
STUDY PROTOCOL Open Access

Effects of soy milk consumption on gut
microbiota, inflammatory markers, and
disease severity in patients with ulcerative
colitis: a study protocol for a randomized
clinical trial
Omid Sadeghi1,2, Alireza Milajerdi1,2, Seyed Davar Siadat3, Seyed Ali Keshavarz4, Ali Reza Sima5, Homayoon Vahedi5,
Peyman Adibi6 and Ahmad Esmaillzadeh2,7,8*

Abstract

Background: Several strategies are recommended to alleviate clinical symptoms of ulcerative colitis (UC). Soy milk
may affect UC through its anti-inflammatory properties. However, no study has examined the effects of soy milk
consumption on gut microbiota and inflammatory biomarkers in patients with UC. The current study will be done to
examine the effects of soy milk consumption on UC symptoms, inflammation, and gut microbiota in patients with UC.

Methods: This study is a randomized clinical trial, in which thirty patients with mild to moderate severity of UC will be
randomly allocated to receive either 250mL/day soy milk plus routine treatments (n = 15) or only routine treatments
(n = 15) for 4 weeks. Assessment of anthropometric measures and biochemical indicators including serum concentrations
of high-sensitivity C-reactive protein (hs-CRP), tumor necrosis factor-α (TNF-α), interleukin-1β (IL-1β), and interferon
gamma (IFN-γ) will be done at the study baseline and end of trial. In addition, the quantity of butyrate-producing bacteria
including Clostridium cluster IV, Faecalibacterium prausnitzii, and Roseburia spp.; prebiotic bacteria including Lactobacillus
spp. and Bifidobacteria spp.; and mucus-degrading bacteria including Akkermansia muciniphila, Bacteroides fragilis, and
Ruminococcus spp., as well as calprotectin and lactoferrin levels, will be explored in fecal samples. Also, the Firmicutes to
Bacteroidetes ratio which is of significant relevance in human gut microbiota composition will be assessed.

Discussion: Altered gut microbiota has been reported as an important contributing factor to inflammation in patients
with inflammatory bowel disease (IBD). Soy milk contains several components such as phytoestrogens with potential anti-
inflammatory properties. This product might affect gut microbiota through its protein and fiber content. Therefore, soy
milk might beneficially affect systemic inflammation, gut microbiota, and then clinical symptoms in patients with UC.
(Continued on next page)
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Background
Inflammatory bowel disease (IBD) is a chronic gastro-
intestinal disease associated with high disability and a
high cost for patients as well as for the health care sys-
tem [1–4]. Epidemiological studies have shown that
more than 10 million people suffer from IBD worldwide
[4]. National estimates in Iran showed that 40 persons
among 100,000 people are affected [5]. The most common
type of IBD is ulcerative colitis (UC) that is characterized
by inflammation and ulceration of the mucosal layer of
the colon, and its patients usually suffer from rectal bleed-
ing (with or without mucus), diarrhea, tenesmus, and
abdominal pain when the disease relapsed [6, 7].
Several studies have been done to find an appropriate

strategy to control the disease symptoms and inflamma-
tion in patients with UC [8]. Patients with UC might
take benefit from the consumption of fish oils, polyun-
saturated fatty acids, and probiotics [9–11]. Soy and its
products have been shown to have anti-inflammatory
properties, particularly in patients with diabetes mellitus
and cardiovascular diseases [12–15]. Due to the inflamma-
tory nature of UC, consumption of soy products may
affect UC disease symptoms as well. However, to our
knowledge, no study was done to assess the efficacy of soy
consumption on inflammatory markers and clinical out-
comes in UC patients. In an experimental study, con-
sumption of soy milk, fermented with six lactic acid
bacteria strains, prevented the shortening of colon length,
breaking of epithelial cells, lowering liver and thymus
weights, and enlargement of spleen in mice fed dextran
sodium sulfate (DSS) used for inducing IBD [16]. In an-
other study on DSS-treated mice, soy protein administra-
tion reduced weight loss, colon shortening, splenomegaly,
and colonic inflammation [17].
A large number of studies have shown a link between

gut microbiota and UC [18–20]. In a review article,
Bellavia et al. concluded that imbalanced gut microbiota
is involved in UC pathogenesis [18]. Moreover, abnormal-
ities of intestinal microbiota in UC patients, compared with
healthy individuals, were reported in a case-control study
[19]. These abnormalities may induce gut inflammation
and consequently systemic inflammation [20]. In addition,
the link between gut microbiota abnormalities and UC
symptoms has been shown in earlier studies [21–23]. Bal-
ancing the gut microbiota through fecal microbiota trans-
plantation can relief UC symptoms [23]. There are several
investigations that indicated favorable association of soy
products with balanced gut microbiota; of them, a cross-

sectional study revealed that lower intake of soy drinks was
associated with a reduced abundance of potentially benefi-
cial bacteria and increased potentially harmful bacteria in
the colonic mucosa of healthy individuals [24]. In a ran-
domized clinical trial, Fernandez-Raudales et al. reported
that soy milk consumption resulted in a potentially benefi-
cial alteration in the Firmicutes to Bacteroidetes ratio in the
gut [25]. Soy protein administration, compared with cow
milk protein intake, resulted in a beneficial change in gut
microbiota in an experimental study as well [26].
Among all soy products, soy milk can be a good choice

for UC patients because they are recommended to limit
their consumption of milk [27], which might prohibit
them meeting their calcium requirement. Although not
a rich source of calcium, soy milk can provide at least
part of calcium requirements in these patients [16].
Therefore, we designed this study to examine if soy milk
consumption can influence gut microbiota, inflamma-
tory markers, quality of life, symptoms, and disease se-
verity in patients with UC.

Material and methods
Participants
This is a randomized clinical trial which will be done in
Tehran, Iran, in 2018–2019. Outpatients with UC will be
recruited from the gastrointestinal (GI) clinic of the
Shariati Hospital, Tehran, Iran. UC will be confirmed by
a gastroenterologist through the use of colonoscopy and
laboratory findings [28].

Inclusion criteria
We will include (1) patients with mild to moderate UC,
(2) those who are between 20 and 60 years, (3) patients
at the remission stage of disease with stable medication
therapy, and (4) those with body mass index (BMI) of
18.5–30 kg/m2. To determine disease severity, the partial-
Mayo scale will be applied. Based on this scale, scores of
3–8 are considered as mild to moderate UC [29].

Non-inclusion criteria
Patients will not be included if they (1) changed type or
dosage of their medicines over the last 3 months; (2)
were hospitalized in the last 3 months; (3) were diabetics
or were affected by celiac or other gastrointestinal diseases
including cancers and infectious diseases; (4) were preg-
nant or lactating; (5) consumed antibiotics, pre- or pro-
biotic products, multi-vitamin, and mineral supplements
during the last 3 months; and (6) were current smokers.
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Exclusion criteria
We will exclude individuals who change the type or dos-
age of their medicines during the intervention, those that
are not willing to continue intervention, and individuals
who suffer from probable complications related to soy
milk consumption. Figure 1 shows the study flowchart.
All participants will read the terms and conditions

written in an informed consent (Supplementary file,
section A), and optionally, they can accept to participate
in the current trial. The ethics committee of Tehran
University of Medical Sciences approved the study.
Moreover, this clinical trial was registered in the Iranian
Registry of Clinical Trials (www.irct.ir) on 27 January
2019 with code number of IRCT20181205041859N1.

Sample size calculation
Considering the type I error of 5% (α = 0.05) and type II
error of 20% (β = 0.20, power = 80%) and fecal concen-
trations of calprotectin as the key variable, we manually,

without the use of any software, calculated required
sample size using the following formula [30]:

n ¼ 2 aþ bð Þ2 � σ2
� �

μ1−μ2ð Þ2

n = sample size in each group.
μ1 = mean for fecal calprotectin in the intervention

group (we considered it as 424 μg/g based on the study
of Morshedzadeh et al. [31]).
μ2 = mean for fecal calprotectin in the control group

(which was considered as 602 μg/g based on the study of
Morshedzadeh et al. [31]).
σ = variance (SD) for mean concentrations of calprotec-

tin, which was considered as 141 (the average SDs reported
for fecal calprotectin in the control and intervention groups
of Morshedzadeh et al.’s study [31]).
a = conventional multiplier for alpha = 0.05 that was

1.96.

Fig. 1 Study flowchart
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b = conventional multiplier for power = 0.80 that was
0.842.
Overall, based on the formula and given a 50% drop-

out in each group, we will need a sample size of 15 per-
sons for each group. Due to frequent visits (about 6
visits) that each participant would have throughout the
study, we considered the drop-out rate as much as 50%.
However, we would try our best to keep the drop-outs
as low as possible.

Study design and intervention
The diagram for Standard Protocol Items: Recommenda-
tions for Interventional Trials (SPIRIT) is shown in Fig. 2.
After recruiting participants, participants will be strati-
fied based on age (20 to 40 and 40 to 60 years), gender
(male/female), BMI (18.5 to 24.9 and 25 to 30), and type
of medicines (anti-inflammatory and immunosuppres-
sant) into different blocks and will be randomly allocated
to the intervention or control groups. For each patient
in a certain block, a matched person in terms of above-
mentioned variables would be placed in that block.
Then, these two patients in a given block would be ran-
domly assigned to the intervention and control groups.
To do randomization, an identification code will be
given to each eligible patient, and then, code of patients
with the same age, gender, BMI, and medication will be
stated in the lottery container, and finally, patients with
the same conditions will be randomly assigned to the
intervention or control groups. Random allocation will
be done by a person who is unaware about the aim of
our study. Patients in the intervention group (n = 15) will
receive 250 mL/day preservative-free soy milk along with
routine treatments that they were taking for their condi-
tion. Participants in the control group (n = 15) will re-
ceive only routine treatments. The intervention will last
for 4 weeks. The assessment of primary and secondary
outcome variables will be done at the study baseline and
end of trial. Participants in both groups will also receive
usual dietary recommendations for IBD patients based
on European Society for Parenteral and Enteral Nutri-
tion (ESPEN) guideline [32]. This guideline will be ex-
plained to patients by an experienced nutritionist. Given
that preservative-free soy milk will be expired within 12
days after production, three 1-L bottles of soy milk will
be delivered to patients in intervention group every 12
days (at the study baseline, day 12, and day 24). At the
study baseline and day 12, patients in the intervention
group will received 3 1-L bottles of soy milk (used
during 12 days), and at day 24, they will received 2 1-L
bottles of soy milk (used during 8 days). Due to the un-
favorable taste of soy milk, patients in intervention
group will be asked to consume it at night before sleep.
They should consume a 250-mL glass of soy milk every
night. Participants will be instructed in a class, prior to

the start of trial, about the quantity of soy milk they have
to consume in a day. A standard glass (which contained
250 mL soy milk) will be shown to participants, and all
will be asked to use the same glass to make sure that the
daily portion they are consuming is the one the investi-
gators requested. To control this, participants will be
contacted every day and they will be asked to send us
the photo of the glass they are using for soy milk drink-
ing. At each delivery of soy milk bottles, patients will be
monitored for soy milk consumption and will be asked
to give back the empty bottles. Participants’ compliance
will be assessed using the following formula: (number of
used packages/all given packages) × 100. In addition to
assessment of compliance, consumption of soy milk will
be monitored by phone call every week. In addition,
collecting three 1-day dietary recalls from participants
throughout the study can further help computing the
compliance to soy milk intake. Participants will be asked
not to change their lifestyle, dietary habits, and medi-
cines during the study.
To assess dietary intakes throughout the study, we will

fill 3 1-day dietary recalls (including two working days
and a non-working day) at weeks 2, 3, and 4 of interven-
tion by telephone interview. Dietary recall format is pre-
sented in Supplementary file, section B. To complete the
dietary recalls, participants will be asked to report diet-
ary intakes based on household measures. Then, we will
convert household measures to grams using available
booklets. The average of dietary intakes in these 3 days
will be considered as participants’ dietary intakes
throughout the intervention. To obtain nutrient intakes
on the basis of these food recalls, we will use Nutrition-
ist IV software (based on US National Nutrient Data-
bank) modified for Iranian foods.
In addition, 2 1-day physical activity records (including

a working day and a non-working day) will be gathered
from all patients at weeks 2 and 4 of intervention to as-
sess physical activity during the study. The format of
physical activity record is shown in Supplementary file,
section C. All participants will be educated how to rec-
ord their activities throughout the study before the start
of the trial. Furthermore, patients in both groups will be
asked not to change their physical activity throughout
the trial.

Assessment of variables
A standard questionnaire will be used to obtain informa-
tion on age, gender, education, economic status, medical
history, medication use, smoking, and duration of UC. In
addition, primary outcomes including serum concentra-
tions of inflammatory biomarkers, fecal concentrations of
calprotectin and lactoferrin, quantity of selected bacteria,
IBD severity, and disability as well as secondary outcomes
including complete blood counts (CBC), erythrocyte
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sedimentation rate (ESR), quality of life, mental health, an-
thropometric measures, and blood pressure will be mea-
sured at the beginning and end of study.

Biochemical assessments
After 12 h of fasting, a 10-mL venous blood sample will
be taken from each patient at the study baseline and
end of trial. Total CBC, hemoglobin concentrations,
and hematocrit will be measured by a cell counter.
Erythrocyte sedimentation rate will be measured using

the Wintergreen method. Then, serum will be isolated
from the whole blood and will be stored at − 70 °C
until further analysis. Serum concentrations of inflam-
matory cytokines, including high-sensitivity C-reactive
protein (hs-CRP), Tumor necrosis factor-α (TNF-α),
interleukin-1β (IL-1β), and interferon gamma (IFN-γ) will
be measured by the enzyme-linked immunosorbent assay
(ELISA) commercial kits. Earlier studies have shown that
hs-CRP, TNF-α, IL-1β, and IFN-γ concentrations are posi-
tively associated with severity of IBD, particularly UC [33].

Fig. 2 Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) chart of the enrolments and assessments during randomized
controlled trials. The “X” refers to what is done in the given period. Abbreviations: IBD, inflammatory bowel disease; WK, week
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Gut microbiota and fecal calprotectin
From each individual, 10-g stool sample will be taken to
examine gut microbiota and fecal levels of calprotectin
and lactoferrin at the study baseline and end of trail. A
clean and screw-top container labeled with patient’s
code and the date will be given to each patient for fecal
sample collection. Participants will be asked to do fecal
sampling in the morning. To decrease the changes in the
quantity of bacteria in fecal samples after sampling, sam-
ples will be frozen at − 70 °C within 2 h after sampling.
To take care of this, we will use three approaches: First,
we will ask patients to come to the study lab at the day
of stool sampling. All the necessary facilities will be
available to do fecal sampling in the lab. Second, if the
first approach did not work for a patient, we will ask
him/her to bring the sample within2 h to the lab. Third,
if he/she was not able to do the second approach, we
will ask patients to call the study investigators and then
somebody from the team would go the patients’ home
and take the sample to the lab. The samples will be kept
at − 70 °C until further analysis. Total DNA from stool
samples will be extracted using the QIAamp (QIAGEN)
commercial fecal DNA kits. In addition, the quantity of
butyrate-producing bacteria including Clostridium clus-
ter IV, Faecalibacterium prausnitzii, and Roseburia spp.;
prebiotic bacteria including Lactobacillus spp. and Bifi-
dobacteria spp.; and mucus-degrading bacteria including
Akkermansia muciniphila, Bacteroides fragilis, Rumino-
coccus spp., as well as Firmicutes and Bacteroidetes, will
be determined using the quantitative real-time polymer-
ase chain reaction (qRT-PCR) which will be done by the
LightCycler® 96 SW 1.1 instrument (Roche, Germany).
Each reaction mixture contains SYBR Premix Ex Taq II
(Takara, China), specific primers, and DNA template. In
order to design primers, we will use sequence of primers
used in the earlier studies [34, 35]. Selection of taxa was
based on their correlation with UC and their effective-
ness on gut microbiota balance [36]. It has been pro-
posed that mucus-degrading bacteria have an important
role in the etiology of UC which is defined as an intes-
tinal mucosal disorder [36]. Also, most selected bacteria
are involved in production of short-chain fatty acids
(SCFAs), particularly butyrate, which are important me-
tabolites in maintaining intestinal homeostasis [37, 38].
SCFAs are the important fuel for intestinal epithelial
cells, are known to strengthen the gut barrier function,
and activate signaling cascades that control immune
functions and consequently intestinal inflammation [38].
Based on the previous studies, UC patients not only
show reduced levels of SCFAs-producing bacteria in in-
testinal mucosa and feces, but the actual steady-state
levels of SCFAs herein also appear to be less than
healthy controls [39, 40]. Furthermore, in most clinical
trials on patients with intestinal disorders such as UC

or irritable bowel syndrome, these taxa were evaluated
[34, 41].
In addition to fecal microbiota, fecal concentrations of

calprotectin and lactoferrin will be measured using the
ELISA commercial kits. Calprotectin is a calcium bind-
ing protein commonly derived from neutrophils and
monocytes and in a less extent from macrophages [42].
Calprotectin is found in stool and plasma, and its con-
centration increases throughout inflammatory condi-
tions, including IBD and infection [43]. Lactoferrin is a
glycoprotein expressed by activated neutrophils [44].
This factor is sensitive and specific for detecting inflam-
mation in chronic IBD [44].

Anthropometric measures
Weight will be measured using a digital scale at the state
of minimum clothing without shoes to the nearest 100 g.
Standing height will be measured using a standard stadi-
ometer, without shoes, to the nearest 0.5 cm. BMI will
be determined as weight in kilograms divided by height
in meters squared.

Blood pressure
Systolic and diastolic blood pressures will be measured
twice with a 15-min interval at the right arm using a
mercury barometer calibrated by the Institute of
Standardization and Industrial Research. Before meas-
urement, patients will be asked to rest for 5 min. The
average of two measurements will be considered as par-
ticipants’ systolic and diastolic blood pressures.

IBD severity
The severity of IBD will be examined using the 9-point
partial Mayo score designed by Sutherland et al. (the
questionnaire is available in Supplementary file, section
D) [29]. This scale composes of three categories includ-
ing rectal bleeding (0 = none, 1 = visible blood with stool
less than half the time, 2 = visible blood with stool half
of the time or more, 3 = passing blood alone), stool fre-
quency (0 = normal, 1 = 1–2 stools/day more than nor-
mal, 2 = 3–4 stools/day more than normal, 3 = > 4
stools/day more than normal), and physician assessment
(0 = normal, 1 =mild, 2 =moderate, 3 = severe) that each
gets 0–3 score. By summing up these scores, we will
have a total score of 0–9. Greater scores show higher se-
verity of disease.

Quality of life
We will use inflammatory bowel disease questionnaire-9
(IBDQ-9) to assess patients’ quality of life (the question-
naire is available in Supplementary file, section E) [45].
This questionnaire comprises 9 items that assess 4 di-
mensions including bowel and systemic symptoms, emo-
tional status, and social functioning. Each item is scored
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from 1 to 7. Total score of this questionnaire ranges from
9 to 63; in which greater scores show better quality of life.
Prior studies have shown that the questionnaire presents
valid and reliable data on quality of life of IBD patients.

IBD disabilities
To assess IBD-related disabilities, we will apply inflamma-
tory bowel disease disability index (IBD-DI) that contains
28 questions on patients’ health, body functions, body
structures and activities, participation, and environmental
factors (the questionnaire is available in Supplementary
file, section F) [46]. Details on scoring of IBD-DI were
elaborated by Leong et al. [47]. The response of each item
on the questionnaire is either dichotomous “yes” versus
“no” or ordinal on a 1 to 5 Likert scale (1 being no diffi-
culty and 5 being extreme difficulty). Scores from each
question are combined to obtain total score of each do-
main and a final composite score of disability ranging
from − 80 (maximum degree of disability) to 22 (no dis-
ability) with zero as the anticipated point of neutrality.

Mental health
Based on previous publications, psychological disorders
including depression, anxiety, and psychological distress
are prevalent among IBD patients [48, 49]. Depression
and anxiety will be screened using the Iranian validated
version of Hospital Anxiety and Depression Scale
(HADS) which is a brief and useful questionnaire to as-
sess psychological disorders and to measure the symp-
toms and severity of anxiety disorders and depression
(the questionnaire is available in Supplementary file, sec-
tion G) [50]. It contains fourteen items and consists of
two subscales: anxiety and depression. Each item in-
cludes a 4-point scale; higher scores indicate an in-
creased level of anxiety and depression. Maximum score
is 21 for anxiety and depression. To assess psychological
distress, we will use the Iranian validated version of
General Health Questionnaire (GHQ) that includes 12-
items (the questionnaire is available in Supplementary
file, section H) [51]. Each item provides a 4-point rating
scale (less than usual, no more than usual, rather more
than usual, or much more than usual). To calculate the
total score of psychological distress for each participant,
we will use the bimodal scoring method (0-0-1-1) [52,
53]. This method gives the total score ranging from 0 to
12; higher scores indicate a greater degree of psycho-
logical distress. Overall, our previous investigations re-
vealed that the questionnaires provide relatively valid
measures of mental health.

Adverse events
Patients will be asked to report any adverse events that
may have occurred throughout the study. Investigators
will record these events.

Statistical analysis
The Kolmogorov-Smirnov test will be used to examine
normal distribution of variables. Log transformation will
be conducted for the non-normally distributed data. To
examine differences in qualitative variables between soy
milk and control groups, we will use the chi-square test.
We will apply the independent sample t test to detect
differences in quantitative variables between the soy milk
and control groups. In addition, mentioned test will be
used to compare between-group changes in outcome
variables. To do within-group comparison, we will use
the paired-sample t test. Multivariate analysis of covari-
ance (ANCOVA), as a general linear model, will be used
to examine the effects of soy milk consumption on out-
come variables. In this analysis, baseline value of out-
come variables and potential confounding variables
which are different between the intervention and control
groups will be adjusted to avoid potential risk of bias
and detect independent results. All statistical analyses
will be done using the SPSS software version 18 (SPSS,
Inc. Chicago, IL, USA). P < 0.05 will be considered
significant.

Discussion
Currently, some medications including amino salicylates,
glucocorticosteroids, immune modulators, antibiotics,
and anti-TNF drugs are prescribed for IBD patients,
which cause severe adverse effects such as increasing
anti-antibody reactions, risk of allergy, infection, and
mutagenesis [54–56]. Thus, finding a food with thera-
peutic effects and without toxicity is of great importance
for IBD patients. Soy products such as soy milk with
anti-inflammatory properties are a good choice for in-
flammatory diseases including diabetes mellitus and car-
diovascular diseases [12, 13, 57]. However, so far, no
study has examined the effects of soy milk consumption
on inflammatory markers and disease symptoms in pa-
tients with IBD. In addition, the beneficial effects of soy
milk consumption on gut microbiota have been reported
[58]; however, these effects have not been yet assessed in
IBD patients. As recently stated, change in the gut
microbiota has been a contributing factor to IBD inci-
dence, particularly UC [59–61]. In addition, it has been
shown that gut microbiota imbalance can affect disease
symptoms [62].
In this study, we hypothesize that soy milk consump-

tion might have a beneficial effect in IBD patients
through increasing abundance of beneficial/commensal
bacteria and reduction of mucus-degrading taxa. Soy
milk contains 0.6 g/100 g fiber which can be considered
as a prebiotic [63]. It has long been shown that prebi-
otics can favorably affect gut microbiota [64]. In an ex-
perimental study, soy milk administration resulted in an
increase in Firmicutes to Bacteroidetes ratio in gut
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microbiota community of rats [58]. Also, soy milk intake
had an increasing effect on Lactobacillus spp. which po-
tentially protects against gut inflammation [65]. In
addition to fiber, protein content of soy milk can affect
gut microbial community [66, 67]. In an experimental
study on golden Syrian hamsters, soy protein, compared
with milk protein, could alter diversity of gut microbial
community [68].
Patients with IBD cannot easily tolerate lactose-

containing foods such as dairy products [68, 69]. Soy
milk as a lactose-free milk might be a good alternative
for dairy products in IBD patients. Overall, finding diet-
ary strategies to improve disease severity and symptoms
in IBD patients is of high importance. This approach
could be much more cost-effective than prescription of
medications for long-term use in these patients.

Strengths
This is the first clinical trial investigating the effects of
soy milk consumption on gut microbiota and inflamma-
tory markers in patients with UC. It must be kept in
mind that the intervention is of low cost and can easily
be carried out in clinical practice. In this study, patients
will be block matched with each other in terms of sev-
eral variables that might influence the eventual findings.
Several outcomes including subjective- and objective-
based symptoms along with biochemical indicators will
be examined in patients at the study baseline and end of
trial. Moreover, compliance to the intervention will be
assessed throughout the study.
We hypothesize that soy milk consumption can result

in decreased inflammation through inducing changes in
gut microbial community. Improvement in gut micro-
biota and inflammatory markers would lead to beneficial
effects on disease symptoms and severity as well as qual-
ity of life.

Limitations
Despite using validated questionnaires for assessment of
dietary intakes, disease severity, disabilities, and quality
of life, misclassification of participants cannot be fully
excluded. Furthermore, change in gut microbiota during
the sample collection phase is the most important con-
cern for investigators. To avoid this, we will collect fecal
samples in the laboratory and keep it immediately at −
70 °C. In addition, we would try our best to have all the
fecal samples in the lab within the 2 h after sampling;
however, some samples might arrive within > 2 h. One
might argue that the sample size would be inadequate
for this study; however, it must be kept in mind that sev-
eral highly cost variables including six inflammatory bio-
markers and 9 genes for quantitative real-time
polymerase chain reaction (qRT-PCR) are supposed to
be quantified in this study. Due to limited funding in

developing countries, performing the study with a sam-
ple size greater than the one computed for this study
would not be affordable for researchers. In addition,
most studies on microbiota or fecal calprotectin have
been done with a similar sample size [70–73].

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s13063-020-04523-8.
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