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Abstract
Objective Non-alcoholic fatty liver disease (NAFLD)
is the most common cause of abnormal results of
liver function tests. Earlier research showed that
polyenylphosphatidylcholine (PPC) has hepatoprotective
effects and thus can be used for the treatment of NAFLD
and the prevention of its progression. Accordingly, the
aim of this observational study was to evaluate if PPC
administered as adjunctive therapy in routine clinical
practice can effectively improve liver function tests of
NAFLD in Russian patients with associated metabolic
comorbidities.
Design A total of 2843 adult patients with newly
diagnosed NAFLD, who had a least one of four
comorbidities, namely, overweight/obesity, hypertension,
type 2 diabetes mellitus, and hypercholesterolaemia, and
who were prescribed 1.8 g/day of PPC as an adjunctive
treatment to standard care, were enrolled during
2015–2016. Laboratory data were collected at baseline
and 12 and 24 weeks of the study, and included liver
function tests (aspartate aminotransferase (AST), alanine
aminotransferase (ALT), gamma-glutamyl transferase
(GGT)), fasting plasma glucose, and lipid profile.
Results Overall, 2263 patients (79.6%) had at least two
metabolic comorbidities associated with NAFLD, and
overweight/obesity was the most common comorbidity
reported in 2298 (80.8%) patients. At 24 weeks, there
was a significant decrease in liver enzyme levels (all
p<0.001 compared with baseline). Across the four
comorbidity subgroups, there was a mean drop of ALT
levels ranging from 19.7 to 22.0 U/L, AST from 16.9 to
18.4 U/L, and GGT from 17.2 to 18.7 U/L. Similar findings
were reported in subgroups with either one, two, three,
or four comorbidities, with a significant decrease in liver
enzyme levels ranging from 18.4 to 22.4 U/L for ALT, 14.8
to 18.7 U/L for AST, and 15.5 to 19.5 U/L for GGT.
Conclusions Adjuvant treatment with PPC resulted in
consistent improvements in liver enzymes in patients
with newly diagnosed NAFLD and associated metabolic
comorbidities.
Trial registration number NCT00063622.
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Summary box
What is already known about this subject?
►► Non-alcoholic fatty liver disease (NAFLD) is current-

ly the most common cause of abnormal results of
liver function tests.
►► Aspartate aminotransferase (AST), alanine aminotransferase (ALT), and gamma-glutamyl transferase
(GGT), which are markers of liver injury, are still considered as useful surrogate measures of NAFLD for
clinical practitioners; recently, however, their diagnostic value has been challenged.
►► Previous research has indicated that polyenylphosphatidylcholine (PPC) might have a positive influence on liver enzyme levels, as well as on serum
lipid profile.

What are the new findings?
►► PPC administered as adjunctive therapy in pa-

tients with NAFLD with metabolic comorbidities
consistently lowered AST, ALT and GGT levels, irrespective of the nature and number of associated
comorbidities.
►► Although a low rate of achieving total cholesterol
levels below 5.0 mmol/L was noted at the end of the
study in the overall patient population, significant
improvements in lipid parameters were observed
in both patients receiving PPC only and in those
receiving PPC in addition to statins and/or fibrates.

Introduction
Non-
alcoholic fatty liver disease (NAFLD)
is an increasingly common chronic liver
disease characterised by significant lipid
deposition in the hepatocytes of the liver
parenchyma and persistent abnormalities in
liver enzymes.1 The spectrum of NAFLD is a
continuum ranging from simple steatosis to
non-
alcoholic steatohepatitis (NASH), and
1
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Summary box
How might it impact on clinical practice in the foreseeable
future?
►► PPC has a promising role in the management of both NAFLD and its

extrahepatic manifestations, including abnormal liver enzyme and
lipid levels.
►► Liver enzymes can be useful markers for monitoring the progression of NAFLD over time. There is a need for further investigation
on the association of liver enzymes with NAFLD, which might help
improve the diagnosis, management and risk prediction of NAFLD
progression and provide a more accurate indicator for chronic metabolic liver injury.
►► Individualised intervention strategies should be adopted in Russia
to improve the management of patients with NAFLD with associated
dyslipidaemia.

finally cirrhosis.2 3 NAFLD is recognised as the hepatic
manifestation of the metabolic syndrome, which includes
obesity, dyslipidaemia, hypertension and type 2 diabetes
mellitus (T2DM).3–5 Obesity, in particular, is often associated with NAFLD, as the degree of steatosis was found to
be correlated with body mass index (BMI).6 7
The World Gastroenterology Organisation recommends a hierarchical resource-sensitive approach to the
diagnosis of NAFLD.8 Even though liver biopsy remains
the gold standard, it is impractical as a diagnostic tool
because it is invasive and expensive.9 Thus, non-invasive
and more affordable tools, based on a biological
approach (such as serum biomarkers and liver enzymes),
have been proposed for the diagnosis and staging of
NAFLD.8 9 Indeed, aspartate aminotransferase (AST),
alanine aminotransferase (ALT), and gamma-
glutamyl
transferase (GGT) have been shown to be useful surrogate measures of NAFLD.8 10
As a result of increasing rates of obesity worldwide,
NAFLD is currently the most common cause of abnormal
results of liver function tests.11–13 The usual observed
biochemical pattern in hepatic steatosis due to NAFLD
is of increased levels of transaminases, with ALT levels
exceeding those of AST.14 However, with the progression of hepatic steatosis to NASH and associated hepatic
fibrosis, AST levels increase with a resultant rise in the
AST to ALT ratio.14–16 GGT levels may also be modestly
increased.14 At the same time, however, it has been
shown that liver enzyme levels do not correlate with the
histological severity of NAFLD.17 Of note, up to 80% of
patients with NAFLD have no liver enzyme abnormalities, implying that normal transaminase levels do not
exclude steatosis.18 19 Nevertheless, ALT, AST, the AST/
ALT ratio and GGT are included in different multibiomarker panels aimed to optimise the diagnostic accuracy
of NAFLD.20 The AST to ALT ratio, in particular, can
provide important diagnostic clues. The normal AST to
ALT ratio is approximately 0.8, and it is usually <1.0 in
NAFLD, although it may be >1.0 with the development
of cirrhosis.21 22
2

There is a wide variety of pharmaceutical agents currently
in use or in clinical development for NAFLD and NASH.
However, there are insufficient data supporting their beneficial effects on liver enzyme levels. For example, ursodeoxycholic acid, metformin, and vitamin E failed to have a
significant influence on liver histology and on liver function tests in several large placebo-controlled trials.23–25 In
contrast, pioglitazone led to significant improvements in
hepatic steatosis, inflammation, insulin resistance, and liver
enzyme levels in the phase III, placebo-controlled Pioglitazone Versus Vitamin E Versus Placebo for the Treatment
of Non-diabetic Patients with Non-alcoholic Steatohepatitis
(PIVENS) trial.26 However, pioglitazone use is associated
with several safety concerns, including postmenopausal
bone loss and increased risk of bladder cancer.27 Similarly,
although vitamin E was found to be superior to placebo
in the PIVENS trial,26 studies have shown that vitamin E
supplementation significantly increases the risk of haemorrhagic stroke and prostate cancer.28 29 Among emerging
pharmacological options, both obeticholic acid and selonsertib failed to achieve the primary endpoint of NASH
resolution and of fibrosis improvement in the phase III
Randomized Global Phase 3 Study to Evaluate the Impact
on NASH With Fibrosis of Obeticholic Acid Treatment
(REGENERATE) and Safety and Efficacy of Selonsertib in
Adults With Compensated Cirrhosis Due to Nonalcoholic
Steatohepatitis (STELLAR)-4 trials, respectively.30 31 Hence,
despite considerable research and multiple clinical trials,
the management of NAFLD and of NASH is not satisfactory at the present time.32 Thus, any therapeutic intervention, which can target fat accumulation in the liver and
improve liver enzyme levels, would be of great value.33 34
Essential phospholipids (EPLs) are highly purified phosphatidylcholine fractions extracted from the semen of
soybeans, containing linoleic acid and other unsaturated
fatty acids.33–35 Polyenylphosphatidylcholine (PPC) is the
main active ingredient in EPL.35 Earlier research on animal
studies showed that PPC has protective effects against lipid
peroxidation, oxidative stress and hepatic fibrosis, and thus
can be used for the treatment of NAFLD and the prevention of its further progression.36–38
In Russia, the estimated prevalence of NAFLD in the
adult population is 37%.39 Considering that EPL was indicated as antioxidant therapy for NAFLD in the Russian
Guidelines for the Diagnosis and Management of NAFLD40
and having several clinical trials in which PPC had a positive influence on liver enzyme levels,5 41 42 the purpose
of this real-life observational study was to evaluate if PPC
administered as adjunctive therapy can effectively improve
liver function tests of newly diagnosed NAFLD in Russian
patients with associated metabolic comorbidities.
Methods
Patients
A detailed description of the study methodology has
already been published elsewhere.43 Briefly, patients aged
18–60 years, with newly diagnosed NAFLD and who had
already been receiving PPC (Essentiale Forte N, which
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contains 300 mg of EPL) prescribed by a physician as an
adjunctive treatment to standard care (within 30 days
before enrolment), were prospectively and consecutively
enrolled at 174 medical sites between 2015 and 2016, and
were afterwards prospectively observed. NAFLD diagnosis
was based on clinical examination, laboratory tests, and
ultrasonography. In addition, eligible patients had at least
one of the following concomitant diseases: (1) hypertension diagnosed by a cardiologist, (2) T2DM diagnosed by
an endocrinologist, (3) high-serum cholesterol (defined
as a total cholesterol (TC) level of ≥5.0 mmol/L), and/
or (4) overweight/obesity (BMI≥27 kg/m2). Major exclusion criteria were the presence of other severe acute or
chronic conditions (including other liver diseases and
cancers)and treatment with other hepatoprotective
drugs within 30 days prior to study enrolment. All study
participants gave signed informed consent prior to study
inclusion.
Data collection
Individual patient data were collected at three timepoints: baseline and 12 and 24 weeks. All patients had
a complete history and physical examination performed
at baseline. The history of prescription drug use and the
prescribed dosage and duration of PPC therapy were
assessed by the examining physicians.
Laboratory data collected from all patients at each
study visit included liver function tests (AST, ALT, GGT,
total bilirubin, alkaline phosphatase (ALP), albumin,
prothrombin time, gamma-globulin, and serum iron);
fasting plasma glucose (FPG); and lipid profile (TC, low-
density lipoprotein (LDL) cholesterol, very-low-density
lipoprotein (VLDL) cholesterol, high-
density lipoprotein (HDL) cholesterol, and triglyceride (TG)). Furthermore, at baseline, additional test results, including
hepatitis B serology, hepatitis C antibodies, serum creatinine, ferritin, blood urea nitrogen, immunoreactive
insulin, and urine microalbumin, were analysed. In the
study analysis, prothrombin time results were reported as
percentage activity (also known as prothrombin activity).
The reference intervals of liver function tests used in
this study were based on patient data from different laboratories across Russia, and included ALT, up to 41 U/L
for men and 33 U/L for women; AST, up to 50 U/L for
men and 35 U/L for women; GGT, up to 49 U/L for men
and 32 U/L for women; ALP, 40–150 U/L; total bilirubin,
3–17 µmol/L; and albumin, 35–50 g/L.
Study endpoints
This study aimed to evaluate the effectiveness of PPC
adjunctive therapy in improving liver function tests in the
overall study population throughout the 24-week study
period, and also according to the nature and number of
metabolic comorbidities associated with NAFLD.
Since previous randomised controlled trials have
reported that EPL intake was associated with an improved
lipid profile,44 45 a post hoc analysis was performed to evaluate changes in lipid profile (ie, TC, LDL cholesterol,
Maev IV, et al. BMJ Open Gastro 2020;7:e000368. doi:10.1136/bmjgast-2019-000368

HDL cholesterol, VLDL cholesterol, and TG) from baseline to both weeks 12 and 24 of the study in two subgroups:
patients receiving PPC only, and those receiving PPC in
addition to lipid-lowering agents (mainly the most used
in routine clinical practice in Russia, ie, statins and/or
fibrates).
Statistical analysis
The population set used for statistical analysis comprised
all eligible enrolled patients who provided adequate laboratory data. Continuous variables were represented as
mean, SD, median, and IQR. Categorical variables were
reported as numbers and percentages. At weeks 12 and
24 of the study, mean±SD changes in laboratory parameters from baseline were calculated.
To compare the means of normally distributed varitest was performed. Non-
parametric
ables, Student’s t-
tests, such as the Wilcoxon-Mann-Whitney test, were used
to compare continuous non-
normally distributed variables. The χ2 test and Fisher's exact test were used for
comparison of frequency data. As multiple comparisons
were performed in the post hoc analysis, p values were
adjusted using the Benjamini-Hochberg procedure.46
All statistical tests were two-sided and were performed
at a 0.05 significance level. Statistical analyses were
conducted using SAS V.9.3.
Results
Patient characteristics
A total of 2843 patients with newly diagnosed NAFLD were
included, of which 2827 (99.4%) completed the study.
Demographic and baseline characteristics of the study
population are summarised in table 1. The mean±SD age
of the female study participants was significantly higher
than that of their male counterparts (49.7±8.2 vs 47.2±9.0
years, p<0.001). The great majority (2434/2843, 85.6%)
of patients were non-
smokers, and only 201 (7.1%)
consumed alcohol at least once a week.
Overweight/obesity was the most common comorbid
condition in the study population (80.8%). The majority
of patients (2263/2843, 79.6%) had at least two metabolic comorbidities (table 1). At baseline, statins were
the most frequently prescribed medications in patients
with overweight/obesity (601/2298, 26.2%) and in those
with hypercholesterolaemia (698/2122, 32.9%). Among
hypertensive patients, ACE inhibitors were the most
commonly prescribed medications (588/1642, 35.8%).
Biguanides (specifically metformin) were prescribed to
241/477 (50.5%) patients with T2DM. Overall, 1092/2843
(38.4%) patients did not receive any comorbidity-related
medications.
Staging of NAFLD showed that simple steatosis was
the most frequently seen clinical form of NAFLD, diagnosed in 2128 patients (74.9%). NASH was detected in
712 patients (25.0%), and only three patients (0.1%)
suffered from fibrosis. Cirrhosis was not detected in any
of the patients.
3
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Table 1 Demographic and baseline characteristics of the study population (n=2843)
Baseline characteristic

Study population (n=2843)

Age (years), mean±SD (median, IQR)
Male/female, n (%)

48.7±8.6 (50.7, 43.6–55.6)
1076 (37.8)/1767 (62.2)

Weight (kg), mean±SD (median, IQR)

91.0±14.1 (90.0, 82.0–99.5)

2

BMI (kg/m ), mean±SD (median, IQR)

32.0±4.6 (31.8, 29.2–34.6)

Waist circumference (cm), mean±SD (median, IQR)

98.4±12.4 (98.0, 90.0–105.0)

Comorbid conditions
 According to the nature of the disease, n (%)*

 

  
Overweight/obesity

2298 (80.8)

  
Elevated cholesterol

2122 (74.6)

  
Hypertension

1642 (57.8)

  
T2DM

477 (16.8)

 According to the number of diseases, n (%)

 

  
1

580 (20.4)

  
2

1112 (39.1)

  
3
  
4

869 (30.6)
282 (9.9)

Percentages are calculated as n/N.
*Patients may have more than one comorbid condition.
BMI, body mass index; T2DM, type 2 diabetes mellitus.

Almost all study participants (2837/2843, 99.8%) were
prescribed by their physicians 1.8 g of PPC administered
in three divided doses per day.
Laboratory findings in the overall study population
The baseline biochemical parameters of the study population are presented in table 2. As expected, mean transaminases levels at baseline were above the upper limit
of normal. The mean serum levels of GGT and total
bilirubin at baseline were also moderately increased.
However, other liver function parameters, including
albumin, ALP, and prothrombin activity were within the
normal reference ranges defined in our study. Results of
the baseline lipid and glycaemic profiles revealed that
the study population had on average high TC and TG
levels, impaired FPG, and increased haemoglobin A1c
levels (table 2). Overall, 36.2%, 52.3%, and 39.8% of
patients had normal serum levels of ALT, AST, and GGT,
respectively, at baseline (table 3).
There was a consistent and significant reduction of
serum ALT, AST, and GGT levels throughout the 24-week
study period (figure 1). Compared with baseline, mean
ALT levels decreased by 20.0 U/L, mean AST by 16.5 U/L,
and mean GGT by 15.9 U/L at 24 weeks of the study.
These changes were already statistically significant at 12
weeks (all p<0.001 by paired t-test for both timepoints).
At the end of the study, ALT, AST, and GGT levels were
normal in 75.8%, 89.2%, and 62.5% of patients, respectively (all p<0.001 compared with baseline). Serum liver
enzyme levels were higher than twice the upper limit of
normal in up to 3.6% of patients (table 3).
4

Laboratory findings by nature and number of comorbidities
At baseline, high levels of liver enzymes, namely, ALT,
AST and GGT, were reported in all four comorbidity
subgroups: hypertension, overweight/obesity, T2DM,
and hypercholesterolaemia. Baseline liver enzyme levels
were similar across comorbidity subgroups, with the
highest mean ALT, AST, and GGT values recorded in
patients with NAFLD with T2DM (table 4). At 24 weeks of
the study, there was a significant decrease in liver enzyme
levels in all four comorbidity subgroups (all p<0.001
compared with baseline), with a mean drop of ALT levels
ranging from 19.7 to 22.0 U/L, of AST from 16.9 to
18.4 U/L, and of GGT from 17.2 to 18.7 U/L (table 4).
In the subgroups of patients with either one, two,
three, or four comorbidities, elevated baseline levels
of ALT, AST and GGT were also noted (table 4). Moreover, it appears that the increasing number of metabolic
comorbidities at baseline was associated with higher liver
enzyme levels (table 4). At 24 weeks of the study, there
was a significant decrease in liver enzyme levels (p<0.001
compared with baseline) in the subgroups with either
one, two, three, or four comorbidities, ranging from 18.4
to 22.4 U/L for ALT, from 14.8 to 18.7 U/L for AST, and
from 15.5 to 19.5 U/L for GGT.
Post hoc analysis results: changes in serum lipid profile
Of the 2843 enrolled patients, 2077 (73.1%) were not
undergoing any form of lipid-lowering therapy, and 766
(26.9%) reported the use of statins (in 764 patients)
or fenofibrate (in 2 patients). At baseline, patients
lowering therapy (compared with
treated with lipid-
Maev IV, et al. BMJ Open Gastro 2020;7:e000368. doi:10.1136/bmjgast-2019-000368
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Table 2 Baseline laboratory data
Laboratory tests

N

Mean±SD (normal range)

Carbohydrate metabolism
 Fasting plasma glucose (mmol/L)

2827

5.6±1.4 (<5.5)

 2-hour postprandial plasma glucose (mmol/L)

383

7.3±2.2 (<7.8)

 Haemoglobin A1c (%)

843

6.1±1.4 (4.0–5.6)

 Blood urea nitrogen (mmol/L)

1915

7.0±7.7 (2.5–7.1)

 Serum creatinine (µmol/L)

1095

78.9±23.3 (60–110)

 Total cholesterol (mmol/L)

2786

6.3±1.2 (3.5–5.0)

 High-density lipoprotein cholesterol (mmol/L)

1780

1.4±0.7 (0.9–1.5)

 Low-density lipoprotein cholesterol (mmol/L)

1795

3.7±1.1 (<3.4)

Lipid profile

 Very-low-density lipoprotein cholesterol (mmol/L)

499

 Serum triglyceride (mmol/L)

1.2±0.9 (0.1–1.7)

2080

2.1±0.9 (<1.7)

Liver function tests
 Alanine aminotransferase (U/L)

2843

50.2±33.2 (M<41, F<33)

 Aspartate aminotransferase (U/L)

2843

43.6±25.7 (M<50, F<35)

 Gamma-glutamyl transferase (U/L)

2076

 Alkaline phosphatase (U/L)

2076

 Total bilirubin (µmol/L)

2588

 Albumin (g/L)

51.7±37.6 (M<49, F<32)
137.4±80.7 (40–150)
17.5±9.0 (3–17)

990

 Prothrombin activity (%)

47.3±12.8 (35–50)

1001

87.9±25.9 (70–100)

 Gamma-globulin (g/L)

361

17.1±9.9 (7–16)

 Serum iron (µmol/L)

939

18.5±5.8 (10–30)

 Urine albumin (mg/L)

130

9.8±11.9 (<20)

N refers to the number of patients with adequate laboratory data.
F, female; M, male.

untreated patients) had higher levels of LDL cholesterol (4.0±1.1 vs 3.5±1.1 mmol/L, respectively), VLDL
cholesterol (1.2±0.8 vs 1.1±0.9 mmol/L), TC (6.9±1.1 vs
6.1±1.2 mmol/L), and TG (2.3±0.9 vs 2.0±0.9 mmol/L),

and almost the same level of HDL cholesterol (1.4±0.7 vs
1.4±0.6 mmol/L, respectively).
Compared with baseline, all lipid parameters were
significantly improved at 12 and 24 weeks of the study

Table 3 Proportion of patients with normal and abnormal liver enzyme levels at each study visit
Laboratory value

Baselinea

12 weeksb

24 weeksc

Alanine aminotransferase (U/L)

n=2843

n=2697

n=2764

 Normal (M<41, F<33)

1028 (36.2)

1427 (52.9)

2095 (75.8)

 Abnormal (1–2 times upper limit)

1286 (45.2)

1127 (41.8)

622 (22.5)

143 (5.3)

47 (1.7)

 >2 times upper limit

529 (18.6)

Aspartate aminotransferase (U/L)

n=2843

n=2696

n=2761

 Normal (M<50, F<35)

1487 (52.3)

1907 (70.7)

2464 (89.2)

 Abnormal (1–2 times upper limit)

1162 (40.9)

754 (28.0)

278 (10.1)

194 (6.8)

35 (1.3)

19 (0.7)

 >2 times upper limit
Gamma-glutamyl transferase (U/L)

n=1936

n=1964

 Normal (M<49, F<32)

n=2076
827 (39.8)

1017 (52.5)

1228 (62.5)

 Abnormal (1–2 times upper limit)

928 (44.7)

759 (39.2)

666 (33.9)

 >2 times upper limit

321 (15.5)

160 (8.3)

70 (3.6)

Data are expressed as n (%). Percentages are calculated as n/N.
P value (χ2 test with Benjamini-Hochberg correction for multiple comparisons): b vs a, p<0.001, c vs a, p<0.001, c vs b, p<0.001.
F, female; M, male.
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weeks of the study were comparable in both subgroups
(table 5).

Figure 1 Mean±SD liver function tests (U/L) at baseline and
weeks 12 and 24 in the overall study population. ALT, alanine
aminotransferase; AST, aspartate aminotransferase; GGT,
gamma-glutamyl transferase.

in both subgroups (all p<0.05). On post hoc comparison
of the mean differences in lipid profiles between the two
subgroups (figure 2), patients undergoing lipid-lowering
therapy had significantly greater improvements in all
lipid parameters at both 12 and 24 weeks (all p<0.05).
Among patients who underwent any form of lipid-
lowering therapy in addition to PPC, 96.6% had higher
than normal TC levels at baseline vs 62.7% at the end of
the study. Similarly, among those who did not undergo
lipid-lowering therapy, 79.6% and 59.7% had elevated
TC levels at baseline and at study end, respectively. The
proportions of patients with normal TC levels at 24

Discussion
This study showed that adjuvant treatment with EPL
resulted in consistent improvements in liver enzymes
compared with baseline in patients with newly diagnosed
NAFLD and metabolic comorbidities. Although the
beneficial effect of PPC adjunctive therapy might have
been enhanced by the use of concomitant oral antidiabetic, antihypertensive, and/or lipid-
lowering agents
for the treatment of the associated metabolic comorbidities, the improvement of liver function tests seems
to be genuinely induced by EPL regardless of the types
of concomitant medications prescribed. Patients in our
study had already been receiving medications for their
comorbidities at least 6 months prior to their enrolment,
yet at baseline, most of them presented with abnormal
liver enzyme levels. In addition, liver enzyme levels were
significantly reduced after PPC therapy in both patients
receiving comorbidity-related medications (n=1751) and
in those not receiving any comorbidity-related medications (n=1092).
In our study population, mildly raised transaminases
(with ALT>AST) and GGT were detected at baseline. This
is in line with previous studies describing the biochemical
alterations of NAFLD in patients with associated metabolic comorbidities.10 47 For instance, in a cross-sectional
study from Eastern India evaluating the profile of liver
enzymes in 310 patients with impaired glucose tolerance
and newly diagnosed untreated T2DM, subjects with
NAFLD had significantly higher ALT, AST, GGT and
AST/ALT ratio compared with subjects without NAFLD
(p≤0.02 by unpaired t-
test).10 However, no significant

Table 4 Changes in liver function tests at 24 weeks of the study, according to to the nature and number of comorbidities
ALT (U/L)

Baseline values
Change from baseline*

AST (U/L) Baseline values
Change from baseline*
GGT (U/L) Baseline values
Change from baseline*
ALT (U/L)

Hypertension

Overweight/obesity

T2DM

Elevated cholesterol

50.3±32.8
−19.7±26.5

52.3±34.7
−21.6±29.4

53.9±31.0
−22.0±22.7

51.4±33.4
−20.8±27.3

44.3±27.3

45.1±26.6

46.4±24.9

44.8±26.8

−16.9±21.8

−17.7±21.6

−18.4±19.9

−17.1±21.6

53.7±39.3

52.6±38.0

57.7±38.2

52.3±37.4

−17.6±31.6

−17.9±31.6

−18.7±31.2

−17.2±30.6

One comorbidity Two comorbidities

Three comorbidities Four comorbidities

Baseline values

44.5±30.9

49.7±33.0

52.8±34.2

56.3±33.5

Change from baseline*

−18.4±28.1

−20.4±28.2

−21.2±28.3

−22.4±23.9

AST (U/L) Baseline values

38.2±20.5

42.8±23.3

47.1±30.5

47.5±25.6

Change from baseline*

−14.8±18.2

−16.2±19.3

−18.7±24.3

−17.9±20.3

GGT (U/L) Baseline values
Change from baseline*

47.8±39.0
−15.7±33.5

48.8±33.6
−15.5±28.4

56.5±40.7
−19.5±32.4

57.2±39.7
−18.6±32.9

Data are expressed as mean±SD.
*There was a significant decrease in the mean values of the liver function tests (p<0.001 compared with baseline, paired t-test).
ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; T2DM, type 2 diabetes mellitus.
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Figure 2 Mean changes in serum lipid profile from baseline to 12 weeks (A) and 24 weeks (B) of the study in patients who
were NLPT (n=2077) and in patients who were LPT (n=766): post hoc analysis. All within-subgroup and between-subgroup
differences were statistically significant (p<0.05, by Wilcoxon-Mann-Whitney test with Benjamini-Hochberg correction for
multiple comparisons). HDL, high-density lipoprotein; LDL, low-density lipoprotein; LPT, undergoing lipid-lowering therapy;
NLPT, not undergoing lipid-lowering therapy; TG, triglyceride; VLDL, very-low-density lipoprotein.

difference in ALP levels was detected between patients
with NAFLD and subjects without NAFLD (p=0.09).10
Similarly, in our study, ALP levels were within the normal
reference range. Angulo and colleagues have reported
that an AST to ALT ratio of >1.0 significantly correlated
(p=0.03) with the presence of advanced liver fibrosis in
144 patients with well-defined NASH.15 Thus, the AST
to ALT ratio can be of help in detecting progression to
more advanced liver disease in patients with NAFLD who
initially present with no or trivial fibrosis.15 In our study,
most patients presented with an AST to ALT ratio of <1.0.
That is expected, since liver fibrosis was reported in only
3/2843 patients (0.1%).
Maev IV, et al. BMJ Open Gastro 2020;7:e000368. doi:10.1136/bmjgast-2019-000368

The pathogenesis of liver damage in NAFLD is not
thoroughly understood. Hepatic insulin resistance can
play an important role in liver dysfunction, and inflammatory cytokines, including tumour necrosis factor and
interleukin-6, have also been proposed in the pathogenesis of hepatocellular injury, leading to mild to moderate
increase of liver enzymes.47 48 Thus, ALT, AST and GGT
are markers of liver injury.10 In a prospective study of
5237 healthy Korean men, serum ALT concentrations
were found to be more closely associated with the development and progression of NAFLD than either AST or
GGT concentrations.49 This finding could be partially
explained by the higher specificity of ALT for liver
7
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Table 5 Proportion of patients with controlled (<5.0) and uncontrolled (≥5.0) levels of TC (mmol/L) throughout the study in
both subgroups: post hoc analysis
Lipid-lowering drug treatment (n=766)

Baseline

12 weeks

24 weeks

TC<5.0 mmol/L
TC≥5.0 mmol/L

23 (3.0)
740 (96.6)

86 (11.2)
660 (86.2)

279 (36.4)
480 (62.7)

Unavailable data

3 (0.4)

20 (2.6)

7 (0.9)

No lipid-lowering drug treatment (n=2077)

Baseline

12 weeks

24 weeks

TC<5.0 mmol/L

370 (17.8)

482 (23.2)

691 (33.3)

TC≥5.0 mmol/L
Unavailable data

1653 (79.6)
54 (2.6)

1387 (66.8)
208 (10.0)

1240 (59.7)
146 (7.0)

Data are expressed as n (%). Percentages are calculated as n/N.
TC, total cholesterol.

injury, as well as by the contribution of ALT as a glucogenic enzyme.49 50 It has also been suggested that ALT
might be a preclinical marker of NAFLD, since slightly
increased serum ALT levels might reflect subclinical (or
ultrasonography-undetectable) early fatty changes in the
liver (hepatic steatosis), which predate the overtly detectable NAFLD.49
Although the exact mechanism through which EPLs
exert their beneficial hepatoprotectant effect is still
unknown,51 EPL administration has been shown to
increase the percentage of PPC in the membranes of
hepatocytes, blood corpuscles and pancreatic tissue,
among other tissues.52 Due to the intriguing ability of
PPC to incorporate into damaged sections of hepatic
cell membranes,53 increasing the amount of PPC in
membranes results in increased membrane fluidity and
maintains membrane-
dependent functions.52 53 PPC
administration has also been found to ameliorate an
ethanol-induced decrease in phosphatidylethanolamine
N-methyltransferase activity and to correct phospholipid
and phosphatidylcholine depletions.54 This could be one
of the mechanisms through which PPC exerts its antifibrotic effect.53
The hepatoprotective effect of EPL has been widely
investigated in several animal studies.55–61 In alcohol-fed
baboons with fatty livers, long-
term administration of
PPC prevented the development of septal fibrosis.55 56
Moreover, PPC stimulated collagenase activity in cultured
hepatic stellate cells,56 an effect that may contribute to
the prevention of fibrosis by promoting the breakdown
of collagen in alcoholic as well as in non-alcoholic forms
of liver injury.56 57 In a 2009 study conducted in ethanol-fed peroxisome proliferator-activated receptor alpha-
null mice, PPC markedly ameliorated ethanol-induced
hepatocyte damage and hepatitis.58 These effects were
likely a consequence of decreased oxidative stress, as
shown by a significant improvement in serum AST and
ALT levels (p<0.01 for both enzymes) and the histology
of hepatitis (p<0.01), and by the downregulation of reactive oxygen species-generating enzymes.58 More recently,
Chen and colleagues61 demonstrated an improved liver
function in rats with liver injury treated orally with
8

phosphatidylcholine. These phosphatidylcholine-treated
rats also exhibited a significantly lower portal pressure
compared with untreated rats with liver injury. Additionally, liver histopathological changes were improved after
phosphatidylcholine therapy, as collagen fibres gradually decreased and damaged hepatic lobules were partly
repaired.61
In the present study, there was a mean drop of ALT
levels ranging from 19.7 to 22.0 U/L, of AST from 16.9 to
18.4 U/L, and of GGT from 17.2 to 18.7 U/L across the
four comorbidity subgroups. This is line with the findings
of previous clinical studies evaluating PPC in patients
with NAFLD with metabolic comorbidities.5 33 35 In one
study conducted in 28 patients with NAFLD with T2DM
who received 2.1 g/day of PPC as an adjuvant treatment,
a significant reduction in liver function tests was observed
after EPL treatment.33 ALT, AST and GGT levels, respectively, decreased by a mean of 17.4, 10.4 and 9.1 U/L after
6 months of treatment with PPC adjunctive therapy, and
this decrease was observed from the beginning of PPC
therapy (p<0.05 compared with baseline for all three
liver enzymes at months 2, 4, and 6 of treatment).33 Similarly, in a non-randomised, open-label trial by Padma and
colleagues in 293 patients with NAFLD treated with EPL
administered three times per day daily for 90 days, there
was a decrease in liver enzyme levels, which was significant at days 60 and 90 of the study (p<0.05 compared
with baseline for both timepoints).35 More recently,
Dajani et al conducted a prospective, multicentre, open-
label study evaluating EPL administered as an adjunctive treatment at 1.8 g/day for 24 weeks, followed by
0.9 g for 48 weeks in a cohort of 324 patients with either
lone NAFLD (n=113), NAFLD with T2DM (n=107),
or NAFLD with hyperlipidaemia (n=104).5 EPL led to
notable symptomatic improvement and a mean reduction of ALT of 50.8 U/L and AST of 46.1 U/L per patient
(p<0.01 compared with baseline for both liver enzymes);
liver transaminases levels were reduced after the first
6 months of EPL treatment in 80.5% of patients with lone
NAFLD, 84.1% of patients with NAFLD with T2DM, and
87.5% of patients with NAFLD with hyperlipidaemia.5 In
a double-blind trial also from Russia conducted in 215
Maev IV, et al. BMJ Open Gastro 2020;7:e000368. doi:10.1136/bmjgast-2019-000368
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diabetic patients with NASH who were randomly allocated to either metformin taken at 1000 mg per day or
metformin+1368 mg of PPC per day, a mean reduction of
ALT of 21.3 U/L (p=0.02), of AST of 12.5 U/L (p=0.04)
and of GGT of 10.7 U/L (p=0.03) was observed after
6 months of PPC therapy.42 Thus, the findings of these
studies, along with our study results, point at a marked
support to the liver function by EPL.
Dyslipidaemia is a well-
established risk factor for
NAFLD.62 In fact, patients with NAFLD usually have an
atherogenic dyslipidaemia characterised by high levels
of TG, LDL cholesterol and VLDL cholesterol, as well as
a higher concentration of remnant lipoprotein cholesterol coupled with low HDL cholesterol levels.63 64 In
this context, due to an increased cardiovascular risk, the
treatment of dyslipidaemia should be considered in the
management framework of NAFLD.65 However, a recent
retrospective study in 2566 patients with NAFLD found
that the use of statins and other lipid-lowering agents
did not have a positive effect on overall or cardiovascular
mortality in NAFLD.66 In our study, even though treatment
with PPC in addition to statins and/or fibrates resulted
in greater reductions in TG, TC, LDL and VLDL cholesterol levels and greater increases in HDL cholesterol
compared with PPC only, the goal of TC<5.0 mmol/L was
not achieved in one-third of patients on lipid-lowering
therapy at 24 weeks of the study. This might be related to
inadequate intensity and/or duration of statin therapy,
and/or patient compliance with prescribed treatment.
Nevertheless, this finding should be considered, as high
blood cholesterol and impaired cholesterol metabolism
may play a part in the development of cardiovascular
disease in NAFLD.66 It is also worth mentioning that
in the present study, PPC-treated patients who did not
undergo any form of lipid-lowering therapy had statistically significant improvements in lipid parameters
throughout the 24-week study period, although to a lesser
extent than patients treated with statins and/or fibrates.
Although the observational nature of our study does
not allow drawing conclusions on the efficacy of EPL in
improving lipid parameters, we think that the effect of
EPL supplementation on lipid profile is worthy of further
investigation, considering that EPLs were found in non-
clinical studies to have lipid-regulating effects.34 This was
also highlighted in several clinical studies. In 74 diabetic
patients with NAFLD treated with either metformin
alone or in combination with PPC for 3 months, Sun et
al reported a significant decline in TC and TG levels in
PPC-treated patients (p<0.01 compared with metformin
monotherapy).45 Similarly, in 185 diabetic patients
with fatty liver who received basic drug therapy with or
without PPC for 84 days, TG, TC and LDL cholesterol
levels significantly decreased in the PPC group, and HDL
cholesterol significantly increased (all p<0.05 compared
with control).44
Our study had certain limitations. First, this study, like
all observational studies, was susceptible to information
bias, and the lack of a comparator arm made it difficult
Maev IV, et al. BMJ Open Gastro 2020;7:e000368. doi:10.1136/bmjgast-2019-000368

to assign a causal relationship to any possible treatment
effect. Second, we used liver enzymes as a surrogate to
assess the effectiveness of PPC administered as adjunctive
therapy in patients with NAFLD. However, normal levels
of liver enzymes have been detected in subjects with the
entire histological spectrum of NAFLD.67 Sanyal et al have
suggested that novel cut-offs for liver enzymes are needed
in order to prevent unnecessary diagnostic work-
ups
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and to improve early detection of NAFLD. Third, liver
biopsy was rarely performed in the present study to
assess NAFLD. Although ultrasonography is a practical
method with reasonable sensitivity and specificity, it may
underestimate the actual rate of NAFLD, because ultrasonography changes appear at a hepatocyte fat content
of 15% to 30%.49 68 69 Finally, although one of the most
effective ways to reduce hepatic steatosis is weight loss,
its effect could not be evaluated in our study population because most patients remained in the same weight
range at the end of the study. Nevertheless, our study had
several strengths, including its prospective and multicentric design; the large number of participants, which
allowed us to identify the effect of PPC among stratified
subgroup analyses; and the relatively long study duration.
The inclusion of a large number of patients with comorbidities and from different cities reflects actual patient
populations in daily clinical practice in Russia.
In conclusion, the results of our study suggest that PPC
adjunctive therapy is effective in improving liver function
markers of NAFLD in patients with associated metabolic
comorbidities and that PPC might have a positive impact
on serum lipid profile. The present study also indicates
that liver transaminases can be useful markers for monitoring the progression of NAFLD over time. Importantly,
a low rate of achieving lipid level targets was noted among
patients treated with statins and/or fibrates, which might
reflect potential patient non-
compliance and inadequate dosing. Further data on the relation between liver
transaminases and NAFLD might help to improve the
diagnosis, management and risk prediction of NAFLD
progression and to provide a more accurate indicator for
chronic metabolic liver injury.
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