Strategic Developments Linking to the Cost of Managment of Childhood Pneumonia from 1968 to 2018:A Bibliometric Analysis

Dongmei Pei1,PhD, Xinyue Fan2, MD, Chengpu Zhang3, MD, TengFei Yang1,MD,Chong Zhang*,PhD

Pei, Dongmei; Shengjing Hospital of China Medical University, Department of Health Management&Department of Family Medicine

2.Fan, Xinyue; Shengjing Hospital of China Medical University, Medical Informatics
1.Zhang, Chengpu; Shengjing Hospital of China Medical University,Department of Health Management&Department of Family Medicine

1.Yang,TengFei ;Shengjing Hospital of China Medical University, Department of Health Management&Department of Family Medicine

Address correspondence to: Chong Zhang, Department of Infectious Diseases, Shengjing hospital of China Medical University, No.36, Sanhao Street, Heping District, Shenyang, China, 110004, [chongzhang_83@163.com], 86-18940255428

Abstract

Background

Childhood pneumonia, the most common disease of young, not only presents diverse challenges to healthcare providers and parents, but also carries the vast financial burden to medical care system. Using bibliometric analysis, we probed the pivotal strategic developments associated with costs of management of this disorder affecting millions of children worldwide and identified the research hotspots and trends over the time span of 50 years. 

Methods

We retrieved relevant data from the Pubmed database in a range of 50 years from 1968 to 2018 using select medical subject headings. In addition, the research hotspots concerning the cost of childhood pneumonia using co-word clustering analysis and strategic diagrams were identified. 

Results 

A total of 1728 articles were retrieved for the specified time period and number of relevant publications trended to gradually increase. The authors from the USA contributed to the greatest number of articles. The Journal of Vaccine apparently published the most relevant articles. Madhi SA is the most prolific author from National Health Laboratory Service of University of the Witwatersrand in Johannesburg, South Africa, with a total of 8 papers. The keyword with the highest frequency was “pneumonia/epidemiology”, followed by “hospitalization/statistics &numerical data” and “pneumococcal vaccines/economics, respectively. 

Conclusion

Research on the expenditure of childhood pneumonia covered a wide range of key subjects along with multiple hot topics. Among them, the epidemiology and hospitalization were prioritized in the studies conducted by various authors. 
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1 Background

Pneumonia, a serious infection in the lungs that is usually caused by a virus, bacteria or combination of both ,1 which is the major cause of mortality and morbidity in young children.2 In the Global Burden of Disease Study, pneumonia resulted in the death of nearly 900,000 children (the total number of deceased children was 6.3 million) in the world by 2013; and most of the deceased children were from low and middle income countries.3
As shown by meta-analysis of the epidemiology of childhood pneumonia in 192 countries, the occurrence frequency of pneumonia per person per year was higher in countries with low and middle income levels than in the developed countries.4With social development, improvement of economic conditions, effective implementation of care measures, the practice of immunological prevention, the establishment of immunological barrier in high-risk children, and the development and use of drugs and vaccines, the morbidity and mortality associated with childhood pneumonia have greatly decreased.5 Furthermore, childhood pneumonia not only presents diverse challenges to healthcare providers and parents, but also carries the vast financial burden to medical care system. Understanding the costs associated with the management of childhood pneumonia is essential for resource allocation and priority setting for child health.

Despite the volume and variety of publications have been produced thus far, the essential question or the Cost of Management of Childhood Pneumonia has not been well addressed since the first study published 50 years ago. It is hence critical to look into this prominent issue by conducting a systematic bibliographic analysis and the findings could undoubtedly benefit both clinicians and researchers to have a better grasp of this issue by navigating through the vast volume of literature.6
This study employed the methodology proposed by Mogil et al.7 in which bibliometric analysis or a set of methods, was used to provide a quantitative overview of a particular research activity. Bibliometric analysis, which is defined as a “the quantitative study of published physical units, bibliographic units or both”, provides a means of evaluating academic production, publication, and a dynamic citation information to defined a series of the key parameters using statistical methods.8 The development of bibliometric methods and tools have enabled the collection and analysis of literature resources needed to evaluate the status and predict the developmental trends of any given discipline. As more publications on certain topics become available research hotspots and trends in a particular area of interest can be revealed using these methods.9-12
In this study, we explored the research hotspots concerning the cost of childhood pneumonia using co-word clustering analysis and strategic diagrams.13,14 In order to identify emerging trends and hot topics, the pair-wise co-occurrence frequency of grouped words in the same article to reflect the linking intensity of these words was analyzed with co-word analysis method 15,16. In doing so, the research hotspots of a scientific research discipline during a defined time period is determined by co-word analysis, and any changes in the trends are determined by comparative analysis of different time periods as well. A strategic diagram, which is a visualization of the co-word clustering, is also created based on the co-word matrix and clustering of subject headings.17 This diagram symbolizes the internal linkage between the research fields and the mutual degree of impact. Thus, the strength of relationship between the subjects is measured.

To our knowledge, this is the most comprehensive review to date of cost data from studies on the management of childhood pneumonia and these data could be helpful for health services planning and priority setting by national programmers and international agencies.18
2Methods
Relevant articles were identified by searching PubMed exclusively reporting on cost data on the management of pneumonia in children in the database of Pubmed during a 50-year period (1968-2018).The relevant studies but not in English were excluded from the present study.

PubMed was employed as the data source for its repositories for abundant  biomedical articles and widely accepted MeSH (Medical Subject Headings) terms. These unique features of the PubMed database not only utilize key vocabulary to describe various biomedical topics in a content- or subject-centered structure but also enhance the effectiveness of the co-word clustering analysis.15,19,20
The following search query was used:“(Children with pneumonia OR pneumonia among children OR childhood pneumonia OR pneumonia in children) AND (burden OR cost OR economic OR expenditure OR benefit OR cost effectiveness OR cost utility), NO review” and the dataset was extracted on December 10, 2018. was downloaded and saved as XML files for further analysis. 

Using the Bibliographic Item Co-occurrence Matrix Builder (BICOMB) developed by Cui Lei et al,15 the publication year, journal country of origin, main subject headings, and subheadings of these publications were extracted from the search results. The frequency of “subject headings + subheadings” was statistically analyzed; and words with a wide meaning were deleted, synonyms were merged. The matrix was imported into SPSS19.0 for systematic clustering and tree-diagram plotting. The high-frequency subject headings + subheadings were sorted by semantic relation according to the tree-diagram to identify the subject under the category and then determine the international research hotspots regarding the cost of management of pneumonia in children. 

3 Results and Analysis

3.1 Distribution of literature from 1968-2018

By strictly applying the literature search hierarchy described in the method, a total of 1728 publications were included in this study, the results were shown in Table 1. As shown in Figure 1 the number of publications directly related to the cost of childhood pneumonia exhibited an increasing tendency over a searched period. Moreover, there was a robust increase in publications beginning with 14 in 1991 to124 articles in2018. 

3.2 The top 10 regional distribution, journals and authors.
We next assessed the pattern of the geographic distribution of articles by looking at the countries where the studies were actually conducted, and found that researchers from over 50 countries published their findings on this topic. Further in-depth  analysis revealed that 40 out of 50 countries published at least two or more articles in the defined time horizon of the literature search. Furthermore, the authors from the USA have contributed to 39.41% (618 articles out of total articles or the highest publication number), followed by the authors from the UK (442,25.58%) and the Netherlands (133,7.7%), respectively. From 1968 to 2018, the ten most active journals published 416 publications on the cost of management of pneumonia in children, representing 24.1% of all similar studies. 

Table 2 shows the top 10 countries with the highest research productivity along with the frequency of the publication in these countries, and displays the top 10 journals and the top 10 authors of publications.

3.4 Distribution of high-frequency subject headings + subheadings

We exported a total of 2,584 subject headings + subheadings using BICOMB and arranged them from high to low frequency of occurrence. In this study, the thresholds for high-frequency keywords were defined as follows: 1) frequency ≥15 and 2) accounting for the top 24% of the cumulative percentage. Based on these criteria, 39 high-frequency keywords were obtained. We found that the keyword with the highest frequency was “pneumonia/epidemiology” (109 articles, or 1.78% of total articles), followed by “hospitalization/statistics & numerical data” (100, 1.64%) and “pneumococcal vaccines/economics (84, 1.38%), respectively, and these findings were summarized in Table 3.
It should be noted that it was difficult in determining the research hotspots based on the statistical analysis of only 39 high-frequency subject headings + subheadings the linkage and linking intensity. To overcome this shortcoming, the association or coherent degree of these subject headings was further analyzed using the co-occurrence matrix and clustering diagram. As demonstrated in Table 4, each digit in the matrix represents the co-occurrence frequency of the keywords in the corresponding rows and columns, the digits on the diagonal line represent the occurrence frequency of the keywords. The larger digits depicted a higher co-occurrence frequency of the two keywords and a closer association between the studies in the relevant literature. For example, the occurrence frequency for “pneumonia/epidemiology", as well “hospitalization/statistics & numerical data” and “pneumonia/epidemiology” was 109 and 17,respectively. The literature association between “hospitalization/statistics & numerical data” and “influenza, human/epidemiology” was stronger than that of “hospitalization/statistics & numerical data” and “pneumococcal vaccines/economics”. 
3.5Co-word clustering analysis of high-frequency subject headings + subheadings

In order to further determine research trends , we subsequently conducted co-word  clustering analysis by using gCLUTO1.0 software. To this end, the repeated binary classification clustering method was used, the similarity was calculated using the cosine function, the standard clustering function was I2, and finally the co-occurrence matrix of 39×39 high-frequency subject headings + subheadings was fitted to yield 5 clusters and were summarized in Table 5.

Based on these data, the clustering tree diagram of the subject headings was subsequently created by matrix extension and the results were shown in Figure 2. As shown by Figure 2, the subjects of research on the expenditure of childhood pneumonia focused on the following 5 topics: vaccine prevention and control, bacterial infection, drug treatment, epidemiology, and treatment and prevention. 

The 5 clusters identified in Figure2 correspond to 5 peaks with different shapes and colors and could be more readily seen in the visualization curve diagram as illustrated in Figure 3. There are independent 5 peaks and their apparent distribution translates into a good clustering effect. Cluster peak 0 exhibited the greatest height with a large volume as showed in red than other remaining peaks, suggesting that the research subjects in the cluster 0 demonstrated a persistent trend that possesses the highest internal similarity and the best clustering effect. In contrast, clusters 1, 3, and 4 with a green color at top of the peaks, a medium volume, and an ordinary sharpness indicate that there were few publications in these clusters with an inconsistent distribution of research subjects which were apparently marginally related to each other. Similarly, Cluster 2 peak labeled with a light blue color of the peak possesses a medium volume and an ordinary sharpness, indicating few publications in this cluster accompanied with loose relationships between the subjects.

3.6  Strategic diagram of high-frequency subject headings + subheadings

To further explore the important information hidden between the high-frequency keywords, the multi-dimensional analysis of the 39 keywords was performed using SPSS19.0 and a clustering analysis diagram and strategic diagram of research hotspots regarding the expenditure of pneumonia in children were generated and illustrated in Figure 4. The results in Figure4 not only show the reliability of the results concerning the 5 research fields analyzed in Figure3, but also more articulately reveal the distribution of these research hotspots. Clusters 0, 1, and 4 were distributed mainly in the first quadrant, i.e., the core of the whole research network, and they had a higher centripetal degree and density than the other clusters, suggesting that the subject headings + subheadings were coherently  linked within these clusters and tightly associated with those in other clusters. The research in these three clusters trended to be mature, and such clusters represent the core issues in the research field of childhood pneumonia expenditure. Clusters 2 and 3 were predominantly distributed in the third quadrant and had a lower centripetal degree and density, showing a relative loose association among subjects within the clusters and between these two clusters and other clusters. Taken together,  these findings  indicated that although the research in these clusters appeared to be less active  it has gradually gained increasing attention of investigators, representing a possible trend for further direction in research. Cluster 3 was approaching the origin in the third quadrant and trended toward the second and fourth quadrants with further implementation of the research. 

3.7  Network map of high-frequency subject headings + subheadings 

All 39 high-frequency subject headings + subheadings selected were used to plot the network map of subject headings + subheadings (Figure 5). The “pneumonia/epidemiology”, “hospitalization/statistics & numerical data”, “pneumococcal vaccines/economics”, and “pneumococcal infections/prevention &control” subjects occupied the core of the figure, and the surrounding network was also dense. As suggested by  the whole network map,  there search on the expenditure of childhood pneumonia included a wide range of subjects and topics. 

4 Discussion

In the context of Childhood pneumonia carries the vast financial burden to medical care system, the strategic developments associated with costs of management of this disorder have been the focus for many researchers. The present study revealed an increasing tendency in publications related to this topic with 5 hot spots of research on the cost of childhood pneumonia. With only a few publications on this topic prior to 1990, the number of publications has surged dramatically since 1991. The first several publications on the costs of management of childhood pneumonia could be traced back to 1968 when the authors from Columbia University School of Public Health and Harvard School of Public Health published their studies on how people with low income and social barriers utilized health services. 21. Although the United States is still the top producer of papers in the field, other researchers from the countries in North America, Europe, and Australia also contributed to this area significantly. The underlying reasons responsible for this phenomenon could be a high attention to the cost of management of childhood pneumonia in those countries with the advent of English as a native language for most of the researchers. 

With 416 publications (approximately 24.09% of all publications examined) in the ten most active journals revealed in the present study, it is arguably to believe that these journals serves the core journals in the field of the cost of management of childhood pneumonia. Among them, the journal of Vaccine apparently stood out as the most productive journal. Madhi SA who is from National Health Laboratory Service of University of the Witwatersrand in Johannesburg, South Africa, is the most prolific leading author in this field
In the present study, published literature concerning the cost of management in pneumonia in children was analyzed by co-word clustering analysis and the hotspots in this field of research was determined. With the help of a co-word strategic diagram and network map, 5 research hotpots were revealed along with the major research topics related to the cost of management of childhood pneumonia with distinctive features described below:

4.1 Vaccine prevention and control. For instance, in Soweto, South Africa,a double-blinded, randomized, controlled trial of 37,107 children, there was a 31% decrease in the incidence of respiratory virus-associated pneumonia in children inoculated with the tuberculosis vaccine.22
4.2 Bacterial infection. For example, an active population-based surveillance for community-acquired pneumonia requiring hospitalization among children younger than 18 years of age in three hospitals in Memphis, Nashville, and Salt Lake City, the researchers found that children with community-acquired pneumonia had the highest burden of hospitalization among young children, with respiratory viruses being the most common causes of pneumonia.23
4.3 Drug treatment. The excellent birth cohort study reported in The Lancet Global Health by Heather Zar and colleagues points out that the major pneumonia is a prominent health issue and burden for children in their first 2 years of life. Additionally, severe pneumonia accounting for the most pneumonia deaths frequently occurs in the first 6 months of life. The study proposes to reduce antibiotic over-treatment and promote correct treatment of wheeze in these children, which merits further research ADDIN EN.CITE <EndNote><Cite><Author>Campbell</Author><Year>2015</Year><RecNum>43</RecNum><DisplayText>[5]</DisplayText><record><rec-number>43</rec-number><foreign-keys><key app="EN" db-id="dw0trxsa8ae2daexvxxpvdab0d09sp0a2pzx" timestamp="1575539558">43</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Campbell, H.</author><author>Nair, H.</author></authors></contributors><auth-address>Centre for Population Health Sciences, University of Edinburgh Medical School, Edinburgh EH8 9AG, UK. Electronic address: harry.campbell@ed.ac.uk.&#xD;Centre for Population Health Sciences, University of Edinburgh Medical School, Edinburgh EH8 9AG, UK.</auth-address><titles><title>Child pneumonia at a time of epidemiological transition</title><secondary-title>Lancet Glob Health</secondary-title></titles><periodical><full-title>Lancet Glob Health</full-title></periodical><pages>e65-6</pages><volume>3</volume><number>2</number><dates><year>2015</year><pub-dates><date>Feb</date></pub-dates></dates><isbn>2214-109x</isbn><accession-num>25617193</accession-num><urls></urls><electronic-resource-num>10.1016/s2214-109x(14)70308-0</electronic-resource-num><language>eng</language></record></Cite></EndNote>. 5
4.4 Epidemiology. Using an epidemiological model, Rudan.et al. distributed the global and regional-level estimates of the number of cases, severe cases and deaths from childhood pneumonia in 2010-2011 and found that pneumonia continued to be the leading cause of both morbidity and mortality for young children beyond the neonatal period ,24 thus requiring  ongoing strategic planning to reduce the burden further.

4.5 Treatment and prevention. In 2005, WHO estimated that 1.6 million people died each year from pneumococcal disease, most of them lived in developing countries. In the developed world, children aged<2 years and elderly people carry the major burden of disease.25Pneumococcal resistance to antimicrobials, such as the penicillin, cephalosporin, macrolides and fluoroquinolones, has been a serious and rapidly growing problem worldwide, which emphasizes the importance of preventing pneumococcal disease through immunization. 

5 Conclusion

We used co-word clustering analysis and strategic diagrams to explore the research hotspots concerning the expenditure of childhood pneumonia. The number of publications regarding the expenditure of childhood pneumonia trended to gradually increase.Research includes a wide range of subjects and several hot topics. In particular, epidemiology and hospitalization statistics have been the focus with an extensive research effort worldwide.  
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