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Abstract

Objectives To introduce bibliometric features of Iranian documents on microbiota and to provide descriptive information about
retrieved documents related to the medical sciences and documents utilizing molecular techniques for microbiota detection.
Methods This is a descriptive bibliometric study of all Iranian documents on microbiota in any language that were indexed in
Scopus before 7 September 2019. We assessed the research performance through statistical analysis of the bibliometric indicators,
including number of publications, citations, institutions and journals activities, co-citations and bibliographic couplings, and
network analysis of co-authorships, countries’ collaborations, terms and keywords.

Results We extracted 425 relevant documents, 260 of which pertain to the medical sciences. The most focused microbiota
modulating interventions and diseases in 33 clinical trials are ‘synbiotics’ (n = 8) and ‘probiotics’ (n=8), and ‘Obesity’ (n=3)
and ‘non-alcoholic fatty liver disease’ (n = 3), respectively. During the last decade, Iranian microbiota publications have increas-
ingly grown with a constant upward slope, particularly in the area of medical sciences after 2016. Citation counting reveals that
originals and reviews have been cited 4221 times, with an average 10.76 citations and H-index of 34. The most significant
performance in publishing Iranian microbiota documents belongs to ‘Tehran University of Medical Sciences’ as the active
institution (n =89 publications) and the supporting sponsor (rn=19), ‘Microbial Pathogenesis’ as the productive journal (n =
12), ‘Seidavi A’ as the most authorships (n=19), and ‘the United States’ as the collaborative country (n = 46).

Conclusions The qualitative and quantitative information of this study will be a practical guidance for future study planning and
policy-decision making.
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Introduction

Scientific production of each country has a very large impact
on its economic growth which reveals the importance of the
investment in research and development [1]. Even, this issue
gets more significance in developing countries that want to
shine in the realm of science [2]. Iran is one of the developing
countries in the Middle East that has the fastest publication
growth in the world even faster than China and Turkey; there-
fore, providing a good landscape of research trend in any
specific field conducting in Iran seems to be necessary be-
cause of its financial, political and scientific purposes [3, 4].
This landscape will be achieved by a bibliometric and
scientometric analysis through the literature, which provides
a scientific map specifying the main subject area and docu-
ment type; determining the publication development over
time, the number of citations, and the most cited articles;
highlighting the performance of the most active institutions,
journals, and authors; finding the most repetitive terms and
keywords; finally, directing other researchers and
policymakers to the scientific development of literature [5—7].

Microbiota is an ecosystem of living microorganism that
interacts functionally with the host and resides in and on host
body sites including the skin, the respiratory, urogenital, and
digestive tracts [8, 9]. The first use of the term “microbiota” in
the literature returns to 1927 that discussed the soil microbiota
including protozoa, fungi, bacteria, and algae [10]. Then, in
the 1960s, this term attracts a great deal of attention in dental
and oral medicine [11-13]. Simultaneously, in the mid-
twentieth century, the studies on rumen microbiota were per-
formed on a large scale to boost the livestock industry
[14-16]. Afterwards, in the early twenty-first century, the
National Institutes of Health (NIH) group [17] conducted hu-
man microbiome project which provided a sequence database
of bacterial, viral and eukaryotic microbial genomes from five
human body sites (the oral cavity, the nasal cavity, the gastro-
intestinal tract, the skin and the vagina); discovered the effect
of microbiome changes residing in the human body sites on
their health/diseases; and established a standard setting for
handling the next-generation technologies using for
metagenomic studies. So, by emerging the sequencing tech-
nology and discovering new beneficial effect of microbiota,
more attention paid to this area of medical sciences, particu-
larly to the interaction between microbiota and human [17,
18]. Recently, progressive researches in the field of microbiota
have been conducted, particularly about their key role on hu-
man health through consumption of nutrients, modification of
pathogens, regulation of normal physiological pathways and
promoting immune system that these perspectives of microbi-
ota have dramatically influenced on the medical science area
of literature [19-22]. To our knowledge, no bibliometric and
scientometric study on Iranian microbiota research was con-
ducted until now; so, in the current study, we aim to introduce
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the scientific roadmap of Iranian research on microbiota from
the first document exist in the Scopus to the last related pub-
lication on 7 September 2019 and provide quantitative infor-
mation for study planning and policy-decision making.

Method
Data retrieval

In the current descriptive scientometric and bibliometric study,
the Scopus database was chosen to retrieve all Iranian docu-
ments on microbiota because of its wide coverage of literature
and also high citations record [23]. All documents indexed in
Scopus from the beginning to the last published on 7
September 2019 were selected with no language limitation if
their title, abstract and keywords covered the following search
queries: ((TITLE-ABS-KEY (microbiota) OR TITLE-ABS-
KEY (microbiome))) AND (AFFILCOUNTRY (Iran)). This
query was selected to obtain all Iranian documents on micro-
biota. The extraction of all documents and their information
from Scopus was performed in one day (7 September 2019) to
avoid the disturbance in citation analysis. After completing
data extraction, we split all retrieved documents into two
groups through screening the titles and abstracts; the medical
science related documents and the non-medical science related
documents. Then, we conducted a comprehensive
bibliometric analysis of all Iranian microbiota documents as
our primary purpose and a descriptive analysis of medical
science-related documents as our secondary purpose. To
achieve our secondary purpose, we picked out all original
articles related to the medical sciences and analyzed them
through their study designs. Afterward, we selected clinical
trials out of these articles and evaluated the interventions and
diseases that were investigated in these trials and finally, pro-
vide the relation network between them. This study is the
bibliometric analysis of the literature through the published
articles, so ethics approval is not required.

Data analysis

All extracted data were exported into Microsoft Excel for
statistical analysis of the bibliometric information and ranking
the prolific data including top-cited documents, top journals,
institutions, sponsors, authors, and countries which subse-
quently were demonstrated by Graph Pad Prism, version
8.0.1.244. We constructed the global distribution map of the
countries’ collaborations in publishing Iranian microbiota
documents using GunnMap 2 (http:/lert.co.nz/map/). Also,
we applied VOSviewer software (version 1.6.13) [24] (van
Eck & Waltman, 2010; www.vosviewer.com) to visualize
the density and network analysis of the co-authorships,
countries’ collaborations, terms, and author keywords; and


http://lert.co.nz/map/
http://www.vosviewer.com

J Diabetes Metab Disord (2020) 19:163-177

165

also to analyze the bibliographic coupling/co-citation of
journals and documents. Besides, Science of Science Tool
[25] (Sci2Team, 2009) was utilized to illustrate the intercon-
nections network between the interventions and the diseases
that were extracted from the medical science clinical trials.

Results
General features of Iranian microbiota publications

In all, 425 Iranian articles were published in the field of mi-
crobiota and microbiome, with the majority of original articles
(n=291, 68.47%). The next document type with the 23.76%
share of all retrieved articles was review article (n = 101). The
other document types which constitute less than 8% of the
retrieved articles were demonstrated in Supplementary Fig.
S1 (Online Resource 1). According to the subject area catego-
rization of Scopus, most of these documents were in the area
of Medicine (n=204), Agricultural and Biological Sciences
(n=144) and Immunology and Microbiology (n=91). The
specific portion of other subject areas of the retrieved articles
was exhibited in Supplementary Fig. S2 (Online Resource 2).
The majority of retrieved documents were in English (n =420
articles) and the remaining five articles were written in
Persian. Besides, the main source of the extracted documents
was journals, containing 417 Iranian microbiota documents,
followed by books (n =7 documents), and book series (= 1
document). We also perused all 425 retrieved articles and dis-
covered that the primary concept of 260 articles (61.17% of all
Iranian microbiota articles) was about the medical sciences
that interestingly, 13 articles of them were in the profession
of dental and oral medicine. Next, we picked out all original
articles from 260 medical sciences-related articles, which con-
stitute 121 articles, and categorized them into the following
four groups: the human studies (69 articles; 57.02%), the in-
vitro studies (36 articles; 29.75%), the animal studies (13 ar-
ticles; 10.74%), and others (3 articles; 2.47%). In the next step,
we distinguished the study design of human studies which
includes 33 clinical trials, 21 case-control studies, eight
cross-sectional studies, two cohorts, one case report, and one
case series; and three articles didn’t match to any of the men-
tioned study designs. In the next step, we extracted the follow-
ing details from 33 aforementioned clinical trials and reported
the results with the interconnection network visualization: the
diseases from which the participants suffered and the types of
microbiota modulating intervention used in these studies
(Fig. 1). As is shown, 21 various diseases were assessed in
these trials and 10 interventions were administered that in
order of repetition include: synbiotics (8 trials); probiotics (8
trials); synbiotics in combination with probiotics (3 trials);
prebiotic (3 trials); probiotics in combination with prebiotics
(1 trial); Persica mouthwash (1 trial); photodynamic therapy

(1 trial); metformin (1 trial); oleoylethanolamide (1 trial); and
fecal microbiota transplantation (1 trial). In addition, the most-
investigated diseases in these trials were as follows: Obesity
(three times), nonalcoholic fatty liver disease (three times),
metabolic syndrome (twice), type 2 diabetes (twice) and he-
modialysis (twice).

We furthermore reviewed all 260 medical science-related
articles from the perspective of the molecular techniques used
to detect microbiota in human studies carried out in Iran, like
Real-time polymerase chain reaction (PCR) and 16S rRNA
sequencing methods and disclosed that there are 14 case-
control studies, 3 clinical trials, 2 cross-sectional studies and
one pilot study on this subject; the distribution of various
human diseases that were evaluated in these observational
studies is as follows: inflammatory bowel disease (IBD)
(n =15 studies), diabetes mellitus (n =3 studies), colorectal
cancer (n = 2 studies), obesity (n = 1 study), esophageal cancer
(n=1 study), chronic urticaria (n = 1 study), recurrent kidney
stone formation (n=1 study), hospitalized acquired diarrhea
(n=1 study), and vaginal microbiome in fertile women (n= 1
study).

The first study on this subject was conducted by Nazemi M
et al. [26] in 2013; they had utilized quantitative Real-time
PCR (qPCR) to compare the abundance of Bifidobacteria in
the intestine of diabetic patients with healthy population in
Iran. In addition, the first human study in Iran using 16S
rRNA sequencing technique was a case-control by
Nasrollahzadeh D et al. [27] in 2015; They compared the
gastric microbiota pattern in early esophageal squamous cell
carcinoma with normal individuals. After that a case-control
study by Heidarian F et al. [28] in 2017 compared the number
and diversity of Streptococcus spp. in the stool of patients with
IBD with healthy population by qPCR method. Nabizadeh E
et al. [29] similarly conducted a case-control assay in 2017
using real-time PCR to detect the relative abundance of
Akkermansia muciniphila, Faecalibacterium prausnitzii,
Clostridium leptum, and Enterobacteriaceae in the intestine
of patients with chronic urticarial compared with healthy vol-
unteer. Navab-Moghadam F et al. [30] in 2017 evaluated the
relative amount of Bacteroides fragilis, Bifidobacterium
longum and Faecalibacterium prausnitzii in the stool sample
of type 2 diabetic patients compared with non-diabetic control
population through qPCR. Similarly, Sedighi M et al. [31] in
2017 conducted a case-control study to determine the varia-
tion in gut microbiota composition of type 2 diabetic patients
and healthy population with qPCR and reported that
Lactobacillus spp. was more frequent in diabetic patients
while there are higher level of Bifidobacterium spp. in healthy
participants. Zamani S et al. [32] in 2017 employed quantita-
tive Real-Time PCR to detect Bacteroides fragilis residents in
the intestinal of patients with ulcerative colitis (UC). In addi-
tion, Ghavami SB et al. [33] in 2018 assessed the relative
amount of Methanobrevibacter smithii in the gasterointestinal
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Fig. 1 The interconnection network between diseases and microbiota
modulating interventions that are considered in clinical trials modulated
microbiota in different disorders. In the first step, we picked out all
original articles from 260 medical sciences-related documents, which
constitute 121original articles, and categorized them into the following
four groups: the human studies (69 articles; 57.02%), the in-vitro studies

tract of Iranians with IBD and healthy Iranians with qPCR and
they reported lower load of Mbb. smithii in IBD. Rezasoltani S
et al. [34] in 2018 evaluated the quantity of various gut bac-
teria in different colorectal polyps and normal colon; this case-
control study targeted many types of intestinal bacteria
through real-time PCR, including Streptococcus bovis/
gallolyticus, Enterotoxigenic Bacteroides fragilis (ETBF),
Enterococcus faecalis, Fusobacterium nucleatum,
Lactobacillus spp., Porphyromonas spp., Roseburia spp.,
and Bifidobacterium spp. Another case-control study by
Rezasoltani S et al. [35] in 2018 introduced the accuracy of
various gut bacteria for early detection of colorectal cancer
and adenomatous polyp using real-time PCR for quantifica-
tion. After that Al-Bayati L et al. [36] in 2018 demonstrated
the relative quantity of anaerobic bacterial species residing in
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(36 articles; 29.75%), the animal studies (13 articles; 10.74%), and others
(3 articles; 2.47%). In the next step, we distinguished the study design of
all human studies and included all clinical trials dealing with microbiota
modulating interventions in different disorders that finally, 33 clinical
trials were carefully reviewed for data extraction

the colon of patients with UC in compared to normal popula-
tion utilizing real-time PCR. Another case-control study by
Tavasoli S et al. [37] in 2019 investigated the abundance of
Oxalobacter formigenes, Lactobacillus genus and
Bifidobacterium genus in the gastrointestinal tract of the pa-
tients suffering from recurrent calcium kidney stone formation
and normal population through quantitative real-time PCR. In
addition, Mohammadzadeh N et al. [38] in 2019 employed a
quantitative real-time PCR technique to compare the gut
microbiome profile of hospitalized patients with diarrhea to
healthy individuals. Also, Heidarian F et al. [39] in 2019 car-
ried out a case-control study on the relative quantity of thirteen
different bacterial families that were detected in the stool sam-
ple of patients with IBD and healthy participants through real-
time PCR. Moossavi S et al. [40] conducted a pilot study in
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2019 to demonstrate the influence of three fecal storage
methods on the quantity and diversity of microbiota compo-
sition using 16S rRNA sequencing and Illumina MiSeq
platform.

Besides, two cross-sectional studies utilizing molecular
techniques to identify human microbiome profile were accom-
plished in Iran. In 2018, Nami Y et al. [41] carried out a cross-
sectional study and identified various lactic acid bacteria re-
siding in the vaginal tract of fertile women through 16S-rDNA
sequencing technique. The next cross-sectional study was
conducted by Mousavi SH et al. [42] in 2018 and reported
the association of gut microbiota pattern e.g. bacteroidetes/
firmicutes ratio with obesity in Iranian school aged population
using quantitative real-time PCR to assess intestinal microbi-
ota composition.

Additionally, We discovered that the first randomized clin-
ical trial (RCT) utilizing molecular techniques for microbiota
identification among Iranian population was conducted by
Ejtahed HS et al. [43] in 2019; they reported the effect of
metformin on gut microbiota composition and weight loss in
obese women utilizing 16S rRNA sequencing method. The
next RCT on human subjects was conducted by Payahoo L
et al. [44] in 2019; they utilized quantitative real-time PCR to
exhibit the effect of oleoylethanolamide consumption on the
amount of Akkermansia muciniphila bacterium inhabiting in
the gastrointestinal tract of obese Iranian. Also, Laffin MR
et al. [45] conducted a RCT on the effect of high-amylose
maize resistant starch type 2 (HAM-RS2) consumption on
the abundance of Faecalibacterium genus in the end-stage
chronic kidney disease by using 16 s DNA sequencing meth-
od for gut microbiota quantification. These molecular tech-
nique were also used widely in the animal intervention studies
like the study by Ahmadi S et al. [46] in 2018 that they
showed the effect of prebiotics on the intestinal microbiota
dysbiosis induced by high fat diet in mice through 16S
rRNA sequencing technique. Another experimental study
with the same technique by Hosseinifard ES et al. [47] worked
on the influence of psychobiotics on the gut microbiota
dysbiosis induced by type 2 diabetes in rats .

Iranian microbiota articles publications over time

Through our search strategy, we discovered that the first
Iranian attempt in the field of microbiota and microbiome
research was made in 2001 by Ghazifard A. et al. [48] in the
Faculty of Sciences of Esfahan University on determining
bacterial and fungal components of the urban solid waste.
The next attempt in this field was conducted in 2008 by
Seidavi A. et al. [49] on the detection of Bifidobacterium
spp. and Lactobacillus spp. by a multiplex polymerase chain
reaction in the intestinal tract of broilers, followed by Ghiyasi
M. et al. [50] in 2008 on the prebiotic effects on microbiota
composition of broilers’ intestine that these two articles shed

new light on the development of the poultry industry.
Additionally, the first article in the area of medical sciences
was produced in 2009 by Jajarm HH. et al. [51] on the influ-
ences of Persica mouthwash on the oral microbial composi-
tion in the cleft lip and palate individuals. Then, at least one
Iranian microbiota article has been published in both medical
and non-medical sciences annually, with the exception of
2010 in which no article was published in the medical sci-
ences. As is shown in Fig. 2, at the inception of Iranian re-
search on the microbiome, the most attention was paid to the
area of non-medical sciences, but as time goes on, the role of
microbiota in medical sciences has been noticed. Although the
overall slope of the publications in each field has been upward
during the last decade (2009-2019), the medical sciences’
papers have grown steeper, noticeably after 2016. In total,
the most publishing years were 2018 and 2019 with 100 and
96 publications, respectively and we expect the gap between
these two years will increase, as this field of literature gets
more interest especially in the area of medical sciences and
also more articles will be published by the end of 2019. The
growth trend in the number of Iranian microbiota documents
and their subsets, including medical science-related docu-
ments and non-medical science-related documents are
depicted in Fig. 2.

Citations counting and the most cited Iranian
microbiota articles

We considered the original articles and reviews for cita-
tion counting. Totally, 392 articles were accumulated, of
which 296 articles cited at least once and the total cita-
tions of all included articles were counted as 4221 times.
The average citations per each included articles during the
study period was determined as 10.76 times that reflects
the impact of Iranian microbiota articles in the literature.
We also calculated H-index of the retrieved articles as 34
that indicates 34 Iranian microbiota articles have been
cited 34 times or more. The growth trend in the number
of citations to Iranian microbiota documents is shown in
Supplementary Fig. S3 (Online Resource 3). The first ci-
tation was made in 2003, and as time goes by, the more
articles were published and accordingly, the more cita-
tions were produced. The most annual citations at the date
of analysis were established in 2019 and 2018 (1228 and
1166 citations, respectively); however, the statistic for
2019 will boost by the end of this year. In addition, the
10 most-cited Iranian microbiota documents are listed in
Table 1. The most-cited article with 263 citations was an
international collaborative original article with 140 collab-
orators; conducted by Henderson G et al. [52] in 2015 on
the worldwide foregut microbial compositions of the ru-
minants and camelids and their influential factors like di-
ets, hosts, and geography. The next most-cited article with
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Fig.2 The growth trend in the number of Iranian microbiota documents and their subsets, including medical science-related documents and non-medical

science-related documents

170 citations was an international collaborative review
article between the United Kington, Canada, and Iran;
conducted by Llewellyn MS et al. [53] in 2014 on the
teleost microbiome researches. Although the two most
cited articles in this field had a significant impact on the
livestock and the aquaculture industries, half of the top 10
cited articles are in the area of medical sciences, taking
the third, fourth, fifth, seventh and tenth place in this
ranking, as explained below. So, the prominent article in
medical sciences with 99 citations, which ranks third in
the overall ranking, was an in-vivo study on diabetic rats
that was carried out by Davari S et al. [54] in 2013. This
experimental study assessed the influence of probiotics on
impaired learning and cognitive disorders induced by di-
abetes and suggested that probiotics promote the hippo-
campal synaptic performance that this finding results in
improve deteriorated memory function in diabetic rats
[54]. The second prominent medical sciences-related arti-
cle with 94 citations was an epidemiological transition
study; conducted by Bishehsari F et al. [55] in 2014.
This study reported the epidemiological information of
the developing countries about colorectal cancer, includ-
ing the burden of the disease, environment-related risk
factors, the role of gut microbiota and nuclear receptors
in tumorigenesis of cancer, the molecular pathways in
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pathogenesis of cancer, and the preventive strategies
[55]. The third prominent article in medical sciences with
a total of 89 citations was an 8-week double-blind ran-
domized clinical trial, conducted by Vaghef-Mehrabany E
et al. [56] in 2014. This trial revealed that daily adminis-
tration of probiotic capsule containing Lactobacillus casei
01 reduces inflammatory activity of rheumatoid arthritis
[56]. The fourth prominent medical sciences-related arti-
cle with 78 citations, which ranks seventh in the overall
ranking, was a review article on the role of polyphenol
and probiotics in weight losing, conducted by Rastmanesh
R [57] in 2011. This review article reported that
Bacteroidetes/ Firmicutes ratio of the intestinal microbiota
has been reduced in obese people and probiotic-rich diet
cause obesity through the overgrowth of Lactobacillus
species (belong to the Firmicutes phylum) in the intestine
and lowering the intestinal Bacteroidetes/ Firmicutes ra-
tio; on the other hands, polyphenol-rich diets e.g., apple,
grapefruit, pear, and green tea provoke weight losing in
obese people through increasing Bacteroidetes/ Firmicutes
ratio of the intestinal microbiota community [57]. Finally,
the fifth prominent medical sciences-related article with a
total of 63 citations was a systematic review of random-
ized clinical trials assessing the efficacy of probiotics for
bacterial vaginosis (BV) recurrences, conducted by
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Table 1 The bibliometric characteristics of 10 Iranian microbiota documents with the most citations
Rank Authors Title Year Source title Cited Article CiteScore
by type (2018)
1 Henderson G et al.* Rumen microbial community composition varies with dietand 2015 Scientific Reports 263 Article 4.29
host, but a core microbiome is found across a wide
geographical range
2 Llewellyn M.S. Teleost microbiomes: The state of the art in their 2014 Frontiers in 170 Review 4.30
et al.* characterization, manipulation and importance in Microbiology
aquaculture and fisheries
3 Davari S et al Probiotics treatment improves diabetes-induced impairment of 2013 Neuroscience 99 Atticle 3.46

synaptic activity and cognitive function: Behavioral and
electrophysiological proofs for microbiome-gut-brain axis

4 Bishehsari F etal ~ Epidemiological transition of colorectal cancer in developing 2014 World Journal of 94 Article 3.43
countries: Environmental factors, molecular pathways, and Gastroenterology
opportunities for prevention

5 Vaghef-Mehrabany Probiotic supplementation improves inflammatory status in 2014 Nutrition 89 Article 3.42

Eectal patients with rheumatoid arthritis

6 Ghanbari M etal A new view of the fish gut microbiome: Advances from 2015 Aquaculture 81 Review 3.42
next-generation sequencing

7 Rastmanesh R High polyphenol, low probiotic diet for weight loss because of 2011 Chemico-Biological 78 Review 3.43
intestinal microbiota interaction Interactions

8 Chavshin A.R et al Identification of bacterial microflora in the midgut of the larvae 2012 Acta Tropica 70 Atticle 2.68
and adult of wild caught Anopheles stephensi: A step
toward finding suitable paratransgenesis candidates

9 Hoseinifar S.H et al Probiotic, prebiotic and synbiotic supplements in sturgeon 2016 Reviews in 66 Article 5.24
aquaculture: A review Aquaculture

10 Homayouni A etal Effects of probiotics on the recurrence of bacterial vaginosis: A 2014 Journal of Lower 63 Review 1.24

review

Genital Tract
Disease

*This is an international collaborative original article

Homayouni A et al. [58] in 2014. This systematic review
disclosed that 2-month administration of probiotics con-
taining Lactobacillus acidophilus, Lactobacillus
rhamnosus GR-1, and Lactobacillus fermentum RC-14
had significantly promoted the women health through
the preventive and therapeutic effects on BV [58].
Besides, it reveals that out of 10 most cited articles, five
articles with a total 0f 423 citations relates to the human health
(medical sciences) that are explained above; three articles with
a total of 317 citations relate to the aquaculture and fisheries;
one article with 263 citations relates to the ruminants and
camelids; and one article with 70 citations relates to the
Anopheles stephensi mosquito. Among these 10 dominant
articles, four were carried out in 2014, two in 2015 and one
article in each of 2011, 2012, 2013, and 2016; six papers were
original articles and the remaining four were reviews.

Top institutions performance in publishing Iranian
microbiota articles

The productivity analysis of institutions contributed in
Iranian microbiota research shows the following five uni-
versities has the most share of activity in this field: Tehran
University of Medical Sciences (n =89 publications),
Tabriz University of Medical Sciences (n=57

publications), Shahid Beheshti University of Medical
Sciences (n =56 publications), University of Tehran (n =
30 publications) and Islamic Azad University (n =27 pub-
lications). The annual productivity of the top 5 universi-
ties is illustrated in Supplementary Fig. S4
(Online Resource 4). In comparison, Tehran University
of Medical Sciences had the steepest slope in microbiota
publications over time, particularly after 2015 that the
years with the most publications were 2019 and 2018
(with 25 and 19 publications, respectively).

Top journals performance in publishing Iranian
microbiota articles

The list of top journals publishing Iranian microbiota articles
is ordered in Table 2. The journal of Microbial Pathogenesis,
with the impact factor of 2.58 in 2018, produced the most
Iranian microbiota publications (n =12 papers) that covers
the articles in the area of medical sciences, followed by the
journal of Fish And Shellfish Immunology with the impact
factor of 3.29 in 2018 (n=11) that covers the articles in the
area of medical and non-medical sciences including agricul-
tural and biological sciences, aquatic science, and environ-
mental science; and the journal of Poultry Science with the
impact factor of 2.02 in 2018 (n = 10) that covers the articles
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Table 2 Top journals

performance in publishing Iranian Rank* Journal Number of
microbiota articles Publications

1 Microbial Pathogenesis 12

2 Fish and Shellfish Immunology 11

3 Poultry Science 10

4 Aquaculture Nutrition 7

4 Gastroenterology and Hepatology from Bed to Bench 7

4 Probiotics and Antimicrobial Proteins 7

5 Aquaculture 6

5 Frontiers in Microbiology 6

5 Joumnal of Cellular Physiology 6

5 Livestock Science 6

5 Photodiagnosis and Photodynamic Therapy 6

*The journals with the same number of publications are ranked in the same place according to the dense ranking

in the area of medical sciences and non-medical sciences in-
cluding agricultural and biological sciences, animal science
and zoology. As ordered in Table 2, the journals with the same
publications are ranked in the same place according to the
dense ranking.

Authors’ performance in publishing Iranian
microbiota articles and their collaborations analysis

We discovered that 1828 authors had contributed in this field.
The most-contributions belong to Seidavi A with 19 author-
ships, followed by Hoseinifar SH with 18 authorships,
Barzegari A with 12 authorships, Moossavi S with 12 author-
ships, Siadat SD with 12 authorships, Ejtahed HS with 11
authorships, and Zali MR with 10 authorships. The clustering
visualization of the largest co-authorships network between
authors who contributed to at least 3 articles is mapped in
Fig. 3. By considering the threshold of contributing to 3 or
more articles, 123 authors were obtained that some of these
authors didn’t have any co-authorship and some constructed
small co-authorship networks, consisting of two to eight au-
thors; so, we have established the largest co-authorship net-
work (Fig. 3), comprising 63 authors that are divided into 10
clusters. In notes, there are a total of 150 collaborations be-
tween these 63 authors.

Countries’ performance in publishing Iranian
microbiota articles and their collaborations analysis

We analyzed the international collaborations of countries in
publishing Iranian microbiota articles. As is illustrated in
Fig. 4, the most-collaborative countries contributed in publish-
ing these articles are located in North America and Western
Europe. We also calculated all the collaborations between
countries that contributed to 5 or more Iranian microbiota
articles. Among 60 countries contributing in this field, 19

@ Springer

countries met this threshold and a total of 150 international
collaborations exist between them. Then, we mapped the clus-
tering visualization network of collaborations between these
countries that as is depicted in Supplementary Fig. S5
(Online Resource 5), they were divided into three clusters that
were displayed in different colors. Through this mapping anal-
ysis, we found out the most collaborative countries with Iran
in publishing Iranian microbiota articles were the United
States (46 collaborations), Italy (37 collaborations), Spain
(23 collaborations), Canada (22 collaborations), the United
Kingdom (22 collaborations), Malaysia (15 collaborations),
and Sweden (14 collaborations).

The most repetitive terms in Iranian microbiota
articles

A total of 11,159 terms were utilized in the Iranian microbiota
articles. To map the most repetitive terms, we consider a min-
imum of 30 repetitions as a threshold that 83 terms met this
criterion. The clustering network mapping of the selected
terms is displayed in Fig. 5. As shown, all terms were
subdivided into three clusters. The most repetitive terms
among all clusters are “effect” (n=1587), “study” (n=460),
“diet” (n =352), “group” (n = 345), “patient” (n = 304), “treat-
ment” (n=296), “bacterium” (n=271), “level” (n=269),
“probiotic” (n=268), and “microbiota” (n=266). After
subdividing all terms, the most repetitive term of each cluster
is as follows: “Study” in the red cluster, “effect” in the green
cluster and “group” in the blue cluster. Additionally, the over-
lay mapping of the same terms is demonstrated in
Supplementary Fig. S6 (Online Resource 6). By mapping this
network, the average year of utilizing each term in the re-
trieved articles was displayed with different colors and there-
fore, the newer terms utilized in the recent microbiota and
microbiome articles were identified. For example, we discov-
ered that the most-occurred terms in the recent articles in this



J Diabetes Metab Disord (2020) 19:163-177 171
safarir., ™
adebm.
“dadapm.
ahanchian h.
jahromi m.f.
liang j.b.
ringge.
® ramezani m.
abdullah n. hasei@ar s.h.
radiah d. L
roslir. yari khostoushahi.a.
khosroushahiay. namiy. homayouni-rada. @
haghshenas b. ejtahed ho=s.  gjadags.-d.
khalii I hasanisfanjbar s.
angoaorani p.
: X azimigad m.
saeé;:l.'a. - omayouni a. rostami‘ejad@.
—— - ostadrahimi a.
hedayati m. 3
[ zaliggn.r.
zununiyghed s. ® - alebouyeh m.
rahgar saadaty. datigih; shirazim.h.
rezas@anis, oshaghi m.a.
aghdaei h.a.

$& vosviewer

Fig. 3 The authors’ performance clustering mapping and their co-
authorships network in publishing Iranian microbiota articles. 63 authors
of whom contributed to at least 3 Iranian microbiota articles constructs the
largest co-authorship network and are divided into ten clusters displayed
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field are “clinical trial”, “placebo”, “prebiotic”,
tion”, “metabolic syndrome” and “pathogenesis” that reveals

these are the most attracting field of research.

inflamma-

The most repetitive author keywords in Iranian
microbiota articles

A total of 1140 author keywords were utilized in Iranian
microbiota articles. When we considered a minimum of 5
repetitions as a threshold, 43 author keywords were accu-
mulated that two keywords didn’t have any relationship
with others. The clustering network mapping of the remain-
ing 41 keywords is illustrated in Supplementary Fig. S7
(Online Resource 7). All keywords were subdivided into
six clusters. Among all clusters, the most repetitive author
keywords utilized were “microbiota” (n=50), “gut micro-
biota” (n=50), “probiotics” (n=47), “probiotic” (n =40),
“intestinal microbiota” (n=27), “obesity” (n=25),
“microbiome” (n=25), “synbiotic” (n=22), “prebiotic”
(n=18), and “broiler” (n=16). In each cluster, the most
repetitive author keyword is as follows; the dark blue clus-
ter: “microbiota”, the yellow cluster: “gut microbiota”, the
purple cluster: “probiotics”, the green cluster: “probiotic”,
the red cluster: “broiler” and the pale blue cluster: “diabe-
tes” (n = 10). As described above, most of these author key-
words are in the area of medical sciences that mostly em-
phasize the interactions between microbiota and host,

in different colors. Besides, there are a total of 150 collaborations between
these 63 authors. The node size represents the number of articles pub-
lished by each author and the thickness of the line between two authors
represents the number of their co-authorships

particularly in the gastrointestinal tract of the host, and its
effects on diseases like obesity and diabetes.
Simultaneously, it seems that a lot of studies on microbiota
and broilers have been carried out for aviculture purposes.

The bibliographic coupling and co-citation of journals
publishing Iranian microbiota articles

The journal bibliographic coupling analysis measures the
similarities between two journals based on the frequency of
the mutual references of their articles. In the current study,
we considered all journals publishing at least 5 Iranian
microbiota articles for the bibliographic coupling analysis.
Out of a total of 262 journals, 13 journals met the thresh-
old. The bibliographic coupling rainbow density map of
the selected journals is demonstrated in Supplementary
Fig. S8 (Online Resource 8). The high degree of biblio-
graphic coupling of two journals indicates two journals
probably containing the subject matter in common. As
shown, the journal of ‘microbial pathogenesis’ has the
most coupling strength for the Iranian microbiota docu-
ments. Instead, the journal co-citation analysis calculates
the frequency of two journals’ articles that are co-cited by
other articles. The co-citation rainbow density map of
journals publishing at least 5 Iranian microbiota articles
is depicted in Fig. 6. The high co-citation of two journals
indicates that two journals have high semantic
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Fig. 4 The density geographical map that visualizes the volume of international collaborations of countries in publishing Iranian microbiota articles

relationships; also, the high co-citation of a journal repre-
sents that the journal is the prominent source containing
Iranian microbiota articles which have been co-cited by
other articles e.g. ‘Plos one’ and ‘nature’ are the prominent
journals in this field based on the co-citation analysis.
Similarly, we conducted a bibliographic coupling analysis

~ VOSviewer

Fig. 5 The co-occurrence clustering network mapping of the most repet-
itive terms with at least 30 repetitions that are retrieved from the title and
abstract of Iranian microbiota articles; 83 terms meet this threshold that

@ Springer

for the documents with 10 or more citations. This threshold
was met by 115 documents (out of 425 retrieved docu-
ments) but 17 documents weren’t bibliographically
coupled. The bibliographic coupling rainbow density map
of the remaining 98 documents is illustrated in
Supplementary Fig. S9 (Online Resource 9).

are subdivided into three clusters depicted with red, green and blue. The
node size represents the number of repetitions of each term
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Fig. 6 The rainbow density mapping of co-citation analysis of the
journals publishing at least 5 Iranian microbiota articles. The journal co-
citation analysis calculates the frequency of two journals’ articles that are
co-cited by other articles. The higher co-citation of journal (from blue to

Discussion

The current study provides the descriptive bibliometric informa-
tion about the Iranian microbiota research roadmap and as far as
we know, this is the first bibliometric and scientometric analysis
of the Iranian microbiota articles. This study reveals that there has
been an almost permanent increase in the Iranian scientific pro-
duction in the field of microbiota since 2012 and interestingly,
almost two-thirds of all documents have been published during
the last three years (65.64% of all documents) which indicates
that this uprising area of literature has recently attracted Iranian
researchers and institutions’ interest. Besides, we also found that
almost half of these documents are in the area of “Medicine” that
could be concluded that increasing scientific attempts were per-
formed to identify the effects of various microbiota modulating
interventions on the human health. Simultaneously, the chrono-
logical analysis of the retrieved articles demonstrated that in the
late 2000s, Iranian researchers’ attention was drawn to the role of
microbiota in the medical sciences; this finding can be explained
by the growing global awareness of microbiota role on human
life as well as understanding the metagenomics analysis of the
human intestinal microbiota and also new discoveries in the effi-
cacy of intestinal microbiota changes for diseases like inflamma-
tory bowel disease and obesity [8, 17, 59, 60]. Also, we

ironmental science & te

red color) indicates that journal has higher semantic relationship with the
field of research e.g. ‘Plos one’ and ‘nature’ are the prominent journals in
this field

demonstrated that the medical sciences literature has focused on
the relationships between microbiota modulating interventions
(especially synbiotics and probiotics) and digestive and
metabolic-related disorders like obesity, non-alcoholic fatty liver
disease, metabolic syndrome, and type 2 diabetes. The country
analysis shows that North America and Western Europe play an
effective role in collaboration with Iranian institutions and also,
the most collaboration belongs to the United State of America,
whose high gross domestic product (GDP) results in high scien-
tific co-contributions in this field [61]. It is noteworthy that the
subject area evaluation of the most active institution (Tehran
University of Medical Sciences), as well as the most productive
journal (Microbial Pathogenesis), points out that prominently the
Iranian microbiota documents have been accomplished in the
area of medical sciences; that this finding is consistence with
the mentioned bibliographic statistics. Besides, we discovered
that the most repetitive specialized terms in these documents are
‘effect, diet, patient, treatment, bacterium, and probiotic’ that the
overlay mapping analysis reveals that the terms ‘prebiotic, meta-
bolic syndrome, inflammation, and gut microbiota’ are the
hotspot of the recent studies; and the most repetitive specialized
author keywords are ‘gut microbiota, intestinal microbiota,
probiotics, synbiotic, prebiotic, and obesity’ that the recent re-
search foci are on the keywords ‘immune system, dysbiosis, gut
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microbiota, depression, obesity, Lactobacillus, Bifidobacterium’;
these findings insist that the foci of attention in the literature have
been paid to the therapeutic effect of pro/pre/synbiotic products in
diet on human health/diseases like obesity through the changing
of intestinal microbiota composition. Probiotics are live microor-
ganisms that if administered in an adequate quantity, promote the
health of the host [62]. There are various probiotic products in the
world, including dairy, cereal, fruit juice, and chocolate; while the
following four probiotic dairy products are common in Iran:
cheese, ice cream, yogurt, and dough. The primary microorgan-
isms commonly used in the probiotics are lactic acid bacteria
(LAB) that the two species seem to have beneficial effects on
human health: BifidiBacterium lactis Bb12 and Lactobacillus ac-
idophilus La5 [63—65]. On the other hand, prebiotic products
provoke the growth of specific genus or species of intestinal
microbiota that results in the host health improvement [66, 67];
and synbiotic products made up of prebiotics and probiotics com-
bination [68]. Therefore, pro/pre/synbiotics influence on the host
health/diseases through the modification of intestinal microbiota.
As demonstrated in density map of terms/author keywords anal-
ysis as well as the bipartite graph of the interventions and dis-
eases, obesity, probiotics, and synbiotics are the research focus in
the Iranian microbiota literature; in addition, the worldwide sci-
entific publications on the association between obesity and intes-
tinal microbiome composition have been dramatically increased
during the last decade [69] and the findings in this field shows
obese population in comparison to the lean population have less
intestinal microbiota diversity and also the proportion of various
intestinal bacteria in obese people has been changed as follows:
Bacteroidetes phylum has been decreased while Actinobacteria
and Firmicutes phyla have been increased; also, it elucidated that
during the weight loss, the Bacteroidetes proportion in the intes-
tinal microbiota population has been increased [70-72]. Also, a
cross-sectional study among Iranian school-aged children re-
vealed that Bacteroidetes has been decreased in the
gasterointestinal tract of obese children whereas the amount of
Firmicutes has been increased [42]. Also, the experimental study
of the obese and lean mice reported that the intestinal microbiota
composition of obese mice leads to an elevated capacity to gather
energy from diet and also, feacal microbiota transplantation of
obese mice produces more body fat in germ-free mice than feacal
microbiota transplantation of lean mice that these findings sup-
port the role of intestinal microbiota in the pathogenesis of obesity
[73]. In addition, a clinical trial reported that the consumption of
oleoylethanolamide supplement increases the quantity of
Akkermansia muciniphila bacterium in the gastrointestinal tract
of obese population and subsequently results in less dietary intake
[44]. However, another clinical trial revealed that although the
consumption of metformin in obese non-diabetic women causes
weight loss, the gut microbiota composition after treatment re-
mains almost unchanged [43]. Therefore, these findings shows
that we need more clinical trials to discover the possible role of
various gut microbiota on pathogenesis of obesity.
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The NIH group has implemented the human microbiome
project (HMP) program since 2007 and had dedicated $215 M
to this project during ten years to provide a broad perspective
of human microbiome diversity, microbiome sequences, new
advanced technologies and computational tools, the dynamic
interactions between microbiota and the human body and their
consequences. Successfully, the HMP has provided a compre-
hensive practical central resource of human microbial genome
sequences using 16 s rRNA sequencing and whole-genome
shotgun metagenomics sequencing techniques; also, this ex-
tensive project has resulted in better understanding of the ef-
fects of human-related microbiome change on the well-being
and health of the host, particularly in various health-related
conditions. Also, the NIH reported that the most awards had
been dedicated to understanding the microbiota role in the
infectious/parasitic diseases, followed by the digestive dis-
eases and the neoplasms and also the gastrointestinal tract
was the main focuses of this project [8, 17, 18]. In the lately
accomplished second phase of HMP, the NIH has focused on
the differences of microbiome diversity in/on human body,
genome sequences of microbiome and host, metabolomics
and protein profiles of microbiome and host, as well as the
changes occurred in homeostasis between microbiota and host
body under three health-related conditions, including gesta-
tion and preterm labor (based on the vaginal microbiome),
inflammatory bowel diseases (based on the intestinal
microbiome), and prediabetes (based on the intestinal and na-
sal microbiome) [74]. Accordingly, the role of microbiome on
well-being and health-related conditions of individuals has
received more attention than ever before. With regard to the
specific microbial community of each geographical region,
the developing countries like Iran should move toward under-
standing their microbial communities and revealing the
microbiome composition changes under different health-
related conditions and consequently avoid wasting their re-
sources and reduce the costs. The current study established
the practical extensive outlook of Iranian microbiota research
and highlighted the hotpots of bibliographic information, so
other scientists could find the research foci and gaps in the
Iranian microbiota literature and move in the direction of
Iranian microbiota roadmap.

It is noteworthy that we retrieved all documents indexed in
the Scopus database according to our search strategy that un-
fortunately, we may miss the related documents from other
databases that are not indexed in the Scopus. However, it must
keep in mind that the Scopus database has an acceptable cov-
erage of peer-reviewed journals and publishers and also
Scopus in comparison to Web of Science, another database
used widely for bibliometric analysis, retrieved more citations
per document [75, 76]. So the results of the current analysis
will be reliable and this study can accurately demonstrate the
bibliometric and scientometric features of the Iranian publica-
tions in the field of microbiota.
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Conclusions

In the current study, we provide the bibliometric and
scientometric characteristics of all Iranian microbiota docu-
ments that had been published before 7 September 2019 that
illustrate microbiota research has received a lot of attention
among Iranian scientists during the last decade; and the
Iranian research focus has been moved toward the understand-
ing of the microbiota role in the medical sciences, specifically
the efficacy of the microbiota modulating products like pro/
pre/synbiotics for the host health. Also, we ranked the perfor-
mance of the involved institutions, journals, sponsors, authors,
and countries; and visualized the hotspot of the most repetitive
terms and author keywords using in the retrieved documents;
therefore, we prepare practical guiding information for other
researchers to move the boundaries of science and
policymakers to ameliorate the human health and diseases.
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