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Introduction

Feisa, S. V., Rostoka-Reznikova, M. V., Tovt-Korshynska, M. L, & Siksai, L. T. (2018). Biochemical screen correction
possibilities in patients with non-alcoholic fatty liver disease with diabetes mellitus. Regulatory Mechanisms in Biosystems, 9(3),
384-390. doi:10.15421/021857

The rationale for this study is the controversial data regarding the efficacy of hepatoprotectors and antioxidants for lipid profile
correction in non-alcoholic fatty liver disease, the prevalence of which is increasing especially in association with diabetes mellitus.
We examined 100 non-alcoholic fatty liver disease patients (4075 years old) with concomitant type 2 diabetes mellitus (n = 73) or
without it (n = 27), the groups were standardized by age and gender. In patients with non-alcoholic fatty liver disease with diabetes
mellitus we revealed significantly higher rates of total cholesterol, triglycerides and atherogenic factor in association with a
significantly lower high-density lipoproteins level versus the group of patients without concomitant diabetes. We recommended the
modification of lifestyle as basic management of their condition to all patients, hypoglycemic therapy with metformin to persons
with concomitant diabetes mellitus and rosuvastatin to patients with non-alcoholic fatty liver disease without diabetes. In addition,
25 patients received essential phospholipids (2 caps. 3 times a day) and omega-3 polyunsaturated fatty acids (1000 mg per day) for
3 months; 26 patients — o-lipoic acid (600 mg daily) for 3 months, 22 patients received rosuvastatin (10 mg daily), 27 patients with
non-alcoholic fatty liver disease without diabetes mellitus received rosuvastatin (10 mg daily). We evaluated the treatment efficiency
after 3 months treatment, and the remote consequences — 12 months after the start of combined treatment. After 3 months, the
alanine-aminotransferase rate had decreased by 15.1% in the group taking combined essential phospholipids and @3-polyunsaturated
fatty acids and by 12.9% in the group taking alpha-lipoic acid, which was significantly larger than in the rosuvastatin group (7.5%);
gamma-glutamate transpeptidase level decreased by 16.7%, 18.7% and 9.4% respectively indicating anticholestatic and
hepatoprotective effect of both proposed treatment combinations. The same tendency of cytolysis and cholestasis processes
inhibition was observed after 12 months as well. In conclusion, the combination of standard treatment with antioxidant and
hepatoprotective agents (omega-3 polyunsaturated fatty acids with essential phospholipids or only alpha-lipoic acid) promotes both
cytolysis and cholestasis syndromes inhibition in non-alcoholic fatty liver disease patients with concomitant type 2 diabetes mellitus.

Keywords: type 2 diabetes mellitus; dyslipidemia; hepatoprotectors; essential phospholipids; omega-3 polyunsaturated fatty
acids; alpha-lipoic acid.

is diagnosed in 57% of obesity patients and 72% of DM-2 patients.
Almost 90% of patients with severe obesity demonstrate the signs of

Non-alcoholic fatty liver disease (NAFLD) is a multi-stage disease
that starts with excessive (over 5%) lipids (predominantly triglycerides)
accumulation in hepatocytes (hepatosteatosis stage) (Brunt & Tiniakos,
2010; Takahashi & Fukusato, 2014), progresses to the development of
necrotic inflammation liver parenchyma (steatohepatitis stage) (Schlei-
cher et al., 2014) and associated with risk factors (obesity, type 2 diabetes
mellitus (DM-2), dyslipidemia, genetic predisposition) (Jonathan et al.,
2016; Stepanov et al., 2018). NAFLD is the most common liver disease
with 6.3-33.0% prevalence in the general population (Loomba & San-
yal, 2013; Lombardi et al., 2017; Perazzo & Dufour, 2017). NAFLD can
be diagnosed in every third inhabitant of the planet (Anavi et al., 2017;
Williams et al., 2011; Lazo et al., 2013). The frequency of its detection
in adults depends on diagnosis method (Lee, 2017), age, gender, ethnicity
(Dajani et al., 2015; Berzigotti et al., 2018) and presence of comorbidity
(Dajani & Abu Hammour, 2016). NAFLD can progress to non-alcoho-
lic steatohepatitis (NASH) in about 30% of cases (Michelotti et al., 2013;
Fireisz, 2014; Sharma et al., 2015; Lee et al., 2017).

The high risk groups of NAFLD include people with abdominal
obesity, DM-2, hypercholesterolemia, metabolic syndrome (Sumida et al.,
2014; Stepanov et al., 2018). According to Gastaldelli (2007), NAFLD
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NAFLD (Machado & Cortez-Pinto, 2014). Prevalence of NAFLD in
dyslipidemia patients is estimated at 50% and characterized by increased
triglycerides (TG) rate and decreased low density lipoproteins (LDL)
level (Nseir & Mahamid, 2013). In the case of DM-2, NAFLD more often
progresses to NASH. Prevalence of NASH in DM-2 patients is 12.2%
versus 7.4% in patients without diabetes and in cases of coexistent DM-2
and obesity the rate of NASH reaches 21-40% (Ballestri, 2016).
Considering the close link of NAFLD and obesity, dyslipidemia,
arterial hypertension and metabolic syndrome (MS) and their common
pathogenesis based on insulin resistance (IR), NAFLD is reasonably
named as hepatic manifestation of MS (Ballestri, 2016). IR can lead to
NAFLD and NAFLD can cause hepatic IR, so NAFLD patients are at
high risk of complete MS or its development of its components especially
DM-2 (Gaggini et al., 2013; Fimeisz, 2014). In addition to higher proba-
bility of death due to hepatic complications (liver failure, portal hyper-
tension complications, hepatocellular carcinoma) (Armstrong et al., 2014),
those patients are prone to higher incidence of cardiovascular diseases
(Patel et al., 2017). The dangerous feature of NAFLD is an asymptoma-
tic course especially during the initial stage (hepatosteatosis) which can
be presented without lab tests showing abnormalities, which makes it
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difficult and sometimes even impossible to diagnose in time and start
the early treatment for prevention of both hepatic and extrahepatic com-
plications. Often the only changes in the laboratory picture of NAFLD
patients are the initial signs of prediabetes or DM-2 ( often diagnosed for
the first time ) - diseases that create a background predisposition to liver
steatosis development.

The first aspect of effective NAFLD treatment is a life style modi-
fication: low calorie diet, increase in physical activity, cessation of smo-
king (Verbeek et al., 2013; Kim, 2017; Newsome et al., 2018). The gra-
dual reduction in body weight is particularly important when NAFLD is
a component of MS (Federico et al., 2017; Babio, 2014). Pharmacological
treatment in NAFLD patients is to be considered in case of NASH or in
case of comorbidity — steatohepatosis with cardiometabolic disorders
(obesity, dyslipidemia, arterial hypertension, DM-2) (Lombardi et al.,
2017). According to the recommendations of the European Association
for the Study of the Liver (EASL), the European Association for the
Study of Diabetes (EASD) and the European Association for the Study
of Obesity (EASO) (2016), a pharmacological treatment can be prescri-
bed not only to patients with liver fibrosis of F, stage but in case of high
probability of the disease progression (concomitant DM-2, MS, recur-
rent high ALT level detection, high intensity of inflammation) and
includes pioglitazone, Vitamin E or their combination, statins, omega-3
polyunsaturated fatty acids (EASL-EASD-EASO, 2016).

Considering that NAFLD is characterized by comorbidity which
often leads to polypharmacy (Patel et al., 2017), the medicines with
multiple effects that influence different ethio-pathogenic links of clinical
and laboratory presentation of NFLD should be preferred in those
patients (Berlanga et al., 2014).

Although the current recommendations (EASL-EASD-EASO, 2016;
Ganesh & Rustgi, 2016) don’t include indications regarding prescription
of hepatoprotectors (Dajani & Abu Hammour, 2016) there are publica-
tions about their advisability as well as medicines with cytoprotective
(Gonciarz et al., 1988; Gundermann et al., 2016) and antioxidant (de
Oliveira et al., 2011; Basu et al., 2014) effects that constitute a pathoge-
netically reasonable approach in case of NAFLD. It has been proven
that the function of hepatocytes correction leads to enhanced treatment
effect due to indirect impact on IR degree (Dajani & Abu Hammour, 2016).

Considering their combined effects, cytoprotective, anti-inflamma-
tory, hypotrigliceridemic and antioxidant effects, essential phospholi-
pids (EPL), omega-3 polyunsaturated fatty acids (PUFA) and alpha-li-
poic (thioctic) acid (ALA) attracted our attention. The main component
of EPL is a phosphocholine which contains PUFA (Dajani et al., 2015;
Padma et al., 2013). Building up in the hepatocyte membranes, EPL
improve membrane-dependent function, showing anti-inflammatory,
antifibrotic, apoptosis-modulating, regenerative effects (Gundermann et al.,
2016). ALA works as a coenzyme in the ketoacids oxidative decarbo-
xylation, takes part in the cell energy metabolism and shows antitoxic
and antioxidant effects (Kajikawa et al., 2011; Stankovic et al., 2014).
InDM-2 patients ALA decreases IR, inhibits peripheral neuropathy
development and glycogen accumulation in the liver, influences chole-
sterol metabolism, helps to reduce blood glucose level, takes part in
lipid and carbohydrates metabolism regulation, improves liver function
due to its hepatoprotector, antioxidant, detoxication effect. Use of omega-3
PUFA in NAFLD with DM-2 patients is advisable and reasonable for
hyperlipidemia correction (Di Minno et al., 2012) since their hypotrigli-
ceridemic effect allows this group to be considered as a possible alterna-
tive to statins. The high prevalence on NAFLD and DM-2 and the lack
of consensus regarding the use of EPL, ALA and omega-3 PUFA in
such patients determine the relevance of this work and justify the
necessity of conducting a clinical study of their effect on patients with
NAFLD and DM-2. The objective of this article is to investigate
biochemical screen of liver function, lipid and carbohydrate metabolism
in NAFLD patients and evaluate the effect of combined treatment with
omega-3 PUFA, EPL and ALA use.

Materials and methods

We examined 73 patients with NAFLD and DM-2 who were trea-
ted at the Therapy and Family Medicine Department of Uzhhorod
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National University in 2011-2017. The patients were 40-71 years old
(50.5 £ 5.8 years on average). 49 (67.1%) of patients were males and 24
(32.9%) — women. 30 healthy adults (20 men, 10 women with an
average age of 49.5 + 5.5 years) were examined as the control group.
The groups were standardized by the age and gender.

The NAFLD diagnosis was considered according to the EASL-
EASD-EASO Clinical Practice Guidelines for the Management of Non-
Alcoholic Fatty Liver Disease (2016). Inclusion criteria were confirmed
diagnoses of NAFLD and DM-2. Exclusion criteria were viral, autoim-
mune, alcohol and toxic (drug-induced, iatrogenic) liver disease, cardio-
vascular diseases decompensation, collagenosis (theumatic diseases), an
active or decompensated stage of any other concomitant diseases, infec-
tious diseases (including tuberculosis), pregnancy, breast feeding and
psychiatric diseases that violated the patient’s ability to evaluate his / her
condition and discuss the disease’s management. Patients that refused to
sign an informed consent for participation in the study were also exclu-
ded from the investigation.

All patients underwent the laboratory tests complex that included
total, direct, indirect bilirubin level, uric acid, total protein, albumin, cre-
atinine rates; enzymes activity (alanine-aminotransferase (ALT), aspar-
tate-aminotransferase (AST), gamma-glutamate transpeptidase (GGT),
alkaline phosphatase (ALP). The lipid profile investigation included blood
levels of total cholesterol (TC), triglycerides (TG); high density lipo-
proteins (HDL), low density lipoproteins (LDL) and very low density
lipoproteins (VLDL) cholesterol; atherogenic index of plasma (AIP)
calculation. The lipid metabolism was evaluated by fasting and post-
prandial blood glucose levels (oral glucose tolerance test — OGTT),
glycated hemoglobin (HbA1C). IR was evaluated by HOMA index
according to the formula IR-HOMA = (fasting blood glucose X fasting
blood insulin) / 22.5, where X — multiplication and / — division.

The LAP (Lipid Accumulation Product) index was calculated in all
patients as the non-invasive liver steatosis index (Bedogni et al., 2010;
Dai et al., 2017) according to the formula: LAP =(WC - 65) X TG (for
men) or LAP = (WC — 58) X TG (for women), where: WC — waist
circumference in cm, X — multiplication, TG — blood triglycerides level
in mmol/l. LAP over 4.28 was interpreted as liver steatosis.

The average ranges of the groups of all laboratory tests were calcu-
lated in NAFLD with DM-2 patients before the start of treatment and
compared to those of the control group for evaluation of NAFLD and
DM-2 laboratory characteristics.

Management of all patients included life style modification with
moderate exertion (walking for at least 30 min every day) and diet cor-
rection (5 food intakes daily: 3 large meals and 2 small ones; limited
fast-digesting carbohydrates and animal fats consumption, adequate
water intake, 15% deficit in daily caloric intake). All patients received
hypoglycemic therapy with metformin, which is proven to reduce IR.

The study design required 3 groups of NAFLD patients in accor-
dance to the proposed combined treatment. Group 1 included 25 pati-
ents who received EPL (medicine Essentiale Forte H) 2 capsules TID
and omega-3 PUFA 1000 mg daily, group 2 — 26 patients who received
ALA (per os) 600 mg daily. Group 3 included patients who didn’t receive
any medicine with hepatoprotective and antioxidant effect; they recei-
ved rosuvastatin (10 mg daily) for dyslipidemia correction.

The effect of different combinations was evaluated after 3 months
of treatment by comparison of average group laboratory test ranges with
respective baseline tests. The remote consequences were estimated
12 months after the start of combined treatment by comparison of the
laboratory tests to baseline, 3 month and control group results.

The statistical analysis included Microsoft Excel table base of pati-
ents and Statistica 10.0 (StatSoft Inc., USA) software use. Treatment
group differences were evaluated using the independent sample t-test in
case of normal distribution and the Mann-Whitney test for non-para-
metric data. The significance of changes in evaluated indices after treat-
ment in normal distribution was evaluated using the Student two-tailed
test and in case of non-normal distribution — the Wilcoxon test respect-
tively. The difference was considered as significant at P < 0.05.
All quantitative indices were presented in (x + SD) design, where x is a
mean group value and SD — its standard deviation.
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Results

Biochemical screen of NAFLD patients with concomitant DM-2 is
shown in Table 1, where mean group values are presented in
comparison to control group values and the group of patients with
NAFLD without diabetes. The mentioned indices were evaluated
before treatment and characterize baseline values of NAFLD patients.

Table 1

Biochemical screen of NAFLD patients with concomitant type 2
diabetes mellitus versus NAFLD patients without diabetes

and control group (x + SD)

Index NAFLD with NAFLD without Control group

DM-2(n=73) DM@m=27) (n=30)
Fastingblood glucose,mmoll ~ 11.1£1.78%"  623+0.66 4.08+0.59
HbAIC, % 787+£052%"  604+0.24 5.13+0.44
IR-HOMA, units 934+342" 632+3.35 2334023
Total cholesterol, mmol/l 5.84+0.68" 5.18+£0.56 4.03+0.66
Triglycerides, mmol/l 2.77+0.60% 2514041 1.84+026
HDL, mmol/l 091+0.10%"  1.16+0.11 227+0.76
LDL, mmol/l 3.67+047 2.87+041 271+034
VLDL, mmol/l 126+027 1.15+0.19 0.83+0.13
IAP, units 548 +0.68" 3.50+0.64 2.15+043
ALT, IU/ 3790+10.52%  2740+8.61 1256 +3.12
AST, U/ 33.80+1198% 22.06+526 832+2.89
GGT, U/ 3930+12.55% 213041268  1024+3.61
ALP, TU/ 94.81+14.05%* 3841+1573  4657+7.13
Total protein, g/l 70.60 +3.03 70.11+£557  73.86+2.56
Bilirubin total, mcmol/l 9.74+182 13.03+408  1001+124
Bilirubin direct, mcmol/l 342+0.90 3.70+0.61 340+0.76
Creatinine, mcmol/l 7725+£1151  7842+25.50 7891+822
Uric acid, memol/l 3362+5397 2693+90.02 280.21+2230

Notes: * — significant difference in NAFLD and DM-2 versus NAFLD with-
out DM-2 patients, P < 0.05;  — significant difference in NAFLD patients
versus control group, P <0.05.

We observed positive dynamics of carbohydrate metabolism indi-
ces after treatment (Table 2). The fasting blood glucose and HbA1C
rates decreased the most significantly in Group 2 showing additional
hypoglycemic effect of ALA. In Group 1 the changes of the mentioned
indices after treatment were also significantly different but less pronoun-
ced. In Group 3 the rates of those indices decreased as well but without
significant difference (P > 0.05). The IR-HOMA rate was reduced in all
groups but significance of those changes was confirmed only in Group 2
after 12 months apart from the treatment start.

Table 2
The treatment influence on carbohydrate metabolism indices
in NAFLD patients with DM-2 (x + SD)

Group 1 (essential

phospholipids: 2 capsu- Groqp 2 Group 3
. (alfa lipoic .
les 3 times a day + . (rosuvastatin,
Index acid, 600 mg o
omega-3 polyunsatura- dailv per os: 10 mg daily;
ted fatty acids, 1000 mg ny:pz AR
daily; n=25)
. before treatment 10.82+191 1127+2.13 1121+£1.02
Fasting after 3 months
blood 10.08 +0.30* 9.60+0.26* 10.10+0.62
glucose trga nnsﬂn; after th
> 12mo e " " "
mmol/l startof " 9.13£1.16 8.52+0.97* 940+ 0.62
before treatment 7.88+049 7.77£0.57 7.99+0.52
HbAC, after 3 months 7.67+0.09 747008 7.77+0091
%, treatment
12 months after the " "
startof " 746+0.36 726+036% 7.56+0.36
before treatment 8.18+£2.04 9724374 13.17+5.15
IR- after 3 months
HOMA treatment 7.60+1.81 8.57+3.53 12.10+4.74
(units) 12 months after the s *
startof 7.82+2.30 8.71+£3.20% 10.65+2.17

Notes: * — significant changes after treatment versus before treatment, P <0.05.

The lipid profile of NAFLD before treatment was characterized by
hypercholesterolemia and dyslipidemia, which were presented with hy-
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pertriglyceridemia, high LDL, VLDL and significantly decreased HDL
levels. It led to significantly higher AIP in NAFLD with DM-2 patients
(548 +£0.68) versus NAFLD without DM-2 patients (3.50 = 0.64, P <0.05).
This index was 2.55 fold higher in NAFLD with DM-2 patients versus
the control group (2.15 & 0.43). The changes in lipid profile after treat-
ment, shown in Table 3, demonstrate the good effect of the treatment of
all combinations.

Table 3
The changes in lipid profile of NAFLD with DM-2 patients
after treatment (x £+ SD)

Group 1 (essential

phospholipids: Groqp 2 Group 3
. (alfa lipoic .
2 capsules 3 timesa . (rosuvastatin,
Index acid, 600 mg L
day + omega-3 poly- dailv per os: 10 mg daily;
unsaturated fatty acids, ny:pz A2
1000 mg daily; n=25)
before treatment 5.80+£0.65 584+0.54 5.87+0.87
Total fter 3 months
choles- 2 545+0.10% 528+0.07* 5.17+£0.59
terol treatment
> 12 months after the " " "
mmol/l start of treatment 522+031 5.05+044* 490+044
before treatment 2.86+0.51 2.60+0.53 2.86+0.74 |
Triglyce afer 3 months 2454008  217+008 228+056
rides, treatment
mmol/l 12 months after the " %
start of treatment 1.94+0.16 1.98+041*% 197+034
before treatment 090+0.11 090+0.08 092+0.13
ppr, fter3 months 098+0.15  098+001 099=0.09
mmoll treatment
12 months after the " "
start of treatmment 1.11+0.09 1.07+£0.70* 1.05+0.07
before treatment 3.59+046 3.76+033 3.65+0.62
ppy, After3months 336+007%  331+0.04% 3.13+042%
mmoll treatment
12 months after the " % "
start of treatment 323+0.26 3.08+0.31*% 2.95+0.35
before treatment 1.31£023 1.18£024 130+0.34
vipy, 2fier3months LI2+£004%  099+0.04* 104+026*
treatment
mmol 12 months after the
£ t *
start of treatment 0.88+0.07 090+0.18* 0.89+0.15
before treatment 545+0.74 553+0.56 544+0.75
jap,  afier3months 456=010%  440+007% 420+041%
units treatment
12 months after the % % "
start of treatment 3.74+£044 3.74+0.52*% 3.70+£049

Notes: * — significant changes after treatment versus before treatment, P < 0.05.

In cases of NAFLD, free fats, mostly triglycerides, are accumulated
in hepatocytes, which is characterized by the common ultrasound con-
clusion of a “fatty liver”. Excessive accumulation of fats in the liver can
be detected by the non-invasive method of the lipid products accumula-
tion (LAP) index (Bedogni et al., 2010). One of the indicators of the
effect of treatment is a reduction in liver fats deposits, which is represen-
ted not only by positive biochemical screen and liver ultrasound dynamics
but also the LAP index reduction. Table 4 demonstrates the changes in
the LAP index after treatment: in Group 1 the LAP index had decreased
1.59 times after 3 months treatment as well as in Group 2, while in Group 3
these changes were less significant and LAP index decreased only 1.44
times. The remote consequences that were evaluated 12 months after
the start of treatment showed the LAP index reduction versus mean
group values before treatment of 3.13 fold in Group 1; 2.67 fold in
Group 2 and only 1.98 fold — in Group 3.

The liver function tests were evaluated in all NAFLD with DM-2
patients. The cytolysis, liver parenchyma inflammation and cholestasis
syndromes were revealed. We investigated the influence of different
treatment combination on the following liver functions: protein synthe-
sis, pigment and purine metabolism as well as kidney function — the
mean values of selected biochemical screen indices in patients with
NAFLD and DM-2 after treatment, which are shown in Table 5. The
hepatocytes cytolysis intensity was evaluated according to ALT and
AST activity indices.
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Table 4
The non-invasive LAP (Lipid Accumulation Products) index
changes in NAFLD with DM-2 patients after treatment (x £+ SD)

Group 1 (essential

phospholipids: 2 cap- (5;: Ep 02ic Group 3
sules 3 timesaday + . P (rosuvastatin,
Index acid, 600 mg o
omega-3 polyunsatu- dailv per os. 10 mg daily;
rated fatty acids, ny=p266) > n=22)
1000 mg daily; n=25)
LAP (Lipid before treatment ~ 164.2+30.4 144.1+33.1 157.1+39.5
accumula-  after 3 months "
fionpro- treatment 1035+143  90.8+13.6 1089+11.9
ducts) - 2monthsafierthe ) 5 13 5400003+ 7924230¢

index, units  start of treatment

Notes: * — significant changes after treatment versus before treatment, P <0.05.

Table 5
Changes in selected biochemical screen indices in NAFLD and
DM-2 patients after different treatment combinations, M = m

Group 1 (essential Group 2
phospholipids: 2 cap- (alfa lipoic Group 3

Index sules 3 times a day + acid, 600 mg (rosuvastatin,

omega-3 polyunsatu- . > 10 mg daily;
rated fatty acids, daﬁyzpze;)o S n= 22)
1000 mg daily; n=25)
before treatment 375119 36.6+10.8 399+8.6
after 3 months
ALT, treatment 31.8+2.0 319+1.8 369+1.8
i 12 months after the
* %
start of treatment 30.7+17.0 285+22 345+7.0
before treatment 320127 33.1+121 36.7t11.0
Ast,  After3months 272422 279+19  337+20
treatment
i 12 months after the
%
start of treatment 239+9.0 25.1+6.6 314+84
before treatment 38.7+94 408+158  38.0+11.7
Gor,  Afer 3 months 02E16F 332425 344+21
O
months apart " "
from the treatment t 28.5+6.7 292+8.7 329+9.0
before treatment 94.1+16.1 914+154 99.7+7.6
ALp,  Afier3 months T56+30%  732+£24%  833+3.1*
il tr;atmenﬂt]s ser
12 mon r the * * *
start of treatment 664+12.1 634+99 67474
before treatment 704+3.6 70.1+2.6 T14+27
Tota ~ 2fier3 months 744£07% 70607 72606
rotein treatment
g/l > 12 months apart
from the treatment 713+138 71.8+52 73.0+34
start
before treatment 928 +1.85 10.02+£2.14 993+1.25
Bilirubin after 3 months *
fotal, treatment 9.89+0.37 14.07+£0.69 13.42+1.89
memol/l 12 months after the * * *
start of treatment 10.80£2.76 1530+2.84* 13.51+£223
before treatment 332+0.55 359+136 330+041
Bilirubin after 3 months " " "
fotal, treatment 3.79+0.17 534+039* 5.14+£045
memol/l 12 months after the " %
start of treatment 371+1.00 542+139*% 4.82+1.02
before treatment 779+123 769+113  768+113
Creati-  afier 3 months 78321 859+17%  §39+35*
nne, treatment
memol/l 12 months after the " "
start of treatment 804+103 89.9+6.1 863+79
before treatment 3456+77.6 3382+463 3223+152
Uric after 3 months
acid, treatment 326.5+84 3433+£84 3244+116
memoll 12 monthsaflerthe 3, 7, 379 33194350 3255+ 146

start of treatment

Notes: * — significant changes after treatment versus before treatment, P <0.05.

The majority of NAFLD patients with DM-2 (50 of 73; 68.5%)
presented with steatosis in the liver (the 1st stage of NAFLD) without
steatohepatitis signs and only in 23 of 73 patients (31.5%) did we diag-
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nose mild NASH (the 2nd stage of NAFLD) with a 1.5-2.0 fold
increase in ALT. Mild NASH was detected in all 23 NASH patients
and zero, moderate or high hepatitis activity degrees were diagnosed.
The mean ALT activity in NAFLD with DM-2 patients before treat-
ment was 37.9 £ 10.5 U/ In Group 1 which additionally received EPL
and omega-3 PUFA, we observed the mean ALT activity reduction by
15.1% after 3 months treatment and by 18.1% after 12 months from the
treatment start. In Group 2, where ALA was additionally prescribed, the
mean ALT activity decreased by 12.9% and 15% respectively. The AST
changes demonstrated the same tendency in the abovementioned groups.

The cholestasis intensity was evaluated by GGT and ALP activity.
We observed many significant changes after treatment in the Groups 1 and 2
in comparison with Group 3: the mean GGT activity value decreased
by 16.7% in Group 1; by 18.7% — in Group 2 and only by 9.4% — in
Group 3 respectively after 3 months treatment. 12 months after the start
of treatment the mean GGT activity had decreased by 26.4% in Group
1, by 28.5% — in Group 2 respectively in contrast to 13.6% in Group 3.
The mean ALP activity decreased after treatment in all treatment groups
with significant changes both after 3 month treatments and after 12
months. In Group 1 the total protein rate significantly increased after 3
months treatment without significant changes in Groups 2 and 3, sho-
wing the improvement in protein-synthetic liver function after additio-
nal prescription of EPL and omega-3 PUFA.

We did not find significant pigment metabolism violation in
NAFLD patients with DM-2 confirmed by normal total, direct and indi-
rect bilirubin levels in NAFLD patients compared to the control group.
Nevertheless, the bilirubin rate was significantly higher in all groups of
NAFLD patients with DM-2 versus the control group but remained
within reference ranges. The mean creatinine value in NAFLD patients
with DM-2 before treatment also was not significantly different in com-
parison to the control group. This index slightly increased after treat-
ment especially in Group 2 and less in Group 3 but did not exceed the
upper limit of normal value.

In NAFLD patients with DM-2 we revealed a tendency to purine
metabolism violation but the uric acid level difference was not signifi-
cant. The level of uric acid was slightly reduced in Group 1 after treatment
compared to the initial level without significant difference, probably
indicating an indirect impact of hepatoprotector medicines EPL and
omega-3 PUFA on the purine metabolism of NAFLD patients.

Discussion

The results of our clinical trial showed the presence of significant
biochemical screen changes in NAFLD and DM-2 patients with carbo-
hydrate metabolism violation confirmed by significantly higher rates of
fasting blood glucose (11.1 + 1.78 mmol/l) and HbA1C (7.87 £ 0.52%)
versus the control group (4.08 + 0.59 mmol/l and 5.13 + 0.44% respect-
tively, P < 0.05) associated with insulin resistance of the peripheral tissues
demonstrated by significantly higher rate of IR-HOMA (9.34 +3.42 in
the examined patients versus 2.33 + 0.23 in the control group, P < 0.05).

Comorbidity is characteristic for NAFLD with frequent other chro-
nic concomitant diseases. According to Patel et al. (2017), the most com-
mon comorbidities are MS (94%), “‘depression” diagnosed by patients
(44%)), coronary heart disease (32%), obstructive sleep apnea (32%),
and 59% cases of NAFLD with DM-2 are characterized by polyphar-
macy (Patel et al., 2017). Jonathan et al. (2016) revealed that NAFLD
and DM-2 association leads to a higher rate of treatment resistant DM-2
and diabetic microangiopathy development. At the same time, NAFLD
progression rate from steatohepatosis to NASH and liver cirrhosis is
much higher in cases of concomitant DM-2.

We revealed dyslipidemia which is characterized by significantly
higher rates of total cholesterol, triglicerydes and AIP with significantly
lower LDL cholesterol level in NAFLD and DM-2 patients. These results
accord with other clinical trials results (Nseir & Mahamid, 2013) and
meet the current recommendations in NAFLD diagnosis and treatment
data (EASL-EASD-EASO, 2016).

In NAFLD patients with DM-2, the liver function tests are charac-
terized by the presence of cytolysis and cholestasis laboratory syndro-
mes with preserved protein- and pigment-synthetic functions. The mean
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ALT activity rate before treatment (37.9 + 10.5 TU/l) was 3 fold higher
than in the control group (12.6 + 3.1 U/, P < 0.05) and the mean AST
activity rate (33.8 £ 12.0 TU/l) was respectively 4.06 times higher than
in the control group, showing cytolysis and necrotic inflammation chan-
ges of liver parenchyma. The mean GGT activity rate in NAFLD
patients with DM-2 (39.3 + 12.6 [U/l) was also significantly higher and
exceeded the control group GGT rate by 3.84 times (102 +3.6 IU/L, P <
0.05) and the mean ALP activity rate was 2.03 fold higher in the exami-
ned patients versus the control group (94.8 + 14.1 U/l and 46.6 + 7.1 TU/N
respectively, P < 0.05) confirming the cholestasis syndrome. We did not
find significant changes in total protein, bilirubin and its fractions and
creatinine in NAFLD and DM-2 patients in comparison with the control
group. That is why, according to our results, we cannot state that the
protein-synthetic function and pigments metabolism were violated in
the examined NAFLD and DM-2 patients, and kidney function impair-
ment was also not confirmed. The mean uric acid value (3362 +
54.0 mmol/l) was higher than in the control group (280.2 + 22.3 mmol/l)
but this difference was not significant (P > 0.05). The revealed tendency
to rise in uric acid level demonstrates coexistent purine metabolism im-
pairment in NAFLD and DM-2 patients. Our results are in accordance
with similar studies of metabolic changes in NAFLD patients with
concomitant DM-2 (Maximos et al., 2015; Buzzetti et al., 2016; Magee
etal., 2016; Hansen et al., 2017; Martin-Rodriguez et al., 2017). Lou et al.
(2015) revealed that the IR-HOMA rate is significantly higher in NAFLD
patients with DM-2 as well as ALT, AST, GGT, total cholesterol, LDL,
triglycerides than in NAFLD patients without DM-2 or in DM-2 patients
without NAFLD. The same study demonstrated negative correlation of se-
rum omega-3 PUFA with IR-HOMA, triglycerides, LDL and total chole-
sterol. Most pathogenic hepatocyte damage mechanisms in NAFLD are
based on damage to membrane structures (Magee et al., 2016; Hansen
etal., 2017). That is why the use of medicines which can regenerate the
structure and functions of cell membranes and inhibit the destruction of
hepatocytes is advisable. The search of new pharmacotherapy aids is
conducted in different directions: looking for hepatoprotector agents that
stimulate regeneration processes and the most active detection of
hepatoprotectors (Pivtorak, 2017).

Our study demonstrated the good effect of EPL and omega-3 PUFA
in addition to the standard treatment for cytolysis and cholestasis inhibi-
tion and liver protein-synthetic function improvement. We revealed a
tendency to reduction in ALT and AST rates in Group 1 who received
EPL and omega-3 PUFA, but those changes were not significant. At the
same time, in Group 2 (additional ALA prescription) the ALT and AST
rates significantly (P < 0.05) had decreased 12 months after the start of
treatment showing long duration and stability of the anticytolitic effect
of this treatment combination. Similarly, in Group 3 (rosuvastatin pre-
scription) the ALT and AST activity rates significantly decreased after
treatment, which gives a reason to affirm its positive influence on liver
function and partly deny hepatotoxic effect. The long-term stable anti-
cholestatic effect was revealed in Groups 1 and 2 confirmed by signifi-
cant reduction in GGT and ALP rates 2 months the start of treatment.
In Group 1, both GGT and ALP rates had significantly decreased after 3
months treatment with preserved effect after 12 months, demonstrating
the most prominent and stable hepatoprotector effect of EPL with ome-
ga-3 PUFA use among the prescribed combinations and in Group 2 only
the ALP level had decreased significantly after 3 months treatment with
additional ALA prescription, while GGT demonstrated just a tendency
to reduction with significantly lower both ALP and GGT rates after
12 months compared to the initial rates before treatment. In Group 3
(rosuvastatin prescription) only ALP reduction was detected and the
GQT rate was not significantly changed.

Our results are consistent with those of other similar investigations
of the clinical effect of EPL and omega-3 PUFA (Li et al., 2000; Ohba-
yashi, 2004; Poongothai et al., 2005; Sas et al., 2013; Lou et al., 2014;
Gundermann et al., 2016; Stepanov, 2016; Martinez-Rodriguez et al.,
2017). The Kokran review (Lombardi et al., 2017), which includes 77
clinical trials with 6,287 NFLD patients examined, showed ambiguous
data regarding efficacy of different pharmacological treatments inclu-
ding EPL, omega-3 PUFA and ALA use. The beneficial pathogenic
effects of EPL are well-known. The complex EPL-based medicines
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contain multiple phospholipids in combination with vitamins and lead
to appropriate biochemical reactions that meet urgent hepatocytes
demands (Pivtorak, 2017). Many scientists state a positive effect of EPL
represented by resolution of clinical symptoms and improvement in
laboratory test results (decreasing of ALT, AST activity rates),
ultrasound signs of liver fibrosis reduction (Wu, 2009; Padma, 2013).
Gundermann (2016) published a review of 45 clinical trials where EPL
were used in NAFLD patients, 2 of them were double-blind. The daily
dose of EPL varied from 1.05 to 1.8 g and treatment course duration
was from 4 weeks to 2 years. In the majority of these trials EPL were
prescribed in the daily dose of 1.8 g for 3-6 months. In several studies
the therapy started from 500-1000mg of EPL for 10 days — 4 weeks
with further oral prescription. In one trial 500 mg of EPL were
prescribed for 30 days. In an open randomized trial by Dajani et al.
(2015) with 324 patients (113 were NAFLD patients, 107 — NAFLD
with DM-2 and 104 — NAFLD with combined dyslipidemia patients
respectively) the diet and physical exertion were combined with
1,800 mg of EPL daily for 24 weeks with the dose reduction to 900 mg
per day for the following 48 weeks. The results demonstrated good
general and gastrointestinal symptoms improvement in NAFLD
patients with significant reduction in ALT and AST activity rates, which
were high before treatment. The ultrasound showed normalization in
4.6% and shift from the 2™ to 1" NAFLD stage in 24% of patients.

Despite there being reasonable mechanisms of potential EPL influ-
ence on the main NAFLD pathogenic links, the results of some clinical
trials have not confirmed their efficacy (Sanyal et al., 2014).

We obtained interesting results of the impact of treatment on lipid
metabolism. In Group 3 which received rosuvastatin, the total choleste-
rol rate decreased by the highest degree as was expected but the lowest
mean triglycerides level 12 months after the start of treatment was
revealed in Group 1, not Group 3. In the same Group 1 there was a
maximal (among the 3 treatment groups) HLD level rise demonstrating
good effect of EPL and omega-3 PUFA on lipid metabolism improve-
ment. In Group 1, the total cholesterol level reduction was comparable
to that of Group 3; at the same time in Group 1, we observed reduction
in the triglycerides level with increase in the HLD level, which demon-
strates an anti-atherogenic effect. The hypotriglyceridemic effect of EPL
and omega-3 PUFA combination in Group 1 is particularly important
since triglycerides cause liver steatosis accumulating in heaptocytes in
cases of NAFLD.

According to EASL-EASD-EASO (2016) recommendations, ome-
ga-3 PUFA can be considered as the first line treatment of triglycerid-
emia in NAFLD patients but cannot be recommended for the specific
NAFLD therapy yet (class 1 recommendations, evidency level B).
The first trial of siliphos-selenium-methionine-alpha lipoic acid effect in
NAFLD patients (Martinez-Rodriguez et al., 2014) showed that combi-
ned use of selenium 15 mg, methionine 3 mg and ALA 200 mg for
24 weeks additionally to metformin 1500 mg led to the steatosis reduc-
tion by 70% according to ultrasound results versus 15% in patients who
received only metformin 1500 mg daily. This combined therapy pro-
moted better antioxidant protection, liver transaminases activity reduc-
tion, steatosis progression prevention and anti-inflammatory profile
improvement in NAFLD patients.

Kajikawa et al. (2011) in a prospective double-blind placebo cont-
rolled trial in 37 North American clinical centers investigated the efficacy
of ethyl-eicosapentaenic acid in different dosing, which is an omega-3
PUFA well known for its insulin resistance, lipogenesis and inflammation
reduction leading to NAFLD activity inhibition. This trial demonstrated
the good effect of omega-3 PUFA for NAFLD clinical course improve-
ment, hepatocytes triglycerides level correction and ALT activity reduc-
tion. The liver oxidative stress indicators (free fatty acids, TNF-factor,
serum ferritin and thioredoxin) rates were significantly reduced but the
body mass, blood glucose, insulin and adiponectin levels were not chan-
ged significantly.

Di Minno et al. (2012) described 7 clinical trials of omega-3 PUFA
efficacy in NAFLD patients; the largest study involved 177 NAFLD
patients who received omega-3 PUFA for 6 months and showed its ad-
visability in complex NAFLD treatment. In contrast to the abovemen-
tioned study, Sanyal et al. (2014) demonstrate an absence of significant
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liver histology changes after omega-3 PUFA therapy. In a randomized,
placebo-controlled open prospective clinical trial Basu et al. (2014)
investigated efficacy of antioxidants in overweight and obesity patients
(body mass index (BMI) 28-33 kg/m®) with ultrasound liver steatosis
signs. The patients walked 150 min per week (at least 100 steps per
minute) and consumed less than 1600 calories daily. Comparison of
3 treatment groups (additional 30 mg of ALA prescription — 40 patients,
Vitamin E 700 Units — 40 patients and ALA 300mg + Vitamin E 400
Units — 40 patients) to the placebo group (35 patients) after 6 months sho-
wed significant improvement of cytokine profile, steatosis, IR-HOMA,
triglycerides level in all 3 treatment groups. This study demonstrated
that ALA monotherapy led to reduction of IR-HOMA by 54.3%, trigly-
cerides rate — by 34.4%, leptin level — by 44.8%, Hb1AC — by 13.6%,
ALT activity — by 20.8%, fibrosis degree — by 5.9% and adiponectin
concentration increased from 0.9 to 2.0 mcg/ml (by 122.2%).

Another randomized, double-blind, placebo-controlled trial (de Oli-
veira et al., 2011) showed similar results. The same medicines were
used but the dosing and treatment duration were different: ALA 600 mg
or alpha-tocopherol 800 mg or ALA 600 mg -+ alpha tocopherol 800 mg
for 4 months but the significant lipid and biochemical profile changes
were revealed only after combined ALA + Vitamin E therapy in contrast
to the ALA monotherapy which led to non-significant changes probably
related to insufficient treatment duration. The only significant difference
after treatment vs before treatment obtained in all treatment groups was
improvement in the pro / antioxidant system indices showing the good
antioxidant effect of the prescribed agents.

Several clinical trials revealed the good lipid reduction effect of
statins in NAFLD patients: Argo et al. (2008) showed the efficacy of
atorvastatin and Riche et al. (2014) — of statins and pioglitazone respect-
tively. At the same time, there are different even controversial opinions
regarding the use of statins in NAFLD patients. In particular, statins are
not recommended in NASH patients due to possible toxic effects (Nseir
& Mahamid, 2013). At the same time, Neto-Ferreira’s (2013) study
showed glucose tolerance improvement and insulin resistance reduction
in mice after rosuvastatin use and Riche et al. (2014) showed improve-
ment in biochemical and ultrasound NAFLD markers. We have not
found toxic effects of rosuvastatin in any our patients, even the opposite —
mean ALT, AST and GGT activity in patients who received rosuva-
statin (Group 3) decreased after treatment versus before treatment. This
result allows us to state an absence of hepatotoxic rosuvastatin effect in
cases of prescription in daily dose of 10 mg. The hypolipidemic effect
of EPL and omega-3 PUFA combination or ALA in Groups 1 and 2
shows the advisability of using these agents in treating NAFLD patients
with DM-2 as an alternative dyslipidemia correction method in cases of
low efficacy of rosuvastatin 10 mg daily and the necessity to increase
the dose of rosuvastatin. The remote consequences after combined treat-
ment used in our study can be explained by modified life style habit
development in our patients during the 3 month treatment course that
persists after the end of the 3 month pharmacotherapy course.

Conclusions

Along with life style modification and diet correction in patients with
non-alcoholic fatty liver disease with type 2 diabetes mellitus, pharma-
cotherapy with essential phospholipids with omega-3 polyunsaturated
fatty acids or alpha lipoic acid additionally to metformin is advisable.
The abovementioned treatment combinations led to biochemical screen
correction in such patients due to both cytolysis and cholestasis as well as
improvement in dyslipidemia laboratory indices with reduction in hepa-
tocytes triglycerides deposits. The combined treatment with additional
prescription of essential phospholipids with omega-3 polyunsaturated
fatty acids or alpha lipoic acid might become a good alternative to rosu-
vastatin due to their good hypolipidemic, hypotriglyceridemic and hepa-
toprotector effects.

Since the laboratory parameters we investigated characterize rather
the conditions in which non-alcoholic fatty liver disease (carbohydrate
and lipid metabolism impairment, type 2 diabetes mellitus with over-
weight or obesity) occurs than non-alcoholic fatty liver disease itself and
manifestations of cytolysis and cholestasic laboratory syndromes are
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non-specific, our results can be interpreted only as the “tip of the ice-
berg” of non-alcoholic fatty liver disease. That’s why investigation of
essential phospholipids with omega-3 polyunsaturated fatty acids or alpha
lipoic acid influence on the interleukin system, leptin, adyponectin and
other indices that characterize molecular aspects and genetic features of
non-alcoholic fatty liver disease is promising in order to determine a
personalised approach for each patient and directly impact on the treat-
ment effect. Such study will give an opportunity to avoid a “superficial”
approach and give a pathogenic clarification of some of the laboratory
changes revealed in this study.
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