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ARTICLE INFO ABSTRACT

Background: There are limited data on the quality of reporting of information essential for replication of the cal-
culation as well as the accuracy of the sample size calculation. We examine the current quality of reporting of the
sample size calculation in randomized controlled trials (RCTs) published in PubMed and to examine the variation
in reporting across study design, study characteristics, and journal impact factor. We also reviewed the targeted
sample size reported in trial registries.

Methods: We reviewed and analyzed all RCTs published in December 2014 with journals indexed in PubMed. The
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Igg;n;ggcisl: 2014 Impact Factors for the journals were used as proxies for their quality.

Factorial Results: Of the 451 analyzed papers, 58.1% reported an a priori sample size calculation. Nearly all papers provided
Protocol the level of significance (97.7%) and desired power (96.6%), and most of the papers reported the minimum
Sample size clinically important effect size (73.3%). The median (inter-quartile range) of the percentage difference of the

Trials reported and calculated sample size calculation was 0.0% (IQR —4.6%;3.0%). The accuracy of the reported sample
size was better for studies published in journals that endorsed the CONSORT statement and journals with an
impact factor. A total of 98 papers had provided targeted sample size on trial registries and about two-third
of these papers (n = 62) reported sample size calculation, but only 25 (40.3%) had no discrepancy with the
reported number in the trial registries.

Conclusions: The reporting of the sample size calculation in RCTs published in PubMed-indexed journals and trial
registries were poor. The CONSORT statement should be more widely endorsed.

© 2016 European Federation of Internal Medicine. Published by Elsevier B.V. All rights reserved.

1. Introduction

In presenting the results of randomized controlled trials (RCTs), an a
priori sample size calculation should be reported because an RCT with
too small sample size lacks statistical power and will lead to inconclu-
sive results. In contrast, a sample size that is too large may lead to ethical
issues, such as unnecessary exposures to potential harm [1]. The
Consolidated Standards Of Reporting Trials (CONSORT) statement
recommends reporting of how the sample size was determined [2]. In
addition, the extensions of the CONSORT statement that were available
for reporting the sample size calculation in non-inferiority trials [3] and
cluster trials [4] suggested that the margin of non-inferiority and design
effect should be reported, respectively.

Previous reviews showed that RCTs published in CONSORT-
endorsed journals were more likely to report their sample size calcula-
tion [5-7]. This finding was not surprising because the authors were
obliged to report this information while submitting their papers to
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these journals. Many researchers have conducted reviews regarding
the compliance with the CONSORT statement in different specialty
fields, but <10% of these reviews investigated the compliance in the
reporting sample size estimation [8]. Most importantly, few reviews
assessed the quality of reporting of information that are essential
for replication of the calculation (such as desired level of power and
expected effect size of the treatment) and examined the accuracy of
the sample size calculation. We know that most two-arm parallel
group RCTs published in six leading general medical journals reported
sample size calculations, and that the provision of information and
accuracy of the calculated sample sizes were of acceptable level [5].
However, the quality of RCTs in other types of study designs and of
those published in other journals, and the associations between quality
of reporting and study characteristics, remain unknown.

Here, we reviewed and analyzed all RCTs published in December
2014 in journals indexed in PubMed. Because previous results showed
that the quality of the journals was associated with the quality of
reporting, we also examined whether the study type, study characteris-
tics (drug trial versus non-drug trial, funding source), journal type
(general medical versus specialty), endorsement of CONSORT guide-
lines, and impact factor of the journals were associated with quality of
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reporting of sample size calculation. We hypothesized that studies
which received funding, were published in journals that endorse the
CONSORT guidelines, and were published in high quality journals
would have better quality in reporting sample size calculation.

In addition to the sample size calculation provided in the published
papers, we also reviewed the targeted sample size reported in trial
registries, for example ClinicalTrials.gov or International Standard
Randomized Controlled Trial Number (ISRCTN). The discrepancies
between the reported sample size in trial registries and in the papers,
as well as the quality of the reported sample size in trial registries,
would also be evaluated.

2. Methods
2.1. Search strategy

We used the Cochrane highly sensitive search strategy (phase 1) [9]
to search PubMed for papers reporting randomized controlled trials
published in December 2014 and indexed by 30 April 2015. Two
reviewers (PHL and ACYT) independently screened the abstracts and
full texts to determine their eligibility. All online-only materials relevant
to the sample size calculation were downloaded and analyzed.

2.2. Inclusion and exclusion criteria

We adopted inclusion criteria similar to those reviewing PubMed-
indexed papers published in 2000 and 2006 [10,11]. An article had to
satisfy the following criteria to be included in the analysis: 1) the
study subjects were humans, 2) the trial had to involve health-care
interventions, 3) the participants had to be randomly allocated into at
least two study groups with different interventions, and 4) the article
had to be published in English. We included all trial types, including par-
allel group, crossover, clustered, and factorial designs. The exclusion
criteria were as follows: 1) a cost-effectiveness, diagnostic, or methodo-
logical study; 2) a secondary publication; and 3) an early phase or pilot
trial in which the sample size was not calculated based on hypothesis
testing.

Abstracts excluded (n=1,455)
Case studies (n=11)
Commentaries / editorials /
letters to the editor (n=149)
Methodological papers (n=20)
Not in human (n=25)

Abstracts identified in Not in English (f1=79) )
PubMed Non-RCT experimental studies
(n=1,959) > (2=191)

Observational studies (n=551)
Early phase / pilot trials (n=78)
l Protocols (n=44)

Qualitative studies (n=2)
Reviews (n=240)
Secondary publications (n=65)

Full text papers reviewed

(n=504)

Full text papers excluded

(n=53)

l Non-RCT experimental studies
(n=17)

Observational studies (n=3)

Early phase / pilot trials (n=5)

Secondary publications (n=16)

Full text papers not available

(n=12)

Full text papers included
in the analysis
(n=451)

Fig. 1. Paper screening procedure.

2.3. Search results

Fig. 1 shows the search results. A total of 1959 abstracts were identi-
fied by the search strategy, 504 full text papers were reviewed, and 451
papers were included in the analysis.

24. Data extraction

Information regarding the sample size calculation were extracted,
including 1) the type of study (parallel group: each participant was ran-
domly assigned to one of the study groups; crossover: each participant
was required to undergo all study groups in a random sequence; and
others), 2) the 2014 Impact Factor of the journal (as a proxy for the
quality of the journal [12,13]), 3) the endorsement of the CONSORT
guidelines from the author guidelines of the journal, 4) the specialty
of the journal, 5) whether the trial was drug-related, 6) the source of
the funding (institutional, industrial, both, or none), 7) the sample
size of the analyzed dataset, 8) the a priori calculated sample size of
the study (if any), and if yes, then 9) the level of significance adopted,
10) the desired power, and 11) the expected effect size of the treatment
(the mean and SD for continuous outcomes, the proportions of all
groups for binary outcome, or the non-inferiority margin for non-
inferiority trials).

The trial registration numbers for all papers were obtained from the
main text. Only those with a priori calculated sample size were collected
whilst we excluded those with actual sample size reported. All target
sample sizes reported in trial registries were then multiplied by the
estimated attrition rates reported in the corresponding papers.

2.5. Sample size calculation

For papers that reported adequate information for the sample size
calculation (the level of significance adopted, the desired power, and
the expected effect size of the treatment for superiority trials or the
non-inferiority margin for non-inferiority trials), we calculated the
sample size required to achieve the reported desired level of power
and level of significance. If the information regarding the tail type
of the statistical test used was missing, then all superiority trials were
assumed to use two-tailed tests and all non-inferiority trials were
assumed to use one-tailed tests. The formulas used for sample size
calculation can be found in Supplemental Material 1: eMethods.

Three comparisons of sample sizes were made. First, we compared
the differences between the reported and calculated sample sizes in
the analyzed papers. For papers that provided a targeted sample size
in a trial registry, we additionally made two more comparisons as fol-
lows. We compared the differences between the targeted sample sizes
reported in the trial registries and that reported in the analyzed papers,
as well as the differences between the targeted sample sizes reported in
the trial registries and the calculated sample sizes in the papers. Instead
of using percentage difference of these two sample sizes [5], the
percentage difference of the square root of these two sample sizes
(that is, ﬁ;ﬁfﬁ where n; and n, are the reported and calculated sam-
ple sizes in the analyzed paper respectively) was used, as this equals the
percentage difference of the true effect size which could be detected
(compared with the reported effect size assumption) under the reported
levels of significance and power. To examine the absolute error, the
absolute percentage difference of the square root of these two sample
sizes (that is, W) was also used.

2.6. Statistical analysis

The Impact Factor was grouped into five categories (not indexed in
Journal Citation Report, 0.001-3, 3.001-5, 5.001-10, and >10). The jour-
nal type was grouped into general medical or specialty. The associations
between the study type, drug trial, funding source, journal type,
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endorsement of CONSORT guidelines, and impact factor categories on
the provision of an a priori sample size calculation and information for
sample size calculation (level of significance, power, and effect size)
were examined using a chi-square test. The association of the above fac-
tors with the percentage difference and absolute percentage difference
was assessed using multiple linear regression. Due to the small number
of studies providing target sample size in trial registries (n = 98),
Mann-Whitney U test was used (instead of regression) to examine
the association between the above factors with the percentage differ-
ence between trial registries-reported sample size, paper-reported
sample size, and the calculated sample size. To evaluate the difference
between the quality of sample size calculation reported in trial registries
and in papers, the within-paper difference was examined using scatter
plots, Bland-Altman plots, and Wilcoxon signed-ranked test. R 3.2.0
was used to conduct the statistical analysis.

3. Results

Table 1 shows the characteristics of the 451 papers analyzed. The
median achieved sample size of these studies was 96 (inter-quartile
range 48;254). The median sample sizes for parallel studies and cross-
over studies were 43 (IQR 21.5;117) per group and 24 (IQR 15;48),
respectively. Most of the studies were parallel group design (391,
86.7%) and 31 of the studies (6.9%) were crossover trials. Less than half
of the trials (191, 42.4%) were drug interventions, 124 (27.5%) received
industrial funding, and 255 (56.5%) received institutional funding.
A total of 48 papers (10.6%) were published in journals not indexed
in the Journal Citation Report, and 150 (33.3%), 99 (22.0%), 91 (20.2%),
and 63 (14.0%) papers were published in journals with impact factors
of 0.001-3, 3.001-5, 5.001-10, and > 10, respectively. A total of 46 papers
(10.2%) published in general medical journals, and 250 (55.4%) pub-
lished in a journal that endorsed the CONSORT guidelines. The study
type was not associated with the reporting of the sample size calculation

Table 1
Characteristics of the included studies (n = 451).

A priori sample size calculation

Not reported
73 (37;154)

Reported
120 (60;301)

Achieved sample size™*" (median, IQR)
Study type (frequency, %)

Parallel group 163 (41.7%) 228 (58.3%)

Crossover 16 (51.6%) 15 (48.4%)

Others# 10 (34.5%) 19 (65.5%)
Drug trial (frequency, %)

Yes 80 (41.9%) 111 (58.1%)

No 109 (41.9%) 151 (58.1%)
Industrial funding (frequency, %)

Yes 45 (36.3%) 79 (63.7%)

No 144 (44.0%) 183 (56.0%)
Institutional funding” (frequency, %)

Yes 94 (36.9%) 161 (63.1%)

No 95 (48.5%) 101 (51.5%)

Journal type™ (frequency, %)

General medical 11 (23.9%) 35 (76.1%)

Specialty 178 (44.0%) 227 (56.0%)
CONSORT guidelines™* (frequency, %)

Endorsed 80 (32.0%) 170 (68.0%)

Not endorsed 109 (54.2%) 92 (45.8%)
Impact factor 2014™"* (frequency, %)

Not indexed 30 (62.5%) 18 (37.5%)

0.001-3 75 (50.0%) 75 (49.3%)

3.001-5 42 (42.4%) 57 (57.0%)

5.001-10 28 (30.8%) 63 (68.5%)

>10 14 (22.2%) 49 (77.8%)
Total 189 (41.9%) 262 (58.1%)

(p > 0.05), but institutional supported studies (p < 0.01), papers pub-
lished in journals that endorsed the CONSORT guidelines (p < 0.05),
and journals with higher impact factors were more likely to report the
sample size calculation (p < 0.001).

Table 2 shows the characteristics of the 262 papers that reported an
a priori sample size calculation. Most of the studies were superiority
trials (247, 94.3%). The level of significance was reported in 256 papers
(97.7%), and 232 of the studies (90.6%) used a 0.05 level. The desired
power was reported in 253 papers (96.6%), and 163 (64.4%) and
55 (21.7%) of the papers used 80% and 90%, respectively. Papers pub-
lished in journals with higher impact factor were more likely to report
the expected effect size (p = 0.01) and more likely to provide all neces-
sary information to calculate the sample size required (p = 0.03).

Supplemental Fig. 1 shows the scatter plot of the reported versus
calculated square roots of the sample sizes in the 184 papers that pro-
vided all necessary information to calculate the sample size required.

Table 2
Reporting of a priori sample size calculation by study type and journal impact factor
(n = 262).

Sample size Information for sample size All essential
(median, IQR) calculation (frequency, %) information
Level of Power Effect pfl ovided o
significance size (frequency, %)
Study type
Parallel 126 223 220 171 162
(70-307)"""  (93.3%) (96.5%) (75.0%) (71.1%)
Crossover 24 14 14 7 7
(15-155) (93.3%) (93.3%) (46.7%) (46.7%)
Others# 364 19 19 14 14
(31-3947) (100.0%) (100.0%) (73.7%)  (73.7%)
Drug trial
Yes 141 109 75 83 78
(67-338) (98.2%) (94.9%) (74.8%) (70.3%)
No 101 148 179 110 106
(50-280) (97.4%) (97.3%) (71.9%) (69.7%)
Industrial funding
Yes 163 76 75 7 54
(75-507)"" (96.2%) (94.9%) (46.7%)  (68.4%)
No 100 181 179 171 130
(50-270) (98.4%) (97.3%) (75.0%) (70.7%)
Institutional funding
Yes 134 161 160 128 125
(61-353)" (99.4%)" (98.8%)" (78.5%)" (77.2%)""
No 92 96 94 65 59
(55-238) (95.0%) (93.1%) (64.4%) (58.4%)
Journal type
General medical 364 35 34 28 27
(237-1195)""  (100.0%)  (97.1%) (80.0%) (77.1%)
Specialty 94 222 220 165 157
(51-254) (97.4%) (96.5%) (72.1%) (68.9%)
CONSORT guidelines
Endorsed 142 168 166 134 128
(67-339)"" (98.2%) (97.1%)  (784%)™ (74.9%)"
Not endorsed 86 88 87 58 55
(48-184) (96.7%) (95.6%) (63.0%) (60.4%)
Impact factor 2014
Not indexed 82 17 16 9 8
(39-121)"""  (94.4%) (88.9%)  (474%)™ (44.4%)"
0.001-3 73 74 74 53 51
(44--139) (98.7%) (98.7%) (70.7%)  (68.0%)
3.001-5 97 55 54 37 36
(61-239) (96.5%) (94.7%) (64.9%) (63.2%)
5.001-10 120 62 62 54 51
(62-389) (96.9%) (96.9%) (85.7%) (79.7%)
>10 343 49 48 39 38
(197-891) (100.0%) (98.0%) (79.6%) (77.6%)
Total 120 257 254 192 184
(60-302) (97.7%) (96.6%) (73.3%) (70.0%)

# Cluster (n = 7), factorial (n = 8), intra-individual (n = 12), cluster crossover (n = 1),
cluster factorial (n = 1).
* Significant at 5% level.
** Significant at 1% level.
*#* Significant at 0.1% level.

# Cluster (n = 6), factorial (n = 5), intra-individual (n = 6), cluster crossover (n = 1),
cluster factorial (n = 1).
* Significant at 5% level.
** Significant at 1%level.
*** Significant at 0.1% level.
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Supplemental Fig. 2 shows the Bland-Altman plot of the reported versus
calculated square roots of the sample sizes in these 184 papers. Both
plots show that the reported and calculated sample sizes were very
similar; the median values (inter-quartile range) of the percentage dif-
ference and absolute percentage difference were 0.0% (—4.6%;3.0%)
and 3.5% (0.5%;20.9%), respectively. The multiple linear regressions
(Table 3) showed that papers published in journals that endorsed the
CONSORT guidelines had a marginally-significant lower percentage dif-
ference of —12% (95% Cl: —25%, 1%, p = 0.06), and papers published
in journals indexed in the Journal Citation Report 2014 had a lower
percentage difference (ranging from —25% to —22%) and absolute
percentage difference (ranging from —32% to — 22%) compared with
papers not published in these journals.

Of the 451 papers included in the analysis, 17 (3.8%) of them were
non-inferiority trials and the remaining were superiority trials. The
non-inferiority trials on average had a larger sample size than the supe-
riority trials, with a median (inter-quartile range) sample size of 291
(92;810). Most of the non-inferiority trials (n = 15, 88.2%) reported
an a priori sample size calculation, and 12 (80.0%) provided all the
necessary information to calculate the sample size required. The quality
of the reported and calculated sample sizes were high; the median
values (inter-quartile range) of the percentage difference and absolute
percentage difference were 0.0% (—0.1%;9.0%) and 1.4% (0.0%;39.1%),
respectively.

Atotal of 193 (42.8%) papers had registered on trial registries and 98
(50.8%) of them provided targeted sample size. Table 4 shows that only
two-third of these papers (n = 62) reported sample size calculation.
Studies supported by industrial funding were more likely to report sam-
ple size calculation (p = 0.04). Among papers that reported sample size
calculation, only 25 (40.3%) had no discrepancy with the reported num-
ber in the trial registries, and 14 (22.6%) had a discrepancy of >30%.

Supplemental Figs. 3 and 4 show the scatter and Bland-Altman plots
of the trial registry-reported versus paper-reported target sample size,

Table 3
Multiple linear regression on percentage difference and absolute percentage difference of
the reported and calculated sample sizes (n = 184).

Percentage difference Absolute percentage difference

(95% CI) (95% CI)
Achieved 209 x107%(—=1.33 x 1075, —8.07 x 1077 (—1.48 x 1072,
sample size 1.75 x 107) 132 x107°)
Study type
Parallel group Ref Ref
Crossover 0.10 (—0.19, 0.38) 0.08 (—0.18,0.33)
Others# —0.13 (—0.34,0.09) 0.02 (—0.17,0.22)
Drug trial
Yes —0.10 (—0.21,0.02) —0.08 (—0.18,0.03)
No Ref Ref
Industrial funding
Yes —0.07 (—0.20,0.07) 0.002 (—0.12,0.12)
No Ref Ref
Institutional funding
Yes 0.03 (—0.09, 0.16) 0.08 (—0.04, 0.19)
No Ref Ref

Journal type
General medical
Specialty

CONSORT guidelines

Endorsed

—0.01 (—0.20,0.18)
Ref

—0.12 (—0.25,0.01)

0.03 (—0.14, 0.20)
Ref

—0.05(—0.17,0.07)

Not endorsed Ref Ref

Impact factor 2014
Not indexed Ref Ref
0.001-3 —0.23 (—0.50, 0.05) —0.22 (—0.47,0.03)
3.001-5 —0.24 (—0.52, 0.05) —0.24 (—0.50, 0.02)
5.001-10 —0.25 (—0.53,0.04) —0.26 (—0.51, 0.004)
>10 —0.22 (—0.52,0.08) —0.32 (—0.59, —0.05)"

# Cluster (n = 7), factorial (n = 8), intra-individual (n = 12), cluster crossover (n = 1),
cluster factorial (n = 1).
* Significant at 5% level.
*+ Significant at 1% level.
*+ Significant at 0.1% level.

Table 4
Reporting of a priori sample size calculation within studies with target sample size reported
in trial registries (n = 98).

A priori sample size calculation

Not reported in ~ Reported in

paper paper

Achieved sample size™" (median, IQR) 80 (36;203) 121 (74;288)
Study type (frequency, %)

Parallel group 35 (39.3%) 54 (60.7%)

Crossover 1(20.0%) 4 (80.0%)

Others# 0 (0.0%) 4 (100.0%)
Drug trial (frequency, %)

Yes 17 (32.7%) 35 (67.3%)

No 19 (41.3%) 27 (58.7%)
Industrial funding” (frequency, %)

Yes 23 (31.1%) 51 (68.9%)

No 13 (54.2%) 11 (45.8%)
Institutional funding (frequency, %)

Yes 11 (40.7%) 16 (59.3%)

No 25 (35.2%) 46 (64.8%)
Registered at ClinicalTrials.gov (frequency, %)

Yes 11 (40.7%) 16 (59.3%)

No 25 (35.2%) 46 (64.8%)
Total 36 (36.7%) 62 (63.3%)

# cluster (n = 2), factorial (n = 2).
* Significant at 5% level.
=+ Significant at 1% level.
*** Significant at 0.1% level.

and Table 5 (first two columns) shows that the percentage difference
and absolute percentage difference of the target sample size reported
in trial registry and that reported in paper. Out of the 63 studies that
provided target sample size in both trial registry and paper, 25 (39.7%)
of them were identical with the target sample size report in the paper.
The percentage difference and absolute percentage difference were
not associated with any of the study characteristics.

Supplemental Figs. 5 and 6 show the scatter and Bland-Altman plots
of the trial registry-reported versus calculated square roots of the sample
sizes, and Table 5 shows that the percentage difference and absolute
percentage difference of the target sample size reported in trial registries
and the calculated sample size. The median values (inter-quartile range)
of the percentage difference and absolute percentage difference of the
target sample size reported in trial registries and the calculated sample
size were 0.3% (—8.1%;15.1%) and 9.3% (2.8%;37.8%), respectively,
which were larger than the difference found between the target sample
size reported in paper and the calculated sample size (p = 0.005 and
0.016, respectively). The percentage difference and absolute percentage
difference were not associated with any of the study characteristics.

4. Discussion

In this review and analysis of 451 RCT papers published in December
2014, more than half of the studies (58.1%) reported the sample size
calculation, and only 40% of the studies reported all the information
essential for replication. Institutionally-supported studies and papers
published in journals that endorsed the CONSORT guidelines had better
reporting, but the reporting of sample size calculation was still unac-
ceptable as many essential information was missing. Compared with
trials with ethics approval received in 1994-1995 that 34% reported
all information [14], no improvement was observed. The study type
was not associated with the quality of reporting. One possible explana-
tion is that too few non-parallel studies were included to detect statisti-
cal significance. In the 31 crossover studies included in the analysis, only
15 (48.4%) reported the sample size calculation, 7 (22.6%) provided all
the essential information for the replication of sample size calculation,
and only 3 reported a sample size within 20% of the calculated one.
These findings were in accordance with the previous reviews of RCTs
published in PubMed-indexed journals, which found that only 14%
of the crossover studies published in 2000 and 33% published in 2006
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Table 5
Quality of target sample size reported in trial registries (n = 98).

Report (registry) vs Report (paper)

Report (registry) vs Calculated

Report (paper) vs Calculated

(n =98) (n =45) (n =63)
Percentage difference  Absolute percentage  Percentage difference  Absolute percentage  Percentage difference  Absolute percentage
(IQR) difference (IQR) difference (IQR) difference
(IQR) (IQR) (IQR)
Drug trial
Yes 0.00 (0.00;0.53) 0.06 (0.00;0.56) 0.01 (—0.05;0.45) 0.07 (0.03;0.35) 0.00 (—0.02;0.01) 0.02 (0.00;0.10)
No 0.03 (0.00;0.15) 0.06 (0.00;0.17) 0.001 (—0.12;0.15) 0.12 (0.02;0.35) 0.00™ (—0.12;0.01) 0.03" (0.00;0.15)
Industrial funding
Yes 0.00 (0.00;0.01) 0.00 (0.00;0.18) —0.03 (—0.09;0.002)  0.06 (0.01;0.40) —0.01 (—0.09;0.00)  0.03 (0.003;0.13)
No 0.03 (0.00;0.21) 0.07 (0.00;0.25) 0.03 (—0.08;0.17) 0.10 (0.03;0.38) 0.03™ (—0.08;0.17) 0.02" (0.00;0.14)
Institutional funding
Yes 0.03 (0.00;0.22) 0.07 (0.00;0.30) 0.002 (—0.10;0.15) 0.11 (0.04;0.41) 0.00™ (—0.11;0.01) 0.027 (0.001;0.14)
No 0.00 (0.00;0.5) 0.01 (0.00;0.09) 0.005 (—0.01;0.34) 0.05 (0.002;0.34) 0.00 (—0.01;0.03) 0.005 (0.00;0.05)
Registered at ClinicalTrials.gov
Yes 0.03 (0.00;0.63) 0.07 (0.00;0.63) 0.04 (0.002;0.54) 0.05 (0.02;0.54) 0.0017 (—0.00;0.07)  0.01 (0.001;0.11)

No 0.00 (0.00;0.15)
Total 0.00 (0.00;0.18)

0.05 (0.00;0.22)
0.06 (0.00;0.22)

—0.01" (—0.13;0.07)
0.00 (—0.08;0.15)

0.11 (0.05;0.30)
0.09 (0.03;0.38)

0.00 (—0.13;0.003)
0.00"" (—0.07;0.01)

0.02 (0.00;0.14)
0.027 (0.00;0.14)

# Cluster (n = 2), factorial (n = 2).
* Significant between-group difference at 5% level.
* Significant between-group difference at 1% level.

= Significant between-group difference at 0.1% level.
T

it

%

Significant within-group difference (Report (registry) vs Calculated - Report (report) vs Calculated) at 5% level.
Significant within-group difference (Report (registry) vs Calculated - Report (report) vs Calculated) at 1% level.

T Significant within-group difference (Report (registry) vs Calculated - Report (report) vs Calculated) at 0.1% level.

reported sample size calculations [10,11]. Although there was a clear
trend towards improvement, the quality of reporting a sample size
calculation for crossover studies needs amelioration. In addition, it is
noted that non-inferiority trials had better reporting for sample size
estimation, which may due to its frequent use in industrial studies
where the methodology is rigorously reviewed.

We observed a trend of increasing sample sizes in the published
RCTs. Reviews of the RCTs published in PubMed-indexed journals in
2000 and 2006 [10,11] found that the median sample sizes per group
of the parallel design studies were 32 in 2000 and 36 in 2006 and that
the median values of the crossover studies were 15 and 20, in the re-
spective years. Here, we found that the median sample sizes for parallel
studies and crossover studies in 2014 were 43 (IQR 21.5;117) per group
and 24 (IQR 15;48), respectively. Such an increasing trend in the sample
sizes may be due to researchers' awareness of the importance of sample
size over time, and the number of samples recruited increased over
time. However, it is trivial that just having a larger sample size only
will not affect the overall quality of the report, which is necessary for
publishing in high quality journals. This is supported by our results,
showing that papers published in higher impact journals were also
better at reporting their sample size calculation, both in terms of the
information provided and the accuracy of the estimated sample size.

A review of sample size calculation reporting in two parallel groups
superiority RCTs published in six leading general medical journals
showed that the quality of reporting was high. Only 5% of the papers
failed to report sample size calculation, and 78% included all the re-
quired information for the sample size calculation [5]. Furthermore,
the reported sample sizes were accurate, with 65% were within 5% of
that calculated by the assessors. Two similar reviews in leading medical
journals showed similar results, with 70%-80% of their published RCTs
reporting the sample size calculation [15,16]. These findings agreed
with our data, suggesting that the RCTs published in higher impact
journals were more likely to provide the necessary information for sam-
ple size calculation (especially for the estimated effect size of the treat-
ment). However, recent reviews of RCTs published in top journals in
ophthalmic surgery, plastic surgery, herbal intervention, endocrinology,
and urology discovered that the prevalence of the reporting of the
sample size calculation was only 10% to 40% [17-21], closed to that in
research protocols submitted for ethical approval (48%) [22]. Therefore,
the guidelines in these medical journals should be modified to reinforce

the importance of reporting the sample size calculation in RCTs. Fur-
thermore, the editors of these medical journals should seek statistical
advice from peer reviewers to evaluate the accuracy of the sample size
calculation for any submitted RCT manuscripts. Indeed, it is strongly
recommended to stick to CONSORT principles even when not reporting
an RCT. For example, the study objectives (2b) and the eligibility criteria
for participants (4a) should be clearly stated.

While the comparison of reported and calculated sample size was
not completely novel, this is an important study evaluating the quality
of target sample size reported in trial registries among general medical
papers. We found that nearly 60% of the reviewed studies changed the a
priori sample size in the papers, and this is comparable with findings in
discrepancies across proposals submitted for ethical approval (53% [14]
to 66% [23]). The results were not surprising as it was also found that in
32% of the trials in registries had changed the stated primary outcome
[24]. This disagreement between the targeted sample size reported in
the trial registry and the a priori sample size reported in the paper evi-
denced an unreported change in plan or enrollment problem that
should be specified in the report. However, none of these changes
were reported in our reviewed papers.

Since the essential information for sample size calculation was not
provided in all trial registries, we used an indirect approach to compare
the quality between trial registry-reported and paper-reported sample
size calculation, which is the percentage difference with the calculated
sample size. We found that the quality of paper-reported sample size
calculation was higher, which suggested that the reliability of target
sample size reported in trial registries remains questionable. Person-
in-charge governing the trial registries should enforce explicit reporting
guidelines regarding target sample size.

Inappropriate calculation of the sample size calculation will down-
grade the quality of an RCT. Some researchers argued that underpow-
ered trials are in fact useful if their methodological quality is high and
if the study design is rigorous [25-27]. Of course, the inappropriate
reporting of the sample size estimation indirectly reflects that there
may be other major flaws in the design, methodology, or data analysis
in the trial, which is a very serious problem. A follow-up study of one
thousand trials found that 10% were discontinued due to poor recruit-
ment, as only 40% of the targeted sample size could be recruited [28].
This finding led us to postulate that whether the most commonly
(>85% of RCTs included in this study) adopted desired power levels,

Eur ] Intern Med (2016), http://dx.doi.org/10.1016/j.ejim.2016.10.008

Please cite this article as: Lee PH, Tse ACY, The quality of the reported sample size calculations in randomized controlled trials indexed in PubMed,



http://ClinicalTrials.gov
http://dx.doi.org/10.1016/j.ejim.2016.10.008

6 P.H. Lee, A.CY. Tse / European Journal of Internal Medicine xxx (2016) XXXx-Xxx

80% or 90%, should always be targeted. In some scenarios, it may not be
feasible to recruit this number of samples, and researchers should take
this into account during the planning stages.

This study had several limitations. Of the 504 papers reviewed, 12
were excluded as the full text papers were not accessible. Hence, the
quality of these papers could not be assessed. We believe this limitation
is minor, as these papers were only equal to 2.6% of the papers analyzed.
We used only one database (PubMed) and those RCTs published in
journals not indexed in PubMed were excluded. In the current analysis,
study types were classified as parallel group, crossover, and others,
which included cluster, factorial, and intra-individual designs. The qual-
ity of reporting the sample size calculation for all these designs were not
assessed separately, as there were too few studies of these designs.
A review of the clustered RCTs found that approximately half of the
studies reported sample size calculation and two-thirds accounted for
the cluster effect [29]. However, very few studies examined the quality
of reporting in other study designs, and these therefore warrant further
investigation.

In conclusion, the reporting of the sample size calculation in RCTs
published in PubMed-indexed journals was poor, and journals should
endorse and enforce explicit reporting guidelines regarding sample
size calculations.

Supplementary data to this article can be found online at doi:10.
1016/j.ejim.2016.10.008.
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