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Background: In recent years, many studies on vitamin D have been published. We combed these data for hot spot analyses
and predicted future research topic trends.
Material/Methods: Articles (4625) concerning vitamin D published in the past 3 years were selected as a study sample. Bibliographic
Items Co-occurrence Matrix Builder (BICOMB) software was used to screen high-frequency Medical Subject
Headings (MeSH) terms and construct a MeSH terms-source article matrix and MeSH terms co-occurrence ma-
trix. Then, Graphical Clustering Toolkit (gCLUTO) software was employed to analyze the matrix by double-clus-
tering and visual analysis to detect the trends on the subject.

Results: Ninety high-frequency major MeSH terms were obtained from 4625 articles and divided into 5 clusters, and
we generated a visualized matrix and a mountain map. Strategic coordinates were established by the co-oc-
currence matrix of the MeSH terms based on the above classification, and the 5 clusters described above were
further divided into 7 topics. We classified the vitamin D-related diseases into 12 categories and analyzed their
distribution.

Conclusions: The analysis of strategic coordinates revealed that the epidemiological study of vitamin D deficiency and vita-
min D-related diseases is a hot research topic. The use of vitamin D in the prevention and treatment of some
diseases, especially diabetes, was found to have a significant potential future research value.
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Material and Methods

In recent years, the research interest in studies of vitamin D
functions has considerably increased. The functions of this vi-
tamin are not limited only to its substantial skeletal effects,
but are also closely related to non-skeletal effects. A growing
body of literature has identified negative associations between
the level of 25-hydroxyvitamin D and the occurrence of vari-
ous diseases, such as obesity [1, 2], diabetes [3], thyroid dis-
ease [4], coronary heart disease [5], ischemic stroke [6], re-
spiratory tract diseases [7,8], neoplasms [9,10], Alzheimer’s
disease [11,12], gestational diseases [13], digestive system
diseases [14, 15], and skin diseases [16,17]. Vitamin D sup-
plementation decrease the occurrence/development of some
diseases, such as neoplasms [18-20], acute respiratory tract
infections [21], and premature infant recurrent wheezing [22].
But the beneficial effects of vitamin D supplements are still
controversial [23-26]. The widespread expression of vitamin D
receptor in various tissues of the body suggests its extensive
biological effects. Many studies have shown the extensive
role of vitamin D in skeletal and non-skeletal tissues [27-30].

Appropriate literature sources can be used in the application of
bibliometric methods and tools to judge the development sta-
tus of a discipline and predict its development prospects. Co-
word analysis is an important method of bibliometric analysis
that can identify trends and hot topics in a subject [31]. In a
document, if 2 subject words co-occur, they are considered as
likely to have potential relationships. Moreover, the frequent
co-occurrence of 2 subject words in an article indicates their
close relationship. Through the “relationship” between co-oc-
curring subject words, statistical methods, such as cluster and
factor analyses, can be applied for further analysis. More spe-
cifically, cluster analysis can be used to find the semantic rela-
tions of certain research topics. Compared with the traditional
clustering methods [32], double-clustering analysis simultane-
ously clusters rows and columns of a matrix, facilitating the
clustering of global information [33,34]. Additionally, double-
clustering simultaneously reduces the dimensions of the bi-
axial directions, requiring fewer parameters.

The number of publications in the PubMed database associated
with “Vitamin D” has increased over the years. These articles
contain a large amount of important experimental data, pop-
ulation epidemiological studies, randomized clinical trials, and
other important data resources. In this study, we conducted a
bibliometric analysis using a MeSH terms co-occurrence ma-
trix, established the strategic coordinates of vitamin D, and
explored the distribution of vitamin D-related diseases, trying
to assess the current status of research on vitamin D and pre-
dict its future development trends.

Data collection

The data used in this study were obtained from the PubMed
database, a comprehensive medical database developed and
operated by the National Biotechnology Information Center of
the United States. We used MeSH Major Topic (major) and time-
limited search strategies. Using the first search strategy, “vita-
min D”[major] AND (“2015/05/14”[PDAT]: “2018/05/14”[PDAT]),
on the search date 2018/05/14, we found 4625 related doc-
uments. The second search strategy, “vitamin D”[major] AND
(“2002/01/01” [PDAT]: “2005/01/01”[PDAT]), contributed to
the identification of 1938 related documents. The third search
strategy was “vitamin D”[major], and the relevant documents
were extracted year by year, from 1997 to 2017. The 3 groups
were downloaded and saved in XML format.

Data extraction and analysis

Data extraction and matrix construction were performed using
BICOMB software developed by Professor Cui of the China
Medical University and available freely online [35]. To explore
the research focused on vitamin D effects, after the data extrac-
tion, we found the most common major MeSH terms (Table 1).

Next, we used BICOMB to generate a MeSH terms-source ar-
ticle matrix — the source document set was the row, and the
high-frequency MeSH terms was the column (Table 2). We then
utilized gCLUTO 1.0 software — a Graphical Cluster Toolkit, de-
veloped by Rasmussen and Karypis of Minnesota University —
to perform double-cluster analysis on the MeSH terms-source
article matrix [36]. Referring to previous literature [37], we em-
ployed repeated bisection as the clustering method; cosine was
selected as the similarity function, and 12 was selected as the
clustering criterion function. To determine the optimum high-
frequency MeSH terms classification, we repeated the search
several times by selecting a different number of clusters. The
external similarity (ESim) and the internal similarity (ISim) were
used to optimize the results (Table 3). Further, we generated
a visualization MeSH terms-source article matrix and a high-
frequency MeSH terms mountain map. Based on the semantic
relations, we analyzed clusters keyword meaning and repre-
sentation of the article content to obtain the class of the hot
spot topic associated with vitamin D in each cluster.

Strategic coordinates

Co-occurrence analysis was used to understand and de-
scribe the relationship between the scientific topics identi-
fied. Additionally, we utilized Microsoft Excel to create a MeSH
terms co-occurrence matrix (Table 4) consisting of high-fre-
quency MeSH terms to calculate the intra-class link average
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Table 1. High-frequency major MeSH terms from the included publications on vitamin D (n=76 125).

No. MeSH terms Frequency n (%*) Cumulative percentage (%)
1 Humans 4094 (5.38) 5.38
"""" 2 Femae g @7 91
"""" 3 mae a9 @2 123
"""" 4 VitaminDblood 2087 @7 1509
5 Vitamin D/analogs and derivatives 613 @12 wa
"""" 6  Middleaged  1as (9% 1907
"""" 7 At s oqey  oam
"""" 8 Agd 1067 (4 2m
"""" 9 VitaminD deficency/blood 903 (1) 2370
""" 10 Dietarysupplements gy (13 2483
""" 1 Awmas g4 @ 292
""" 12 Youngadut e (8) 277
""" 13 Vitamin D/administration & dosage 641 (089 2761
""" 14 Adolesent s (79 283
""" 15 Riskfatos  s3 (@7 2000
""" 16 VitaminD deficiency/epidemiology 513 (e 2975
""" 17 Crosssectional studies 49 (0§ 3040
""" 18 Vitamin D deficiency/complications 490 (064 3105
""" 19 Vitamin D/therapeuticuse 481 (063 318
20 chd  m ©sn 32
21 Vitamin D/metabolism a1 (059 3279
22 Vitamin D deficiency/drug therapy 366 (048) 3327
23 Biomarkersbood 30 (04n) 3375
24 Agedsoandover 359 (a4 342
25 Prospectivestudies 353 (046 3468
26 Vitamin D/pharmacology 339 (048 3513
27 Teatmentoutome 33 (04) 355
28 Pregnany 317 (©4& 397
29 Casecontrolstudies 315 (04) 3638
30 Prevalence 305 (04  367m
31 Chidpreschodl 26 (3 3715
3 Cholecalciferol/administration and dosage 260 (035) 3750
33 Doubleblindmethod 268 (035 378
34 Vitamin D Deficiency/diagnosis 263 (035 3820
35 seasons 20 (03 3854
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Table 1 continued. High-frequency major MeSH terms from the included publications on vitamin D (n=76 125).

No. MeSH terms Frequency n (%*) Cumulative percentage (%)
36 Receptors, calcitriol/metabolism 259 (0.34) 38.88
37 Bodymassindex 23 (33 321
38 Parathyroid hormoneblood 22 (033 3954
39 cadfediolblood s (03 398
40 Vitamins/therapeuticuse 24 (03) 019
4@ Miee a1 ©3® w5
4 cadtiol/pharmacology 234 (©3) w081
a3 bt 230 @3 nn
44 Folowupstudies 23 (@29 sn3
45 Cohortstudes o2 (29 ner
46 Vitamins/administration and dosage 205 (027) snos
47 Receptors, calcitriol/genetics 96 (020 220
48 caldumblood 195 (20 nas
49 Doseresponse relationship, drug 189 (029 w0
50 Retrospective studies 180 (029 094
51 Timefatos 77 023 B
52 Cholecalciferol/therapeuticuse 72 023 320
53 nfantnewbom 61 Q2 Bel
54 oswnligt 155 (020 Bs1
55 Cholecalciferol/pharmacology 12 (020 mor
56 Severityofllnessindex 12 (020 mn
57 Vitamin D deficiency/prevention and control 12 (020 ma
58 Nuwitionalstaws 46 (019 se0
59 Ras 92 019 aa79
60 Dt 138 (018 aa97
61 logisticmodels 32 ©1) 514
62 VitamnD 31 Q1) 531
63 Vitamins/pharmacology 29 ©1) 548
64 Suveysand Questionnaies w7 o1 565
65 Cellscultured 122 ©1 g1
66 Calcitriol/analogs and derivatives 21 018 597
67 Agefactos 19 018 4613
68 Bonedensty s 015 628
69 Disease models, animal 4 Q1) 643
70 cellline tumor 4 Q1) 658
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Table 1 continued. High-frequency major MeSH terms from the included publications on vitamin D (n=76 125).

No. MeSH terms Frequency n (%*) Cumulative percentage (%)
71 Vitamins/blood 114 (0.15) 46.73
72 Randomized Controlled Trials as Topic 4 Q1) 688
73 Prognoss 14 015 03
74 polymorphism, single-nucleotide w2 o1y w7
75 ncidence 1o 01 w3z
76 VitaminD Deficiency/metabolism 1o 014 w46
77 oddsrato 04 Q19 w60
78 VitaminD Deficiency/etiology 02 013 w3
79 Unearmodels 01 013 w87
80 Multivariate analysis o1 013 800
e celllne % (13 813
8 CaldtrioVadministration and dosage o (012 825
83 Cadtrioltherapeuticuse o (©1 838
84 Ulavioletrays o (©1 850
85 Sexfatos o (©1) w62
86 VitaminD Deficiency/physiopathology o (©1 875
&7 nsulinresistance 92 (©01 w887
88 Dibetes Mellitus, Type 2blood 2 ©1 899
89 Calcum/metabolsm o ©1 11
90 BoneDensity/dmgeffets 90 (©012 2923

* Proportion of the frequency among 76 125 appearances.

Table 2. High-frequency major MeSH terms-source articles matrix (localized).

PMID of source article

Major MeSH terms

21642832 23109511 23784946

90 Bone Density/drug effects 0 0 0 0
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Table 3. Descriptive and discriminating features and representative articles.

Descriptive and discriminating features

Cluster O Size* 26 ISim 0.246 ESim 0.084

Discriminating 25901090 26184826 28882871 26009498

ISim — Internal Similarity; ESim — External Similarity. * Size: number of cluster objects; ** PubMed Unique Identifiers of literature.
Table 4. A co-word matrix of high-frequency major MeSH terms (localized).

No. Major MeSH terms Humans Female Bone density/drug effects

1 Humans 4094 2703 78

Average 85.97 26.19
. - . e Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
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Figure 1. Changes in the number of vitamin D-related papers (A) and

and the inter-class link average to calculate the centrality and
density (Table 5). Two-dimensional coordinates with centrality
and density were employed as parameters to construct a graph
describing the internal integrity of certain topics and their in-
teraction with other disciplines.

Results

Growth of the papers and journals

“Vitamin D” [major] was retrieved from the PubMed data-
base and 16,678 articles were extracted from 1997/01/01 to
2017/12/31. We used BICOMB software to extract the num-
ber of papers and the number of journals year by year, and
then statistical analyses were conducted. An explosive growth
has been observed in the number of the research papers in
the past 10 years (Figure 1A), and the number of journals has
also grown rapidly (Figure 1B).

Trends in research on vitamin D

“Vitamin D” [major] was retrieved from the PubMed data-
base, and 4625 documents were found to be released from
2015/05/14 to 2018/05/14. BICOMB software was employed
to extract a total number of 11 961 MeSH terms with a cumu-
lative frequency of 76 125 times from 4625 articles. Referring
to the definition of the H index, proposed by the American
physicist J. E. Hirsch in 2005, we considered the subject whose
frequency was greater than its rank to be the high-frequency
MeSH terms. In the topic word list, the top 90 were selected
as high-frequency MeSH terms, and the cumulative percent-
age of the frequencies appearing in the literature was 49.23%
(37 473/76 125) (Table 1). Based on the co-occurrence of these
high-frequency words in an article, we established a MeSH
terms-source article matrix. The number “1” in the cell indi-
cates that the word appeared in the article, and “0” indicates

journals (B) from 1997 to 2017.

that it did not appear. Then, we established a MeSH terms co-
occurrence matrix in which numbers represented the number
of co-occurrences between the 2 words (Table 4).

We used the gCLUTO software to perform bi-cluster analysis
on the MeSH terms-source article matrix derived from the
BICOMB software. The 90 high-frequency MeSH terms were
divided into 5 clusters, and then a visualization matrix and a
mountain map were generated. In the visualization matrix,
the colors represent the values in the original data matrix. The
gCLUTO is represented in white when close to zero, whereas
the progressively deeper red indicates a larger value. The rows
of the matrix were rearranged so that the same type of MeSH
terms is lined up together, and the black horizontal lines sep-
arate the clusters. A heat map of the double-cluster visual-
ization is illustrated in Figure 2 shows, where the hierarchical
tree on the left describes the relationship between these high-
frequency MeSH terms, and the top-level hierarchical tree de-
notes the relationship between the articles. This image rep-
resents the semantic relationship between MeSH terms and
articles used to identify and summarize topics for each clus-
ter (Table 3). In Figure 3, the 90 high-frequency MeSH terms
displayed by the visualization matrix are clustered in peaks
that represent 5 clusters numbered from O to 4. The distance
between peaks, the volume, height, and color of the peak are
all used to describe the information of the associated cluster
under the preset conditions. The distance between peaks indi-
cates the relative similarity of the clusters. The height of each
peak is proportional to the internal similarity of the cluster.
Furthermore, the volume of the peak is proportional to the
number of the major MeSH terms in each cluster. The color of
the peak domain indicates the standard deviation within the
cluster’s objects, the red indicates low deviation, and the blue
shows high deviation.

In addition, according to the connotation of the major MeSH
terms and the semantic relationship between them, and the
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Figure 2. Visualized matrix of bi-clustering of highly frequent major MeSH terms and PubMed Unique Identifiers (PMIDs) of articles on
vitamin D. The rows represent the high-frequency major MeSH terms, listed on the right. The bottom of the matrix shows the
PMID for each source article.
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Figure 3. Mountain visualization of bi-clustering of highly frequent major MeSH terms and articles on vitamin D. The 90 high-
frequency terms, listed on the right, are clustered in peaks that represent 5 clusters numbered from 0 to 4.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




Yang A. et al.:
Identification of recent research trends on vitamin D
© Med Sci Monit, 2019; 25: 643-655

@ (luster0 20 = .
@ C(luster1 g
(=)
© C(luster2
® Cluster2 100
Cluster 4
Centrality
-20 -10 10 20
() ) )
-100 ]

Figure 4. Strategic diagram of the clusters.

representative literature in each major cluster (Table 3), some

major clusters were sub-divided into smaller topics. We divided

the 90 high-frequency MeSH terms in the studies of vitamin

D in the past 3 years into 5 clusters and further sub-divided

them into the following 7 topics:

1. Epidemiological investigation of vitamin D deficiency in the
population (cluster 0);

2. Epidemiological studies of vitamin D-related diseases (clus-
ter 0);

3. Vitamin D metabolism, genetics, and pharmacological mech-
anisms (cluster 1);

4. Pharmacological and therapeutic effects of calcitriol and its

analogs (cluster 1);

.Vitamin D prevention- and treatment-related diseases, in-
cluding vitamin D deficiency, diabetes, osteoporosis (clus-
ter 2);

6. Reasons and prevention of vitamin D deficiency in the pop-
ulation (pregnant women, infants, children, etc.), including
sunlight, diet (cluster 3);

7. Population blood vitamin D levels as biomarkers for diag-
nosing and predicting diseases (cluster 4).

(%2l

We established topic strategic coordinates (Figure 4) based on
the double-clustering results and the MeSH terms co-occur-
rence matrix. The horizontal axis of the strategic coordinates
represents the centrality, and the vertical axis represents the
density. Centrality measures the degree of closeness between
each cluster of MeSH terms and other clusters of MeSH terms
and expresses the degree of interaction between a subject area
and other subject areas. Density is the degree of closeness of
the MeSH terms within each cluster and indicates the ability
of the class to maintain itself and develop itself. As show in
Figure 4, cluster 0 is in the first quadrant; cluster 1 and clus-
ter 3 are located in the third quadrant; cluster 2 and cluster 4
are in the fourth quadrant.

META-ANALYSIS

Distribution of vitamin D-related diseases

In addition to the above analysis, we retrieved 1,938 arti-
cles using “vitamin D” [major] AND (“2002/01/01” [PDAT]:
“2005/01/01” [PDAT]), excluding literature reviews, comments,
letters, guidelines, and conference discussions. Altogether, a
total number of 707 articles of vitamin D-related diseases were
screened. Similarly, we selected 2351 literature sources pub-
lished from 2015 to 2018 reporting vitamin D-related diseases.
We then classified the selected literature by disease types and
attempted to explore the distribution of vitamin D-related dis-
eases and the status of certain disease subgroups. Two re-
searchers independently reviewed and evaluated the stud-
ies and reached consensus on the inclusion for analysis. The
concordance rate between them was 0.90, indicating a strong
agreement. With reference to the International Classification
of Diseases (ICD-10), we classified the selected diseases into
the following categories:

1. Endocrine and metabolic system diseases such as thy-
roid disease, diabetes mellitus, obesity, polycystic ovary
syndrome;

2. Musculoskeletal diseases: osteoporosis, fractures, osteo-
arthritis, muscle strength, rickets, etc,;

3. Neoplasms such as breast neoplasms, colorectal neoplasms,
skin neoplasms, prostate neoplasms, leukemia;

4. Neuropsychological diseases such as multiple sclerosis,
Alzheimer’s disease, cognitive decline, mood disorders;

5. Gestational diseases such as gestational diabetes, preg-
nancy-induced hypertension, pregnancy and offspring dis-
ease risk;

6. Infections such as non-specific infections, hepatitis B, hep-
atitis C, tuberculosis;

7. Urologic diseases such as uremia, acute kidney injury, be-
nign prostatic hyperplasia;

8. Circulation system diseases such as myocardial infarction,
coronary heart disease, hypertension, atherosclerosis, ce-
rebral hemorrhage, cerebral infarction;

9. Digestive system diseases such as inflammatory bowel dis-
ease, pancreatitis, non-alcoholic fatty liver, liver cirrhosis;

10. Respiratory tract diseases such as asthma, bronchiectasis,
sleep apnea-hypopnea syndrome, chronic obstructive pul-
monary disease;

11.Skin diseases such as psoriasis, keratoses, atopic derma-
titis, vitiligo, alopecia;

12. Other diseases.

As can be seen in Figure 5A, the cumulative proportion of the
musculoskeletal diseases, neoplasms, skin diseases, endocrine
and metabolic system diseases, and urologic diseases was
90.7%. The cumulative proportion of musculoskeletal diseases
and neoplasms was 59.3%. As shown in Figure 5B, the cumula-
tive number of the 11 listed diseases accounted for 90.6%. We
found that in the category of endocrine and metabolic system
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Figure 5. Vitamin D-related disease distribution from 2002 to 2005 (A) and from 2015 to 2018 (B). The numbers of publications are

707 (A) and 2351 (B), respectively.

diseases the following diseases were prevalent: diabetes mel-
litus, obesity, thyroid disease, and polycystic ovary syndrome.
Their cumulative proportion was 92.1%, of which diabetes mel-
litus accounted for 50.5% (Figure 6A). The cumulative number
of tumor subtypes listed in the neoplasm category accounted
for 90.1% of the tumor-related literature (Figure 6B).

Discussion

In the past 10 years, an explosive growth has been observed
in the volume of the research literature on vitamin D, and the
number of journals has also grown rapidly (Figure 1), indicating
that increasingly more researchers have begun to pay atten-
tion to and study vitamin D effects on humans in recent years.

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

To analyze the literature related to vitamin D that had been
published in the past 3 years, we used BICOMB software to
extract the MeSH terms-source article matrix and MeSH terms
co-occurrence matrix. Additionally, we applied gCLUTO soft-
ware to perform double-cluster analysis to obtain 5 major
clusters, which were further sub-divided into 7 topics. Then,
based on the double-clustering results and the MeSH terms
co-occurrence matrix, topic strategic coordinates were estab-
lished. As can be seen from Figure 4, cluster 0 is in the first
quadrant and has high centrality and density, indicating the
topics 1 and 2 are in the mature and core areas, and they
are the most popular trends in vitamin D research. Cluster 1
and cluster 3 are located in the third quadrant, indicating the
topics 3, 4, and 6 are located in the relatively cold marginal
and immature regions.
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Figure 6. Vitamin D-related endocrine and metabolic system diseases (A) and neoplasms (B) distribution (2015-2018). The number of

publications is 406 (A) and 242 (B), respectively.

Clusters 2 and 4 are in the fourth quadrant, and, although
the 2 topics have low densities, they have high centrality,
suggesting that the internal trends cannot be self-contained,
in combination with other types of research topics. However,
the subject of this study is still in its infancy and has huge
potential for development and substantial importance in re-
search on vitamin D. Among the 2 topics mentioned above,
cluster 2 has greater centrality than cluster 4, indicating that
the former has a closer interaction with other research topics
and has a greater potential for research.

We analyzed the distribution of vitamin D-related diseases from
2002 to 2005 and from 2015 to 2018. As shown in Figure 5, a
relative reduction from 36.1% to 14.0% was observed for this
period in the number of studies on musculoskeletal diseases.

The subject of vitamin D-related diseases has undergone dras-
tic changes and has changed from effects on skeletal to non-
skeletal tissues over the last decade. Over the past 3 years,
the cumulative proportion of the endocrine and metabolic sys-
tem diseases, musculoskeletal diseases, neoplasms, and neu-
ropsychological diseases is 50.4% and has become a subject
of increased research interest for investigations of vitamin
D-related diseases, suggesting that these 4 types of diseases
are more closely associated with vitamin D. In the category
of endocrine and metabolic system diseases, the proportion
of diabetes mellitus was 50.5% (Figure 6), and in all vitamin
D-related diseases, the frequency of diabetes mellitus is sec-
ond only to bone diseases, indicating that diabetes mellitus has
a great potential correlation with vitamin D. In the neoplasm
category, the cumulative proportion of breast, colorectal, and

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




META-ANALYSIS

skin neoplasms was 51.2%, meaning it had become a popular
subject of studies in the field of vitamin D-related neoplasms.
As show in Figure 5, the range of vitamin D-related diseases
significantly increased between 2015 and 2018, and neuro-
psychological, circulation system, and gestational diseases, as
well as infections and respiratory tract and digestive system
diseases, have become new research trends.

The hot and the unpopular topics are constantly evolving. As
the epidemiological studies of “vitamin D deficiency” and “ as-
sociation of vitamin D with various diseases” have increased
dramatically and the research in this area has matured, use of
vitamin D for prevention or treatment might have increasingly
started to attract the attention of researchers. According to the
distribution of the vitamin D-related diseases and strategic co-
ordinates established in our examination, we speculate that
vitamin D has important potential research value in the pre-
vention and treatment of some diseases, especially diabetes
mellitus. In addition, with the increasing body of research on
the correlation between vitamin D and diseases, and the pre-
vention or treatment of diseases by vitamin D administration,
research on the molecular mechanisms and signaling pathways
of vitamin D may gradually increase and deepen; related re-
views have already appeared [27-29]. In a recent study, sci-
entists found a new mechanism of interaction between vita-
min D receptors and chromatin-associated proteins [38], which
may lead to more explorations of the molecular mechanisms
of vitamin D action.

Due to limitations in research methods, this study might have
overlooked some of the emerging fields of research with high
potential, such as molecular pathological epidemiology (MPE).
MPE is a discipline combining epidemiology and pathology,
whose approach associates potential risk factors with molec-
ular disease pathology [39]. A major value of MPE resides in
the better definition of phenotype that it provides, which can
improve our understanding of disease etiology from host sus-
ceptibility and exposures [40]. MPE will not only enhance our
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understanding of the pathophysiological roles of the interac-
tions among the environment, host, and tumor, but also pro-
mote the development of preventive and therapeutic strat-
egies for precision medicine [41]. The approach of MPE will
possibly play an important role in vitamin D-related studies.

The co-word clustering analysis of high-frequency MeSH terms
is a new method of analysis, and there still may be some de-
gree of prejudice that prevents researchers from choosing
vocabulary when writing. Due to the smart limitations in the
PubMed database retrieval system and the absence of other
database retrieval results, the data set in the present study
may be incomplete. In addition, the quality of the articles in
the PubMed database is not uniform and some deviations
might exist in the results of the research.

Conclusions

In this study, we summarized 5 categories and 7 popular trends
for vitamin D research. We found that the population epide-
miology study of vitamin D deficiency and vitamin D-related
diseases has attracted extensive and active research interest.
The use of vitamin D in the prevention and treatment of some
diseases, especially diabetes, was found to have a significant
potential future research value.
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