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Abstract The aim of the study is to assess the methodo-
logical quality of randomized controlled trials (RCTs) pub-
lished in Rheumatology International (RI) by using three
types of analytical tools. MEDLINE was used to extract
RCTs from original articles published in the R from 1981
(vol. 1) to 2012 (vol. 32). The relationship between the
number of articles and RCTs with time and that between
various factors and the quality of RCTs were analyzed. To
analyze the methodological quality of the RCTs, the time
period was divided into several sections and three tools
were applied (e.g., the Jadad scale, van Tulder scale, and
Cochrane Collaboration Risk of Bias Tool). The number of
RCTs published gradually increased with time significantly
(p < 0.001). The differences in RCT quality scores by each
method in the publication years evaluated were not statis-
tically significant, but RCTs that included descriptions of
allocation concealment methods had received institutional
review board (IRB) approval, and that conducted in the
multicenter had significantly higher-quality scores than
other studies. In conclusion, although the number of RCTs
published in RI since its publishing in 1981 has increased
with time, but no qualitative improvement of RCT was
observed over time. It is necessary to improve the reporting
of concealment of allocation, generation of randomization
sequences, design of blinded studies, and obtaining IRB
approval, all of which are criteria of high-quality RCTs.
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Introduction

Since the introduction of evidence-based medicine (EBM),
there has been a gradual recognition of the importance of
the clinical application of objective outcomes derived from
well-planned research. The randomized, clinical trials
(RCTs) are considered as a research method that can obtain
reliable data with reduced experimental bias and a high
level of evidence [1]. The reporting of RCTs must achieve
a high standard to enable physicians to measure the valid-
ity of the results [2], and the methodology of RCTs must
be sound to avoid incorrect conclusions because of study
biases [3].

To minimize such errors, the International Committee
of Medical Journal Editors (ICMJE) recommends follow-
ing the Consolidated Standards of Reporting Trials (CON-
SORT) guidelines when reporting RCT results [4]. These
guidelines enable researchers to use appropriate research
methods and to conduct studies and analyze the results
appropriately [5]. Also, the CONSORT guidelines help
physicians understand and evaluate research methods, data
analysis, and trial results. Consequently, the guidelines
reinforce the importance of evaluating methodological
quality in the design, conduct, and analysis of RCTs.

However, the CONSORT checklist does not allow
for quantifying each item, which limits its use for com-
parison of RCTs. Quality assessment methods based on
numerical scale scoring systems are useful for evaluating
the quality of clinical trials. They also enable easy com-
parison of trial quality. The Jadad, van Tulder, Cochrane
Collaboration Risk of Bias Tool (CCRBT), Newell’s,
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Scottish Intercollegiate Guidelines Network (SIGN), and
the National Institute for Health and Clinical Excellence
(NICE) scales have all been applied to the methodological
assessment of RCTs [6-8].

The Jadad scale has comparatively simple assessment
items, which makes it easy to use; however, it does not
include an assessment of “allocation concealment.” Effec-
tive allocation concealment is essential to prevent selection
bias in the allocation of patients to study treatment arms.
The van Tulder scale and CCRBT include assessment items
for allocation concealment.

The above tools have been used by Chung and Lee [9]
and Cho et al. [10], to evaluate the quality of RCTs pub-
lished in the Korean Journal of Urology and the Interna-
tional Journal of Urology (IJU). The Rheumatology Inter-
national (RI) has a long, distinguished history focusing on
rheumatology, and this study assessed the methodological
quality of RCTs published in R/ using the Jadad scale, van
Tulder scale, and CCRBT, to further the future research
paradigm of “Rheumatology.”

Materials and methods
Articles and extraction methods for RCTs

A total of 4,194 articles published in R/, from 1981 (vol. 1)
to 2012 (vol. 32), were retrieved using a manual Web search
of the MEDLINE journal database. Publication type was fil-
tered by “randomized, controlled trial.” Additional searches
were conducted using keywords including “randomized,”
“randomization,” and “randomly,” to identify any omitted
articles. RCTs were chosen from articles reported in Index
Medicus vol. 1, 1981. To ensure the objectivity of the study,
two reviewers who had been trained in RCT methodology
independently performed data extraction. The extraction
results of the two reviewers were coordinated and incorpo-
rated into one dataset. Any disagreements were discussed by
the three reviewers and a consensus was reached.

Quality validation tools and assessment methods

Analyses were performed independently by two reviewers
using the Jadad scale, van Tulder scale, and CCRBT. The
results were coordinated by a third reviewer.

Jadad scale

The Jadad scale (also known as the Oxford quality scoring
system) has a maximum score of five points. Two points
are awarded for the description of the randomization
method, two points for the blinding method, and one point
for including the information of study dropouts. If mention
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of randomization and blinding was included without any
description of the methods used, one point was assigned
for each. When a description of an adequate method was
included, one point was added. Two points for each factor
mean appropriate randomization and blinding. One point
was added if the number of dropouts in each study group
and the reasons were specified. If there were no dropouts,
then this should have been stated. RCT reports with a Jadad
score of three points or more were selected as high-quality
studies. Studies in which double-blinding was not possi-
ble, but had a total score of two points or more, were also
selected as high quality [11].

vanTulder scale

The van Tulder scale assessed 11 components, including
randomization, concealment of allocation, baseline charac-
teristics, three blinding methods, co-intervention, compli-
ance, dropouts, endpoint assessment time point, and inten-
tion-to-treat analysis. The van Tulder assessment method
involved the selection of “yes,” “no,” or “don’t know” for
each item. When at least five criteria were satisfied (five
points or more), the RCT was assessed as high quality [12].

CCRBT

The CCRBT assessed six domains: random sequence gen-
eration, allocation concealment, blinding, incomplete out-
come data, selective outcome reporting, and other potential
threats to validity. For each domain, the CCRBT assessment
involved the selection of “yes,” “no,” or “unclear.” After the
six domains were analyzed, if the first three domains were
“yes,” and no important concerns related to the last three
domains were identified, then the study was classified as
having a low risk of bias. Studies assessed as having two or
fewer domains with “unclear” or “no” responses were clas-
sified as having a moderate risk of bias. Studies assessed
as having three or more domains with “unclear” or “no”
responses were classified as having a high risk of bias [13].

Analysis of RCT characteristics

The effects of allocation concealment, institutional review
board (IRB) approval, and funding support on RCT quality
were analyzed, and the impact of classification as a single-
center or multicenter study was assessed. Classification by
country was analyzed based on the affiliation of the corre-
sponding author.

Statistical analysis

One-way ANOVA was used to compare differences of
scores obtained with each assessment tool. Comparisons of
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the numbers and percentages of high-quality RCT articles
are published in each time period, and quality assessments
with the CCRBT scale were performed with the Chi-square
test. Differences in the score according to RCT characteris-
tics were analyzed using Student’s 7 test. SPSS version 18.0
was used for all statistical analyses, and a p value of <0.05
was considered statistically significant.

Results
Inter-rater reliability scores between reviewers

A total of 4,194 articles published in R/, from 1981 to 2012,
were retrieved by searching the MEDLINE database. Of
these, 128 articles (3.05 %) were RCTs and were subjected
to subsequent analyses. The rate of concordance between
the Jadad scale and van Tulder scale was very high: 97 and
92 %, respectively. CCRBT, a more complex assessment
method, showed an 84 % concordance rate.

Table 1 Characteristics of RCTs according to publication year

Quantitative variation in RCTs over time

The time period was divided into six groups for analysis:
years 1981-1987, 1988-1992, 1993-1997, 1998-2002,
2003-2007, and 2008-2012. In each time period, the num-
ber of RCTs (% of papers that were RCTs) was 3 (1.03 %),
7 (3.06 %), 12 (5.63 %), 15 (5.14 %), 43 (4.92 %), and 48
articles (2.22 %), respectively (p < 0.001) (Table 1). The
number of RCTs published increased with time significantly.

Quality assessment of RCT articles over time
Jadad scale

The Jadad scores for each time period were 2.00 £+ 0.00,
3.29 £ 0.95, 2.50 + 0.52, 2.33 £ 1.18, 2.72 £ 1.12, and
2.29 + 1.20 points, respectively (p = 0.168). The numbers
(%) of high-quality RCTs in each time period were 0 (0 %),
6 (85.71 %), 6 (50 %), 7 (46.67 %), 24 (55.81 %), and 18
articles (37.50 %), respectively (p = 0.138) (Table 2).

Year Original articles RCT (%) Concealment of Appropriate ran- IRB approval ~ Blind study (%) Appropriate Drug study (%)
allocation (%) domization (%) (%) blindness (%)

1981-1987 291 3(1.03) 0 0 0 2 (66.67) 0 1(33.33)
1988-1992 229 7 (3.06) 2 (28.57) 2 (28.57) 4(57.14) 7 (100) 2 (28.57) 6 (85.71)
1993-1997 213 12 (5.63) 4(33.33) 1(8.33) 5(41.67) 7 (58.33) 2 (16.67) 9 (75)
1998-2002 292 15(5.14) 4 (26.67) 4 (26.67) 2(13.33) 9 (60) 2(13.33) 6 (40)
2003-2007 874 43 (4.92) 9(20.93) 10 (23.26) 23 (53.49) 31(72.09) 11 (25.58) 25(58.14)
2008-2012 2167 48 (2.22) 7(14.58) 16 (33.33) 35(72.92) 23 (47.92) 6 (12.50) 13 (27.08)
p value <0.001 0.597 0.472 <0.001 0.068 0.537 0.003
Total 4,194 128 (3.05) 26(20.31) 33 (25.78) 69 (53.90) 79 (61.72) 23 (17.97) 60 (46.88)
p value was calculated using the Chi-square test
Table 2 Quality assessment of RCTs by publication year
Publication year Jadad scale Van Tulder scale Cochrane’s assessment of risk bias

Score High quality Score High quality Low risk Moderate risk High risk
1981-1987 2.00 £ 0.00 0 (0 %) 3.67 £0.58 0 (0 %) 0 0 3 (100 %)
1988-1992 3.29 £0.95 6 (85.71 %) 543 +£2.07 5(71.43 %) 1(14.29 %) 1(14.29 %) 5(71.42 %)
1993-1997 2.50 £0.52 6 (50 %) 5.17 £1.53 7 (58.33 %) 0 3(25 %) 9 (75 %)
1998-2002 233+ 1.18 7 (46.67 %) 453 £1.73 7 (46.67 %) 1 (6.67 %) 3 (20 %) 11 (73.33 %)
2003-2007 272+ 1.12 19 (44.19 %) 5.16 £2.06 24 (55.81 %) 3 (6.98 %) 7 (16.28 %) 33 (76.74 %)
2008-2012 229 +1.20 18 (37.50 %) 4.56 £1.99 23 (47.92 %) 4 (8.33 %) 2 (4.17 %) 42 (87.5 %)
p value 0.168 0.138* 0.465 0.388* - - 0.615*
Total 251 +1.12 56 (43.75 %) 4.84+193 66 (51.56 %) 9 (7.03 %) 16 (12.5 %) 103 (80.47 %)

p value was calculated using one-way ANOVA test

* Chi-square test
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Fig. 1 The result of methodological quality assessment of RCTs with publication year by using the Jadad scale (a), van Tulder scale (b), and
CCRBT (c¢). CCRBT Cochrane Collaboration Risk of Bias Tool, Low low risk of bias, Moderate moderate risk of bias, High high risk of bias

No statistically significant differences in the RCT quality
scores were observed for the publication years that were
evaluated (Fig. la). The appropriate blind studies were
assessed by 23 researches and accounted for 17.97 % of
128 RCTs and 29.11 % of 79 blind studies.

vanTulder scale

Assessment scores by the van Tulder scale for each time
period were 3.67 £+ 0.58, 543 £+ 2.07, 5.17 £ 1.53,
4.53 £ 1.73, 5.16 & 2.06, and 4.56 £ 1.99 points, respec-
tively (p = 0.465), with 0 (0 %), 5 (71.43 %), 7 (58.33 %),
7 (46.67 %), 24 (55.81 %), and 23 articles (47.92 %) being
assessed as high quality, respectively (p = 0.388) (Table 2).
The differences in RCT quality scores in the publication
years evaluated were not statistically significant (Fig. 1b).

CCRBT

The CCRBT identified 0 (0 %), 1 (14.29 %), 0 (0 %), 1
(6.67 %), 3 (6.98 %), and 4 articles (8.33 %) in each time
period, respectively, as having a low risk of bias (p = 0.615)
(Table 2). The CCRBT assessments for each publication
time interval were not significantly different (Fig. 1c).

Analysis of other factors related to RCT quality

RCT reports that included descriptions of alloca-
tion concealment methods (Jadad 3.65 + 1.06, van
Tulder 7.23 £ 1.78; p < 0.001, p < 0.001, respectively)
had received IRB approval (2.71 + 1.24, 5.17 £ 2.15;
p = 0.023, 0.032), and that conducted in the multicent-
ers (2.73 £ 1.09, 5.21 £+ 2.17; p = 0.032, 0.039) had sig-
nificantly higher-quality scores than other studies. There
were no quality score differences between articles with
regard to the type of intervention (drug study: 2.57 &+ 0.91,
515 £ 196; p = 0.569, 0.092), funding support
(2.48 £ 0.85, 4.43 £ 1.70; p = 0.889, 0.264) (Table 3).
The affiliation of the corresponding author has been diverse
every decade since 1981 (Table 4).
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Discussion

This methodological quality assessment of RCTs that were
published in the RI from 1981 to 2012 revealed significant
increases in number over this time period, but there was
no significant improvement in terms of RCT quality with
time. Scales et al. [14] reported that the number of RCTs
increased over time when they compared RCTs published
in the Journal of Urology, Urology, European Urology,
and the British Journal of Urology International in 1996
and 2004. Similarly, a study by Cho et al. [10] in the JU
reported that the number of RCTs has increased over the
last 18 years. In the present study, only three RCTs pub-
lished from 1981 to 1987 were examined; however, the
number gradually increased to a total of 48 RCTs published
from 2008 to 2012. This result is likely a consequence
of the increasing importance of EBM in current medical
development, and RCTs are considered as representing the
highest level of evidence [15].

Most published assessments of RCT quality, using vari-
ous methods, have verified that a majority of RCTs were
of low quality. Bridoux et al. [16] reported suboptimal
quality of RCTs in gastrointestinal surgery. Cho et al. [10]
analyzed annual publication of RCTs in IJU and found
no improvement in quality over the time period that was
studied. Likewise, this evaluation of the RCTs published
in RI revealed no improvement in quality with time. It is
supposed that RCT is known the most reliable study in
EBM, but awareness about the reporting methods used
by researchers is rather poor. Therefore, even though the
research may be performed as per the protocol, poor report-
ing style may lead to a low score for the methodology.

In the Jadad scale, research papers could be assessed
only by the elements of randomization, blinding, and drop-
out reporting [11]. This scale was easy to use because the
quality of research papers was assessed by only three cri-
teria, but it was limited by the lack of accounting for the
allocation of concealment. Therefore, the van Tulder scale
and the CCRBT were used in this study to compensate for
this problem. The van Tulder scale is more comprehensive
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Table 3 Analysis of factors related to the quality of RCTs

Factors No. of RCTs (%) Jadad scale Van Tulder scale Cochrane’s assessment of risk bias
Score High quality ~ Score High quality =~ Highrisk ~ Moderate risk ~ Low risk
(%) (%) (%) (%) (%)
Concealment of allocation
Described 26 (25.5) 3.65+1.06 22(84.6) 7.23 £1.78 26 (100) 5(19.2) 12 (46.2) 9 (34.6)
Not described 102 (74.5) 2224093 34(33.3) 424 +1.44 40 (39.2) 98 (96.1) 4 (3.9) 0
p value <0.001 <0.001* <0.001 <0.001* <0.001%*
IRB
Approved 69 (53.9) 271+ 1.24 34 (49.3) 5.17£2.15 40 (58.0) 52(75.4) 9 (13.0) 8 (11.6)
Not approved 59 (46.1) 227+£091 22(37.3) 4.46 +£1.58 26(44.1) 51(86.4) 7(11.9) 1(1.7)
p value 0.023 0.212% 0.032 0.156%* 0.084*
Intervention
Drug study 60 (46.9) 2.57+£091 27 (45.0) 5.15+£1.96 34(56.7) 50 (83.3) 7(11.7) 3(5.0)
Non-drug study 68 (53.1) 246 £1.28 29 (42.6) 457 +1.88 32(47.1) 53 (77.9) 9(13.2) 6(8.9)
p value 0.569 0.859* 0.092 0.293* 0.657*
Funding
Supported 23 (18.0) 248 +0.85 10 (43.5) 443 £1.70 11(47.8) 18 (78.3) 5217 0
Not supported 105 (82.0) 251+ 1.17 46 (43.8) 493 £198 55(524) 85 (81.0) 11 (10.5) 9 (8.5)
p value 0.889 1.000* 0.264 0.819* 0.142%*
Center
Multicenter study 62 (48.4) 273 +£1.09 33(53.2) 521 £2.17 36(58.1) 45 (72.6) 12 (19.4) 5(8.0)
Single-center 66 (51.6) 230+ 1.11 23 (34.8) 450+ 1.63 30(45.5) 58 (87.8) 4(6.1) 4(6.1)
study
p value 0.032 0.050%* 0.039 0.162% 0.060*
p value was calculated using Student’s 7 test
* Chi-square test
Taple 4. Distribution of the . Publication year Total p value
nationality of the corresponding
authors 1981-1992 1993-2002 2003-2012

The affiliation of the corresponding author

Turkey 0 5(18.5 %) 46 (50.5 %) 51(39.8 %)
Germany 3(30.0 %) 4 (14.8 %) 10 (11.0 %) 17 (13.3 %)
Italy 0 0 9 (9.9 %) 9 (7.0 %)
Spain 0 2 (7.4 %) 5(5.5 %) 7 (5.5 %)
China 0 2 (7.4 %) 3(3.3 %) 5(3.9 %)
USA 1(10.0 %) 1 3.7 %) 222 %) 4(3.12 %)
Israel 0 3(11.1 %) 1(1.1 %) 4(3.12 %)
. United Kingdom 1(10.0 %) 0 222 %) 3(2.3 %)
Ot Sout Korn HTEI. g : aum o a3
Brazil, the Netherland, Poland, Others 5(50.0 %) 7(25.9 %) 13 (14.3 %) 25 (19.5 %)
Austria, Ireland, Switzerland, Total 10 27 91 128 <0.001
Sweden, Serbia, Denmark, New No. of countries 7 14 18 26

Zealand, and Greece

because it includes 11 elements; the addition of the
CCRBT, which adds an assessment of the risk of study
bias, increases the reliability of the results through the use
of three complementary assessment tools. Therefore, the

results of the evaluation by these methods can differ from
each other. However, this study did not show the signifi-
cant increase in the scores assessed by all of the assessment
methods as well as the number of high-quality RCTs.

@ Springer
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Scales et al. [14] emphasized randomization and the
use of adequate blinding as basic items that should be
components of high-quality RCT articles. Well-designed
randomization helps to reduce selection bias. A perfect
randomization process has two stages: generating an unpre-
dictable random sequence and maintaining concealment of
allocation for participants during the study [17, 18]. If the
selected study participants recognize the random sequence
or determine their allocation, they will change their study
behavior, with consequent impact on treatment efficacy and
study results. Therefore, these stages are important pro-
cesses for the appropriate implementation of a clinical trial
[19]. And, blinding methods apply to the study participants,
health care providers, and those assessing the outcomes
[20]. Each blinding method is intended to prevent biases
that can be generated during the study.

Mills et al. [21] found that appropriate randomization
generation/allocation concealment protocols were reported
in 78.4/47.1, 90.5/42.9, 59.1/22.7, 90.1/63, and 74.4/42.3 %
of RCTs published in BMJ, Annals of Internal Medicine,
Archives of Internal Medicine, The Lancet, and JAMA,
respectively. They were generally insufficient to describe
the process of allocation concealment. Additionally, the
results of a review by Peron et al. [22] that assessed all the
RCTs published in medical oncology journals from 2006 to
2009 showed that only 29 and 51 % of the trials accurately
described the processes of randomization and allocation
concealment, respectively. In R, there were only 26 RCTs
(20.31 %) that properly described the concealment of allo-
cation and 33 RCTs (25.78 %) that described appropriate
randomization methods. These rates are lower than those
reported for the other journals mentioned above, showing
the need for improvement.

Scales et al. reported that the < 50 % of RCTs pub-
lished in four different urology journals in 2004 had proper
descriptions of blinding methods [14]. Chan et al. [19] per-
formed a cross-sectional analysis of 519 articles published
in December 2000 and identified in PubMed as RCTs.
Among those articles, 309 (60 %) stated that they had used
blinding methods, but only 148 of them (48 %) provided a
proper description of the blinding procedures. In this study,
there were 79 blinded studies (61.72 %), a higher percent-
age than in other reports. However, only 23 RCT articles
(29.11 %) described the blinding design in detail.

As an international standard for RCTs, the IRB review
process involves recognition of the validity of the study
protocol and is obtained before study implementation.
To pass IRB review, a study protocol should be designed
appropriate so that it can answer the experimental ques-
tions. This helps to improve the study quality and to prove
the feasibility of the study [23]. Therefore, RCTs that
received IRB approval are expected to be of outstand-
ing quality compared with those that have not received it.
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Indeed Bridoux et al. [16] reported that most high-quality
RCTs have received IRB approval. In this study, the Jadad
and van Tulder scale results showed that quality scores
of RCTs that had received IRB approval were high and
included many research reports assessed as having high
quality.

According to Jo et al. [24], which performed the qual-
ity assessment in the Journal of endourology, the number of
countries increased over time and has raised global aware-
ness. In the present study, we found that the affiliation of
the corresponding author was limited to certain countries.
Studies from 26 countries were published, among which
53 % were based in Turkey and Germany, but, as the Jo
et al., on a 10-year basis, the nationality of corresponding
authors increased from 7 (1981-1992) to 14 (1993-2002)
and then to 18 (2003-2012) RCTs. The results suggest
that this journal has observed as increase in its reputation
worldwide.

Peron et al. [22] stated two reasons why articles lack
accurate descriptions of methodology. First, because most
researchers are clinicians, they focus mainly on the clinical
features rather than the methodological items presented in
research papers. Second, although there may not be prob-
lems with the study design and execution, limitations on the
length of journal articles prompt the researcher to include
less information. However, there are other studies conclud-
ing that poor-quality RCT reports are mainly the result of
poor methodology [25] and are likely to reflect study bias
and to exaggerate treatment efficacy [26]. Therefore, not
only researchers, but also clinicians, should be reminded
of the importance of methodological aspects for the highest
quality in RCTs.

This study had some limitations. It is possible that
the subjective judgment of the investigators influenced
the extraction of the RCT characteristics and the quality
assessment. To ensure the objectivity and reliability of this
study, two reviewers performed the analysis independently.
If there were any difference in their assessment results, a
third objective reviewer performed a reassessment and
adjusted the results. Additionally, although we used well-
known quality assessment tools for RCTs, not all items
listed in the CONSORT statement were considered. Never-
theless, the use of three different validated tools meant that
the majority of items were considered and the conclusions
drawn from the analysis were strengthened.

Conclusion

Although the number of RCTs published in RI since its
publishing in 1981 has increased with time, no qualitative
improvement of RCT was observed over time. It is neces-
sary to improve the reporting of concealment of allocation,
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generation of randomization sequences, design of blinded
studies, and obtaining IRB approval, all of which are cri-
teria of high-quality RCTs. Therefore, for the continued
advancement of RI, more attention should be directed to
appropriate methodological protocols beginning with study
implementation. Consequently, our results may suggest a
direction that will be useful for improving the quality of
future study articles for rheumatologists.
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