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Citation analysis of identical consensus statements revealed
journal-related bias
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Abstract
Objective: To examine whether the prestige of a journal, measured by its impact factor, influences the numbers of citations obtained by
published articles, independently of their scientific merit.

Study Design and Setting: In this cohort study, citation counts were retrieved for articles describing consensus statements that were
published in multiple journals and were correlated with the impact factors of the source journals.

Results: Four consensus statements were published in multiple copies: QUOROM (QUality Of Reporting Of Meta-analyses) was pub-
lished in three journals, CONSORT (CONsolidated Standards Of Reporting Trials) in eight journals, STARD (STAndards for Reporting of
Diagnostic accuracy) in 14 journals, and STROBE (STrengthening the Reporting of OBservational studies in Epidemiology) in eight jour-
nals. For each consensus statement, the impact factor of the source journal and the number of citations were highly correlated (Spearman
correlation coefficients: QUOROM, 1.00; CONSORT, 0.88; STARD, 0.65; and STROBE, 0.81dall P ! 0.02). When adjusted for time
since publication, each logarithm unit of impact factor predicted an increase of 1.0 logarithm unit of citations (95% confidence interval:
0.7e1.3, P ! 0.001), and the variance explained was 66% (adjusted r2 5 0.66).

Conclusions: The prominence of the journal where an article is published, measured by its impact factor, influences the number of
citations that the article will gather over time. Citation counts are not purely a reflection of scientific merit. � 2010 Elsevier Inc. All rights
reserved.
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1. Introduction

The assessment of the research output of individuals and
institutions often relies on citation counts [1e3]. The
assumption is that better research is cited more than less-
worthy work, but variables other than research quality also
influence the number of citations [2]. In particular, the pres-
tige of the journal in which the article is published may
drive citations, independent of the scientific worth of the ar-
ticle. If this were the case, the research assessment would
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be distorted, and researchers might be tempted to devote
a disproportionate amount of energy to finding the most
prestigious channel of communication in addition to (or
perhaps instead of) doing the best possible research.

Several studies have shown that articles published in
journals with high impact factors are cited more often than
those published in less prominent journals [4e8], but this
may simply reflect the ability of the best journals to attract
the best articles [4]. By definition, citations to articles drive
journals’ impact factors; it is whether the opposite relation-
ship is also true which occupies us here. To show whether
the prominence of the journal influences citation counts,
one would need to randomize articles to high- or low-
profile journals or to publish the same article in several
journals, neither of which is practical. However, a recent
phenomenon in academic publishing provides an opportu-
nity to clarify this issue: the concomitant publication of
the same article in several journals, typically a consensus
statement about the reporting of a specific type of research.
Anyone who wants to cite such a guideline has a choice
between several equivalent citations, which differ only in
the source journal. If citations to high-profile journals were
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What is new?

Key findings
� When identical articles published in multiple jour-

nals were considered, the impact factor of source
journals predicted the number of citations per
article.

� The association was strong: if the impact factor
was twice as high, the article received twice as
many citations.

What this adds to what was known
� By definition, citations to articles drive journal im-

pact factors, but it appears that the converse is also
true.

What is the implication and what should change?
� Citation counts are not purely a reflection of scien-

tific merit.

� Journal impact factors are in part self-perpetuated.

� Other indicators of scientific values should be
considered.
preferred, this would support the existence of a journal-
related citation bias.

In this cohort study, I identified consensus statements
that were published in multiple journals and explored the
associations between the journals’ prominence, measured
by their impact factors [9], and the numbers of citations
to the published articles.
2. Methods

Consensus statements about research reporting were
identified from the Equator Network Web site
(http://www.equator-network.org). A consensus statement
was eligible if it was published in at least three copies by
the same core group of authors. Editorials or commentaries
that raised awareness of the statements or provided an en-
dorsement or a critique were not included and neither were
translations or secondary articles that included additional
explanations of the consensus statement. Finally, the pub-
lished statements had to have accumulated published cita-
tions, which excluded the most recent statements.

Published articles that contained each statement were
retrieved both on PubMed and on the Web site of the ISI
Web of Knowledge (Thomson Reuters), using the acronym
of the statement in the title and the names of the authors.
Cited references in the identified articles, the Equator
Web site, and the dedicated Web sites maintained for some
of the consensus statements were checked to make sure that
the list of eligible articles was complete.

The main outcome variable was the number of citations
obtained by each article, retrieved from the Web of Knowl-
edge, as of April 15, 2009 (date of last verification). The
main independent variable was the impact factor of the
journal in which each article was published, for the corre-
sponding year, obtained from the ISI Journal Citation
Reports. In the few instances where the official impact fac-
tor was unavailable, an unofficial impact factor was either
obtained from that journal’s Web site or computed from
the number of articles and reviews published in
2005e2006 and citations to these articles in 2007. The time
elapsed since publication was recorded in months as of
April 2009.

Because the distributions of both citation counts and impact
factors are skewed toward high values, these variables were
transformed using the logarithm in base 10. Natural units were
nevertheless used for descriptive statistics. The analysis was
stratified by consensus statement. For each statement, I ob-
tained a scatterplot of the logarithm-transformed number of ci-
tations by impact factor as well as Pearson and Spearman
correlation coefficients (Fig. 1). Finally, the logarithm of cita-
tions was predicted from the logarithm of the impact factor and
the type of statement or time since publication in a general lin-
ear model.
3. Results

The following consensus statements were published three
times or more: QUOROM (QUality Of Reporting Of Meta-
analyses) was published three times, the revised CONSORT
(CONsolidated Standards Of Reporting Trials) eight times,
STARD (STAndards for Reporting of Diagnostic accuracy)
14 times, and STROBE (STrengthening the Reporting
of OBservational studies in Epidemiology) eight times
(Table 1). In addition, SQUIRE (Standards for QUality
Improvement Reporting Excellence) was published five
times since October 2008, and STREGA (STrengthening
the REporting of Genetic Association studies) was published
seven times since January 2009, but none of these articles had
been cited as of April 15, 2009; hence, these statements were
excluded from further analysis.

Citation statistics were available for all 33 articles, and
the official impact factor was retrieved for all journals but
three, in which case approximate impact factors were ob-
tained (Table 1, footnotes). The median number of citations
was greater for older consensus statements, and the median
impact factors varied from 1.6 to about 7.5 (Table 2). For
each consensus statement, the impact factor of the source
journal and the number of citations were highly correlated,
for example, the Spearman correlation coefficients ranged
from 0.65 for STARD to 1.00 for QUOROM, and all four
were statistically significant (Table 2). Univariate linear
regression models replicated these findings (Table 2). Each
logarithm unit of the impact factor of the journal in which
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Table 1

Consensus statements and related publications, with citations

and impact factors

Moher D, Cook DJ, Eastwood S, Olkin I, Rennie D, Stroup DF.

Improving the quality of reports of meta-analyses of randomised

controlled trials: the QUOROM statement. Quality of Reporting

of Meta-analyses.

Lancet 1999;354:1896e1900 (1,264 citations, impact factor: 10.2)

Br J Surg 2000;87:1448e1454 (52 citations, impact factor: 2.9)

Onkologie 2000;23:597e602 (23 citations, impact factor: 0.6)

Moher D, Schulz KF, Altman DG. The CONSORT statement:

revised recommendations for improving the quality of reports

of parallel-group randomised trials.

Lancet 2001;357:1191e1194 (971 citations, impact factor: 13.3)

JAMA 2001;285:1987e1991 (715 citations, impact factor: 17.6)

Ann Intern Med 2001;134:657e662 (278 citations, impact factor: 11.1)

BMC Med Res Methodol 2001;1:2 (76 citations, impact factor: 2.0a)

J Am Podiatr Med Assoc 2001;91:437e442 (28 citations,

impact factor: 0.4)

Altern Ther Health Med 2002;8:96e100 (1 citation, impact factor: 0.9)

Clin Oral Investig 2003;7:2e7 (46 citations, impact factor: 1.7b)

Explore (NY) 2005;1:40e45 (17 citations, impact factor: 0.5b)

Bossuyt PM, Reitsma JB, Bruns DE, Gatsonis PP, Glasziou PP, Irwig

LM, Lijmer JG, Moher D, Rennie D, De Vet HC. Standards for

Reporting of Diagnostic Accuracy. Toward complete and accurate

reporting of studies of diagnostic accuracy: the STARD initiative.

Standards for Reporting of Diagnostic Accuracy.

Clin Chem 2003;49:1e6 (166 citations, impact factor: 5.5)

Ann Intern Med 2003:138:40e44 (160 citations, impact factor: 12.4)

Radiology 2003;226:24e28 (71 citations, impact factor: 4.8)

BMJ 2003;326:41e44 (252 citations, impact factor: 7.2)

Am J Clin Pathol 2003;119:18e22 (6 citations, impact factor: 2.9)

Clin Biochem 2003;36:2e7 (5 citations, impact factor: 1.2)

Clin Chem Lab Med 2003;41:68e73 (9 citations, impact factor: 1.5)

Acad Radiol 2003;10:664e669 (5 citations, impact factor: 1.4)

AJR Am J Roentgenol 2003;181:51e55 (18 citations, impact factor: 2.5)

Ann Clin Biochem 2003;40:357e363 (8 citations, impact factor: 1.2)

Clin Radiol 2003;58:575e580 (22 citations, impact factor: 1.3)

Croat Med J 2003;44:635e638 (10 citations, impact factor: 0.9)

Fam Pract 2004;21:4e10 (17 citations, impact factor: 1.3)

Vet Clin Path 2007;36:8e12 (3 citations, impact factor: 0.3)

von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC,

Vandenbroucke JP. STROBE Initiative. The Strengthening the

Reporting of Observational Studies in Epidemiology (STROBE)

statement: guidelines for reporting observational studies.

PLoS Med 2007;4:e296 (14 citations, impact factor: 12.7)

Ann Intern Med 2007;147:573e577 (43 citations, impact factor: 15.5)

Lancet 2007;370:1453e1457 (24 citations, impact factor: 28.6)

BMJ 2007;335:806e808 (28 citations, impact factor: 9.7)

Prev Med 2007;45:247e251 (9 citations, impact factor: 2.3)

Epidemiology 2007;18:800e804 (12 citations, impact factor: 5.3)

Bull World Health Organ 2007;85:867e872

(7 citations, impact factor: 4.0)

J Clin Epidemiol 2008;61:344e349 (5 citations, impact factor: 2.6)

a Unofficial impact factor from the journal’s Web site.
b Approximate impact factor computed from number of articles pub-

lished in 2005e2006 and citations obtained in 2007.
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the consensus statement was published was associated with
an increment of 0.7e1.4 logarithm units in citation counts.

In multivariate analysis, impact factors, consensus
statements, and time since publication were considered as
predictors of citations. Because statement and time since
publication were closely correlated, only one was entered
at a time. When adjusted for consensus statement, each log-
arithm unit of impact factor predicted an increase of 1.2 log-
arithm units of citations (95% confidence interval: 0.9e1.5,
P ! 0.001). This model explained 71% of the variance in ci-
tations (adjusted r2 5 0.71). The interaction between the ef-
fects of the impact factor and consensus statement was not
statistically significant (P 5 0.58). When adjusted for time
since publication, each logarithm unit of impact factor pre-
dicted an increase of 1.0 logarithm unit of citations (95% con-
fidence interval: 0.7e1.3, P ! 0.001), and the variance
explained was 66% (adjusted r2 5 0.66).
4. Discussion

This analysis shows that the prominence of the journal
where an article is published, measured by its impact factor,
is positively correlated to the number of citations that the
article will gather over time. Because identical articles
published in different journals were compared, the charac-
teristics of the articles themselves (be it quality of writing,
scientific originality, or repute of the authors) could not
have explained the observed differences. Hence, these re-
sults reflect pure journal-related bias in citation counts.

The strength of the association was high, with most
correlation coefficients around 0.8, and reasonably stable
across the consensus statements considered. The regression
slope was close to unity on a logarithm scale, meaning that
if the impact factor of the journal was twice (or 10 times) as
high, there would be twice (or 10 times) as many citations
for the published article. Whether this equation has predic-
tive ability can be verified in a few years on the citation sta-
tistics of the SQUIRE and STREGA consensus statements,
which were too recent to be included in this analysis.

The correlation coefficients between the journal impact
factor and the number of citations ranged from 0.82 to
0.92 (Table 2). This is higher than previously reported cor-
relations. At the researcher level, the correlation coefficient
between journal impact factor and citation rate per year was
0.41 [5]. Another study of laboratory methods described
a positive correlation between impact factor and citations
in a figure, but did not report a correlation coefficient
[10]. In a cohort of more than 1,200 medical articles
[11], the Spearman correlation coefficient between the jour-
nal impact factor and the citation count was 0.50 (Cynthia
Lokker, PhD, personal communication, 25.8.2009). These
heterogenous sets of articles vary naturally in their scien-
tific importance and quality, that is, their propensity to be
cited, which is why the journal impact factor explains
a smaller proportion of the total variance in citations than
among the identical articles analyzed in the present study.
More importantly, the correlations in these studies
[5,10,11] cannot be interpreted in causal terms (a higher
impact factor leads to more citations), because the variable



Table 2

Descriptive statistics, correlations between citations and impact factors, and simple linear regression results

Consensus statement

QUOROM CONSORT (revised) STARD STROBE

Descriptive statistics

Year of first publication 1999 2001 2003 2007

Number of articles 3 8 14 8

Citations to articles: mean (SD), median 446 (708), 52 266 (373), 61 54 (80), 13.5 18 (13), 13.5

Impact factors of journals: mean (SD), median 4.6 (5.0), 2.9 5.9 (6.9), 1.8 3.2 (3.3), 1.6 10.1 (8.9), 7.5

Correlations between citations and journal impact factor

Pearson correlation coefficient, logarithms 0.92 (P 5 0.25) 0.82 (P 5 0.013) 0.84 (P ! 0.001) 0.82 (0.012)

Spearman correlation coefficient 1.00 (P 5 0.01) 0.88 (P 5 0.004) 0.65 (P 5 0.011) 0.81 (0.015)

Linear regression coefficients (95% confidence intervals)

Logarithm of citations per logarithm of impact factor 1.4 (�5.9 to 8.7) 1.2 (0.4e2.1) 1.3 (0.8e1.8) 0.7 (0.2e1.1)

Abbreviations: QUOROM, QUality Of Reporting Of Meta-analyses; CONSORT, CONsolidated Standards Of Reporting Trials; STARD, STAndards for

Reporting of Diagnostic accuracy; STROBE, STrengthening the Reporting of OBservational studies in Epidemiology; SD, standard deviation.
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quality of the studies will act as a confounder, causing both
acceptance in a high- or low-impact journal and subsequent
citations.

Other prediction models that take into account the scien-
tific merit of the published articles have not performed
much better than ours. The correlation between the author’s
perception of the importance of an article and the number
of citations was 0.55 (i.e., 30% of variance explained) in
the field of clinical medicine [12]; a multivariate prediction
model based on 20 characteristics of articles and journals
(not including the impact factor) explained 60% of variance
in citations [11], and models that included several subjec-
tive assessments of psychology articles explained between
43% and 66% of variance in citations [13]. Although these
numbers cannot be compared directly (the studies differ in
their scientific fields, heterogeneity of articles, durations of
follow-up, and others), our results suggest that the journal’s
Fig. 1. Scatterplot of citations to publications as a function of journal

impact factors for four consensus statements about publication of research

(QUOROM: thick circles, CONSORT: grey dots, STARD: black dots,

STROBE: thin circles).
prominence may play a substantial role in an article’s future
citation success.

By design, this study says nothing about the relationship
between scientific merit and citations. The scientific value
of the articles that were compared was held constant;
hence, this variable could not be analyzed. It is quite possi-
ble that scientific arguments trump arguments based on the
prestige of the cited source or other social constructs [14].
Our study could not explore other factors that may influ-
ence citation counts, such as study design [11,15e17],
methodological quality [4,6,11], statistical significance of
results [11,18], the cooperation between research groups
[19], university prestige [7], online accessibility [20,21],
early online access rates [22], or national origin of the
citing author and journal [23]. It should be noted that an
objective assessment of the quality of a study is not neces-
sarily associated with higher citation counts [6,24,25].

If the impact factor drives citations, researchers who are
mindful of their productivity indicators should consider
carefully the impact factor of the journal in which they
aim to publish their study. Journal prestige was the first cri-
terion that authors considered when submitting their paper
even regardless of numerical bibliometric arguments [26].
Furthermore, some institutions use the impact factor of
journals in which scientists publish their work as an early
indicator of scientific achievement. Although this practice
is criticized [4,27], it could be defended if acceptance by
a high-impact journal reflected only the high quality of
the work. However, the analysis presented here suggests
that the association between journal impact factors and
future citations is in part self-fulfilling prophecy, as publi-
cation in a high-impact journal will push upward the
citations of any given article, independent of its value. This
creates an additional but perverse incentive to pursue pub-
lication in high-impact journals.

These results cast doubt not only on the interpretation of
citations as indicators of scientific value but also on the
interpretation of impact factors as objective measures of
the journals’ scientific importance. If indeed an article is
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cited more often simply for being published in a high-
profile journal, then the impact factor becomes auto-
correlateddit is high in year Y in good part, because it
was high in year Y-1, Y-2, and so on. This phenomenon
may help explain the remarkable stability of journal rank-
ings. The indicator has become the thing itself.

The main limitation of this study is that it was performed
on consensus statements, not on original research. Whether
the same relationship between impact factor and citations
would hold for research articles is not established. Such
evidence may never be obtained, because multiple publica-
tion of the same content is usually considered to be a form
of scientific misconduct [28]. However, the same people
who cite consensus statements also cite original research
and are faced with the recurrent dilemma of selecting 20
or 30 references among the numerous candidates. It is dif-
ficult to see why they should be immune to the prestige of
the cited journal in doing that.

Selecting citations for inclusion in a manuscript is not
a simple deterministic process guided by the scientific merit
of available articles; rather, it is a complex phenomenon
where individual motivations of the authors and social rules
play an important role [2,12,14,29]. A review of citing
behavior [2] has identified several classes of factors that
influence citation, which relate to time of publication, sci-
entific field, type of article, author characteristics, accessi-
bility, and also the journal where an article was published
(as illustrated in this study). Scientific value is one item
in this long list. Until we understand better the citation
behaviors of medical researchers, the interpretation of cita-
tion statistics should be made cautiously, and other perfor-
mance indicators should be considered as well in assessing
institutions, programs, or individuals.
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