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Abstract
Background: Studies related to the prevention and control of myopia in adolescents have increased rapidly,
but only a few have measured the levels of scientific collaboration among authors, institutions and countries in
this field. Thus, in this study, we aimed to reveal the status and levels of scientific collaboration in this field.
Methods: The research population included all published papers in the field of adolescent myopia prevention
and control indexed in the Web of Science databases from 1997-2016. The co-authorship networks were drawn
using SATI (Statistical Analysis Toolkit for Informetrics), Ucinet and VOS viewer (Visualisation of Similarities
viewer). Active authors and some measures of co-author network, including degree centrality, closeness, betweenness, density and diameter, were also assessed.
Results: Overall, 610 records were obtained, and a number of publications developed through an increase in
different collaboration types, with cooperation among authors and institutions as the most apparent ones. The
top ten active authors and institutions were identiﬁed. The density of cooperative networks of the top 70 authors and the first 69 institutions were 0.043 and 0.011, respectively, with corresponding diameters of five and
six, respectively. Seven distinct clusters formed the cooperation network among 38 countries. The top three
clusters were centered in China, the United States and Australia, also identified as the most productive countries.
Conclusion: The flow of information is slow and the collaboration among authors and institutions in the network are not close enough. Thus, multiple collaboration types should be encouraged in this field, especially
among countries.
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Introduction
Myopia is the main cause of preventive blindness
worldwide, especially in adolescents (1, 2). Thus,
it is one of the main priorities among the five
projects under the ‘Vision 2020 Action’ launched
by WHO (3). In recent years, the incidence of
myopia has increased rapidly worldwide (4), es621

pecially among adolescents in East and Southeast
Asia (5,6). The prevalence of myopia among adolescents is at 96.5% (7) in South Korea, 81.6% (8)
in Singapore and 95.5% (9) in Shanghai.
Myopia not only affects adolescents’ school performance and future career choice (10) but also
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causes glaucoma, cataract and other serious complications (11). Thus, many researchers have devoted themselves to gaining a more in-depth understanding of the prevention and control of
adolescent myopia (12, 13).
Collaborative research networks can help other
researchers expand their field of research or join
groups conducting related studies. Bibliometric
studies of scientific collaboration have been conducted in various fields (14, 15), providing different levels of cooperation frequency in research
practice. One of the methods used to study such
collaboration is the co-authorship network analysis, which focuses on finding patterns of contacts
or interactions between social actors. Author,
country, and institution are the subjects of cooccurrence relationship; thus, analyzing their cooccurrence relationship can better reflect the
truth of scientific research and academic communication, because the cooperation of authors,
institutions and countries can measure the cooperation at different levels (15).
However, to date, no bibliometric analysis of scientific literature in myopia prevention and control had been carried out and published. As such,
this study aimed to describe the diversity of cooperation among authors, institutions, and countries in the study of adolescent myopia prevention and control. Specifically, for adolescent myopia prevention and control research, our main
goal is to explore the following content: firstly,
analysing the overall status of collaborative research among authors, institutions and countries;
secondly, determining the institutions and authors at the core of the cooperative research network; and thirdly, identifying countries that have
a strong cooperative relationship.

Materials and Methods
The search for papers to be included in the analysis was conducted in one day (Sep 25, 2017) to
avoid bias resulting from daily updating in the
database. The Web of Science Core Collection
annually collects a large number of journals and
records each publication, including bibliographic
information (i.e., author, institution and country
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or region), which we used to locate publications.
All papers published within the period of 19972016 were evaluated. Search terms included
combinations of terms, such as ‘adolescent’,
‘children’, ‘student’, ‘myopia’, ‘myopic’, ‘prevention’, ‘control’ and ‘management’. Literature
types, such as meeting abstracts, letters, correction, news item, book chapter, retracted publication, editorial material, non-English literature and
repeated articles, were excluded. To ensure reliability, profile information of each included article
was extracted by two independent reviewers, resulting in a reliability check of 100% of the selected abstracts. A search query that was used for data
extraction from Web of Science database looked
like this: TS= ((adolescent myopia OR children
myopia OR student myopia OR adolescent myopic OR children myopic OR student myopic) AND
(prevention OR control OR management)).
Social network analysis (SNA) is a method of
structural analysis applied in many research fields.
It focuses on relationship research and is mainly
used to describe and measure relationships and
information between individuals (16). SNA has
been proven to be effective in studies on scientific collaboration network (17, 18). The same
method is used in the current study.
To analyze and identify critical issues, we used
SATI (Statistical Analysis Toolkit for Informetrics) (ver. 3.2) to build the co-occurrence matrix
(19) and transformed the data format with Ucinet
6.0 (20) to finally obtain co-occurrence mapping.
VOS viewer (Visualisation of Similarities viewer)
software (ver. 1.6.6) was employed to draw the
co-country (region) maps by using literature title
packets (21). Excel 2016 (Microsoft, Redmond,
DC, USA) and Netdraw (ver. 2.118) were also
used in the research. In addition, some measures
of our network, including degree centrality, betweenness centrality, closeness centrality, density,
and diameter, were evaluated (22). Degree centrality refers to the number of neighbors to a
node in the network (15). In this case, the greater
its connection to other nodes in the network, the
more important is the node.
Betweenness centrality refers to the number of
the shortest paths passing through a given node
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(23). The higher the betweenness centrality of the
node, the greater the ability to control the information passed between the other nodes. The
closeness centrality is used to measure the distance of one node to other nodes in a network.
Nodes with high closeness centrality obtain information better than other nodes or tend to have
a more direct influence on other nodes (16). Density is calculated through the actually observed ties
divided by all possible ties whose value is between
0 and 1 (24). Density values tend to reach 0 in
sparse networks, and close to one in tightly connected networks (24). The diameter represents the
longest measuring distance in a connected network; it shows the number of steps required from
one side of the network to the other (16).

Ethical considerations

This study did not require any ethical consideration as it does not include any human or animal
to be the object of study.

Results
A systematic search for publications on adolescent myopia prevention and control retrieved 624

articles in Web of Science Core Collection, excluding one duplicate. After further screening of
titles and abstracts, 9 editorial materials, 4 letters
and a meeting abstract were removed, leaving 610
eligible papers.

The scale and overall trend of collaborative
research

Figure 1 shows the number of publications issued
annually and the number of papers published
through collaboration with authors, institutional
cooperation and country (region) cooperation.
The number of papers, co-authors, coinstitutions and country (region) cooperative papers has increased significantly from 1997 to
2016, particularly after 2011. In general, the total
number of published articles since 1997 has increased more than six-fold, from 11 in 1997 to 79
in 2016; the institutional cooperation increased
more than five-fold, the author cooperation increased by twelve-fold and the country (region)
cooperation increased by fifteen-fold.
Fig. 2 reveals the average number of authors, institutions and countries per article from 1997 to
2016. The average number shows a gradually increasing trend.

Fig. 1: Numbers of papers on adolescent myopia prevention and control by collaboration type between 1997 and
2016

The increase in number of authors was from 3.91
to 4.34, from 1.36 to 2.51 for institutions and
from 0.82 to 1.25 for countries per paper. Over623

all, the rates of cooperation among authors, institutions and countries were 93%, 57.9% and
21.5%, respectively.
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Fig. 2: Average number of different entities per paper

In general, the number of SCI journal papers
produced by institutional cooperation is the largest (accounting for 56.6%), followed by papers
generated through intra-institutional collaboration (accounting for 36.1%) and papers produced
without collaboration (accounting for only 7.4%).
Figure 3 shows the percentage of papers studied
in each of the different institution collaboration

types and their changes over time. The percentages of single-author papers have decreased by
26.7% from 1997 to 2016, whereas that of institution-collaborated papers increased by 24.4%.
The percentage of papers produced through single authorship has always been higher than that
of institutional collaboration from 1997 to 2000
but decreased after 2006.

Fig. 3: Percentage of different collaboration types
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Authors’ collaborative research

Results of scientific research are published in the
form of papers, and the status of co-authorship
in papers reflects the collaboration among authors. Researchers who study the growth of coauthorship articles produced by multiple authors
regard co-authorship of papers as a significant
scientometric indicator of researching on cooperation among authors (25).

More important researchers were expected to
have published more articles, thus scholars who
published more than four articles were included
in the co-authorship networks. Overall, 75 researchers with 371 co-authored experiments meet
this condition. Five authors not cooperated with
other authors were excluded. The research collaboration network between authors is shown in
Fig. 4.

Fig. 4: The structure map of the author collaboration network

Each node of the figure represents an author, and
the connections among the nodes represent the
collaboration relationships among authors. The
weight of a link indicates the number of publications co-authored by two scholars. In this author’s collaboration network, the highest degree
centrality of Allen, Peter M. and O'Leary, Daniel
J. was 5.83, indicating that they had 5.83 collaborators and that they played a pivotal role in the
co-authorship network. Saw, Seang Mei obtained
the highest betweenness centrality manifesting
that he had the ability to control collaborative
relationship and that he possessed and controlled
625

a large number of research resources. In
collaborative network, the closer the distance between one author and the other, the easier it is to
exchange information and build cooperative research relationship. Saw, Seang Mei and Mitchell,
Paul had the highest closeness centrality, which
manifested that they had the most opportunity to
exchange information and establish a cooperative
relationship with other authors (Table 1). Furthermore, we assessed the density and diameter
of co-authorship network, which were 0.043 and
5, respectively.
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Table 1: Top 10 authors on centrality measures in collaborative network
Degree

Score

Betweenness

Score

Closeness

Score

Allen, Peter M
O'Leary, Daniel J
Guo, Xiangming
Wang, Panfeng

5.83
5.83
5.56
5.56

Saw, Seang Mei
Mitchell, Paul
Gao, Yang
Congdon, Nathan

72.00
56.00
48.00
48.00

Saw, Seang Mei
Mitchell, Paul
Liu, Luo-Ru
Li, Shi-Ming

1.85
1.85
1.84
1.84

Xiao, Xueshan
Li, Shiqiang
Jia, Xiaoyun

5.56
5.56
5.56

Manny, Ruth E
Davitt, Bradley V
Qu, Jia

42.00
40.00
26.00

Li, He
Li, Si-Yuan
Kang, Meng-Tian

1.84
1.84
1.84

Zhang, Qingjiong
Price, Holly
Rae, Sheila

5.56
5.39
5.39

Tan, Donald
He, Mingguang
Liu, Luo-Ru

14.00
13.00
3.60

Qu, Jia
Tan, Donald
Pan, Chen-Wei

1.84
1.84
1.84

Institutions’ collaborative research

It would be helpful for us to study the academic
information exchange mode in scientific collaboration by analyzing the institutional relationship
network of research collaboration (26). Among
610 papers, 353 documents were produced by
inter-institution cooperation and 45 papers produced by intra-institutional cooperation. These
papers covered 480 actual institutions and the
total appearing frequency of institutions is 1674.
The largest collaboration in the sample of this
study involved 22 institutions. We deleted five
institutions not cooperated with other institutions
and eventually selected the top 69 institutions
with appearance frequencies excessing five to
form a map visualizing the structure of institution’s collaboration network in the field of ado-

lescent myopia prevention and control during
1997 to 2016 (Fig. 5). The size of the node indicated centrality in collaboration network. The
network’s density is 0.011 and diameter is 6. Table 2 lists the top ten institutions in the adolescent myopia prevention and control research dataset based on three measures of centrality: degree, betweenness, and closeness centrality. The
Smith-Kettlewell Eye Research Institute had the
highest degree centrality and that the University
of Melbourne had the highest betweenness centrality and the lowest closeness centrality. Furthermore, the Smith-Kettlewell Eye Research Institute is found to be the most critical institution
in the cooperation network and enjoys a high
level of cooperation with the University of Melbourne.

Table 2: Top 10 institutions on centrality measures in collaborative network
Degree

Score

Betweenness

Score

Closeness

Score

The Smith-Kettlewell Eye Research
Institute
Saint Louis University
University of Pennsylvania Health
System
University of Texas Health Science
Center at Houston
University of Arizona
Children's Hospital of Philadelphia
Orbis International
Stanford University
Chinese Academy of Sciences
European University of Madrid

3.19

University of Melbourne

397.14

the University of Melbourne

12.67

3.19
3.08

Sun Yat-sen University
National University of Singapore

262.38
255.13

National University of Singapore
Sun Yat-sen University

12.50
12.48

2.59

Duke University

238.41

Singapore National Eye Centre

12.41

2.35
2.09
1.82
1.71
1.58
1.56

University of California, San Francisco
University of New South Wales
The Hong Kong Polytechnic University
The University of Arizona
Aston University
The Chinese University of Hong Kong

228.00
150.88
140.97
119.22
118.00
117.56

Duke University
The Hong Kong Polytechnic University
The Chinese University of Hong Kong
Peking University
Capital Medical University
Anyang Eye Hospital

12.27
12.23
12.21
12.18
12.18
12.16
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Fig. 5: The structure map of the institutional collaboration network

Countries’ (regions’) collaborative research

The research articles produced by international
cooperation have greater influence (26). Our dataset involved 53 countries, excluding 15 countries whose paper production had been less than
two in the past 20 years. Using the rest of the 38
countries, we constructed a collaboration network through the VOS viewer, which helped depict the relationships between these countries.
Figures 6 and 7 are visual presentations of the
collaborative networks among different countries
(regions). In Fig. 6, the size of the node represents the number of papers produced in that
country or region, wherein the thickness of the

links is positively correlated with the strength of
the collaboration (27). The colors represent the
collaboration clusters and each color represents a
separate cluster (27). Hot spots are colored in red
and appear lighter as they go farther away from
the center of gravity. The thickness of the links
represents the strength of collaborations between
the countries (regions) it connects. In Fig. 7, seven major clusters can be distinguished: the largest
one gathering around China, the next one around
the USA and the other clusters gathering around
Australia, England, Singapore, Germany and Ireland. The highest density in the network belonged to China, USA and Australia.

Fig. 6: Collaboration network visualization of countries (regions)
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Fig. 7: Density view of co-authorship network of countries (regions)

Discussion
The increase of myopia incidence is related to
many factors, such as genetic (28), environmental
risk factors (1) and unhealthy lifestyles (29). The
early onset of myopia is reported to cause faster
development and higher possibility of occurrence
in adulthood (30). Therefore, prevention and
control of myopia in adolescence are of great significance. We can try to do more intervention
research on the risk factors that are controllable
or changeable. Research collaboration is an important way to improve the overall strength of
research and enables researchers to supplement
each other's strengths and share information (31).
We found that, in the past 20 years, the total
number of papers in the field of prevention and
control of myopia in adolescents, as well as the
total number of co-authored articles, increased
especially since 2011. Previous studies in other
research fields showed a similar trend (15, 32).
The average number of authors, institutions and
countries (regions) per paper has also increased
over time. In general, 93.0% of the publications
are co-authored by more than one author, whereas 57.9% of the publications have been coAvailable at:

http://ijph.tums.ac.ir

authored by a number of institutions over the
past 20 years. On the one hand, researchers not
only benefit from knowledge exchange but also
save on research costs due to the sharing of information, technology and resources (33). On the
other hand, as research goes deeper, it becomes
increasingly difficult to achieve a great breakthrough through a single person or institution,
which forces researchers in adolescent myopia
prevention and control field to cooperate with
others.
The above analysis indirectly indicates that scientists and research institutions attach importance
to cooperation; thus, researchers will have great
propensity to cooperate in the adolescent myopia
prevention and control field.
As social networks are developed by adding new
nodes and links, and the new knots are connected
to old high central knots based on the principle
of preferential connection (34), scholars or institutions with high degree centrality can play a vital
role in the development of co-authorship networks. From the results of degree centrality analysis, Allen, Peter M. (5.83) and O'Leary, Daniel J.
(5.83) emerged as the top researchers with the
most frequent collaborative activities, followed
628
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by Guo, Xiangming, Xiao, Xueshan, Li, Shiqiang,
Jia, Xiaoyun and Zhang, Qingjiong. The SmithKettlewell Eye Research Institute and Saint Louis
University are institutions with the most frequent
cooperative activities. Hence, Allen, Peter M. and
O'Leary, Daniel J. had the highest number of opportunities to communicate with other members
of the network and had the greatest ability to
build collaborative teams in the growth and dynamics of network, as well as the SmithKettlewell Eye Research Institute and Saint Louis
University.
Our betweenness results showed that Saw, Seang
Mei and the University of Melbourne had the
highest scores, indicating that they play a good
mediating role in the cooperative network and
control in the flow of information.
The closeness centrality measures the distance of
one member from the other members in a network (16). In this study, two authors (Saw, Seang
Mei and Mitchell, Paul) and one institution (University of Melbourne) had the highest closeness
centrality, indicating that they receive information
faster than others because of fewer intermediaries
among them.
Whether author collaboration or institutional collaboration network, network density is very low,
which means that the cooperation among the
authors and the relationship between the institutions are not tight enough. The low network diameter also implies that the communication between the authors and the information exchange
between the institutions is slow.
Visualization analysis of cooperation among
countries suggests that China, the USA and Australia are the most productive countries and are
also the hotspots for the study of adolescent myopia prevention and control. Compared with
other studies indicating that collaborative countries are often geographically interrelated (32),
our results present conflicting outcomes considering the distribution of seven major clusters. In
the co-authorship network of countries, the developed countries occupy the vast majority.
Although our study is one of the first attempts to
systematically describe the research collaboration
in this field, it also has some limitations. Firstly,
629

in order to guarantee the homogeneity of the research samples, the books, meeting records, reports, letters, editing materials and non-English
articles were excluded in the analysis, which may
bring about the issue of incomplete information.
Secondly, our search terms may not be used in
the title of some relevant research and cannot be
retrieved by our method. Thirdly, since no database is perfect and some might have bias by overrepresenting journals using the English language,
bibliometric results should always be considered
with caution (35).

Conclusion
This study provides a systematic description of
collaboration at the levels of author, institution
and country (region) in the research on adolescent myopia prevention and control. Although
the number of publications has been increasing,
the information flow is slow and no close collaboration occurs among the authors as well as
among institutions in the network. Multiple collaboration types should thus be encouraged in
this field, especially among countries. Moreover,
middle and low-income countries need to
strengthen cooperation with developed countries.

Ethical considerations
Ethical issues (Including plagiarism, informed
consent, misconduct, data fabrication and/or falsification, double publication and/or submission,
redundancy, etc.) have been completely observed
by the authors.

Acknowledgements
None declared.

Funding
This research did not receive any specific grant
from funding agencies in the public, commercial,
or not-for-profit sectors.

Available at:

http://ijph.tums.ac.ir

Wu et al.: Analysis of Scientific Collaboration Networks among Authors …

Conflict of interest
The authors report no conflicts of interest regarding this manuscript.

References
1. Morgan IG, Ohno-Matsui K, Saw SM (2012).
Myopia. Lancet, 379(9827):1739-48.
2. Saxena R, Vashist P, Menon V (2013). Is myopia
a public health problem in India? Indian J
Community Med, 38(2):83-5.
3. He M, Abdou A, Naidoo KS, et al (2012).
Prevalence and correction of near vision
impairment at seven sites in China, India,
Nepal, Niger, South Africa, and the United
States. Am J Ophthalmol, 154(1):107-16.e1.
4. PC W, HM H, HJ Y, et al. (2016). Epidemiology
of Myopia. Asia Pac J Ophthalmol (Phila),
5(6):386-393.
5. Lee YY, Lo CT, Sheu SJ, et al (2015). Risk
Factors For and Progression of Myopia in
Young Taiwanese Men. Ophthalmic Epidemiol,
22(1):66-73.
6. Li Y, Liu J, Qi P (2017). The increasing
prevalence of myopia in junior high school
students in the Haidian District of Beijing,
China: a 10-year population-based survey.
BMC Ophthalmol, 17(1):88.
7. Jung SK, Lee JH, Kakizaki H, et al (2012).
Prevalence of myopia and its association with
body stature and educational level in 19-yearold male conscripts in seoul, South Korea.
Invest Ophthalmol Vis Sci, 53(9):5579-83.
8. Koh V, Yang A, Saw SM, et al (2014).
Differences in Prevalence of Refractive
Errors in Young Asian Males in Singapore
between 1996-1997 and 2009-2010.
Ophthalmic Epidemiol, 21(4):247-55.
9. Sun J, Zhou J, Zhao P, et al (2012). High
prevalence of myopia and high myopia in
5060 Chinese university students in Shanghai.
Invest Ophthalmol Vis Sci, 53(12):7504-9.
10. Keay L, Friedman DS (2011). Correcting
refractive error in low income countries. BMJ,
343:d4793.
11. Saw SM (2006). How blinding is pathological
myopia? Br J Ophthalmol, 90(5):525-6.
12. Leo SW, Ophthalm SBWSP (2017). Current
approaches to myopia control. Curr Opin

Available at:

http://ijph.tums.ac.ir

Ophthalmol, 28(3):267-75.
13. Morgan IG (2016). What Public Policies Should
Be Developed to Deal with the Epidemic of
Myopia? Optom Vis Sci, 93(9):1058-60.
14. Franceschet M (2011). Collaboration in
computer science: A network science
approach. J Am Soc Inf Sci, 62(10):1992-2012.
15. Han P, Shi J, Li X, et al (2014). International
collaboration in LIS: global trends and
networks at the country and institution level.
Scientometrics, 98(1):53-72.
16. Salamati P, Soheili F (2016). Social network
analysis of Iranian researchers in the field of
violence. Chin J Traumatol, 19(5):264-70.
17. Vanni T, Mesa-Frias M, Sanchez-Garcia R, et al
(2014). International scientific collaboration in
HIV and HPV: a network analysis. PLoS One,
9(3):e93376.
18. Yu Q, Shao H, He P, et al (2013). World
scientific collaboration in coronary heart
disease research. Int J Cardiol, 167(3):631-9.
19. Afendi FM, Ono N, Nakamura Y, et al (2013).
Data Mining Methods for Omics and
Knowledge of Crude Medicinal Plants toward
Big Data Biology. Comput Struct Biotechnol J,
4(5):e201301010.
20. Lang PB, Gouveia FC, Leta J (2013).
Cooperation in health: mapping collaborative
networks on the web. PLoS One, 8(8):e71415.
21. Wang Y, Zheng J, Zhang A, et al (2018).
Visualization maps for the evolution of
research hotspots in the field of regional
health information networks. Inform Health Soc
Care, 43(2):186-206.
22. Levorato V (2014). Group Measures and
Modeling for Social Networks. Journal of
Complex Systems, 2014: 354385.
23. Hou H, Kretschmer H, Liu Z (2008). The
structure of scientific collaboration networks
in Scientometrics. Scientometrics, 75(2):189-202.
24. Petrescuprahova M, Belza B, Leith K, et al
(2015). Using Social Network Analysis to
Assess Mentorship and Collaboration in a
Public Health Network. Prev Chronic Dis,
12:E130.
25. Uddin S, Hossain L, Abbasi A, et al (2012).
Trend and efficiency analysis of co-authorship
network. Scientometrics, 90(2):687-99.
26. Wu Y, Duan Z (2015). Social network analysis of
international scientific collaboration on
psychiatry research. Int J Ment Health Syst, 9:2.

630

Iran J Public Health, Vol. 48, No.4, Apr 2019, pp. 621-631

27. van Nunen K, Li J, Reniers G, et al (2018).
Bibliometric analysis of safety culture
research. Saf Sci, 108: 248-258.
28. Ip JM, Huynh SC, Robaei D, et al (2007). Ethnic
differences in the impact of parental myopia:
findings from a population-based study of 12year-old Australian children. Invest Ophthalmol
Vis Sci, 48(6):2520-8.
29. Ip JM, Saw SM, Rose KA, et al (2008). Role of
near work in myopia: findings in a sample of
Australian school children. Invest Ophthalmol
Vis Sci, 49(7):2903-10.
30. Gwiazda J, Hyman L, Dong LM, et al (2007).
Factors associated with high myopia after 7
years of follow-up in the Correction of
Myopia Evaluation Trial (COMET) Cohort.
Ophthalmic Epidemiol, 14(4):230-7.
31. Ebadi A, Schiffauerova A (2015). How to

631

32.
33.
34.

35.

become an important player in scientific
collaboration networks? J Informetr, 9(4):80925.
Su Y, Long C, Yu Q, et al (2017). Global
scientific collaboration in COPD research. Int
J Chron Obstruct Pulmon Dis, 12:215-25.
Smith MJ, Walline JJ (2015). Controlling myopia
progression in children and adolescents.
Adolesc Health Med Ther, 6: 133–140.
Abbasi A, Hossain L, Leydesdorff L (2012).
Betweenness centrality as a driver of
preferential attachment in the evolution of
research collaboration networks. J Informetr,
6(3):403-12.
Sweileh WM, Zyoud SEH, Aljabi SW, et al
(2016). Drinking and recreational waterrelated diseases: a bibliometric analysis (1980–
2015). Ann Occup Environ Med, 28(1):40.

Available at:

http://ijph.tums.ac.ir

