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Using the alluvial plot to visualize the network 
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Abstract 
Background: Attention-deficit/hyperactivity disorder (ADHD) is a common neuro developmental disorder that affects children 
and adolescents. It is estimated that the prevalence of ADHD is 7.2% throughout the world. There have been a number of articles 
published in the literature related to ADHD. However, it remains unclear which countries, journals, subject categories, and articles have 
the greatest influence. The purpose of this study was to display influential entities in 100 top-cited ADHD-related articles (T100ADHD) 
on an alluvial plot and apply alluvial to better understand the network characteristics of T100ADHD across entities.

Methods: Using the PubMed and Web of Science (WoS) databases, T100ADHD data since 2011 were downloaded. The 
dominant entities were compared using alluvial plots based on citation analysis. Based on medical subject headings (MeSH terms) 
and research areas extracted from PubMed and WoS, social network analysis (SNA) was performed to classify subject categories. 
To examine the difference in article citations among subject categories and the predictive power of MeSH terms on article citations 
in T100ADHD, one-way analysis of variance and regression analysis were used.

Results: The top 3 countries (the United States, the United Kingdom, and the Netherlands) accounted for 75% of T100ADHD. 
The most citations per article were earned by Brazil (=415.33). The overall impact factor (IF = citations per 100) of the T100ADHD 
series is 188.24. The most cited article was written by Polanczyk et al from Brazil, with 772 citations since 2014. The majority of 
the articles were published and cited in Biol Psychiatry (13%; IF = 174.15). The SNA was used to categorize 6 subject areas. On 
the alluvial plots, T100ADHD’s network characteristics were successfully displayed. There was no difference in article citations 
among subject categories (F = 1.19, P = .320). The most frequently occurring MeSH terms were physiopathology, diagnosis, 
and epidemiology. A significant correlation was observed between MeSH terms and the number of article citations (F = 25.36; 
P < .001).

Conclusion: Drawing the alluvial plot to display network characteristics in T100ADHD was a breakthrough. Article subject 
categories can be classified using MeSH terms to predict T100ADHD citations. Bibliometric analyses of 100 top-cited articles can 
be conducted in the future.

Abbreviations: ADHD = attention-deficit/hyperactivity disorder, CC = correlation coefficient, CD = centrality degree, IBP = 
impact beam plot, IF = impact factor, MeSH = medical subject heading, SNA = social network analysis, WoS = web of science.

Keywords: ADHD, alluvial plot, bibliometric, citation analysis, medical subject heading, PubMed, social network analysis, web of 
science

1. Introduction

An overview of the data visualization highlights the impor-
tance and generalizability of the research.[1–3] In Sankey flow 

diagrams, named after Captain Matthew Sankey, the move-
ment or change from 1 state to another (or 1 time to another) 
is emphasized.[4,5] Physics, economics, and business frequently 
use Sankey diagrams to analyze complex multistep processes.[6] 
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However, Sankey diagrams have a limited presence in health-
care literature since the creation of a Sankey may require special 
software or advanced programming skills.[2,7] We are interested 
in using these methods (e.g., programming skills combined 
with Sankey software) to improve the visualization of data in 
bibliometric analyses.[8,9] The network characteristics of 100 
top-cited articles on attention-deficit/hyperactivity disorder 
(T100ADHD) were illustrated using a visualization technique 
(such as Sankey/alluvial diagrams, stacked bar charts, and par-
allel sets).[10]

1.1. ADHD with a prevalence of 7.2%

Attention-deficit/hyperactivity disorder (ADHD) is a behavioral 
and neurodevelopmental disorder characterized by inatten-
tion, hyperactivity, and impulsivity in children or early adoles-
cents.[11–13] The prevalence of ADHD worldwide is estimated at 
7.2%,[14] affecting approximately 5% of children and 2.5% of 
adults.[15,16] A survey used the combination of parent and self-re-
ports from rating scales (using an or rule and a norm-based 
threshold of 4 symptoms threshold) and reported that 60% of 
the ADHD group demonstrated symptom persistence as adults, 
and 41% met both symptom and impairment criteria.[17] Males 
are more likely to suffer from ADHD than females, with a ratio 
of 3:1 to 5:1.[18,19]

A multifactorial disorder of ADHD with a genetic component 
can be recognized from its complex clinical symptomatology.[20] 
ADHD symptoms vary throughout life, with younger children 
displaying more inattention, hyperactivity, and impulsivity than 
adolescents and adults.[21] Through academic research, numer-
ous technical and methodological advances have been made 
available for clinicians and researchers to better understand 
ADHD and its etiology. Although a majority of published arti-
cles have investigated the pathophysiology of ADHD in the 
literature, the characteristics of ADHD remain unclear for com-
plex psychiatric disorders,[22] and a broad overview of ADHD 
on topical entities in development and evolution over the past 
years is difficult.

1.2. Bibliographical studies on ADHD

Bibliometric analysis allows documents to be grouped by theme 
(e.g., ADHD) on the basis of a topical entity (e.g., author or affil-
iated country) and a feature (e.g., citations and publications). 
However, only 2 articles[20,23] were directly related to ADHD in 
PubMed when searching for the keywords ADHD and (biblio-
metric medical subject heading [MeSH Major Topic]). A com-
mon drawback of traditional bibliometric analyses[23–28] is the 
accumulation of too much tedious information (e.g., 15 tables 
in this study[4]) that makes it difficult to focus on the major 
points. The readers will be interested in taking a quick look at a 
few pictures, since nearly everyone enjoys reading photographs.

It is said that a look is worth a thousand words and quite 
a few numbers as well.[29] Until recently, such illustrations – 
Sankey diagrams and alluvial plots – could be constructed by 
piecing them together in a drawing program.[30] The motivation 
of this study is to provide a method of visualizing the network 
characteristics of T100ADHD.

1.3. Alluvial versus Sankey diagrams

1.3.1. Brief overview of the Sankey flow diagram.  Flow 
diagrams depict paths between related events (i.e., states, 
positions, or steps).[31] In a Sankey diagram, nodes represent 
entities, and arcs represent relationships. During transitions, 
each arc flows from its source node to its target node(s),[2] in 
contrast to a stacked bar chart that focuses solely on proportional 
changes in values across nodes (or entities).

To construct the Sankey network, we follow a series of steps: 
occasion levels (i.e., time points) and values on axes × and y; 
nodes with weights (e.g., A→B 30 as expressed in social net-
work analysis (SNA)[32]). The size of each node and the width of 
each arc represent the number of objects/members (or weights 
as defined in bibliometrics[33]), indicating the magnitude of the 
flow.[5] In a stacked bar chart, the nodes are only stacked verti-
cally and organized by steps on the x-axis in contrast to the allu-
vial plot,[34] which illustrates how a population of facts (e.g., the 
number of articles or citations) is allocated across categorical 
dimensions on the x-axis; left/right position is unimportant; and 
dimensions (e.g., years, countries of origin, research categories, 
document types, publishing journals, etc, in bibliometrics) may 
be arranged in any order.

1.3.2. Harder to draw the alluvial plot in bibliometrics.  Using 
the same logic of the Sankey diagram, alluvial plots[35] illustrate 
how the same set of items (called entities in this study) regroup 
according to a variety of dimensions (e.g., years, countries of 
origin, research categories, document types, and publishing 
journals in bibliometrics). As a result, the alluvial plot is more 
difficult to draw for bibliometric analysis than the Sankey plot 
because the weights on arcs and nodes in SNA equal the number 
of publications (or citations),[33] and flows between dimensions 
on the x-axis backward extracted from the SNA[32] instead of the 
step-by-step process in a forward approach; and Sankey places 
nodes more freely than the alluvial, which requires their nodes 
to be aligned and vertically matched to the respective dimension 
on the x-axis and cannot be randomly placed.

Alluvial plots are types of Sankey diagrams that illustrate 
how items regroup on a visual representation.[36] The 2 terms 
are thus often used interchangeably in practice, but in this study, 
we refer to the alluvial as dimensions rather than paths between 
related events (e.g., steps).

1.4. Study aims

In this study, we will demonstrate how to quickly draw the allu-
vial used for bibliometric analysis and use the alluvial to obtain 
a better understanding of network characteristics among enti-
ties of interest in T100ADHD.

2. Methods

2.1. Data source

The data were arranged in 2 steps. First, the authors searched 
the PubMed database using the keywords (“2011” [Date - 
Publication]: “2021” [Date - Publication]) and (ADHD) AND 
(MeSH Major Topic) as of March 12, 2022 and matched it with 
the number of citations in Web of Science (WoS). The relevant 
metadata (e.g., years, countries of origin, research categories, 

Key Points:

	•	 An alluvial plot was drawn to illustrate the network 
characteristics of T100ADHD, which is novel and 
contemporary.

	•	 Bibliometric studies can benefit from the method of 
drawing the alluvial that is demonstrated in detail 
with an MP4 video.

	•	 This study introduces an additional visualization, the 
impact beam plot (IBP). Online IBP was demonstrated 
to be effective and worthy of future studies to high-
light the most influential articles with a quick glance 
at a picture.
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document types, publishing journals, [MeSH] terms) were col-
lected in T100ADHD.[37]

Second, based on the article metadata, 3 components were 
included: descriptive statistics in traditional bibliometrics, visu-
alizations using the alluvial to display all relevant entities and 
their associations, and inferring statistics regarding the predic-
tion of article citations using MeSH weights.

This study does not require ethical approval since all data 
were obtained from a publicly available database.

2.2. Weights equal to article numbers and citations in SNA

2.2.1. All weights equal to article number.  Since all elements 
of entities (such as years, countries of origin, research categories, 
document types, publishing journals, etc) in articles have equal 
weights, it was determined that the number of connections for a 
specific element in an article could be computed (e.g., CWi = 1

L , 
and CWi = citations× 1

L for publications and citations, 
respectively, where L is the number of elements in an article, and 
CWi is the weighted counts or citations for entity (i). As shown 
in Equation 1, the equal weight (Wi) is equal to 1. The weighted 
centrality degree (CD) was calculated using Equation 1. Each 
element defined as a node in SNA earns a WCD. The CD for a 
given element is determined by adding the weights of all articles 
from 1 to n, where n denotes the sample size. Therefore, a 
particular adjustment is required to make all WCDs in Equation 
2 equal the number of articles via Equations 1 to 3.[31]

Wi =
1
L
,
(1)

WCD in an article = (
L−1∑
i=1

L∑
j=i+1

(Wi +Wj))÷ (L− 1)

= 2×Wi × L×(L−1)
2 ÷ (L− 1)

= 2× 1
L × L×(L−1)

2 ÷ (L− 1) = 1,(2)

where L is the number of cooccurring elements of entities 
(e.g., countries or MeSH terms). In an article byline, Wi rep-
resents the equal weight given to each entity; see Equation 1. 
Therefore, WCD is the weighted CD. According to Equation 
2, Wi equals Wj. All entities in an article have a WCD of 1.0. 
The total WCD is equal to the number of articles, as opposed 
to the traditional SNA, which ignores the WCD equal to the 
number of articles.

For instance, there are 2 MeSH terms A and B in an arti-
cle. The WCD = 2× 1

2 × 2×(2−1)
2 ÷ (2− 1) = 1. Similarly, 

WCD equals 1 if L is >2. The WCD for a specific MeSH term 
(or other entity) k is the summation of Wi in all articles in 
Equation 3.

WCDk =
n∑
j=1

Wj,
(3)

Herein, n equals 100 in this study. A bubble in SNA is sized 
by the WCD.

2.2.2. All citation weights equal to article number multiplied 
by citations.  If article citations (denoted by IF) were taken 
into account, the weights of a specific entity (e.g., WCD in Eq. 
2) would be combined with IF to compute the IFWCDk via 
Equations 4 and 5.

IFWCD in an article = IF× (
L−1∑
i=1

L∑
L=i+1

(Wi +WL))÷ (L− 1)

= IF× 2×Wi × L×(L−1)
2 ÷ (L− 1)

= IF× 2× 1
L × L×(L−1)

2 ÷ (L− 1) = IF,

(4)

IFWCDk = (
n∑
j=1

IFWCDj)÷ WCDk,
(5)

Citations =
n∑

k=1

IFWCDk,
(6)

where IFWCDkis the mean IF of entity k. All citations in 
articles are composed of individual IFWCDkin Equation 6. 
Accordingly, the bubble can be sized by the IFWCDkfor each 
entity.

2.2.3. Examples illustrated in various scenarios.  Supplemental 
Digital Contents 1, http://links.lww.com/MD/H363 and 2, 
http://links.lww.com/MD/H364 provide detailed information 
regarding the weight settings for each cell in the MSExcel 
worksheet. When the trend is known for each entity in the row, 
the weights for each element in the cells are different due to 
different observed counts (=weights set in the cells). With the 
Sankey software shown in Section 2.4, a trend-type alluvial plot 
can be obtained using the scheme expressed in Supplemental 
Digital Content 2, http://links.lww.com/MD/H364.

2.3. Taking publications and citations into account using 
the ht-index

As a bibliometric indicator, the hT index[38,39] is calculated using 
Equations 7 to 9. A vector of citations (e.g.,[1,2,4,6] in descending 
order in 5 articles) is used to calculate the hT-index = 4.03. The 
hT index in the most cited paper with n1 citations is calculated 
by summing all weights from the starting 1 to the following of 
1

2i−1via Equation 7, where i is from 1 to n1.

hT(top 1) =

n1∑
i=1

1
2i− 1

,
(7)

According to Equation 8, the starting weight for the top-cited 
paper is assigned by 1.0. This results in a sum of 2.13 for 10 
citations, 3.28 for 100 citations, 4.44 for 1000 citations, and 
5.59 for 10,000 citations.[40]

Weight(top j) =
1

2j− 1
, nj ≤ j

(8)

hT( j) =
j

2j− 1
+

n1∑
i=1

1
2i− 1

, nj > j
(9)

There are 2 characteristics of the hT index: the h-core[41] 
articles are identical to those in the hT core, and the con-
tribution of the h-core is unchanged in the hT core Durfee 
square.[38,39]

The hT score for any single paper ranked j in the list (with 
nj citations) is denoted as hT(j) in Equation 9 if the author has 
N papers with associated citations n1, n2, n3..., nN (ranked 
in descending order). As a result, the hT-index for all the cited 
papers is calculated by summing all the weights (allocated in 
Eqs. 7–9) through equation 10. 

hT =
N∑
j=1

hT( j),
(10)

2.4. How to draw the alluvial plot

2.4.1. A single example.  We assume that 3 countries, the US, 
China, and the UK, with articles published in 2 years, 2021 and 
2022, are linked by the terms (2021 7 US), (2021 6 China), (2022 2 
US), (2022 9 UK), and (2022 4 China). There are some connections 

http://links.lww.com/MD/H363
http://links.lww.com/MD/H364
http://links.lww.com/MD/H364
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that are stronger than others. Figure 1 shows that 2022 has a thin 
connection with the US and a much thicker connection with the UK.

2.4.2. A multilevel alluvial plot.  A multilevel alluvial plot with 
4 dimensions, composed of entities (i.e., countries), is illustrated 
in Panel B of Figure 1, in contrast to Panel C of Figure 1, which 
shows various entities across 4 dimensions.

2.4.2.1. Publication-based alluvia diagram.  Based on article 
numbers, an alluvial plot was drawn as follows (see MP4 video 
at the link[42]):

	 (i)	  In Alluvia, various entities are used to display dimensions 
on the x-axis.

	 (ii)	 Assign a weight (e.g., 1 and ci for publication/cita-
tion-based the alluvial) to each T100ADHD.

Figure 1.  How to draw the alluvial plot (From a simple relationship between entities to an multiply relationship with author collaborations, the relationship is 
assessed using the SNA, and the centrality coefficients between entities are computed. The values of nodes and edges are consistently in the alluvial plot via 
an algorithm to fit the format and requirement from the software).
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	 (iii)	  Calculate weights for each element among entities 
using the SNA (e.g., the US to China with 0.3 and the US to 
Medicine with 0.2).

	 (iv)	  Convert the weights of arcs into composite scores of 
nodes so that all weights and composite scores are equal to 
100 (i.e., 100 articles in T100ADHD if publication-based the 
alluvial is applied).

	 (v)	 Make the codes conform to the format of the software.[43]

	 (vi)	  The codes generated in Step (v) should be pasted into 
the software[43] to draw the alluvial.

2.4.2.2. Citation-based alluvial plot.  As in Steps in publication-
based alluvial, the article weight = 1 to T100ADHD is replaced 
with their respective citations (see MP4 video at the link[42]), and 
the citation-based alluvial can be produced.

2.4.2.3. The ht-based alluvial plot.  Each hT for each element in 
entities was calculated using Equations 4 to 6. By using Step(iv) 
in Section 2.4.2.1, the hTs were backward transformed into arcs 
between elements within entities. An hT-based alluvial can thus 
be made for T100ADHD.

2.5. Data presentations using tables and figures

2.5.1. Overall descriptions of T100ADHD.  An overview of 
countries in the T100ADHD was made in a table. Journals 
with the number of articles and citations are represented on 
a scatter plot. Based on normalized citations for each article, 
the T100ADHDs have been dotted on the impact beam plot 
(IBP)[44,45] to illustrate the article impact from 0 to 100 by year. 
According to the online technique,[46] the overall hT-index and 
the h-index[41] were compared with the median score on the IBP.

2.5.2. Visualizations using the alluvial plots.  SNA was used to 
cluster article subject categories (based on research areas in WoS 
and MeSH terms in PubMed). As described in Section 2.4.2, 3 
alluvial plots were drawn.

2.5.3. Comparison and prediction in article citations.  To 
determine whether article citations differed between subject 
categories, a one-way analysis of variance was conducted. Article 
citations were converted into log(citation) because hTs are not 
normally distributed. We computed the impacts (IFs) of MeSH 
terms using Equation 6. The WCDs derived from MeSH weights 
were used to predict the original article citations. We used the 
correlation coefficient (CC) and the regression coefficient Rsq 
(= CC× CCdenoted by variance explained by the model) as 
measures of the relationship between the WCD of MeSH terms 
and the number of article citations.[19,31]

2.6. Statistics and tools

To present the research results in this study, a dashboard was 
developed. Except for the alluvial plots, all graphs are presented 
using author-made modules in Excel (Microsoft Corp.). HTML 
pages based on Google Maps were created.

The CC t  value was denoted by the formula 
(= CC×

»
n−2

1−CC×CC ). We set the significance level at Type I 
error (0.05). Using MedCalc statistical software, version 9.5.0.0 
(MedCalc, New York, NY), a prediction equation was devel-
oped. We set the significance level at Type I error (0.05).

We used the scatter plot to illustrate the relationship between 
{article citations, MeSH weights} and {publications and cita-
tions of journals} in T100ADHD. It is possible to link all rel-
evant information on the entity attributes to dashboards on 
Google Maps. BibExce software is used to create the dashboard 
for Google Maps.[47] In Supplemental Digital Content 1, http://

links.lww.com/MD/H363, the MSExcel module used to draw 
the alluvial plot can be found.

3. Results

3.1. Overall descriptions of T100ADHD

The top 3 countries (the United States, the United Kingdom, and 
the Netherlands) accounted for 75% of all T100ADHD cases. 
Brazil was the country with the highest number of citations per 
article (=415.33). As shown in Table 1, the overall impact factor 
(IF =citations/100) is 188.24.

IBP for T100ADHD indicates that the top-cited arti-
cle authored by Polanczyk et al from Brazil in 2014 has 772 
citations in WoS.[48] As soon as the dot on the far right side of 
Figure 2 is clicked (or linked to the link[37]), an abstract with 375 
citations (up to March 23, 2022) appears on PubMed, which is 
significantly lower than that on WoS (=772). T100ADHD has 
an h-index of 105 and an hT-index of 126.5.

In the future, these metrics may be compared to those of other 
100 top-cited articles. There are only 11 articles (red dots in 
Fig. 2) that are clinical research, which is much lower than the 
number of nonclinical articles (=89) in T100ADHD. With the IBP, 
we can quickly see the T100ADHD, which has never been seen in 
bibliometric studies regarding studies on the T100 cited articles. 
According to the scatter plot in Figure 3, the majority of articles 
were published and cited in Biol Psychiatry (13%; IF = 174.15).

3.2. Visualizations using the alluvial plots

The visualization in Figure  4 shows that 7 subject categories 
were classified using the SNA (Fig. 4), including Neurosciences 
& Neurology (24%), Psychiatry (12%), Psychology (18%), 
genomics (17%), Pediatrics (19%), Epidemiology (8%), and 
Radiology, Nuclear Medicine & Medical Imaging (2%).

As shown in Figures  5 to 7, their publications, citations, 
and hT-indices are presented based on 5 dimensions, respec-
tively. There are larger blocks with greater weights, such as 
journal articles, the US, Neurosciences & Neurology, and Biol 
Psychiatry.

Figures 5 and 7 illustrate the block areas for articles, cita-
tions, and HT-indices, respectively, in useful presentations. In 
general, 15 tables or figures are requested to display informa-
tion on 5 dimensions (i.e., years, countries, research catego-
ries, document types, and journals in rankings) in traditional 
bibliometrics.

Alluvial plots only display a partial relationship between 
dimensions (e.g., including years, journals, subject categories, 
countries of origin, excluding articles) rather than the entire 
relationship between elements in all entities.

3.3. Comparison and prediction in article citations

Among the subject categories of T100ADHD, there was 
no difference in the number of article citations (F = 1.19, 
P = .320). Based on the scheme of equal weight in articles, 
MeSH terms are evident in the predictive power of article cita-
tion number (CC = 0.45, t = 5.04; n = 100, Rsq = 0.21, i.e., 
the variance explained by the model) after being associated 
with article citations based on the MeSH weights. As a result, 
the regression equation is as follows: article citation (y) = y 
= -0.06860 + 1.1443 × weight (x) of MeSH terms. According 
to Figure 8, the slope coefficient was statistically significant 
(F = 25.36; p.001).

3.4. Online dashboards shown on google maps

Upon clicking the QR code (e.g., Figs.  2–4 and 8), all dash-
boards in graphs will appear/readers are advised to examine the 

http://links.lww.com/MD/H363
http://links.lww.com/MD/H363
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details of each entity. For instance, when the bubble of interest 
is clicked in Figures 2 and 8, the article is immediately displayed 
on the website. When the bubble in Figures 3 and 4 is clicked, 
the information associated with the bubble will appear on the 
dashboard.

4. Discussion
We observed 10 major results: the top 3 countries (the US, 
the UK, and the Netherlands) occupied 75% of T100ADHD; 
Brazil earned the most citations per article (=415.33); the over-
all T100ADHD IF (= citations/100) was 188.24; the most cited 
article authored by Polanczyk et al In 2014, Brazil had 772 
citations in WoS; most articles were published and cited in Biol 
Psychiatry (13%; IF = 174.15); 6 subject categories were used.; 
network characteristics of T100ADHD were successfully dis-
played on alluvial; no difference was found in article citations 
among subject categories (F = 1.19, P = .320); physiopathology, 

diagnosis, and epidemiology were the most frequently occurring 
MeSH terms; and MeSH terms were evident in the prediction 
power on the number of article citations (F = 25.36; P < .001).

4.1. Additional information

In this paper, 2 major goals were achieved: we demonstrated how 
to draw the alluvial and applied the alluvial to gain a better under-
standing of the network characteristics of the T100ADHD.

Two studies[8,9] applied the alluvial to the analysis of biblio-
metric data. Graphs based on the alluvial are appropriate due 
to the categorical dimensions instead of steps (or years) on the 
x-axis, as stated in definitions of the alluvial plots.[10]

Although Sankey diagrams are more widely known, alluvial 
plots are generally easier to generate.[5] It is only true if the data 
are as simple as the example in Panel C of Figure 1, and the allu-
vial is drawn without taking into account any weights (e.g., cita-
tions or hT-indices) using the software.[49] Due to this, the alluvial 

Figure 2.  IBP used to display T100ADHD in this study (An article is used to denote the dot. When the dot is clicked, the article appears on the website. In IBP, 
the citations are arranged from the lower to the right side, with a greater number of citations on the horizontal axis). IBP = impact beam plot, T100ADHD = 100 
top-cited articles on attention-deficit/hyperactivity disorder.

Table 1

Distribution of T100ADHD for countries over years (n = 100).

Country 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 n ci IF 

US 8 9 3 8 5 4 2 1 2  42 6880 163.81
UK 7 3 4 3  4 1 2   24 5257 219.04
Netherlands 2 1   2 1 1 1 1  9 1331 147.89
Denmark     3    1  4 1147 286.75
Brazil    1 1 1     3 1246 415.33
Canada 1  1   1     3 498 166
China   1     1  1 3 316 105.33
Sweden 1       2   3 334 111.33
Switzerland  1 1 1       3 366 122
Australia 1   1       2 264 132
Germany    2       2 370 185
Finland      1     1 113 113
France 1          1 159 159
n 21 14 10 16 11 12 4 7 4 1 100 18825 188.25

Note. ci = citations; IF = impact factor = ci/n, n = publications, T100ADHD = 100 top-cited articles on attention-deficit/hyperactivity disorder.
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is more difficult to draw than the Sankey, especially in 3 circum-
stances: the weights are calculated using SNA and allocated pro-
portionally to nodes and arcs; the flows between dimensions are 
extracted backward from the SNA[32] rather than forward by the 
step-by-step process employed in the alluvial; the nodes in the 
alluvial plot may be placed more freely than in an alluvial plot, 
which requires their nodes to be aligned and cannot be placed 
randomly. As far as we are aware, no software has been devel-
oped to take these factors into account when drawing the allu-
vial. An MP4 video[42] and an MSExcel module are provided in 
Supplemental Digital Content 1, http://links.lww.com/MD/H363 
so that readers could draw the alluvial on their own.

The results of the 3 alluvial plots in Figures  5 to 7 were 
similar. Based on the principle of biblimetric indicators (i.e., 

publications and citations or others), the hT index () can be used 
to measure research achievements since both publications and 
citations are considered. To make the article as concise as pos-
sible, only 1 diagram (e.g., the hT-based alluvial plot that com-
bines publications and citations in Fig. 7) should be provided to 
the authors instead of the 2 (i.e., Figs. 5 and 6).

Additionally, the reasons for demonstrating the hT-index in 
this study are the hT-index has an identical h-core with the h-in-
dex,[41] there is a strong association with the h-index,[36] and all 
publications and citations are taken into account[38,39] to over-
come the disadvantages of many bibliometric indices.

There are numerous articles on ADHD in the literature. 
Nevertheless, none of the studies used the WoS (or Publemed) 
database to explore influential entities with alluvial plots, as we 
did in Figures  5 to 7. In contrast to previous findings,[20] the 
top 3 countries (the US, UK, and Netherlands) differed in terms 
of article sources from databases (e.g., PubMed vs WoS). Only 
24 articles[20] were included in the T100ADHD based on the 
PubMed database.

In contrast with the 100 articles listed in a bibliomet-
ric study,[28] the dashboard-type IBP, shown in Figure  2, is 
unique and modern. It presents the T100ADHD in a single 
view and provides more context than a single metric alone, 
such as a citation metric (or the h-index[41]) in bibliometrics. 
Bibliometric analysis using the IBP can be a frontier in this 
area.

4.2. Three most-cited articles

“ADHD prevalence estimates across 3 decades: an updated 
systematic review and meta-regression analysis” authored by 
Polanczyk et al from Brazil in 2014 received 772 citations in 
WoS[48] and is classified as [6.epidemiology] in this study. The 
authors identified 154 original studies and found that method-
ological procedures investigated were significantly associated 
with heterogeneity of studies; geographical location and year 
of study were not associated with variability in ADHD preva-
lence estimates; and variability in ADHD prevalence estimates 

Figure 3.  Distribution of journals in T100ADHD shown on the scatter plot 
(On the diagram, publications and citations for journals are dispersed). 
T100ADHD = 100 top-cited articles on attention-deficit/hyperactivity disorder.

Figure 4.  Classification of subject categories using the SNA (the MeSH terms were used to cluster the research categories using the SNA and 7 categories are 
found). MeSH = medical subject heading, SNA = social network analysis.

http://links.lww.com/MD/H363
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Figure 5.  The publication-based alluvial plot (the publications for the most productive entities are shown on the alluvial plot).

Figure 6.  Citations-based alluvial plot (the citations for the most influential entities are shown on the alluvial plot).
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is largely explained by methodological characteristics of the 
studies.

The second-ranked article was authored by 82 scholars 
and was titled “Discovery of the first genome-wide significant 
risk loci for attention deficit/hyperactivity disorder,” which 
was published in 2019[15] and classified as [4. Genetics] in this 
study. It was cited 614 times. An analysis of 3 replication stud-
ies supports their findings and highlights study-specific dif-
ferences in genetic overlap with educational attainment. The 

authors found important new information about ADHD’s 
biology. Due to the rapid advancement of gene research, this 
article has also been cited in many gene- and behavior-related 
studies.

The third-ranked article was authored by Faraone et al and 
titled “Attention-deficit/hyperactivity disorder,” which was pub-
lished in 2015[16] and classified as [5. Pediatrics] in this study. It 
was cited 579 times. There is no curative treatment for ADHD, 
but evidence-based treatments can significantly reduce its symp-
toms and associated impairments. Medications are effective 
and well tolerated, and nonpharmacological approaches are 
also beneficial. There is ongoing clinical and neurobiological 
research that has the potential to advance diagnostic and ther-
apeutic approaches to ADHD, according to the authors.[16] This 
study establishes a benchmark for future ADHD research.

4.3. Implications and changes

The study has several distinctive features. First, the hT-index 
with decimal places offers greater discrimination power than 
the original h-index for identifying the research achievements 
and rankings of a particular group.[50] We therefore suggested 
using the hT index to evaluate research achievements on indi-
viduals or at research institutions.

Second, alluvial was proposed through bibliometrics as a way 
to highlight the few most important entities.

Third, IBPs[45] provide authors with a brand-new representa-
tion of every academic article, illustrating research achievements 
by the hT-index rather than the median percentile only shown to 
authors of WoS entries.[51,52]

The fourth point is that although Sankey diagrams are better 
known, alluvial plots are generally considerably easier to gener-
ate.[5] This is true only if the data are as simple as the example in 
Panel C of Figure 1, where the alluvial is drawn without taking 
into account the weights (e.g., citations and/or hT indices).

Figure 7.  The hT-based alluvial plot (the hT-index taking both publications and citations into account for entities with high research achievements are shown 
on the alluvial plot).

Figure 8.  MeSH terms were used to predict article citations shown on the 
scatter plot, and significant associations were found between the weights of 
MeSH terms and article citations. MeSH = medical subject heading.



10

Tsai et al.  •  Medicine (2022) 101:37� Medicine

In addition, the classification of subject categories using SNA 
is objective and unique in comparison with previous studies 
using manual methods[8] and document types only in PubMed.[9] 
However, the evidence indicates that the classification is mean-
ingful, feasible and worthy of recommendation for future stud-
ies in relevant fields (F = 1.19, P = .320).

Although the hT-index is more complex than the h-index in 
terms of computation, this can be resolved with the aid of a 
dedicated software program. A description of how the hT-index 
computation is carried out can be found at the link,[40] which 
provides readers with the programming codes to understand 
how the hT-index is calculated within a second.

4.4. Limitations and suggestions

There are several issues that should be thoroughly examined 
in further research. The first concern is that the software used 
to draw the alluvial deposits[43] is not unique and inevita-
ble. The alluvial (or Sankey) can be drawn online using other 
software.[49,53,54] As a result, they are incompatible with the 3 
requirements (i.e., weights derived from the arcs in SNA, flows 
between dimensions extracted backward from the SNA, and 
nodes aligned and vertically matched to the respective dimen-
sion on the x-axis) required for this study.

Second, the dashboards in this study are displayed on Google 
Maps. Because Google Maps requires a paid project key for use 
of the cloud platform, these installments are not free of charge. 
This makes it difficult for other authors to replicate the use in a 
short period of time.

Third, the calculation of the hT index based on the summa-
tion of weights in Ferrers’ tableau (i.e., all papers cited in the 
list) takes a considerable amount of time. Using advanced hard-
ware improvement, the time-consuming process has become 
trivial, approximately equivalent to computing other bibliomet-
ric indices using dedicated software.

Fourth, this IBP was produced online in this study.[46] 
However, research achievements are determined by numerous 
other factors (e.g., the journal impact factor, JIF)[55] that should 
also be taken into account when drawing the IBP (e.g., using the 
JIF-based hT index).

Fifth, in the alluvial plot, only a few dimensions were 
selected. Other important categories (e.g., research institutes 
and influential authors in T100ADHD) must also be displayed 
simultaneously on the alluvial plot. It is recommended that 
future studies include more dimensions on the x-axis of the 
alluvial plot.

Finally, although T100ADHDs were primarily extracted 
from WoS, the results were clearly different in articles from 
other databases (e.g., Google Scholar, Scopus). T100ADHD 
should be extracted from more bibliometric databases in future 
studies.

5. Conclusion
The 2 study objectives were met by demonstrating how to 
quickly draw the alluvial used for bibliometric analysis and 
using the alluvial to determine the characteristics of the net-
work among entities of interest in T100ADHD. Bibliometric 
studies can benefit from the method of drawing the allu-
vial that is demonstrated in detail with an MP4 video[42] for 
readers.

A breakthrough was achieved by reducing Tables and Figures 
in traditional bibliometric analysis to display network char-
acteristics in articles using the Aluvial plots. Additionally, the 
use of MeSH terms can be used to classify article subject cat-
egories and predict the citations associated with T100ADHD. 
Bibliometric analyses of 100 top-cited articles can be carried out 
using the alluvial plot in future studies, and it is not limited to 
ADHD, as was the case in this study.
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