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ABSTRACT

Background: Several studies have examined Vitamin D deficiency (VDD)
and the effects of vitamin D therapy in patients with coronavirus disease
2019 (Covid-19). However, a bibliometric assessment of research output
on VDD in relation to Covid-19 is unavailable. Materials and Methods:
We searched Elsevier's Scopus database for publications on VDD in
Covid-19 using a defined search strategy. Data pertaining to the growth
of publications, citation metrics, the most active countries, institutions,
authors, journals, and the most cited articles, were analyzed using appro-
priate bibliometric tools. Mapping of keywords was done to identify the
research trends. Results: Of 435 global publications on VDD in Covid-19,
187 (42.9%) were original articles. The total and average citations per
paper (CPP) were 5664 and 13.0, respectively. Eighty-eight (20.2%)
publications were funded; the National Institute of Health, USA, was the
leading funding agency (n=18). Seventy-four countries participated in
research on this theme; the USA and Italy with 18.3% and 16.5% led in
productivity, whereas Ireland and the USA were the most impactful. The most
dominant research topic was “Risk Factors” with 29.6% share, fol-
lowed by “Epidemiology” (27.3%), “Complications” (26.4%), “Clinical
studies” (24.8%), and “Pathophysiology” (17.2%), only 14.0% studies
were on “Treatment” The research patient populations were “Adults’
"Aged,” and “Middle-Aged," with 24.1%, 21.6%, and 177% share,
respectively; only 6.4% studies involved children. The organizations and
authors numbered 254 and 383, respectively; Trinity College, Dublin, Ireland,
and Harvard Medical School, USA, were the most productive, whereas

INTRODUCTION

The world is currently witnessing an unprecedented crisis of the
Covid-19 pandemic. The pandemic has caused severe devastation
globally and the crumbling of health infrastructures in developing
countries.”? The Covid-19 is associated with significant morbidity and
mortality due to its severe effects on the respiratory system and other
organ systems, especially in those with comorbid conditions.** In addition
to comorbidities, several other risk factors, such as female sex, lack of
Covid-19 appropriate behavior, large households, BCG vaccination,
etc., are presumed to play a role in the Covid-19-related morbidity and
mortality.>® One such risk factor which has been postulated to contribute
to either acquisition or progression of Covid-19 is Vitamin D deficiency
(VDD).?

Since the onset of the Covid-19 pandemic, the role of VDD has been a
topic of intense research.'® Several studies have reported low serum levels
in patients with Covid-19, especially those with severe disease, and in
those who died of Covid-19." The recent meta-analysis also concluded
that patients with VDD had an increased risk of developing the severe
disease but not a fatal outcome.' The studies conducted on the association
between VDD and Covid-19 show a large degree of heterogeneity due

St. James's Hospital, Ireland, and University Hospital Brigham, UK were
the most impactful. Belgium's Delanghe and Ireland’s Kenny were the top
productive authors, and Grant (USA) and Laird (Ireland) were the most
influential. Journal of Medical Virology and Endocrine lead productivity
while Aging Clinical and Experimental Research and Diabetes and Metabolic
Syndrome: Clinical Research and Review lead in impact. Conclusion: The
research on VDD in relation to Covid-19 has primarily been conducted in
high-income countries, with the USA, Italy, and UK accounting for almost
50% of total publication output. The research gaps appear to be treatment-
related aspects and VDD in children with Covid-19. Our assessment of the
current status of research on VDD in Covid-19 may help the research com-
munity and policy-makers to prioritize research needs in this field.
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to the differences in enrolment criteria of patients (age, body mass in-
dex, ethnicity, comorbidities), the country of residence, and the criteria
used to define the severity of Covid-19."° Another similar meta-analysis
concluded that the evidence for VDD’s association with ICU admission,
inflammation, hospitalization, and pulmonary involvement in Covid-19,
is still inconsistent and insufficient.* Furthermore, the impact of VDD
on other outcome factors such as length of hospitalization and prognosis
remains uncertain.!> More research is thus warranted to formulate
concrete recommendations regarding VDD and Covid-19.

To guide further research, an assessment of the research conducted so far
is essential. It helps in identifying the research gaps and the hotspots that
the researchers need to focus on further. Such an assessment of previous
research on any topic is often achieved through bibliometric studies.'> **
The bibliometric studies also help identify major research contributors
such as leading authors, organizations, and countries that facilitate more
meaningful collaborations.”” The previous bibliometric studies on
Covid-19 did not evaluate the effects of VDD separately.'*'” Furthermore,
the mapping studies on worldwide research on vitamin D were conducted
prior to the Covid-19 pandemic.'¥® Thus, there is no bibliometric
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assessment of VDD research in relation to the Covid-19 pandemic
available in the literature so far. We, therefore, planned to provide a
comprehensive bibliometric analysis of published research on VDD
concerning Covid-19.

MATERIALS AND METHODS

We identified, retrieved, and downloaded publications on the theme
“Covid-19 & VDD” from the Scopus database (www.scopus.com). The
approach used for the search was similar to our previous bibliometric
studies.”® Two sets of keywords, “Covid-19” and “vitamin D deficiency;’
were used in field tags, “Keyword” or “Title” (Article Title), and the
search was then limited to the 2020-2021 period. The complete search
string is shown below:

(“Covid 19” OR “2019 novel coronavirus” OR “coronavirus 2019” OR
“coronavirus disease 2019” OR “2019-novel CoV” OR “2019 ncov” OR
covid 2019 OR covid19 OR “corona virus 2019” OR ncov-2019 OR
ncov2019 OR “nCoV 2019” OR 2019-ncov OR covid-19 OR “Severe
acute respiratory syndrome coronavirus 2” OR “SARS-CoV-2”) OR
KEY (“Covid 19” OR “2019 novel coronavirus” OR “coronavirus 2019”
OR “coronavirus disease 2019” OR “2019-novel CoV” OR “2019 ncov”
OR covid 2019 OR covid19 OR “corona virus 2019” OR ncov-2019 OR
ncov2019 OR “nCoV 2019” OR 2019-ncov OR covid-19 OR “Severe
acute respiratory syndrome coronavirus 2” OR “SARS-CoV-2”) and Key’
(Vitamin D deficiency).

The records obtained were analyzed using various bibliometric tools
provided in the Scopus database. The quantitative characteristics were
tabulated. The quality of publications was assessed using several quality
indicators such as citations per publication (CPP), relative citation index
(RCI), and Hirsch index (HI). The VOSviewer (version 1.6.14) software
was used to examine the keywords clusters and collaborations networks
of authors and institutions. The number of citations received by publica-
tions was counted up to August 8, 2021. Publications with more than 50
citations were labeled highly-cited publications (HCPs).

RESULTS
Overall output and profile of publications

The total number of publications was 435; these accumulated 5664
citations, averaging 13.0 CPP. The funded publications (88, 20.2%)
received marginally higher citations (average CPP 14.8, total 1309). The
National Institute of Health, USA (18 papers), US Department of Health
and Human Services (12 papers), and National Institute for Health
Research (9 papers) were the leading funding agencies. The type of
publications were original articles, reviews, and letters (42.9%, 25.2%,
and 20.0%), editorials and notes (6.4% and 4.3%), book chapters, conference
paper and short survey (0.4%, 0.2%, and 0.2%).

Significant keywords

Forty-four keywords that indicate research trends on the VDD-Covid-19
theme were identified from the literature (Figure 1).

Research focus

Studies focused on risk factors accounted for the largest share of
publications (29.6%), followed by epidemiology (27.3%), complications
(26.4%), clinical (24.8%), and  pathophysiol-
ogy (17.2%). aspects were studied (14.0%).
Studies on pathophysiology received the highest (CPP 21.9) and compli-
cations the least (CPP 14.0) number of citations.
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Figure 1: Word cloud based on author keywords and KeyWord Plus.
The significance of the tags is according to the text dimension.

Table 1: The most productive countries in research on Covid-19 related
vitamin D deficiency.

S.no. Country TP TC CPP HI ICP %ICP %TP RCI
1 USA’ 80 1683 21.00 17 34 425 183 1.6
2 Italy 72 877 121 14 20 277 165 0.9
3 UK 67 1381 20.6° 16 33 492 154 1.5
4 India 33 360 109 7 8 242 75 08
5 Iran 25 188 7.5 8 5 200 57 05
6  Turkey 21 136 6.4 6 4 190 48 05
7  China 17 198 11.6 8 6 352 39 08
8  Ireland 16 363 226 7 10 625 36 1.7
9  Belgium 15 110 7.3 5 5 333 34 05
10  Australia 13 100 7.6 5 10 769 29 05

Total 359 5396 150 93 135 376 825 1.1

‘more impactful countries

Abbreviations: TP=Total papers; TC=Total citations; CPP=Citations per paper;
HI=H-index; ICP=International collaborative papers; RCI=Relative citation index.

Studied patient populations by age group

The relative proportion of studies on adults, elderly, middle-aged,
children, and adolescents was 24.1%, 21.6%, 17.7%, children 6.4% and
3.9%, respectively. Publications on the middle-aged population regis-
tered the highest, whereas those on children received the lowest CPP
(20.9 versus 12.7).

Top countries by productivity and impact

The participation of 74 countries in research was unequal; 53 contrib-
uted 1-5 papers each, nine countries 6-10 papers each, nine countries
11-50 papers each, and three contributed 67-88 publications. The top
10 countries contributed 82.5% of publications and 95.2% citations. Only
three out of the top 10 countries registered higher CPP and RCI than
their group average of 15.0 and 1.1 and were more impactful than others
(Table 1). Substantial collaboration was noted between the top productive
countries, with the UK, USA, and Italy leading others in the interna-
tional collaborations (Figure 2).

Leading organizations

The contribution of 254 organizations was as follows: 239 contributed
1-5 papers each, 11 contributed 6-10 papers each, and four organizations
11-13 papers each. The top 15 organizations contributed almost one-third
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Figure 2: A three-fields plot of countries, organizations and authors showing
their collaboration links. The size of the nodes and the width of the connecting
lines is proportional to the significance of collaboration.

to the publication (135, 31.0%) and citation (1777, 31.3%) output. The
productivity of eight organizations was above the group average of 9.0,
whereas six registered CPP and RCI above their group average of 13.1
and 1.0, respectively (Table 2). Figure 3 shows the inter-organization col-
laborations in research.

Most prolific and influential authors

The contributions from 383 authors who participated in the research
were unequal; respectively, 376 and 7 contributed 1-5 and 6-9 publications
each. The top 15 authors contributed 92 (21.1%) publications and 2010
(35.4%) citations: six contributed a higher number of publications than
their group average of 6.13, whereas ten registered CPP and RCI above
their group average 21.8 and 1.6, respectively. Table 3 shows the profiles
of leading authors in productivity and impact. Figure 4 depicts the
collaboration networks of authors.

Top journals

Of the 101 journals that participated in the research, 89 published
1-5 papers each, 11 contributed 6-10 papers, and one journal published
30 papers. The top 15 journals published 27.8% of the research on the
current theme. The ten most productive and the most impactful journals
are listed in Table 4.

The highly-cited publications

Only 28 (6.4%) publications were HCPs receiving an average CPP
of 113.6, and total citations 3181. The leading HCP contributors (2-8
publications) were the UK, the USA, Ireland, Italy, India, and Russia.
Sixteen HCPs are published as original articles, eight as reviews, and two
each as letters and notes. Eighteen HCPs were collaborative; 11 national
and seven international collaborative. The top journals that published
HCPs were Nutrients, Lancet Diabetology & Endocrinology, and Irish
Medical Journal, with 4, 2, and 2 papers.

DISCUSSION

Vitamin D deficiency is widely prevalent worldwide.?* Its association
has been documented to either predispose or alter the course of several
infective and autoimmune conditions such as respiratory and systemic
infections, type 1 diabetes, systemic lupus erythematosus, systemic
sclerosis, etc., probably due to the lack of immunomodulatory effects of
vitamin D.*% VDD also affects several outcome parameters in hospi-
talized patients.”>* Its role in the disease severity and progression and
the possibility of amelioration were suggested during the initial phase of
the Covid-19 epidemic.’ The recent meta-analyses of several studies also
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Table 2: The most productive and the most influential organizations in

Covid-19-related vitamin D deficiency research.

S.no. Organization TP TC CPP HI ICP %ICP RCI
Most productive organizations

1 Trinity College, Dublin, 13 348 267 6 10 46.1 2.0
Ireland

2 Harvard Medical School, USA 11 84 7.6 5 4 454 05
University of Liverpool, UK. 11 284 258 6 9 545 1.9

4 University Hospital of Ghent, 11 30 27 3 2 272 02
Belgium
University of Brigham, UK 10 53 53 5 5 500 04

6  Tehran University of Medical 10 54 54 4 2 400 04
Sciences, Iran

7  Sapienza University of Rome, 10 89 89 5 4 500 0.6
Italy

8  University of Ghent, Belgium 10 46 46 3 2 300 03

9  Research Foundation 9 26 28 2 0 222 02
Flanders, Belgium

10  Shahid Beheshti Universityof 8 55 6.8 4 0 50.0 0.5
Medical Sciences, Iran

Most impactful organizations

1 StJames’s Hospital, Ireland 6 232 386 3 4 500 29

2 University Hospital Brigham 7 268 382 5 2 714 29
NHS Foundation Trust, UK.

3 Trinity College, Dublin, 13 348 267 6 10 461 2.0
Ireland

4 University of Liverpool, UK. 11 284 258 6 9 545 19
Queen Mary University of 6 153 255 4 2 666 19
London, UK.

6  Sapienza University of Rome, 10 89 89 5 4 500 0.6
Italy

7  Harvard Medical School, USA 11 84 76 5 4 454 05
Shahid Beheshti Universityof 8 55 6.8 4 0 500 05
Medical Sciences, Iran

9  University of Brigham, UK 10 53 53 5 5 500 04

10  Tehran University of Medical 10 54 54 4 2 400 04

Sciences, Iran

Abbreviations: TP=Total papers; TC=Total citations; CPP=Citations per paper;
HI=Hirsch Index; ICP=International collaborative papers; RCI=Relative citation
index

point towards the association of VDD with the severity and outcome of
Covid-19 in hospitalized patients.'"®"" However, despite extensive
research conducted on VDD in Covid-19 patients, the exact prognostic
value of VDD in these patients remains uncertain.'”> Our bibliometric
analysis also indicates the presence of some research gaps in the
Covid-19-related VDD research, which are discussed below.

A significant finding of our study was that Covid-related VDD research
was mainly concentrated in high-income countries. Almost 50% of
global publications and 70% of citations were attributable to the USA,
Italy, and the UK. This observation is similar to the previous scientometric
studies that show higher productivity and quality of research in the
high-income countries belonging to North American and Western
European continents.*** The better quality of research was probably due
to the availability of funding; the major funding agencies were located in
these regions only. The funded publications had received better citations
as compared to non-funded publications, which is an established fact.*
In contrast, the non-availability of funds for research in low-income

S91



Dayal, et al.: Vitamin D Deficiency Research Related to the Covid-19 Pandemic

Table 3: Profiles of leading authors in research on vitamin D deficiency-related Covid-19 research.

S.no.  Author Affiliation TP TC CPP HI ICP %ICP RCI
Most productive authors
1 J.R.Delanghe University of Ghent, Belgium 9 26 2.8 2 0 0.0 0.2
2 R.A.Kenny Trinity College, Dublin, Ireland 9 261 29.0 5 8 88.9 2.2
3 M.M. Speeckaert University Hospital of Ghent, Belgium 9 26 2.8 2 0 0.0 0.2
4 A.Glustina Universita Vita-Salute San Raffaele, Italy 7 56 8.0 5 2 28.6 0.6
5 E.Laird Trinity College, Dublin, Ireland 7 245 35.0 4 6 85.7 2.6
6 S.Subramanian Trinity College, Dublin, Ireland 7 187 26.7 4 6 85.7 2.0
7 M.EHolick Boston University School of Medicine, USA 6 106 17.6 4 0 0.0 1.3
8 W.B.Grant Nutrition & Health Research Center, USA 5 678 135.6 3 2 40.0 10.4
9 M.Hewison University of Brigham, UK. 5 23 4.6 2 3 60.0 0.3
10 A.R.Martin Bart & The London School of Medicine & Dentistry, UK 5 140 28.0 3 1 20.0 2.1
Most impactful authors

1 W.B.Grant Nutrition & Health Research Center, USA 5 678 135.6 3 2 40.0 10.4
2 E.Laird Trinity College, Dublin, Ireland 7 245 35.0 4 6 85.7 2.6
3 R.A.Kenny Trinity College, Dublin, Ireland 9 261 29.0 5 8 88.9 2.2
4 A.R.Martin Bart & The London School of Medicine & Dentistry, UK. 5 140 28.0 3 1 20.0 2.1
5 S.Subramanian Trinity College, Dublin, Ireland 7 187 26.7 4 6 85.7 2.0
6 J.Rhodes University of Liverpool, UK. 5 91 18.2 2 5 100.0 1.4
7 G.Griffin Trinity College, Dublin, Ireland 4 72 18.0 2 4 100.0 1.3
8 M.EHolick Boston University School of Medicine, USA 6 106 17.6 4 0 0.0 1.3
9 R.Quinton Newecastle University, UK 5 81 16.2 3 3 60.0 1.2
10 A.Glustina Universita Vita-Salute San Raffaele, Italy 7 56 8.0 5 2 28.6 0.6

Abbreviations: TP=Total papers; TC=Total citations; HI=Hirsch Index; CPP=Citations per paper; ICP=International collaborative papers; RCI=Relative citation index.
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Figure 3: Collaboration network of organizations researching vitamin D
deficiency in relation to the Covid-19. The width of the linking lines and
the distance between organizations reflect the degree of collaborative
relationships.

countries often leads to a low quantity and quality of research.** Another
factor that probably contributed to a better quality of research in high-
income countries was a higher degree of collaboration in research.
Organizations and researchers located in high-income countries showed
better collaborative networking as compared to those in low-income
countries. Collaborative research improves the quality and leads to the
development of better future management strategies.® In this context,
it is important to foster collaboration in Covid-related VDD research
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between high- and low-income countries for improving the outcomes of
Covid-19 patients worldwide, similar to research strengthening initia-
tives in other diseases.*

Another notable observation was the small number of studies on the
treatment-related aspects of VDD in Covid-19. As vitamin D status has
been shown to influence the length of hospital stay and prognosis in
hospitalized Covid-19 patients, it is reasonable to assume that treatment
of VDD at admission may improve outcomes.? Thus, the role of large
doses of cholecalciferol supplementation in the community and at hospi-
talization, as suggested by Grant WB et al., needs to be explored through
extensive multicentric and international collaborative research.” We
also noted that studies on the childhood population were very few,
constituting about 10% of all publications. This is understandable as
most children had a mild disease during the initial wave of Covid-19.®
The subsequent waves of Covid-19 are expected to affect more children
due to non-vaccination, and optimal strategies are currently being
defined for mitigating effects on children.”” A role of several therapeutic
modalities, including vitamins, is being worked out.** Researchers have
suggested conducting high-quality randomized controlled trials to
evaluate the role of supplements, including vitamin D, in treating or
preventing Covid-19 in children.** Children, therefore, should gain pri-
ority in future research on Covid-related VDD.

A limitation of our study was using a single database for the bibliometric
assessment, similar to our previous bibliometric studies.”* Single database
studies are likely to miss some publication and citation data. However, it
is also true that most bibliometric studies are based on a single database,
with Scopus regarded as the most authoritative of all medical databases
due to its wider content coverage, accuracy, and citation analysis tools.*
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Table 4: Most active and influential journals in research on
Covid-19-related vitamin D deficiency.

S.no. Journal TP TC CPP

Most productive journals

1 Nutrients 30 1257 41.9
2 Journal of Medical Virology 9 57 6.3
3 Endocrine 8 67 83
4 Irish Medical Journal 8 180 22,5
5  Alimentary Pharmacology & Therapeutics 7 223 318
6  Clinical Medicine Journal of the Royal College of 7 78 11.1
Physicians of London
7 Aging Clinical & Experimental Research 6 300 50.0
8  Clinical Nutrition Espen 6 14 23
9  European Journal of Nutrition 6 33 55
10  TItalian Journal of Medicine 6 1 0.1
Most impactful journals
1 Aging Clinical & Experimental Research 6 300 50.0
2 Diabetes & Metabolic Syndrome: Clinical 5 232 464
Research & Review
3 Nutrients 30 1257 419
4 Alimentary Pharmacology & Therapeutics 7 223 318
5 Irish Medical Journal 8 180 22.5
6  Metabolism. Clinical & Experimental 6 131 218
7 Clinical Medicine Journal of the Royal College of 7 78 11.1
Physicians of London
8  Journal of the American College of Nutrition 6 65 10.8
9  European Review For Medicinal & 5 47 94
Pharmacological Science
10  Endocrine 8 67 83

Abbreviations: TP=Total papers; TC=Total citations; CPP=Citations per paper
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Figure 4: Collaboration network of authors involved in research on vitamin D
deficiency concerning the Covid-19.

Furthermore, searching all databases simultaneously is quite cumbersome
due to a lack of uniformity in the available analytical provisions.*

CONCLUSION

Most of the research on VDD in relation to the Covid-19 has been
conducted in high-income countries. There is a need to focus on
treatment-related aspects, involvement of childhood populations, and
increasing collaboration between high- and low-income countries to
better manage VDD concerning Covid-19.
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