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Grisel Zacca-González1 • Zaida Chinchilla-Rodrı́guez2,4 •

Benjamı́n Vargas-Quesada3,4

Received: 28 February 2017
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Abstract ‘‘Smart specialization’’ allows one to identify national strengths and weaknesses

within research fields and establish priorities accordingly. It may be a useful strategy for

building scientific capacity in developing and peripheral countries. The objective of this

paper is to characterize the scientific output and specialization of the most productive Latin

American countries with focus on international collaboration and impact. We conducted a

descriptive study based on the SCImago Institutions Ranking (SIR) portal, in the field of

Medicine, for the period 2003–2013. The set of indicators applied was based on docu-

ments, citation, and collaboration. The results show that at the global level, Surgery,

Cardiology, Oncology, Neurology, and Public Health are the most productive subjects in

Medicine; in Latin America the most productive topics are Public Health, Infectious

Diseases, Surgery, Neurology, and Cardiology and Cardiovascular Medicine. The most

prolific countries are Brazil, Mexico and Argentina, though the ones having greater impact

and more collaboration are Peru, Puerto Rico, and Argentina. The most productive and

visible fields, such as Oncology, Cardiology, and Infectious Diseases, are related to major

global health problems involving chronic and emerging diseases. This information could

be useful to design pragmatic policies, to encourage research in key fields in order to

respond better to the health needs of a given population.
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grisel.zacca@infomed.sld.cu

1 Department of Teaching and Research, National Medical Sciences Information Centre-Infomed,
Calle 23 No. 654 entre D y E, Vedado, 10400 Havana, Cuba

2 CSIC, Institute of Public Goods and Policies (IPP), Albasanz 26-28, 28037 Madrid, Spain

3 Department of Information and Communication, University of Granada, Campus de Cartuja s/n,
18071 Granada, Spain

4 SCImago Research Group, Granada, Spain

123

Scientometrics
https://doi.org/10.1007/s11192-018-2717-7

http://crossmark.crossref.org/dialog/?doi=10.1007/s11192-018-2717-7&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s11192-018-2717-7&amp;domain=pdf
https://doi.org/10.1007/s11192-018-2717-7


Mathematical Subject Classification 94

JEL Classification D8

Introduction

The Report on World Health, with its focus on research directed toward universal health

coverage, emphasizes the need to systematically evaluate the strengths and weaknesses of

research efforts for the benefit of health, country by country, in the entire world. It insists

that when public funding is spent on research, there should be mechanisms facilitating

debate about prioritites, to develop research capacities, establish norms, and translate the

results into policies and practices (World Health Organization [WHO] 2013). Scientific

capacity refers to the infrastructure, investment, institutional and regulatory framework,

plus personnel available to conduct scientific research and technological development; it

derives from historical patterns and political and economic priorities (Wagner et al. 2001).

In this sense, there is increasing recognition of the need for greater efforts aimed specif-

ically at building the capacity of developing countries to generate, disseminate and use

S&T to address both current and future needs in national, regional and international arenas

(Parliamentary Office of Science and Technology 2004).

‘‘Smart specialization’’ may be a useful strategy for capacity building. It is the term used

to designate a vertically-oriented policy framework that reflects priorities set at the regional

level. It combines bottom-up and top-down processes for setting priorities when it comes to

public investment in knowledge. This strategy helps ensure that governmental efforts and

resources are not spread out over all activities to the same extent. Hence, a key issue is how

to select the most relevant areas for governments to invest their resources (Organisation for

Economic Co-operation and Development [OECD] 2013). Such diagnosis foments positive

transformation, either by updating areas that lag behind, advancing along new lines of

interest, or fortifying some of the areas that prove competitive at international level and

have demonstrated their impact on public health. Bearing in mind this overall strategy, it is

relevant to identify the particular strengths and weaknesses of research endeavors in areas

with high social and economic impact such as Medicine (Medical and Health Sciences), so

as to establish common objectives that facilitate the development of regional strategies and

the assignment of public funds to the major health problems. This provides complementary

information of great value for decision-making, favoring R ? D activities in research areas

that are most pressing for health priorities. Pertinent research is essential for the design and

implementation of tools for health interventions, policies and services (Manterola Delgado

2014).

Given its relevance and the volume of scientific production, Medicine has been the

object of research in numerous bibliometric studies (European Commission 2013), whether

national, regional or transnational (OECD 2013). The results generated by the study of

scientific output with international visibility have proven useful to promote regional or

national capacity to carry out health research and further international collaboration (Masic

2013). In studying the specialization of one aggregate, the Activity Index has frequently

been used; some examples can be found in national or international studies that describe

current research and research potential (Chinchilla-Rodrı́guez et al. 2016a; Glänzel 2000;

Glänzel et al. 2006; OECD 2013; Zacca-González et al. 2014a), book production (Torres-

Salinas et al. 2013) and scientific output by universities (Codina-Canet et al. 2013; Souza

et al. 2015).
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In order to provide a diagnostic tool for identifying strengths and weaknessess in the

research endeavors of medical and health science in Latin America, the main objective of

this article is to characterize scientific output and specialization of the most productive

Latin American countries with focus on international collaboration and impact.

Materials and methods

The data were retrieved from the portal SCImago Institutions Rankings (2017) based on

Scopus data for the period 2003–2013. Scopus, the largest database of peer-reviewed

literature, contains over 21,500 titles from more than 5000 international publishers. It

provides the most complete view of world scientific output in the fields of technology,

medicine, science, social sciences, and the arts and humanities. Medical and Health Sci-

ences represent 32% of its total content, with 12,912 titles (source types: 90.5% journal

articles, 2.9% conference papers and 0.3% books) (Elsevier 2016).

The thematic classification of Scopus (ASJC) in the area of Medicine is taken into

account to characterize the research fields in Medicine. At the global level, we worked with

the 48 subject categories of the area of Medicine, and a worldwide aggregate. At the

national level, 10 Latin American countries with the greatest output were selected, the

latter representing 99.7% of total regional output in the field of Medicine. The bibiliometric

indicators used were:

• Output: Total number of documents published by a country or region in the thematic

area of Medicine.

• Growth rate (% GR): Percentage-wise difference in the number of papers published

with respect to the previous period.

• Normalized Citation Impact (NCI): Relative number of citations received by each

thematic category, compared with the world average of citations received by a paper of

the same document type, year and category. The normalization of the citation value is

done at individual article level. The values show the relationship between the mean

scientific impact of a country and the worldwide average as a whole, with a score of 1.

Therefore, an NI of 0.8 means that the country is cited 20% less than the world average;

a score of 1.3 means it is cited 30% more than the world average.

• % International Collaboration (% IC): Percentage of documents involving authors

from more than one country.

• % Output in Q1 (% Q1): Percentage of publications in journals included in the first

quartile (top 25%) in their category as graded by SCImago Journal Rank (SJR)

indicator.

• Leadership (% Lead): Percentage of documents published by a country in which the

‘‘Corresponding author’’ is affiliated with a national institution.

• Excellence (Exc): Percentage of documents included within the set of the 10% most

cited papers in that category. The percentages can be compared with the ‘‘world

expected’’ value established for the top 10%.

• Excellence with leadership (% EwL): Percentage of documents of excellence

considered as the main contributor.

• Relative Specialization Index (RSI) or Relative Activity Index: this measure indicates

whether a country has a relatively higher or lower share in world publication in a field

than its overall share in world total publication. It is calculated based on the Thematic

Specialization Index (TSI), an indicator closely related to the so-called Activity Index

Scientometrics

123



(AI) long used in bibliometrics, which, in turn is a version of the economists’

Comparative Advantage Index (Glänzel 2000; Zacca-González et al. 2014a).

TSI ¼ Output category countryð Þ=total output countryð Þ
Output category Worldð Þ=total output Worldð Þ

RSI ¼ TSI�1

TSIþ1
; RSI can take values in the range - 1 to 1, with 0 corresponding to the

world average, hence RSI\ 0 indicates a lower than average output rate, and RSI[ 0

would be higher than average activity.

Results and discussion

Distribution of subject areas at the global and regional level

In the period 2003–2013, a total of 5,953,458 documents were published worldwide in the

area of Medicine, representing 28.13% of total documents registered in the Scopus data-

base for that period. Their evolution (Fig. 1) shows a rising trend, with an average annual

growth rate of 5.45% and total growth over the period amounting to 69.63%. The increase

was less accelerated than the one seen for global output, including all areas, which was

100. 25%.

The subject distribution (Table 1) indicates that, of the total output in Medicine, the

most productive subject categories are: Surgery, Cardiology and Cardiovascular Medicine,

Oncology, Neurology, and the domain of Public Health, Occupational and Environmental

Health. As for growth, all showed a positive trend, but most notably in the case of

Complementary and Alternative Medicine, growing 227.94% in the eleven-year period,

followed by the categories Health Informatics (173.63%), Health Policy (157.74%) and

Emergency Medicine (142.53%). Those showing slow growth were Drug Guides (1.43%),

Transplantation (15.93%), Reproductive Medicine (32.52%), Rehabilitation (33.90%),

Physiology (34.05%) and Nephrology (35.52%). Altogether, 12.62% of the publications

were produced in international collaboration.

In Latin America the most productive subject areas were: Public Health, Environmental

and Occupational Health (9.20%), Infectious Diseases (8.78%), Surgery (7.11 outstanding

Neurology (clinical) (5.67%), Cardiology and Cardiovascular Medicine (5.11%), Micro-

biology (4.41%), Pediatrics, Perinatology and Child Health (3.90%), Psychiatry and
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Fig. 1 Evolution in the number of documents in the area of Medicine. Scopus 2003–2013
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Table 1 Subject areas of world scientific output in Medicine: output, international collaboration. Source:
SCImago Institutions Rankings, based on Scopus data, elaborated by the authors

Subject category World Latin America

Output %
Doc.

GR
(%)

% IC Output %
Doc.

GR (%) % IC

Surgery 459,735 7.72 64.95 6.66 18,135 7.11 219.89 14.99

Cardiology and Cardiovascular
Medicine

377,570 6.34 63.77 11.99 13,036 5.11 157.03 20.99

Oncology 359,713 6.04 90.71 14.17 6161 2.42 189.04 40.48

Neurology (clinical) 344,276 5.78 70.42 13.89 1,4469 5.67 79.40 23.11

Public Health, Environmental
and Occupational Health

316,149 5.31 121.58 14.3 2,3455 9.20 261.92 24.6

Radiology, Nuclear Medicine
and Imaging

291,467 4.90 68.24 12.01 6550 2.57 194.63 27.8

Psychiatry and Mental Health 282,079 4.74 80.34 13.33 9740 3.82 201.11 29.94

Infectious Diseases 260,809 4.38 69.30 22 2,2385 8.78 116.59 37.73

Pediatrics, Perinatology and
Child Health

248,710 4.18 59.32 9.23 9956 3.90 152.24 21.51

Pharmacology (medical) 209,712 3.52 76.14 12.77 4487 1.76 168.67 43.37

Orthopedics and Sports
Medicine

192,370 3.23 94.43 10.64 5974 2.34 530.00 21.28

Immunology and Allergy 176,439 2.96 56.75 18.27 7221 2.83 121.53 37.31

Endocrinology, Diabetes and
Metabolism

175,883 2.95 78.37 15.95 8236 3.23 168.54 25.41

Obstetrics and Gynecology 170,682 2.87 49.64 10.01 9229 3.62 222.09 20.48

Gastroenterology 162,504 2.73 52.98 8.26 5197 2.04 69.84 14.62

Hematology 154,873 2.60 44.52 14.22 4643 1.82 125.64 27.44

Pulmonary and Respiratory
Medicine

148,697 2.50 59.62 10.97 4920 1.93 157.28 28.84

Pathology and Forensic
Medicine

140,393 2.36 52.10 12.89 4847 1.90 155.33 31.79

Dermatology 131,433 2.21 51.77 9.08 6785 2.66 179.12 17.91

Ophthalmology 131,381 2.21 46.95 11.26 5398 2.12 122.92 24.9

Physiology (medical) 124,006 2.08 34.05 17.63 4345 1.70 57.78 34.08

Internal Medicine 122,065 2.05 60.78 12.11 3389 1.33 86.49 26.85

Microbiology (medical) 116,542 1.96 47.65 16.16 11,238 4.41 60.57 30.24

Anesthesiology and Pain
Medicine

112,495 1.89 36.70 9.45 3549 1.39 118.62 15.55

Urology 107,475 1.81 61.40 9.32 3577 1.40 81.35 20.57

Otorhinolaryngology 104,262 1.75 73.55 7.76 6745 2.65 207.45 14.42

Health Policy 99,415 1.67 157.74 9.39 5115 2.01 579.44 14.6

Critical Care and Intensive
Care Medicine

89,750 1.51 50.13 10.02 2570 1.01 286.27 31.91

Genetics (clinical) 86,515 1.45 63.95 27.92 3245 1.27 76.42 50.02

Epidemiology 82,039 1.38 131.14 19 3576 1.40 147.37 43.32

Rehabilitation 77,783 1.31 33.90 8.52 2454 0.96 631.91 17.32

Health Informatics 68,853 1.16 173.63 12.07 2226 0.87 150.89 28.17

Geriatrics and Gerontology 67,762 1.14 90.51 12.32 1654 0.65 724.24 31.38
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Mental Health (3.82%) and Obstetrics and Gynecology (3.62%). The region is highly

specialized in Microbiology, Infectious Diseases, and Public Health, Environmental and

Occupational Health. One of the most prolific research fields, Oncology was the subject

with the highest percentage of publications in international collaboration.

Medical subject areas in Latin American countries

Table 2 shows some basic results of the most prolific Latin American countries in the

research field of Medicine, which overall contribute 99.7% of the regional total, the

greatest producers being Brazil, Mexico and Argentina, with almost 80% of the total.

Brazil is the country producing the most—over 50% of regional output—followed by

Mexico, with almost 15%. However, the countries that witnessed the greatest increase in

their volume of output during the decade 2003–2013 were Colombia and Peru. Still, given

the high volume of Brazil’s output, in conjunction with its prominent leadership, we must

underline its growth as very relevant. The same consideration could be extended to the

leadership shown by Mexico and Argentina.

Interesting observations can be made with respect to the dimensions of quality and

output. Firstly, only Peru, Puerto Rico and Argentina manage to surpass the world average

for impact (NCI). These same countries are also the ones publishing more in journals of

high quality (percentage of papers in Q1). Indeed, Peru and Puerto Rico published over

half of their documents in journals of the first quartile, and show a high volume of output of

Table 1 continued

Subject category World Latin America

Output %
Doc.

GR
(%)

% IC Output %
Doc.

GR (%) % IC

Nephrology 65,556 1.10 35.52 12.06 2051 0.80 66.94 27.21

Rheumatology 65,090 1.09 66.04 15.02 3302 1.29 128.75 25.14

Emergency Medicine 64,078 1.08 142.53 5.63 622 0.24 262.07 35.85

Reproductive Medicine 62,914 1.06 32.52 13.46 3071 1.20 107.47 32.72

Transplantation 62,461 1.05 15.93 12.09 2328 0.91 93.75 22.81

Complementary and
Alternative Medicine

61,862 1.04 227.94 11.29 3635 1.43 273.97 21.38

Hepatology 59,809 1.00 70.32 11.45 1421 0.56 146.58 26.11

Biochemistry (medical) 50,665 0.85 55.82 14.55 1813 0.71 185.00 28.3

Histology 48,215 0.81 58.85 15.32 2393 0.94 190.00 29.13

Anatomy 32,534 0.55 58.74 18.34 3030 1.19 317.53 30.59

Family Practice 30,528 0.51 41.75 4.95 265 0.10 200.00 29.81

Embryology 13,406 0.23 37.97 16.37 486 0.19 41.03 45.06

Drug Guides 1085 0.02 1.43 10.51 15 0.01 - 100.00 46.67

Reviews and References
(medical)

104 0.00 * 4.81 2 0.00 0.00 0

Total 5,953,458 100 69.63 12.62 255,002 100 147.43 24.74

% Doc. World or regional documents share, GR (%) growth rate, % IC International Collaboration

*This subject category began in 2005
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excellence, associated with low leadership, and low excellence with leadership in com-

parison with the rest of the countries, yet with high international collaboration. The

opposite is true of Cuba: only 12.4% of its output appears in journals of high impact, its

output of excellence is scanty, and it shows the lowest levels of collaboration. Argentina

and Chile are the countries of high output (volume) found to publish more output of

excellence. Interestingly enough, none of these countries was capable of achieving good

results in output when they themselves led the research endeavor—not even Brazil, with

4% of excellence in leadership.

Subject distribution of the scientific output of Latin American countries
in Medicine

Figure 2 shows a combination of the indicators: specialization, impact, and volume of

scientific publications (left), and the percentage of publications in international collabo-

ration and the yield measured in terms of percentage of output in Q1 (right). Peru, Puerto

Rico and Jamaica have high levels of international collaboration in all the most productive

categories. Puerto Rico publishes over half of its output in journals pertaining to the top

quartile in all categories, Obstetrics and Gynecology being the one with the highest pro-

duction in the most prestigious journals in this area.

In Public Health, Environmental and Occupational Health, the sole country with spe-

cialization below the world average is Argentina. Those with most meritorious effort are

Peru, Cuba and Jamaica. In terms of impact, Peru, Puerto Rico and Argentina are com-

fortably above the world average. Greater international collaboration is seen for Peru,

Puerto Rico and Jamaica, the former two having a greater % in Q1. Brazil and Cuba are the

countries with the lowest levels of international collaboration, and the latter is moreover

the country with the fewest publications in top journals. The countries of Latin America

publish less overall, in Q1 journals in the domain of Public Health, Environmental and

Occupational Health than in the other categories. When it comes to Infectious Diseases,

Peru is by far the most specialized country in the region, and this is clearly its most

Table 2 Bibliometric indicators of the most prolific Latin American countries in Medicine

Country Output GR (%) % LAC NCI % Q1 % Exc % Lead % EwL % IC

Brazil 137,562 186.10 53.95 0.8 36.14 6.89 87.26 4.10 21.75

Mexico 36,628 97.47 14.36 0.78 33.25 7.17 78.29 2.80 30.02

Argentina 26,436 95.72 10.37 1.09 42.14 9.53 76.33 3.56 38.04

Chile 16,326 168.77 6.40 0.89 35.7 8.96 68.53 3.50 37.09

Colombia 11,564 412.47 4.53 0.81 30.2 7.71 70.01 1.76 43.08

Cuba 9265 96.49 3.63 0.27 12.4 2.48 76.38 0.71 20.51

Venezuela 6050 45.22 2.37 0.67 27.04 6.13 74.16 1.74 37.64

Peru 4321 229.84 1.69 1.41 50.13 12.96 46.39 2.24 67.51

Puerto Rico 3344 32.64 1.31 1.38 54.01 14.62 58.05 3.14 59.84

Jamaica 2761 81.41 1.08 0.78 31.84 5.54 72.91 1.38 63.75

Latin America 255,002 147.43 100 0.78 – 6.70 84.71 3.39 24.74

GR (%) growth rate, % LAC regional documents share, NCI normalized citation impact, % Q1 % output in
Q1, % Exc excellence, % Lead leadership, % EwL excellence with leadership, % IC international
collaboration
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productive category. Peru and Puerto Rico achieve high impact and publish over 50% of

their output in Q1 journals. Peru, together with Jamaica, shows a high percentage of

publications involving international collaboration.

In several of the countries studied, Surgery proves a weak spot. As a specialized area it

is strong only in Cuba and Jamaica, yet it reaches high impact (above world average) only

in Puerto Rico, with 55% more citations than the world average in normalized citation, and

to a much lesser extent in Argentina, with 13%. Generally, there are lower rates of

international collaboration in this area and fewer documents are published in the journals

of the first quartile as compared with the other high productivity categories. Though the

indicators of internationalization and yield of research are frankly low in Cuba, it is also

true that no Latin American country obtains high values in both of these indicators.

Jamaica has the highest collaboration, whereas Puerto Rico has more output in journals of

the top quartile.

In Neurology (clinical), almost all the countries are found in the quadrant indicative of

minor effort and impact, when compared internationally. Only Cuba and Brazil are found

above the value of reference in specialization. In impact, a high value is assigned to Puerto

Rico, followed at some distance—but still above the average—by Argentina. Within this

domain, less is published in journals of the first quartile. Brazil and Mexico are involved in

less international collaboration and publish much less in high impact journals. Jamaica,

Peru and Puerto Rico are the countries with the most internationalized output; furthermore,

Jamaica and Puerto Rico publish the most in Q1 journals.

The subject Cardiology and Cardiovascular Medicine constitutes a weak spot in nearly

all the countries of Latin America, regarding both activity and impact. It attains high

impact in Chile alone, at 42% above the world average, publishing over 65% of its output

in the top journals. Puerto Rico also shows high figures for this indicator. International

collaboration is particularly low in Brazil and Mexico. The % in Q1 is very low in Cuba,

and low in Colombia and Mexico.

Microbiology (medical), on the other hand, can be viewed as a strong subject in the

countries of the region, with the exception of Chile. In impact, Colombia, Peru and Puerto

Rico are above the world average. This domain sees a good proportion of publication in

high impact journals. There is a combination of limited internationalization and scarce

publication in high impact journals for Brazil and Argentina, which contrasts with the

values reached by the other countries. The best results for these two indicators are found

for Peru and Jamaica.

In Psychiatry and Mental Health, most Latin American countries show low special-

ization—the exceptions in this case being Cuba and Puerto Rico. Fairly high impact is

achieved by Jamaica, Puerto Rico and Colombia. Cuba has low internationalization. In

contrast, Peru and Puerto Rico show the best results for these two parameters.

In Pediatrics, Perinatology and Child Health, Brazil, Mexico and Venezuela appear in

the quadrant that reflects weakness in terms of activity and impact. Showing high impact

are Peru, Colombia and Puerto Rico, whereas the greatest specialization is exhibited by

Cuba and Chile. This is one of the domains characterized by a markedly high degree of

international collaboration in Latin America. Again we find Peru and Puerto Rico with high

international collaboration and publications in Q1, and again Cuba shows the lowest

cFig. 2 (On the left) Relative Specialization Index (RSI), Normalized Citation Impact (NCI) and volume of
publications (size of sphere) of the 10 most prolific categories in the area of Medicine within the Latin
American region. (On the right) Percentage of International Collaboration and percentage of publications in
journals of the first Quartile (% Output in Q1)
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values. Curiously, the four most productive countries are found to have the poorest results

for these two indicators.

Related with the previous medical domain is Obstetrics and Gynecology. In this case,

however, most countries have a degree of specialization that lies well above the world

standard. In impact Peru and Chile stand out among the most specialized producers, along

with Argentina, despite its low level of specialization. Cuba is likewise highly specialized

in this domain. Obstetrics and Gynecology is characterized by a low level of collaboration

between Latin America and other countries. Cuba and Venezuela show poor results in

output, collaboration, and % of output in Q1.

Finally, in the medical category of Endocrinology, Diabetes and Metabolism we find no

country in the strong quadrant in terms of specialization and impact; yet in this field the

Latin American countries actually publish a high proportion of studies in high impact

journals. Activity is the greatest in Brazil, Argentina and Jamaica. The impact is low in

general, except that of Puerto Rico, whose output is scarce and hardly specialized, but

involves a high degree of internationalization and appears in journals of the first quartile

(80%). The most productive countries in this domain are found to have the lowest degree

of international collaboration.

Discussion and conclusions

This paper presents a preliminary analysis of the worldwide distribution of subject areas in

medical research—that is, published research—derived from bibliometric indicators.

Bibliometrics is a particularly useful instrument in the field of Medicine, as it is a field

entailing high costs, high socioeconomic impact, and a strong foundation of international

peer-reviewed journals for scientific communication (van Raan 2014). Although smart

specialization should ideally be identified in a multidimensional and sophisticated way

(Forray and Goenega 2013), scientific activity measured through publications in combi-

nation with the percentages of international collaboration and research performance,

constitutes an essential complement. In this sense, we provide findings that reflect the main

strengths and weaknesses in the scientific activities of Latin American countries, making

the results useful for improving a country’s strategies and efforts within the global sci-

entific system.

Ischaemic heart disease and cerebrovascular accidents have loomed prominently as the

main causes of death worldwide during the past 15 years (WHO 2017). Chronic Pulmonary

Obstructive disease, lung cancer, diabetes mellitus, diarrheic diseases and tuberculosis are

also largely responsible for world morbidity and mortality. The WHO’s distribution of the

global burden of diseases coincides with the one that comes to light through our analysis of

the most productive areas on the global scale: Cardiology and Cardiovascular Medicine,

Oncology, Neurology (clinical), Public Health, Environmental and Occupational Health,

Psychiatry and Mental Health, Infectious Diseases, and Endocrinology, Diabetes and

Metabolism. Due to the fact that Surgery is a necessary—hence common—procedure in

several specialities, its research field is the most productive worldwide. At the other

extreme, among the least productive categories, we find Family Practice, a domain that

calls for support at all levels, given its essential importance for any health system. In the

case of Drug Guides (the least productive area), there is no corresponding specialized field,

and it is a specific type of document, which explains its scanty output and low growth.
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Even though all subject areas showed positive evolution, the most remarkable growth

was undergone by Complementary and Alternative Medicine, a finding that matches the

results of a study carried out using the Science Citation Index Expanded database (Fu et al.

2011). Also noteworthy is the evolution of Health Informatics, a new research area whose

rapid growth has likewise been documented previously (Liang 2010). The considerable

growth of Health Policy appears to signal advanced results owing to the availability of

funding; yet the capacity to carry out research at the local level has evolved much more

slowly, especially in countries with limited economic resources, where research in this area

is particularly needed (Adam et al. 2011).

Oncology deserves a mention by virtue of its pattern of communication of high volume

and impact, essential for a domain of such relevance at all levels of aggregation. The

increase in research related with cancer can be associated with an increase in financing

worldwide, and the fact that this category comes into contact with nearly all the domains of

the sciences (Eckhouse et al. 2008). It is the second and sometimes the first cause of death

in developed countries and in countries with a long life expectancy, where chronic diseases

are increasing. Research is still insufficient in some topics, however. For example, surgical

oncology research may be hindered by a persistent global cycle of low activity linked to

low funding, calling for the introduction of new national and supranational policies for

support (Purushotham et al. 2012). It is interesting to see that in Latin America this

research field is not one of the most prolific.

Genetics and Immunology and Allergy coincide in having high impact and international

collaboration, which probably reflects an element of cause-effect. Work entailing inter-

national collaboration has a greater impact in general, because of its multiple ‘‘immediate

environments,’’ and also because of perceived higher quality or prestige (Lancho Barrantes

et al. 2012). Previous authors arrived at findings similar to ours in the case of Immunology

and Allergy, their results being based on the Science Citation Index Expanded of Thomson

Reuters (Dwivedi 2016).

In Latin America, the behavior of Brazil’s scientific output, together with that of

Mexico, determines to a great extent the regional pattern of communication and its subject

area distribution in Medicine. These two countries have high levels of production that grow

at a fast pace, accented by a high incidence of scientific leadership—regardless of whether

the contributions are published with or without international collaboration, which should

be further analyzed in future studies. In the past 15 years, Brazil’s output has secured a

better position on the world stage thanks to the efforts that the country has invested,

nationwide, in the formation and development of researchers, stimulating both scientific

activity and the edition of national and international journals; the former publications play

an important role in the infrastructure of scientific communication, both nationally and

internationally (Mugnaini et al. 2014).

In the case of Mexico, medical research capacities developed over recent decades have

become apparent in overall scientific output, although they have not yet translated into

research of high international visibility, in part because they are not published in core

journals (Licea de Arenas et al. 2006). Argentina paints a good picture of scientific

endeavor that is in accordance with previous studies of the capacity of leading articles in

international collaboration (Miguel et al. 2015). Yet the vast differences in the volume and

research capabilities of different countries are a matter of concern when constructing valid

indicators of international collaboration: the more countries differ in scientific size, the

greater the difference in relative terms (Luukkonen et al. 1993). This is the case of Peru

and Puerto Rico, with scarce output that nonetheless is of high quality and even excellence,

probably signaling high dependency on international collaboration; that is, small countries
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may only be visible in international databases when they sign in collaboration with

stronger scientific countries.

At the other extreme we find Cuba, with low impact, low output, and low international

collaboration, but better populational health indicators; as demonstrated in previous

studies, the people of this country have high levels of health, but low scientific impact

(Chinchilla-Rodrı́guez et al. 2015, 2016b). Cuba’s situation is unique, as the scientific

community may have been hindered by the longstanding international embargo, scarce

publication in the English language, and very limited publication in high impact interna-

tional journals (Zacca-González et al. 2014b). Venezuela and Jamaica are among the

countries with a smaller documented effort in research, even though Jamaica achieves high

impact in some of the research fields analyzed. Chile and Colombia remain in intermediate

positions as far as research volume, impact and output are concerned, though their rate of

growth is accelerated.

Production by country taking into account the number of habitants tells a different story.

Even though this variable was not considered in the present analysis, a previous study

shows that Cuba and Puerto Rico had a greater volume of publication when the number of

documents per one million inhabitants was standardized, followed by Brazil and Chile with

approximately five articles per one million inhabitants (Chinchilla-Rodrı́guez et al. 2015).

The countries of Latin America are particularly productive in the areas of Infectious

Diseases and Microbiology and manage to publish papers in the top journals of these

specialized domains, but much work has to be done to reach an output of excellence.

Infectious Diseases can be seen as a jewel in the crown of Peru. At the same time however,

despite a dire regional need, Cardiology and Cardiovascular Medicine is a very weak link

in the chain of output in nearly all of Latin America—with the noteworthy exception of

Chile, which shows considerable impact, and output in journals of greater prestige.

Latin American research efforts have been deficitary in the categories of Psychiatry and

Mental Health, Endocrinology, Diabetes and Metabolism, and Neurology (clinical), even

though these domains deal with the main causes for the loss of years of healthy life

(Gómez-Dantés et al. 2011). There is high collaboration in the area of Pediatrics, Peri-

natology and Child Health, and high specialization in Obstetrics and Gynecology at

regional level. In these two domains Cuba proves to have superior levels of activity,

reflecting its prioritized public health programs; notwithstanding, internationalization,

impact and output are very low.

This research paper, and the results it projects, can be seen as a platform of evidence for

supporting decision makers in the development of new policies that favor smart special-

ization and good practices in scholarly communication. The analysis of subject areas is

relevant because it substantiates the link between scientific yield in terms of the effort and

level of activity undertaken by countries and regions, and brings to light relationships

between research capacity, internationalization, the use of outstanding journals, and the

generation of high impact research results. Apparently, the most productive and visible

relationships respond to the greater burden of diseases—non-transmittable diseases

(62.1%), transmittable (22.3%) and lesions (15.6%) (WHO 2008). However, in many cases

further studies are needed to untangle these associations at lower levels of aggregation, for

instance at the local level and with regard to specific topics.

Through this bibliometric perspective of scientific output, we provide an image of the

regional distribution of subject areas in Medicine that could support the design of research

agendas when the definition of policies and priorities for research is in progress. Inter-

national collaboration is replacing other models as the preferred method of building sci-

entific capacity in developing countries (Wagner et al. 2001). Therefore, stimulating
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international collaboration and contributing to the mobilization of human and financial

resources so that research in fact fulfills its social role in Health (WHO 2013) could be one

key strategy for improving the visibility of scientific output in the countries of Latin

America, harnessing specific specialization strengths. Within Latin America, these results

can contribute to an understanding of how the system of health research of each country

functions, and how output and internationalization could be reinforced in the international

scientific context. In short, smart specialization is one means of reserving a relevant

position for medical research in a world undergoing rapid transformation, and of sup-

porting health systems in search of universal coverage.

Limitations

One must bear in mind the limitations of the Activity Index and its relativized version. This

indicator reflects a relative position against the standards of reference, but it does not

reflect the actual visibility of research in a given field (Hu and Rousseau 2009). The

structure of this indicator has been criticized for being a ratio of ratios, a problem that can

be traced to introducing the transformation (TSI - 1)/(TSI ? 1). If the Activity Index is

greater than zero, at least in theory, it is possible to decrease its value, thereby increasing

the activity in that field worldwide. While this problem appears to have no real conse-

quences in broad-scale interpretations, it should be regarded with some caution (Rousseau

and Yang 2012).

The categorization of the journals might be seen as another limitation of this study,

because the classification is done at the journal level, when ideally it would be at the

document level. The journals are assigned to one or more categories, and the articles

published in them inherit that category, so to speak. Serious problems with this type of

study can derive from the overlap of subject categories caused by multiple assignment, or

high concentrations of journals produced in certain subject categories (Gómez-Núñez et al.

2014). The fact that the categorization we utilized can be replicated in any scenario makes

it better positioned to overcome such limitations.

Another limitation is that in the comparison of the bibliometric indicators, the size of

the countries was not taken into account. This important variable must be borne in mind

when using the results of this study.
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