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Abstract: Background: Bibliometric analysis provides insight into knowledge gaps of a specific field.
We want to know what part of medical care has been the subject of research in a group of Mexican
physicians. The Instituto de Seguridad y Servicios Sociales de los Trabajadores del Estado (ISSSTE)
cares for a wide spectrum of disease and it provides a unique vision of what specialists has investi-
gated about health. Methods: Papers belonging to “ISSSTE” affiliation were harvested and down-
loaded to .csv Excel files from the Scopus database including most bibliometric variables.
VOSviewer, biblioshiny and bibliometric were used to conduct the bibliometric. Results: 2,063 pa-
pers were found and re-trieved; internal medicine had the greatest number of papers with 831; nine
institutions were listed claiming “ISSSTE” as their mother affiliation; original papers represent 82%
of the total and 52% of them were written in Spanish. Research production in Mexico City and the
most productive center is Centro Médico Nacional 20 de Noviembre. Discussion: We identified
main institutions, prolific authors, top-cited researchers and their affiliations, however, our paper is
a call to action for the medical community in Latin America to join our efforts in building a solid
group of researchers for the future of science.

Keywords: bibliometric analysis; Scopus database; ISSSTE; Mexican scientific research; scientomet-
rics; manuscript writing

1. Introduction

Healthcare services in Mexico are split into public and private sectors. Government
hospitals are further divided into three macro-institutions, basically according to the em-
ployer of the patient. If a private employee, the Instituto Mexicano del Seguro Social
(IMSS) will provide healthcare, if a government official, the Instituto de Seguridad y Ser-
vicios Sociales de los Trabajadores del Estado (ISSSTE) will fulfil that role. The Secretaria
de Salud will care for self-employed or unemployed patients. Those who can afford a pri-
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vate insurance plan or have out-of-pocket payment capacity will go to private hospitals
or clinics(1,2). Other minor stakeholders are beyond the scope of this manuscript.Best
Health Care in the World 2022 ranks countries around the planet according to a wide
range of factors: care process, accessibility, administrative efficiency, equity, health out-
comes(3), infrastructure, health care professionals and gross domestic product (GDP).
Mexico ranks in the 68th position. The ISSSTE cares for about 10% of the Mexican popula-
tion (around 13.7 million) (4,5). Its mission is to “contributeto improve the levels of well-
ness of the workers of the State and all of their beneficiaries, by providing efficient, effec-
tive and good quality services”(4).In medicine, scientific research is the cornerstone to im-
prove patient care, to find in-novative solutions, and to make healthcare more affordable
to our economic conditions. Innovation is not restricted to cutting edge technologies for
the most complex pathologies, 58and novel ways of medical care can be found with mod-
est means. By law, according to Article 25 of the General Education Act (“Ley General de
Educacion”), Mexico should devote 1% of the GDP to scientific research and technological
development and the main stakeholders are public higher education institutions(6-8). Ac-
cording to the World Bank, 62Mexico’s expenditure in research and development (R&D)
has never surpassed 0.5% as shown in Figure 1, and barely approaches 0.3% in 2020 (9,10).

Figure 1. Investment in science and R&D of Latin American countries
(as percentage of their GDP) from 1996-2020 with data from the World Bank
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The world’s largest economies are assembled in 2 different international organiza-
tions, following different criteria: 1. G20 (Group of Twenty), and 2. OECD (Organisation
for Economic Co-operation and Development). Three Latin American countries are mem-
bers to the former: Argentina, Brazil, and Mexico, and another three belong to the latter:
Chile, Colombia, and Mexico. By size, our economy holds position number 15 in the
world, and it is larger than wealthy nations like Switzerland or the Netherlands. Mexico
is the only Latin American country belonging both to the G20 and to the OECD, yet Mex-
ico’s spending in R&D performs poorly in both groups: Argentina spends 100% more and
Brazil 200% more; the average spending of the OECD is 800% larger than Mexican invest-
ment. This is an open secret, acknowledged by public personalities. In 2010, a former Min-
ister of Health, and former Rector of the Universidad Nacional Auténoma de México de-
clared to Nature: “Mexico does not have a public policy on research and development. If
you review what has happened with science in Mexico in the past 30 years, you will see
that each government has been committed to science to a different degree and therefore it
has been difficult to have continuity, which is something that is important in science. The
proportion of the gross domestic product that Mexico dedicates to science and develop-
ment has not really grown throughout the past two or three decades” (11). We can clearly
see from public data and from the former statement that the problem dates back to a few
decades. Tangible and efficient efforts to bring Mexico at the forefront of the scientific
arena are urgently needed. It is not a problem related to “poverty”: Mexico is the 15t
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economy in the world, but according to Scimago Country Ranking(12), in terms of scien-
tific output our rank is number 26.

In the last decades, these techniques which measure and analyse the scientific pro-
duction of any given country and/or institution, have emerged as powerful and popular
tools (13,14). Literature production has been growing and so Bibliometrics can explore
large volumes of data, analyse them on macroscopic and microscopic levels (15), and cre-
ate a quantitative report with a descriptive purpose: to reflect the state of the research at
a specific moment in time and space. This analysis allows to highlight research hotspots
and detect research trends, enabling comparisons with similar nations and sets standards
for later studies. In the case of Mexico, we might even compare our future performance
with the standards defined by the current study.

Bibliometric reports for institutions are now becoming a standard in best practices
across a responsible metrics scenario (13). Science indicators should encourage the crea-
tion of new strategies to improve scientific production of a country, and specifically of
prestigious institutions, as the one we are targeting. At the core of bibliometrics as the
application of mathematical and statistical methods as the quantitative analysis of the bib-
liographic features of a body of literature(15), lies its ability of showing what has been
investigated and to fill in the gaps, just like any map highlights densely and sparsely pop-
ulated areas. These data are a start point to improve our understanding of the psycholog-
ical, behavioural, and societal aspects leading to the generation of new knowledge, which
is the only purpose of medical research.

National medicine has seldom been analysed and previous papers on Mexican per-
formance are narrow, either focusing on a specialty, a hospital, a medical society, or re-
cording very short periods of time. Nobody has performed a truly “three-dimensional”
bibliometric analysis, across space (the whole country), time (several decades), and the-
matic covering (all medical specialties). This type of analysis will set the foundations for
further projects that would disclose the research hotspots, frontiers, and trends in the field
of Mexican medical science.

Bibliometrics also identifies collaboration networks between institutions or even
countries, and can therefore be a strategy to promote and develop research(16), globaliz-
ing knowledge production and using it to improve healthcare quality. As a corollary, the
use of scientometric tools identifies publication trends for their comparison with com-
monly encountered problems in patients. Those strategies will identify research gaps in
primary care and might help promoting healthcare improvement focused on the most
prevalent diseases treated by the ISSSTE’s hospitals (17). This highly valuable tool can
build a solid foundation for advancing any field and can certainly guide research, but has
largely been underused in Mexico (18,19). Ours is a pioneer project analysing a Mexican
institution with a nationwide distribution, since inception to present-time including the
present COVID-19 pandemic and is a foundation stone that will support later analyses in
our country or in our region.

Objective

Mexico is a leading nation in Latin America, but the scientific output of our medical
community at a national level has never been analysed. In this context, the main objective
of this bibliometric study is to evaluate ISSSTE's scientific research performance and iden-
tify some research gaps; analysing and describing the scientific production in Scopus in-
dexed journals from the ISSSTE since its foundation will set an international reference
parameter describing the interests of the Mexican medical research allowing to relate them
to the most prevalent health problems in our population. We will see the thematic struc-
ture and the main producers of Mexican research. Finally, an analysis of the links between
publications and authors via citation networks will identify the patterns of collaboration.
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2. Materials and Methods
2.1. Data source and data extraction

Our research was performed in Scopus, a database which was used in our previous
bibliometric studies on Latin American research (19), COVID-19 pandemic (20-22), epi-
lepsy (23,24), dementias (25), brain tumors (26), neurosurgery (27) and neurocysticercosis
(28). We chose to use this repository is it is a well-known complete, varied, interdiscipli-
nary and neutral source which delivers abstract and citations with a significant overview
of the world’s research output in the field of medicine and other related fields. Every ar-
ticle authored by at least one researcher with an institutional affiliation to ISSSTE and
published from 1969 to 2021 is included. Using Scopus built in functions we extracted the
following bibliometric variables from each retrieved paper: author, author ID, author af-
filiation, article title, source journal title, year of publication, total number of citations,
correspondence address (to determine to which hospital the article should be attributed
to), language of original publication and type of publication (figure 2). All the retrieved
papers were exported and stored to a .csv format.

Figure 2. Identification of Methodology for search strategy
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The list of publications from nine different hospitals affiliated to the ISSSTE, were
downloaded separately, then merged into a single list. Some papers were written by two
or more hospitals and therefore appeared several times in the merged list: we manually
eliminated those duplicates to avoid counting them multiple times. Just as when counting
the number of papers from “Assistance Publique-Hopitaux de Paris” or from “Mayo
Clinic” considered as a whole, you do not count as several different documents the same
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paper published by four French hospitals or three American Clinics belonging to the same
group.

One of the major players in Mexican research are the Institutos Nacionales de Salud
(CCINSHAE) which mostly are organ-oriented institutions (heart, lung, brain disorders,
etc). To allow further comparisons with these institutes, we manually classified every pa-
per depending on their topic according to 12 subcategories (selected because they are the
focus of these Institutos): internal medicine and surgery (INCMNSZ'), public health
(INSP?), obstetrics & gynecology (INPER?), pediatrics (INP*), psychiatry (INPRF?), neuro-
sciences (INNN?), geriatrics (INGER?), cardiology (INCICHS), infectious and respiratory
diseases, including ENT and critical medicine (INER?®), rheumatology/Trauma & Ortho-
pedics (INRY), genetics INMEGEN"!) and oncology (INCAN?™?).

To know how ISSSTE's research has been developing through the years, in our Excel
database we manage to organize, number and graphic the total publications per year since
1969 to 2021 (figure 3).

Figure 3. Evolution of ISSSTE’s publications with time
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On the other hand, to depict what Mexican researchers have done, how they did it
and the impact they had, we extracted the following bibliometric indicators: number of
papers, number of citations, mean citations per paper and the LO index. L0 index is a bib-
liometric parameter which has been proposed by Lee (2022), which is obtained by calcu-
lating the percentage of articles not cited over the total number of published articles, it is
precisely the percentage of non-quoted papers (20). As in any bibliometric analysis, we
also tracked. the most cited publications and leading authors (as given by Scopus). We
tracked the most cited articles by sorting them directly from highest to lowest and in the

1 Instituto Nacional de Ciencias Médicas y Nutricién Salvador Zubiran

2 Instituto Nacional de Salud Publica

3 Instituto Nacional del Perinatologia

4 Instituto Nacional de Pediatria

5 Instituto Nacional de Psiquiatria Ramon de la Fuente

6 Instituto Nacional de Neurologia y Neurocirugia

7 Instituto Nacional de Geriatria

8 Instituto Nacional de Cardiologia Ignacio Chavez

? Instituto Nacional de Enfermedades Respiratorias

10 Instituto Nacional de Rehabilitacion

11 Instituto Nacional de Medicina Gendmica

12 Instituto Nacional de Cancerologia
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same way we sort on the most prolific authors depending on their h-index and number of
publications.

We also detected which journals with top impact factors have published papers from
the institution. In our downloaded database we identified every journal that publishes
Mexican literature, investigated their impact factor (IF) (Journal Citation Report consulted
from Web of Science), ordered them from the highest to lowest and selected the top ten
journals.

Regarding the 9 institutions affiliated to ISSSTE shown in table 1, being ISSSTE one
affiliation itself, we search them individually in Scopus database to know how many pub-
lications from the total (2,063) are attributed to each one of them and learn how scientific
investigation is distributed in Mexico and how authors and institutions interact. We in-
vestigated their addresses and in Excel we created geographic map charts showing the
distribution of publications.

Table 1.
Institution name Affiliation ID | Documents Authors Documents/author
(mean)

ISSSTE 60001570 1,844 1,688 1.09 |
20 de Noviembre 60000123 737 458 1.6

HR "Lic. Adolfo Lopez Mateos" 60095121 253 295 0.85

HR 1° de Octubre ISSSTE 60094760 176 117 1.5

HR Dr. Valentin Gomez Farias 60094733 85 126 0.67

HG Dario Fernandez Fierro 60095178 45 48 0.93

HG Tacuba 60095176 28 25 1.12

HG Dr. Fernando Quiroz Gutierrez 60095173 24 47 0.51
Hospital [ISSSTECALL, Tijuana 60095202 18 32 0.56

Institutions belonging to the ISSSTE with articles indexed in Scopus

Finally, we created an authorship network showing how authors from the same in-
stitution interact one with each other. VoS Viewer (version 1.6.16) and bibliometric anal-
ysis using R with an inbuilt utility Biblioshiny (RStudio 1.4.1106, RStudio Inc., Boston,
Ma., USA) for descriptive and quantitative analysis of data. The biblioshiny interface was
used to identify the data to obtain co-occurrence and collaboration network, co-word anal-
ysis; word clouds (figure 4) were designed with Bibliometrix 4.0.1; to capture the content
and scientific concepts presented in articles (main subjects of research), we elaborated a
tree map (R Studio Bibliometrix package) with the parameters extracted from keywords
plus, author keywords and the 50 most frequently used words in the abstracts listed in
the CSV files downloaded from Scopus and organized using Biblioshiny (figure 5).
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Figure 4. 50 most frequently occurring keywords in Mexican research authored by the ISSSTE
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3. Results

By adding all papers retrieved from Scopus and with at least one author of the 9
institutions indexed in the database from the ISSSTE during a period spanning from 1969
(the year of appearance of ISSSTE’s first publication) to 2021 a total of 3210 titles were
downloaded and listed on our Excel file nonetheless, 1147 were manually eliminated as
they turned out to be duplicates as they were written and submitted under the name of
more than one affiliation and therefore appeared several times in the merged list, leaving
a total of 2063 publications to analyses from ISSSTE’s whole institution profile (the same


https://doi.org/10.20944/preprints202303.0454.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 March 2023 d0i:10.20944/preprints202303.0454.v1

number of publications displayed during our original scopus database research). The
PRISMA diagram representing how the papers were selected is described in figure 2.

Prior to our publication, the interest of the scientific community on this topic was so
low that in the last 70 years we could only find 5 papers in PubMed with “Mexican pub-
lications” or “publications Mexico” in their title(20): one dates back to the 50’s (21), two
are from the 70’s(22,23), and the last two were written in the 90’s (24,25).

ISSSTE's first publication in scopus database was published in 1969 and during dec-
ades publications were scarce with less than 50 publications per year, until 2005 aproxi-
mately when publication mean reached 50. Looking at figure 3, with a modest start in the
sixties it was until 2010 when the first notable increased occurred and since then, the sci-
entific production has been growing exponentially. The peak productivity managed to
stay in 2021 with over 200 publications.

One main affiliation was found (Scopus affiliation ID: 60001570) which includes arti-
cles listed by authors belonging to the ISSSTE (our main inclusion criteria), but not partic-
ularly attributed to a given specific hospital. On the other side, we found eight other affil-
iations from the ISSSTE, where the authors specified their hospital. The name of the insti-
tutions along with their respective Scopus affiliation ID, link to their profile in Scopus,
number of documents and authors are summarized in Table 1. Also shown in table 1, we
calculated a mean documents/author which shows that only 4 of the 9 institutions have
authors who collaborate in one or more documents however, authors from the other 5
institutions do not even reach 1.

The names of these hospitals are Centro Médico Nacional 20 de Noviembre, Hospital
Regional Lic. Adolfo Lopez Mateos, Hospital Regional 1° de Octubre, Hospital Regional
Dr. Valentin Goémez Farias (in Zapopan, Jalisco), Hospital General Dr. Dario Ferndndez
Fierro, Hospital General Tacuba, Hospital General Dr. Fernando Quiroz and Hospital
ISSSTECALI (Tijuana, Baja California Norte). By the way, affiliation 60095173 (Hospital
General Dr. Fernando Quiroz) is misattributed by Scopus to a different hospital with the
same name, in  another  state (see:  https://www.scopus.com/affil/pro-
file.uri?afid=60095173)

Concerning “the real world of medicine”, the 20 most prevalent pathologies during
medical visits at the institution (26) are displayed in Table 2, being the most prevalent: the
respiratory disorders and infections such as COVID-19 which was recently ranked in the
fifth place, urinary tract and gastrointestinal infections. Regarding chronic degenerative
and metabolic diseases, arterial hypertension, type 2 diabetes, and obesity were also in the
picture. And on the other hand, the “theoretical world of research”, the 50 most frequently
occurring keywords in papers authored by the ISSSTE are illustrated in Figure 4 such as
“Mexico”, “treatment”, “obesity”, “cancer”, “COVID-19”, “asthma”, “mortality”, “breast
cancer”, “epidemiology”, “risk factors”, “children”, “diagnosis”, “hypertension”, “diabe-
tes”, and “infection” to mention some of them. The co-occurrence of keywords (MeSH
terms) using a VOSviewer in the corpus of research papers is shown in Figure 5, showing
as protagonists words like: human, female, male, article, Mexico, clinical article, case re-
port, pregnancy, treatment, child and risk factor.
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TABLE 2.
NOTIFICATION SOURCE - ISSSTE

Medical Condition Total
1 Acute respiratory infections 696,601
2 Urinary tract infections 154,537
3 Gastrointestinal infections 153,053
4 Arterial hypertension 63,888
5 COVID-19 63,288
6 Ulcers, gastritis, duodenitis 61,707
7 Non-insulin dependent Diabetes (Type 1) 58,838
8 Conjuntivitis 33,284
9 Acute otitis media 33,284
10 Periodontal disease 31,528
11 Obesity 29,133
12 Influenza 21,077
13 Pneumonia and bronchopneumonia 17,339
14 Asthma 16,719
15 Vulvovaginitis 15,119
16 | Peripheral venous insufficiency 11,661
17 | Strep throat and tonsilitis 8,194
18 Urogenital candidiasis 6,542
19 Intestinal amoebiasis 6,380
20 | Scorpion sting 3,342
TOTAL 1482 439

Twenty Most prevalent pathologies in ISSSTE's medical consultation 2020

Regarding the subclassification of all the papers into medical specialties is shown in
Figure 6, and this gives a panorama of which areas have been more active in terms of
publications. The main specialty corresponds to internal medicine and surgery (n=831); in
decreasing order, we find the other specialties: public health (n=499), oncology (N=332),
cardiology (N=313), neuroscience (N=275), obstetrics and gynecology (N=275), trauma, or-
thopedics & rheumatology (n=249), genomics (n=218), pediatrics (n=203), respiratory dis-
eases and intensive care (n=149), psychiatry (n=65) and geriatrics (n=35). It is important to
mention that each article could be included in more than one specialty depending on the
topic.

Figure 6. Total publications by specialty within the main institutes for health care and research at a national level
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Most of the publications were originally written in Spanish (52%), followed by Eng-
lish (43%), both languages (7%), French (0.09%) and in German (0.94%). Among them,
according to the type of document, most of them were original articles (84%), followed by
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reviews (8%), letters (3%), conference papers (2%), book chapters, editorial, notes and
short surveys (1% each).

Furthermore, the most cited authors affiliated to ISSSTE are enlisted in table 3, show-
ing the top ten taking as a reference their h-index. These authors were affiliated to ISSSTE
as a general institution, Hospital Regional 1° de Octubre and Hospital Regional Adolfo
Lopez Mateos. The author identified as one of the authors who contributed the most to
the scientific production of the ISSSTE, according to Scopus is Fiacro Jiménez-Ponce with
a total of 55 publications and the highest h-Index 25. Followed by Juan-Antonio Gonzalez-
Barrios from Hospital Regional 1° de Octubre with 50 publications and a h-Index of 15.
The two least authors listed are from Hospital Regional Adolfo Lopez Mateos and both
have a h-Index of 9 but with 28 and 14 publications respectively.

faples AFFILIATION AUTHOR AUTHOR 1D PUBLICATIONS h-INDEX

ISSSTE Jiménez-Ponce, Fiacro 7103257425 55 25

1* Octubre - ISSSTE Gonzalez-Barrios, Juan-Antonio G602 | 86289 S0 15

1* Octubre - [SSSTE Villagomez-Asisclo, Jesis S5R14022200 22 13
ISSSTE Etuk-Saturday. J 6701731929 44 12

ISSSTE Andrade-Ortega, Lilia 21742168900 26 11

ISSSTE Gutierréz-Salinas, José 6603221283 46 9

ISSSTE Sudrez-Cuenca, San-Antonio 6506202108 44 9

ISSSTE Alcaraz-Estrada, Sofia Lizeth S6047021500 6 9

“Adolfo Lopez Mateos™ — ISSSTE Rodriguez-Arellano, Martha- 53264796000 28 9

Eunice
“Adolfo Lopez Mateos™ - ISSSTE Coronel, Jaime-Alberto SO013587000 14 9

Leading authors affiliated to ISSSTE

Overall, the most cited publications are shown in table 4 which also displays the in-
stitutions with greatest impact being Centro Médico Nacional 20 de Noviembre the lead-
ing one with “Celecoxib versus naproxen and diclofenac in osteoarthritis patients: SUC-
CESS-I study” being the top-cited publication (268 citations). Table 4 displays the other 11
articles with more than 100 total citations (104 the lowest and 355 the highest) being 3 of
them published by CMN 20 de Nov, even the oldest one in the list “Demonstration of
central y-aminobutyrate-containing nerve terminals by means of antibodies against glu-
tamate decarboxylase”. As already mentioned, the most cited article has its author affili-
ated to CMN 20 nov, nonetheless the most cited article in ISSSTE as mother affiliation is
“Evolution of mortality over time in patients receiving mechanical ventilation” with 355
citations and looking closer to table 1 and table 4, ISSSTE as mother affiliation remains as
protagonist with 1844 documents (table 1).
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Table 4.
INSTITUTION ARTICLE TITLE YEAR TOTAL JOURNAL
CITATIONS
ISSSTE Evolution of mortality over time in patients 2013 355 American Journal of
receiving mechanical ventilation Respiratory and Critical Care
Medicine
CMN 20 Nov. Celeconib versus naproxen and diclofenac in 2006 268 The American Journal of
osteoarthritis patients: SUCCESS- study Medicine
ISSSTE Effect of budesonide/formoterol maintenance and 2007 206 The international Journal of
reliever therapy on asthma exacerbations Clinical Practice
CMN 20 Nov Review of matural products with hepatoprotective 2014 190 World Journal of
effects Gastroenterology
ISS5TE Bud ide/formoterol for and reliel” 2007 173
in uncontrolled aslhm:_a vs, high-dose Respiratory Medicine
salmeterol/fluticasone
CMN 20 Nov. Demonstration of central y-aminobutyrate- 1981 149
containing nerve terminals by means of antibodies Y arasianes
against glutamate decarboxylase
ISSSTE The g ic landscape of balanced cytog; 2017 140
abnormalities associated with human congenital Nature genetics
anomalies
ISSSTE The genomic landscape of balanced cytogenetic 2008 134
abnormalities associated with human congenital Internal Journal of Obesity
anomalies
ISSSTE Update on chemotherapeutic agents utilized for 2005 125 Oncology.
penoperative intraperitoneal chemotherapy International Journal of Cancer
Research and Treatment
ISSSTE Formula and nomogram for the 2000 112
sphygmomanometric caleulation of the mean Heart Journals
arterial pressure
ISS5TE Maternal and Neonatal Morbidity and Mortality 2021 11
among Pregnant Women with and without COVID- JAMA Pediatrics
19 Infection: The INTERCOVID Multinational
Cohort Study
ISSSTE Updated frequency of EGFR and KRAS mutations 2015 106
in N.mlSmai_I—ce]I lung cancer in Latin America: Journal of Thoracic Oncology
The Latin-American consortium for the
investigation of lung cancer (CLICaP)
ISSSTE Severe hypercapnia and outcome of mechanically 2017 104 Journal of Intensive Care

ventilated patients with moderate or severe acute
respiratory distress syndrome

Abbreviation CMN 20 Nov: Centro Médico Nacional 20 de Noviembre

Most cited publications in ISSSTE.

Medicine

As it is shown in Figure 7, most of the scientific research of ISSSTE is centralized as
92.4% of it is produced in Mexico City followed by Jalisco (6.2%) and finally Baja Califor-

nia (1.3%).

Figure 7. Geographic distribution of publications with at least one author affiliated to the ISSSTE
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As shown in Figure 8, among all 92.4% of Mexico City, the borough with the largest

scientific production is Benito Juarez, as the most productive authors are from Centro Mé-
dico Nacional 20 de Noviembre (CMN 20 de Nov) and with Hospital General Dr. Dario
Fernandez Fierro being in the same city borough. Table 1 shows that CMN 20 de Nov is
once again the most productive institution regarding scientific research as it has the great-
est number of: authors (n=458), documents (n=737) and as a result, document/author
mean.
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Figure 8. Scientific distribution among IS55TE s institutes in Mexico City. Distribution by City Boroughs
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The top ten journals in terms of Impact Factor (IF) publishing Mexican papers are
shown Figure 9. The top is the Journal of Clinical Oncology with the highest IF (IF = 44.54).

Figure 9. Top 10 indexed journals in Scopus with the highest impact factor during the period from 1969-2021
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Table 4 shows the most cited publications in journals being in consequence the most
productive journals: “The American Journal of Respiratory and Critical Care Medicine”
(n =355), “The American Journal of Medicine” (n=268) and “The International Journal of
Clinical Practice” (n= 206). The number of citations have a range from 355 to 0: The LO
index (proportion of uncited items relative to the total number of publications) (20) is
59.8% (1,235/2,063). National journals host 8% of the publications, while the rest were in-
ternational.

Figure 10 displays a co-authorship network made in VOSviewer version 1.6.16. The
Vosviewer program was useful, with the articles downloaded in .CSV format from the
selected hospitals. We were able to analyze the relationship between the different authors
belonging to each institution, highlighting the most productive authors (most cited ones),
those who presented closer collaborations with authors from other institutes, and in con-
trast those who are more isolated and rather work on their own. Node sizes depend on
the productivity of each author in an objective way: citations. The size is directly propor-
tional to the scientific production, when more productive, a bigger node. Regarding node
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proximity and link length: VOSviewer detected collaborations between authors from the
different affiliations and graphic with a shorter link length those with a narrower working
network. This co-authorship network represent the Institutions are with different colors:
Dark Green (Hospital 20 de Noviembre), Brown (Hospital Regional 1o de Octubre), Pink
(Hospital Lic. Adolfo Lépez Mateos), Red (ISSSTE), Yellow (Hospital General Dr. Dario
Fernandez), Light Green (Hospital General Tacuba), Blue (Hospital General Dr. Fernando
Quiroz,)Gray (ISSSTECALI Tijuana) Light Pink (Hospital Regional Dr.Valentin Gomez
Farias). The orange, light blue, purple, and light purple represent the authors who are not
as productive (cited). The VOSviewer program arranged it this way to show the correla-
tions management to summarize all research obtained.
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L Figure 10. Co-authorship Network between ISSSTE's affiliated Institutions

4. Discussion

The very concept of scientific “performance” is controversial, but bibliometric indi-
cators allow to gauge the productivity (number of publications) and the impact (how often
cited) at all the three levels: micro (an individual), meso (a health institutions) or macro
(countries, specialties, universities). Both developed nations (North America (27), Eu-
rope(28), Asia(29), Oceania(30)), or less advanced economies (South America(31) or Af-
rica(32)), have made efforts to evaluate how far their contributions have been important
to the global corpus of science. However, the interest on the topic in Mexico is extremely
low as we have stated above. Consciousness is awareness of awareness (33), but can we
change if we are unaware that we are unaware? We want to create awareness in the Latin
American medical community on how it is important to know where we stand to target
the right direction.

We envision our bibliometric analysis as the Google Maps of research (34) as it works
as a network server that offers an aerial view of research, (35) allows policy makers to take
decisions according to identified abandoned and neglected areas (as an analogy to
knowledge gaps), (36) shows where everybody is crowded (as an analogy of what are the
main interests in the scientific field) (37) and predicts where you should go in the future
(38) (focus on the most prevalent pathologies in medical consultation).

Beyond providing healthcare services, the ISSSTE also plays a role in education and
scientific research. Generation of new knowledge (the goal of medical research) and its
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implementation are mandatory to promote wellness and offer a better quality of life to
patients. The core of medical progress is the development of new technologies or proce-
dures but social and health policies are also necessary to implement them in different cir-
cumstances (translational research). Research must be implemented and encouraged, as it
is a turning point for problem solving and improves the training of human resources who
become capable of providing better healthcare. As many other Mexican healthcare insti-
tutions, the ISSSTE intends to define and create new strategies to promote scientific re-
search on the most prevalent and priority issues. The purpose of our study was to disclose
who are the main stakeholders of Mexican medical research and how often the specialties
dealing with the most prevalent pathologies make some contributions to the corpus of
world medical knowledge. Indeed, any research project not culminating in a publication
(by definition, accessible to the public) remains private (only known by the researchers).
In our bibliometric analysis and by focusing on the most cited papers, we can know what
has drawn the attention of this medical community and compare them with the most
prevalent health conditions treated by the ISSSTE.

In our country seems like nobody else has ever asked the question we want to solve:
“Is health system research focused on the patients’ needs?”. In the current state of
knowledge, we cannot fully answer, but have the merit of being curious enough to ask
this question for the first time, and we hope we will inspire others to complement our first
attempt. Nonetheless, while carrying out our research, we noticed some quite interesting
data. Taking a closer look and comparing keywords from table 2 and figure 4, words such
as “hypertension”, “COVID-19”, “asthma”, “obesity”, “diabetes”, and “infection”, to
mention some of them, appear in both of them, which creates the impression that authors
are actually interested in and writing about the most prevalent pathologies on their clini-
cal practice. However, when comparing the main disorders requiring medical care in the
ISSSTE (Table 2) and comparing with the most cited articles (table 4), quite a few are re-
lated to respiratory diseases (COVID-19, asthma, mechanical ventilation, and respiratory
distress syndrome). However, other topics highly cited related to oncological diseases and
their treatment, are not among the most frequent causes of medical care. On the other
hand, highly prevalent conditions such as metabolic syndrome, dyslipidaemia, hyperten-
sion, atherosclerosis, gastrointestinal conditions, pregnancy, and genitourinary infections
are not the subject of top papers, nonetheless they do appear as the 20 most prevalent
pathologies and the 50 most frequently occurring keywords in papers authored by the
ISSSTE so those are themes of interest but they are not given priority. How this issue can
be tackled remains beyond the scope of our paper and merits further research.

It has been suggested that publishing lots of papers is the resultant of multiple indi-
vidual characteristics, that can vary from extraordinary ability and teamwork to unjusti-
fied and unethical co-authorship (39). We do not know if some of these top Mexican sci-
entists have an honorary authorship, which has been shown to be as high as 26% in the
radiology literature, where the department head was sometimes automatically listed as
an author(40). Honorary authorship refers to those who are named as authors —despite
having had little to do with the work involved in publishing original research reports—
merely because they hold senior positions within the hospital or the department where
the research occurred and may have helped secure funding or simple supervision(41). We
might explore in a further study if this practice exists in Mexico and how often it might
happen. The concept of the “add-my-name” practice has recently been introduced(42). In
such cases, researchers ask their colleagues to append their names as co-authors to a re-
search article where they have made no intellectual contribution; sometimes this is done
in a reciprocal form. That is, authors simply have a network of friends who add each
other’s names in turns.

National scientific production is highly skewed to Mexico City, as centres with the
most productive authors (Centro Médico Nacional 20 de Noviembre) are located there,
with the greatest impact as those authors also have written the most cited publications.
On the other side of the spectrum, table 1 shows that some research centres have only a
few documents; the ratio of documents per author is also low (many researchers have only
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one contribution and they stop writing further). This might indicate that the interest of
authors in participating in the publication process is low and/or they tend to overcrowd
the number of authors for a single paper. This phenomenon also needs to be further stud-
ied.

Accidentally, we came across a disambiguation issue in affiliation names than had
never been reported before. Two hospitals from different institutions have the same name
(Fernando Quiroz). One of them belongs to the ISSSTE and the other one does not; the
former is in the Xico Valle de Chalco district in the nearby suburbs of Mexico City. How-
ever, all the papers of the ISSSTE’s Fernando Quiroz are misattributed to "Hospital Xico
Valle" by Scopus (ID: 60095173), whose address is even listed in that neighboring suburb.
That means that none of the Research departments has remarked that error in disambig-
uation and even less has asked Scopus to fix that situation. With this in mind, we highly
recommend that the heads of research or teaching departments search for their own insti-
tution name and request correction from Elsevier. Scopus builds institution profiles from
the affiliation text in the articles it indexes. Scopus algorithms can identify name variations
and link them into one profile. Affiliation IDs are assigned to the "parent" institution as
well as any "child" institutions in the institution's hierarchy. Due to the great variation in
the way affiliations are represented by authors and publishers, this automated process can
never be exact. Some variants may be missed, and others may be inappropriately in-
cluded. Authorized users with knowledge of the institution can manually review alternate
names to make sure profiles are correct and complete. How to update institutional affili-
ations? Various organizations that rank and evaluate institutions use Scopus data for their
calculations. Institutions themselves often use this same data for reporting, bibliometrics
and other purposes. Changes to profile information can change an institution's hierarchy,
document counts and, subsequently, any institutional evaluations that use Scopus data.
Therefore, Scopus limits who can make changes via the Institutional Profile Wizard (IPW)
to the institution's authorized representatives. Only these users have access to an institu-
tion's profile and hierarchy.

Our co-authorship analysis (figure 10) shows how research projects are shared in be-
tween hospitals belonging to a single network: ISSSTE. This diagram (network of co-au-
thors) clearly shows how some institutions are intimately linked, while others work on
their own and are the “lone rangers” of research as it exposes and corroborates that the
most productive authors belong to the research centers ISSSTE, as the mother affiliation
and CMN 20 de Nov which are the ones with the larger nodes (red and dark green respec-
tively) and the most co-authored links. In this way, their authors are not only the most
productive ones but they also seem to follow the path of teamwork. While some other
hospitals seem not to have tight connections, such as Adolfo Lopez Mateos Hospital,
Tacuba General Hospital and Hospital ISSSTECALL, it is interesting to realize that city
borough Gustavo A. Madero has a total of 176 publications which are on behalf of a single
hospital: Hospital Regional 1¢ de Octubre which by comparing with figure 10 (brown),
does have big nodes but few co-author links. It seems that some institutions do not work
hand in hand with other authors despite being under the same administration, contrib-
uting to build some barriers in the distribution of knowledge. Furthermore, our L0 index
turned out to be of, used as a bibliometric parameter that can reveal Mexican medical
literature fields are not being transcendental.

Analyzing figure 10 and table 1, we noticed that the number of documents listed in
table 1 sum up more than 2,063 which means that some publications include authors from
different affiliations, in consequence promoting co-authorship and teamwork between in-
stitutions as well.

Why did we use Scopus and not the WOS (Web of Science)? In Mexico, the National
Council of Science and Technology (CONACYT: Consejo Nacional de Ciencia y
Tecnologia) evaluates scientific journals through the Mexican Science and Technology
Journals Classification System (SCRMCYT: Sistema de Clasificacion de Revistas Mexi-
canas de Ciencia y Tecnologia). Of the 35 Mexican journals include in that list, the per-
centage indexed by Scopus, PubMed and the WoS are 89%, 49% and 34% respectively.
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(43). The selection of another repository would greatly underestimate Mexican produc-
tion. Other countries have compared those repositories as well: in a Indian recent study,
the Web of Science database was found to have only 1,025 conference papers indexed,
compared to 20,189 in Scopus and 21,182 in Dimensions (44). Therefore, one of the main
reasons for the variation in publication volume is the variable amount of coverage of con-
ference papers in Web of Science and the other two databases. Second, it is also observed
that the number of publication records of the type 'article' also varies significantly in the
three databases, from 57,844 in Web of Science to 66,955 in Scopus and 94,387 in Dimen-
sions, (44) concluding that report distribution is greater in Scopus.

We believe that scientific output of any given nation results from both individual and
collective actions of its scientists seems to reflect what they think about knowledge gener-
ation, how they conceive this process and in which place of their economy, their society
bestows research. Cross pollination of disciplines is fundamental to truly revolutionary
advances in any given field of science and medicine cannot longer ignore scientometrics.
In order to explain, we introduce the “R&D expenditure”, that is, the cost of research and
development. According to Forbes magazine, it is considered one of the main engines of
the country’s economy and a fundamental component for the generation of talent and
innovation as well (45). In our days Global spending on R&D has reached a record high
of almost US$ 1.7 trillion, but sadly the top-10 countries account for 80% of the spending.
As part of the Sustainable Development Goals (SDGs), countries have pledged to substan-
tially increase public and private R&D spending as well as the number of researchers by
2030 (46). Countries that invest in science today will be the richer nations of tomorrow: by
increasing investment in R&D, the development of our countries will accelerate. On the
other hand, if a country skimps on resources for R&D or basic science, they fall behind in
the world rankings, losing the talent of their professionals, as these minds flee to nations
that do invest in them and their projects (46). Not publishing more in terms of quantity
and of quality (projects relevant to our country and truly original and disruptive research
instead of running the same study already published abroad) will increase the reliance on
foreign technology and perpetuate our state of submission to the developed nations.

How does spending on R&D affect wealth? The positive relationship between con-
tinual investment in research and development and economic growth has been known for
years. Looking at Figure 1, we noticed there is the constant within either developed and
developing countries that they do not invest in the future (nor in their present, but this
article cannot prove it) as we demonstrate with this research, that they are not focusing
on investing in the future as they do not focus on increasing their R&D, nonetheless it is
percentual bigger than developing countries as ours. However, it is important to mention
that some data are not available in the World Bank source therefore some data points are
missing in figure 1. Supplementary file 1 shows us higher numbers in some leading coun-
tries in R&D investment allowing us to know where research and development expendi-
tures are, highlighting three large geographical areas: Europe (Switzerland, Sweden, and
Austria), North America and Southeast Asia (Korea, Japan, and China). This type of anal-
ysis is paramount to understand where we're heading to, especially if resources devoted
to research are scarce, as it is the case in most Latin American countries, as shown in Figure
1.

By having a closer look at R&D figures in Latin America (Table 5)(47-60), we come
to realise that Brazil does not proportionally have a large number of universities like Mex-
ico has. Nonetheless, in terms of number of publications, Brazil performs much better than
Mexico, and therefore we suggest more reflection should be carried on how our universi-
ties and hospitals are really contributing to the generation of new knowledge. For the time
being, it is well known that universities have three main goals: teaching and training stu-
dents’ skills and virtues relative to their future profession, informing the layman about
the recent advancements in science and providing criteria for evidence-based decision in
the civil society and finally, generation of new knowledge which is precisely the goal of
research. Most Mexican universities certainly fulfil the first two roles, as students from
other Latin American countries come to be trained, including undergraduate and post
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graduate medical students. But do Mexican universities contribute to create new medical
knowledge? The present paper is also a first step to answer that crucial question.

Table 5.
Countries Per Capita GDP (US$)  Spending on R&D (%GDP) Universities Number of Journals
Brazil 11,200 1.21 894 62
Mexico 8,346 0.5 3.082 24
Cuba 100,023 0.52 65 39
Argentina 10,729 0.46 131 45
Ecuador 5,934 0.44 71 15
Costa Rica 12,508 0.37 84 52
Chile 16,502 0.34 55 68
Peri 6,692 0.17 31 87
Paraguay 5,400 0.14 54 60
Guatemala 5,025 0.3 75 6

Latin American countries with their GDP per capita, R&D spending, number of Universities and journals

We would like to clear up that our study is pioneer analysis of Mexican medical lit-
erature, the very first of its kind and even if it does not represent all Mexican literature, it
covers all specialties and an institution with a nationwide distribution. It pretends to work
as a first step in the long path to answer a crucial question: which are the Mexican contri-
butions to the global corpus of medical knowledge? Our findings have now set a reference
for later comparisons and encourages further research to disclose the factors that influence
both productivity and impact. Our goal in this article is to offer a real perspective in some
selected research topics leading to fruitful future bibliometric research that could play an
essential role in the development of Latin American countries.

We would like to underline the fact that, strictly speaking, bibliometric analysis ob-
jective is ONLY to analyse. This research does not intend to put any “negative label” on
publishing purportedly in less prestigious journals or publishing less than expected. We
consider that in some Latin American countries there is a feeling of discomfort or even
shame when pointing at the weak points, in this case, of our performance in science how-
ever, we believe there should be no shame in being realistic, yet it is a great step to know
where you are standing to set achievable goals to be better. It is imperative to keep in
mind that you will not improve unless you understand your status and you will not
change your goal if you do not even set your goals properly.

For the time being, we cannot determine what the “expected performance” of Mexi-
can Literature should be but future analysis of medical literature of any given Latin Amer-
ican country may be compared to our statistics and update the ranking we are placed in
that specific place given by those future comparisons.

In the scientific community the term “prolific author” figures as an impressive and
transcendent character. No threshold has been defined but it goes from 40 articles in the
last 5 year to 18 papers per year depending on the specialty, and while in critical care not
a single author was from Latin America ], in orthodontics 19.2% of authors were from
Brazil, surpassing richer countries like Italy or much larger, like India(61-63). On the other
hand, factors that have rocketed these authors have been studied elsewhere(61) but this
topic has never been properly and widely studied in Latin America. Moreover, even larger
countries like Brazil and Mexico have economic, cultural, and social contrasts which merit
different studies.

It is highly useful to our scientific community to know both the goals (external moti-
vation), the profile (academic career) and even the personality (internal motivations) of
these leaders. They live in the same country, work in the same institutions, and they are
likely to face the same difficulties we deal with, but they write papers that many of us do
not. We know that the present study touches a raw nerve, but somebody had to do it. A
national survey may help in elucidating what the Mexican recipe for academic success is
and that would be a notable contribution from our initiative.

Political or administrative measures and often palliative, as they will certainly change
when the term of those deciders comes to an end. The only lasting solution to the skyrock-
eting scientific output of the Latin American medical community is a total rewiring of our
mindset. And this Copernican revolution cannot come from the Holy Spirit but will
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emerge from a deeper insight into us, and the first step is a description of the patterns of
production of our scientists. We firmly believe that if interinstitutional alliances to
strengthen local research and promoting more exchange of information, national perfor-
mance indicators will improve(17). Moreover, scientific collaboration between interna-
tional institutions has shown to have a better chance to be published in greater recognized
journals, have a larger audience, attract more citations and as a result a greater impact.

As we finally stablished, we expect this analysis to be a call to action to every doctor
who have not published and in consequence cannot be analysed from the bibliometric
point of view as they remain "non-existent" for medical research. All research that is not
published, even if it is done, remains private, and when published, it becomes public. We
would like to extend an invitation to all medical community in Latin America to join our
efforts in building a solid group of researchers for laying solid foundations for the future
of science in our countries, on the ground of an objective analysis of the weak points of
our past, seasoned by our strengths from the present.

Our manuscript has clear limitations that we have already acknowledged, but our
study has shed some light that allows a clearer understanding of the research process and
provides more meaningful insights, leading to take data driven decisions. By knowing
our past, we can modify our present strategies and therefore target a better future.
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