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Abstract 

Background:  Given the increasing prevalence of non-alcoholic fatty liver disease, it is necessary to find an easy and 
cost-effective method in its management and treatment. Probiotics are a group of living microorganisms that might 
affect NAFLD through the intestinal-liver axis. The present clinical trial aims to examine the effect of probiotic yogurt 
consumption on liver enzymes, steatosis and liver fibrosis in patients with NAFLD.

Methods:  Sixty-eight patients with NAFLD will be recruited in this study. After block matching for sex, BMI and age, 
patients will be randomly assigned to receive 300 g/d probiotic yogurt containing 106 cfu/g of Lactobacillus acidophi‑
lus and Bifidobacterium lactis strains or 300 g/d plain yogurt daily for 12 weeks and those in the control group would 
receive similar amounts of plain yogurts. Weight, height, and waist circumference will be measured at study baseline 
and after the intervention. Biochemical indicators including plasma glucose, serum insulin, lipid profile, liver mark‑
ers (ALT, AST and GGT) will be examined at study baseline and at the end of the trial. Insulin resistance and insulin 
sensitivity will be determined using the HOMA-IR and QUICKI equation. The degree of steatosis and hepatic fibrosis 
will also be assessed at the beginning and end of the intervention by the same gastroenterologist using elastography 
with fibroscan.

Discussion:  Probiotics have been suggested as a new strategy in the management of NAFLD. Their effects might 
be mediated through intestinal microbiota modification and production of short-chain fatty acids. Consumption of 
probiotic-enriched foods, rather than their supplements, might be a cost-effective method for long-term use in these 
patients. In case of finding the beneficial effects of probiotic yogurt consumption in the current clinical trial, its inclu‑
sion in the dietary plan of NAFLD patients can be recommended.

Trial registration This clinical trial was registered in Iranian Registry of Clinical Trials (www.​irct.​ir) at 2021-04-19 with 
code number of IRCT20210201050210N1.
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Background
Non-alcoholic fatty liver disease (NAFLD) is defined as 
an exacerbation of the triglyceride content in hepatocytes 
(greater than 5% of liver weight) without excessive alco-
hol consumption [1]. NAFLD is the most common type 
of chronic liver disease in the world which might result 
in simple steatosis, non-alcoholic steatohepatitis (NASH) 
and fibrosis. These complication can eventually progress 
to cirrhosis or liver carcinoma [2]. The general prevalence 
of NAFLD, based on ultrasound screening, is estimated 
to be 20–30% [3]. In Asia, it has been reported that 15 to 
40% of population are affected [4]. According to a meta-
analysis, 32% of population in the Middle East and 34% in 
Iran suffer from this condition [5].

Although weight loss has been the most effective strat-
egy to manage this condition [6–8], dieting for weight 
loss has had little success in obese people in the long 
run. Therefore, it is necessary to find complementary 
therapies to control this condition. The composition 
of gut microbiota has recently gained great attention in 
several chronic diseases including fatty liver. Gut micro-
biota seem to affect this condition through various path-
ways including increased ethanol production, increased 
lipopolysaccharide (LPS) release and activating inflam-
matory cytokines [9, 10]. Therefore, modification of gut 
microbiota through probiotics might be a new strategy 
for effective management of NAFLD [11–13]. Earlier 
studies have shown the efficacy of probiotic supplements 
in improving levels of liver enzymes [14–17], lipid pro-
files [14, 18], inflammatory factors [19–21], steatosis 
[16] and fibrosis [16]. However, due to the high cost of 
supplements, low access and the possibility of inducing 
infection and inflammation by their high dosages in long 
time [14–17], taking probiotics in the context of foods 
might be a superior choice than supplements. Probiotic 
foods also contain other nutrients that can be effective in 
liver health. In addition, findings based on supplements 
of probiotics may not be generalizable to all patients 
because of their short-term high dosage use in clinical 
trials [22–26].

Despite several studies about the effect of probiotic 
supplements on liver health, limited investigations have 
assessed the effect of probiotic-enriched foods. In a clini-
cal trial on 102 NAFLD patients, consumption of synbi-
otic yogurt for 24-week resulted in a significant reduction 
in liver enzymes and steatosis [27]. Nabavi et  al., in a 
study on 62 patients with NAFLD, administered probiotic 
yogurt containing Lactobacillus acidophilus and Bifido-
bacterium for 12 weeks and found a significant reduction 

in liver fat and enzymes [28, 29]. None of these studies 
have examined the effect of such interventions on liver 
fibrosis. In addition, both studies have used ultrasound, 
rather than fibroscan, to examine liver fat, which might 
be subject to errors due to subjective decisions. Also, as 
evidenced in the latest systematic review and meta-anal-
ysis, further studies are needed to investigate the effect of 
probiotics on liver fibrosis, and since studies on probiotic 
foods are limited. Therefore, the aim of this study was to 
evaluate the effect of probiotic yogurt consumption on 
liver enzymes, steatosis and liver fibrosis in patients with 
NAFLD.

Patients and methods
Participants
This study will be a parallel randomized clinical trial 
(CRT) that will be conducted in Tehran, Iran, in 2021. 
The sample size was calculated by considering the type 1 
error of 5%, the study power of 80% and the hepatic stea-
tosis levels [30] (based on CAP) as a key variable based 
on data from previous studies. Considering the mean dif-
ference in hepatic steatosis levels of 2 dB/mL between the 
two groups [12], using the suggested formula for paral-
lel clinical trials, we will need 28 patients in each group. 
However, by taking a possible drop-out of 20% into 
account, we will recruit 34 patients in each group based 
on the study inclusion criteria. Outpatients with NAFLD 
will be recruited from private clinics in Tehran, Iran. The 
diagnosis of NAFLD will be done by a gastroenterolo-
gist based on examination with a fiberoscan. The study is 
ethically approved by the Bioethics Committee of Tehran 
University of Medical Sciences, Tehran, Iran, and is reg-
istered in the Iranian Registry of Clinical Trials website 
(http://​www.​irct.​ir).

Inclusion criteria
In this study, we will recruit patients with NAFLD, whom 
condition was approved by a gastroenterologist using fib-
eroscan examination. Individuals aged 20–60 years with 
a body mass index between 25 to 35  kg/m2 that have a 
fixed plan for medication use during the last 3  months 
will be included in the current study.

Non‑inclusion criteria
We will not include smokers, those with a history of 
alcohol use, pregnant or lactating women or those 
planning to get pregnant in the next three months, 
individuals with pathologic conditions affecting the 
liver, including acute and chronic hepatitis, viral 
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hepatitis, liver transplantation, autonomic hepatitis, 
hemochromatosis, primary biliary cirrhosis or Wil-
son’s disease, antitrypsin deficiency, thyroid disease 
and lactose intolerance. In addition, patients who were 
taking antibiotics and medications affecting serum 
lipids as well as those taking multivitamin-minerals 
during the previous month will not be included. Use of 
any probiotic products during the last two months will 
be another non-inclusion criteria.

Exclusion criteria
We will exclude patients who are on a specific diet 
throughout the study, those who are consuming alco-
hol and/or tobacco as well as individuals who are tak-
ing multivitamin-minerals throughout the study. In 
addition, any changes in the medications during the 
study will also be a criterion for exclusion.

Study design and intervention
A flowchart of the study design is shown Fig.  1. Flow-
diagram of study process is shown in Fig.  2. In the first 
phase of this study, we will screen 300 patients with 
NAFLD based on the inclusion criteria mentioned above. 
Then, those who meet the criteria will be included in the 
study. All participants will be asked to complete and sign 
the written informed consent. Before the start of inter-
vention, all study participants will be in a 2-week run-in 
period, during which four 24-h food recalls (two work-
ing days and one non-working day) will be used to col-
lect dietary information. In addition, subjects will be 
requested to record their physical activity for two days 
(one working day and one weekend day) during this 
period. Further information about demographic char-
acteristics, past medical history, medication use as well 
as socioeconomic status (SES) will be collected in this 
period through the use of a comprehensive question-
naire in a face-to-face interview. Anthropometric indices, 

Will be assessed for eligibility

Will be excluded

Will be randomized (n= 68)

Will be allocated to probiotic yogurt group (n= 34)

300 g/d probiotic yogurt along with routine treatment for 12 weeks

Will be allocated to plain yogurt group (n= 34)

300 g/d plain yogurt along with routine treatment for 12 weeks

Assessment of dietary intakes and physical activity.

Monitoring for probiotic yogurt consumption
Assessment of dietary intakes and physical activity.

Patient will complete the trial and analyze Patient will complete the trial and analyze

Enrollment

Analysis

Follow-up

Allocation

Fig. 1  Diagram of the study design
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blood pressure, liver enzymes, insulin resistance, hepatic 
steatosis, liver fibrosis and lipid profile will be evaluated 
at study baseline. Then study participants will be classi-
fied into blocks based on age (20–40/ 40–60 years old), 
sex (male, female) and BMI (25–30/ 30-35 kg/m2). There-
fore, the size of each block will be 2 people with the same 
age, sex and BMI. These participants will then be ran-
domly assigned into intervention and non-intervention 
groups. Randomization will be done by a third person, 
who is not aware of the study aims and groups. The first 
person (say A) in a block will be assigned into the inter-
vention group and the second person (say B) in that block 
will be assigned into the control group. All participants, 
study personals and laboratory staffs will be blind to the 
intervention. Participants in the intervention group will 
consume 300 g/d of probiotic yogurt containing 106 cfu/g 
of Lactobacillus acidophilus and Bifidobacterium lactis 
strains for 12  weeks, while participants in the control 
group will consume 300 g/d of plain yogurt daily (with-
out any added probiotics) for 12 weeks. Yogurt packages 
will be distributed to participants every two weeks. The 
appearance, packaging and taste of yogurts will be the 

same. Quality control of these yogurts in terms of colony 
forming units of live bacteria and other nutritional val-
ues will be evaluated before the study. In order to comply 
with the ethical requirements in research, all patients will 
receive a weight loss diet after ending the study. Partici-
pants will be asked not to change their routine lifestyle, 
dietary habits, and medicines throughout the study. All 
study outcomes will be examined again at the study end. 
The study was designed according to the Standard Pro-
tocol Items: Recommendations for Interventional Trials 
(SPIRIT) 2013 shown in Fig. 3.

Adherence
Individuals will be asked to record their daily intake 
of probiotic or conventional yogurt in a checklist given 
them by researchers. To increase compliance and prevent 
forgetting about daily consumption of probiotic or con-
ventional yogurt, participants will receive short messages 
on their cell phones every day as a reminder. In addi-
tion, each time yogurt packages are delivered, patients 
will be requested to return empty packages of consumed 
ones. To ensure the consumption of yogurts by the study 

STUDY PERIOD

Allocatio

n
Post-allocation Close-out

TIMEPOINT** 0 Baseline WK2 WK4 WK6 WK8 WK10 WK12 WK13

ENROLMENT:

Eligibility screen X

Informed consent X

General characteristics X

Type and dosage of medications X

Allocation X

INTERVENTIONS:

Probiotic yogurt group

Control group

ASSESSMENTS:

Dietary recalls X X X X

Physical activity recalls X X X

Degree of fibrosis and steatosis X X X X

Anthropometric measures X X X X

Hematological assessments X X X

Blood pressure X X X

Consultation with study 
coordinator

X X X X X

Fig. 2  Flowchart of enrolment, intervention and assessments. NAFLD: none-alcohol fatty liver disease, WK: week. The “X” refers to time of allocation, 
intervention and assessment of variables
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SPIRIT 2013 Checklist: Recommended items to address in a clinical trial protocol and related documents*

Section/item Item
No

Description Addressed on 
page number

Administrative information

Title 1 Descriptive title identifying the study design, population, interventions, and, if applicable, trial acronym ___1______

Trial registration 2a Trial identifier and registry name. If not yet registered, name of intended registry ____3_______

2b All items from the World Health Organization Trial Registration Data Set ___1________

Protocol version 3 Date and version identifier ___1________

Funding 4 Sources and types of financial, material, and other support ___13_________

Roles and 
responsibilities

5a Names, affiliations, and roles of protocol contributors ___1________

5b Name and contact information for the trial sponsor ___1__________

5c Role of study sponsor and funders, if any, in study design; collection, management, analysis, and 
interpretation of data; writing of the report; and the decision to submit the report for publication, including 
whether they will have ultimate authority over any of these activities

__13________

5d Composition, roles, and responsibilities of the coordinating centre, steering committee, endpoint 
adjudication committee, data management team, and other individuals or groups overseeing the trial, if 
applicable (see Item 21a for data monitoring committee)

___13__________

Introduction

Background and 
rationale

6a Description of research question and justification for undertaking the trial, including summary of relevant 
studies (published and unpublished) examining benefits and harms for each intervention

___5______

6b Explanation for choice of comparators ___6______

Objectives 7 Specific objectives or hypotheses ___6_________

Trial design 8 Description of trial design including type of trial (eg, parallel group, crossover, factorial, single group), 
allocation ratio, and framework (eg, superiority, equivalence, noninferiority, exploratory) ___6_________

Methods: Participants, interventions, and outcomes

Study setting 9 Description of study settings (eg, community clinic, academic hospital) and list of countries where data will 
be collected. Reference to where list of study sites can be obtained

___6________

Eligibility criteria 10 Inclusion and exclusion criteria for participants. If applicable, eligibility criteria for study centres and 
individuals who will perform the interventions (eg, surgeons, psychotherapists)

___7________

Interventions 11a Interventions for each group with sufficient detail to allow replication, including how and when they will be 
administered

___7-8_______

11b Criteria for discontinuing or modifying allocated interventions for a given trial participant (eg, drug dose  
change in response to harms, participant request, or improving/worsening disease)

___7_______

11c Strategies to improve adherence to intervention protocols, and any procedures for monitoring adherence 
(eg, drug tablet return, laboratory tests)

___7-8_______

11d Relevant concomitant care and interventions that are permitted or prohibited during the trial __8________

Outcomes 12 Primary, secondary, and other outcomes, including the specific measurement variable (eg, systolic blood 
pressure), analysis metric (eg, change from baseline, final value, time to event), method of aggregation (eg, 
median, proportion), and time point for each outcome. Explanation of the clinical relevance of chosen 
efficacy and harm outcomes is strongly recommended

__9-12________

Participant timeline 13 Time schedule of enrolment, interventions (including any run-ins and washouts), assessments, and visits for 
participants. A schematic diagram is highly recommended (see Figure)

___Figure 2____

Fig. 3  Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) chart of the enrollments and assessments during randomized 
controlled
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Sample size 14 Estimated number of participants needed to achieve study objectives and how it was determined, including 
clinical and statistical assumptions supporting any sample size calculations

___6________

Recruitment 15 Strategies for achieving adequate participant enrolment to reach target sample size ____6_______

Methods: Assignment of interventions (for controlled trials)

Allocation:

Sequence 
generation

16a Method of generating the allocation sequence (eg, computer-generated random numbers), and list of any 
factors for stratification. To reduce predictability of a random sequence, details of any planned restriction 
(eg, blocking) should be provided in a separate document that is unavailable to those who enrol participants 
or assign interventions

____8_______

Allocation 
concealment 
mechanism

16b Mechanism of implementing the allocation sequence (eg, central telephone; sequentially numbered, 
opaque, sealed envelopes), describing any steps to conceal the sequence until interventions are assigned

___8-9________

Implementation 16c Who will generate the allocation sequence, who will enrol participants, and who will assign participants to 
interventions

___8-9________

Blinding (masking) 17a Who will be blinded after assignment to interventions (eg, trial participants, care providers, outcome 
assessors, data analysts), and how

___8-9________

17b If blinded, circumstances under which unblinding is permissible, and procedure for revealing a participant’s 
allocated intervention during the trial

___not applicable_

Methods: Data collection, management, and analysis

Data collection 
methods

18a Plans for assessment and collection of outcome, baseline, and other trial data, including any related 
processes to promote data quality (eg, duplicate measurements, training of assessors) and a description of 
study instruments (eg, questionnaires, laboratory tests) along with their reliability and validity, if known. 
Reference to where data collection forms can be found, if not in the protocol

__9-12___

18b Plans to promote participant retention and complete follow-up, including list of any outcome data to be 
collected for participants who discontinue or deviate from intervention protocols

____7-9_____

Data management 19 Plans for data entry, coding, security, and storage, including any related processes to promote data quality
(eg, double data entry; range checks for data values). Reference to where details of data management 
procedures can be found, if not in the protocol

_____7-10____

Statistical methods 20a Statistical methods for analysing primary and secondary outcomes. Reference to where other details of the 
statistical analysis plan can be found, if not in the protocol

______10___

20b Methods for any additional analyses (eg, subgroup and adjusted analyses) _____10_____

20c Definition of analysis population relating to protocol non-adherence (eg, as randomised analysis), and any 
statistical methods to handle missing data (eg, multiple imputation) ______10___

Methods: Monitoring

Data monitoring 21a Composition of data monitoring committee (DMC); summary of its role and reporting structure; statement of 
whether it is independent from the sponsor and competing interests; and reference to where further details 
about its charter can be found, if not in the protocol. Alternatively, an explanation of why a DMC is not 
needed

____not needed_

21b Description of any interim analyses and stopping guidelines, including who will have access to these interim 
results and make the final decision to terminate the trial

_____10_____

Harms 22 Plans for collecting, assessing, reporting, and managing solicited and spontaneously reported adverse 
events and other unintended effects of trial interventions or trial conduct

_____7_____

Auditing 23 Frequency and procedures for auditing trial conduct, if any, and whether the process will be independent 
from investigators and the sponsor

____14______

Ethics and dissemination

Research ethics 
approval

24 Plans for seeking research ethics committee/institutional review board (REC/IRB) approval _____14____

Protocol 
amendments

25 Plans for communicating important protocol modifications (eg, changes to eligibility criteria, outcomes, 
analyses) to relevant parties (eg, investigators, REC/IRBs, trial participants, trial registries, journals, 
regulators)

____5_____

Fig. 3  continued
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participants, and not their family members, additional 
packages of conventional yogurts will be given to them 
for probable family members’ use.

Outcomes
The outcomes of the present clinical trial would be 
assessment of steatosis, fibrosis, serum liver enzyme lev-
els including aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), alkaline phosphatase (ALP), 
Gamma-glutamyl transferase (GGT). Systolic (SBP) and 
diastolic blood pressure (DBP), lipid profiles including 
high-density lipoprotein cholesterol (HDL-C), low-den-
sity lipoprotein cholesterol (LDL-C), total cholesterol 
(TC), serum triglycerides (TG) fasting blood sugar (FBS), 
fasting insulin and glucose hemostasis will also be con-
sidered. Weight and BMI will also be assessed. All these 
measurements will be assessed at study baseline and the 
end of trial.

Dietary intake and physical activity assessment
In order to ensure lack of change in dietary intakes of par-
ticipants during the study, we will collect dietary intake 
data through the use of a 24-h dietary recall every three 
weeks throughout the study. These dietary recalls will be 
distributed through the week days to cover two working 
days and two weekends. Due to COVID-19 pandemic, 

dietary recalls will be completed through phone calls, not 
by face-to-face method. In these phone calls, participants 
will be asked to report their dietary intakes in a preceding 
day based on household measures. All reported foods in 
these recalls will then be converted to grams using avail-
able booklets. The average intake based on four dietary 
recalls will be considered in the analysis.

Participants will be asked not to change their physi-
cal activity during the trial. To make sure about this, we 
will request study subjects to record their physical activ-
ity in four separate days throughout the study including 
two working days and two weekends. All participants 
will be instructed how to record the type, intensity and 
time spent in each activity in a certain form that will be 
given to them at the study baseline. In order to process 
the physical activity records, we will use earlier published 
guidelines about MET-h/day values for each type of phys-
ical activity, in which we will consider the time spent for 
a certain physical activity by each participant. All records 
would be reviewed immediately to find possible errors 
and the problems will be resolved by interview.

Assessment of hepatic steatosis and fibrosis
Hepatic steatosis and fibrosis among all participants will 
be examined by transient elastography with fibroscan 
by the same gastroenterologist at the beginning and end 

Consent or assent 26a Who will obtain informed consent or assent from potential trial participants or authorised surrogates, and 
how (see Item 32) 

____5,14______ 

 26b Additional consent provisions for collection and use of participant data and biological specimens in ancillary 
studies, if applicable 

__not applicable_ 

Confidentiality 27 How personal information about potential and enrolled participants will be collected, shared, and maintained  
in order to protect confidentiality before, during, and after the trial 

____4-5____ 

Declaration of 
interests 

28 Financial and other competing interests for principal investigators for the overall trial and each study site  _____14____ 

Access to data 29 Statement of who will have access to the final trial dataset, and disclosure of contractual agreements that 
limit such access for investigators 

_____15_____ 

Ancillary and post-
trial care 

30 Provisions, if any, for ancillary and post-trial care, and for compensation to those who suffer harm from trial 
participation 

_____14_____ 

Dissemination policy 31a Plans for investigators and sponsor to communicate trial results to participants, healthcare professionals, 
the public, and other relevant groups (eg, via publication, reporting in results databases, or other data 
sharing arrangements), including any publication restrictions 

_____13______ 

 31b Authorship eligibility guidelines and any intended use of professional writers _____14____ 

 31c Plans, if any, for granting public access to the full protocol, participant-level dataset, and statistical code _ not applicable _ 

Appendices    

Informed consent 
materials 

32 Model consent form and other related documentation given to participants and authorised surrogates 5,14 (forms in 
Persian: not 
applicable) 

Biological 
specimens 

33 Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or molecular 
analysis in the current trial and for future use in ancillary studies, if applicable 

____7_______ 

Fig. 3  continued
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of the study. Patients will be asked to lie down on their 
back and place the right hand above their head. Then 
the probe will be placed on the right side of the liver in 
patients’ intercostal area. The results of liver fibrosis will 
be expressed as Kilopascal (Kpa). The interpretation of 
fibrosis assessment results will be based on METAVIR 
Score [31]. The controlled attenuation parameter (CAP) 
test will be used to assess steatosis and the results will be 
reported in dB/m. CAP results will vary between 100 and 
400 dB/m.

Biochemical assessment
To assess the level of liver enzymes (ALT, AST, GGT), 
blood sugar and lipid profiles (including total choles-
terol, serum triglyceride and HDL cholesterol), 10  cc of 
intravenous blood samples will be collected after 10–12 h 
of fasting. Blood samples are centrifuged for 10  min at 
2606.8 G and 4  °C to separate serum samples. The level 
of ALT and AST enzymes will be determined by pho-
tometry (Pars Azmoun) proposed by the IFCC (Interna-
tional Federation of Clinical Chemistry) method. GGT 
levels will also be assessed using the calorimetric-kinetic 
method proposed by the IFCC. Fasting blood glucose 
(FBS) levels will be measured by glucose oxidase and fast-
ing insulin levels will be measured by ELISA method. 
Serum concentrations of total cholesterol and triglyc-
erides will be measured by laboratory methods using 
enzymes such as cholesterol esterase, cholesterol oxidase 
and glycerol phosphate oxidase, respectively, using stand-
ard kits. HDL-C will be measured after deposition of 
apolipoprotein-B, which contains lipoproteins with phos-
photungstic acid. LDL-C will be calculated from the val-
ues of TC, TG, HDL_C by the formula of Friedwald [32].

Glucose homeostasis assessment
Homeostatic Model Assessment of Insulin Resistance 
(HOMA) and Quantitative Insulin Sensitivity Check 
Index (QUICKI) will be calculated based on suggested 
formulas [33, 34]

Blood pressure assessment
Systolic blood pressure (SBP) and diastolic blood pres-
sure (DBP) will be measured after 5  min of rest with a 
mercury sphygmomanometer from the patient’s right 
hand while sitting. Patients should not drink, exercise or 
smoke for one hour prior to blood pressure assessment. 
They must also have an empty bladder before measuring 
their blood pressure. Blood pressure will be taken twice, 
5  min apart, while the patient is at rest. Systolic blood 
pressure is equivalent to the pressure measured after 
hearing the first korotkoff sound, and diastolic blood 
pressure is equivalent to the pressure measured when 
the korotkoff sound disappears. The mean of the two 

measurements will be considered as systolic and diastolic 
blood pressure.

Anthropometric assessments
To assess height, the person must be standing and bare-
foot with an accuracy of 0.5 cm. Weight will be measured 
using a digital scale with a minimum of clothing and 
barefoot with an accuracy of 100 gr. Waist circumference 
will be measured using a tape measure in the middle of 
the distance between the super iliac bone and the last rib 
with an accuracy of 0.5 cm. BMI will also be obtained by 
dividing weight in kilograms by height squared in meters 
[35].

Other variables assessments
A general questionnaire will be used to collect informa-
tion about participants’ age, sex, marital status (single /
married), education (yes/no), supplement use (yes/ no), 
medical history, tobacco use (non-smoker /smoking his-
tory/smoker), occupation, history of drug use.

Statistical analysis
In this study, all analyses will be done using SPSS soft-
ware version 26. Normal distribution of data will be 
assessed by the application of Kolmogorov–Smirnov 
test. In case of a non-normal distribution, we will apply 
logarithmic transformation. Results will be reported as 
mean ± standard deviations (SD) or medians (interquar-
tile ranges). General characteristics and dietary intake 
of individuals between the two groups will be compared 
using independent t-test and chi-square test as needed. 
Repeated measure analysis of variance (RM-ANOVA) 
will be used to examine the effects of probiotic yogurt 
consumption on outcome variables, where we will exam-
ine the effects of time, intervention as well as time-group 
interaction effects. In this analysis, baseline values of out-
come variables will be controlled for. We will also per-
form post hoc tests after ANOVA analysis to examine the 
variables between study groups. In case of any difference 
between the two groups in terms of dietary intakes (other 
than the intervention) and physical activity throughout 
the study, these differences will be adjusted for in the 
analysis to reach an independent effect of intervention on 
study outcomes. Statistical significance will be set to 0.05.

Ethics and dissemination
This clinical trial study was confirmed by the eth-
ics committee of Tehran University of Medical Sci-
ences (code: IR.TUMS.MEDICINE.REC.1399.1006). 
Furthermore, it was registered in the Iranian Regis-
try of Clinical Trials (www.​irct.​ir) at 2021-04-19 (code: 
IRCT20210201050210N1).

http://www.irct.ir


Page 9 of 10Ebrahimi‑Mousavi et al. BMC Gastroenterology          (2022) 22:102 	

Trial status
The recruitment started on December 2021.

Discussion
NAFLD is an important public health issue due to its 
high global prevalence [31]. It is a clinical syndrome from 
simple steatosis to cirrhosis, which is associated with 
insulin resistance, lipo-toxicity, inflammation and obe-
sity [31]. Changes in the composition of gut microbiota, 
called dysbiosis, are strongly associated with the devel-
opment and progression of NAFLD [31]. Probiotics play 
an important role in modulating intestinal bacterial flora 
and modifying intestinal permeability [31]. Furthermore, 
the production of short-chain fatty acids by probiotics 
during fermentation can affect inflammatory, antioxi-
dant, and gene expression pathways, through which they 
might prevent the progression of liver damage [31]. 
Previous investigations have reported that consuming 
probiotic yogurt improves lipid profile, glycemic vari-
ables, liver enzyme levels, and steatosis in patients with 
NAFLD. We are aware of no study examining the effect 
of probiotic yogurt on liver fibrosis [31]. In addition, 
earlier studies have mostly applied ultrasound, which is 
a less accurate method than the fiber scan, to estimate 
liver fat. Therefore, the aim of our study would be to 
evaluate the effect of probiotic yogurt consumption on 
liver enzymes, steatosis and liver fibrosis in patients with 
NAFLD. Through this investigation and in case of find-
ing an appropriate effect, we would introduce an efficient 
and cost-effective method to take benefit of probiotics in 
patients with fatty liver.

Despite several strengths of our study protocol includ-
ing stratified permuted block randomization and dou-
ble-blind, placebo-controlled design and conducting the 
study on newly diagnosed NAFLD patients by fibroscan, 
some limitations must also be taken into account: We 
will examine the compliance in this study through col-
lecting dietary intake information by questionnaires. Due 
to limited funding, we are unable to examine gut micro-
biota and serum trimethylamine N-oxide (TMAO) as 
a biomarker for assessment of compliance in this study. 
We also use probiotic strains available in the food market 
and did not focus on specific strains that might have dif-
ferent effects. Future studies should examine the effect of 
foods fortified with specific probiotic strains on steatosis 
and fibrosis in patients with NAFLD. In addition, another 
concern might be a limited duration of intervention in 
this study which would be for 12  weeks. Although one 
might assume this time period too short for our inter-
vention to affect liver fibrosis, other studies have applied 
almost the same duration for assessing the effect of inter-
vention of fibrosis among patients with NAFLD.
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