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Abstract
A mixture of natural ingredients, namely, DHA, phosphatidylcholine, silymarin, choline, curcumin and D-α-tocopherol, was studied in subjects
with non-alcoholic fatty liver disease (NAFLD). Primary endpoints were serum levels of hepatic enzymes, and other parameters of liver function,
the metabolic syndrome and inflammation were the secondary endpoints. The coagulation–fibrinolysis balance was also thoroughly investi-
gated, as NAFLD is associatedwith haemostatic alterations, whichmight contribute to increased cardiovascular risk of this condition. The present
study involved a double-blind, randomised, multicentre controlled trial of two parallel groups. Subjects with NAFLD (18–80 years, either sex)
received the active or control treatment for 3 months. All assays were performed on a total of 113 subjects before and at the end of supple-
mentation. The hepatic enzymes aspartate aminotransferase (AST), alanine aminotransferase and γ-glutamyl transpeptidase decreased from
23·2 to 3·7 % after treatment, only the AST levels reaching statistical significance. However, no differences were found between control and
active groups. Metabolic and inflammatory variables were unchanged, except for a slight (less than 10 %) increase in cholesterol and glucose
levels after the active treatment. Coagulation–fibrinolytic parameters were unaffected by either treatment. In conclusion, chronic supplemen-
tation with the mixture of dietary compounds was well tolerated and apparently safe in NAFLD subjects. The trial failed to demonstrate any
efficacy on relevant physiopathological markers, but its protocol and results may be useful to design future studies with natural compounds.
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Non-alcoholic fatty liver disease (NAFLD) is the most common
cause of elevated plasma levels of hepatic enzymes in
Western industrialised countries, its worldwide prevalence
being 6–35 %. In Europe, the median prevalence is 26 %, with
wide variations in different populations or in subjects at higher
risk, such as obese or type 2 diabetes, reaching peaks of
50–70 %(1–3).

The NAFLD natural history is associatedwith a higher cerebro-
and cardiovascular risk, not only in diabetics but also in healthy
subjects(4); in view of its high prevalence, NAFLD treatment and
prevention is of great interest from a public health point of view.
At present, the main guidelines recommend lifestyle changes,
including exercise and correct diet to promote weight loss, while
no conclusive evidence is available of drug treatments capable of

Abbreviations: AST, aspartate aminotransferase; NAFLD, non-alcoholic fatty liver disease; TAFI, thrombin activatable fibrinolysis inhibitor.

* Corresponding author: Chiara Cerletti, fax þ39-0865-927575, email chiara.cerletti@neuromed.it

† These authors contributed equally to this work and are co-first authors.

British Journal of Nutrition (2020), 123, 190–197 doi:10.1017/S0007114519002484
© The Authors 2019

https://doi.org/10.1017/S0007114519002484  Published online by Cam
bridge U

niversity Press

mailto:chiara.cerletti@neuromed.it
https://doi.org/10.1017/S0007114519002484
http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S0007114519002484&domain=pdf
https://doi.org/10.1017/S0007114519002484


correcting elevated aminotransferase levels and preventing liver
steatosis progression in subjects with NAFLD(5).

The multifactorial pathogenesis of NAFLD suggested the use
of different nutraceutical elements, and clinical research is
ongoing on that direction(6). The most used substances, alone
or in combination, are silymarin from Cardomarianum, vitamin
E and other antioxidants, or n-3 PUFA. A recent clinical trial
showed an improvement in hepatic function amongNAFLD sub-
jects treated with a combination of silymarin, phosphatidylcho-
line and vitamin E(7). More studies are, however, needed because
until now no health claim has been approved by the European
Food Safety Authority (EFSA) for improving hepatic function by
nutraceuticals. Choline-containing foodsmay only be labelled as
‘maintenance of normal liver function (ID 1501)’(8).

The aim of the present study was to evaluate the effect of a
mixture of different natural ingredients, namely, DHA, phospha-
tidylcholine, silymarin, choline, curcumin and D-α-tocopherol
(vitamin E), on the elevated plasma levels of hepatic enzymes
in subjects with NAFLD.

Active ingredients were selected based on the clinical evidence
of their hepatoprotective activities(6) and on the in vitro evidence of
a synergistic beneficial effect of the nutraceutical mixture on lipid
accumulation and liver oxidative stress damage(9).

Other parameters of liver function, themetabolic syndrome and
inflammation were evaluated as secondary endpoints of the study.
Moreover, considering that NAFLD is associated with alterations of
the haemostatic system, which might contribute to the increased
cardiovascular and thrombotic risk seen in this condition(10–12),
the effect of the nutraceutical mixture on coagulation–fibrinolysis
balance was investigated in depth, using global functional assays
and specific markers of hypercoagulability.

Methods

This article conforms to the Consolidated Standards of Reporting
Trials consortium(13).

Trial design

The present study was a double-blind, randomised, multicentre
controlled trial of two parallel groups. The trial, coordinated by
the IRCCS Neuromed, was performed at three different sites:
one at the Ospedale ‘Veneziale’ of Isernia, Italy, and two at the
University Hospital, Azienda Ospedaliero-Universitaria Policlinico
of Bari, Italy. It was conducted according to the guidelines laid
down in theDeclaration of Helsinki, and its protocol was approved
by the Ethical Committee of the IRCCS Neuromed, followed by
each recruitment site’s Ethical Committee, namely, the Azienda
Sanitaria Regionale del Molise and the Azienda Ospedaliero-
Universitaria Policlinico of Bari. All participating subjects signed a
written informed consent previously approved by the ethical com-
mittees. The study was registered in clinicaltrial.gov with identifier
NCT 02369536 (https://clinicaltrials.gov/ct2/show/NCT02369536).

Participants

Subjects of either sex, 18–80 years old, with NAFLD were
recruited in the study. They did not manifest nor had previously
manifested any liver-related clinical symptoms but simply had

altered laboratory and instrumental tests as compared with nor-
mal ranges.

Inclusion criteria were ultrasound alterations typical of mild
or moderate hepatic steatosis(14) and serum levels higher than
normal (i.e. above the upper limit of each laboratory) for at least
one of the three liver enzymes, namely, aspartate aminotransfer-
ase (AST), alanine aminotransferase (ALT) and γ-glutamyl trans-
peptidase (γ-GT).

Exclusion criteria were alcohol abuse history, use of drugs
associated with hepatic steatosis development, malnutrition,
alcoholic liver disease, chronic hepatic disease of different aeti-
ologies (autoimmune, primary biliary cholangitis, primary scle-
rosing cholangitis, hereditary haemochromatosis, Wilson’s
disease, α-1 antitrypsin deficiency, coeliac disease), severe renal,
cardiac or respiratory failure, malignant tumours, intolerance to
the components of the active ingredients of the formulation,
women who were pregnant or had planned for pregnancy in
the following 3 months or were breast-feeding, and subjects
who refused to sign informed consent.

According to the current guidelines(15), alcohol abuse was
considered a weekly intake > 210 g by men and > 140 g by
women, corresponding to >2–3 and >1–2 small glasses of
wine/d, respectively.

Interventions

The subjects eligible for the study were randomised (see below)
to receive the active or the control treatment, in two capsules
once a day, for 3 months.

During the recruitment visit, all subjects received appropriate
recommendations about dietary and physical activity lifestyle,
according to each site protocols. Recommendations mainly
focused on physical activity and healthy diet(15), in particular
through adhesion to Mediterranean diet(16).

The study product was amixture of active ingredients, formu-
lated as soft gel capsules, each composed of fish oil containing
70 % DHA (250mg), phosphatidylcholine concentrated in sun-
flower oil (150mg), silymarin (75 mg), choline bitartrate
(35 mg), curcumin (35 mg) and D-α-tocopherol (10 mg), for a
total of 830 mg. The total content of choline is 21·5mg per cap-
sule (43 mg/d), an amount relatively low as compared with the
minimal amount recommended by the health claim of EFSA
(82·5 mg/d), corresponding to 15 % of the median daily intake
of an adult subject. The comparator capsules (control) contained
the formulation excipients and the same amount of choline
present in the active mixture (in the form of bitartrate salt).
This ‘restrictive’ choice was made to exclude the possibility of
any positive effect of themixture that could be attributed to chol-
ine, which has an EFSA-recognised health claim for maintenance
of normal liver function. Both the active and the control capsules
were prepared and provided by Bouty S.p.A.

Clinical evaluation

At the first visit (T0), clinical and pharmacological anamnesis and
anthropometric and clinical measures were collected for each sub-
ject. The main risk factors for CVD were recorded: diabetes (blood
glucose >6·94 mmol/l), hypertension (systolic blood pressure
SBP> 140 and/or diastolic DBP> 90mmHg or antihypertensive
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treatment), hypercholesterolaemia (serum cholesterol≥ 5·17
mmol/l or anticholesterol treatment), hypertriacylglycerolaemia
(serum TAG≥ 1·69 mmol/l), sedentary and smoking habits (ex-
smokers for more than 1 year were considered as non-smokers),
alcohol consumption. BMI was calculated as kg/m2. Waist (umbili-
cal) circumference was measured at a level midway between the
lower rib margin and iliac crest. NAFLD fibrosis score (NFS) was
calculated to evaluate the hepatic fibrosis state of each subject(17).
A weekly food diary was administered to participants in order to
detect changes in eating habits during the study.

The clinical visit was repeated at the end of treatment (T1).
Fasting venous blood for haematological and chemical analyses
(see below) was collected at T0 and T1; serum and citrated
plasma were prepared and stored at –20°C until assay.

Outcomes

Primary endpoints were serum levels of the hepatic enzymes
AST, ALT and γ-GT; secondary endpoints were liver function
markers (direct and indirect bilirubin), metabolic syndrome
parameters (cholesterol, TAG, glucose and insulin), C-reactive
protein (CRP) and changes in plasma coagulation–fibrinolysis
assays (see below).

All measurements were done at completion of the study and
were centralised in two laboratories. Biochemical analyses,
including re-evaluation of hepatic enzymes and assay of meta-
bolic variables and CRP were performed in the Neuromed
Laboratory using standard photometric methods. Insulin was
measured by chemiluminescence test and insulin-resistance
(homeostatic model assessment of insulin resistance) was calcu-
lated(18). Plasma coagulation and fibrinolysis assays were per-
formed in the Laboratory for Haemostasis and Thrombosis,
Department of Biomedical Sciences and Human Oncology,
University ‘Aldo Moro’ of Bari. Thrombin generation, which
reflects the overall plasma clotting potential, was studied by
the calibrated automated thrombinography method as
described(19). Plasma clot lysis, which reflects the overall fibrino-
lytic capacity, was evaluated by a turbidimetric assay(20).
Thrombin activatable fibrinolysis inhibitor (TAFI) was measured
by a commercial functional assay (Stachrom TAFI; Diagnostica
Stago). The following plasma biomarkers were assayed by com-
mercially available ELISA kits: prothrombin fragment 1þ 2
(F1þ 2, a marker of in vivo thrombin generation) by
Enzygnost F1þ 2 ELISA (Dade Behring); D-dimer, a specific frag-
ment derived from the lysis of cross-linked fibrin, by HemosIL
AcuStar D-dimer; Instrumentation Laboratory; tissue plasmino-
gen activator (t-PA) and plasminogen activator inhibitor-1
(PAI-1) by Imubind Plasma t-PA ELISA and Imubind Plasma
PAI-1 ELISA, respectively (Sekisui Diagnostics GmbH); activated
TAFI (TAFIa/ai, a combination of TAFIa and its inactive deriva-
tive TAFIai) by a specific ELISA (Asserachrom TAFIa/ai;
Diagnostica Stago); plasmin-α2–antiplasmin complex (PAP, a
marker of in vivo plasmin generation) by Technozyme PAP
(Technoclone GmbH).

All measurements were performed by trained personnel
blinded to participant identifying information.

Compliance to treatments was achieved by asking the partic-
ipants to return all unused medications and empty boxes at the

end of the trial. They were also asked about the days of missing
treatment.

Sample size

Sixty subjects per group were estimated to allow to detect
differences between the two groups equal to 54 % of SD of the
mean of the investigated biomarkers with 80 % potency and
α= 0·05. Concerning the primary endpoints, our sample was
sized to detect differences greater than 8·3 IU/l for AST, 13·5
IU/l for ALT and 16·2 IU/l for γ-GT (20, 20 and 22 % of themeans,
respectively).

Randomisation

The random allocation sequence to treatment was computer
based per blocks of four or six subjects stratified for each recruit-
ing centre; it was generated by the principal investigator (PI)’s
statistician and forwarded to each recruitment centre.

The doctor responsible for each recruitment centre enrolled
participants and assigned them to interventions, according to the
allocation sequence received by the PI of the trial.

Blinding

Participants, doctors, technicians and statisticians who partici-
pated or evaluated the study outcomes were blinded to the sup-
plements. Active and control capsules were identical for
organoleptic properties and coded as A and B by the producer.
Only after completion of statistical analyses of the trial results, the
company who provided the capsules opened the blinding.

Statistical methods

Datawere analysed according to the intention-to-treat approach.
Results are presented asmean and SD or median and interquartile
range, depending on distribution, as assessed by theD’Agostino-
Pearson test. Differences between basal values in control and
active groups and between T1 v. T0 % changes in the two groups
were assessed by ANOVA and by Fisher’s exact test. Non-nor-
mally distributed data were log transformed before analysis.

Additional analyses for composite endpoints were performed
using multivariate ANOVA (MANOVA), and for ‘intra-subject’
(T1 v. T0) changes paired data analysis was used. Statistical
analyses were performed using the SAS/STAT software, version
9.4 of the SAS System for Windows©2009.

Results

Participant flow

A total of 126 participants from three centres were eligible for the
study, whichwas assessed by thewillingness to participate in the
trial and to sign the informed consent. They were randomly allo-
cated to the active (n 62) or the control (n 64) supplementation
groups. The subjects lost at follow-up were seven in the active
group and six in the control group, for the following reasons:
bone fracture (1), relocation to another city (1), discontinued
supplementation due to dermatitis (1), unmotivated personal
decision (4) in the active group; discontinued supplementation
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for faecal colour abnormality (green faeces, 1) and unmotivated
personal decision (5) in the control group. The final number of
subjects analysed was fifty-five and fifty-eight, in the active and
control groups, respectively.

Recruitment

Subject recruitment started on 18 August 2015, and ended on 19
July 2016. Follow-up visits occurred from 19 November 2015 to
13 October 2016. The recruitment had to be completed by July
2016 in order to meet the project deadline.

Baseline data

General and clinical characteristicswere similar in the active (n 55)
and control (n 58) supplementation groups (Table 1). Overall, a
relatively high proportion of study participantswere carriers of risk
factors for CVD, such as diabetes, hypertension, or hypercholes-
terolaemia, hypertriacylglycerolaemia, or had unhealthy lifestyles,
smokers being more than 25 % and people with sedentary habits
being about 45 %; average BMI was 30 kg/m2, with about 50 % of
subjects obese (Table 2). Similarly, no difference was found
between the two groups with regard to anthropometric variables,
medications (Table 2), blood pressure and complete blood cell
counts (data not shown). The NFSwas on average low and similar
for the two treatment groups. Only a minority (7 %) of participants
yielded an NFS compatible with severe fibrosis or cirrhosis. None
of the subjects had signs of advanced liver disease.

Outcomes

Table 2 reports the results on primary and secondary endpoints
of the trial. No differenceswere observed in the baseline levels of
the hepatic enzymes, AST, ALT and γ-GT between the two

treatment groups, confirming a successful randomisation. After
treatment, both groups displayed a decrease in the three
enzymes, which reached statistical significance only for AST lev-
els, whose mean reduction amounted to 16·8 and 10·7 % for
active and control groups, respectively (P< 0·04 and < 0·02).
Posttreatment levels did not differ between the two groups.
The lack of difference was also seen in an ancillary analysis,
when the three enzymes were considered as a composite end-
point, both by MANOVA and by intra-subject analyses.

The results of the secondary endpoints of the study, that is,
other liver function, metabolic and inflammatory variables, did
not show any difference within and between treatments, except
for a slight but significant increase at T1 of HDL, LDL and total
cholesterol by 7·1, 13·0 and 8·8 %, respectively, and glucose
by 5 % in the active group.

The anthropometric measures (body weight, BMI and waist
circumference) also remained unchanged in both control and
active mixture supplementations, suggesting that neither group
made noticeable changes in lifestyle.

Table 3 reports the circulating levels of the main markers of
in vivo activation of coagulation and fibrinolysis (F1þ 2, PAP,
D-dimer and TAFIa/ai), the circulating levels of factors known
to influence fibrinolytic capacity (t-PA, PAI-1 and TAFI) and
the results of the clot lysis assay, a global test that measures
the fibrinolytic resistance of plasma clots exposed to exogenous
t-PA. Thrombin generation parameters, which reflect the pro-
coagulant capacity of plasma, are reported in Table 4. The latter
parameters were also evaluated in the presence of thrombomo-
dulin to assess the generation of thrombin in the presence of a
functioning protein C system in order to better mimic the physio-
logical conditions. On thewhole, the baseline levels of these var-
iables, if compared with values of healthy subjects obtained in
the same laboratory using the very same experimental condi-
tions(21,22), suggest an increased pro-coagulant potential in
NAFLD subjects. In particular, the main thrombin generation
parameters, that is, endogenous thrombin potential and peak
thrombin activity, were visibly higher compared with a control
group investigated in the same period using the same
reagents(21). Consistent with the majority of hepatic and inflam-
matory variables, the baseline coagulation–fibrinolytic data were
similar in the two groups and were not affected by either
treatment.

Compliance to the treatment

The distribution of missed days and returned capsules, as a
measure of treatment compliance, was similar in the two treat-
ment groups: overall 98 % of the study participants were
totally compliant to the therapy and assumed all the capsules;
the time lapse between basal and second visit was 100 (SD 12)
and 101 (SD 15) (P = 0·46) in the active and control treatment
groups, respectively. A subgroup analysis by excluding sub-
jects who were available for the final visit (T1) more than
103 d after enrolment, therefore remaining without supple-
mentation for at least 2 weeks, did not substantially modify
the results. They were eleven and fifteen for active and control
treatments, respectively.

No relevant changes in dietary habits were recorded.

Table 1. General and clinical characteristics of subjects included in the
study
(Mean values and standard deviations; numbers of subjects and
percentages)

Treatment

Variable Active (n 55)
Control
(n 58) P

Age (years), mean and SD 55·7 12·2 53·4 11·3 0·30
Women, n and % 20 36 19 33 0·70
CVD, n and % 15 27 9 16 0·17
Tumours, n and % 2 4 4 7 0·60
Renal disease, n and % 5 9 5 9 1·00
Pulmonary disease, n and % 4 7 2 3 0·43
Diabetes, n and % 16 29 11 19 0·27
Hypertension, n and % 25 45 21 36 0·34
Hypercholesterolaemia, n and % 24 44 20 34 0·32
Hypertriacylglycerolaemia, n and % 18 33 16 28 0·68
Medications, n and %
Antihypertensive 22 40 21 36 0·85
Statins 11 20 5 9 0·11
Antidiabetic 12 22 7 12 0·21
Aspirin 7 13 14 24 0·15

Smokers, n and % 14 25 17 29 0·68
Sedentary habit, n and % 25 45 25 43 0·85
Alcohol consumption*, n and % 9 16 5 9 0·26
NAFLD fibrosis score, mean and SD −1·29 1·69 −1·23 1·68 0·86

NAFLD, non-alcoholic fatty liver disease.
* Less than 210 g/week for men and 140 g/week for women.
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The reported complaints of adverse effects were dermatitis
(in one subject who abandoned the study), sudden increase in
body weight (n 1), night pyrosis (n 1), abdominal bloating
(n 1) in the active group, abnormal faeces colour (n 1, dropout
subject) and dysenteriae (n 1) in the control group.

Discussion

Our study of adult subjects with NAFLD tested a novel multi-
component mixture, selected on the basis of previous knowledge,
with the potential advantage to target different mechanisms and to
utilise relatively low doses of each compound. The chronic supple-
mentation with the nutraceutical mixture was well tolerated and
apparently safe in NAFLD subjects: the adverse effects reported
were of relatively low severity and the compliance to treatment
was high. Choline was used both in the control and in the active
mixture at a dose of 43mg/d,which is relatively lowcomparedwith
the minimal dose reported in the EFSA’s health claim, and corre-
sponds to 15% of the median daily intake of an adult subject. Its
presence in the active mixture was expected to facilitate intracellu-
lar transport of other compounds, such as silymarin and curcumin.

Despite these promising grounds, we did not observe any signifi-
cant effect of the multicomponent nutraceutical on liver enzymes.
In fact, the average reductions in hepatic enzymes after treatment
ranged from 23·2 to 3·7%, independent of the type of supplement
received but did not reach statistical significance (except for AST)
nor discriminated subjects between active and control supplement
groups. Most likely, the observed improvement in AST was due to
choline, which was present in both intervention arms. However,
the possibility of a ‘spontaneous’ or casual effect cannot be
excluded because we did not include a true placebo group.

Other liver function and metabolic parameters were also
unaffected by the supplementation. An unexpected finding of
our study was a minor (less than 10 %) increase in serum choles-
terol (total, LDL and HDL) and glucose levels in the subjects
randomised to the active mixture. Within the different com-
pounds present in the mixture tested in the present study,
DHA has been shown to increase LDL-cholesterol particle
size(23) and to down-regulate receptor-mediated LDL-cholesterol
clearance, in part via reduced expression of LDL receptors by
hepatocytes. These data, however, were not confirmed by other
studies(24).

Table 2. Hepatic enzymes, metabolic and anthropometric variables at baseline and after the 3-month supplementation with active mixture or control*
(Mean values and standard deviations or medians and interquartile ranges (IQR))

Before
P: active v.

control before
treatment

After
P: after v.
before

intra-subject

P: active v.
control (delta %)

treatmentVariable
Mean or
median

SD or
IQR

Mean or
median

SD or
IQR

Body weight (kg) Control 87·9 16·4 0·16 88·0 16·7 0·43 0·81
Active 83·9 14·3 83·9 14·6 0·57

BMI (kg/m2) Control 31·3 5·2 0·14 31·4 5·3 0·47 0·47
Active 30·1 3·6 30·0 3·7 0·94

Waist circumference (cm) Control 106 13 0·44 106 13 0·46 0·96
Active 104 12 104 12 0·51

AST (IU/l) Control 37·5 25·2 0·63 31·2 14·7 0·02 0·47
Active 35·4 22·5 31·6 15·0 0·04

ALT (IU/l) Control 48·3 43·4 0·69 40·0 21·9 0·08 0·07
Active 45·5 28·4 43·8 22·9 0·53

γ-GT (IU/l) Control 98·5 136 0·90 75·6 64·4 0·21 0·71
Active 101·4 101 87·2 71·1 0·07

Direct bilirubin (μmol/l) Control 2·74 2·91 0·08 2·39 1·71 0·24 0·04
Active 2·05 1·20 2·22 1·20 0·09

Indirect bilirubin (μmol/l) Control 9·92 5·99 0·51 10·09 5·30 0·79 0·48
Active 9·23 5·47 9·23 5·64 0·97

Total bilirubin (μmol/l) Control 12·65 7·87 0·27 12·48 6·50 0·76 0·90
Active 11·29 5·99 11·46 6·33 0·70

HDL-cholesterol (mmol/l) Control 1·25 0·46 0·62 1·25 0·33 0·91 0·43
Active 1·21 0·39 1·30 0·36 0·009

LDL-cholesterol (mmol/l) Control 2·87 1·19 0·67 3·03 1·11 0·14 0·75
Active 2·97 1·27 3·36 1·27 0·002

Total cholesterol (mmol/l) Control 4·86 1·24 0·60 4·99 1·19 0·26 0·11
Active 4·99 1·58 5·43 1·47 0·004

TAG (mmol/l) Control 1·22 0·93–1·75 0·21 1·47 0·93–1·90 0·40 0·52
Active 1·52 1·16–2·12 1·51 1·07–2·19 0·89

Glucose (mmol/l) Control 5·44 4·72–6·27 0·97 5·27 4·50–6·66 0·46 0·39
Active 5·11 4·50–6·44 5·49 4·83–6·94 0·03

Insulin (pmol/l) Control 115 72·9 0·12 120 67·4 0·50 0·55
Active 145 118 180 379 0·57

HOMA-IR Control 3·84 2·02–7·80 0·50 4·02 2·69–6·29 0·71 0·33
Active 3·63 2·17–5·76 3·99 2·08–6·63 0·08

C-reactive protein (nmol/l) Control 28·3 3·4–44·5 0·44 24·0 13·3–41·0 0·43 0·56
Active 21·0 13·3–38·1 17·1 12·9–30·5 0·12

AST, aspartate aminotransferase; ALT, alanine aminotransferase; γ-GT, γ-glutamyl transpeptidase; HOMA-IR, homeostatic model assessment of insulin resistance.
* Number of subjects= 58 and 55, for control and active treatment groups, respectively.
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Liver is the source and the site of clearance of most clotting/
fibrinolytic factors (both activators and inhibitors), and a
progressive pro-coagulant imbalance has been reported in liver
disorders, suggesting a pathogenetic role of the prothrombotic
shift in NAFLD-associated risk of CVD and fibrosis progres-
sion(10–12). For this reason, we performed an in-depth study of
coagulation and fibrinolysis, through the use of global tests
(i.e. thrombin generation and clot lysis), which gives an overall
picture of the prothrombotic potential of plasma, and through

the assay of specific factors and activation markers, which reflect
the in vivo activation of coagulation and fibrinolysis. On the
whole, the data obtained point to a heightened prothrombotic
potential in NAFLD. Even though our trial did not include a con-
trol group of healthy subjects, the marked difference in the
results obtained in normal subjects by the same laboratory, using
the same methods and reagents(21,22), provides an indirect sup-
port to this conclusion. Besides this aspect, which needs to be
confirmed by a head-to-head comparison, our study shows that

Table 3. Haemostatic variables at baseline and after the 3-month supplementation with active mixture or control*
(Mean values and standard deviations)

Variable

Before
P: active v. control
before treatment

After
P: after v. before
intra-subject

P: active v. control
(delta %) treatmentMean SD Mean SD

F1þ 2 (pmol/l) Control 258 187 0·97 291 265 0·31 0·92
Active 259 160 270 164 0·69

PAP (ng/ml) Control 365 176 0·80 332 106 0·06 0·83
Active 373 150 359 134 0·39

D-Dimer (ng/ml) Control 347 233 0·82 321 161 0·34 0·68
Active 357 211 329 170 0·07

t-PA (ng/ml) Control 10·1 9·0 0·27 9·9 8·9 0·49 0·56
Active 8·6 4·8 8·7 4·9 0·77

PAI-1 (ng/ml) Control 48·0 18·5 0·15 47·7 21·9 0·91 0·13
Active 42·7 19·8 44·3 18·4 0·49

TAFI (%) Control 100 23 0·28 99 21 0·52 0·93
Active 105 23 104 23 0·55

TAFIa/ai (ng/ml) Control 13·8 5·5 0·42 14·0 4·8 0·67 0·48
Active 14·6 5·2 19·7 41·5 0·35

Clot lysis time (min) Control 158 111 0·95 167 150 0·24 0·68
Active 159 163 136 82 0·30

PAP, plasmin-α2–antiplasmin complex; t-PA, tissue plasminogen activator; PAI-1, plasminogen activator inhibitor-1; TAFI, thrombin activatable fibrinolysis inhibitor; TAFIa, activated
TAFI; TAFIa/ai, a combination of TAFIa and its inactive derivative TAFIai.
* Number of subjects= 58 and 55, for control and active treatment groups, respectively.

Table 4. Thrombin generation parameters at baseline and after the 3-month supplementation with active mixture or control*
(Mean values and standard deviations)

Parameter

Before P: active v.
control before
treatment

After
P: after v. before
intra-subject

P: active v.
control (delta %)

treatmentMean SD Mean SD

Without thrombomodulin
Lag time (min) Control 2·60 1·16 0·74 2·51 1·11 0·13 0·50

Active 2·67 1·17 2·41 0·82 0·02
Peak (nM) Control 243 62 0·72 239 63 0·43 0·24

Active 248 78 238 74 0·11
TTPeak (min) Control 6·0 1·9 0·77 5·8 1·9 0·18 0·36

Active 6·1 2·4 5·8 1·6 0·31
Velocity (nM/min) Control 81·0 35·6 0·66 82·7 38·8 0·54 0·23

Active 84·4 44·8 80·2 41·8 0·15
ETP (nM x min) Control 1412 259 0·87 1386 244 0·19 0·24

Active 1403 305 1382 287 0·45
With thrombomodulin

Lag time (min) Control 2·73 1·37 0·95 2·58 1·2 0·10 0·41
Active 2·74 1·14 2·52 0·9 0·07

Peak (nM) Control 176 73 0·77 174 76 0·69 0·41
Active 181 90 173 87 0·25

TTPeak (min) Control 5·7 1·8 0·92 5·5 1·9 0·12 0·17
Active 5·7 1·7 5·5 1·3 0·18

Velocity (nM/min) Control 66·2 37·8 0·68 67·6 39·6 0·62 0·17
Active 69·4 44·0 67·4 44·6 0·39

ETP (nM x min) Control 898 334 0·75 854 316 0·19 0·16
Active 877 364 844 371 0·26

TTPeak, time to peak; ETP, endogenous thrombin potential.
* Number of subjects= 58 and 55 for control and active treatment groups, respectively.
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none of the variables tested was affected by supplementation
with active or control nutraceuticals. It should be stressed that
in a recent study(21) we could demonstrate a significant reduction
in the prothrombotic potential (e.g. reduced thrombin genera-
tion, faster clot lysis) of healthy subjects following a
4-week intake of fresh grape, showing that some of the variables
assayed in the present study can be influenced by dietary sup-
plementation. The latter finding, alongwith the array of variables
measured in the present study, allows us to conclude that the
nutraceutical formulation tested in this trial has no antithrom-
botic effect, at least after a 3-month period of treatment.

NAFLD is a condition characterised by a wide spectrum of
hepatic changes, which may progress into overt liver disease
such as liver fibrosis and cirrhosis but is also associated with
comorbidities such as insulin resistance, the metabolic
syndrome, thyroid dysfunction, chronic inflammation, hyper-
coagulable state, chronic kidney disease, hyperuricemia and
others, all conditions at increased risk of CVD and mortality.
Therefore, although the mechanisms underlying the onset and
progression of NAFLD are not clearly defined, several types of
nutraceuticals have been proposed and for some of them clinical
trials have shown an improvement of liver function tests and pos-
sibly of liver histological changes.

Nutraceutical supplementation has been previously tested in
NAFLD to prevent or reduce hepatic enzyme imbalance by tar-
geting different potential mechanisms such as insulin resistance,
inflammation and oxidative stress. Themost studied compounds
are vitamins D, E and C, carnitine, n-3-fatty acids such as DHA
and EPA, plant-derived polyphenols including the flavonoids
silymarin and anthocyanins, curcumin and the stilbene resvera-
trol. Mediterranean diet has been also proposed as a potentially
useful approach for NAFLD patients. The available clinical
evidence on the effects and possible mechanisms of action of
nutraceuticals has been recently reviewed(6).

The following considerationsmay be useful for future studies.
The study design, a randomised double-blind, controlled trial,
was correctly applied and randomisation of patients from differ-
ent centres was successful. The study was powered to detect a
20 % reduction in the primary endpoints by the active supple-
ment. Thus, the small, though significant, decrease in AST levels
following both treatments may be considered casual and of little
clinical relevance.

The dose of each componentwas selected on the basis of pre-
vious clinical studies on single ingredient or on the combination
of two components. We purposely chose to reduce the concen-
tration of each component in view of a possible multitarget
potentiation, as discussed above. Concerning the duration of
the study, the 3-month periodwas considered appropriate based
on our previous experience with dietary supplementation in
healthy subjects(21) and on previously published studies(25,26).
On the other hand, a relatively short treatment period was
considered suitable to guarantee a good compliance and provide
a relatively rapid answer on treatment efficacy. Unfortunately, no
measurements of the supplemented compounds or of their bio-
markers in body fluids could be performed.

The subjects included in the trial showed an ample inter-individ-
ual variability, not only for the hepatic and metabolic markers but
also for other clinical conditions and biological variables such as

obesity, diabetes, inflammation markers, status of fibrosis, which
could differently modulate the response to supplementation.
This heterogeneity, while representing a limitation for it may
decrease the statistical power of the study, was considered to better
reflect real-life situation and thus may represent an advantage as to
the applicability of the results to a general population.

What have we learnt from the present study?

First of all, trials may obviously end with either positive or neg-
ative results: the latter are as important as the former, as theymay
clarify some uncertain points on the clinical condition selected
and/or its potential treatment.

Second, it may be quite difficult to show any significant
decrease in biochemical parameters that are only marginally
altered before the treatment. In our previous experience on
other nutraceuticals, we had observed a measurable effect of
these compounds only in ‘stressed’ conditions, such as challeng-
ing healthy volunteers with a fatty meal, that induces an acute
increase in inflammatory reactions(27). We cannot exclude that
the inclusion in the present study of patients with a more severe
form of NAFLD could have produced more apparent results.

Third, in a chronic condition such as NAFLD, a longer treat-
ment might have been preferable but could not be performed in
our study for organisation reasons.

Fourth, the significant increase in cholesterol and glucose lev-
els should caution against consuming nutraceuticals for which
no evidence-based efficacy has been previously shown, because
some unexpected, though minor, side effects might occur.

In conclusion, in the present trial we were unable to show
any effect of a mixture of dietary natural compounds on different
relevant physiopathological markers of NAFLD. The results of
our study, as well as our protocol choices, may be useful for
future trials, which will have to take into account the number
of subjects, the inclusion criteria (to obtain amore homogeneous
sample, preferably at higher risk), the nature and the concentra-
tion of nutraceuticals, a longer duration of treatment, along with
other aspects such as the gut microbiota interference in lipid
metabolism.
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