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April 22, 2021
Executive Summary

1. The studies by Barbalho et al. have extremely homogeneous baseline strength levels compared to the rest of the literature.
In particular, we observed homogeneity up to ~7.5 z-score units below what would be expected given the mean value. This
homogeneity was not just extreme across one study or variable; rather, homogeneity was present across many studies, and
many variables within each study. Simultaneous homogeneity across many variables is improbable. Finally, homogeneity
was also present for variables that could not have been measured at baseline (muscle thickness and change scores). Therefore,
biased sampling alone cannot explain this degree of homogeneity.

2. The effect sizes observed are both large and homogeneous. From a magnitude perspective, effect sizes for strength increases
in the studies by Barbalho et al. were up to 13.5 z-score units greater than those in the rest of the resistance training
literature. From a signal-to-noise perspective, multiple signal-to-noise effect sizes were undefined since the responses were
perfectly homogeneous (i.e., standard deviation of change scores equal to zero). Excluding the perfectly homogeneous effects,
the signal-to-noise effect sizes for strength increases reported by Barbalho et al. were up to 34 z-score units greater than
those in the rest of the resistance training literature. While standardized effect sizes tend to scale with percent increases in
strength in the literature, they do not in the studies by Barbalho et al.

3. The men’s and women’s volume studies are remarkably similar in terms of their observed effects and correlation structures.
This is despite both studies being independent, and each study being randomized. These across-study consistencies yield
P < 1 x107°% when we would in fact expect the null hypothesis to be true due to randomization. In addition, there is
structure in raw data that is inconsistent with randomization (again, P < 1 x 1076). Other patterns in the raw data, such
as twice the number of even as odd numbers, were also noted—this holds even after removing the strength data.

4. In the single- vs. multi-joint vs. single+multi-joint studies, the effects observed in the multi-joint group nearly perfectly
match those in the single4+multi-joint group. This holds across studies.

5. Several patterns exist in the raw data, including “runs” of numbers and strength values for one exercise being exactly 8 kg
more than those for another exercise (for the entire sample).

6. Squat strength increases in the recent squat versus hip thrust and single versus multi-joint papers are far beyond what
would be expected for trained women of similar strength to those in the study. Even women who did not squat increased
their squat strength at a rate of more than 2 z-score units above powerlifters who specifically train the movement. In those
who did squat, z-scores of over 5 were observed.

7. In the elderly study, 98% of the sample lost weight from a resistance training intervention alone; no dietary intervention
was implemented. This is in contrast to what is known about the role of exercise in weight loss and in contrast to other
studies. This study also contained methodological inconsistencies, such as large imbalances in group size despite using block
randomization.

8. We provide a statistical rationale for why the observed baseline homogeneities are not likely to stem from biased sampling;
namely, because one would need to screen too many people.

*Corresponding Author: Andrew Vigotsky (avigotsky@gmail.com)
The first two authors, ADV and GN, were determined by their relative contributions. The rest of the authors are listed in alphabetical order
by last name.
This work has not been peer-reviewed.
All authors have read and approved this version of the white paper for preprint.
Authors ADV (Qavigotsky), GN (@GregNuckols), JF (@jpfisheruk), JH (Qjamesheathers), JK (@YngvaiMalmsteve), BJS (@BradSchoenfeld),
and JS (@JamesSteelell) can be reached on Twitter.
This work can be cited as: Vigotsky AD, Nuckols G, Fisher J, Heathers J, Krieger J, Schoenfeld BJ, Giessing J, Steele J. (2020). Improbable
data patterns in the work of Barbalho et al., SportRxiv, doi:10.31236/osf.io/sg3wm
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1 Data Anomalies

1.1 Statistical Properties Relative to

Other Studies

1.1.1 Variances and Coefficients of Variation

We first became curious about the data in the studies au-
thored by Barbalho when we consistently observed very
tight SDs across nearly all measures and studies; SDs typ-
ically scale with mean values. Thus, we quantitatively ad-
dressed this observation using the reported strength mea-
sures in the studies by Barbalho et al. We have a database
of 68 other studies [1-68], which was gathered as systemati-
cally as possible over the years for various articles (compar-
ing periodized and non-periodized training, strength gains
in male vs. female subjects, and analyzing the impact of
frequency on strength gains). In these studies, SDs increase
linearly as means increase, meaning CVs remain virtually
unchanged, on average, as means increase (Figure la,b).
However, the studies by Barbalho follow a different trend—
the SDs are relatively constant across means, and thus, CVs
decrease with increasing means (Figure 1a,b).

A more quantitative evaluation of the variances re-
ported in the Barbalho studies reveals that, indeed, the
variances are remarkably tight. We created a meta-
regression based on the 68 studies; we used the resulting
prediction interval to calculate z-scores to estimate how ex-
treme Barbalho et al.’s variances are. We observe z-scores
as low as z ~ —7.5, which is equivalent to a P-value of
3.2 x 1074 (Figure 1c). Examining Figure 1c, one can see
that several of Barbalho et al’s studies contain not just
one, but many instances of extremely small variances rela-
tive to the rest of the literature. The degree of homogeneity

is noteworthy.

1.1.2 Effect Sizes

The effects observed in the studies by Barbalho et al. are
large from two perspectives: their magnitudes and consis-
tency (signal-to-noise). These can be represented by Glass’
Apre = /o and Cohen’s d, = §/o,, respectively, where &
is the mean change score within a group, opye is the stan-
dard deviation of the baseline scores, and o is the standard

deviation of change scores.

Magnitude-based effect sizes. Partially as a result
of the small standard deviations, these studies also exhibit
exceptionally large magnitude-based effect sizes, dispropor-
tionate to the actual changes in performance seen in the
studies (Figure 2a,c). One other study had comparable
effect sizes, also due to abnormally small standard devia-
tions [62]. Within the rest of the studies analyzed, there
was a strong (r = 0.83) linear relationship between percent-
age increases in strength measures and effect sizes (Apye),
with many of the effect sizes in Barbalho’s research strongly
deviating from this trend (Figure 2¢). 9 of the 10 effect sizes
over Ape = 10 were found in Barbalho’s studies, as well as
23 of the 34 effect sizes over Apre = 5. There were 16 effect
sizes of Ape > 5.0 in Barbalho’s studies from measures
with strength increases below 28%. That pair of outcomes
did not occur in any other study.

Signal-to-noise effect sizes. The effects reported by
Barbalho et al. are also more consistent than those in lit-
erature (Figure 2b). We calculated and compared Cohen’s
d,’s for the studies by Barbalho et al. and compared them
to the literature using a random-effects meta-analysis with
robust variance estimation. Of note, there were three out-
comes in Barbalho et al. [74] for which the standard de-
viation of change scores was zero (i.e., perfectly homoge-
neous effects), meaning d, was undefined and could not be
included. We observed z-scores as high as 34. Because
Cohen’s d, is dependent on the change scores, not neces-
sarily baseline scores, effects this large/consistent cannot
be wholly attributed to biased sampling. Like with Glass’
Apre, Cohen’s d, correlated with relative change scores in
the rest of the literature (r = 0.64), with the effects re-
ported by Barbalho et al. deviating from this trend (Figure
2f).
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Figure 1: Studies by Barbalho et al. have tighter-than-expected baseline strength SDs which do not scale with mean
values. (A) While much of the literature’s SDs increase with mean values (black), Barbalho et al’s SDs do not (red).
As a result, (B) the CVs of Barbalho et al.’s studies decrease with increasing means, while much of the literature has
a constant CV. (C) Results from a meta-regression with robust variance estimation reveal the degree to which the
baseline homogeneity of strength in Barbalho et al.’s studies is surprising, with z-scores as low as z &~ —7.5, equivalent
to P =3.2 x 10714, We used [1-68] as comparison studies, and the studies by Barbalho et al. are as follows:
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Figure 2: Studies by Barbalho et al. have larger effect sizes than the rest of the literature. (A) Magnitude-based effect
sizes (Glass’ Apre) observed in the studies by Barbalho et al. are often much higher than the average observed across the
literature, with the exception of those from a single study [62]. (B) Signal-to-noise effect sizes (Cohen’s d.) are, again,
greater in the studies by Barbalho et al. compared to the rest of the literature. (C) illustrates the magnitude-based
effect sizes from the studies by Barbalho et al. z-scored relative to the rest of the literature. Note, these are crude
estimates since we did not use a random-effects meta-analytic model to calculate the mean and SD of the literature
values. Nevertheless, some z-scores are as high as z = 13.5, or P = 1.3 x 1074}, (D) illustrates the magnitude-based
effect sizes from the studies by Barbalho et al. z-scored relative to the rest of the literature. In contrast to (C), the
z-scores in (D) were calculated using robust variance estimation and random-effects meta-analysis. There were three
outcomes in Barbalho et al. [74] for which the standard deviation of change scores was zero (i.e., perfectly homogeneous
effects), meaning d, was undefined and could not be included. z-scores based on Cohen’s d. are as high as 34, or
P = 4 x 1072%%; this is as unlikely as a fair coin landing on heads 845 times in a row. (E-F) Percent increases in strength
correlate with (E) Glass’ Ape (r = 0.83) and (F) Cohen’s d, (r = 0.64) in most studies, but the effects observed in the

studies by Barbalho et al. deviate from this trend.
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1.2 Volume Studies

Two of Barbalho’s papers are methodologically parallel
(with the exception of mid-point assessments), six-month
volume studies, each with a separate groups of participants
(one includes exclusively trained males, while the other in-
cludes exclusively trained females) [69,70]. Despite being
separate groups and studies, the data are strikingly sim-
ilar in several ways. The results obtained by the corre-
sponding male and female groups in both studies (e.g., male
G5 change in squat 10RM vs. female G5 change in squat
10RM, male G15 change in biceps thickness vs. female
G15 change in biceps thickness, etc.) have virtually identi-
cal raw effects, effect standard deviations, and standardized
mean differences. Figure 3 displays these values for both
the male study on the z-axis [70], and the corresponding

effect sizes from the female study on the y-axis [69].

By looking at the raw data, we discovered that not only
are the means, standard deviations, and effect sizes for the
primary outcomes virtually identical, but so too are the
correlations between pairs of individual variables. For ex-
ample, if the correlation between two potentially unrelated
variables is 7 = 0.3 in the G5 males, it will probably be
very close to 7 = 0.3 in the G5 females. This holds for all
correlations between two variables in corresponding groups,
including variables where the correlation should be essen-
tially random. Figure 4 shows color-coded heat maps (cor-
relograms), where blue is a positive association, and red
is negative. The two leftmost groups are G5 females and
males. The next two are G10 females and males, etc. The
mosaic pattern between each corresponding pair is virtu-
ally identical. The strength of the correlations between the
correlation coefficients for corresponding groups in the two
studies is r > 0.8 in all four cases. As a point of reference,
G5 and G10 reported overall similar strength and hyper-
trophy results within both studies. However, the strength
of the correlation between corresponding correlation coef-
ficients in G5 vs. G10 in the male study is » = 0.35; for
females, = 0.26 (you can just compare the differences in
patterns between the first and second mosaics in each row)
(Figure 4). This strongly suggests an unexplained regular-

ity between sources.

Because these correlograms include the effects of the in-
tervention (i.e., change scores and post-intervention assess-

ments), it is possible they are largely dominated by these

columns. Thus, we also assessed the correlations of vari-
ables collected only at baseline, and the story is identical:
Note that, despite

each study being independently randomized, baseline cor-

unexplained regularities are present.

relations are strong between but not within studies (Figure
4).

The baseline scores have favorable theoretical properties
in that, since there is a randomization scheme (i.e., groups
are randomized at baseline), there is an easily calculable
null distribution. This can be calculated by re-randomizing
the groups and comparing the simulated baseline corre-
We converted the

correlations to Fisher’s z, then used the sum of squared

lation matrices to the observed ones.

differences in Fisher’s z’s (re-normalized to z-score units)
between each of the correlations as a distance metric (anal-
ogous to a x? statistic). We performed this on each group
individually and on the study as a whole (all groups to-
gether). On a group-by-group basis, using 100,000 per-
mutations, the resulting one-sided P-values for G5, G10,
G15, and G20, when comparing the similarity of the men’s
and women’s correlation matrices, are < 1 x 107°, 0.0006,
1 x 107°, and 7 x 1075, respectively (Figure 5). This in-
dicates that correlation matrices between men and women
for a given group are much more similar than we would

expect for having randomized samples.

Next, we randomized all four groups (the entire study)
at the same time rather than each group individually. This
allowed us to calculate how extreme the observed similarity
is across all groups at once. The process was similar: we
re-randomized all individuals to one of four groups. None
of the 1,000,000 simulations produced results more similar
than what was observed in the real data (i.e., P < 1x1076).
Histograms of the observed distances (red) compared to the
null distributions (grey) can be observed above (Figure 5).
The consistency in distributions across studies is incredibly

improbable.

When looking at the raw data from the men’s and
women’s volume studies, it is apparent that there are
twice as many even numbers as odd numbers. Distribu-
tions can be found in Figure 6. This relationship holds
with and without the strength data which could con-
ceivably be expected to consist primarily of even num-
bers, if the researcher primarily increased loads in incre-
ments of 2 kg when assessing strength. It is unclear how

this could have happened, and its observation relative to
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TABLE 3. Groups characteristics. Table 3 Groups Characteristics
Group Age Height Body Mass Experience Group Age Height Body mass Experience
G5 24.9+1.97 165.3 + 4.06 63.4 + 4.14 3.3+ 0.95 G5 249 (1.97) 1783 (4.11) 815 (3.47) 5.3 (0.95)
G10 246 £1.17 168.2 + 3.68 64.7 £ 4.90 3.2+1.03 G10 246 (1.17) 1804 (3.7)  86.7 (3.16) 52 (1.03)
G15 251+1.20 167 + 4.40 62.6 = 4.67 3.6 +0.70 Gl15 25(1.22)  180.1 (4.7) 8433 (5.36) 5.6 (0.72)
G20 241 +£1.20 166.4 = 4.20 62.9 = 3.84 3.5+0.97 G20 2425 (128) 179.6 (4.9) 8424 (4.59) 5.5 (1.07)

Abbreviations: G5, 5 sets per week per muscle group; G10, 10 sets per week per
G5—5 sets per week per muscle group, G10—10 sets per week per muscle group, muscle group; G15, 15 sets per week per muscle group; G20, 20 sets per week per

G15—15 sets per week per muscle group, G20—20 sets per week per muscle group.  muscle group. Note: Values are represented mean (SD).

Figure 3: Relationships between data from the men’s and women’s volume studies. Diagonal line indicates the identity
y = x. (A) Mean scores (including pre, post, and change scores) strongly align, and when they do not, there is structure,
insofar as it “looks” as if points are simply shifted rather than randomly dispersed. (B) SDs strongly align, despite
some differences in the means. (C) Standardized mean differences (%) almost perfectly lie on the identity. (D)
Example of the shift in means from the women’s and men’s volume studies; for each group, on average, the men have
exactly two more years of training experience than the women. Women and Men tables are adapted from [69] and [70],
respectively. NB, in A-C, the SDs and SMDs show almost perfect agreement: concordance correlation coefficients =
0.97 and 0.96, respectively.

All measures Baseline only
G10
=z Correlation
© I 1.0
0.5
s 0.0
S . 05
3 .
> I -1.0

Figure 4: Correlations within and between trained women and men in the volume studies. (All measures) Includes
pre, post, and change scores. Note the patterns are almost identical within-group/between-study, but not between-
group/within-study. (Baseline only) Includes just pre-intervention scores and thus is unaffected by the effects of the
intervention. Because there was a randomization process, we expect the differences between-group/within-study to have
occurred by chance; however, it is extremely unlikely that these differences would be nearly identical between studies.
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Figure 5: Permutation tests for the baseline similarity in covariances between the men’s and women'’s studies. (Group-
level) Results of permutation tests for the similarity in covariances between studies for individual groups. The red line
indicates the observed similarity, while the distribution is a permutation distribution, or if one were to re-randomize
participants. In other words, with randomization, we expect to see the red line fall within the plotted distribution.
(Study-level) Results of a permutation test for the entire study at once. This is similar to (Group-level), but all indi-
viduals are assigned to groups at once and thus represents sampling without replacement. Note how far to the left the
red lines are relative to the distributions. In the case of the study-level, the entire distribution, including its lower tail,
is far from the red line (observed). This means the observed similarity is extremely unlikely under randomization.
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Figure 6: Double the number of even numbers as odd numbers in the trained men and women’s volume studies.
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Figure 7: The thickness differences between the pectoralis major, triceps brachii, and biceps brachii were structured and
ordered in a way that is highly unlikely to occur with randomization. With randomization, we would expect the red line
(observed distance) to fall within the grey distribution; instead, the red line falls outside of the distribution, suggesting
the data are improbably consistent.
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Figure 8: Within-study agreement of effects between multi-joint and multi-joint + single-joint outcomes. Both the
raw (left) and standardized (right) effects across four multi-joint vs. single-joint studies display remarkable absolute

agreement (CCC > 0.99 for both).

evenly distributed evens and odds is incredibly unlikely
(Pe[<22x10716,1.3 x 10711)).

Finally, when looking at the raw data from the women’s
volume study [69], we noticed that the baseline muscle
thicknesses of the pectoralis major, triceps brachii, and bi-
ceps brachii were strongly correlated. Upon closer exam-
ination, we noticed that the pairwise differences between
pectoralis major, triceps brachii, and biceps brachii muscle
thicknesses were nearly identical in G5 vs. G15 and G10
vs. G20. For example, subject 1 in G5 had an identical
biceps minus triceps thickness as subject 1 in G15, and so
on. To evaluate the extremeness of this observation, we
performed yet another permutation test. Subjects were re-
randomized to groups and ordered randomly within those
groups; this was performed 1,000,000 times. We used the
sum of squared differences between G5 and G15, and G10
and G20 as a measure of distance, and this took into ac-
count all three pairwise differences of the included muscle
thicknesses (Figure 7). This permutation test showed that
this observation was, indeed, very extreme and inconsis-
tent with randomization—with a probability of occurrence
of less than 1 in 1 million (z = —6.26, P < 1 x 107).

1.3 Single-joint versus multi-joint studies
1.3.1 Correlation of Effects

For all of the multi-joint vs. multi-joint plus single-joint
studies [72,74-76], corresponding groups also reported vir-
tually identical results for every measure (Figure 8). Even
if we assume the null is true, it would be fair to anticipate

larger differences between groups simply due to sampling

error (i.e., the small differences may fall in the lower tail of
an F-distribution). The correlation between mean changes
in corresponding groups in each study is » > 0.99. In the
graph below, z-values are the change in the multi-joint only
group for one measure, and y-values are the change in the

MJ+SJ group for the same measure in the same study.

1.3.2 Patterns in Raw Data

In two of Barbalho’s studies [72,74] for which we had ac-
cess to the raw data, there were patterns in the numbers.
Specifically, the flexed arm circumference data were, in or-
der, 0.8, 0.8, 0.8, 0.8, 0.8, 1.1, 1.1, 1.1, 1.1,
1.1 for group 1 and 1, 1, 1, 1, 1, 1.4, 1.4, 1.4,
1.4, 1.4 for group 2 in the first study, and 0.3, 0.3,
0.3, 0.5, 0.5, 0.5, 0.5, 0.5 for group 1 and 0.4,
0.4, 0.4, 0.4, 0.5, 0.5, 0.5, 0.5, 0.5 for group 2
in the second study. To the best of our knowledge, these
data have not been sorted to produce this pattern (if that
occurred, the subjects were re-numbered after the fact).
Ignoring the probability of each group only having two val-
ues, and the probability of such small ranges in the data,
simply attaining results with these characteristics (“runs”
of one number, followed by “runs” of another number) is
very unlikely, with probabilities of (5!5!)2 = 1.6 x 1073 for

10!

the first study, and (22!) (43!) = 1.4 x 107* in the sec-
ond study. The probability of obtaining data with these

characteristics in both studies is

151\ 2 /3151 151
SISTNT (355 (B o5 s 1070,
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Figure 9: Simulations reveal that observing a perfect baseline difference between squat and hip thrust 1RMs is highly im-
probable. We simulated data based on [73], taking into account the test-retest reliability of the squat and hip thrust [71].
These simulations created a reference distribution, against which we could assess how extreme the observation of a per-
fect difference in baseline squat and hip thrust 1RMs is. After performing 1,000,000 simulations, we observed that (A)
none of the simulations had a perfect correlation between baseline squat and hip thrust 1RMs, and similarly, (B) none
of the simulations had a perfectly homogeneous difference between squat and hip thrust 1RMs. This indicates that the
perfect baseline relationship observed by Barbalho et al. [73] has a P-value < 1 x 107°.

When adding the probability of the “runs” being arranged
low-to-high in all four groups, the probability drops to ap-

proximately 1 in ten billion:

15150\ /335! /445!
S22 ) (22 ) (22 ) — 9.3 x 1071
<210!> (5 8!)(9 9!) 8

1.3.3 Baseline Squat and Hip Thrust Strength

In Barbalho et al.’s most recent paper [73], every lifter’s
baseline hip thrust 1RM was 8 kg more than their squat
1RM. This means that there was a baseline correlation of
r = 1 between squat and hip thrust 1IRMs. At face, this is
unlikely because, among other reasons, measurement relia-
bility would tend to prevent such a relationship from being
observed. Specifically, we know from Spearman [77] that
the correlations we observe are constrained by measure-

ment precision,

Tobs = Ttruev/TzzTyy>

where rops is the observed correlation between two vari-
ables, rirue is the true correlation between those two vari-
ables, and 7., and r,, are the test-retest correlations for
the two variables being correlated.

Given the above, we aimed to quantify how unlikely it is
that we would observe a perfect correlation between squat

and hip thrust 1RMs, with the assumption that true squat

and hip thrust 1RMs are perfectly correlated (hip thrust
1RM = squat 1IRM + 8). To do so, we performed Monte
Carlo simulations with the data simulated to be similar in
nature to [73]. We incorporated the intraclass correlation
coefficients (ICCs) for squat and hip thrust 1RMs reported
by Barbalho et al. [71], along with their uncertainties. In
these simulations, we also took into account that Barbalho
et al. used loads that were increments of 1 kg.

The results of these simulations can be seen in Figure
9, and indicate that, after taking measurement error into
account, the probability of observing the perfectly homoge-
neous baseline shift when one really exists is P < 1 x 1076,
meaning it is more surprising than a fair coin landing on
heads 20 times in row. We note that the precision (and thus
“smallness”) of the P-value is constrained by the number of

permutations performed, so this is a conservative estimate.

1.3.4 Squat and Hip Thrust Change Scores

In addition to the perfectly homogeneous structure in the
baseline scores, we also observe structure in the change
scores. The differences between the hip thrust change
scores and squat change scores have structure; they (a) are
perfectly homogeneous (all = 4 kg) in the MJ+SJ group;
(b) are perfectly bimodal (all are either 24 or 44 kg) in the
SJ group; and (c) differ for each person in the MJ group.
The distributions of differences in change scores can be seen

in Figure 10A.
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Figure 10: Simulations reveal that the observed structure in differences between change scores is highly unlikely. (A)
There is a group-dependent structure in the difference between hip thrust 1RM and squat 1RM; MJ+SJ is perfectly
homogeneous (all = —4 kg) and SJ falls into two groups (16 or 36 kg), while every individual in MJ has a different
value. (B) The homogeneity in the MJ+SJ and SJ groups was highly improbable when taking measurement error into
account (combined P = 1.2 x 10711).
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We would not expect to see such structure in the data,
in part due to measurement error alone. Thus, we simu-
lated more data to quantify the probability of observing
data that looks like this.

differences are the ones observed; measurement error will

We will assume that the true

increase variability. First, we investigated the within-group
probabilities of observing n < {1,2,10} unique differences
in change scores. After taking measurement into account,
we found that both the MJ+SJ and SJ distributions are
highly unlikely (MJ+SJ, P =4 x 1075; SJ, P =3 x 1079)
(Figure 10B). Unsurprisingly, the MJ group’s heteroge-
neous distribution is unsurprising (P = 1). Second, we can
look at the joint probabilities. The extreme findings in the
MJ+SJ (perfectly homogeneous) and SJ (two or fewer out-
comes) groups were not observed in any single simulation
run (meaning P < 1 x 107%); this is expected, as the prod-
uct of the P-values suggests a combined P = 1.2 x 1071,
or about as surprising as a fair coin landing on head 36

times in a row.

1.3.5 Distributions of Even and Odd Numbers in
Muscle Thickness Data

The muscle thickness data in [73] have improbable dis-
tributions of even versus odd numbers (Figure 11). In
particular, there are no odd-valued pre-intervention mus-
cle thicknesses in any group or muscle (0/120, two-tailed
P = 2(05)'9 = 1.5 x 10736 relative to an expected
50/50 split of even and odd), while the post-intervention is
roughly 40% odd (47/120, P = 0.02 relative to an expected
50/50 split of even and odd), which evidences that odd num-
bers are possible. By comparing these proportions directly
(0/120 vs. 47/120), the pre-intervention distribution is still
highly improbable (P = 7.3 x 1074, or about as surprising

as a fair coin landing on heads 43 times in a row).

1.3.6 Distributions of Strength Numbers

The strength data in [73] also have improbable distribu-
tions (Figure 12). When looking at the distributions of
ones digits in the pre- and post-intervention strength data,
one can see there are spikes at 0, 3, 5, and 8 in the pre- but
not post-intervention data. The difference between these
distributions is marked (P < 2.2 x 107%) and warrants ex-

planation.

11

1.3.7 Squat Strength Gains

In Barbalho et al.’s most recent paper [73], the magnitude
and rate of squat strength gains is worth noting. In partic-
ular, all lifters—even those who performed only single-joint
exercises—underwent appreciable strength changes. Given
that the study was 24 weeks long, we calculated an average
rate of squat strength increase for each subject (A1TRM /24
weeks), and we compared these rates to raw female power-
lifters from the Open Powerlifting database (ages = 24-34;
raw-only; tested or untested; and similar allometrically-
scaled squat strength at their first meet (5-7 kg%)). Sub-
jects in the Barbalho et al. [73] study had rapid rates of
squat strength increases — far superior to similarly skilled
powerlifters (Figure 13). This was also the case for the
squat group in the squat vs. hip thrust study [71] (Figure
13).

1.4 Elderly Study

Barbalho et al. [78] investigate the effect of exercise on,
among other things, weight loss in elderly women. Strik-
ingly, nearly all participants both lost weight and decreased
their waist circumference. This finding is in contrast to
other literature on exercise and weight loss without a di-
etary intervention [79]; for example, Ahtiainen et al. [2]
only observed weight loss in 46% of participants. A test

of weight loss proportions between Barbalho et al. [78]

(318 = 0.98) and Ahtiainen et al. [2] (332 = 0.46) reveals
drastic differences (P < 2.2 x 10716).
Dr. Gentil responded to the aforementioned concerns

about the elderly study on July 6, 2020, with the following:

1. They used a Ahtiainen et al. (Ahtiainen
et al., 2016) to question our results. How-
ever, this study involved a heterogenous
sample and only 36 older women, with no
separate analysis for them. In fact, we

were not able to find any graph or data

regarding weight loss and waist circumfer-
ence responsiveness nor specific informa-
tion on the number of older women who

lost weight in that study.

2. Weight loss is a multifaceted process and
it is not possible to say that our results

occurred exclusively due to the resistance
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Figure 11: Even numbers dominate the distribution of muscle thicknesses because there are no odd values in the
pre-intervention scores.
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Figure 12: A select few numbers (0, 3, 5, and 8) dominate the pre- but not post-intervention strength measures. The
pre- and post-intervention distributions of ones digits differ markedly from one another (P < 2.2 x 107°).
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Figure 13: Participants from Barbalho et al. [71,73] exhibit rapid increases in squat strength. (A) The distribution of
the rate of squat gains (kg/week) in female powerlifters falls below most of the subjects in [73] (thin, colored bars) and
the squat group average from [71] (thick, black bar). (B) This results in high z-scores for all three groups from [73] and
the squat group average from [71], but especially so for those who performed multi-joint movements.
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training protocols, which is recognized as
a limitation: “One important limitation of
the present study is the lack of nutritional
control, which can influence in the results
of anthropometric measures.”. Therefore,
it is possible that the participants changed
their lifestyle during the study.

3. Weight loss has been shown to be inversely
associated with strength gains in post-
menopausal women (Bea et al., 2010) and
our study showed a marked increase in

muscle strength.

4. We try to explain our results stating that
“the reductions in body mass and waist
circumference found in the present study
might be related to training intensity (i.e.
training to momentary muscle failure), as
reported in previous studies in which low-
volume, high-intensity RT promoted posi-
tive changes in body composition in older

people [43].”.

5. We reported that the participants were
closely supervised and the supervisors
were oriented to encourage the partici-
pants to train with high efforts, which
might have led to increased results and
motivation to adopt positive lifestyle

changes. As far as we know, these pro-

cedures have not been adopted in previ-
ous studies. Moreover, the study protocol
used by Ahtiainen et al. (Ahtiainen et al.,

2016) is not even described in the article.

Therefore, most of the concerns are already ad-
dressed in our article. Our results are com-
pletely comprehensible, and I have no reason

to question the validity of our findings.

We are unsatisfied by Dr. Gentil’s response for the fol-

lowing reasons (addressed in order):

1. We obtained the data directly from the authors of

this study. That only 36 of them were “older women”
does not substantially detract from our concerns; in-
dividuals, no matter their age, do not tend to lose

weight with just a training intervention [80-84]. In

13

fact, the literature suggests that younger individuals
are more likely to lose weight on exercise-only inter-
ventions compared to older individuals [85], in turn
rendering the Ahtiainen et al. [2] estimate a conser-

vative one.

. We certainly agree that weight loss is multifaceted,

but it strains credulity that the consistency of weight
loss would occur sans dietary or behavioral interven-

tions for several reasons:

e There is a massive body of literature demon-
strating the behavioral changes—including di-
etary and lifestyle changes that result in weight
loss—are extremely difficult to start and main-
tain [86]. In fact, behavioral interventions are
necessary to improve adherence in exercise pro-
grams [87]. How a study without behavioral

interventions could result in so much success—

better success than studies with interventions—
warrants explanation. The length of the study

and consistency of the results adds to these im-

probabilities, in that longer studies are likely to

result in poorer or more variable adherence.

e Participants were explicitly asked not to change
their diet.

ery participant to improve their eating habits,

It would be strange for nearly ev-

to the extent of rendering weight loss, despite
Indeed, the Resist

Diabetes trial, despite utilizing a similar resis-

having been asked not to.

tance training protocol, did not find changes in
weight in pre-diabetic participants aged 50-69
years across a 15-month study period [88]. This
is despite secondary outcomes from that trial
showing spontaneous reductions in dietary en-
ergy intake [89] and increases in non-resistance
Thus,

it seems unlikely that spontaneous behavioral

training aerobic physical activity [90].

adaptations could explain the observed weight
loss.

e The energy expenditure from physical activity
interventions alone is small. Estimates of energy
expenditure for lower volume resistance training
sessions range from around 50-150 keal [91]. A
conservative estimate of 150 kcal/session would
yield 3600 kcal burned over the course of the
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study. The lack of proportionality of weight loss
to the exercise volume further suggests that the
observed weight loss is not solely attributable to

the exercise intervention.

e Given the above, the etiology and consistency
of weight loss has not been explained. Vague,
catch-all explanations are inadequate given that
these results fly in the face of literature on the

topic.

3. This is both orthogonal to our concerns and mislead-
ing. In fact, Bea et al. [92] exemplify our point; even
after 6 years of exercise, on average, exercising par-

ticipants gained (a negligible amount of) weight.

4. There does not exist a strong theoretical rationale as
to why training to momentary muscular failure would
substantially improve the probability of losing weight

with resistance training alone.

e Indeed, though there are data suggesting that,
at a given work output, resistance training to
momentary failure results in greater total en-
ergy expenditure; this amounts to ~3 kcal dif-
ference [93]. Importantly, energy expenditure
during resistance training is directly related to
the amount of mechanical work performed [94].
Although performing a single set to momentary
failure might increase mechanical work, across
multiple sets, this does not appear to be the case
[95]. Furthermore, if the reductions in body fat
could be attributed to the work performed dur-
ing the training sessions, one would anticipate
that the subjects in the high volume group in
the study would have lost approximately twice
as much body fat as the subjects in the low vol-

ume group, which did not occur.

e If we consider that, within each group, starting
weights, height, age, and the amount of weight
lost over the 12 week period (84 days) are rel-
atively homogeneous, we can then use the Na-
tional Institute of Diabetes and Digestive and
Kidney Diseases model for predicting weight loss
[96]. Specifically, we can estimate how much
additional energy expenditure from the inter-

vention alone would be required. The weight

14

loss reported in the HV and LV groups would
require an ~70% and ~78% increase in physi-
cal activity energy expenditure, respectively, as-
suming no dietary modifications in energy in-
take if weight loss were to be achieved over the
12 week period. This model considers metabolic
compensations over time with weight loss. How-
ever, research also shows that behavioural com-
pensation, such as that mentioned above, can
range from +55% to +64%, which affects energy
balance and thus weight loss in response to ei-
ther dietary or exercise interventions [97]. Based
on these assumptions, the required weekly net
energy deficits (NIDDK model, NIDDK+55%,
NIDDK+64%) from physical activity are esti-
mated to be 1376.1 kcal, 2132.9 kcal, and 2256.8
kcal for the HV group, and 1528 kcal, 2368.4
kcal, and 2505.92 kcal for the LV group. If we
consider the number of sets reported for either
group in different weeks, we can estimate the en-
ergy expenditure that would be required to re-
sult from this. Data from one of our group’s lab
suggests negligible differences between different
large muscle group exercises when performed to
volitional failure [98]; therefore, we assume sim-
ilar energy expenditure across exercises (though
this likely makes our estimate more conserva-
tive as smaller muscle exercises included in the
intervention are assumed to have a higher en-
ergy expenditure). The HV group ranged from
24 to 30 sets total per week; this would require
each set to, on average, expend 45.9 kcal to 57.3
kecal, 71.1 kcal to 88.9 kcal, and 75.2 kcal to 94
kcal for each estimate, respectively, to achieve
the weight loss reported. The LV group ranged
from 12 to 18 sets total per week and thus would
require sets to expend between 84.9 kcal to 127.3
kcal, 131.6 kcal to 197.4 kcal, and 139.2 kcal
to 208.8 kcal for each estimate, respectively, to
achieve the weight loss reported. It seems highly
unlikely that this was achieved considering that
our data have shown only an 118.9422 kcals
total energy expenditure when 4 exercises are
performed for a single set to volitional failure.

Moreover, other recent work has reported ~25
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kcal total energy expenditure per set of exercise
performed to momentary failure [99]. Further,
aside from set volume alone, the total absolute
work (sets x reps x kg) performed is a strong
predictor of energy expenditure [100,101]; given
the absolute loads being used by the participants
in this study (given their low baseline strength
values), it seems even more unlikely that they
were able to achieve sufficient energy expendi-
ture as a result of the resistance training in-
tervention to produce the weight loss reported,
even when considering the possibility of sponta-

neous behavioral modifications.

e Since physiological explanations do not seem to
explain the colossal discordance between this
study’s findings and those in the literature, a

more thorough explanation is warranted.

5. It seems unlikely that the intervention being super-
vised would have an appreciable effect on calories
burned to the point of rendering the exercise rou-
tine itself a potent weight loss intervention. Indeed,
in another study where older adults were provided
with closely supervised, progressively implemented,
high intensity of effort resistance training, there was
a comparatively smaller weight loss over the interven-
tion period (~64-74% of that reported by Barbalho
et al.) despite an intervention of twice the length (6
months) [102]. Further, although a smaller sample
size (n = 23), 5 participants (~21%) did not demon-
strate weight loss. Positive lifestyle changes, on the
other hand, are difficult to consistently implement.
Given that the individuals were encouraged to not
change their diet, such lifestyle changes would have
to be independent of dietary changes. Thus, expla-
nation is warranted regarding what lifestyle changes
were encouraged and how those would render consis-

tent weight loss across 370 elderly women.

In addition, the study employed block randomization.
However, 217 participants were randomized to the high vol-
ume group and 203 participants were randomized to the low
volume group. It is unclear how a 14-participant discrep-
ancy could occur with block randomization.

We note that there are aspects of this study we find

curious and are still looking into, such as the funding and
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resources necessary to complete this study considering its
scale, in addition to some of the other measures/outcomes.
We will update this white paper accordingly as additional

information comes to light.

2 Arguments Against Extreme Ho-
mogeneity

It can be argued that the observed baseline homogene-
ity is a result of nonrandom (biased) sampling by the re-
searchers, in that investigators purposely sampled individ-
uals who had similar levels of strength, training experience,
etc. While it is easy to sample a homogeneous sample con-
ditional on one variable (e.g., squat strength), it is expo-
nentially more difficult to sample conditional on more vari-
ables. This follows from the chain rule in probability—the
population from which to sample becomes less dense for
each variable on which you condition. Thus, although Bar-
balho et al.

samples, it seems tremendously difficult to have done so

may have purposely recruited homogeneous

while matching on so many variables.

In addition to the low likelihood of matching on multi-
ple dimensions, there is marked homogeneity for variables
that were not assessed until after a participant was enrolled;
namely, muscle thicknesses [69, 70], in addition to change
scores (Figure 2b,d). This is incredibly unlikely given that

this was not subject to explicitly biased sampling.

2.1 Example

Because our argument is fairly abstract, here, we further
explain the theory behind it, and then we draw upon data
from Open Powerlifting to demonstrate the appreciable ef-
fects of conditioning on multiple variables.

In the simplest case, wherein we are interested in the
probability of both A and B occurring, chain rule in prob-
ability states P(AN B) = P(A | B) - P(B).

if we are interested in both A and B occurring, then we

Intuitively,

know A will only occur with B a fraction of the time, and
B in general will only occur a fraction of the time. The
means that the space from which to sample decreases for
each variable we condition on (Figure 14). More tangibly,
if a table has many fruits (berries, cherries, melons, apples,
oranges, pears, etc.), looking for two properties simultane-

ously will quickly decrease the number of fruits that meet
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Figure 14: A visual explanation of the decrease in area from which to sample as you condition on additional variables.
Note that the area of overlap gets smaller with each additional variable.

the criteria. For example, if I say I am looking for a red
fruit, there are many options: cherries, strawberries, ap-
ples, watermelon, tomatoes, etc. However, if I say I am
looking for something red that is also a berry, it seems I
must be talking about strawberries. Alternatively, I can
start with looking for berries and my options are plenti-
ful; however, once I specify red, I get to the same answer.
Thus, the more variables we condition on, the more unique

or rare our event or state of interest becomes.

Now, say we were interested in sampling male power-
lifters from the Open Powerlifting database. After cleaning
the data (for duplicate lifters, missing data points, etc.), we
have 71,037 data points with the information we need. Of
these data points, suppose we are interested in raw lifters
who compete in drug-tested federations and are between
the ages of 20 and 34.

of sequentially conditioning on raw, drug-tested, and age;

In Figure 15, we see the effect

with each additional variable we condition on, the number
of lifters remaining decreases appreciably. From a logis-
tical standpoint, it is much easier to condition on binary
variables (e.g., we are only interested in raw, drug-tested
lifters) than it is continuous variable, wherein we want our
sample to look like a specific distribution. To emulate the
biased sampling in the studies by Barbalho et al., we will
calculate the proportion of the “population” that can be
used to generate new samples, each with tight SDs (~ 4
kg) and a specified mean for all three lifts.

To calculate the probability of finding an individual who
can be used in the sample, we draw upon rejection sampling
theory. In rejection sampling, we have two probability den-
sity functions (pdf), f(x) and g(z). f(z) is our desired pdf,
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and g(x) is the pdf from which we have to sample. More
concretely, we wish to create a sample with the distribu-

tion f(z) by taking a biased sample of g(x).
f(z)
9(z)
and ﬁ is termed the acceptance probability. Another way

In rejection

sampling, M = sup{ } is an optimal scaling factor,
of conceptualizing this is that % is the proportion of indi-
viduals in g(x) who can be sampled to form a distribution
equal to f(z). We applied this theory to the powerlifting
data. We specified our distribution of interest to be the
mean bench, squat, and deadlift 1RM, with an identical
correlational structure to the original data, but with SDs
of 5 kg for each lift. Note, 5 kg was chosen instead of 4
kg to be charitable, as 5 kg is on the higher end of the
baseline SDs reported by Barbalho et al. Because power-
lifting numbers tend to be discrete (multiples of 0.5 kg),
we integrated around each mean to emulate the discretized
distribution [103]:

241 /2

p(ii) = // f(x1, 22, x3) day dxo dus,

L27] /2

where f(Z) is the trivariate normal density function, [ is a
vector of the mean one-repetition maximums of the three
lifts, 7 is a vector of evaluated one-repetition maximums,
and p(f) is its discretized analogue (probability mass func-

tion) evaluated around the mean, with which we calculated

% = %. Note, sup {%} is satisfied when Z = i, mean-
ing M = %. This approach produced nearly identical

results (within 0.00001) to a more computationally costly

grid approximation.
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Figure 15: Sampling a homogeneous sample from the Open Powerlifting database. We are left with 30 of the original

71,037 lifters after conditioning on all variables.

By conditioning on each of these lifts, the number of
lifters one can sample from decreases substantially; at the
end, there are 30 lifters from the original 71,037 (Figure
15).

This principle is well established in probability; the
more variables you condition on, the smaller your target
population relative to the entire population. Here, we used
strongly correlated lifts and thus our estimates are liberal;
lower correlations between variables (e.g., 10RM triceps
extensions and 10RM pull-downs rather than 1RM squat
and 1RM deadlift) would result in even sparser populations
from which to sample. By scaling the remaining lifters to
the number needed for a 40-person study, the initial pool
of lifters would need to contain 94,716 individuals; for con-
text, as of 2020, Belém has a total population of 1.44 mil-
lion. To actually recruit 40 subjects, all 94,716 would need
to be screened and pre-tested, indicating that ~ 2400 sub-
jects would need to be tested for each subject recruited.
The numbers from this exercise suggest the homogeneity
in the studies by Barbalho et al. is appreciable, especially
for having recruited from a select few gyms. Finally, from

a more applied perspective, not all of those who are eligible

are willing to volunteer for studies or are able to (e.g., due
to geographical restrictions). As a result, the lifters willing

to participate would likely be even scarcer.

3 Conclusion

We noted several improbable observations present in stud-
ies published by Barbalho et al. These observations include
improbably small SDs; large and consistent effects; consis-
tent baseline structure following randomization; and effects
that are inconsistent with other studies.

To be explicit, we have no evidence to suggest we un-
derstand the provenance of the data. We do not have any
evidence beyond the fact that the data is unlikely to suggest
how it became unlikely. Nevertheless, these improbable ob-

servations warrant explanation.
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5 Appendix: Timeline

February 11, 2020
March 26, 2020

April 15, 2020

April 17, 2020

June 10, 2020

June 22, 2020

July 6, 2020

July 14, 2020

July 28, 2020

August 13, 2020

September 1, 2020

September 4, 2020
October 1, 2020
October 15, 2020
March 16, 2021
March 17, 2021

April 1, 2021
April 22, 2021

We first notified the senior author of these papers, Paulo Gentil, of our initial findings.

The white paper was sent to Paulo Gentil to review. We asked for an explanation or rebuttal
on or before April 10. Barbalho immediately requested a one-week extension, which we happily
granted.

The authors admitted that there were indeed “inconsistencies” in the data from Barbalho et
al. [70]. The authors state that Barbalho et al. [70] was carried out, but the undergraduate
student who was responsible for transferring the data from paper to Excel made errors in the
process.

The authors requested that Barbalho et al. [70] be retracted from International Journal of Sports
Physiology and Performance for the aforementioned reasons. While one of the interrelated papers
was retracted, our concerns with Barbalho et al. [69] remain.

We contacted the journal editors with our concerns. FEzperimental Gerontology’s editor re-
sponded by working with Elsevier to contact Dr. Gentil directly. The remaining editors advised
us to email Mr. Barbalho and Dr. Gentil, with the editors CC’d, to request an explanation.
We emailed Mr. Barbalho and Dr. Gentil asking for an explanation. We gave them until July
13, 2020 @ 11:59 PM local time to respond.

We received an email from Elsevier containing Dr. Gentil’s response to our concerns regarding
the Fxperimental Gerontology study. We are not satisfied by his explanations and have shared
our concerns with Elsevier.

Mr. Barbalho and Dr. Gentil did not respond to our concerns regarding the other studies; we
requested retraction for these papers.

Medicine € Science in Sports € Ezxercise stated that, in accordance with COPE guidelines, they
will be contacting the authors’ institution. In the meantime, they will be publish an Expression
of Concern.

European Journal of Sport Science and Taylor & Francis requested a response and raw data
from the authors.

International Journal of Sports Medicine stated that they will not retract the articles at this
time. We were invited to submit letters to the editor for [71] and [73]. We will respond to the
editors and request the raw data for [71].

Sports and its publisher, MDPI, have contacted the authors’ institution to open an investigation.
On this day, we also followed up with the other journals.

We responded to International Journal of Sports Medicine regarding their email from Sept 1.
Medicine & Science in Sports €& Ezercise published an Expression of Concern regarding [69].
Ezperimental Gerontology stated that, after a University investigation, the journal will not take
action regarding [78].

After requesting their names be removed from the author list, International Journal of Sports
Medicine removed James Steele and James Fisher as coauthors to [73].

Medicine € Science in Sports & Ezercise’s Editor-in-Chief retracted [69].

James Fisher and Jiirgen Giessing, two of Barbalho’s coauthors, were added as co-authors to
the white paper.
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