cell recruitment,
which represents a key step in the initiation and perpetuation
of NASH liver injury (23). TNF-a also interferes with insulin
receptor signaling by impairing and reducing insulin sensitivity.

Several pilot studies have demonstrated biochemical
improvement, and in some cases histological improvement
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following the administration of pentoxifylline to patients with
NASH (24-26).

Satapathy et al observed in 18 histopathologicaly veri-
fied NAFLD patients with elevated transaminases levels,
that after 6 months of pentoxifylline administration in
800 mg/day doses, the serum transaminases levels were signifi-
cantly reduced (AST: 66+29 to 33«11 IU/1, P<0.0001 and ALT:
109444 vs. 47+20 TU/1, P<0.0001). Moreover, ALT was normal-
ized for 23% of the patients within the first month (P=0.125),
35% after the second month and 60% of the patients after
6 months of treatment. The levels of cholesterol and TG were
not significantly altered (24).

The same authors, reported in 2007 of nine patients that
administered 800 mg pentoxifylline daily doses and after an
average of 12 months treatment, a decrease in transaminase
values was achieved (ALT: 111£53 to 45+19 TU/1, P=0.003 and
AST: 61+27 to 33+12 IU/1, P=0.005) accompanied by steatosis
and lobular inflammation reduction in 55% of the cases, as well
as decreased histological fibrosis in 4 out of 9 patients with
baseline fibrosis (25).

In another study, on 55 patients with NASH confirmed by
biopsy who received 400 mg pentoxifylline 3 times per day
or the placebo for 1 year, patients treated with pentoxifylline
were more likely than those treated with the placebo to present
a decrease in histological NAFLD. The NAS score decreased
by 2 points in 38.5% of the patients treated with pentoxifylline
compared to only 13.8% of the patients receiving the placebo.
In this study, the administration of pentoxifylline improved
the liver fibrosis scores, lobular inflammation and steatosis.
In 3 patients receiving pentoxifylline, the dose of medication
was decreased from 3 times daily to twice daily due to nausea,
which resulted in adequate symptom control (26).

In another study by Van Wagner et al, in 30 patients treatesd
with pentoxifylline, in doses of 1,200 mg/day, or placebo, for a
period of 12 months. At the completion of the study, decreases
in the transaminase levels (ALT: 92+12 to 67«13 IU/l and AST:
67+6 to 47+6 TU/1, P<0.05), as well as in the degree of steatosis
and lobular inflammation (P<0.05) were observed in the group
administed pentoxifylline (27).

In other studies, pentoxifylline at doses of 400 mg/day
twice daily, administered to 20 patients for 12 months, was
associated with the normalization of serum levels of ALT
and AST (84+64 vs. 138+76, P=0.002 and 58+37 vs. 102+62,
P=0.003, respectively). A total of 9 patients withdrew from the
study, due to nausea (28) and in another pilot study, similar
biochemical improvements under pentoxifylline treatment
were demonstated (29).

Neuner et al (30) studied the mechanisms of pentoxifylline
action in NASH. All patients studied presented elevated levels
of TNF-a. Hepatic damage is associated with TNF-a production
that triggers the production of various cytokines (31), recruiting
inflammatory cells, that affect hepatocytes and induce
fibrogenesis (32,33). The main mechanism through which
pentoxifylline improves hepatic histology (decreasing steatosis
and necroinflammation) is the reduction of lipopolysaccharide
stimulated TNF-a production.

In conclusion, statins are well known for their lipid lowering
properties, but they may have the potential to diminish some of
the histological features of NAFLD. Dyslipidemia is common
among patients with NAFLD and atorvastatin proved to
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be efficient in the treatment of both disorders, by improving
biochemical parameters and steatosis. Pentoxifylline was
well-tolerated and showed similar efficacy in patients with
non-dyslipidemia by decreasing the degree of steatosis/lobular
inflammation and improving liver function.
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