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Abstract

Background: Methanol poisoning is on the rise and has been associated with high morbidity and mortality; it has
resulted in growing research in the field of toxicology. The aim of this study was to reveal underlying patterns in
scientific outputs related to methanol poisoning at the global level by evaluating different bibliometric indices.

Methods: We searched for publications that contained specific words regarding methanol poisoning in Scopus
database.

Results: A total of 912 articles, with 8,317 citations and with an average of 9.1 citations per document, were
retrieved on methanol poisoning, and the bulk of the articles were published from the USA (20.9%), followed by
Spain (4.4%), Canada (4.3%), India (3.1%), and France (3.0%). The articles were published belonging to 57 countries.
No data related to methanol poisoning were published from 155 (73.1%) out of 212 countries. Twenty-one documents
(2.3%) were published in Clinical Toxicology, whereas 18 (2.0%) were published in The Lancet.

Conclusions: Scientific production related to methanol poisoning is increasing. articles have been published in a wide
range of journals with a variety of subject areas, most notably clinical toxicology; and the country with the greatest
production was the USA.
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Introduction
Methanol, also known as methyl alcohol or carbinol, is a
highly flammable colourless liquid that may be found in
antifreeze solutions, model engine fuel, and solvents in-
cluding methylated spirits. Methanol may also be produced
as a secondary contaminant during the manufacture of
ethanol-containing beverages, and high concentrations may
be found in alcoholic drinks are by illicit distillation pro-
cesses that are subject to poor quality control. Accidental
methanol exposure may occur in large outbreaks as a result
of contaminated alcoholic drinks, and several major out-
breaks in developing countries have been associated with
high morbidity and mortality [1,2].
Methanol is metabolised slowly by the liver. Toxicity is

attributable to its metabolites and, therefore, may be
delayed for up to several hours after ingestion. Early
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clinical features within the first few hours of ingestion
include ataxia, dysarthria, nystagmus and reduced con-
scious level, and may resemble ethanol intoxiciation.
Other features include headache, delirium, and vertigo
[3]. As metabolite formation progresses, patients may
develop a worsening metabolic acidosis and increasing
clinical toxicity. Formate is a key metabolite that is
capable of evoking optic nerve toxicity, and may cause
visual impairment, blindness, with a classical ‘snow field’
pattern of visual loss [4,5]. Optic disc swelling and di-
minished pupillary light responses may occur. Other
recognised features of severe toxicity include seizures,
metabolic acidosis with a raised anion gap, acute pan-
creatitis, hyperglycaemia, cardiac failure, and acute renal
failure. In patients that survive, blindness is often per-
manent, and there may be persistent extrapyramidal
neurological features accompanied by subcortical white
matter changes demonstrable on magnetic resonance
imaging [3].

A number of key strategies exist for managing acute
methanol poisoning. Firstly, ethanol competitively inhibits
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the metabolism of methanol by alcohol dehydrogenase,
thereby limiting the formation of toxic metabolites.
Alternatively, fomepizole is capable of inhibiting
alcohol dehydrogenase and may allow more effective
prevention of metabolite formation than ethanol ad-
ministration. In addition, haemodialysis is an import-
ant strategy for removal of methanol and its toxic
metabolites, whilst also allowing correction of meta-
bolic acidosis [6].
Methanol poisoning is on the rise [7-10]. Today’s,

ethanol poisoning is a distinct multidisciplinary field of
research involving all those disciplines that have expe-
rienced the greatest increases in healthcare science
production such as emergency medicine [11,12], or
ophthalmology [13,14], or clinical toxicology [7,8].
Although several bibliometric studies have been con-
ducted to explore factors associated with research ac-
tivity in toxicology field [15-25], no such bibliometric
analysis of the methanol poisoning in the literature
has been previously performed. Despite such enor-
mous scientific and legislative efforts to prevent the
occupational poisoning in the chemical industry, many
people are still exposed to hazardous poisons on a
daily basis [26]. Bibliometric studies are increasingly
being used for research evaluation in occupational
poisoning field [25,27-33]. The main objective of this
study was to reveal global scientific output related to
methanol poisoning which can serve as guide for re-
searchers in their respective scientific field.

Methods
Search strategy
For this analysis, a search of the SciVerse Scopus online
database, a database is owned by Elsevier, was conducted.
The Scopus database is an online scientific indexing service
containing abstracts and citations for academic journal
articles [34].

The keywords used to accomplish the purposes of our
study were elected from previous review studies related to
methanol poisoning [35,3,36,37]. The systematic search in-
cluded the following keywords only included in the titles:
(methanol or methyl alcohol or wood alcohol or wood
spirits) AND (poison or poisoning or intoxication or
toxicity or toxic or toxicology or toxicities). The relevant
subject category “pharmacology, toxicology and pharma-
ceutics” in Scopus was used as a control to assess if re-
search growth pattern in methanol poisoning matches
that for the scientific research output. The ending date
of the search was 31 December 2012. We elected to
drop any 2013, and 2014 articles from our search be-
cause some of the latest publications from these years
may not have been uploaded to the Scopus database by
the time of our data collection. We excluded publica-
tions that were published as an erratum or, publications
which were not related to methanol poisoning. Further-
more, books and book chapter (s) were excluded from
analysis because Scopus database focuses on journal ac-
tivity rather than investigating books and book chapter
(s) about methanol poisoning through Scopus might en-
compass some false negative results. All analysis of cita-
tions was completed on 9th November, 2014. The
resulting search was as follows: ((TITLE (methanol) OR
TITLE (“methyl alcohol”) OR TITLE (“wood alcohol”)
OR TITLE (“wood spirits”)) AND (TITLE (poison) OR
TITLE (poisoning) OR TITLE (intoxication) OR TITLE
(toxicity) OR TITLE (toxic) OR TITLE (toxicology) OR
TITLE (toxicities)) AND PUBYEAR < 2013) AND (EX-
CLUDE (DOCTYPE, “er”) OR EXCLUDE (DOCTYPE,
“ch”) OR EXCLUDE (DOCTYPE, “bk”)).
Indices of research productivity
The extracted data were used to generate the following
information: year of publication, institutions, collabor-
ation patterns, subject categories, names of publishing
journals, and citations pattern. Bibliometric indicators
were presented as rank order using the standard com-
petition ranking (SCR). We consider only the ten top-
ranked. The visibility and/or scientific impact of
research output was assessed using h-index [38]. Fur-
thermore, two other indicators were used for this pur-
pose; the SCImago Journal Rank (SJR) Rank, and the
impact factor (IF). The SJR or IF of a publication is
not the ideal quality indicator, neither are the citations
[39]. Both factors only represent the visibility and/or
scientific impact [40]. Data were obtained according to
the method proposed in previous bibliometric studies
[41,42,22,43,20,24,44,23].
Statistical analysis
All statistical analyses were run with Microsoft Excel
and version 15 of Statistical Package for Social Sciences
(SPSS) program for analysis. Data presented as median,
with interquartile range (IQR) in parentheses, or num-
bers, with percentages in parentheses. In order to assess
the growth pattern of research output we performed a
linear and an exponential regression for the trend in
publication. Reliability of our method was assessed on a
pilot sample (n = 100 documents) by two different re-
searchers to check documents type and compare it with
the primary sources (i.e. journals). The information re-
garding the 100 selected documents were independently
assessed by SZ and SA. The Cohen’s kappa value be-
tween the two researchers was 0.942. It is suggested that
more than 90% reliability should be reached [45-47].
This was an excellent agreement between the two observers
and two methods, demonstrating that our method was
valid.
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Results
From 1902 to 2012, 912 methanol poisoning-related arti-
cles were published and indexed in the Scopus database.
After screening, nineteen documents were found not re-
lated to methanol poisoning, one document was a book
and two documents were errata and were excluded. The
included documents were comprised of 680 (74.6%) ori-
ginal articles, 69 (7.6%) letters to the editor, 41 (4.5%)
review articles, and 122 (13.4%) documents that were
categorised as other types of publications such as confer-
ence paper, editorial, note, review and short survey. The
percentage share of global methanol poisoning research
output showed that research output was 11.1% in 1902
to 1962, 37.6% in 1963 to 1992, 21.3% in 1993–2002,
and 30% in 2003–2012 (Figure 1). The annual number
of publications related to methanol poisoning which
were published in the past years (1902–2012) is shown
in Figure 1. In order to examine the growing trend, lin-
ear and exponential models were applied. This trend,
however, is best fit by an exponential model that yields a
reduction in the slope of the growth curve (R2 = 0.77)
relative to linear (R2 = 0.66) models. A total of 2,088,219
documents were retrieved by Scopus, which represents
the total number of documents published globally in
leading pharmacology, toxicology and pharmaceutical
journals during the study period (1902–2012) according
to the methodology stated. This means that the contri-
bution of methanol poisoning to global pharmacology,
toxicology and pharmaceutical research output is 0.04%.
There was a statistically significant and strong positive
correlation between the absolute numbers of published
Figure 1 Number of published documents in the field of methanol poison
period 1902–2012.
articles in methanol poisoning and numbers of published
articles in pharmacology, toxicology and pharmaceutical
science during the years of the study period (1902 –
2012); (r = 0.92, p < 0.001). The first article related to
methanol poisoning in Scopus was published in The
Lancet in 1902 [48]. English-language documents were
the most prevalent, (n = 668; 73.2%) followed distantly
by Spanish (n = 42; 4.6%), French (n = 37; 4.1%), and
Russian-language documents (n = 25; 2.7%).
All of the collected data were published from 57 coun-

tries. The USA ranked first in the methanol poisoning
with 191 publications and 20.9% of the world produc-
tion. The USA was followed by followed by Spain (4.4%),
Canada (4.3%), India (3.1%), and France (3.0%); (Table 1).
No data related to methanol poisoning were published
from 155 (73.1%) out of 212 countries registered in
World Bank online database [49].
The total number of citations for all publications was

8,317, with a median (IQR) of 2 (0.0–10.0) and a mean
of 9.1 citations. The highest median number (IQR) of
citations was 13 (5–30) for Belgium, followed by 12
(2–27) for the USA and 12 (1–41.3) for Norway. The
h-index of the retrieved articles was 42 (i.e. 42 articles
had been cited at least 42 times). The highest h-index
was 34 for the USA, followed by 14 for Canada. In
addition, the highest number of collaborations for each
country was achieved by the USA, with 6 countries,
followed by 5 countries for Norway (Table 1).
Table 2 shows the top 10 journals in which methanol

poisoning-related articles were published. Twenty-one
documents (2.3%) were published in Clinical Toxicology,
ing and pharmacology, toxicology and pharmaceutical during the



Table 1 Research productivity, collaboration, and citation analysis stratified by country and presented as top 10
ranking

SCRa Country Articles (%) h-index Median (Q1–Q3)
of citation

citation average Collaborations with
foreign countries

Number of documents with
international authors

1st USA 191 (20.9) 34 12 (2–27) 21.6 6 9

2nd Spain 40 (4.4) 5 1 (0.0-4) 3.6 2 2

3rd Canada 39 (4.3) 14 9 (2–20) 15.1 3 3

4th India 28 (3.1) 7 2.5 (1–8.3) 5.9 NA NA

5th France 27 (3.0) 9 3 (0.0-16) 9.6 3 3

6th Turkey 26 (2.9) 7 2.5 (0.0-8.5) 6.1 NA NA

7th Poland 25 (2.7) 10 4 (1–18.5) 8.9 NA NA

8th Belgium 23 (2.5) 12 13 (5–30) 14.3 2 1

9th Norway 22 (2.4) 11 12 (1–41.3) 22 5 6

10th Iran 19 (2.1) 6 2 (0.0-10) 7.3 3 1

10th Germany 19 (2.1) 4 1 (0.0-4.0) 2.4 NA NA

SCR = Standard Competition Ranking; USA = United States of America; UK = United Kingdom; Q1–Q3 = lower quartile – upper quartile; NA = not available.
aEqual countries have the same ranking number, and then a gap is left in the ranking numbers.
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whereas 18 (2.0%) were published in The Lancet. Five
journals from the top 10 ranking journals had SJR < 1.
Only one journal in the top 10 ranking journals was not
listed in the JCR 2013.
Table 3 shows the most frequently cited articles related to

methanol poisoning from 1902 to 2012 [3,50-56,4,57]. The
first article that got the most citations was published in
Medical Toxicology and Adverse Drug Experience in 1986,
has received 227 citations, and the second article, was
published in Journal of Toxicology-Clinical Toxicology in
Table 2 Ranking of the top 10 journals in which articles relat
corresponding impact factors

SCRa Journal Frequency (%) bn

1st Clinical Toxicology 21 (2.3)

2nd Lancet 18 (2.0)

3rd American Journal of Ophthalmology 15 (1.6)

3th Journal of Toxicology Clinical Toxicology 15 (1.6)

5th Annals of Emergency Medicine 12 (1.3)

6th Veterinary and Human Toxicology 9 (1.0)

7th Tidsskrift for Den Norske Laegeforening 7 (0.8)

7th Clinical Chemistry 7 (0.8)

7th Medicina Intensiva 7 (0.8)

7th Medical Journal of Australia 7 (0.8)

7th Biochemical Pharmacology 7 (0.8)

7th Human and Experimental Toxicology 7 (0.8)

Abbreviations: SCR = Standard Competition Ranking; SJR = SCImago Journal Rank; N
aEqual journals have the same ranking number, and then a gap is left in the rankin
bPercentage of publications for each journal by the total number of articles related
cThe impact factor was reported according to the Institute for Scientific Information
dSJR was reported according to the SCImago Web site.
eSubject Categories was reported according to the ISI JCR 2013.
fContinued as: Clinical Toxicology.
gSubject Categories was reported according to the SCImago Web site.
2002, has got 222 citations. The number of articles without
citations was 336, which corresponds to 36.8% of the total.
The most cited documents in methanol poisoning were re-
view articles. Table 4 lists the most prolific institutions with
higher quantities of articles related to methanol poisoning.
The most prolific institution was Uniwersytet Medyczny w
Bialymstoku, Poland (2.4% of total publications), and
University of Iowa, USA (0.8%), followed by Cliniques
Universitaires Saint-Luc, Brussels, Belgium (1.6%), and
Ulleval University Hospital, Norway (1.6%).
ed to methanol poisoning were published with their

= 912 IFc SJRd Subject Categoriese

3.122 1.129 Toxicology

39.207 11.563 Medicine, General & Internal

4.021 2.881 Ophthalmology

NA f NA f Toxicology

4.333 1.726 Emergency Medicine

0.66 0.199 Toxicology; Veterinary

NA 0.181 Medicineg

7.768 2.395 Medical Laboratory Technology

1.24 0.304 Critical Care Medicine

3.789 0.899 Medicine, General & Internal

4.65 1.994 Pharmacology & Pharmacy

1.407 0.538 Toxicology

A = not available; IF = impact factor.
g numbers.
to methanol poisoning.
(ISI) journal citation reports (JCR) 2013.



Table 3 Top 10 cited documents related to methanol poisoning in Scopus [3,50-56,4,57]

SCR Authors and year of
publication

Title Source title Cited
by

Article
type

1st Jacobsen and McMartin
1986 [53]

Methanol and ethylene glycol poisonings. Mechanism
of toxicity, clinical course, diagnosis and treatment

Medical Toxicology and Adverse Drug
Experience

227 Review

2nd Barceloux et al. 2002 [3] American Academy of Clinical Toxicology practice
guidelines on the treatment of methanol poisoning

Journal of Toxicology - Clinical
Toxicology

222 Review

3rd Brent et al. 2001 [51] Fomepizole for the treatment of methanol poisoning New England Journal of Medicine 197 Article

4th Eells 2003 [52] Therapeutic photobiomodulation for methanol-induced
retinal toxicity

Proceedings of the National Academy of
Sciences of the United States of America

172 Article

5th Jacobsen and McMartin
1997 [54]

Antidotes for methanol and ethylene glycol poisoning Journal of Toxicology - Clinical
Toxicology

130 Review

6th Liesivuori and Savolainen
1991 [56]

Methanol and formic acid toxicity: Biochemical
mechanisms

Pharmacology and Toxicology 129 Review

7th Tephly 1991 [57] The toxicity of methanol Life Sciences 115 Review

8th McMartin et al. 1980 [4] Methanol poisoning in human subjects. Role of formic
acid accumulation in the metabolic acidosis

American Journal of Medicine 107 Article

8th BENNETT Jr et al.
1953 [50]

Acute methyl alcohol poisoning: a review based
on experiences in an outbreak of 323 cases.

Medicine 85 Article

10th Kruse 1992 [55] Methanol poisoning Intensive Care Medicine 81 Review
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Discussion
The present study has demonstrated a number of
characteristics of methanol poisoning research: the pro-
gressive growth of publications worldwide; research
productivity of the most prolific institutions; the publica-
tion of articles in a wide variety of journals in various
subject areas; scientific research productivity and collab-
oration patterns by country; and the citations received
by the publications during the period 1902–2012. To
analyse the research on methanol poisoning, the Scopus
database, which is commonly used in bibliometric re-
searches investigating scientific activity, was preferred
and used in our study. The Scopus has numerous advan-
tages over others, as it has a relatively large database that
Table 4 Top 10 most highly productive institutions that publ

SCRa Institution

1st Uniwersytet Medyczny w Bialymstoku

1st University of Iowa

3rd Cliniques Universitaires Saint-Luc, Brussels

3rd Ulleval University Hospital

5th Medical College of Wisconsin

5h United States Environmental Protection Agency

5th Tehran University of Medical Sciences

8th Universiti Sains Malaysia

9th University of Madras

9th VA Medical Center

9th Yale University School of Medicine

9th University of Colorado School of Medicine

Abbreviations: SCR = Standard Competition Ranking; USA = United States of Americ
aEqual institutions have the same ranking number, and then a gap is left in the ran
indexes a larger number of journals than PubMed and
Web of Science [41,42,22,43,58].
The total publications linked to methanol poisoning

were available in Scopus database between 1902 and
2012 showed that research productivity was low in the
first decades but demonstrated an apparent increase in
the late 1980s and early 1990s, with peak publications in
2012. Our study reveals evidence that research product-
ivity related to methanol poisoning have followed the
general development in scientific research output related
to toxicology field [15-19,21-24]. In part, this productiv-
ity has been motivated by most recent interest in the
outbreaks of methanol alcohol poisoning which have oc-
curred in many countries during the last three decades
ished articles related to methanol poisoning

Country No. of documents (%)

Poland 22 (2.4)

USA 22 (2.4)

Belgium 15 (1.6)

Norway 15 (1.6)

USA 10 (1.1)

USA 10 (1.1)

Iran 10 (1.1)

Malaysia 7 (0.8)

India 6 (0.7)

USA 6 (0.7)

USA 6 (0.7)

USA 6 (0.7)

a; UK = United Kingdom.
king numbers.
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[9,59-62,10,8]. Another explanation for this increase is
that in the late 1990s the U.S. Food and Drug Adminis-
tration (FDA) granted formal approval of fomepizole for
the treatment of methanol poisoning [63].
Some of the results are similar to those found in previ-

ous bibliometric studies in other fields [23,44,24], mainly
the fact that the USA leads scientific production at glo-
bal level and the international collaboration networks,
also have the highest citation rates [64,23]. In the
current study, the average citation rate for methanol poi-
soning publications was 9.1 citations per article. This
also accords with our earlier observations, which showed
that the average citation rate for other toxicology fields
was similar to or higher than the average citation of doc-
uments published in methanol poisoning [23,41]. In a
relatively small discipline such as toxicology, the impact
factors of journals related to toxicology are generally
lower compared with those in other scientific disciplines
broader, such as clinical medicine and greatly lower than
hot research areas like genetics and molecular biology
[65,43,66-68,19]. Additionally, case studies in poisoning
are usually poorly cited [69].
The most interesting finding was that international

collaboration networks in our study are somewhat lesser
than that found in previous bibliometric studies with dif-
ferent field [23,44]. Previous studies have revealed the
significance of international collaboration, which en-
hances the quality of the research by increasing citations
rate [70-72]. Furthermore, collaborative research allows
scientists to participate for the development of new pol-
icy for controlling methanol outbreaks to decrease mor-
bidity and mortality associated with such outbreaks [10].
Our study demonstrated that research activity related to
methanol poisoning was low or not available in most
countries. Additionally, the research output related to
methanol poisoning was deviated to developed coun-
tries. These findings demonstrate more support for data
from a previous study documented that toxicology field
is underrepresented in developing countries [22], despite
the higher occurrence of methanol and certain other
poisonings in these countries [73]. An international
working group has previously shown that collection of
data concerning poisoning cases is inconsistent, and ac-
curate comparison of rates or clinical severity between
nations is not feasible [74].
The ten most prolific countries that were published in

methanol poisoning includes new nations different from
the familiar other scientific productivity ranking [75].
Particularly, the existing data demonstrated that Turkey
and Iran have been the major research contributors from
the Middle East. Countries with rapidly growing socio-
economies, which results in more funds for conducting
research [76,77], contribute to the increasing number of
publications regarding methanol poisoning. Furthermore,
population size is one of the most important factors related
to research productivity such as in India. In addition, the
tragedy story of methanol outbreaks in Turkey and Iran
that resulted in large morbidity and mortality associated
with such outbreaks [78,73] may elucidate why more re-
search has focused on methanol poisoning since that time.
The clinical toxicology Journal, formerly Clinical

Toxicology, has published the greatest number of pub-
lications related methanol poisoning, which is logical
because it is specific for the poisoning. In addition, it
is notable that most of articles have been published in
high-impact journals, such as Lancet. As shown, the
papers were published both in toxicological and non-
toxicological subject areas, such as emergency medi-
cine; ophthalmology; medicine, general and internal;
and pharmacology and pharmacy journals, which re-
veals the contribution and collaboration of many re-
searchers from different subject areas. This type of
collaboration is essential in a poisoning treatment such as
methanol poisoning, which needs integrated, multidisciplin-
ary research areas among various biomedical scientists.
Regarding the visibility and/or scientific impact of publica-
tions, in current study the number of documents without
citations represents 36.8% of the total. The percentage of
documents without citations found in other bibliometric
studies varies widely. A previous study documented that in
cardiovascular research, 34.3% of documents remain with-
out citations [79]. Moreover, the same study found that
documents without citations in the field of multiple scler-
osis represented 14.88% of the total [79]. In our study, the
most cited documents in methanol poisoning were review
articles. As well as, review articles, tend to get more cita-
tions than others [80,81].
The present study is not without limitations, most of

which were acknowledged by the authors in previous
similar studies [82,24,79,42,44,23,22,43]. First, because
we used only the Scopus database to search publications,
therefore, data published in non-Scopus were not in-
cluded. However, the advantages of Scopus database (i.e.
most reliable service for publications and citations)
should not be forgotten. Another limitation of this study
is that we included only terms as keywords in the title,
thus the results being incomprehensible. An original art-
icle might have been presented as conference abstracts
and it was not possible to exclude these duplicates. In
addition, our study does not focus particularly on re-
search articles only, which some would argue to have
been favorable, because we suppose our search approach
gives a better indication of overall interest in the field of
methanol poisoning.

Conclusion
The most imperative conclusions in this study are: 1)
there has been an obvious increase in the total number
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of papers published in the field of methanol poisoning,
verifying the importance of worldwide research on this
topic; 2) articles have been published in a wide range of
journals with a variety of subject areas, mostly in clinical
toxicology; and finally 3) internationally collaborated ar-
ticles were more prevalent with the USA. An increase in
international collaboration would lead to increase quality
of publications due to the sharing of ideas and work-
loads. Gaps from most countries have been identified in
the literature that has implications for future research.
The potential for more collaboration is argued to gain a
better understanding of the status of methanol poisoning
in most worldwide countries from the viewpoint of epi-
demiological data, and treatment practices.
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