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ABSTRACT
Objective Pharmacological treatment of non-alcoholic
fatty liver disease (NAFLD) is still evolving. Probiotics could
be a promising treatment option, but their effectiveness
needs to be established. The present study aimed to
evaluate the efficacy of a high potency multistrain
probiotic in adult patients with NAFLD.
Methods Thirty-nine liver biopsy-proven patients with
NAFLD were randomised in a double-blind fashion to
either lifestyle modifications plus an oral multistrain
probiotic (675 billion bacteria daily, n=19) or identical
placebo (n=20) for 1 year. Lifestyle modifications included
regular exercise for all and control of overweight/obesity
(with additional dietary restrictions), hypertension and
hyperlipidaemia in those with these risk factors. Primary
objective of the study was the histological improvement
in NAFLD activity score (NAS) and its components and
secondary objectives were improvement in alanine
transaminase (ALT) and cytokine profile.
Results Thirty (76.9%) out of 39 patients with NAFLD
completed the study with 1 year of follow-up. A repeat
liver biopsy at 1 year could be done in 10 patients (52.6%)
in probiotic group and five patients (25%) in placebo
group. In comparison to baseline, hepatocyte ballooning
(p=0.036), lobular inflammation (p=0.003) and NAS score
(p=0.007) improved significantly at 1 year in the probiotic
group. When compared with placebo, the NAS score
improved significantly in the probiotic group (p=0.004),
along with improvements in hepatocyte ballooning
(p=0.05) and hepatic fibrosis (p=0.018). A significant
improvement in levels of ALT (p=0.046), leptin (p=0.006),
tumour necrosis factor-α (p=0.016) and endotoxins
(p=0.017) was observed in probiotic group in comparison
to placebo at 1 year. No significant adverse events were
reported in the study.
Conclusion Patients with NAFLD managed with
lifestyle modifications and multistrain probiotic showed
significant improvement in liver histology, ALT and
cytokines.
Trial registration number The clinical trial is registered
with CLINICAL TRIAL REGISTRYINDIA (CTRI); http://ctri.nic.
in, No. CTRI/2008/091/000074
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Summary Box
What is already known about this subject?
►► Non-alcoholic fatty liver disease (NAFLD) is the most

common cause of chronic liver disease and is becoming a serious public health concern.
►► The pathogenesis of NAFLD is unclear, but gut microbiota is known to be involved in its pathogenesis.
►► Probiotics are safe and have been found beneficial
in various gastrointestinal conditions like inflammatory bowel disease, irritable bowel syndrome,
diarrhoea, hepatic encephalopathy/minimal hepatic
encephalopathy, etc but need further exploration in
NAFLD.

What are the new findings?
►► The first human study to show the histological ef-

ficacy of a multistrain probiotic in biopsy-proven
patients with NAFLD.
►► The study also demonstrates the beneficial effect
of multistrain probiotic on levels of alanine transaminase, cytokines and endotoxins in patients with
NAFLD.

How might it impact on clinical practice in the
foreseeable future?
►► The use of probiotics in general clinical practice is

not far away. The study provides data suggesting
an important role of a multistrain probiotic in decreasing inflammation in patients with NAFLD which
could help prevent future complications. Modulation
of gut microbiota by probiotics represents a new
treatment option in NAFLD.

Introduction
Non-alcoholic fatty liver disease (NAFLD) is
currently the most common cause of chronic
liver disease, becoming a serious public
health concern as a result of the obesity
epidemic, unhealthy dietary patterns and
sedentary lifestyles.1 NAFLD represents a
1

BMJ Open Gastroenterol: first published as 10.1136/bmjgast-2019-000315 on 7 August 2019. Downloaded from http://bmjopengastro.bmj.com/ on January 8, 2023 by guest. Protected by
copyright.

Hepatology

spectrum of conditions ranging from fat accumulation
alone (steatosis without inflammation) to non-alcoholic
steatohepatitis (NASH), with macrovesicular steatosis in
hepatocytes, associated with inflammation, fibrosis and
scarring, which can lead to cirrhosis and hepatocellular
carcinoma.2 The prevalence of NAFLD is rapidly rising
and is becoming a worldwide public health problem.
NAFLD occurs among all ages, both the genders and
various ethnic groups, and its global prevalence among
the general population is ~25% with the highest prevalence seen in the Middle East and South America and the
lowest in Africa.3–7
The pathogenesis of NAFLD is unclear; however,
complex interactions between genetic, epigenetic, inflammatory status, environmental factors and lifestyle all play
key roles in its development. The initial two-hit hypothesis
has been replaced by the multi-hit hypothesis.8 Visceral
adipose tissue accumulation contributing to inflammatory pathways and the development of peripheral insulin
resistance are the main mechanisms for the development
of NAFLD.6 Inflammatory cells, such as macrophages
infiltrate visceral adipose tissue, thus increasing inflammatory adipokine secretion and reducing adiponectin
production.9 A growing body of evidence has surfaced
in recent past regarding small intestinal bacterial overgrowth (SIBO) or intestinal dysbiosis, which induces
liver injury by causing increased intestinal permeability
favouring the absorption of gut-derived lipopolysaccharides and endotoxins as a pivotal factor in the development and progression of NAFLD.10–13
The main treatment for NAFLD is lifestyle modification, including weight loss through a combination of
decreased energy intake and increased energy expenditure.1 3 14 Pharmacological treatment of NAFLD/NASH is
still evolving. Probiotics are a collection of bacteria with
a wide range of beneficial effects on the host.15 Although
the exact mechanism of probiotics in the treatment of
NAFLD is not completely understood, it is thought that
probiotics interfere with NAFLD progression through its
effect in eradicating pathogenic bacteria in the intestine.
Probiotics also reduce ethanol production and reduce
inflammation by altering cytokine signalling.16 17
No human study has evaluated the efficacy of this
probiotic preparation in a randomised manner for the
treatment of NAFLD with liver histology as the endpoints.
Hence, we conducted a proof of concept study in a
randomised, double-blind, placebo-controlled manner
to assess the role of the probiotic on liver histology, liver
enzymes and adipocytokines in adult patients with biopsy-proven NAFLD.

Methods
Study design
The study was an investigator-initiated, randomised,
double-blind placebo-controlled clinical trial conducted
at two major tertiary care hospitals in Northern India.
Signed informed consent was obtained from all patients
2

before inclusion in the study. CD Pharma India Private
Limited (New Delhi, India) funded the study and
supplied the investigational drugs.
Patients
Eligible patients were aged above 18 years with raised
liver enzymes (aspartate transaminase (AST) and alanine
transaminase (ALT)) of at least 1.5 times the normal for
more than 3 months, with no history of alcohol intake
or intake <20 g/d (confirmed from at least two family
members), negative viral markers (hepatitis B virus
surface antigen and anti-hepatitis C virus), negative
autoimmune markers (anti-nuclear antibodies (ANA),
anti-smooth muscle antibody (ASMA), anti-liver kidney
microsomal antibody, anti-mitochondrial antibody),
negative Kayser-Fleischer ring with normal ceruloplasmin
and normal iron studies and a liver biopsy consistent with
features of NAFLD. Exclusion criteria included pregnant
or lactating women, subjects with diabetes mellitus (DM)
or with cirrhosis on imaging or liver biopsy, or patients
with a history of drug intake for chronic conditions likely
to cause NAFLD (eg, corticosteroids, methotrexate,
tamoxifen, etc).The reason for excluding patients with
DM was the possible effect of DM on gut motility leading
onto the risk of SIBO.
Clinical evaluation, laboratory assessment and imaging
Clinical evaluation included anthropometric and a thorough general physical examination. Laboratory investigations included a complete haemogram and serum
biochemistry including lipid profile, renal and liver function tests (LFTs), fasting and postprandial glucose levels.
All patients were then subjected to an ultrasound examination of the abdomen; hepatic steatosis was noted and
graded.18
Insulin resistance
Insulin resistance was determined by the homeostasis
model assessment for insulin resistance (HOMA-IR).
HOMA-IR was calculated as the product of fasting insulin
(µU/L) and fasting plasma glucose (in mmol/L) divided
by 22.5. An absolute value of HOMA-IR >1.64 was taken
as abnormal.19
Metabolic syndrome
Metabolic syndrome was defined as the presence of at
least ≥3 out of five modified Adult Treatment Panel III
criteria including modified abnormal waist as per the
Asia Pacific criteria.20
Adipokine and cytokine measurement
Adipokines (leptin and adiponectin) and cytokines
(tumour necrosis factor (TNF)-α, interleukin (IL)−1β,
IL-6 and IL-8) levels were measured in plasma using
specific ELISA kits (Ray Biotech Life, Norcross, GA),
according to the manufacturer’s protocol.
Small intestine bacterial overgrowth
Recruited patients were assessed for the presence of
SIBO using non-invasive glucose hydrogen breath test
Duseja A, et al. BMJ Open Gastro 2019;6:e000315. doi:10.1136/bmjgast-2019-000315
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(GHBT) and duodenal fluid culture as per the standard
procedure.21 22
Histopathology
Liver biopsy was done under local anaesthesia as per
standard protocol and the tissue was subjected to histological examination. Patients were graded as per the
NASH-Clinical Research Network NAFLD activity score
(NAS).23 Interpretation of liver biopsy was done by the
single pathologist at respective centres; however, the
same pathologist interpreted the histopathology at baseline and post-intervention and was blinded to the clinical
details and the intervention group.
Randomisation and intervention
Randomisation, allocation and blinding
Computer-generated randomisation using permuted
blocks of 4 and numbered packing of the intervention
were prepared by a person not involved in the study.
Individual randomisation codes for each recruited
subject were concealed in separate opaque envelopes
and marked with the patient number on the outer envelope. The individual sealed opaque envelope method
was used to maintain blinding of the investigators and
study participants. All the envelopes were passed on to
the investigators (at the site) before the study initiation
with an instruction that the envelope could be opened
only in case of an emergency. Patients were randomised
into either group immediately after the availability of the
liver biopsy report.
Intervention
All patients were advised lifestyle modifications in the
form of control of various risk factors like hypertension, hyperlipidaemia (with statins or fibrates) and overweight/obesity. All patients were advised regular exercise
like brisk walking, jogging, running, swimming, cycling,
etc for at least 30–45 min/day, for at least 5 days in a
week. Patients with overweight/obesity, in addition, were
advised 5%–10% of weight reduction from baseline (not

more than 1.6 kg/week) with the help of hypocaloric diet
(30% reduction in calorie intake) by reducing the intake
of both carbohydrates and fats.
In addition to the lifestyle modifications, patients were
randomised in a double-blind fashion to receive the high
potency multistrain probiotic preparation (675 billion
bacteria daily), or a placebo (identical in appearance and
colour) for a period of 12 months (figure 1).
Probiotic Group: 2 capsules t.i.d. (Each capsule containing
112.5 billion live, lyophilised, lactic acid bacteria and
bifidobacteria, namely Lactobacillus paracasei DSM 24733,
Lactobacillus plantarum DSM 24730, Lactobacillus acidophilus DSM 24735 and Lactobacillus delbrueckii subsp. bulgaricus DSM 24734, Bifidobacterium longum DSM 24736,
Bifidobacterium infantis DSM 24737, Bifidobacterium breve
DSM 24732, and Streptococcus thermophilus DSM 24731,
produced at Danisco-Dupont, WI, USA, currently sold
in Europe, Singapore, USA and Korea under the brand
VIVOMIXX, VISBIOME and DESIMONE FORMULATION, respectively).
Placebo Group: 2 placebo capsules t.i.d. (capsules
containing microcrystalline cellulose).
Outcome and follow-up
Primary endpoint
Histological improvement in NAS and its components or
hepatic fibrosis at the completion of the intervention (12
months).
Secondary endpoint
Improvement in ALT and cytokine profile at the completion of the intervention (12 months).
Physical examination, vital signs, haematology and
biochemistry including LFTs were done monthly; anthropometry, measurement of adipocytokines, HOMA-IR
and components of metabolic syndrome and ultrasound
(abdomen) were done at baseline, at 3 months and at
the end of study. Repeat assessment of SIBO and histopathology was planned at the end of the study.

Figure 1 Consort diagram. ANA, Anti-nuclear antibody; ALT, alanine transaminase; ASMA, Anti smooth muscle antibody; AST,
aspartate transaminase; HCV, hepatitis C virus.
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Statistical analysis
Since the study was planned by investigators and was
designed as a proof of concept study, sample size calculation was not done during initiation; however, it was
planned to enrol at least 20 patients in each group. The
descriptive statistics (mean±SD; median/range) was
presented for continuous variables under each group.
The distribution of categorical variables was presented
in terms of frequency (percentage), under each group
separately. If data did not follow a normal distribution,
the non-parametric Kruskal-Wallis test was applied. Statistical significance of categorical variables was carried out
by χ2 test/Fisher Exact test between the two groups. For
comparison between the two groups, unpaired t-tests
for normally distributed variables and non-parametric
Mann-Whitney Test were applied for data that did not
follow a normal distribution. Within-group comparison
of quantitative variables was carried out by paired t-tests
for normally distributed variables, and non-parametric
Wilcoxon Signed Rank test for data that did not follow
a normal distribution. Change in histology and other
parameters was correlated with change in body weight
and other components of metabolic syndrome using
Spearman’s correlation coefficient. The level of statistical
significance was taken as p<0.05. The data were analysed
using SPSS Statistical Software V.18.0 (IBM, NY, USA)
and is shown for those who adhered to the protocol and
completed the follow-up (per-protocol analysis).

(figure 1). A total of 39 patients were randomised to
receive either probiotic (n=19) or placebo (n=20), of
which 30 (76.9%) patients (probiotic=17, placebo=13)
completed the study with 1 year of follow-up. Study
discontinuations were distributed evenly across both
groups and are explained in later section. The patients
in both the groups were comparable at baseline with
respect to demographic, anthropometric and components of metabolic syndrome (table 1).
Primary endpoint
Overall 30 (76.9%) out of 39 patients included in the
study, completed 1 year of follow-up (probiotic=17,
placebo=13). Four patients were excluded (reasons
detailed in the compliance section) and five patients
were lost to follow-up. Ten out of 17 (58.8%) patients
in probiotic group and 5 out of 13 (38.5%) patients in
placebo group agreed to undergo a repeat liver biopsy.
As compared with baseline, even though there was no
significant improvement in hepatic steatosis, hepatocyte
ballooning (p=0.036), lobular inflammation (p=0.003)
and NAS score (4.4±1.6 vs 2.7±1.0; p=0.007) improved
significantly at 1 year in the probiotic group (table 2
Online Supplementary figure 1(A-E). When compared
with the placebo group after 1 year, NAS score improved
significantly in the probiotic group (2.7±1.0 vs 3.2±2.2;
p=0.004) with significant improvements in individual
components of hepatocyte ballooning (p=0.05) and
hepatic fibrosis (p=0.018). Even though the number of
patients with NAS score ≥5 were small (40%) in each
group, a significant improvement (p=0.026) was also seen
in NASH grading in the probiotic group as compared

Results
Study patients
A total of 141 subjects were screened for enrolment, of
which 102 patients were excluded for various reasons

Table 1 Baseline demographic, anthropometric and metabolic syndrome characteristics in the two groups
Parameters

Probiotic

Placebo

P value

Patients, n (%)
Sex: male, n (%)

19 (49)
13 (68)

20 (51)
15 (75)

0.671
0.424

Age in year, mean (SD)

38 (10)

33 (6)

0.228

Weight in kg, mean (SD)

70 (11)

74 (14)

0.263

Height in cm, mean (SD)

163 (9)

167 (10)

0.125

BMI in kg/m2, mean (SD)

26 (3)

27 (4)

0.894

Waist circumference in cm, mean (SD)

93 (10)

93 (8)

0.964

Hip circumference in cm, mean (SD)

92 (7)

96 (7)

W/H ratio, mean (SD)
Hypertension (≥130/≥85 mm Hg); n (%)
Fasting blood glucose in mg/dL, mean (SD)
Cholesterol in mg/dL, mean (SD)

1 (0.1)

0.087

1 (0.1)

0.121

5 (26)

4 (20)

0.728

98 (15)

96 (16)

0.695

180 (49)

172 (43)

0.647

HDL in mg/dL, mean (SD)

40 (9)

40 (7)

0.987

LDL in mg/dL, mean (SD)

102 (38)

107 (37)

0.660

Triglycerides in mg/dL, mean (SD)
Metabolic syndrome, n (%)

205 (137)
9 (47.4%)

146 (58)
8 (40%)

0.270
0.670

BMI, body mass index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; W/H ratio, waist/hip ratio.
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Table 2 Histological parameters at baseline and after 12 months of intervention in the two groups
0 Mo

P value
(0 vs 12 mo)

12 Mo

Parameters/groups

Probiotic
(n=19)

Placebo
(n=20)

P value

Probiotic
(n=10)

Placebo
(n=5)

P value

Probiotic

Placebo

Steatosis
 ≤5%

0

0

0.632*

 5%–33%

5

5

0

0

0.999*

0.287*

0.136*

4

2

 >33%–66%

9

7

6

3

 >66%

5

8

0

0

 None

8

11

6

3

 Few balloon cells

3

4

4

0

0.050*

0.036*

0.082*

 Many balloon cells

8

5

0

2

 0 or 1 focus

0

4

4

2

0.852*

0.003*

0.233*

 2–4 foci per 200×
field

13

8

5

2

 >4 foci per 200×
field

6

8

1

1

 None

9

8

8

1

0.018*

0.732*

0.544*

 Perisinusoidal or
periportal

5

5

2

1

 Perisinusoidal and
portal/periportal

4

3

0

3

 Bridging fibrosis

1

4

0

0

 Cirrhosis

0

0

0

0

 NAS score†

4.4±1.6

4.2±2.0

0.227‡

2.7±1.0

3.2±2.2

0.004‡

0.007§

0.257§

 No NASH
 (NAS<3)

2

5

0.470*

4

3

0.026*

0.197*

0.233*

 Borderline NASH
 (NAS 3–4)
 Definite NASH
(NAS≥5)

9

7

6

0

8

8

0

2

Ballooning necrosis
0.526*

Lobular inflammation
0.104*

Fibrosis
0.577*

NASH grading

*Pearson χ2 test.
†± Values are mean±SD.
‡Kruskal-Wallis test.
§Wilcoxon Signed-Rank test.
NAFLD, non-alcoholic fatty liver disease; NAS, NAFLD activity score; NASH, non-alcoholic steatohepatitis; mo, months.

with the placebo group at the end of 1 year (table 2,
Online supplementary Figure 1F).

ALT levels (p=0.046) in comparison to the placebo group
at the end of 12 months (table 3).

Secondary endpoints
Assessment of liver functions
LFT assessment was done in all patients at baseline and
at 3 and 12 months in those on follow-up. Even though
patients in both placebo and probiotic groups demonstrated a reduction in ALT levels at 12 months, patients
in the probiotic group showed a greater improvement in

Adipocytokines and endotoxins
Assessment of adipocytokines and endotoxins was done
in all patients at baseline and at 3 and 12 months in those
on follow-up. Leptin levels decreased significantly from
5.72±2.11 ng/mL at baseline to 3.95±1.31 ng/mL at 12
mo (p=0.001) in the probiotic group (table 4). Patients in
the probiotic group showed a significant reduction in the
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Table 3 Liver function tests at baseline and 12 months of intervention in the two groups
Probiotic
Parameters/groups

0 mo
(n=19)

Bilirubin (mg/dL)
P value

1.1±1.3

AST (U/L)

68.0±32.3

P value
ALT (U/L)

12 mo
(n=17)
0.7±0.4
0.025‡
36.0±16.4

0 mo
(n=20)

12 mo
(n=13)

1.0±1.1
74.2±30.1

0.002‡
101.1±48.0

P value
ALP (IU/L)
P value

Placebo

45.1±29.7
138.7±55.0
0.011‡

P value†

1.1±1.0
0.721‡

0.216

0.036

44.9±18.5

0.305

0.119

0.613

0.046

0.305

0.039

0.005‡
105.5±51.0

0.001‡
187.1±74.9

P value*

68.0±40.7
0.013‡

239.8±155.0

210.3±117.6
0.463‡

± Values are mean±SD.
*Between-group comparison at 0 mo by Mann-Whitney test.
†Between-group comparison at 12 mo by Mann-Whitney test.
‡Within-group comparison, 0 mo versus 12 mo by Wilcoxon Signed-Rank test.
ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate transaminase; mo, months.

Table 4 Adipocytokines and endotoxins levels at baseline and 12 months of intervention in the two groups
Parameters/mo

0 mo (n†=19/20)

12 mo (n†=17/13)

P value‡

Leptin units (ng/mL)
 Probiotic

5.7±2.1

4.0±1.3

0.001

 Placebo

5.1±2.1

5.7±2.4

0.972

 P value§

0.384

0.006

 Probiotic

5.0±2.2

5.5±2.2

0.866

 Placebo

4.8±2.5

5.3±2.2

0.917

 P value§

0.908

0.999

Adiponectin units (mcg/mL)

TNF-α units (pg/mL)
 Probiotic

207.9±102.2

107.8±94.4

0.011

 Placebo

190.0±131.1

243.15±167.1

0.917

 P value§

0.438

0.016

 Probiotic

99.6±56.4

78.8±56.7

0.027

 Placebo

90.7±73.8

106.2±75.3

0.576

 P value§

0.603

0.3

IL-1β units (pg/mL)

IL-6 units (pg/mL)
 Probiotic

125.6±95.3

100.6±74.7

0.041

 Placebo

112.8±83.7

141.4±107.3

0.507

 P value§

0.448

0.189

Endotoxins units (endotoxin units/mL or EU/mL)
 Probiotic

0.35±0.29

0.15±0.16

0.021

 Placebo
 P value§

0.34±0.27
0.935

0.41±0.27
0.017

0.866

± Values are mean±SD.
*Probiotic/placebo.
†Within-group comparison at 0–12 mo by Wilcoxon Signed-rank test.
‡Between-group comparison at 0 mo and at 12 mo by Mann-Whitney Test.
IL, interleukin; TNF, tumour necrosis factor; mo, months.
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levels of TNF-α at 12 months (p=0.016) in comparison to
the placebo group. The levels of inflammatory cytokines
(TNF-α, IL-1β, IL-6) and endotoxins were found to be
significantly reduced only in the probiotic group at 12
months (table 4).
Other assessments
Metabolic syndrome
Nine (47.4%) and 8 (40.0%) patients in the probiotic and
placebo groups, respectively, had metabolic syndrome
at baseline (table 1). Even though lifestyle interventions were advised in both the groups, over a period of
1 year, there was no significant change in body weight
or components of metabolic syndrome in either group
(Online supplementary Table 1a and 1b). Furthermore,
the improvement in histology, ALT and cytokine profile
did not correlate with change in body weight or other
components of metabolic syndrome.
Insulin resistance
In all, 15 (78.9%) and 17 (85%) patients in the probiotic
and placebo groups, respectively, had evidence of insulin
resistance (HOMA-IR >1.64) at baseline. There was no
significant change in the HOMA-IR levels in both groups
of patients at 3 and 12 months.
Small intestine bacterial overgrowth
Two (10.5%) patients and one (5%) patient each in
the probiotic and placebo groups as per GHBT and
five patients (25%) each as per duodenal fluid culture
had evidence of SIBO at baseline, however, none of the
patients in both the groups had evidence of SIBO after
12 months.
Ultrasonography
All patients showed evidence of hepatic steatosis at baseline and continued to do so at 3 and 12 months.
Compliance and adverse events
Three subjects, non-compliant to study protocol were
excluded from the study (one in the probiotic group and
two in the placebo group). A subject in the placebo group
got pregnant and had to be excluded from the study for
ethical reasons. One patient in the probiotic group and
four patients in the placebo group were lost to follow-up.
Overall, 30 (76.97%) out of 39 patients included in the
study, completed 1 year of follow-up. None of the patients
in either group had any serious adverse event that could
be corroborated to the usage of study drug or placebo.
Mild flatulence was reported by two patients in the probiotic group which got resolved after 1–2 weeks of therapy.
Discussion
In this proof of concept, double-blind, randomised
placebo-controlled study, our results have shown for the
first time in the world literature the efficacy of a high
concentration multistrain probiotic in improving liver
histology in adult patients with NAFLD. In addition to
Duseja A, et al. BMJ Open Gastro 2019;6:e000315. doi:10.1136/bmjgast-2019-000315

improvements in liver histology, patients in the probiotic group showed greater reduction in serum ALT
and improvement in cytokine profile in comparison to
the patients on placebo. Since there was no significant
change in either body weight or components of metabolic syndrome in either group, significant improvement
in histological parameters, ALT and cytokine profile
in the probiotic group would suggest the beneficial
effect of probiotic rather than the effect of the lifestyle
interventions.
Pharmacological treatment of patients with NAFLD is
still evolving. Most of the guidelines recommend the use
of vitamin E or pioglitazone in patients without diabetes
and with biopsy-proven NASH.1 3 5 6 However, both these
drugs have long-term safety concerns. Lot of new drugs
including obeteicholic acid, elafibranor, selonsertib and
cenicriviroc have shown promising results in phase II
studies but are awaiting results of phase III studies.24–27
Since gut microbiota is known to be involved in the
pathogenesis of NAFLD/NASH, there exists a rationale
in modulating the gut microbiota in such patients. The
gut microbiota can be modulated with antibiotics, faecal
microbiota transplantation, etc, however, probiotics are
the safest and most studied in patients with NAFLD.28
Probiotics are live microorganisms when administered in
adequate amounts confer a health benefit on the host.15
Probiotics have been extensively studied in patients with
cirrhosis and its complications like hepatic encephalopathy and use of probiotics have shown improvement
in endotoxemia and minimal hepatic encephalopathy
in such patients.29 In our own experience, the same
multistrain probiotic was shown to reduce liver disease
severity and hospitalisations due to hepatic encephalopathy in patients with liver cirrhosis.30 Based on the
severity and complexity of the chronic liver disease,
earlier studies used a dose of 450 - 900 billion CFU of this
probiotic preparation per day.30–32 Taking an average of
the available studies, we chose to use 675 billion CFU of
the probiotic daily in the present study.
There is sparse data on the use of probiotics in patients
with NAFLD. Even though few randomised controlled trials
have studied the efficacy of probiotics in both paediatric
and adult patients with NAFLD, these studies are limited
by the usage of surrogate markers of liver disease like
serum ALT, lipids and cytokine profile rather than using
the histological endpoints.33–35 Similarly, studies using
synbiotics (a combination of prebiotics and probiotics)
in biopsy-proven patients with NAFLD assessed its efficacy
by surrogate imaging or biochemical markers rather than
using the histological endpoints.36 A recent meta-analysis of
seven studies suggested probiotics to be a promising option
for the treatment of patients with NAFLD.37 Different
results with the use of probiotics in NAFLD are related to
the usage of varying bacterial strains, doses and treatment
duration across studies. However, overall beneficial effects
of probiotics in NAFLD are related to improved gut dysbiosis and increased mucin production amounting to a good
gut barrier function, increased competitive adhesion and
7
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minimising pathogen colonisation, reducing endotoxemia
and regulation of gut-associated lymphoid tissue system.16 17
The probiotic used in our study contains one of the
highest concentration of bacteria and has been shown to
be useful in NAFLD in both animal and human studies in
improving biochemical and imaging parameters.38–40 In an
earlier study from John Hopkins University, treatment with
this probiotic preparation or anti-TNF antibodies in ob/ob
mice model of NAFLD, improved liver histology, reduced
hepatic total fatty acid content and decreased serum ALT
levels. These benefits were associated with decreased hepatic
expression of TNF-α mRNA in mice treated with anti-TNF
antibodies but not in mice treated with the probiotic.
Nevertheless, both treatments reduced the activity of Jun
N-terminal kinase, a TNF-regulated kinase that promotes
insulin resistance, and decreased the DNA binding activity
of nuclear factor kappa B, the target of IκB-kinase, another
TNF-regulated enzyme that causes insulin resistance.38 In
a methionine-choline deficient diet-induced mice model,
the probiotic modulated liver fibrosis but did not protect
from inflammation and steatosis in NASH.39 In a recent
randomised, placebo-controlled human study in obese
children (22 patients each on probiotic and placebo) the
probability that children supplemented with probiotic had
none, light, moderate or severe fatty liver as assessed on
ultrasound at the end of 4 months of study was 21%, 70%,
9% and 0%, respectively, with corresponding values of 0%,
7%,76% and 17% for the placebo group (p<0.001). No
between-group differences were detected in triglycerides,
HOMA and ALT while BMI decreased and glucagon-like
peptide (GLP-1) and activated GLP-1 increased in the
probiotic group (p<0.001 for all comparisons).40
In contrast to the available data on the use of this probiotic
preparation in NAFLD, the strength of our study includes
that it is the first human study to show the histological efficacy in biopsy-proven patients with NAFLD. However, our
study is limited by the small number of patients at baseline
in both the groups and a further small number on follow-up
in who repeat liver biopsies could be performed and interpretation of histopathology by only a single pathologist at
respective centres. In addition, most patients had mild liver
histology at baseline which may have contributed towards
positive results. Even though our numbers were small, our
work does provide a proof of concept regarding the efficacy of the high concentration multistrain probiotic preparation in improving the liver histology, ALT and cytokine
profile in patients with NAFLD.
Even though the multistrain probiotic used in this
study has shown positive results, it should be understood that the actions of individual probiotic strains or
multistrain probiotics used in clinical trials are quite
specific and therefore should not be generalised to
other probiotic formulations differing in the colony
forming counts, type of strains, ratio of strains or the
manufacturing processes used for formulation of the
probiotic product.
In conclusion, results of this proof of concept study
suggest that lifestyle modifications along with the multistrain
8

probiotic preparation significantly improve liver histology,
serum ALT and cytokine profile in patients with NAFLD. A
large randomised controlled trial is warranted to confirm
the results of this study.
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