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Global trends and hotspots on
childhood obstructive sleep
apnea: a 10-year bibliometric
analysis
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Kai Liu** and Zhenkun Yu"**

!School of Medicine, Southeast University, Nanjing, China, 2Department of Otolaryngology Head and
Neck Surgery, BenQ Medical Center, The Affiliated BenQ Hospital of Nanjing Medical University, Nanjing,
China

Background: Obstructive sleep apnea (OSA) is children’'s most common sleep-
related breathing disorder. It may develop a wide range of severe complications
if not diagnosed promptly and treated effectively. However, Childhood OSA has
not specifically been analyzed using a bibliometric approach.

Methods: We respectively collected the research results of childhood OSA from
2013 to 2022 through Web of Science and PubMed. Vosviewer, CiteSpace, and
bibliometric online analysis platforms were used for visualizing and analyzing the
literature. The MeSH terms were bi-clustered using the Bibliographic Item co-
occurrence Matrix Builder (BICOMB) and graph clustering toolkit (gCLUTO) to
identify the hotspots.

Results: 4022 publications were finally identified on childhood OSA from 2013 to
2022. The United States has the largest number of publications (1902), accounting
for 47.29%. University of Cincinnati is the most productive organization (196),
followed by the University of Pennsylvania (151). The most prolific journal was the
International Journal of Pediatric Otorhinolaryngology, with 311 documents
published. In comparison, Pediatrics is the most cited journal (6936). Gozal D
ranked highest among all authors in publication (192). Burst detection shows
continuous positive airway pressure, Robin sequence, and nocturnal oximetry are
recent keywords of great interest to researchers. Five hotspots were identified by
co-word biclustering.

Conclusion: Research over the past ten years has been fruitful, establishing the
foundation for childhood OSA. Clusters (0-4) of high-frequency Major Mesh topics
have attracted extensive attention. Evaluation and treatment methods of childhood
OSA remain major focuses. We believe this article will provide other researchers
with new directions and may contribute to a future breakthrough in this field.
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1. Introduction

Obstructive sleep apnea (OSA) is the most common sleep-related breathing disorder in
children and is characterized by repetitive partial or complete collapse of the upper airways
during sleep (1). In the past decade, it has undoubtedly received increasing attention around
the world. Children with obstructive sleep apnea may develop a wide range of severe
complications if not diagnosed promptly and treated effectively, including abnormal
maxillofacial development (adenoid face), behavioral problems, learning disabilities,
growth retardation, neurocognitive impairment, metabolic disorders, hypertension,
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pulmonary hypertension, and even increased risk of cardiovascular
events in adulthood (2-5). However, Pediatric OSA has never been
analyzed using a bibliometric approach.

Bibliometric analysis is now the most effective tool for
examining historical research trends in a specific field (6). By
using qualitative and quantitative analysis, it presents the
research contributions of different countries, institutions,
journals, and authors in scientific fields and forecasts research
trends and hotspots (7). Meanwhile, it is imperative to
clarify that hotspots and frontiers refer to problems that are
not yet resolved in a specific field and are highly concerned
by global scholars. Also, the research directions need to be
identified urgently and with great importance in the future.
Overall,
the formulation of policy

bibliometric analysis has been instrumental in

and clinical guidelines on
various diseases.

In this study, we aim to comprehensively assess the global
academic status and hotspots relevant to childhood OSA, and to

predict future trends in this field.

2. Methods
2.1. Data sources and search strategies

A comprehensive online search of the literature on childhood
OSA from 2013 to 2022 was conducted using the Science
Citation Index Expanded (SCI-EXPANDED) database via the
Web of Science (WoS) Core Collection. For the precaution of
bias in database updates, all searches were completed on January
2, 2023. The search strategy was TS = (“obstructive sleep apn*”)
AND ALL = (pediatri* OR child*). We set the language to
English and only saved original articles and reviews. Medical
Subject Headings (MeSH) terms are standardized vocabulary
terms for reflecting the main thrust of a literature review.
could be
biclustering analysis. Similarly, we searched PubMed based on
the screening criteria of (Sleep Apnea, Obstructive[MeSH]) AND
(Pediatri* OR Child*), which was developed by the National
Center for Biotechnology Information (NCBI) of the National
Library of Medicine (NLM).

Moreover, it used for performing continuous

2.2. Data collection and statistical analysis

Two authors (LK and SK) independently collected all data,
with an agreement rate of 0.95, which implies a high level of
agreement (8). After converting Web of Science data to txt
format, Vosviwer version 1.6.18 (Leiden University, Leiden, The
Netherlands) and CiteSpace version 6.1.R3 (Drexel University,
Philadelphia, PA, USA) were used to screen and compute the
data, as well as the Online Analysis Platform of Literature
Metrology (9-11). The data downloaded from PubMed were
imported into Bibliographic Item Cooccurrence Matrix Builder
(BICOMB), which was developed by China Medical University
(12). Eventually, gCLUTO version 1.0, Graphical Clustering
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Toolkit, was applied for biclustering analysis for MeSh major
topics (13).

All literature characteristics were selected to analyze
respectively. VOSviewer was applied to analyze and visualize
bibliometric data, such as countries, institutions, journals,
and authors. Further, we created network visualization plots
and density visualization. In the meantime, CiteSpace has a
method
computational technique for identifying the time point when

special analysis called burst-time analysis, a
a certain research direction becomes a hotspot. Therefore, we
generated a plot of authorship-keyword bursts from a
collection of bibliographic records, which will allow us to
explore historical points and potential future directions.
Additionally, clustering with different numbers of clusters
was redirected so that the matrix visualization would result
in the most reasonable outcome. In the clusters, we
illustrated the semantic relationships between MeSH major
topics and the source literature using matrix and mountain

visualizations.

3. Results
3.1. Analysis of annual publications
in the flowchart initial

total After
excluding the literature that does not belong to articles and

As shown (Figure 1), the

search retrieved a of 4,819 publications.
reviews and further limiting language to English, 4,022
finally identified. Publications
Childhood OSA showed an overall increasing trend from 2013
to 2022, despite a slight decrease in 2015, 2018, 2019, and

2022 (Figure 2).

articles were related to

4819 studies were retrieved from
Web of Science Core Collection
(SCI Expanded)

Non-English studies were
excluded

4752 studies were remained

Publication type other than
articles and reviews were
excluded

4022 studies were eventually
identified (3372 articles and 650
reviews)

FIGURE 1
Flow chart of the inclusion process.
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FIGURE 2
Growth trends of publications on childhood OSA from 2013 to 2022.

TABLE 1 Top 10 productive countries and regions. 32 Performance Of CountrieS/regionS
Country | Articles | Citations | Total link strength
1 USA 1,902 45,031 906 Over the past decade, at least 64 countries or regions have
2 China 510 6,535 185 published studies on childhood OSA. The top 10 national
3 Canada 326 18,310 413 publication is presented in Table 1 and Figure 3. The United
4 Italy 276 6,991 383 States (1,902, 47.29%) was the largest publication contributor,
Australi 264 \ 282 .
Z U?(Strala 222 ii:(s) 422 followed by China (510, 12.68%), Canada (326, 8.11%), Italy
¢ [ i [ i
; France 150 3262 P (276, 6.86%), and Australia (264, 6.56%). Figure 4
3 Spain 138 4239 317 demonstrates the cooperation among the countries/regions.
9 Turkey 131 1,987 134 The cooperation between the United States and Canada was
10 Brazil 129 1,756 187 the closest, followed by the cooperation between the United
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FIGURE 3
Growth trends of the top 10 countries on childhood OSA from 2013 to 2022.
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FIGURE 4

The cooperation between countries on childhood OSA. The thickness of the line between two countries indicates their cooperative relationship strength.
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States and China. Furthermore, Figure 4 also indicates that there
is a lack of academic exchange between countries with abundant
with a limited number of

publications and countries

publications.

3.3. Performance of organization

Our study showed that 3,759 organizations had published
studies on childhood OSA. We list the top 10 most productive
organizations in Table 2. The most prolific organization was the
University of Cincinnati (196), followed by the University of
Pennsylvania (151) and the University of Chicago (135). Among
the top 10 institutions, 7 of 10 were from the United States,
corresponding to the distribution by country and region. Further,

Frontiers in Pediatrics

the research density visualization was plotted by Vosviewer
(Figure 5).

3.4. Performance of journals

There were a total of 771 journals that published articles on
childhood OSA. We list the top 10 journals of publication in
Table 3. The most prolific journal was the International
Journal of Pediatric Otorhinolaryngology, with 311 documents
published. Then it comes to Journal of Clinical Sleep
Medicine, with 207 documents published. Two journals have
the characteristic of IF>5: Otolaryngology-Head and Neck
Surgery (5.591) and Sleep (6.313). In addition, the top 10
journals of citation in childhood OSA research are listed

frontiersin.org
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TABLE 2 Top 10 productive organizations.

Rank Organization Country ' Documents @ Citations
1 University of Cincinnati United 196 4,812
States
2 University of Pennsylvania United 151 4,322
States
3 University of Chicago United 135 6,726
States
4 University of Missouri United 114 1,032
(Columbia) States
5 University of Washington United 87 2,103
States
6 Monash University Australia 83 1,593
7 University of Alberta Canada 83 1,019
8 University of Toronto Canada 83 1,175
9 Harvard Medical School United 82 1,994
States
10 University of Michigan United 82 2,294
States

in Table 4. We also conducted a co-citation analysis and
plotted a network visualization (Figure 6) for journals by
Pediatrics is the most cited journal (6,936
citations), followed by Sleep (6,761 citations) and American
Journal of Respiratory and Critical Care Medicine(5,491
citations).

Vosviewer.

10.3389/fped.2023.1160396

3.5. Performance of author

Based on our study, 4,022 articles were published by 15,947
authors with at least one article. Table 5 shows the top 10 most
productive authors who published articles or reviews in the
childhood OSA field. Gozal D ranked highest among all authors
(192 articles), followed by Ishman SL (84 articles), Kheirandish-
Gozal L (77 articles), and Nixon GM (60 articles).

3.6. Burst detection with keywords

The term “burst words” refers to keywords whose frequency of
citations suddenly increases within a short period, providing
insight into areas of research that are on the verge of
breakthroughs (14). In Figure 7, the green line sliced by year
represents the timeline, while the red grid represents the
beginning and ending year and the time interval of citation
bursts. Apnea/hypopnea syndrome itself ranked first, with the
strongest burst strength over the past decade (8.78), followed by
meta-analysis (5.88), craniofacial morphology (5.65), community
(5.41), magnetic resonance imaging (5.34), and Robin sequence
(5.28). From 2020 to 2022, OSA-related research has focused on
continuous positive airway pressure (CPAP), Robin sequence,

6% VOSviewer

FIGURE 5

represented by color changes from blue to green to yellow to red.
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TABLE 3 Top 10 journals of publication in childhood OSA research.

Rank Journal Title Country Articles Impact Factor (2021) H-index
1 International Journal of Pediatric Otorhinolaryngology Netherlands 311 1.626 69
2 Journal Of Clinical Sleep Medicine United States 207 4.324 78
3 Sleep Medicine Netherlands 196 4.842 107
4 Laryngoscope United States 138 2.97 134
5 Sleep and Breathing Germany 128 2.655 55
6 Otolaryngology-Head and Neck Surgery United States 111 5.591 109
7 Sleep United States 98 6.313 184
8 Pediatric Pulmonology United States 93 4.09 98
9 Journal Of Craniofacial Surgery United States 62 1.172 66
10 European Archives of Oto-Rhino-Laryngology United States 56 3.236 61

TABLE 4 Top 10 journals of citation in childhood OSA research.

Rank Journal Title Country Citations Impact Factor (2021) H-index
1 Pediatrics United States 6,936 9.703 311
2 Sleep United States 6,761 6.313 184
3 American Journal of Respiratory and Critical Care Medicine United States 5,491 30.528 343
4 International Journal of Pediatric Otorhinolaryngology Netherlands 4,883 1.626 69
5 Sleep Medicine Netherlands 4,238 4.842 107
6 Chest United States 4,105 10.262 267
7 Otolaryngology-Head and Neck Surgery United States 4,018 5.591 109
8 Journal of Clinical Sleep Medicine United States 3,768 4.324 78
9 Laryngoscope United States 3,327 2.97 134
10 Journal of Pediatrics United States 2,844 6.314 188
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FIGURE 6

The co-citation network of journals cited at least 50 times on childhood OSA. In network visualization, colors show clustering. The red cluster mainly
represents sleep-related journals; the Green cluster mainly represents pediatric journals; the Blue cluster mainly represents cardiovascular journals;
the Yellow cluster mainly represents Otorhinolaryngology and Allergy journals.
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TABLE 5 Top 10 authors of publication in childhood OSA research.

Rk Author ____Documents __Gitations
1 192

Gozal, David 4,744
2 Ishman, Stacey L. 84 1,350
3 Kheirandish-Gozal, Leila 77 2,331
4 Nixon, Gillian M. 60 1,073
5 Horne, Rosemary S. C. 50 959
6 Davey, Margot J. 49 809
7 Marcus, Carole L. 43 1,330
8 Mitchell, Ron B. 42 1,096
9 Narang, Indra 40 554
10 Khalyfa, Abdelnaby 37 1,012
Top 20 Keywords with the Strongest
Citation Bursts
Keywords Year Strength Begin End 2013 - 2022
apnea/hypopnea syndrome 2013 8782013 2015 wmme
community 2013 5412013 2076 mmmme—
behavior 2013 4672013 2014
cognition 2013 4392013 2016 smmme——
nonobese children 2013 4.34 2013 2015 mmme—
tonsillar hypertrophy 2013 4132013 20714 e
gastroesophageal reflux 2013 4.12013 2014 e
overweight 2013 4542014 2015 e
history 2014 432014 2015 e
craniofacial morphology 2015 5.652015 2016 e
randomized controlled trial 2014 5172016 2018 o —
robin 2014 5012016 2017 ——
metaanalysis 2013 5.882017 2018
magnetic resonance imaging 2017 5342017 2018  ———
guideline 2017 4.592017 2020 . o
sickle cell disease 2017 4172017 2019 . —
hypopnea 2015 4392018 2020 (o
cpap 2017 4262019 2022 e
robin sequence 2020 5282020 2022 s
nocturnal oximetry 2017 4.352020 2022
FIGURE 7
Top 20 keywords with the strongest citation burst. The green line sliced
by year represents the timeline, while the red grid represents the
beginning and ending year and the time interval of citation bursts

and nocturnal oximetry, suggesting that these topics are currently
of great interest to researchers.

3.7. Research hotspots based on MeSH
term clusters

In our study, 1,387 MeSH major topics were retrieved with a
cumulative frequency of 8,830. Based on H index evaluation, we
defined terms that appear more than 31 times as high-frequent
terms. Table 6 summarizes 30 terms extracted from publications
that account for 56.74% (5010/8830) of all terms found in
publications. Following that, we derived the high-frequency
Major MeSH terms 31 rows x 2,627 columns of the co-word
matrix. Subsequently, We imported the matrix into the gCluto
software for a biclustering analysis. To promote similar row
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convergence, we reset the rows of the initial matrix and divide
each cluster horizontally by a black line. Eventually, The matrix
visualization (Figure 8) and mountain visualization (Figure 9)
generated by biclustering analysis were divided into 5 clusters,
representing different hotspot directions.

OSA-related surgery and postoperative complication (cluster
0); New insights into airway obstruction and new techniques for
treatment (cluster 1); Evaluation and diagnosis for childhood
OSA (cluster 2); Etiology and pathophysiological mechanisms
of OSA (cluster 3); Common complications and comorbidities of
OSA (cluster 4).

4. Discussion

In recent years, childhood OSA has received increasing
attention as more children seek treatment for sleep problems.
The statistical and quantitative analysis we conducted revealed
that there had been a remarkable improvement in research on
childhood OSA from 2013 to 2022, and a growing number of
researchers are entering the field. The United States has an
absolute leading position in the field of childhood OSA research.
Most institutions and authors who have contributed to this field
originate in the United States. In comparison with other
countries, the United States has advanced equipment, a high-
quality experimental environment, and superior clinical trial
conditions. In spite of this, countries do not cooperate well
among themselves, and research results are not shared efficiently,
which impedes global understanding and research efficiency
related to childhood OSA. Research on childhood OSA will
surely make greater progress if cooperation between countries is
strengthened, thereby preventing a great deal of invalid work.
Even though there has been a large amount of research on
childhood OSA, it remains relatively chaotic and does not
include a hotspot analysis. Based on this study, we identified
burst keywords in the last decade. Meanwhile,
interpreted five hot spots on childhood OSA, which are obtained
from co-word biclustering. By utilizing these two practical

we also

analyses, we could identify hotspots and frontiers in this field.
Cluster 0 focuses on OSA-related surgery and postoperative
complication. Adenotonsillectomy (AT) has long been considered
the first-line treatment for OSA in children (15). In 2013, The
New England Journal of Medicine published a landmark multi-
center, randomized controlled trial of adenotonsillectomy (16).
This trial compared outcomes in children with OSA who were
randomized to watchful waiting or early adenotonsillectomy.
After 7months, neurocognitive outcomes were similar in the two
groups. However, children in the AT group experienced greater
improvements in polysomnography (PSG) parameters, behavior,
and quality of life (QoL) scores than those observed. AT has
many possible postoperative complications, such as bleeding,
hoarseness, difficulty swallowing, and respiratory compromise
(17). Children with Down syndrome are at very high risk for
of 40%-80%
prevalence rates of 1%-4% in otherwise healthy children (18).
Although AT leads to the successful resolution of OSA in 79% of

OSA, with prevalence rates compared with
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TABLE 6 Highly frequent major meSH terms.

Major MeSH terms Frequency

10.3389/fped.2023.1160396

Proportion of frequency (%)

Cumulative percentage (%)

1 Sleep Apnea, Obstructive 2,410 27.2,933 272,933
2 Tonsillectomy 478 5.4,134 32.7,067
3 Adenoidectomy 307 3.4,768 36.1,835
4 Polysomnography 187 2.1,178 383,012
5 Sleep Apnea Syndromes 157 1.778 40.0,793
6 Down Syndrome 119 1.3,477 41.427
7 Continuous Positive Airway Pressure 116 1.3,137 42.7,407
8 Pediatric Obesity 96 1.0,872 43.8,279
9 Obesity 94 1.0,646 44.8,924
10 Snoring 91 1.0,306 45923
11 Palatine Tonsil 81 0.9,173 46.8,403
12 Sleep 75 0.8,494 47.6,897
13 Adenoids 63 0.7,135 48.4,032
14 Airway Obstruction 62 0.7,022 49.1,053
15 Postoperative Complications 57 0.6,455 49.7,508
16 Quality of Life 56 0.6,342 50.3,851
17 Endoscopy 53 0.6,002 50.9,853
18 Sleep Wake Disorders 46 0.521 51.5,062
19 Hypertension 46 0.521 52.0,272
20 Hypoxia 46 0.521 52.5,481
21 Oximetry 44 0.4,983 53.0,464
22 Asthma 41 0.4,643 53.5,108
23 Mandibular Advancement 38 0.4,304 53.9,411
24 Cardiovascular Diseases 37 0.419 54.3,601
25 Sleep Apnea, Central 37 0.419 54.7,792
26 Pharynx 37 0.419 55.1,982
27 Osteogenesis, Distraction 37 0.419 55.6,172
28 Surveys and Questionnaires 35 0.3,964 56.0,136
29 Pierre Robin Syndrome 33 0.3,737 56.3,873
30 Palatal Expansion Technique 31 0.3,511 56.7,384
the general pediatric population, resolution in children with Down  collapsibility =~ while sleeping.  Along with  technological

syndrome ranges from 6 to 33% (19, 20). Adenotonsillectomy
should be considered as a first-line treatment for this population
while keeping in mind that monotherapy may not be sufficient
in some cases (21). Future studies should further quantify AT
outcome indicators and explore other effective adjuvant treatments.

Cluster 1 provides new insights into airway obstruction and
techniques for treatment. Pierre Robin Sequence (PRS) is
diagnosed by a constellation of characteristics, including
micrognathia, glossoptosis, and varying degrees of upper airway
obstruction (22, 23). Based on its characteristics, PRS is a leading
cause of OSA in newborns. Distraction osteogenesis, like
mandibular distraction osteogenesis, is a surgical technique that
gradually lengthens the mandible after an osteotomy by using an
internal or external distraction device, directly correcting the
micrognathia (24). Orthodontists perform rapid palatal expansion
on children to reduce nasal resistance, increase nasal volume,
elevate tongue posture, and enlarge the pharyngeal airway to
treat obstructive sleep apnea (25). Also, mini-implant-assisted
rapid palatal expansion has been proven to promote functional
breathing (26). Mandibular advancement device (MAD) is a
primary treatment alternative for patients with mild to moderate
OSA and severe OSA patients who cannot tolerate CPAP (27).
By advancing the mandible and tongue towards an anterior
position, MAD enlarges the upper airway and reduces its

Frontiers in Pediatrics

innovations, an increasing number of alternative treatments for
OSA have emerged. Future studies should focus on specific
populations, children with maxillofacial

developmental malformations.

particularly those

Cluster 2 investigates to evaluation and diagnosis of pediatric
OSA. PSG parameters, such as AHI, oAHI, PaCO2, and SaO2,
have long been considered the gold standard for diagnosing
pediatric OSA (28, 29). As a result, doctors and researchers pay
more attention to the outcome of PSG, ignoring the real feelings
of children. Studies have shown that OSA profoundly affects a
child’s QoL and behavior (30). Interestingly, the severity of OSA,
measured by the obstructive AHI score, does not correlate with
the QoL of children with OSA. Consequently, the AHI score
does not fully reflect OSA’s impact on a child’s health and well-
being. Thus, it is high time to pay more attention to QoL
instruments, such as the OSA-18 questionnaire, to help
determine the most appropriate treatment for children with OSA.

Cluster 3 reflects on the etiology and pathophysiological
of OSA. Traditionally,

hypertrophy is considered the most prominent cause of OSA in

mechanisms adenoid and tonsil

children. However, several studies have shown that overweight/
obese children are more likely to experience the persistence of
OSA after an adenotonsillectomy than children within a normal
weight indicating critical in the

range, that obesity is
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cluster 0

cluster 2

FIGURE 8
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pathogenesis of OSA (31, 32). There are two main mechanisms
through which obesity contributes to OSA. Firstly, the presence
of fat at the level of pharyngeal soft tissue reduces lumen caliber
and contributes to structural collapse. Secondly, patients have
decreased respiratory function due to fat accumulation in the
thoracic and abdominal walls (33). Weight-loss management may
be critical in treating obesity-related OSA in children, especially
for patients who have previously undergone adenotonsillectomy
surgery without achieving a satisfactory outcome (34). Despite
this, parents do not pay enough attention to their children’s
weight control (35). Obese-related OSA clinical trials should be
expanded, and it is necessary to gather more evidence in the
future for this claim.

Cluster 4 focuses on complications and comorbidities of OSA.
It has been reported that OSA prevalence can range from 40% to
80% in patients suffering from hypertension, heart failure,
coronary artery disease, pulmonary hypertension, atrial
fibrillation, and stroke (36). Even though OSA is commonly
observed among patients with heart disease, and there is a high
risk of adverse cardiovascular outcomes due to OSA-related
stressors, OSA is often underrecognized and undertreated in
cardiovascular care (37). CPAP should be offered to patients with
severe OSA. In this area, future research should focus more on
the prevention of OSA-related cardiovascular disease. Asthma
and OSA are closely related, which could be attributable to their
shared

mechanisms (38). There should be a better understanding of the

coexistence, risk factors, or distinct interaction
relationship between OSA and asthma as soon as possible, both

in terms of etiology and therapeutic effects.

5. Strength and limitations

Currently, this study represents the first bibliometric analysis of
publications specifically focused on childhood OSA, providing
directions regarding hotspots and future directions. Despite this,
we realized there still has potential limitations to this study.
There might be a difference between the bibliographic analysis
data and actual research progress because of the rapid increase in
related papers on childhood OSA. Further, the computational
error of the database may cause a deviation in the result. For
example, Web of Science may mislabel document types, resulting
in a dataset containing papers that should be filtered out but
missing papers that should be included.

6. Conclusions

In conclusion, global research over the past ten years has also
been fruitful, establishing the foundation for childhood OSA.
Our bibliometric visualization analysis reveals childhood OSA
research’s core power and hotspot evolution. Clusters (0-4) of
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high-frequency Major Mesh topics have attracted extensive
attention. Evaluation and treatment methods of childhood OSA
remain major focuses. It is worth noting that numerous clinical
trials have focused on a specific group of OSA children, and it
should be expanded in the future. We believe this article will
researchers with new directions

provide other and may

contribute to a future breakthrough in this field.
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