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Abstract
Purpose The journal impact factor (IF) is often used as a
surrogate marker for methodological quality. The objective
of this study is to evaluate the relation between the journal
IF and methodological quality of surgical randomized con-
trolled trials (RCTs).
Methods Surgical RCTs published in PubMed in 1999 and
2009 were identified. According to IF, RCTs were divided
into groups of low (<2), median (2–3) and high IF (>3), as
well as into top-10 vs all other journals. Methodological qual-
ity characteristics and factors concerning funding, ethical ap-
proval and statistical significance of outcomes were extracted
and compared between the IF groups. Additionally, a multi-
variate regression was performed.
Results The median IF was 2.2 (IQR 2.37). The percentage of
‘low-risk of bias’ RCTs was 13% for top-10 journals vs 4% for
other journals in 1999 (P < 0.02), and 30 vs 12% in 2009
(P < 0.02). Similar results were observed for high vs low IF
groups. The presence of sample-size calculation, adequate gen-
eration of allocation and intention-to-treat analysis were

independently associated with publication in higher IF journals;
as were multicentre trials and multiple authors.
Conclusion Publication of RCTs in high IF journals is asso-
ciated with moderate improvement in methodological quality
compared to RCTs published in lower IF journals. RCTs with
adequate sample-size calculation, generation of allocation or
intention-to-treat analysis were associated with publication in
a high IF journal. On the other hand, reporting a statistically
significant outcome and being industry funded were not inde-
pendently associated with publication in a higher IF journal.

Keywords Impact factor .Methodologic quality and
randomized controlled surgical trials

Background

The journal impact factor (IF) is an indicator of how often papers
from a certain journal are cited in literature in relation to the
number of published papers based on a 3-year period. It was
developed byThompsonReuters and is only reported for journals
listed in the Journal Citation Report. The IF’s purpose is to mea-
sure the influence of a journal in the field, and by extension the
influence of articles published within that journal. In daily prac-
tice, however, it is often used as a surrogatemarker for the quality
of both the journal and the individual articles within it.

Previous studies have pointed out the limitations of the IF as
an index of methodological quality and have shown that a high
IF does not automatically guarantee high quality of individual
trials published in such a journal, and vice versa [1, 2]. These
analyses only focused on specific journals (most often high IF
journal) and lacked broad analyses including all journals within
one specific speciality. Moreover, they did not analyse how the
reporting of methodology differed between low and high IF
journals. Such an analysis could shed more light on the specific
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problems that are encountered by journals of different levels of
influence. In addition, other characteristics such as large sample
size, multi-center design, significance of the primary outcome
and approval of the ethics committee might be important in the
association of methodological quality and publication in higher
IF journals [3–8]. Therefore, this study aimed to evaluate the
association between the journal IF and methodological quality
of surgical RCTs as well as to examine the influence of other
related characteristics.

Material and methods

Objectives

1. To evaluate the association between the journal IF and
methodological quality of surgical RCTs

2. To evaluate the potential association of other factors with
publication in a higher IF journal

Search strategy and selection process

We searched PubMed for all surgical RCTs published in two
distinct years a decade apart, i.e. 1999 and 2009. First, we
searched using the free-text and MeSH term Bsurgery^ with
various permutations combined with the Cochrane Highly
Sensitive Search strategy. All retrieved hits were subsequently
selected according to relevance by two independent reviewers.
Inclusion criteria were (1) RCTs, defined as any prospective
study assessing the effect of health care interventions in humans
randomly allocated to study groups and (2) surgical trials, defined
as any trial assessing the effect of a general surgical procedure.
Exclusion criteria were (1) non-RCTs and (2) publications in
other languages than English, French, German or Dutch. [9].

Assessing reported methodological quality

To evaluate the methodological quality of RCTs, a nine-item list
was developed based on the Cochrane guidelines for methodo-
logical assessment of randomized trials as published previously
[10, 11]. The items were as follows:

1. Stating of explicit primary outcome.
2. Performing a sample-size calculation.
3. Presence of baseline characteristics.
4. Adequate generation of allocation sequence.
5. Concealment of allocation.
6. Presence of blinding (any form).
7. Double-blinding.
8. Intention-to-treat analysis.
9. Adequate handling of dropouts (<20% lost to follow-up,

and listing of reasons for all losses).

Additionally, ‘low-risk of bias’ trials were defined as trials
that adequately reported all of the following four items: ade-
quate generation of allocation, adequate concealment of allo-
cation, intention-to-treat analysis and handling of dropouts.
The selection of these four criteria was based on empiric ev-
idence indicating the direct influence of these characteristics
on effect estimates [12–14].

Study factors

Study, journal and publication characteristics were extracted,
including geographical region, number of participants, num-
ber of participating centres, impact factor of journal, the type
of intervention (surgical, medicines or other), type of funding,
reporting of conflict of interest, ethical approval and statistical
significance of primary and other outcomes [1, 3–8].

Data and statistical analysis

All results are presented and analysed for both study years
(1999 and 2009) separately. Study characteristics and
methodological quality criteria are presented and com-
pared between different IF groups. Three IF groups
(low, middle and high) were determined by generating
tertiles (three equal groups) based on the published
RCTs in 2009. For ease of interpretation, the cut-off
points were approximated to the closest round number,
resulting in the following three groups: low IF (<2), mid-
dle (2–3) and high (>3). Additionally, top-10 IF journals
were compared to all other journals.

Dichotomous outcomes are presented as the number of
events with corresponding percentage, and compared using
chi-square test. Continuous data are presented as means with
standard deviation (SD) or median and interquartile range
(IQR) and were compared by the Student’s t test or Mann-
Whitney U test according to normality. For all dichotomous
outcomes, risk ratio (RR) with corresponding 95% confidence
intervals (95% CI) was presented.

In addition, multivariate linear regression analyses was
performed to identify factors independently associated with
IF in 2009. For this, only factors showing potential associ-
ation in univariate analysis were included (P < 0.2).
Subsequently, we constructed two multivariate models. The
first aimed at investigating the association between IF and
methodological quality, and included only methodological
characteristics as potential predictors. The second addition-
ally included other potentially related factors, as specified
under study factors. A backwards regression model was
used for both analyses, and a P value of 0.05 was set as a
cut-off point for statistical significance. All analyses were
performed using IBM SPSS Statistics version 23.
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Results

Search results and general characteristics

A total of 12.780 and 25.711 PubMed hits were retrieved on
June 3, 2010 for the years 1999 and 2009, respectively [9].
From these, 750 surgical RCTs (300 in 1999 and 450 in 2009)
were selected after review by two independent reviewers. Of
these, 101 articles were published in journals without an im-
pact factor and were thus classified in the low IF group. The
median journal impact factor of published trials was 2.2 (IQR
2.37). Journals ranked in the top-10 in 1999 and 2009 had a
median impact factor of 5.39 (IQR 5.91) and 6.32 (IQR 3.82),
respectively, compared to 1.87 (IQR 1.41) in 1999 and 2.39
(IQR 1.56) in 2009 for journals not included in the top-10.

The general characteristics for each IF group in both 1999
and 2009 are summarized in Table 1. Trials published in high
IF journals originate more often from Europe and North
America, are more often multicenter and multinational trials,
have a larger sample size and are more often explicitly ap-
proved by ethical medical committees. In 1999 and 2009
journals with an IF >3 significantly more often published

RCTs that reported industry funding (P < 0.001) than other
journals. In addition, in 2009, significantly more RCTs pub-
lished in top-10 journals were industry funded than in other
journals (36 vs 15%, respectively, P < 0.001).

Methodological quality characteristics

Methodological quality characteristics stratified per IF group
and for top-10 journals vs other journals are presented
(Tables 2 and 3). For both study years, several important
methodological quality characteristics were significantly
more often reported in higher IF journal compared to other
journals. These included adequate presentation of baseline,
performing of a sample-size calculation, adequate stating of
the primary aim, generation of allocation sequence and
intention-to-treat principle. This resulted in significantly
more low-risk of bias RCTs in the high vs low IF group
(12 vs 4% in 1999 and 22 vs 8% in 2009), as well as in
the top-10 vs other journals (13 vs 4% in 1999 and 30 vs
12% in 2009). Figure 1 provides a graphical depiction of the
levels of adequate reporting of the methodological character-
istics between the different IF groups in the 2009.

Table 1 Characteristics of included surgical randomized controlled trials

1999 2009

Low IF <2
(n = 123)

Med IF 2–3
(n = 77)

High IF >3
(n = 74)

P value Low IF <2
(n = 101)

Med IF 2–3
(n = 126)

High IF >3
(n = 148)

P value

Region

- Europe 67 (55%) 49 (64%) 38 (51%) NS 35 (35%)* 62 (49%) 92 (62%)** <0.0001

- North America 27 (22%) 16 (21%) 21 (28%) NS 8 (8%) 13 (10%) 27 (18%) NS

- Australia/Asia 26 (21%) 11 (14%) 15 (20%) NS 55 (55%)** 41 (33%)* 26 (18%)* <0.0001

- South America/Africa 3 (2%) 1 (1%) 0 (0%) NS 3 (2%) 10 (8%) 3 (2%) NS

Single country trial 113 (92%) 74 (96%) 62 (84%) NS 95 (94%)** 119(94%)** 120 (81%)* 0.020

Sample size, mean (SD) 117 (18)* 133 (21)* 302 (56)** <0.001 114 (12)* 103 (12)* 185 (18)** <0.001

Number of authors, mean (SD) 5 (3)* 6 (3)* 8 (4)** 0.020 6 (3)* 6 (3)* 8 (4)** 0.033

Single centre trial 80 (65%)** 40 (52%) 35 (47%)* 0.002 73 (72%)** 80 (64%)** 66 (47%)* <0.001

Type of intervention NS

- Surgical 41 (33%)* 45 (58%)** 21 (28%)* <0.001 41 (41%) 57 (45%) 75 (51%) NS

- Medication 52 (42%) 20 (26%)* 44 (60%)** <0.001 32 (32%) 38 (30%) 50 (34%) NS

- Other 30 (25%) 12 (16%) 9 (12%) NS 28 (27%) 31 (25%) 23 (15%) NS

Published in surgical journal 85 (69%)** 61 (79%)** 28 (38%)* <0.001 52 (52%)* 89 (71%)** 99 (67%)** 0.007

Primary outcome significant 65 (53%) 43 (56%) 35 (47%) NS 62 (61%) 79 (63%) 83 (57%) NS

Any outcome significant 95 (77%) 64 (83%) 63 (85%) NS 79 (78%) 109 (87%) 116 (79%) NS

Approval of ethics committee 71 (58%) 48 (62%) 52 (73%) NS 84 (83%)* 107 (85%) 138 (93%)** 0.029

Type of funding

- Industry funded 26 (17%)* 16 (21%) 26 (35%)** <0.001 19 (11%)* 19 (15%)* 45 (30%)** <0.001

- Other resources/none 28 (19%) 16 (21%) 17 (23%) NS 63 (36%) 46 (37%) 68 (46%) NS

- Unclear 95 (64%)** 45 (58%) 31 (42%)* <0.001 94 (53%)** 61 (48%)** 35 (24%)* <0.001

Values annotated with ** are significantly higher than values annotated with * (P < 0.05)

NS: not significant (P > 0.05)
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Multivariate analysis

Univariate analysis identified the following factors as poten-
tially correlated to IF: stating of explicit primary outcome,
performance of a sample-size calculation, presence of baseline
characteristics, adequate generation of allocation sequence,

concealment of allocation, intention-to-treat analysis and ade-
quate handling of dropouts (<20% lost to follow-up, and list-
ing of reasons for all losses).

All factors related to methodological quality were included
in a multivariate model. This identified the following factors
to be independently associated with a higher journal IF:

Table 3 Methodological quality characteristics stratified for top 10 ranked journals and lower ranked journals

1999 2009

Top 10 (n = 56) Other (n = 244) P value Top 10 (n = 69) Other (n = 381) P value

1. Baseline presented 54 (96%) 218 (89%) 0.1 68 (99%)* 346 (91%) 0.029

2. Sample-size calculation performed 29 (52%)* 72 (30%) 0.001 51 (74%)* 167 (44%) <0.001

3. Primary outcome stated 43 (77%) 160 (66%) 0.106 61 (88%)* 236 (62%) <0.001

4. Generation of allocation sequence: reported and adequate 27 (48%)* 69 (28%) 0.004 42 (61%)* 171 (45%) 0.014

5. Concealment of treatment allocation: reported and adequate 22 (39%) 74 (30%) 0.194 45 (65%)* 179 (47%) 0.005

6. Blinding

- Performed 22 (39%) 81 (33%) 0.676 22 (32%) 116 (30%) 0.794
- Not performed but feasible 7 (13%) 36 (15%) 9 (13%) 62 (16%)

- Not performed, technically difficult 27 (48%) 127 (52%) 38 (55%) 203 (53%)

7. Type of blinding

- Double blind 15 (27%) 53 (22%) 0.384 12 (17%) 64 (17%) 0.864
- Blind assessor/observer 7 (13%) 22 (9%) 10 (15%) 54 (14%)

- Committee for assessment 1 (2%) 1 (1%) 0 (0%) 4 (1%)

- Not stated 33 (59%) 199 (82%) 47 (68%) 259 (68%)

8. Type of analysis

- Intention-to-treat (adequate) 24 (43%)* 36 (15%) <0.001 45 (65%)* 104 (27%) <0.001
- Per protocol analysis 0 (0%) 9 (4%) 3 (4%) 13 (3%)

- Not stated 32 (57%) 199 (82%) 21 (30%) 264 (69%)

9. Handling of dropouts: adequate and reported 49 (88%) 195 (80%) 0.189 59 (86%) 314 (82%) 0.530

10. Low-risk of bias 7 (13%)* 10 (4%) 0.014 21 (30%)* 45 (12%) <0.001

Values annotated with ** are significantly higher than values annotated with * (P < 0.05)
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Fig. 1 IF: journal impact factor. Baseline: baseline characteristics
presented. Power calc: sample-size calculation performed. Prim outc:
primary outcome explicitly stated. Gen of alloc: adequacy of generation
of allocation. Concealm of alloc: concealment of allocation. Blinding:

presence of blinding. Type of analysis: intention-to-treat analysis per-
formed. Handling of dropouts: adequate handling of dropouts (<20% lost
to follow-up, and listing of reasons for all losses). Low-risk of bias:
identification as ‘low-risk of bias’ trial
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intention-to-treat analysis, generation of allocation sequence
and performance of a sample-size calculation (Table 4).

Subsequently, all potentially related factors were added to
the multivariate analysis. This confirmed that intention-to-
treat analysis, generation of allocation sequence and perfor-
mance of a sample-size calculation were independent factors
associated with publication in a higher journal IF. In addition,
it identified a higher number of authors and multicenter trials
as independent factors for higher IF (Table 4). RCTs reporting
a statistically significant primary outcome showed a trend to-
wards publication into a higher IF, although this association
was not statistically significant.

Discussion

This study identified several important findings. First, we
found that RCTs published in a higher IF journal were indeed
associated with improved methodological quality as com-
pared to RCTs published in lower IF journals. This was ob-
served both in 1999 and 2009 indicating a consistent finding
over time. Secondly, performing an RCT with an adequate
sample-size calculation, generation of allocation or
intention-to-treat analysis seems to increase the chances of
publication in a high IF journal. Third, performing a study
within a large cooperative coalition was also significantly as-
sociated with publication in a higher IF journal, while finding
a statistically significant outcome was not. Finally, despite the
observed improvement in methodological quality, the majori-
ty of trials still had methodological limitations making indi-
vidual critical appraisal necessary for all RCTs.

Publication of a surgical RCT in a high IF journal (>3) was
associated with a threefold increase in the low-risk of bias
status, from 4 to 12% in 1999 and from 8 to 22% in 2009.
Similar results were seen in the top-10 journals vs other

journal. Still, even in this group, only 30% of published
RCTs met the low-risk of bias criteria. Hence, the journal IF
can be used as a rough quality indicator but critical appraisal
remains necessary for all RCTs [2, 11, 15]. Conversely, we
were able to identify three methodological quality criteria that
were independently associated with publication in a higher IF
journal. All three criteria (i.e. sample-size calculation, ade-
quate generation of randomization sequence and adequate
intention-to-treat analyse) are of major importance to the reli-
ability and accuracy of RCTs. Moreover, these criteria are
easy to achieve and feasible in virtually all types of
(surgical) RCTs. Thus, we hope these results provide an addi-
tional stimulus to researchers to take these criteria into consid-
eration when designing and reporting RCTs.

Surgical RCTs face a unique set of challenges as compared to
pharmaceutical RCTs, as blinding of surgeons and patients is
often challenging. Up to 34% of the published surgical trials in
our study were blinded in 2009. In contrast, blinding was report-
ed up to 71% in pharmaceutical trials [16]. Even though blinding
remains an important measure to prevent performance bias,
Probst et al. fairly pointed out that there is no evidence that ornate
blinding measures in surgical RCTs yield better evidence [17].
Moreover, surgical placebos entail a considerable risk for study
participants and therefore should be used only if justified by the
clinical question and methodological necessity [18, 19].

In the multivariate analysis, a trend towards publication of
studies with a statistical significant outcome into higher IF
journals was observed. Although the association did not reach
statistical significance, the existence of such correlation has
been extensively discussed in literature with previous studies
showing contradicting findings. Gluud et al. reported similar
rates of trials with positive primary outcomes (around 70%) in
four subgroups of journals stratified by impact factor
(P = 0.32). On the other hand, Littner et al. found that studies
with significant primary outcomes were associated with a
slightly higher mean IF than those with negative results (mean
IF 4.6 and 4.2, respectively, with a P = 0.03). While statisti-
cally significant, the scientific relevance of such a small dif-
ference is uncertain.

In essence, two main arguments exist for this potential
association. Either a publication bias towards positive results
driven by fierce competition for publication in high IF
journals, or the notion that studies with positive results might
be truly better than those with statistically insignificant prima-
ry outcomes because of better selection of hypotheses, study
design, funding and larger sample-size recruitment [6]. Our
results support the notion that such factors related to the qual-
ity of trials are indeed more important than the mere reporting
of a statistically significant outcome. Similarly, industry
funding was not found to be independently associated with
higher IF. This topic has been extensively studied by a recent
review that found that industry funding of surgical trials leads
to exaggerated positive reporting of outcomes [20]. This study

Table 4 Results of regression analysis; independent factors for the
journal impact factor

B-coefficient 95% CI P

Method characteristics

Sample-size calculation 1.2 0.4–1.9 0.002

Generation of allocation 1.0 0.3–1.7 0.003

Type of analysis 2.0 1.3–2.8 0.000

All characteristics

Sample-size calculation 1.0 0.3–1.7 0.007

Generation of allocation 0.8 0.1–1.4 0.024

Type of analysis 1.5 0.7–2.2 <0.001

Multicenter trial 0.7 0.2–1.3 <0.001

Number of authors 0.4 0.3–0.5 <0.001

Significance primary outc 0.6 −0.39–1.3 0.07
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also found that industry-funded trials were not published in
journals with a higher IF compared with non-industry-funded
trials (mean impact factor 4.7 vs 3.2; P = 0.97).

Extensiveness of the trial such as large sample size, large
number of collaborating authors and multicenter trials were all
correlated with publication in high IF journals. Parts of these
findings are collaborated by previous studies as well [2, 5].
Several explanations can be formulated. First, for a study to
obtain such wide collaboration, it must have a clinical relevant
question that makes it interesting for clinical practice. Second,
expertise in design and reporting of RCTs are probably more
available within a wide collaboration, increasing the quality of
the trial. Thirdly, a less illustrious explanation might be that, as
Lokker et al. pointed out, when the bigger network is involved,
more (self)citations can be obtained [6]. Nonetheless, this finding
is important in that it provided clear evidence that putting the
time and effort to build the necessary cooperation to perform a
well-designed and clinically relevant trial does pay-off in terms
of higher appreciation by journals.

Several reports have studied the relation between adequate
reporting of conflict of interest and the IF. In our study, despite
possessing data on this item, we decided not to include it in the
analysis since higher IF journals often have strict and compre-
hensive procedures for declaring conflict of interest.
Therefore, we felt that an association would be inevitable. A
recent study evaluating the procedure of disclosing conflict of
interest in 64 journals has indeed clearly shown that journals
that mandated full disclosure of conflict of interest had a great-
er IF (0.626 vs 1.732; P = 0.006) [21]. In a post hoc analysis,
our data do indeed confirm this finding.

Certain choices have been in this study that merit further
discussion. Such choice is the inclusion of journals without an
IF into the low IF group. This choice can be justified by the fact
that most these journals have not been chosen by Thompson
Reuters to be included in their Journal Citation Report since they
are smaller and less-known journals. However, some of these
journals, especially recently launched journals, might not fall into
this classification and may develop over the years to become
important journals in their respective field. Thus, inclusion of
all these journals into the low IF group, while reasonable, might
bias the result. Such bias, however, is likely to work against
finding differences between low and high IF journals, since ‘fu-
ture’ high IF journals are now included in the low IF group.
Thus, the effect on the currently observed differences is probably
limited. Another choice was to approximate the cut-off points for
low,medium and high to the nearest roundwhole number.While
the division is based on creating three equal parts (i.e. tertiles),
which is a well-accepted approach, the cut-off points obtained
were arbitrary and not very intuitive. To ease readability and
interpretation, we have chosen to approximate these cut-off
points to be more easily grasped by the reader. This in term
resulted in slight inequality of the three groups, whichmight have
affected the results. It is important to note that the choice for

approximation was done before any analysis was performed,
and that no other grouping was used for analysis.

Strengths of this study include the high number of included
trials and the identification of the majority of surgical RCTs in
PubMed in two complete years. This offers a comprehensive
analysis across the range of all journals. Previous publications
have described the possible association between the journal IF
and methodological quality, but within considerably smaller
numbers of publications, different fields of specialty and less
detailed (methodological quality) characteristics retrieved
from the publications [2, 4, 15]. Another strength is the inclu-
sion of 2 years, one before and one after the introduction of the
CONSORTstatement (2001). Thus, the effect observed in this
paper also reflects the contribution that the CONSORT state-
ment may have had on the quality of reporting which is con-
sistent with previous publications [22, 23].

This study has some limitations. First, it should be noted
that poor reporting does not necessarily indicate poor quality
[24]. Nonetheless, the importance of adequate reporting can-
not be understated since it is the only tool for clinicians to
assess the quality of trials. Secondly, certain factors in the
editorial decision of higher IF journals to accept certain
RCTs over other, such as novelty of idea and clinical relevance
of the research question, are hard to quantify and could thus
not be included in this review. However, the importance of
these factors is self-eminent and would probably not impor-
tantly influence our results. A third limitation is that we were
not able to assess ‘selective reporting of outcomes’, which is
part of The Cochrane Risk of Bias tools [25]. To be able to
assess this item, reported outcomes of RCTs have to be com-
pared to either their published protocols or to other trails with
similar research questions. Both approaches were practically
not feasible due to the extensiveness and varying topics of
RCTs in this study. Lastly, the search for this review was
performed over 6 years ago. Nonetheless, the extensiveness
of the search and the time span it covers (a decade apart with
the CONSORT statement in between), provides valuable in-
sights that have not been available before, with an effort that is
hard to match.

Conclusion

In summary, publication of RCTs in high IF journals is asso-
ciated with a moderate improvement in methodological qual-
ity. Nonetheless, critical appraisal of individual RCTs remains
necessary. Performing an RCTwith adequate sample-size cal-
culation, generation of allocation or intention-to-treat analysis
seems to increase the chances of publication in a high IF
journal, as does performing a study within a large cooperative
coalition. On the other hand, reporting a statistically signifi-
cant outcome and being industry funded was not independent-
ly associated with publication in a higher IF journal.
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