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Abstract
Background While no “gold-standard” pharmacotherapy for nonalcoholic fatty liver disease (NAFLD) is yet established, 
essential phospholipids (EPLs) are reported to decrease steatosis and improve laboratory parameters.
Objective This analysis evaluated adherence and satisfaction with EPL treatment as patient-reported outcomes and their 
relationship with changes in laboratory and ultrasound parameters among Russian patients with NAFLD.
Methods Data were pooled from three observational Russian studies—MANPOWER (2015–2016), LIDER 1 (2012–2013), 
and LIDER 2 (2013)—in which EPLs were used for at least 12 weeks in the treatment of liver diseases and which measured 
both subjective and objective endpoints. Only patients who had NAFLD were included in this analysis. The main endpoints 
were to determine treatment adherence and satisfaction with 12 weeks of EPL therapy, relationship between adherence/sat-
isfaction and changes in the laboratory and ultrasound parameters. A secondary subgroup analysis was performed to identify 
patients with NAFLD who responded better (or worse) to 24 weeks of adjunctive EPL treatment.
Results Overall, 3384 patients were included. A total of 82.2% of patients were adherent to 12 weeks of EPL treatment; 
high/very high satisfaction was reported by 15.3%/65.9% of clinicians and 15.9%/64.4% of patients. There was positive 
correlation between patients’ adherence and satisfaction and significant improvement in laboratory (transaminases, lipid 
profile; p < 0.001) and ultrasound (steatosis, p < 0.001) parameters, and improvement in symptoms (p < 0.001) after 24 
weeks of EPL. Male patients, patients with unhealthy lifestyles, and those with more comorbidities showed a better response 
in laboratory and ultrasound parameters.
Conclusions Patients with NAFLD treated with adjunctive EPL therapy in real-world clinical practice in Russia showed good 
treatment adherence and treatment satisfaction. Improvements in laboratory and ultrasound parameters, as well as dynamics 
of patient symptoms, were positively correlated with adherence and satisfaction.

Plain Language Summary
Nonalcoholic fatty liver disease (NAFLD) is a major cause of liver disease, and patients have a risk of liver cancer and need-
ing transplantation. Patients with advanced NAFLD are usually recommended to use medication. Clinical trials in patients 
with NAFLD showed that essential phospholipids (EPLs) comprising phosphatidylcholine improved liver fat accumulation 
(known as steatosis), so treatment guidelines in several countries recommend they be added to the usual therapy. EPLs have 
been associated with both objective and subjective improvements. This real-world study evaluated three observational stud-
ies to assess how patient adherence and satisfaction with EPL treatment were related to changes in clinical parameters in 
3384 Russian patients with NAFLD. Overall, 82.2% of patients were adherent with 12 weeks of EPL therapy, and almost 
two-thirds of patients (64.4%) and clinicians (65.9%) reported very high satisfaction with treatment. Patients’ adherence 
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and satisfaction increased alongside significant improvements in liver enzymes, lipid levels, liver fat content (steatosis), 
and fewer symptoms after 24 weeks of EPL therapy. Male patients, those with an unhealthy lifestyle, and those with other 
comorbid conditions had the best response to EPL therapy. This study shows that Russian patients with NAFLD have good 
adherence and satisfaction with EPL therapy in routine clinical practice and highlights the importance of adherence to EPL 
therapy in these patients.

Key Points 

In an analysis of > 3000 Russian patients with nonal-
coholic fatty liver disease (NAFLD), the majority were 
adherent and highly satisfied with adjunctive essential 
phospholipid (EPL) therapy.

Treatment adherence and satisfaction were correlated 
with significant improvements in transaminases, lipid 
parameters, and ultrasound dynamics after 24 weeks of 
EPL therapy.

The correlation between treatment adherence and posi-
tive outcomes highlights the importance of adherence to 
the prescribed regimen of EPL therapy in patients with 
NAFLD.

1 Introduction

Nonalcoholic fatty liver disease (NAFLD) refers to the pres-
ence of fat in the liver not caused by alcohol consumption or 
other known etiologies (e.g., viral, drug injury, Wilson’s dis-
ease, etc.) but associated with metabolic disorders [1]. It has 
an estimated global prevalence of ~ 25%, with the highest 
rates reported in Russia (37%), the Middle East (31.8%), and 
South America (30.5%) [2, 3]. NAFLD is the most prevalent 
liver disease worldwide and has been reported as a risk fac-
tor for hepatocellular carcinoma and liver transplantation 
[4]. The major risk factors for NAFLD include type 2 diabe-
tes mellitus, obesity, and hyperlipidemia; other risk factors 
include rapid weight loss, jejunoileal bypass, and certain 
medications [5].

The treatment of NAFLD generally involves lifestyle 
modifications, including change in diet and exercise for 
weight loss [6–8]. However, there is no widely recognized 
“gold standard” for the pharmacotherapeutic management 
of NAFLD [9]; pharmacotherapy using agents that target 
existing comorbidities, such as insulin sensitizers and lipid-
lowering agents, and agents targeting liver function, are gen-
erally used in the management of NAFLD and its comor-
bidities [8–10]. The European Association for the Study of 

the Liver, the European Association for the Study of Diabe-
tes, and the European Association for the Study of Obesity 
clinical practice guidelines for the management of NAFLD 
recommend pharmacotherapy only in high-risk patients to 
prevent disease progression [11]. Similarly, the American 
Association for the Study of Liver Diseases recommends 
the use of pharmacotherapy only in patients with fibrosis or 
nonalcoholic steatohepatitis (NASH) confirmed by biopsy 
[12]. No effective pharmacological treatment exists for 
NASH progression; for example, a recent phase III study of 
obeticholic acid failed to meet its primary endpoint related 
to NASH intensity [13]. Therefore, the current approach of 
not intervening with active treatment (other than lifestyle 
intervention) when patients have pure steatosis misses the 
opportunity to intervene at an early stage and stop or slow 
the progression of NAFLD to a more serious condition with 
no approved treatment.

Essential phospholipids (EPLs) are naturally occurring 
hepatoprotective agents that have been used in the manage-
ment of NAFLD. EPLs are obtained from soybeans, and 
their main component is phosphatidylcholine [14]. EPLs 
improved liver steatosis in patients with NAFLD in a num-
ber of randomized controlled clinical trials, including pla-
cebo-controlled studies [14–22]. The Russian guidelines for 
the diagnosis and management of NAFLD recommend EPLs 
as an adjunctive therapy for the management of NAFLD 
[23, 24].

Subjective self-assessed parameters are measured in 
observational studies, usually without objective endpoints. 
NAFLD is almost always asymptomatic, so it is interesting 
that subjective feelings are a reliable indicator of objective 
disease severity. EPLs have been associated with subjective 
improvements, treatment satisfaction, and high adherence 
[25, 26]; however, to date, no studies have analyzed whether 
subjective improvement, satisfaction with treatment, and 
adherence to treatment are associated with objective changes 
in liver structure or function.

The present analysis investigated the real-world treatment 
adherence and satisfaction with EPLs for the management 
of NAFLD in Russia. It also evaluated whether there is a 
relationship between changes in objective disease course and 
subjectively reported patient treatment satisfaction and iden-
tified patients who responded to adjunctive EPL treatment.
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2  Methods

2.1  Study Design and Population

To measure the association between subjective assessments 
(subjective improvement, satisfaction with treatment, and 
adherence to treatment) and objective measures of NAFLD 
severity/clinical course (changes in liver ultrasound and 
laboratory parameters), we pooled data from three observa-
tional longitudinal studies in which EPLs were used for at 
least 12 weeks in the treatment of liver diseases and which 
measured both subjective and objective endpoints. Only 
patients with NAFLD were included in this analysis.

This pooled analysis included data from three large 
observational studies on EPLs conducted in Russia: MAN-
POWER (2015–2016), LIDER 1 (2012–2013), and LIDER 
2 (2013). The MANPOWER study included 2843 patients 
with NAFLD from 21 cities, LIDER 1 included 2450 
patients with liver diseases from 98 medical centers, and 
LIDER 2 included 3590 patients with liver diseases from 
139 medical centers. In all three studies, patients received 
the standard recommended EPL treatment, i.e., two capsules 
of EPLs 300 mg (76% phosphatidylcholine) three times daily 
(total of six capsules per day).

MANPOWER was a 24-week prospective longitudinal 
drug registry study assessing the real-world management 
of patients with NAFLD with EPLs (phosphatidylcholine, 
 Essentiale® forte N) as an add-on therapy to standard care 
[27, 28], with visits at baseline and 12 and 24 weeks of 
treatment. LIDER 1 [26] and LIDER 2 (unpublished) were 
12-week studies determining the epidemiology (cross-
sectional parts of the studies—with one visit) and patient 
characteristics of real-world patients with liver pathologies 
who were treated with EPLs  (Essentiale® forte N) as an 
adjunctive treatment to standard care, with two study visits 
for the cohort included in the longitudinal parts of the stud-
ies (at baseline and at 12 weeks). Demographic and clinical 
data were collected at baseline along with information about 
smoking status, alcohol consumption, and dietary habits 
(average daily fat, protein, and carbohydrate consumption). 
NAFLD fibrosis severity was estimated using the BARD 
score (where body mass index >28 kg/m2 = 1 point, aspar-
tate aminotransferase [AST]/alanine aminotransferase [ALT] 
ratio > 0.8 = 2 points, diabetes mellitus = 1 point) [29]. 
Physicians obtained a blood sample from patients as clini-
cally indicated, including a standard lipid panel, and liver 
function tests, including ALT, AST, alkaline phosphatase 
(ALP), gamma-glutamyl transferase (GGT), and bilirubin. 
The study inclusion/exclusion criteria are summarized in 
Table S1 in the electronic supplementary material (ESM). 
Patients with fatty liver disease accounted for approximately 
60% of the LIDER study cohorts.

This analysis only included patients from the MAN-
POWER study with a confirmed diagnosis of fatty liver 
disease using abdominal ultrasound and patients from the 
LIDER 1 and LIDER 2 studies who were included in the 
second (longitudinal) phase of these studies, had a confirmed 
diagnosis of NAFLD, and did not have chronic viral hepatitis 
(based on laboratory analysis of hepatitis B and C markers, 
including hepatitis B surface antigen and surface antibody).

As this study was a secondary analysis of anonymized 
patient data from three previously conducted studies, 
informed patient consent and specific ethics approval were 
not required. All three studies were approved by the Inde-
pendent Interdisciplinary Ethics Committee on Ethical 
Review for Clinical Studies, which is the operating ethics 
committee in the Russian Federation (MANPOWER: Pro-
tocol #13 dated 28 August 2015; LIDER 1: protocol #18 
dated 23 November 2012; LIDER 2 protocol #08 dated 17 
May 2013).

2.2  Outcomes

The following endpoints were analyzed:

• patient adherence with the EPL regimen after 12 ± 1 
weeks of therapy

• the relationship between treatment adherence and 
changes in clinical/laboratory variables as well as the 
dynamics of patients’ complaints with 24 ± 1 weeks of 
EPL among patients with NAFLD

• patients’ and clinicians’ satisfaction with 12 ± 1 weeks 
of EPL treatment

• the relationship between patients’ and clinicians’ satisfac-
tion and changes in laboratory and ultrasound measures 
as well as changes in the number of individual symptoms 
the patient was experiencing as noted in clinical report 
forms (loss of appetite, discomfort and heaviness in the 
right upper part of abdomen, nausea, bloating, fatigue, 
itching, irritability, headache and muscle pain, increased 
tiredness) at 12 ± 1 and 24 ± 1 weeks of EPL treat-
ment. Change in symptom number was categorised as 
no change or an increase or decrease in symptoms from 
baseline to 12 or 24 weeks. No weighting was applied, 
i.e., all symptoms were considered to be equivalent.

An additional analysis was undertaken to identify sub-
groups of patients (e.g., smokers vs. nonsmokers) who 
responded better to 12 ± 1 weeks and 24 ± 1 weeks of 
EPL treatment, based on the absolute change in laboratory 
values and the proportion of patients with echogenicity on 
ultrasound. Patient subgroups were defined by sex, smok-
ing status, presence of obesity, presence of cardiometa-
bolic comorbidities (type 2 diabetes mellitus, hypertension, 
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hypercholesterolemia), alcohol intake, and dietary fat, pro-
tein, and carbohydrate intake.

Patients participating in LIDER 1 or 2 or MANPOWER 
were asked to record in a diary the number of capsules they 
took each day, and adherence to EPL was evaluated using 
the following parameters: patient-reported missed doses 
and number of days without intake, dose changes and treat-
ment withdrawal, long gap in drug intake (> 1 day), frequent 
omissions of drug intake (more than once in a week) [30]. 
Treatment nonadherence was defined as patient-reported 
long gaps in treatment, change in dose, frequent omissions 
of treatment, or premature treatment termination.

Patient and clinician EPL treatment satisfaction after 12 ± 
1 weeks or 24 ± 1 weeks of therapy was assessed in LIDER 
1 and 2 using a 10-point ordinal scale and recorded on clini-
cal report forms. Although none of the studies were blinded, 
the radiologists performing the ultrasounds were not study 
investigators and were therefore unaware of the patients’ 
treatment adherence status.

The time-point of assessments varied between studies, 
being 12 weeks in LIDER 1 and LIDER 2 (which also did 
not include biochemistry and ultrasound data), and 12 and 
24 weeks in MANPOWER.

Treatment satisfaction with EPLs was determined using 
pooled 12-week data from LIDER 1 and LIDER 2. Treat-
ment adherence with EPLs was determined using the pooled 
data from all three studies. Finally, data from the MAN-
POWER study were used to determine the relationship 
between patients’ and clinicians’ treatment adherence and 
satisfaction with EPL and changes in clinical/laboratory 
variables and changes in patients’ complaints and to iden-
tify the subgroups of patients with NAFLD with a better (or 
worse) EPL treatment response.

2.3  Statistical Analysis

All statistical analyses were performed using SAS version 
9.4. Statistics were mostly descriptive. The association 
between patients’/clinicians’ satisfaction with EPLs and 
treatment adherence and laboratory/clinical changes and 
changes in the number of patients’ symptoms reported and 
the subgroups of patients with NAFLD who responded bet-
ter (or worse) to this treatment were investigated using the 
chi-squared test for categorical variables, unpaired t-test for 
normally distributed quantitative variables, and nonparamet-
ric tests (Mann–Whitney U test, Wilcoxon signed-rank test) 
for non-normally distributed data. For change in liver func-
tion test parameters, the statistical significance threshold was 
set at p < 0.05. However, for the analysis of patients who 
responded better (or worse) to the treatment, the statistical 
significance threshold was set at p ≤ 0.001 since a large 
number of comparisons were performed. Special correction 

for multiple comparisons was not applied to avoid a very 
high level of statistical significance threshold.

3  Results

3.1  Patients

The current analysis included 3384 patients: 2744 from the 
MANPOWER study, 260 from the LIDER 1 study, and 380 
patients from the LIDER 2 study (Fig. 1); 3371 patients 
completed the studies and 13 were lost to follow-up.

The median age of patients was 51 years in the MAN-
POWER study and 54 years in the LIDER 1 and LIDER 2 
cohorts (Table 1). Patients included in the MANPOWER 
cohort had one or more existing pathological condition 
(e.g., elevated cholesterol, hypertension, overweight/obe-
sity, or type 2 diabetes mellitus). Overall, a high proportion 
of patients included in this analysis had cardiometabolic 
comorbidities and > 50% were obese (Table 1).

3.2  Treatment Adherence with Essential 
Phospholipids

Treatment adherence was determined after 12 ± 1 weeks 
of treatment in 3384 patients with NAFLD included in the 
analysis. Overall, 82.2% of patients (n = 2780) were adher-
ent to the treatment, 8.0% (n = 271) did not report adherence 
(missing information was treated as nonadherence), 7.9% 
(n = 268) reported long gaps (>1 day) during treatment, 
1.5% changed the dose (n = 50), and 1.8% (n = 62) reported 
missing treatment frequently. Only 0.3% of patients (n = 11) 
reported premature termination of treatment; the main rea-
sons for treatment discontinuation were improvement of 
well-being (n = 5), patient’s decision (n = 1), exacerbation 
of chronic concomitant disease (n = 1), pancreatic fluid col-
lection (n = 1), and unknown (n = 3).

3.3  Relationship Between Treatment Adherence 
and Changes in Laboratory Parameters, 
Ultrasound Dynamics, and Patients’ Symptoms

Overall, patients who were adherent to 24 ± 1 weeks of EPL 
treatment showed significant decreases in fasting glucose, 
glycated hemoglobin (HbA1c), total cholesterol, very low 
density lipoprotein (VLDL), and total bilirubin compared 
with patients who were not treatment adherent and had less 
pronounced changes in these parameters (p < 0.05; Table 2). 
Moreover, patients who were adherent to the treatment also 
showed significant improvements in ultrasound parameters 
(p < 0.001; Table 3). At the end of 24 ± 1 weeks of treatment 
with EPLs, a significantly higher proportion of patients who 
were treatment adherent showed a reduction in symptoms 
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than patients who were nonadherent to the treatment (91.1 
vs. 73.9%; p < 0.0001; Fig. 2a). Symptom frequency before 
and after 24 weeks of treatment is presented at Table 4.   

3.4  Patients’ and Clinicians’ Satisfaction 
with Essential Phospholipids

Of the 640 eligible patients with NAFLD who were treated 
with EPLs for 12 ± 1 weeks in LIDER 1 or 2, a total of 
634 had complete data available and were included in this 
analysis. The majority of patients and clinicians were highly 
satisfied with treatment, with 65.9% of clinicians and 64.4% 
of patients rating their satisfaction as 10 and 15.3% of clini-
cians and 15.9% of patients rating their satisfaction as 9 on 
a 10-point scale (Fig. 3). Negative feedback (≤ 4 points) 
was provided by < 1.5% of patients and clinicians (Fig. 3).

3.5  Relationship Between Subjective Treatment 
Satisfaction (Patients’/Clinicians’) and Objective 
Changes in Laboratory Parameters, Ultrasound 
Dynamics, and Patients’ Complaints

Patients for whom clinicians reported high or very high sat-
isfaction with 24 ± 1 weeks of treatment with EPLs showed 
significantly greater decreases (p < 0.05) from baseline in 
most laboratory parameters (ALT, AST, GGT, total cho-
lesterol, low-density lipoprotein, VLDL, triglycerides, 
ALP, and bilirubin levels) than patients for whom clini-
cians reported low or very low treatment satisfaction at the 
end of the observation period (Table 2). Similarly, patients 
who were satisfied or very satisfied with treatment gener-
ally showed significantly greater decreases from baseline 
in laboratory parameters than patients who reported low or 
very low treatment satisfaction at the end of the observation 
period (Table 2).

The majority of patients who received a high or very high 
treatment satisfaction rating from their clinicians showed 
significant improvements in ultrasound dynamics com-
pared with patients with low or very low clinician-assessed 

Fig. 1  Study population. Fatty 
liver disease (FLD), nonal-
coholic fatty liver disease 
(NAFLD). *Includes patients 
who were lost to follow-up

MANPOWER
N = 2843

LIDER 2
N = 3590

Eligible pa�ents 
n = 2844

Eligible pa�ents 
n = 260

Eligible pa�ents 
n = 380

Total pa�ents included in the analysis n = 3384

LIDER 1
N = 2450

Pa�ents excluded:
• FLD not reconfirmed using 

ultrasound (n = 98)
• Pregnancy during the 

study (n = 1)

Pa�ents excluded:
• No FLD or FLD due to viral 

hepa��s (n = 1048)
• Viral hepa��s (n = 3)
• Increased alcohol 

consump�on (n = 60)
• Not included in the second 

phase of the LIDER 1 study* 
(n = 1070)

• NAFLD not diagnosed by 
ultrasound (n = 9)

Pa�ents excluded:
• No FLD or FLD due to viral 

hepa��s (n = 1549)
• Viral hepa��s (n = 12)
• Increased alcohol 

consump�on (n = 52)
• Not included in the 

second phase of the 
LIDER 2 study* (n = 1589)

• NAFLD not diagnosed by 
ultrasound (n = 8)

Total pa�ents comple�ng the studies n = 3371

Lost to follow-up* 
n = 13

*Pa�ents from the MANPOWER cohort; treated as non-adherent for the adherence es�ma�on
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treatment satisfaction (p < 0.001; Table 3). The comparison 
of ultrasound dynamics showed that all tested ultrasound 
parameters improved more often among patients who were 
highly/very highly satisfied than in less satisfied groups 
(p < 0.001; Table 3).

A significantly higher proportion of patients with high or 
very high clinician- or patient-assessed satisfaction showed 
symptomatic improvements (reduced number or intensity of 
symptoms) than patients with low or very low satisfaction 
(p < 0.001; Fig. 2b, c).

3.6  Patient Subgroups with Better Response 
to Essential Phospholipids

Laboratory parameters indicated that the subgroups of 
patients who responded better to 12 ± 1 or 24 ± 1 weeks 
of EPL treatment under real-world conditions were current/
previous smokers (vs. nonsmokers); those who consumed 

alcohol one to three times/week > 6 months before the study 
(vs. never drinkers/one to four times a year), consumed fat 
daily/several times a week (vs. less often/several times a 
month), and consumed carbohydrates less often/only several 
times a month (vs. daily/several times a week); those with 
more cardiometabolic comorbidities (four vs. one); those 
with obesity (vs. nonobese), high cholesterol levels (≥ 5.0 
mmol/L vs. normal), or type 2 diabetes mellitus (vs. no type 
2 diabetes mellitus); and men (vs. women) (Table S2 in the 
ESM).

The additional groups of patients who responded better 
to 24 ± 1 weeks of EPL treatment under real-world condi-
tions were those with a protein intake of only several times 
a month or less (vs. daily/several times a week), those with 
a fresh/baked vegetables intake less often/only several times 
a month (vs. daily/several times a week), and those with a 
fast food intake daily/several times a week (vs. less often/
several times a month).

Table 1  Baseline characteristics 
of patients included in the study 
(n = 3384)

Data are presented as n (%) or median (interquartile range) unless otherwise indicated
a BARD score is calculated by applying 1 point if BMI > 28 kg/m2, 2 points if AST/ALT ratio > 0.8, and 1 
point if the patient has diabetes mellitus[29]
ALP alkaline phosphatase, ALT alanine aminotransferase, AST aspartate aminotransferase, BMI body mass 
index, GGT  gamma-glutamyl transferase, HDL high-density lipoprotein

Characteristics MANPOWER (N = 2744) LIDER 1 (N = 260) LIDER 2 (N = 380)

Male 1037 (37.8) 97 (37.3) 128 (33.7)
Age, years 51.00 (44.00–56.00) 54.00 (45.00–60.00) 54.00 (47.00–60.00)
BMI, kg/m2 31.79 (29.20–34.63) 29.73 (26.57–33.19) 29.46 (26.25–32.70)
Comorbidities
 Arterial hypertension 1582 (57.7) 178 (68.5) 269 (70.8)
 Diabetes mellitus 456 (16.6) 52 (20.0) 61 (16.1)
 Obesity 2219 (80.9) 154 (59.2) 199 (52.4)
 Hypercholesterolemia 2002 (73.0) – –

Laboratory values
 Total cholesterol, mmol/L 6.20 (5.50–7.10) – –
 ALT, U/L 42.00 (29.00–64.00) 42.00 (29.00–63.00) 38.00 (27.00–50.00)
 AST, U/L 39.00 (27.00–54.00) 40.00 (25.00–52.00) 35.75 (24.00–45.20)
 GGT, U/L 42.00 (30.00–61.00) 48.00 (28.30–72.00) 40.00 (30.00–52.00)
 Fasting glucose, mmol/L 5.30 (4.80–6.00) 5.31 (4.80–5.90) 5.40 (4.80–6.00)
 HDL, mmol/L 1.3 (1.00–1.70) 1.30 (1.08–1.83) 1.34 (1.00–1.80)
 Triglycerides, mmol/L 1.96 (1.50–2.60) 2.00 (1.50–2.50) 1.90 (1.40–2.40)
 ALP, U/L 116.20 (80.00–189.00) 134.00 (86.00–194.00) 155.00 (85.00–242.00)
 Total bilirubin, µmol/L 17.30 (12.40–20.10) 17.40 (12.00–20.80) 18.00 (13.00–20.40)
 AST/ALT ratio 0.91 (0.77–1.06) 0.89 (0.73–1.10) 0.94 (0.80–1.11)

BARD  scorea

 0 121 (4.4) 27 (10.4) 40 (10.5)
 1 541 (19.7) 61 (23.5) 58 (15.2)
 2 428 (15.6) 68 (26.2) 112 (29.5)
 3 1382 (50.4) 79 (30.4) 131 (34.5)
 4 272 (9.9) 25 (9.6) 39 (10.3)
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Table 2  Laboratory parameters after 24 ± 1 weeks of treatment with essential phospholipids

Change in laboratory parameters after 24 ± 1 weeks of treatment with essential phospholipids according to treatment adherence and clinician’s 
or patient’s satisfaction with treatment
ALP alkaline phosphatase, ALT alanine transaminase, AST aspartate aminotransferase, GGT  gamma-glutamyl transferase, HbA1c glycated hemo-
globin, HDL high-density lipoprotein, LDL low-density lipoprotein, PPG postprandial glucose, VLDL very low-density lipoprotein
a Wilcoxon signed-rank test
b Treatment nonadherence was defined as patient-reported long gaps (>1 day) in treatment, change in dose, frequent omissions of treatment, or 
premature treatment termination
c Clinicians’ and patients’ satisfaction with EPL treatment were assessed on a 10-point scale, where 1 = lowest satisfaction and 10 = highest sat-
isfaction

Change from baseline Treatment nonadherent Treatment adherent p  valuea

n Median change from baseline n Median change from baseline

Treatment  adherenceb

ALT, U/L 47 – 14.00 2479 – 14.00 0.650
AST, U/L 46 – 6.75 2477 – 12.00 0.087
Fasting glucose, mmol/L 13 0.20 1201 – 0.30 0.026
PPG, mmol/L 30 0.00 1610 0.00 0.012
HbA1c, % 15 0.00 1200 – 0.33 0.019
Total cholesterol, mmol/L 41 – 0.60 2400 – 1.00 0.002
HDL, mmol/L 22 0.10 1345 0.10 0.800
LDL, mmol/L 23 – 0.62 1344 – 0.70 0.146
VLDL, mmol/L 10 0.07 407 – 0.20 0.011
Triglycerides 27 – 0.20 1592 – 0.40 0.100
GGT, U/L 33 – 7.86 1634 – 9.30 0.397
ALP, U/L 29 – 15.00 1595 – 11.90 0.949
Total bilirubin, µmol/L 39 – 0.60 2111 – 1.90 0.030

Clinician’s  satisfactionc Low + very low High + very high

ALT, U/L 498 – 8.00 2128 – 15.00 <0.001
AST, U/L 498 – 7.00 2127 – 13.00 <0.001
Fasting glucose, mmol/L 493 – 0.90 2100 – 0.80 0.101
PPG, mmol/L 46 – 1.00 291 – 1.00 0.213
HbA1c, % 118 – 0.10 521 – 0.15 0.029
Total cholesterol, mmol/L 477 – 0.60 2088 – 1.10 <0.001
HDL, mmol/L 295 0.10 1272 0.10 0.028
LDL, mmol/L 287 – 0.40 1296 – 0.80 <0.001
VLDL, mmol/L 88 0.00 365 – 0.20 <0.001
Triglycerides, mmol/L 338 – 0.20 1435 – 0.40 <0.001
GGT, U/L 408 – 6.00 1479 – 10.00 <0.001
ALP, U/L 373 – 8.50 1434 – 13.60 <0.001
Total bilirubin, µmol/L 455 – 1.00 1839 – 2.00 <0.001

Patient’s  satisfactionc

ALT, U/L 449 – 10.00 2152 – 15.00 <0.001
AST, U/L 449 – 8.00 2151 – 13.00 0.006
Fasting glucose, mmol/L 436 – 0.90 2113 – 0.81 0.098
PPG, mmol/L 40 – 1.00 301 – 1.00 0.208
HbA1c, % 94 – 0.11 524 – 0.13 0.276
Total cholesterol, mmol/L 411 – 0.60 2112 – 1.10 <0.001
HDL, mmol/L 249 0.10 1293 0.10 0.372
LDL, mmol/L 249 – 0.50 1313 – 0.80 <0.001
VLDL, mmol/L 72 0.00 376 – 0.20 0.002
Triglycerides, mmol/L 300 – 0.20 1448 – 0.40 <0.001
GGT, U/L 351 – 7.90 1552 – 10.00 0.006
ALP, U/L 312 – 9.95 1470 – 13.00 0.075
Total bilirubin, µmol/L 388 – 1.50 1853 – 2.00 0.514
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Table 3  Ultrasound dynamics after 24 ± 1 weeks of treatment with essential phospholipids

Comparison of ultrasound dynamics after 24 ± 1 weeks of treatment with essential phospholipids among patients according to treatment adher-
ence and clinician’s satisfaction and patient’s satisfaction with treatment. All values are presented as n/N (%), where N is the number of patients 
with an abnormal result at baseline
a Chi-squared test
b Treatment nonadherence was defined as patient-reported long gaps in treatment, change in dose, frequent omissions of treatment, or premature 
treatment termination
c Clinicians’ and patients’ satisfaction with essential phospholipids treatment was assessed on a 10-point scale, where 1 = lowest satisfaction and 
10 = highest satisfaction

Improvement No change Worsening p  valuea

Treatment 
 adherenceb

Adherent Nonadherent Adherent Nonadherent Adherent Nonadherent

Diffuse hyperecho-
genicity of the 
liver parenchyma 
on ultrasound

1727/2094 (82.5) 35/54 (64.8) 367/2094 (17.5) 19/54 (35.2) – – 0.0008

Heterogeneity of 
liver structure on 
ultrasound

1074/1355 (79.3) 29/39 (74.4) 278/1355 (20.5) 10/39 (25.6) 3/1355 (0.2) – 0.7106

Vascular blurring 
and/or underlined 
vascular pattern 
on ultrasound

554/642 (86.3) 11/20 (55.0) 88/642 (13.7) 9/20 (45.0) – – 0.0001

Distal attenuation 
of the echo-
signal

536/697 (76.9) 8/22 (36.4) 161/697 (23.1) 14/22 (63.6) – – < 0.0001

Clinician’s 
 satisfactionc

Low + very low High + very high Low + very low High + very high Low + very low High + very high

Diffuse hyperecho-
genicity of the 
liver parenchyma 
on ultrasound

249/417 (59.7) 1613/1874 (80.1) 168/417 (40.3) 261/1874 (19.9) 0/417 (0.0) 0/1874 (0.0) < 0.001

Heterogeneity of 
liver structure on 
ultrasound

155/277 (56.0) 1009/1220 (82.7) 120/277 (43.3) 210/1220 (17.2) 2/277 (0.7) 1/1220 (0.1) <0.001

Vascular blurring 
and/or underlined 
vascular pattern 
on ultrasound

69/104 (66.3) 533/601 (88.7) 35/104 (33.7) 68/601 (11.3) 0/104 (0.0) 0/601 (0.0) <0.001

Distal attenuation 
of the echo-
signal

60/126 (47.6) 508/641 (79.3) 66/126 (52.4) 133/641 (20.7) 0/126 (0.0) 0/641 (0.0) < 0.001

Patient’s 
 satisfactionc

Low + very low High + very high Low + very low High + very high Low + very low High + very high

Diffuse hyperecho-
genicity of the 
liver parenchyma 
on ultrasound

260/398 (65.3) 1602/1893 (84.6) 138/398 (34.7) 291/1893 (15.4) 0/398 (0.0) 0/1893 (0.0) < 0.001

Heterogeneity of 
liver structure on 
ultrasound

165/267 (61.8) 999/1230 (81.2) 99/267 (30.1) 23/1230 (18.8) 3/267 (8.1) 0/1230 (0.0) < 0.001

Vascular blurring 
and/or underlined 
vascular pattern 
on ultrasound

58/86 (67.4) 544/619 (87.9) 28/86 (32.6) 75/619 (12.1) 0/86 (0.0) 0/619 (0.0) < 0.001

Distal attenuation 
of the echo-
signal

57/110 (51.8) 511/657 (77.8) 53/110 (48.2) 146/657 (22.2) 0/110 (0.0) 0/657 (0.0) < 0.001
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Differences between the subgroups were found mainly in 
median absolute changes of laboratory parameters, which 
ranged from very slight to modest (Table S2 in the ESM). 
However, patients with high fat intake also showed a signifi-
cantly higher rate of improvement in hepatic echogenicity on 
ultrasound after 24 ± 1 weeks of EPL treatment than patients 

who ate less fat (improvement in 77 vs. 66% of patients; 
p = 0.001).

4  Discussion

The present study provided real-world data on the use of 
EPLs as an adjunctive therapy in the management of patients 
with NAFLD in Russia and demonstrated high treatment 
adherence and very high satisfaction with the treatment 
among both patients and their clinicians. Furthermore, 
compared with low treatment adherence and satisfaction, 
high treatment adherence and satisfaction were associated 
with better improvements in some laboratory and ultrasound 
parameters and greater symptomatic improvement. The anal-
ysis also showed that male patients, patients with unhealthy 
lifestyles, and those with more comorbidities before or dur-
ing the study (previous/current smokers; regular weekly 
alcohol consumption > 6 months before the study; high fat 
and fast food intake; low protein, carbohydrate, and vegeta-
ble intake; more comorbidities; obesity; type 2 diabetes; and 
increased cholesterol levels) had a better response to EPL 
treatment than patients with healthier lifestyle and dietary 
habits.

In addition to the Russian studies included in this analy-
sis, numerous studies from other countries have reported the 
efficacy of EPLs in patients with fatty liver disease [15, 16, 
31, 32]. EPLs have been extensively studied in China. For 
example, in one 6-week randomized trial in patients with 
diabetes and NAFLD, the addition of EPLs to metformin 
significantly improved the response rate (based on NAFLD 
symptoms, ultrasonography, and enzyme and lipid levels) 
compared with metformin alone (86.0 vs. 65.1%; p < 0.05) 
[33]. In a randomized Polish trial in patients with fatty liver 
and diabetes, EPLs significantly reduced hepatomegaly, and 
significantly more EPL than placebo recipients had marked 
improvement in liver histology [18]. In Japanese patients 
with NASH, EPLs significantly improved AST and ALT 
levels from baseline, and the majority of patients also had 
histopathological improvements [34]. A large (N = 324) 
open-label trial conducted in the United Arab Emirates in 
patients with NAFLD demonstrated that 6 months of EPLs 
plus lifestyle advice significantly improved NAFLD symp-
toms and ALT and AST levels from baseline; there were 
also significant improvements in liver ultrasonography and 
liver stiffness in a portion of patients [16]. Another large 
(N = 315) open-label trial in India found that 90 days of 
treatment with EPLs significantly improved ALT, AST, and 
lipid levels from baseline in patients with NAFLD or alco-
holic liver disease [35].

Although many of the studies are associated with a risk 
of bias and reporting issues, a large cumulative body of evi-
dence suggests that EPLs are useful as adjunctive treatment 
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Fig. 2  Changes in patient symptoms with 24 ± 1 weeks of treatment 
with essential phospholipids, categorized according to a treatment 
adherence, b clinician’s satisfaction, and c patient’s satisfaction
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in patients with NAFLD [36]. However, limited data are 
available on the treatment adherence and satisfaction with 
EPLs. In the MANPOWER study [30], the data from which 
are included in the current analysis, treatment adherence 
with 6-month adjunctive EPL therapy was > 90%, with 
the majority of treating physicians being either extremely 

satisfied (21.8%) or very satisfied (59.9%) with treatment 
[30]. The addition of the LIDER 1 and LIDER 2 data to the 
MANPOWER adherence data in the current analysis did 
not markedly change these findings, confirming that 82.5% 
of the patients treated with adjunctive EPL therapy were 
adherent to treatment when patients with missing data were 
assumed to be nonadherent. In addition, ~80% of patients 
and their treating physicians were highly satisfied or very 
satisfied with the treatment outcomes.

Over the past two to three decades, patient satisfaction 
has attracted increasing attention as a meaningful source 
of information for identifying general gaps in healthcare 
service quality and for patient quality of life related to a 
specific treatment [37]. In post-marketing studies, subjective 
parameters such as patient and doctor satisfaction are usually 
within the scope of interest, but the utility of such informa-
tion is sometimes unclear. Here, possibly for the first time, 
we analyzed whether there was a correlation between objec-
tive disease dynamics and subjective satisfaction. While 
some evidence exists of a positive link between patient sat-
isfaction (subjective parameter) and treatment adherence, 
which may be considered as a bridge to better treatment 
outcomes (objective parameters) [38], limited information 
directly explores the link between subjective satisfaction 
and objective improvement. However, here, we were able to 
show a positive correlation. A high level of patient satisfac-
tion is likely to have a positive effect on treatment adherence 
and disease improvement, which is especially important for 
EPLs since the regimen of two capsules three times daily 
may lead to potential patient nonadherence [39].

In this study, we used pre-existing data and had no abil-
ity to explore whether higher satisfaction with EPL treat-
ment was related specifically to higher adherence to life-
style change recommendations. This may be a topic for 
new studies in this area. Nevertheless, our findings provide 
a strong signal that, in NAFLD, subjective satisfaction 
with EPL treatment may be related to objective treatment 
outcomes (such as ultrasound parameters). The patient’s 

Table 4  Symptom frequency at 
baseline and after 24 weeks of 
treatment (MANPOWER study 
cohort)

a Chi-squared test

Symptom/complaint Number of patients (%) experiencing each symptom p  valuea

Before treatment After treatment

Abdominal distension 1475 (53.8) 365 (13.3) < 0.0001
Headache and muscular pain 555 (20.2) 77 (2.8) < 0.0001
Epigastric discomfort 2254 (82.1) 268 (9.8) < 0.0001
Pruritus 173 (6.3) 9 (0.3) < 0.0001
General weakness 1306 (47.6) 257 (9.4) < 0.0001
Lack of appetite 460 (16.8) 40 (1.5) < 0.0001
Fatigue 1480 (53.9) 398 (14.5) < 0.0001
Irritability 693 (25.3) 98 (3.6) < 0.0001
Nausea 1067 (38.9) 50 (1.8) < 0.0001
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essential phospholipids among a clinicians, and b patients
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symptoms also improved with treatment, with a decrease in 
symptoms among patients who were adherent to and satis-
fied with treatment. However, it should be noted that the 
MANPOWER study only included patients with NAFLD 
with coexisting comorbidities. Similarly, it was not possi-
ble to exclude all secondary causes of liver steatosis among 
patients in the LIDER 1 and 2 studies. NAFLD is usually 
associated with cardiometabolic comorbidities, meaning that 
these results may be generalizable among this vast subpopu-
lation of comorbid patients.

Unfortunately, it is impossible to fully distinguish the 
effect of EPLs from the effects of weight loss and physi-
cal activity in our study. There is a high probability that 
the treatment benefit was a direct pharmacodynamic effect 
of EPLs rather than an indirect effect mediated by lifestyle 
modification because (1) there was no specific, strict, con-
trolled lifestyle program in these studies, only general rec-
ommendations in the context of routine clinical practice; 
(2) it is well-known that only a small proportion of patients 
with NAFLD manage to lose weight and follow a healthier 
diet, even under a strict regimen [6, 40]; and (3) patients 
did not take any other hepatoprotective agents during these 
studies. However, there also is a possibility that patients 
who were more adherent to EPL treatment were also more 
adherent to lifestyle changes and medication for comorbidi-
ties, which would have contributed to the observed improve-
ments. Indeed, a relatively high “placebo effect” has been 
observed in numerous randomized clinical trials in patients 
with NAFLD or NASH, with investigators concluding that 
this is at least partially due to lifestyle changes [41].

As stated earlier, EPLs have previously been reported to 
improve/normalize the clinical and laboratory parameters 
of NAFLD, including ultrasound and transaminase levels 
[15, 16, 32, 42]. There are in vivo data explaining this effect 
in rodents through increasing fatty acid oxidation, decreas-
ing its synthesis in the liver, and normalization of lipopro-
tein excretion [43–45]. The results of the present analysis 
also demonstrated that patients with high treatment adher-
ence and satisfaction with adjunctive EPLs showed better 
improvements in ultrasound parameters than did patients 
with lower satisfaction and adherence rates. Patients with 
high adherence also had greater improvements in metabolic 
parameters than those with low adherence, whereas those 
with high satisfaction also had greater improvements in liver 
transaminases. The correlation between treatment adherence 
and positive outcomes means that emphasis must be placed 
on the importance of treatment adherence to the prescribed 
regimen of EPLs in NAFLD.

It was also observed that patients who had an unhealthy 
lifestyle, including poor diet, responded better to adjunctive 
EPL treatment than patients who had NAFLD and main-
tained a healthy lifestyle. Thus, evidence from the present 
analysis suggests that adjunctive EPL therapy may not only 

be effective in the management of NAFLD in real-world 
clinical practice but is also especially effective in those with 
an unhealthy lifestyle.

An interesting phenomenon was that the unhealthiest 
group of patients (i.e., obese patients, patients with type 2 
diabetes mellitus, those with more cardiometabolic comor-
bidities, and patients with high baseline cholesterol levels) 
obtained the greatest benefit from treatment with EPLs and 
lifestyle change. One possible explanation is that obese 
patients are more likely to lose weight because they have 
greater awareness of their morbid status than nonobese 
patients [46]. However, in a review of studies of lifestyle 
modification programs for weight management, higher 
weight at baseline, body mass index, or body fat ratio was 
generally a predictor of poor program adherence [47]. Thus, 
the data surrounding this possible bias of our study are con-
tradictory. Because NAFLD is at least partially caused by an 
unhealthy lifestyle, another possibility is that equal efforts 
may lead to more profound effects on lipid metabolism and 
NAFLD dynamics in the unhealthier group, who had the 
“biggest room” for clinically observed improvement.

We have shown that, even patients with an unhealthy life-
style can benefit from EPL treatment of NAFLD in paral-
lel with routine clinical lifestyle modification interventions, 
highlighting the clinical potential of pharmacotherapy 
in NAFLD treatment, specifically EPLs. Since EPLs are 
authorized as medical treatment for NAFLD in a number of 
countries, it may be of further clinical interest to conduct a 
phase IV controlled study of EPLs in patients with NAFLD.

It is of particular interest that, in the groups that 
responded best to EPL treatment, laboratory values con-
sistently improved, as did ultrasound indices of functional 
improvement in NAFLD.

In the three studies included in this analysis, baseline 
median ALT and AST levels were only very slightly above 
the upper limit of normal. It has been previously reported 
that even small elevations of these enzymes to a value within 
the normal range may be associated with NAFLD; thus, it 
has been proposed that new “normal” ranges should be iden-
tified to aid early detection of NAFLD [48]. It must also be 
noted that although all three studies in our analysis used 
ultrasonography, it is not a completely accurate or reproduc-
ible method of quantifying liver fat. However, ultrasonog-
raphy has the advantage over liver biopsy of being noninva-
sive, less prone to complications, and less expensive, which 
means it is more suitable for use on a large scale and is 
therefore often used for clinical studies [49].

This analysis was conducted using a large pool of patients 
with NAFLD who were treated with EPLs in a real-world 
setting in Russia. However, the study has several limitations. 
First, the study did not have a control group as it was based 
on real-world data. The data for this analysis were selectively 
pooled from three different studies, so the risk of bias cannot 
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be ruled out. For instance, the majority of patients from 
LIDER 1 and LIDER 2 were not eligible for two main rea-
sons. First, they were not included in the longitudinal parts 
of LIDER 1 or 2 because of the design of the primary studies 
and/or because they had liver diseases other than NAFLD. 
This may be a source of inclusion bias since more adherent 
patients theoretically may have had an increased likelihood 
of being included in the longitudinal parts of the LIDER 1 
and LIDER 2 studies. Second, patients included in the three 
studies were advised to change their lifestyle in addition to 
receiving EPLs; however, unfortunately, no detailed data are 
available regarding weight loss and physical activities dur-
ing observation, so it is not possible to determine the extent 
to which lifestyle changes contributed to the improvements 
recorded. Considering adherence to treatment, reporting 
bias cannot be avoided since adherence was measured using 
self-reported patient diaries. High levels of satisfaction with 
treatment may be explained by the generally asymptomatic 
natural course of NAFLD and satisfactory safety profile of 
EPLs. Approximately one-half of the patients in this patient 
cohort (40% in LIDER, 44.7% in LIDER 2, 60.3% in MAN-
POWER) had BARD scores of 3–4, indicating advanced 
disease, which may be explained by the high burden of car-
diometabolic comorbidities in the NAFLD patient cohorts 
under analysis. Therefore, our findings may not be generaliz-
able to a population with less advanced disease. Similarly, 
the results may not be generalizable to NAFLD populations 
in other countries with different clinicodemographic charac-
teristics. In addition, because of the data collected in these 
observational analyses, we were unable to assess change in 
BARD score over time. Finally, as we conducted a secondary 
analysis of preexisting data, our findings should be treated 
mostly as exploratory.

At the same time, our analysis is one of the first to obtain 
data on whether subjective feelings and treatment satisfac-
tion correlate with objective disease dynamics and to explore 
which subgroups of patients with NAFLD may benefit the 
most from treatment with EPLs. Other key strengths are the 
large and homogeneous sample from three studies and the 
fact that no hepatoprotective agents other than EPLs were 
taken during the study; therefore, the only interventions that 
may potentially mediate the improvements we detected are 
weight loss and physical activities.

5  Conclusions

Patients with NAFLD treated with adjunctive EPLs in a 
real-world clinical practice in Russia showed good treat-
ment adherence and satisfaction with EPL. Patients with the 
highest rates of satisfaction and adherence also had better 
improvements in some laboratory and ultrasound parameters 
and improved symptoms. This emphasizes the importance 

of treatment adherence to the prescribed regimen of EPLs 
in NAFLD. Under real-world conditions, male patients and 
patients who led an unhealthy lifestyle (defined according 
to previous/current smoking status; consumption of alcohol 
> 6 months before the study; a diet high in fat and low in 
protein, vegetables, and carbohydrates; and more comorbidi-
ties, obesity, type 2 diabetes mellitus, and high cholesterol 
levels) responded even better to EPL treatment than patients 
with a healthier lifestyle.
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