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What is new?

¢ In control datasets, the probability of both an identical mean and an identical SD for a
baseline variable in separate randomised controlled trials or within an individual trial
is low (<~3%)

e Variables rounded to 1 significant figure or with small standard deviations have a
higher proportion of identical summary statistics

e We present an example of two randomised controlled trials with an improbably high
proportion of identical summary statistics based on simulations and an example of an
improbably high proportion of recurrent identical summary statistics in 34
independent cohort studies.

e An unexpectedly high proportion of identical summary statistics may raise a “red

flag” for concerns about publication integrity.
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Abstract:

Objective:

To examine the proposition that identical summary statistics (mean and/or SD) in different
randomised controlled trials (RCTs) or clinical cohorts can be explained by common or

homogeneous source populations.

Study design:
We estimated the probability of identical summary data in studies with high proportions of

identical summary statistics, in simulations, and in control datasets.

Results:

The probability of both an identical mean and an identical SD for a variable in separate RCTs
is low (<~3%), unless the variable is rounded to 1 significant figure. In two RCTs with
identical summary statistics for 16/39 shared variables, simulations indicated the probability
of the observed matches was <1/100,000. In 34 clinical cohorts with publication integrity
concerns, the proportion of summary statistics from variables reported in >10 studies that
were identical in >2 cohorts was high (42% for means, 52% for SDs, and 29% for both), and

improbable based on simulations and comparisons to control datasets.

Conclusions:
The likelihood of multiple identical summary statistics within an individual RCT or across a
body of RCTs or cohort studies by the same research group is low, especially when both the

mean and the SD are identical, unless the variables are rounded to 1 significant figure.
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1.Introduction

The detection of unusual patterns in data and results is part of the process of assessing
publication integrity, but there is only a small literature on specific methods that can be
applied. When raising concerns about the integrity of publications of randomised controlled
trials (RCTs), we and others notified journals about unusual distributions or similarities in
summary data (mean and standard deviation (SD)) for baseline or outcome variables in
separate RCTSs, or baseline variables within the same RCT [1-5]. In response, authors stated
that this is expected because of the homogeneity of the source population [6-8]. When we
raised concerns about a similar issue- the frequent occurrence of identical means and/or SDs
for several baseline variables in independent groups of participants in several different
observational studies reported by the same group of investigators- the concerns were not

addressed in journal responses or correction notices.

In an example of the first situation (example 1.1), separate RCTs were reported as being
conducted in five groups of ten 6-week female rats [9, 10] and three groups of ten 8-week
female rats, respectively [11]. The senior author confirmed to the journal editors that the trials
were two separate RCTSs, carried out in separate groups of rats, despite the similarity in the
trial reports [7]. Three treatments were the same in each RCT, and 2 baseline and 11 outcome
variables were reported in both RCTs for these treatment groups. Therefore, there were 39
baseline or outcome variables in common, of which 16 had both an identical mean and an
identical SD (n=6), or an identical mean but different SD (n=4), or an identical SD but
different mean (n=6) in the 2 RCTs. The authors stated these results were to be expected

because the rat populations were similar [7].
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In the second situation (example 1.2), a group of investigators reported data for a range of
variables in independent clinical studies whose participants were of the same ethnicity and
from the same geographical region. Among 34 cohorts from 33 publications (Supplementary
References), 6 variables had both a mean and a SD that were identical in at least 6 different
cohorts. For each of these variables, there were also multiple instances in different cohorts of

identical means with different SDs, or identical SDs with different means.

We wondered if the explanation provided by the authors is plausible: that is, it is expected
that identical summary data (mean and/or SD) occur frequently in independent samples
drawn from a common population. We used data from our own and others’ RCTs of clinical
and basic research into bone health, and simulations, to model the probability of the
occurrence of identical summary data in each situation, to identify factors which might affect
that probability, and to test whether comparing proportions of identical summary statistics

might be used broadly in assessing publication integrity.

2.Methods:

2.1.1 Identical summary statistics in separate animal RCTs (cases)

To assess the first situation (example 1.1), of identical summary statistics in two separate
RCTs, we estimated the probability of 16 variables in two independent datasets containing 10
animals having the same baseline or outcome mean and/or SD, using summary statistics from
two publications from the first RCT [9, 10], and one publication from the second RCT [11].
The full methods are described in the Supplementary Methods, but briefly, we conducted
100,000 simulations in which summary statistics for two groups were generated using
normally distributed random numbers based on the reported summary statistics in the

publication and the proportion of identical summary statistics calculated.

Page 5 of 31



2.1.2 Identical summary statistics in different animal RCTs from the same population

(controls)

Next, we modelled the scenario that the population from which separate treatment groups was

drawn was very similar. We used individual raw data from studies in rats conducted in our
own laboratory (Auckland laboratory dataset) [12, 13] for similar bone histomorphometry
variables to those reported in the RCTs in section 2.1.1. Briefly, we duplicated data for the
original groups of animals to form two identical groups, re-randomised this population into
two treatment groups 1,000,000 times, and calculated the proportion of identical summary
statistics when common rounding (1-2 decimal places) or more extreme rounding (whole

numbers or 1 decimal place) was used (see Supplementary Methods).

2.2 ldentical summary statistics in different clinical studies from similar populations

2.2.1 Cases

We assessed the second situation (example 1.2) of multiple occurrences of identical mean
and/or SD values in independent groups of individuals drawn from the same source
population in a dataset of clinical bone studies with known concerns about publication
integrity. For 34 cohorts in 33 publications by the research group of Y Sato and colleagues
(Supplementary References), which has multiple retractions for a wide variety of reasons, we
assessed the probability of identical summary statistics in the same variables in different
cohorts with, or at risk of, osteoporosis. In these 34 cohorts, 26 baseline variables were
reported at least twice, and 10 were reported in >10 cohorts. We restricted the analyses to
these 10 variables. We used the methods described in section 2.1.1 (see Supplementary
Methods) to perform 100,000 simulations and calculate the probability of obtaining multiple

occurrences of identical summary data in the different cohorts.
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2.2.2 Controls

For comparison, we repeated these analyses in 9 RCTs with osteoporosis outcomes in older
women published by our group (Auckland clinical dataset) [14-22]. We treated each
randomised group in an RCT as a separate cohort, giving a total of 22 cohorts. Of the 26
variables reported by Sato and colleagues, 16 were reported in these RCTs, and we again
restricted analyses to 10 variables reported in >10 cohorts. We rounded the summary

statistics for each variable in each cohort to the same number of decimal places used by Sato.

2.3 ldentical summary statistics within an RCT and in different cohorts

We wondered whether these approaches could be used more broadly to identify datasets with
integrity concerns. We assessed the proportions of identical summary statistics within
individual RCTs (analogous to section 2.1.2) in a large dataset- the “Carlisle dataset”
containing summary data on continuous baseline variables in 5087 RCTs published in 8
general medical and anaesthesia journals between 2000 and 2015 [3] (controls), and in two
datasets of RCTs with concerns about publication integrity (cases) (see Supplementary
Methods). We then repeated the analyses on identical summary statistics in different cohorts
(analogous to section 2.2) in a larger set of variables in the Auckland clinical dataset

(controls), and in these two sets of RCTs with concerns about publication integrity (cases).

All simulations and analyses were performed used SAS (SAS Institute, Cary, NC version 9.4)
or the R software packages (R 3.5.1, 2019, R Foundation for Statistical Computing, Vienna,

Austria).

3.Results
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3.1.1 Identical summary statistics in separate animal RCTs (cases)

Table 1 shows the probabilities of obtaining identical means and/or SDs in 100,000
simulations of two independent studies of 10 rats for 16 variables based on the reported
summary statistics of two studies. These are extremely conservative estimates because, for
each variable, we calculated the probability of any identical mean and/or SD, not the
probability of the observed identical summary statistics. For example, the probability that the
HxGH group in both studies had identical means and SDs for periosteal surface MAR is
3*10* (Table 1), but in 10 million simulations, the probability that each treatment group

would have the observed mean and SD of 3.17 and 0.68, is about 1500 times lower (2*107).

The observed total number of identical means, SDs, and of both identical mean and identical
SD among the 16 variables was 10, 12, and 6 respectively. In 100,000 simulations, the largest
number of corresponding matches in a single simulation was 5 (2 simulations), 4 (14
simulations), and 2 (3 simulations) respectively. Thus, the probability of the observed number
of matches for each statistic was very small (P<1/100,000). By contrast, the probability of no

identical means or SDs among the 16 variables was 0.49 (Table 1).

Table 1 also shows that 6 means or SDs had differences in rounding between publications,
and in 4 instances, these means (n=3) or SDs (n=1) became identical when rounded to the
smaller number of decimal places. We repeated the analyses after rounding the mean or SD
of these variables to the smaller number of decimal places. 10/16, 13/16, and 13/16 variables
had both identical mean and identical SD, identical means, or identical SDs respectively. In
100,000 simulations, the largest number of corresponding matches in a single simulation was
2, 6, and 5 respectively (P<1/100,000 for each statistic). The probability of no identical

means or SDs among the 16 variables was 0.41.
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Table 1: Probability of identical summary statistics from 100,000 simulations of data for 16 variables in two RCTs of 10 animals in each trial

treatment group

Reported Data Data from simulations
Trial 1[9,10] | Trial 2 [11] Population Probability of identical summary statistics | Probability of no matches
Mean and

Means match | SDs match SD match Relevant | Cumulative

Variable? (treatment group)® Mean | SD Mean | SD | Mean SD (%) (%) (%) Probability¢ | Probability
Weight (Intact) 192 77 192 117 192 9.7 9.23 1.2 0.1 0.90 0.90
Weight (HxGH) 190 10.8 180 10.8 185 10.8 8.16 1.15 0.1 0.91 0.81
Final weight (Intact) 255 18.3 2448 183 2499 18.3 0.52 0.66 <0.01 0.99 0.80
Tibial shaft CSA cortical % (Intact)® 8226 1.77 823 177 8228 1.77 0.52 0.66 0.01 0.99 0.80
Tibial shaft CSA cortical % (HXGH)¢ 85.35 1.89 854 189 8538 1.89 0.49 0.62 0.01 0.99 0.79
Periosteal surface MS/BS (Intact) 75.8 9.7 75.8 9.7 75.8 9.7 0.92 1.28 0.01 0.98 0.77
Periosteal surface MS/BS (HXGH) 90.9 38 9087 38 90.89 3.8 0.25 3.25 0.01 0.97 0.74
Periosteal surface MAR (Intact) 2.78 0.28 2.78 028 278 0.28 3.16 4.46 0.14 0.93 0.69
Periosteal surface MAR (Hx) 1.02 0.30 1.02 019 102 0.25 3.54 4.84 0.18 0.92 0.63
Periosteal surface MAR (HxGH) 317 068 317 068 317 0.68 1.3 1.75 0.03 0.97 0.61
Periosteal surface BFR (Intact) 210 293 210 393 210 34.3 2.59 0.36 0.01 0.97 0.59
Periosteal surface BFR (HxGH) 288 64.5 288 64.5 288 64.5 1.33 0.21 <0.01 0.98 0.58
Endocortical surface MS/BS (HXGH) 56.3 1162 563 116 563 11.61 0.75 0.11 <0.01 0.99 0.58
Endocortical surface MAR rate (Intact)  1.45  0.21 145 021 145 0.21 4.22 5.83 0.24 0.90 0.52
Endocortical surface MAR (HxGH) 1.65 0.34 1.65 034 165 0.34 2.66 3.53 0.1 0.94 0.49
Endocortical surface BFR (HXGH) 9758 329 946 329 96.09 329 0.02 0.36 <0.01 >0.99 0.49
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Data for mean/SD in bold are identical in both trial reports, and in italics indicates data where the means or SDs become identical when rounded to the
smallest number of decimal places presented in the different publications. The probability of identical summary statistics in bold indicates the identical
summary statistic(s).

& Abbreviations CSA- cross sectional area, MS/BS mineral surface/bone surface, MAR mineral apposition rate, BFR bone formation rate

b The three treatment groups common to each trial were control group (intact), hypophysectomy (Hx), hypophysectomy followed by growth hormone
treatment (HXGH)

¢ Relevant probability is the probability of there being no identical summary statistic (either mean or SD) for the variable.

d Data for Trial 1 from [10]
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3.1.2 Identical summary statistics in different animal RCTs from the same population

(controls)

Table 2 shows summary statistics for raw individual data from the Auckland laboratory

dataset for similar bone histomorphometry variables to those in Table 1. Even with a
population formed from two identical groups, in 1,000,000 re-randomisations of the
individual raw data, the probability of getting identical summary statistics is generally low,
increases when the SD is small and when data have more extreme rounding to fewer decimal
places. Table 3 also shows the probability of getting 0, 1, 2 or 3 identical summary statistics
among the 3 different variables in each simulated randomisation. The likelihood of >1
variable with both identical mean and identical SD in a simulated randomisation was

generally low (<5%) except when variables were highly rounded.

Table 2: Probability of identical summary statistics in 1,000,000 re-randomisations of

two identical treatment groups from control animal RCTs

Common rounding Extreme rounding

Probability of identical summary statistics

Probability of identical summary statistics

Mean Extreme Mean
Raw data Means SD and SD Mean/SD Rounded  Means SD and SD Mean/SD

Mean Match  match  match match raw Mean Match match match match raw
Variable (SD) (%) (%) (%) data (%) (SD) (%) (%) (%) data (%)
6 month old rats (n=9)
BFR/BS 10.1 (4.7) 2.6 4.3 0.23 0.02 10 (5) 24.9 39.6 104 3.8
MAR 0.77 (0.19) 6.4 114 12 0.14 0.8(0.2) 51.4 67.6 41.1 353
MS/BS 13.0 (5.6) 2.2 34 0.27 0.03 13 (6) 21.0 30.2 7.3 2.1
Number of identical summary statistics per simulated randomisation
0 matches 89.2 82.0 98.4 99.8 28.8 13.6 48.9 61.0
1 match 10.5 17.0 1.64 0.19 47.7 434 43.7 36.9
2 matches 0.34 0.98 0.01 <0.001 20.8 349 7.1 2.09
3 matches 0.004 0.02 <0.001 <0.001 2.67 8.1 0.31 0.03
6 week old mice (n=11)
BFR/BS 51.0 (7.0) 19 4.3 0.11 <0.001 51 (7) 18.9 39.9 8.0 2.6
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MAR 1.31(0.12) 11.3 19.9 25 0.35 1.3(0.1) 87.7 99.9 87.5 87.2
MS/BS 0.68 (0.14) 9.3 19.0 1.9 0.17 0.7 (0.1) 67.2 64.4 42.0 34.6
Number of identical summary statistics per simulated randomisation

0 matches 78.9 62.1 95.6 99.5 3.3 0.0 6.7 8.2
1 match 19.7 328 4.4 0.52 30.8 214 52.1 60.1
2 matches 141 5.0 0.05 0.001 54.8 52.9 38.3 31.0
3 matches 0.02 0.16 <0.001 <0.001 111 25.7 2.9 0.78
37 week old mice (n=9)

BFR/BS 67.8 (10.5) 12 2.0 0.19 0.02 68 (11) 115 17.9 2.3 0.28
MAR 3.31(0.78) 16 2.8 0.12 0.01 3.3(0.8) 154 25.6 4.3 0.79
MS/BS 2.23(0.57) 2.2 4.9 0.60 0.10 2.2 (0.6) 20.6 30.8 7.9 3.0
Number of identical summary statistics

0 matches 95.1 90.6 99.1 99.9 59.4 42.3 86.1 96.0
1 match 4.9 9.1 0.90 0.14 34.0 42.6 133 4.0
2 matches 0.08 0.28 0.002 <0.001 6.2 13.7 0.58 0.03
3 matches 0.00 0.00 <0.001 <0.001 0.36 1.39 0.01 <0.001

Abbreviations BFR/BS bone formation rate/bone surface, MAR mineral apposition rate,

MS/BS mineral surface/bone surface.

3.2 Identical summary statistics in different clinical studies from similar populations

3.2.1 Cases

Table 3 shows the number of identical summary statistics for 10 baseline variables reported

in >10 cohorts from 34 clinical cohorts. Of 226 reported mean values, 95 (42%) had an

identical value in >1 other cohort; 110/212 (52%) reported SD values and 62/212 (29%)

reported combinations of mean and SD values had an identical value or combination in >1
other cohort. In 100,000 simulations, the estimated probability of the observed or more
extreme number of identical summary statistics for individual variables was frequently low
(11 P<0.001; 18 P<0.1). For the 10 variables, the observed distribution of both identical mean
and identical SD was different from the expected distribution based on simulations: only 1

variable (age) had no identical mean/SD combinations whereas the expected number (based
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on simulations) was 4.2, while 9 variables had >2 identical mean/SD combinations, whereas

the expected number was 5.8 (P = 0.04).

3.2.2 Controls

By comparison, in the Auckland clinical studies conducted in similar populations, of 196
summary statistics, 49 (25%) of means recurred, 87 (44%) of SD recurred, and 25 (13%) of
the combination of mean/SD recurred. The estimated probability of the observed identical
summary statistics was uniformly distributed (Supplementary Table). In addition, the
observed distribution of identical means, identical SDs and both identical mean and identical
SD were consistent with the expected distribution from 100,000 simulations, (data not shown,
P>0.28 for each statistic). The observed distribution for 2 of the summary data differed

between the cases and controls (Supplementary Figure).
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Table 3: the proportion of recurring identical summary statistics in 34 cohorts with concerns regarding publication integrity

P
Largest Largest Mean Largest Mean
Mean Number SD Number  and SD Number Mean (SD) Mode P P and
Mean  Match  Matches SD  Match Matches Match Matches Mode/ Match  Mean SD SD
Variable (N)?2 N (%) N (%) (N2 N (%) N (%) N (%) N (%) Average® NP Match® Match® Match®
Age 31 5 (16) 3(10)0 28 12(43) 2(7) 0(0) 0(00) 7214(5.13) 0.27 0.01 0.99
Body mass index 18 6 (33) 2(11) 18  8(44)  4(22) 4 (22) 2 (11) 22.3(2) 2 <0.001 <0.001  0.49
Dietary vitamin D 11 6 (55) 2(18) 11 8(73)  2(18) 6 (55) 2 (18) 114 (20) 2 0.29 0.49 0.03
Bone density 13 4 (31) 4 (31) 12 5(42) 3(25) 3(25) 3(25) 2.55 (0.36) 3 0.11 0.05 0.09
25-hydroxyvitamin D 31 14(45) 10(32) 28 17(61) 10(36)  11(39) 9(32) 21.6 (3.1) 9 <0.001 <0.001  0.03
1,25-dihydroxyvitamin D 27 15(6) 9(33) 26 13(50) 7(27) 8 (31) 6 (23) 49.6 (9.2) 6 0.13 043  <0.001
C-Telopeptide 19 8 (42) 6(32) 18 11(61) 6(33) 8 (44) 4(22) 7.1(1.1) 4 <0.001 <0.001  0.36
lonised Ca 27 19(70) 11(41) 25 18(72) 6(24) 11 (44) 4(16)  1.22(0.04) 4 <0.001 <0.001 <0.001
Parathyroid hormone 28 8 (29) 3(11) 26 8 (31) 3(12) 5 (19) 3(12) 37 (17.4) 3 0.52 0.35 <0.001
Osteocalcin 21 10 (48) 6 (29) 20 10(50)  6(30) 6 (30) 4 (20) 7(4.5) 4 0.27 0.04 0.02

& The columns represent the number of reported means and SD; the number of means, SD, and both mean and SD that recurred amongst the
different cohorts (eg for age the mean value of 72.4 occurred 3 times, and 68.8 2 times in the 34 cohorts giving a total of 5 matching means); and
the largest number of matches for each statistic.

b where there was no recurring mean (SD) combination, the average mean and SD in the 34 cohorts weighted by numbers of participant are
reported, otherwise the most common mean (SD), ie the mode, is reported together with the number of occurrences of the mode.

¢ P refers to the probability of the reported number of identical means, identical SDs or both identical mean and identical SD for each variable or

a more extreme number of matches (relative to the most common number of matches) in 100,000 simulations.
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3.3 Identical summary statistics within an RCT and in different cohorts

To test whether these techniques could be used more broadly, we first assessed the proportion

of identical summary statistics within a single RCT in the Carlisle dataset [3] (controls).

Table 4 shows that the proportion of identical statistics in RCTs is heavily dependent on the

degree of rounding, but, consistent with the previous analyses, becomes small when typical

degrees of rounding are used, especially when both the mean and the SD are identical. We

repeated these analyses in two sets of RCTs for which concerns about publication integrity

have been raised (cases), but while there were some differences between the proportions of

identical summary statistics compared to the reference Carlisle dataset, the differences were

neither consistent or large enough to convincingly support concerns about publication

integrity (data not shown).

Table 4: Proportion of identical summary statistics in the Carlisle control dataset of

3599 RCTs by degree of rounding

All 1significant 2 significant 3 significant 4 significant 5 significant

variables figure figures figures figures figures
Number of variables, n (%)
Mean 22020 614 (2.8)  8175(37.1) 11010 (50.0) 2088 (9.5) 133 (0.6)
SD 21247 4310(20.3) 10725 (50.5) 5621 (26.5) 554 (2.6) 37(0.2)
Proportion of identical summary statistics in both treatment groups (%6)
Means match 134 66.6 20.7 7.5 1.6 0.8
SDs match 14.9 40.8 11.6 2.7 0.4 0
Both Mean and SD match? 5.1 17.2 2.7 0.3 0 0

aWhere the number of significant figures differed between the mean and SD, we used the

number of significant figures for the mean to categorise the combination of mean and SD.
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Lastly, we repeated the analyses for identical summary statistics in different cohorts in a
larger set of variables in the control RCTs, and in 2 sets of RCTs with publication integrity
concerns (cases) (see Supplementary Results). For the controls, the probability of the
observed number of identical summary statistics was frequently low, and the observed
distributions of identical summary data were not consistent with expected distributions.
Further, we did not find any consistent or sufficiently large differences between the controls

and the cases that could be used to support concerns about publication integrity.

4.Discussion

Using several different techniques, we found the likelihood of multiple instances of identical
summary data for baseline or outcome variables in different RCTs or cohorts recruited from
similar populations is very low, unless variables are consistently rounded to a small number
of significant figures. Firstly, we used reported summary data to generate normally
distributed random numbers for individual observations and calculated summary statistics for
multiple simulations. Secondly, we used actual raw data and calculated summary statistics
after multiple re-randomisations. Thirdly, we calculated the proportions of identical summary
statistics in sets of cohort studies and within individual RCTs from a very large set of
published RCTs. All 3 approaches produced similar results. In control studies, the probability
of both an identical mean and an identical SD for a single variable is low (less than about
3%), decreasing when the summary statistics are presented with >2 significant figures and
increasing when presented with only 1 significant figure. In addition, variables with
proportionately small SDs have a higher proportion of identical summary statistics than
variables with large SDs. The probability of multiple occurrences of identical summary
statistics is much lower than that for a single match, especially when both the mean and the

SD are identical.
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Rounding has the greatest effect on the proportion of identical summary statistics. When a
mean and SD are both reported with >2 significant figures, the likelihood of both an identical
mean and SD becomes very low. In contrast, when summary statistics are presented to only 1
significant figure, high proportions of matching can occur (see Supplementary Discussion for
example). Of note, the examples of identical summary statistics in published papers in Tables
1 and 3 did not include highly rounded variables presented using only 1 significant figure.
The size of the SD also affects the proportion of identical summary statistics (see example in
Supplementary Discussion), but Table 1 shows that the effect of rounding is an order of
magnitude greater than that of SD size. Standardisation of rounding in journals [23] would
improve both the accessibility of presented data and the usefulness of techniques assessing

matching data or baseline p-values [24].

In contrast to the results from control datasets, two animal RCTs stated to be independent
studies had 16 variables with identical summary statistics, which we estimated to be
extremely improbable (P<1/100,000), especially given the estimated probability of no
identical summary statistics among the 16 variables was 0.49. In a group of 34 cohorts from
publications with integrity concerns, the proportion of identical summary statistics differed
from the expected proportions in simulations and control cohorts, especially for the variables
with the highest numbers of identical summary statistics. The least likely occurrence when
there are identical summary statistics is that both the mean and SD are identical. However, in
both the two animal RCTs and the 34 cohort studies, there were numerous occurrences of
both identical means and SDs which is highly improbable with the degree of rounding of the
relevant variables. The proportions from the very large Carlisle dataset of RCTs can serve as

a reference: about <3% of variables in an individual RCT reported to 2 significant figures
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will have an identical mean and an identical SD. If variables are presented with more

significant figures, this occurs even less frequently.

There are limitations to the techniques. The simulations generated normally distributed
random numbers, but some variables are not normally distributed. The degree of rounding
has a substantial impact on the proportions of identical summary data and should be
considered in any analysis. Assessment of raw data would be very helpful in such a situation.
Since rounding often varies between variables, publications, and individual summary
statistics (eg mean values are often reported to more significant values than SDs),
comparisons between variables in different studies may be difficult. Comparing proportions
of identical summary data in cohort studies also requires a moderate number of studies that
report the same variables. Missing data or exclusion of individual results (eg completers
analysis) might impact upon the results. Finally, if these techniques were to be routinely used
to support concerns about data integrity of publications, validation of the approach and results

in other datasets would be important.

We had wondered whether the amount of identical summary data could be used routinely in
the assessment of concerns regarding publication integrity, but the differences between
control datasets and datasets with concerns were not consistent or large enough to support
this. This might be for a few reasons: the assumptions underlying the techniques (eg normally
distributed variables; that variables in different cohorts are derived from the same population)
might be incorrect; treating individual arms of RCTs as separate cohort studies might affect
the results; the inconsistent rounding in variables within and between different studies might
obscure unusual proportions of identical summary data for individual variables; and finally,

the datasets we assessed might not have unusual proportions of identical summary data.

Page 18 of 31



Considering these limitations, an important question is when the techniques should be
applied. It is simple to calculate the proportion of identical summary statistics, so it could be
used easily and widely. However, large simulations may need specialist statistical software
and moderate computational power. Like other statistical tests used to assess data integrity,
these techniques do not produce definitive results. Thus, they would probably be most useful
when applied after a high proportion of identical summary statistics was noted incidentally,
eg during the assessment of concerns about publication integrity or when a systematic review
involving the affected studies is undertaken. If a high proportion of identical summary
statistics is found that is not obviously explained by rounding, further investigation is
warranted, including examination of raw data. If the unusual proportions of identical
summary statistics are confirmed and not explicable, it is reasonable to examine other aspects
of publication integrity [25]. Similar approaches have been used previously to find a high
proportion of similar summary statistics in publications that subsequently were shown to be

compromised by data fabrication [26].

In summary, our results suggest that cohorts being derived from the same source population
is not an adequate explanation for a high proportion of identical summary statistics.
Furthermore, the likelihood of multiple identical summary statistics (mean and/or SD) for
variables within an individual RCT or across a body of clinical studies (RCTs or cohort
studies) by the same research group is also low, unless the variables are rounded to only 1
significant figure. This is particularly the case when both the mean and SD are identical.
Deviations from the expected patterns derived from simulations and analyses of valid data
represent a ‘red flag’ for publication integrity, and in such cases seeking an explanation and

examining raw data is warranted.
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Supplementary Methods:

2.1.1 Identical summary statistics in separate animal RCTs (cases)

We used the reported means and SDs for each variable in the two common treatment arms to
calculate the population mean and SD for the whole cohort of 20 animals. We then generated
normally distributed random numbers based on the population mean and SD as observations
simulating each animal in each RCT. We calculated the mean and SD of the observations for
the 10 simulated animals in each simulated RCT and rounded them to the largest number of
decimal places presented in the publications for each variable. We repeated this 100,000
times and calculated the probability from these simulations that the means in the two
simulated RCTs were the same, that the SDs were the same, that both the means and SDs
were the same, and that neither the mean nor the SD was the same.

For this analysis, we used both baseline and outcome variables from the two studies. Usually,
the effects of treatment and chance would make outcome variables less similar both to their
respective baseline variables and to outcome variables from other trials. In this example,
14/16 variables were outcome variables. Conceptually, there is no difference as to whether
the variable is a baseline variable or an outcome variable in the analysis. However, because
the outcome variable represents the baseline variable plus the effect of the treatment, it seems
inherently less likely that outcome variables would be identical than the baseline variables
would be identical.

2.1.2 Identical summary statistics in different animal RCTs from the same control population
(controls)

We duplicated the original groups of either 9 or 11 animals from the 2 original studies to
form a population of 18 or 22 animals, respectively. We then re-randomised the animals from
this population into two treatment groups 1,000,000 times, representing the two different
RCTs. For practical computational reasons, this was a simpler process than the analysis
described in 2.1.1, and therefore we did a greater number of simulations. We rounded the
means and SDs using common rounding (1-2 decimal places) and more extreme rounding
(whole numbers or 1 decimal place), and determined the probability of identical mean and/or
SD in the summary statistics of the two re-randomised treatment groups.

2.2 ldentical summary statistics in different clinical studies from similar populations

2.2.1 Cases

For the analyses of the 10 variables reported in at least 10 cohorts, we assumed that the most
common recurring data for a variable (ie the mode) represented the mean and SD for the
source population. This assumption provides the most conservative estimate of the likelihood
of more than one occurrence of the same data because the mean and SD of the entire source
population are the single most likely values to occur when sampling from that population.
When there was no unique mode, we used the average mean and SD for each variable from
the 34 cohorts weighted by cohort size to estimate the population mean and SD. We then
followed the methods described in supplementary section 2.1.1 and generated normally
distributed random numbers based on the population mean and SD as observations simulating
each participant in each cohort. We calculated the mean and SD of the observations, rounded
them to the largest number of decimal places presented in the publications for each variable,
repeated this 100,000 times and calculated the probability of obtaining multiple occurrences
of identical summary statistics in the different cohorts.

2.3 Identical summary statistics within an RCT and in different cohorts
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These analyses are analogous to those in section 2.1.2. In section 2.1.2, the analyses assumed
the randomised groups were for different trials, whereas here we assume they are for the
same trial. For the Carlisle dataset analyses, we restricted the trials to two-arm RCTs which
left a dataset of 3599 RCTs reporting 22,020 baseline variables. Carlisle extracted data from
the source publications, and thus the degree of rounding represents authors’ choice rather
than any prespecified rule. Because of the important impact of rounding on proportions of
identical summary statistics, we analysed proportions of identical summary statistics by the
degree of rounding. We used significant figures rather than decimal places to account for
differences in units (eg a height of 1.52 m is the same as a height of 152 cm, and both
measurements have 3 significant figures even though the number of decimal places differs).

There were two datasets with concerns about publication integrity. The first dataset contains
41 RCTs by Sato and colleagues, with multiple retractions for a wide variety of reasons
including concerns about data integrity and fabricated data [2]. The second dataset of 172
RCTs by the research group of Z Asemi also has numerous concerns regarding their integrity
[27, 28] and several expressions of concerns have been published eg [29].
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Supplementary Results:

3.3 ldentical summary statistics within an RCT and in different cohorts

We repeated the analyses for identical summary statistics variables in different cohorts in a
larger set of 29 commonly reported baseline variables in the 9 Auckland clinical control
RCTs, again treating each RCT arm as an individual cohort. A total of 540 variables from the
9 RCTs and 22 cohorts were included in the analysis, and 2000 simulations were run. The
probability of the observed number of identical summary statistics was frequently low with
40-50% of p-values <0.1. In addition, the observed distribution of identical means and both
identical mean and identical SD were inconsistent with the expected distribution (data not
shown).

We repeated these analyses in the two sets of RCTs about which concerns have been raised,
treating each RCT arm as an individual cohort while restricting the analyses to variables that
were in at least 10 cohorts. We also conducted the analyses in the entire groups of RCTs, and
then in subgroups of RCTs conducted in similar population groups. As with the previous
analysis on identical summary statistics within an individual RCT, we did not find any
consistent or sufficiently large differences between the control studies and those with
integrity concerns that could be used to support concerns about publication integrity (data not
shown).
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Supplementary Discussion

A high proportion of identical summary statistics when they are presented with few
significant figures is nicely illustrated with data for albumin in Supplementary Table. The
mean (43) and SD (2) are presented with 2 and 1 significant figures, respectively, (and both
to 0 decimal places) which means that there are a very limited range of possible summary
statistics. In the 100,000 simulations only 5 mean values for a simulated cohort occurred (41,
42,43, 44, 45) and about 89% of the simulations had a mean of 43. In the 22 cohorts, none of
the mean values, and only 1 of the SD, and 1 mean and SD combination were unique- all the
remaining values recurred in different cohorts. Thus, it is important to consider the degree of
rounding when assessing the proportions of identical summary statistics. Assessing summary
statistics using raw data would be helpful in this situation.

The size of the SD also affects the proportion of identical summary statistics. Using the
example for albumin above, if the SD is increased to 9 in simulations, the range of mean
values increases from 41-45 to 34-52, the proportion of simulations with a mean of 43 (the
mode) drops from 89% to 34%, the median number of identical matches/simulation drops
from 21 to 20, and consequently the probability that all 22 cohorts have an identical mean
drops by about 2/3 (from 0.40 to 0.13).
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Supplementary Figure: the observed distributions of identical summary statistics for
variables in cohorts by Sato and, for comparison, in cohorts from the Auckland clinical

control dataset.
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Supplementary Table: the proportion of recurring identical summary statistics in 22 cohorts from 9 RCTs from the Auckland clinical
control database

Largest Largest Mean Largest P

Mean Number SD Number andsp  Number  Mean (SD)  Mode P P Mean

Mean  Match Matches SD  Match  Matches Match Matches Mode/ Match  Mean SD and SD

Variable (N)* N (%) N (%) (N)® N (%) N (%) N (%) N (%) Average® NP Match®  Match® Match®
Age 20 0(0) 0(0) 20 2 (10) 2 (10) 0(0) 0(0) 70.68 (5.21) 0.49 0.63 >0.99
Body mass index 22 12 (55) 2(9) 22 12 (55) 4 (18) 2(9) 2(9) 23.9 (3.6) 2 0.27 0.04 0.64
Spine bone density 22 13 (59) 4 (18) 22 17 (77) 4 (18) 209 209 1.07 (0.18) 2 0.01 0.10 0.11
25-hydroxyvitamin D 22 6 (27) 2(9) 22 8 (36) 3(14) 0(0) 0(0) 22.8(71.7) 0.25 0.21 0.81
C-telopeptide 14 6 (43) 2(14) 14 11 (79) 3(21) 0(0) 0(0) 4.4(1.9) 0.10 0.50 0.40
Parathyroid hormone 10 2 (20) 2 (20) 10 0(0) 0(0) 0(0) 0(0) 31.1(12) 0.50 0.37 0.99
Creatinine 22 0(0) 0(0) 22 0(0) 0(0) 0(0) 0(0) 82.89 (12.96) 0.71 0.62 >0.99
Weight 22 4 (18) 2(9) 22 8 (36) 2(9) 0 (0) 0 (0) 67 (11.2) 0.27 0.53 0.90
Years since menopause 20 0(0) 0 (0) 20 8 (40) 2 (10) 0 (0) 0 (0) 21.4 (7) 0.002 0.31 0.81
Albumin 22 22 (100) 9 (41) 22 21(95) 17 (77) 21 (95) 7(32) 43 (2) 7 0.40 0.48 0.81

& The columns represent the number of reported means and SD; the number of means, SD, and both mean and SD that recurred amongst the
different cohorts; and the largest number of matches for each statistic.

b where there was no recurring mean (SD) combination, the average mean and SD in the 34 cohorts weighted by numbers of participant are
reported, otherwise the most common mean (SD), ie the mode, is reported together with the number of occurrences of the mode.

¢ P refers to the probability of the reported number of identical means, identical SDs or both identical mean and identical SD for each variable or
a more extreme number of matches (relative to the most common number of matches) in 100,000 simulations
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