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Abstract
A meta-analysis is a controversial statistical procedure that combines the data from several independent studies in an 

attempt to produce an estimate for the effectiveness of a specific intervention. The validity of a meta-analysis, also known 
by its critics as numerological abracadabra, is dependent on the arbitrarily defined criteria and discrimination of the analyst, 
and more importantly, on the quality of the inclusive studies. The focus of this commentary is a meta-analysis by Krieger, who 
claimed that multiple sets of each exercise are superior to a single set of each exercise for increasing muscular strength. 
Some examples of the inclusive studies that he awarded the highest quality scores are shown in this Critical Review to be 
very poor quality studies and not acceptable for inclusion in a meta-analysis. 

Key words: meta-analysis, sets, strength gains

Meta-Analysis
The statistical process of a meta-analysis implies 

that theoretical and empirical science should be done 
by two different sets of people with different disciplin-
ary abilities; that is, empirical research is performed by 
scientists and clinicians, but the interpretation of this 
research is performed by statisticians who decide what 
inferences should be drawn from the evidence [1]. The 
inclusion or exclusion of the studies in a meta-analysis 
is entirely based on the discrimination, opinions, and 
potential inherent bias of the statistician conducting 
the meta-analysis. The analyst may lack the appropri-
ate training and experience to draw the correct infer-
ences from the empirical research [1]. All the inclusive 
studies will have a profound effect on the results of the 
meta-analysis because the data from those studies may 
be the consequence of methodological flaws or fraud 
[2]. At best, the validity of a meta-analysis can only be 
as good as the quality of the inclusive studies; that is, 
a meta-analysis inherits all the flaws of the inclusive 
studies in addition to the inherent problems with peer 
review, editorial decisions and publication of those 
studies and the meta-analysis. If bias is present within 
the inclusive studies, the meta-analysis will reinforce 
that bias. A bad meta-analysis – like any bad research 
– may be useless or harmful, and bad research is more 
common than good research [3].

Krieger’s Meta-Analysis 
In a recent review entitled Determining Appropri-

ate Set Volume for Resistance Exercise [4], Krieger 
stated that the primary way to manipulate the volume 
of training is to increase or decrease the number of 

sets for each exercise. In his next sentence he claimed: 
“Thus, the number of sets can have a strong impact on 
the morphological and performance-based outcomes 
of a resistance training program” (p. 30). Krieger did 
not cite any resistance training studies to support that 
statement, which may have been an early indication 
that readers were not going to get an impartial analysis 
of the topic.

In Krieger’s review [4], he summarized and cited 
his own meta-analysis entitled Single Versus Mul-
tiple Sets of Resistance Training: A Meta-regression 
[5]. Although there are subtle differences between 
a meta-analysis and a meta-regression, Krieger never 
explained these differences in his mega-regression 
and several times in his review [4] he referred to his 
hierarchical, random-effects meta-regression simply as 
a  meta-analysis. Therefore to maintain consistency 
with Krieger’s own description, this Critical Review 
will refer to his meta-regression as a meta-analysis.

Krieger [5] set his own inclusive criteria arbitrarily 
for the meta-analysis: resistance training studies that 
involved at least one major muscle group with a mini-
mum duration of four weeks, single and multiple sets 
with other equivalent training variables, pre-training 
and post-training 1RM (maximum resistance used for 
one dynamic repetition), and sufficient data published 
in the English language to determine frequency of 
training and calculate effect sizes for healthy partici-
pants at least 19 years of age. An effect size is a number 
that represents how many standard deviations the 
groups differ in outcomes such as strength gains.

Krieger [5] used the sum of two 0-10 scale-based 
scores to rate the quality for each of his 14 inclusive 
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resistance training studies in his meta-analysis. His as-
sessment of those studies resulted in quality scores that 
ranged from 9-15. A few of Krieger’s highest scoring 
inclusive studies are examined in this Critical Review 
and readers can decide on the quality of those studies 
and consequently the credibility of his meta-analysis 
and its conclusions. 

Examples of Krieger’s Highest Quality Scored Inc-
lusive Studies
Rhea and Colleagues

Krieger [5] awarded a  resistance training study 
by Rhea and colleagues [6] the highest quality score. 
Although many of the flaws in the study by Rhea and 
colleagues have been previously exposed in detail [7], 
some of those criticisms are presented here because 
Krieger gave that study the highest quality rating (score 
= 15). Rhea and colleagues recruited 16 young males 
(mean age ~21 years) who were classified as trainees 
with at least two years of resistance training experi-
ence prior to the investigation. The participants were 
randomly assigned to perform either one set or three 
sets of leg press and bench press exercises three times 
a  week for 12 weeks. There was no control group. 
The range of repetitions varied for each of the three 
weekly sessions (8-10RM, 6-8RM and 4-6RM, ses-
sions 1, 2 and 3, respectively). There was no control 
for repetition duration during the training or the 1RM 
assessments.

Baseline assessment of the 1RM revealed no signifi-
cant difference in 1RM bench press between groups 
but the 1RM leg press was 19% greater (although not 
statistically significant) in the 1-set group [6]. Both the 
1-set and 3-set groups significantly increased bench 
press and leg press 1RM at the end of the study. There 
was no significant difference between groups in the 
bench press strength gains (1RM). The increase in 
1RM leg press was significantly greater in the 3-set 
group compared with the 1-set group. However, per-
haps because the 1-set group had a 19% greater 1RM 
baseline strength compared with the 3-set group, both 
groups attained similar leg press strength levels at the 
end of the study (337.2 kg and 343.5 kg, 1-set and 
3-set groups, respectively). Although Rhea and col-
leagues compared the 1RM between groups at baseline, 
they did not report any statistical comparison of the 
strength levels between groups at the completion of 
the study.

Rhea and colleagues [6] stated that their data 
would be analyzed with a repeated measures analysis 
of variance and Tukey’s post hoc tests to determine 
any significant differences between groups. They did 
not mention any calculation of effect sizes in their 
Statistical Analyses section. Perhaps when Rhea and 
colleagues failed to show a  significant difference 
between groups for the increase in 1RM bench press 

with their designated statistical analysis, they chose 
to calculate – apparently incorrectly – effect sizes (see 
reference #7 for an in-depth critique of their effect 
size calculations). Nevertheless, by manipulating their 
statistical procedures they reported a significant differ-
ence between groups and claimed an effect size of 2.3 
for the bench press. The effect size for the leg press was 
6.5, which represents an unprecedented 6.5 standard 
deviations between the means of the 1-set and 3-set 
groups. The post-training standard deviation for the 
bench press and leg press was 3-4 times greater than 
the pre-training standard deviation in both groups and 
the magnitude of that change raises doubt concerning 
the ability to accurately estimate a true effect size. Rhea 
and colleagues did not report confidence intervals for 
their effect sizes.

Rhea and colleagues [6] reported that the effect 
size for the bench press was 2.3, which was almost 
three times greater than what statisticians designate 
as a large (0.8) effect size [8]. The effect size for the 
leg press (6.5) was more than eight times greater than 
a  large effect size. Rhea [9] later proposed elevating 
the scale to interpret effect sizes and suggested that 1.5 
should be considered a large effect size in resistance 
training studies with experienced trainees. Even if his 
unsupported arbitrary suggestion was valid – and he 
failed to present any rationale that was supported by 
logic or data – the extraordinary effect sizes (2.3 and 
6.5) reported in their study [6] are unlike anything 
published in the scientific literature.

Rhea and colleagues [6] failed to speculate how 
their relatively strong experienced trainees in the 
3-set group showed an increase in 1RM leg press from 
~226 kg (~497 pounds) to ~344 kg (~757 pounds) 
and 1RM bench press from ~67 kg (~147 pounds) to 
~86 kg (~189 pounds) in 12 weeks. Neither the 3-set 
nor the 1-set group showed any significant change in 
lean body mass, body fat, chest circumference or thigh 
circumference. 

As previously noted, Krieger awarded this highly 
questionable and flawed study by Rhea and colleagues 
[6] the highest quality score in his meta-analysis [5], 
which questions the quality of his other inclusive lower 
scoring studies (see sections below).

Kremmler and Colleagues
Krieger [5] awarded a study by Kremmler and col-

leagues [10] the second highest quality rating (score 
= 14). Kremmler and colleagues reported the results 
of 50 females (mean age ~57 years) who were part of 
an ongoing osteoporosis prevention study. After 18 
months of multiple set resistance training, the partici-
pants were assigned to one of two groups to continue 
their resistance training in a crossover design program. 
The purpose was to compare the effects of single 
versus multiple sets of each exercise. All the trainees 
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performed five upper body and six lower body ma-
chine exercises once a week in what they designated as 
Session 1. The 1RM was assessed and reported for the 
leg press, bench press, rowing, and leg (hip) adduction 
exercises. There was no control for repetition dura-
tion during the 1RM assessments. Group 1 (n = 29) 
exercised using a multiple set periodized protocol with 
65-90% 1RM for 12 weeks, switched to a low intensity 
program (2 sets of 20 repetitions with 50-55% 1RM) 
for five weeks, and then another 12 weeks of a single 
set periodized protocol with 65-90% 1RM. Group 2 
(n =21) completed the same training program in the 
reverse order beginning with 12 weeks of the single 
set program, switching to five weeks of low intensity 
training, and then completing another 12 weeks of 
multiple set training. Kremmler and colleagues did not 
encourage any of the trainees to perform the maximal 
number of repetitions in any set for any exercise during 
the periodized single set, multiple set or low intensity 
periods. Consequently, the level of effort – and perhaps 
motor unit recruitment – may have been significantly 
different among the trainees at various times during 
the study. The intensity of effort is the predominant 
factor that determines motor unit recruitment [11].

There was a  minimal although statistically sig-
nificant increase in 1RM that ranged from 3-5% 
in both groups when multiple sets were employed; 
approximately 5%, 4%, 3%, and 4% for the leg press, 
bench press, rowing, and hip adduction, respectively 
[10]. The miniscule increase in 1RM after the 60-70 
minute sessions of multiple set periodized training 
is extraordinarily small, even for previously trained 
subjects. There was a significant decrease (1-2%) from 
baseline 1RM following the single set protocol in both 
groups. It is unclear and not discussed by Kremmler 
and colleagues why the trainees in Group 2, who 
trained with multiple sets for 18 months prior to the 
crossover study, were unable to maintain their strength 
gains with the 1-set protocol. 

In his meta-analysis, Krieger [5] committed several 
errors in reporting the study by Kremmler and col-
leagues [10]. Although these may be arguably minor 
errors, they question the accuracy of performing 
a complex statistical procedure such as a meta-analysis. 
•	 Krieger’s	Table	1	 (p.	 1894)	 shows	 that	Kremmler	

and colleagues compared 1-set and 2-set training. 
However, the participants actually performed 2-4 
sets of each exercise during the multiple set protocol 
and two sets of each exercise only during the five 
weeks of intermediate low intensity training. 

•	 Unlike	 the	 classification	of	 the	other	 13	 studies	
in Krieger’s meta-analysis, he failed to report the 
training status of the participants in the study by 
Kremmler and colleagues. 

•	 Krieger	reported	the	effect	sizes	for	the	leg	press,	
bench press and rowing exercises but did not report 

effect sizes for the hip adduction exercise, even 
though similar data were available from the study. 

•	 Krieger	reported	the	frequency	of	training	as	one	
session per week. The participants actually trained 
in two supervised sessions per week with different 
exercises that involved muscle groups used in the 
1RM evaluations (see paragraph below for details).
Perhaps the most important aspect of this so-called 

comparative study of single versus multiple sets by 
Kremmler and colleagues [10] is that all of the trainees 
simultaneously participated in a second weekly super-
vised training session (Session 2). Those 60-70 minute 
sessions consisted of 2-4 sets of 10RM dumbbell bench 
presses, unilateral dumbbell rowing, squats and power 
cleans. These exercises involved muscles used in the 
performance and assessment of the 1RM leg press, 
bench press, rowing and hip adduction. They were 
performed weekly throughout the 29-week study by 
both groups. In addition to Session 2, all the trainees 
performed two weekly home exercise sessions that 
included selected isometric and elastic belt exercises. 
Kremmler and colleagues referred to these other ses-
sions in the study included in Krieger’s meta-analysis 
[5] and Kremmler and colleagues cited two of their 
previous publications [12-13] that described those 
sessions in detail. Krieger failed to report all these 
potential confounding variables. 

The unexplained minimal changes in strength, 
the careless reporting of the data by Krieger [5], and 
his failure to note all the aforementioned potential 
confounding variables, question how Krieger awarded 
this study by Kremmler and colleagues [10] the second 
highest quality score of 14 in his meta-analysis.

Kraemer
Krieger [5] awarded an experiment by Kraemer [14] 

the third highest quality rating (score = 13). The data 
from this so-called experiment #2 were resurrected 
from a  database that Kraemer had accumulated as 
a coach approximately 15 years prior to publication. 
He matched and randomly assigned 40 young (mean 
age ~20 years) resistance trained (~2 years) Division 
I  male American football players, which was noted 
incorrectly by Krieger as male and female participants, 
into one of two training groups. There was no control 
group. The single set group performed one set for each 
of five upper body and five lower body exercises; the 
multiple set group performed three circuits of these 
exercises. Both groups exercised with an 8-12RM load 
three times a week for 10 weeks. The single set group 
was given forced repetitions (assistance for additional 
reps) at the end of each set (failure) but the multiple set 
group did not receive forced repetitions. The 1RM leg 
press and bench press was assessed prior to and after 
the 10-week study. There was no control for repetition 
duration during the training or the 1RM assessments. 
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Kraemer claimed that there was 100% compliance 
for all 40 participants [14]. Both groups had a signifi-
cant increase in 1RM bench press and leg press. The 
increase in the multiple set group was significantly 
greater than the single set group for both exercises. 
Compared with the 1-set group, the 1RM increase for 
the 3-set group was approximately three times greater 
for the bench press and approximately seven times 
greater for the leg press. These are unprecedented 
differences in strength gains for experienced trainees 
with a starting strength of ~144 kg (~317 pounds) in 
the bench press and ~175 kg (~387 pounds) in the 
leg press. Kraemer speculated that the difference in 
strength gains may be attributed to greater hormonal 
responses in the multi-set group. However, he did not 
measure hormonal responses. 

Krieger [5] noted that experiment #2 [14] was an 
unsupervised program. In the same article, Kraemer 
gave 115 football players an anonymous questionnaire 
to ask about their compliance to single set protocols 
(experiment #5). The response was that 89% of the 
players reported using additional multiple set pro-
grams at home or at health clubs because they wanted 
to supplement the single set protocol prescribed by 
the strength coach and perform additional exercises 
as well as multiple sets. If this were true for any of the 
trainees in Kraemer’s experiment #2, it makes the re-
ported differences between the single set and multiple 
set groups even more questionable.

It is critically important that the studies included 
in a meta-analysis have high methodological quality 
and ideally should be free from bias [15]. Kraemer [14] 
stated in his Introduction that for him the answers to 
important training questions were initially determined 
through his role as a coach. That statement revealed 
a potential bias prior to the resurrection, analysis and 
publication of his series of experiments. The scientific 
method first requires researchers to formulate a hy-
pothesis and a subsequent null hypothesis, test that 
hypothesis, and then draw conclusions based on the 
confirmation or rejection of the null hypothesis.

Krieger’s 1RM Inclusive Criterion
One of the inclusive criteria established by Krieger 

[5] was that a  study must have reported the pre-
training and post-training 1RM. Perhaps Krieger 
mistakenly believed that the 1RM is the only way to 
assess strength gains. That belief is not supported 
by the scientific literature [16]. There are at least 19 
studies [17-35] that investigated various health related 
aspects of total body resistance training (~12 exercises) 
in males and females, and reported the pre-training 
and post-training 3RM as a result of training with one 
set for each upper body exercise and two sets for each 
lower body exercise with 5-15 repetitions for each 
set. The difference in the number of sets was within 

the whole study group (within-subject comparison) 
rather than comparing different groups, which would 
have been confounded by genetic variation among 
the participants. All the studies were supervised, well 
controlled and a  sufficient duration of 4-6 months. 
The average strength gain in the 19 studies was ~42% 
for the 1-set training (upper body) and ~39% for the 
2-set training (lower body). The question is whether 
Krieger was unaware of these studies, which were all 
published prior to his meta-analysis, he did not include 
them because of his arbitrarily predetermined 1RM 
criterion, or simply because 1-set and 2-set training 
produced similar strength gains. 

Most of Krieger’s [5] inclusive studies compared 
1-set with 3-set training and he claimed that 2-3 sets 
were significantly better than one set for strength 
gains. If there really is a dose-response relationship 
between the number of sets and strength gains – as 
many multiple set proponents believe – then two sets 
should be better than one set and three sets should be 
better than two sets. Although Krieger had a section 
entitled Dose-Response Model, he failed to report on 
this potential relationship. 

Numerological Abracadabra
On the first page in each issue of Journal of Strength 

and Conditioning Research, the Editorial Mission 
Statement claims that the National Strength and Con-
ditioning Association attempts to “…bridge the gap 
from the scientific laboratory to the field practitioner.” 
Krieger’s [5] lengthy Statistical Analyses section (p. 
1892, 1895-6) published in that journal appears to 
be what Shapiro [36] has described as numerological 
abracadabra, rather than meaningful information that 
trainers and trainees could understand and apply to 
resistance training. Shapiro has noted: “Perhaps this 
technique [meta-analysis] will succumb to its own ab-
surdity; but if not, the next step will be the meta-analysis 
of meta-analyses, in which the meta-analyst will be 
totally divorced from reality, and totally surrounded by 
numbers without context” (p. 229). 

Publication Bias
Reviewers, editors and publishers are inclined to re-

ject studies that show no significant difference between 
specific training protocols [37-39] such as the effect of 
single versus multiple sets on strength gains. Statisticians 
call this the file drawer effect or publication bias; that is, 
the editors cherry-pick the studies for publication that 
report a significant difference between protocols. The 
result of this file drawer effect (studies not published) 
should be that after a complete search for all the pub-
lished research on a specific topic, the majority of the 
published research should be skewed toward studies 
that reported a  statistically significant advantage of 
one training protocol over another [39]. However, on 
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the specific topic of the effect of single versus multiple 
sets on strength gains, the majority of published stud-
ies – even considering the potential file drawer effect 
– reported no significant difference between protocols 
[see references 7, 40-42 for reviews of those studies]. 

Journal editors should require that the meta-analyst 
provide valid reasons – in a comprehensible language 
– for judging the quality of each inclusive study. 
Readers could then decide if they agree or disagree 
with the analyst’s judgments regarding inclusion and 
exclusion [36]. Krieger [5] did not state which studies 
he rejected – or the reasons he rejected them – as not 
being acceptable for his meta-analysis. Consequently  
readers are unable to judge the reasons for his inclu-
sion or exclusion of studies. 

Blind Studies
One argument from the proponents of multiple sets 

is that the majority of studies recruited previously un-
trained participants and that multiple sets elicit superior 
outcomes in experienced trainees. Unfortunately, there 
are no double blind – or even truly blind (see section be-
low) – resistance training studies on single versus mul-
tiple sets in any demographic of previously untrained 
or resistance trained participants. The researchers who 
are assessing pre-training and post-training strength 
can be blinded to the individual trainee’s protocol but 
it may be extremely difficult to blind the trainees to an 
intervention such as single versus multiple sets. Con-
sequently, if the scientific method was applied properly 
to the resistance training research, there would be no 
evidence for the superiority of multiple sets for strength 
gains. Science places the entire burden of proof on 
those who claim that multiple sets produce significantly 
greater strength gains than a single set of each exercise. 
Although there is no evidence to support the superiority 
of a single set protocol for strength gains, no one in the 
scientific literature has made that claim.

Marshall and Colleagues
In an interesting relevant study published after 

Krieger’s meta-analysis [5], researchers attempted to 
blind the participants from the intent of the variation 
in training protocol. Marshall and colleagues [43] 
recruited 43 young males (mean age ~28 years) with 
an average 6.6 years of resistance training experience 
who could perform a barbell squat with at least 130% 
of their body mass. Prior to randomization, there was 
a 2-week washout from previous training. The wash-
out consisted of four sets of 6-12RM for upper and 
lower body exercises. Using a 3-way split routine, each 
session involved six primary exercises that were per-
formed three times during the 2-week washout. The 
barbell squat was not performed during the washout. 

After the 2-week washout, the trainees were ran-
domly assigned to either a 1-set, 4-set or 8-set squat 

exercise protocol [43]. The same upper body protocol 
as during the 2-week washout period was continued 
in an attempt to blind the participants from the ma-
nipulation of the lower body training variable: 1, 4 or 
8 sets of barbell squats, which was the only lower body 
exercise for the next six weeks. The trainees performed 
the squat exercise two times a week with 80% of their 
baseline 1RM (after the 2-week washout period) and 
the 1RM was assessed again after three weeks in an 
attempt to maintain 80% 1RM. Prior to their work sets, 
they performed a warm-up consisting of 10 body mass 
squats, 10 repetitions with 50% 1RM, one repetition 
with 60% 1RM and one repetition with 70% 1RM. The 
multiple set groups rested three minutes between sets. 

The participants in the three groups trained with 
80% 1RM to volitional exhaustion; that is, the trainees 
were encouraged to give a maximal effort on each set 
and they were supervised by experienced exercise sci-
entists [43]. The number of completed repetitions in 
the 1st set averaged 10.9, 9.0 and 8.2, for the 1-set, 4-set 
and 8-set groups, respectively. There was a significant 
difference in the number of repetitions for the 1stset 
between the 1-set and 8-set groups. In another publica-
tion of that study [44], the authors speculated that this 
inverse relationship between the number of repetitions 
on the 1st set and the volume of exercise (1, 4 or 8 sets) 
may be caused by a slightly greater effort – and thus 
a greater stimulus – in the 1-set group because that 
protocol did not require subsequent maximal efforts 
in additional sets. The authors stated that the trainees 
who followed the higher volume protocols may have 
held back in the early sets in order to perform better 
in subsequent sets. The average number of repetitions 
for all the sets was 10.9, 7.7 and 7.0 for the 1-set, 4-set 
and 8-set groups, which was significantly greater in 
the 1-set group compared with the 4-set and 8-set 
groups [43]. Eleven of the 43 trainees dropped out of 
the study; seven during the washout period and four 
during the 6-week primary training period.

All the remaining trainees in the three groups sig-
nificantly increased their 1RM squat [43]. The 8-set 
group showed a  significantly greater improvement 
(9.9%) than the 1-set group. However, there was no 
significant difference in strength gains between the 
1-set group and the 4-set group, or between the 4-set 
group and the 8-set group. Compared with the 1-set 
group, the 8-set group performed approximately six 
times the volume of exercise (repetitions x sets x re-
sistance). The repetition duration of each set began 
with a 2:1 eccentric:concentric ratio but changed as 
the sets approached volitional exhaustion (personal 
communication with Dr. Marshall, 12-21-11). The 
time of each session was not reported but with the 
designated warm-up, three minutes rest between sets, 
and assuming a total (concentric and eccentric) aver-
age repetition duration of at least four seconds, the 
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8-set group would have required approximately 40 
minutes to complete their squat workout compared 
with about 12 minutes for the 1-set group.

Marshall and colleagues [43] stated that previous 
studies suggested that the responsiveness to resistance 
training is primarily determined by genetic factors. 
Based on the percent increase in strength after the 
six weeks of training, they subsequently sub-grouped 
their trainees as either low, medium or high respond-
ers. There was no significant difference in baseline 
strength after the 2-week washout between the 1-set, 
4-set and 8-set groups. The high responders increased 
their 1RM squat by 29.4% compared with medium 
responders (14.3%) and low responders (2.6%), with 
no significant difference between responder groups 
for the average number of repetitions per set of squats. 
However, there were significant differences among 
responder groups for the increase in 1RM. The percent 
increase in strength for the high responders was more 
than 11 times greater than the low responders. Most 
importantly – 11 of the 13 low responders were from 
the 1-set and 4-set groups; that is, 80% (8 out of 10 
trainees) of the 8-set group were medium or high re-
sponders. Marshall and colleagues noted that they did 
not know if the high responders would have achieved 
the same level of strength gains with a reduced training 
volume; that is, one set of squats instead of eight sets.

The primary author of this study [43] described the 
8-set protocol as extremely hard and time consuming 
because of the excessive volume of exercise. In fact, the 
original plan was an 8-10-week loading phase but the 
trainees found the program so demanding that after 4-5 
weeks the author was highly doubtful that they could 
complete the program. To minimize dropout, he re-
duced the primary training phase to six weeks (personal 
communication with Dr. Marshall, 12-21-11). It would 
be difficult to rationalize an 8-set protocol for just two 
compound upper body exercises. For example, perform-
ing eight sets to volitional exhaustion for the bench press 
and military press exercises would result in 16 high 
intensity sets for the triceps, which is a prime mover in 
both exercises. Consequently, an 8-set protocol for each 
exercise has no practical application to resistance training. 

The authors stated that the results of their study 
supported multiple set resistance training (8 sets) in 
experienced individuals [43-44]. However, they also 
emphasized the possibility that inter-individual genetic 
variability could confound any attempt to draw conclu-
sions regarding the appropriate number of sets [44].

When Marshall and colleagues [43] questioned 
the trainees at the end of the study, almost half (47%) 
thought that they knew what variable (the number 
of sets for the squat exercise) was manipulated in the 
study and seven (22%) knew exactly what was being 
manipulated. Therefore, their novel attempt to blind 
the subjects was not very successful.

There are a few important – often conflicting – 
points in the study by Marshall and colleagues [43] 
and the meta-analysis by Krieger [5]. Krieger claimed 
that 2-3 sets were significantly better than one set and 
there was no further benefit in performing more than 
2-3 sets of each exercise. Marshall and colleagues re-
ported no significant difference between the 1-set and 
4-set groups, but that eight sets of squats produced 
a significantly greater strength gain compared with 
one set of squats. Neither discussed the extensive time 
required to perform multiple sets of each exercise 
compared with a  single set. The 8-set protocol in 
the study by Marshall and colleagues would require 
more than six hours of training per session for 10 
resistance exercises. 

Genetics
Krieger [5] never mentioned the word genetics in 

his meta-analysis and its potential influence on the 
responsiveness to resistance training, which may be 
more important than the number of sets for each 
exercise. In contrast, Marshall and colleagues [43] 
understood the importance of genetics and reported 
the significant difference in strength gains among 
their sub-groups of low, medium and high respond-
ers (2.6%, 14.3% and 29.4%, respectively). A  large 
genetically dependent range in strength gains for 
healthy young males and females to a specific train-
ing protocol is supported by other resistance train-
ing studies. For example, Hubal and colleagues [45] 
trained 585 males and females (mean age ~24 years) 
who followed an identical resistance training protocol 
for 12 weeks. The average strength gain (1RM biceps 
curl) was 54%, but ranged from 0%-250%. Thomis and 
colleagues [46] reported a significant 45.8% increase 
in 1RM biceps curl in 25 pairs of young (mean age 
~22 years) male identical twins who participated in 
the same resistance training protocol for the elbow 
flexors three times a week for 10 weeks. These twins 
were an example of quintessentially matched groups. 
The variability in strength gains between the different 
pairs of twins was 3.5 times greater than the variability 
within the pairs of twins.

There is a scarcity of resistance training studies that 
emphasized the importance of genetics on strength 
gains and other chronic outcomes. Perhaps the reason 
for not reporting or discussing genetic variability is 
that the difference in strength gains resulting from 
a  different number of sets or repetitions, repeti-
tion duration, periodization, inter-set rest intervals, 
frequency of training, exercise equipment, etc. are 
miniscule compared with the genetic influence. That 
revelation could minimize – if not eliminate – the need 
for extremely complex and time consuming protocols 
such as those recommended by the American College 
of Sports Medicine [47].
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In a previous article on single versus multiple set 
resistance training [48], Krieger proclaimed: “You 
can rule out the genetic factor when it comes to what 
gains to expect from single-set vs. multiple-set deci-
sions” (p. 15). He based that claim on a randomized 
crossover resistance training study by Humburg and 
colleagues [49]. They reported a  small but signifi-
cantly greater strength gain (~8%) for the two upper 
body exercises as a result of 3-set training compared 
with 1-set training. However, there was no significant 
difference in strength gains between 1-set and 3-set 
training for the two lower body exercises. The mean 
effect size for the 3-set protocol compared with the 
1-set protocol for all four exercises was 0.23, which 
is considered a relatively small effect [8]. In contrast 
to the aforementioned interpretation of this study by 
Krieger, Humburg and colleagues concluded: “The 
data of the present study revealed a  large variation 
in individual adaptation to strength training with 
different volumes. Some individual subjects’ 1RM 
progressed to a greater or equally large extent during 
the 1-set program compared with the 3-set program” 
(p. 581). Although Krieger mistakenly dismissed the 
role of genetics in resistance training based entirely 
on the study by Humburg and colleagues, he gave 
that study the second lowest quality score (10) in his 
meta-analysis [5]. 

Krieger’s reluctance to acknowledge or even men-
tion the influence of genetics on strength gains [5] and 
his proclamation to rule out genetics as a significant 
contributing factor [48], is perhaps because of a firm 
– although unsubstantiated – belief in the superiority 
of multiple sets. Those strongly held beliefs may not 
be the optimal prelude to performing an unbiased 
meta-analysis.

Belief 
The popularity of the meta-analysis was promoted 

by a statistician named Glass [50]. While earning his 
doctorate in statistics, he developed what he called 
a major neurosis. He truly believed that psychother-
apy intervention helped him cope with his mental 
problems. However, the majority of scientific studies 
concluded that there was no significant difference in 
outcomes as a result of psychotherapy compared with 
a placebo treatment. Subsequently, Glass stated that he 
found this to be personally threatening and he admit-
ted that he used a meta-analysis to confirm his belief 
in psychotherapy [51]. Those results were published 
in a psychology journal but Glass did not reveal his 
preconceived bias for the efficacy of psychotherapy in 
that meta-analysis [52]. 

People who have very strong beliefs will seek (con-
sciously or sub-consciously) confirming evidence for 

support and ignore or misinterpret evidence that does 
not support their belief [53]. Prior to his meta-analysis 
[5], Krieger [48] claimed: “…multiple sets are the way to 
go if you are looking to get the most out of your training 
” (p. 17). Perhaps because of his strong belief in the 
superiority of multiple-set resistance training, which 
may be analogous to the strong belief in psychotherapy 
by Glass [51], he used a meta-analysis in an attempt 
to confirm that belief – especially when the prepon-
derance of resistance training studies threatened that 
personal belief [see references 7, 40-42 for reviews of 
those studies].

Conclusions
Meta-analyses do not follow the rules of science. 

Eysenck [54] stated: “A mass of reports – good, bad, and 
indifferent – are fed into the computer in the hope that 
people will cease caring about the quality of the mate-
rial on which the conclusions are based”(p. 517). The 
decision to include or exclude studies rests entirely on 
the supposedly unbiased discretion of the person per-
forming the meta-analysis. Even a good meta-analysis 
of poorly designed or flawed studies results in bad 
statistics and misinformation. Combining poor qual-
ity data or overly biased data that do not make sense 
produces unreliable results [37]. This is also known 
in statistics as garbage in, garbage out. Charlton [1] 
noted: “The notion that scientific interpretation can be 
reduced to statistical considerations, checklists and step-
by-step flow diagrams applicable to any problem at any 
time would be laughable were it not becoming accepted 
practice in some circles. Inventories are not a substitute 
for substantive knowledge” (p. 399). 

Krieger [5] stated that he performed a sensitivity 
analysis by removing one study at a  time from the 
meta-analysis in an attempt to identify the presence of 
studies that may have biased the analysis. He claimed: 
“…given the robustness of the results to removal of in-
dividual studies, and the lack of evidence of publication 
bias, it is unlikely that significant bias was present” (p. 
1899). This Critical Review of Krieger’s inclusive stud-
ies revealed that numerological abracadabra trumped 
lack of evidence of publication bias.

It is apparent from the previous discussion of the 
inclusive studies by Rhea and colleagues [6], Kremmler 
and colleagues [10], and Kraemer [14], which Krieger 
[5] awarded the highest quality scores (15, 14 and 13, 
respectively), that he did not critically analyze these 
studies before including them in his meta-analysis 
(Table). In Krieger’s review [4] and meta-analysis [5] 
he concluded that for optimal strength gains, the over-
whelming evidence showed that multiple sets of each 
exercise are superior to a single set. However, his con-
clusion lacked sufficient credible evidence for support. 
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Table. Studies in Krieger’s meta-analysis [5] that he rated the three highest quality scores

Study Score Reasons to exclude these studies in a meta-analysis
Rhea et al. [6] 15 •	 No	control	group

•	 Small	sample	size	(n=8)
•	 No	control	for	repetition	duration	during	the	1RM	testing	or	training
•	 No	indication	that	the	trainers	or	the	assessors	of	the	1RM	and	body	com-

position were blinded to the different training protocols
•	 No	statistical	comparison	between	groups	of	post-training	1RM,	which	

appeared to be similar
•	 Unprecedented	effect	sizes	unlike	anything	in	the	scientific	literature	(e.g.,	

the leg press effect size of 6.5 is eight times greater than what is considered 
a large effect)

•	 The	1RM	standard	deviation	was	3-4	times	greater	from	pre-training	to	
post-training for both exercises in the two groups, which raises concerns 
about the ability to accurately estimate effect sizes

•	 No	confidence	intervals	reported	with	effect	sizes
•	 No	explanation	for	the	52%	strength	gain	in	the	leg	press	or	a 33%	gain	in	

the bench press in relatively strong experienced trainees who showed no 
significant change in lean body mass

Kremmler et al. [10] 14 •	 Minimal	(3-5%)	strength	gains	after	12	weeks	of	training
•	 Trainees	not	encouraged	to	perform	any	sets	with	a maximal	effort
•	 No	control	for	repetition	duration	during	1RM	testing	or	training
•	 No	indication	that	the	trainers	or	the	1RM	assessors	were	blinded	to	the	

different training protocols
•	 Multiple	potential	confounding	variables:	additional	supervised	and	unsu-

pervised training sessions that involved similar muscles in the exercises that 
were assessed for 1RM

Kraemer [14] 13 •	 Resurrected	data	from	at	least	15	years	prior	to	publication
•	 No	control	group
•	 Unprecedented	3-7	times	difference	in	strength	gains	between	groups	in	

strong, previously trained (~2 years) Division I football players
•	 Unsubstantiated	speculation	that	the	difference	in	strength	gains	may	have	

been caused by greater hormonal responses, which were not measured
•	 No	control	for	repetition	duration	during	1RM	testing	or	training
•	 Forced	repetitions	in	one	group	but	not	in	the	other	group
•	 No	indication	that	the	trainers	or	those	who	assessed	the	1RM	were	blinded	

to the different training protocols
•	 The	author’s	claim	that	the	answers	to	important	training	questions	were	

determined in his role as a coach before he analyzed the data revealed 
a strong potential bias for a specific outcome
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