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Abstract
Research has shown that there is a large interindividual heterogeneity of strength gains and muscle hypertrophy in 

response to resistance exercise training. The subject of genetics is rarely discussed in the majority of resistance training 
studies and only a handful of studies have specifically focused on the range of responses to a specific training protocol. This 
review describes the training protocols and results of those studies. It questions why the preponderance of other resistance 
training studies have failed to address the interindividual heterogeneity of adaptations and challenges the belief that highly 
complex so-called periodization protocols can actually overcome genetic limitations. 

Key Words: Strength training, genetics, coefficient of variation, periodization, progression

Introduction
Several resistance training studies [1-12] have 

reported the enormous interindividual variation of 
adaptations to a  resistance training program, most 
notably muscular strength and lean body mass. Some 
individuals demonstrate exceptionally large responses 
in a specific outcome while others may show a minimal 
or perhaps a negative change in that specific assess-
ment. Those trainees who may have been designated 
as non-responders to one outcome (e.g., lean body 
mass) may in fact be relatively high responders to 
another outcome such as muscular strength. It raises 
the question of whether those not responsive to a spe-
cific outcome would benefit from a different training 
protocol and what protocol should be prescribed; or 
perhaps the genetic influence is so powerful that there 
would be a similar response to any number of different 
training protocols. The following narrative describes 
the training protocols and results from 12 resistance 
training studies [1-12] and challenges the concept of 
periodization in relation to specific adaptations. 

Hubal and colleagues [1]
Hubal and colleagues [1] reported on 585 previous-

ly untrained young males and females from eight study 
centers who followed an identical resistance training 
protocol 3x/week for 12 weeks. Trainees performed 5 
dumbbell arm exercises: preacher curl, concentration 
curl, standing curl, overhead elbow extension and 
triceps kickback. They executed 3x12RM, 3x8RM and 
3x6RM for each exercise during weeks 1-4, 5-9 and 
10-12, respectively. The average increase in strength 
(1RM) was 54%, but ranged from 0% to 250%. Of 
the 585 subjects, 232 subjects showed a strength gain 
between 40 and 60%; 36 subjects gained over 100%, 

and 12 subjects gained less than 5%. The average pre 
– to post-training increase in muscle cross-sectional 
area, which was assessed with magnetic resonance 
imaging, was 18.9% and ranged from – 2% to +59%. 
There were over 200 trainees who showed an increase 
in cross-sectional area of 15-25%; 10 subjects gained 
over 40% and 36 subjects gained less than 5% muscle 
mass. Hubal and colleagues concluded males and fe-
males exhibit a wide range of responses to resistance 
training. Some subjects showed little to no gain. Others 
showed profound changes with increases in muscle 
cross-sectional area by more than 10 cm2, and some 
participants doubled their strength.

 
Thomis and colleagues [2]

Thomis and colleagues [2] recruited 41 young male 
twin pairs (25 monozygotic, 16 dizygotic) who had 
limited strength training experience. Trainees per-
formed biceps curls on a Kettler training apparatus for 
5 sets of 8-14 repetitions at 50-70% 1RM (week 1) and 
60-85% 1RM (weeks 2-10) 3x/week for 10 weeks. The 
5th set of the 3rd session of weeks 5 and 10 was executed 
with a maximal number of repetitions (failure). They 
used computerized tomography to estimate arm cross-
sectional area. The authors reported a significant in-
crease in 1RM, isometric and concentric elbow torque 
and large interindividual variation, which would 
indicate a strong genotype-dependency of trainability. 
Perhaps because there was only a small (x = 2.2 ± 2.7 
cm2) increase in cross-sectional area and a very large 
coefficient of variation (CV = 124%), they found no 
evidence of genetic interactions on muscle hypertro-
phy. The coefficient of variation or variability (CV) is 
the ratio of the standard deviation to the mean and 
is generally expressed as a percentage. It is calculated 
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by dividing the standard deviation by the mean. The 
CV cancels out the units of measurement and there-
fore allows for comparison of different data when the 
units of measurement are different; for example, when 
comparing the data spread for changes in lean body 
mass (kg) and muscle force (Nm), or comparing the 
variation in a specific outcome among different stud-
ies. A higher CV indicates greater dispersion around 
the mean and a lower CV indicates less variation. 

There was a significant average increase in 1RM of 
45.8%, with a 34% CV [2]. The intra-pair correlation 
for strength gains (1RM) in dizygotic twins was about 
half of the monozygotic twins, indicating a moder-
ate but significant contribution of genetic factors in 
dizygotic twins. Even though the training protocol 
did not differ between twin pairs for the duration of 
the study, variation of the strength gains between the 
different pairs of monozygotic twins was 3½ times 
greater than the interindividual variation within the 
pairs of monozygotic twins. Thomis and colleagues 
concluded that the large interindividual variation in 
the significant gains in 1RM, isometric and concentric 
elbow torque were indicative for high pleiotropic gene 
action; that is, producing multiple effects. This study 
by Thomis and colleagues was the quintessentially 
matched-subjects experimental design (twins). 

Van Etten and colleagues [3]
Van Etten and colleagues [3] investigated the effect 

of initial body build on resistance training adaptations 
in body composition and muscular strength. Out of 
the 77 previously untrained sedentary males (25-45 
years of age) recruited, they designated 21 subjects 
with contrasting body build as either a slender group 
(n = 10) or a solid group ( n = 11) for participation in 
a resistance training protocol 2x/week for 12 weeks. 
They assessed body volume and density with hydro-
static weighing and subsequently used formulas to 
estimate body fat and free fat mass (FFM). After the 
researchers normalized pre-training FFM for height, 
they used it to designate each trainee’s body build as 
slender or solid. Pre-training FFM in the solid group 
(69.2 kg) was significantly greater than the slender 
group (55.9 kg), and the solid group was significantly 
stronger in the three exercises tested: peak torque on 
an isokinetic dynamometer for knee extension, knee 
flexion, and the bench press exercises. All the trainees 
followed a similar supervised progressive training pro-
tocol that varied from 1-3 sets of 10-15 repetitions for 
14 upper and lower body exercises with free weights 
and machines during the 1st 6 weeks. From weeks 7-12 
the participants performed 3 sets of 10-15 reps with 
65-70% 1RM and gave a maximum effort on the 3rd 
set for 7 of the 14 exercises (2 upper body and 5 lower 
body). The mean absolute training load during the last 
6 weeks was significantly greater in the solid group, but 

comparable to FFM in both groups. Both subgroups 
significantly increased absolute and relative strength 
for the 3 exercises at all test velocities, with no signifi-
cant difference in strength gains between the slender 
and solid groups. There was a significant increase in 
FFM (x = 0.9 ± 1.3 kg) for the entire group. The CV 
was ~144%, which indicated a very wide dispersion 
for the increase in FFM. In fact, the increase in FFM 
for the solid group (1.6 kg) was 5-times greater than 
the slender group (0.3 kg). 

Van Etten and colleagues [3] concluded that their 
data indicated that body build, defined as the initial 
quantity of fat free-free mass corrected for fat mass 
and height, modified the weight-training-induced 
changes in FFM. After 12 weeks of resistance training, 
individuals with a  solid body build increased their 
FFM; however, slenderly built individuals did not 
show a significant change in FFM. They speculated 
that a genetically determined potential to increase lean 
body mass appears to be a possible explanation for the 
varied difference in responses to resistance training.

Ahtiainen and colleagues [4] 
Ahtiainen and colleagues [4] reported a retrospec-

tive analysis of data collected in their laboratory from 
1996-2011 (18 studies) on 287 previously untrained 
male (n = 183) and female (n = 104) resistance train-
ing subjects whose age ranged from 19-78 years. The 
subjects who were randomly assigned to the resistance 
training programs subsequently were divided into 
three groups: younger than 45 years, 45-60 and older 
than 60. The resistance training programs consisted 
of supervised progressive periodized whole body 
workouts (7-10 single and multiple joint exercises) 
that included dynamic knee extension and horizontal 
leg press machines at each session. All the trainees 
performed 2-5 sets of 5-12 repetitions at 60-85% 1RM 
with 1-1.5s repetition duration and 1-3 minutes rest 
between sets and exercises, 2x/week for 20-24 weeks. 
The subjects were healthy, Caucasian, living in the 
same geographical area, consuming more than the 
recommended daily protein allowance (0.8 g/kg/day), 
and completed at least 90% of the scheduled exercise 
sessions. All the studies reported the 1RM for the hori-
zontal leg press and the researchers assessed muscle 
hypertrophy of the thigh with either ultrasound, MRI 
or DXA, which varied with different studies. There was 
a significant increase in 1RM leg press for males and 
females in all the age groups. The average increase in 
1RM was 21.1%, which varied from – 8% to +60% and 
did not differ between males and females. There were 
19 subjects who were designated as low responders for 
strength gains and 39 as high responders (>1 standard 
deviation above the group mean). There was a  sig-
nificant increase in thigh muscle hypertrophy (4.8%) 
that ranged from – 10.6% to +30%, with no significant 
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difference between sexes or age groups. There were 84 
subjects designated as low responders, 39 showed no 
hypertrophic response, and 35 were high responders. 
Overall, 15 trainees were in the highest quintile for 
muscle size and strength, 15 in the lowest quintile, 6 
of them were low responders for both muscular size 
and strength, and some who were in the lowest quintile 
for muscular hypertrophy were in the highest quintile 
for strength gains. Age, sex, body mass index, baseline 
strength, or training-induced strength gains could 
not predict resistance training induced changes in 
muscle size. The authors concluded that although all 
287 participants performed a similar resistance train-
ing protocol for 5-6 months, the changes in muscular 
strength and size varied extensively among the subjects 
regardless of age and sex.

Bamman and colleagues [5]
Bamman and colleagues [5] trained 66 previously 

untrained healthy adult males and females 3x/week 
for 16 weeks. All the trainees performed 3 sets of 8-12 
repetitions to volitional fatigue at a controlled repeti-
tion duration of 2s concentric and 2s eccentric muscle 
actions for the knee extension, leg press and squat 
exercises. Resistance was initially set at 80% 1RM and 
subsequently progressively increased after completion 
of 12 reps in at least 2 of the 3 sets on each exercise. 
They collected percutaneous needle biopsies from the 
vastus lateralis muscle. The researchers used a statisti-
cal cluster analysis to classify subjects post-hoc into 3 
clusters (extreme, modest, and non-responders), which 
were based on the mean myofiber cross-sectional area 
(CSA). There were 17 extreme, 32 modest and 17 non-
responders, with mean changes in myofiber CSA of 
+2,475 μm2, +1,111 μm2 and – 16 μm2, respectively; that 
is, the increase in CSA was 2x greater in the extreme 
responders compared with the modest responders. 
There was a significant increase in knee extension 1RM 
of approximately 43, 38 and 29%, extreme, modest and 
non-responder clusters, respectively. Interestingly, the 3 
clusters did not differ in percent 1RM (~62-80% relative 
load) used for training, the training volume (~10-11 
repetitions per set), or adherence to the program (~89-
92% of sessions) for any of the three exercises. The 
histological phenotype of the 3 clusters did not differ 
on the basis of the pre-training Type I and Type II my-
ofibers or distribution of the primary myofiber types. 
Bamman and colleagues concluded that their cluster 
analysis clearly showed that there is a large degree of 
interindividual variation in the ability to hypertrophy 
myofibers in response to resistance training. 

Steele and colleagues [6]
Steele and colleagues [6] pooled the data from 

three of their previous studies [13-15] to characterize 
the variation in response to isolated lumbar extension 

exercise in the treatment of chronic low back pain. 
There were 77 participants (~47 years old) in the in-
tervention arm and 37 (~46 years old) in the control 
arm gathered from the three studies. Isometric testing 
and dynamic training were all performed on a MedX 
isolated lumbar extension machine. Training consisted 
of 1 set per week with 80% of baseline maximal isomet-
ric torque at a rep duration of 2s concentric, 1s at full 
extension, and 4s eccentric until momentary concen-
tric failure. They determined the true interindividual 
differences in strength by calculating the square root 
of the differences between the squares of the standard 
deviations for the changes in the experimental and 
control groups. When there was a  meaningful dif-
ference in standard deviations, which was defined as 
a difference of approximately half of the mean change, 
further analyses were conducted. The mean change in 
average strength was 67.5 Nm and ranged from 7.6 Nm 
to 192.1 Nm, with a CV of 68.6%. The mean change 
in peak strength was 74.2 Nm and ranged from – 12.2 
Nm to 276.6 Nm, with a CV of 76.5%. Their cluster 
analysis revealed that 31participants in the interven-
tion group would be considered low responders, 36 
medium responders, and only 10 as high responders. 
Steele and colleagues speculated that the relatively 
low number of high responders perhaps was because 
populations with chronic low back pain are inherently 
less responsive than an asymptomatic population, and 
that the very high variation (CV) in strength responses 
was perhaps related to the heterogeneity of symptoms 
in this population.

Churchward-Venne and colleagues [7]
Churchward-Venne and colleagues [7] reported the 

cumulative results of three previous resistance training 
studies [16-18] in healthy older (>65 years) males and 
females. The three studies used the exact lower body 
training protocol for the leg press and knee extension 
exercises. Trainees began with 10-15 repetitions at 60% 
1RM and advanced to 8-10 repetitions at 75% 1RM 
during the 1st 4 weeks. During the remainder of the 
study, 8 repetitions were performed at 70-80% 1RM, 
which was assessed every 4 weeks. When trainees 
could perform >8 reps in 3 out of 4 sets, the resistance 
was progressively increased. Verdijk and colleagues 
[16] used only the two lower body exercises 3x/week 
for 12 weeks; Tieland and colleagues [17] trained the 
subjects 2x/week for 24 weeks, with the addition of 3 
sets of chest press, lat pulldown, pec-dec and vertical 
row machines; Leenders and colleagues [18] trained 
their participants 3x/week for 24 weeks and included 
3 sets of chest press and horizontal rowing exercises. 
The researchers assessed lean body mass with DXA, 
maximal dynamic strength (1RM) on the leg press and 
knee extension exercises, sit-to-stand test, and muscle 
biopsies of the vastus lateralis. 
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After 12 weeks of training [7], lean body mass 
significantly increased 0.9 kg and ranged from – 3.3 
to +5.4 kg. There was a significant increase of 1.1 kg 
after 24 weeks, with a range of – 1.8 to +9.2 kg. Type 
I muscle fibers increased 324 μm2 (-4458 to +3386 μm2) 
after 12 weeks, and 360 μm2 (-3531 to +3426 μm2) after 
24 weeks; Type II fibers increased 701 μm2 (-4041 to 
+3904 μm2) and 779 μm2 (-2728 to +3815 μm2) after 12 
and 24 weeks, respectively. Leg press and knee exten-
sion strength (1RM) significantly increased 33 kg (-36 
to +87 kg) and 20 kg (-22 to +56 kg), respectively after 
12 weeks; and 50 kg (-28 to +145 kg) and 29 kg (-19 to 
+60 kg) after 24 weeks. Chair rise time decreased 1.3 
s (+21.6 to – 12.5 s) and 2.3 s (+10.5 to – 23.0 s) after 
12 and 24 weeks of training, respectively.

Despite the very large interindividual variation in 
outcomes, the researchers were not able to identify 
a single trainee who did not respond to the training 
[7]. Although some individuals showed no response 
or a negative response in one of the outcomes (e.g., 
lean body mass), and may have been regarded as non-
responders, those individuals were highly responsive 
in one or more of the other outcomes such as mus-
cular strength or chair-rise time. Some individuals 
who demonstrated little or no improvement after 12 
weeks, showed substantial changes after 24 weeks of 
training; therefore, being unresponsive to the impact 
of 12 weeks of training on one specific parameter did 
not preclude a normal response after a more prolonged 
intervention. Churchward-Venne and colleagues [7] 
concluded that there were no nonresponders to the 
benefits of resistance training on lean body mass, 
muscle fiber size, muscle strength, or function in the 
older population.

Barbalho and colleagues [8]
Barbalho and colleagues [8] randomly assigned 

376 older females (~70 years) to either a lower volume 
(LV) or higher volume (HV) supervised progressive 
resistance training program. Both groups trained 2x/
week for 12 weeks: 1 session for 7 upper body exercises 
(including the bench press) and the other session for 
the 4 lower body exercises (including the leg press). 
The number of sets per exercise ranged from 1-3 in 
the LV group and from 2-4 in the HV group (~80% 
greater number of sets per session) using a resistance 
of 4-6RM, 6-8RM, 10-12RM or 12-15RM with differ-
ent inter-set time intervals. The number of sets and 
the amount resistance (RM) was dependent on each 
week’s schedule (noted as a  non-linear periodiza-
tion model). All the participants were instructed to 
perform each set to momentary failure. Both groups 
significantly improved body mass index, waist cir-
cumference, strength tests, and all the functional 
tests (30s chair stand, 30s arm curl, sit and reach, and 
6-minute walk). Leg press strength increased ~197% 

and 202%, LV and HV groups, respectively, and bench 
press strength ~105% and 111%, LV and HV groups, 
respectively. The authors defined responsiveness as an 
improvement greater than 2 times the SEM and noted 
that there were no non-responders in either group for 
the strength tests. They reported large interindividual 
variation for all the tests and every participant showed 
improvement in at least one outcome.

Marshall and Colleagues [9] 
Marshall and colleagues [9] recruited 43 young 

males (~28 years) with an average 6.6 years of resist-
ance training experience, with a  minimum of 2x/
week for the last 2 years, who could perform a barbell 
squat with at least 130% of their body mass. There 
was a 2-week break-in period prior to randomization 
that consisted of 4 sets of 6-12RM for upper and lower 
body exercises. They did not perform the barbell squat 
during the break-in period. They employed a 3-way 
split routine that involved 6 primary exercises at each 
session 3 times during the 2-week break-in. After 
the 2x/week break-in, the trainees were randomly 
assigned to either a 1-set, 4-set or 8-set barbell squat 
exercise protocol. The researchers tried to blind the 
participants from the manipulation of the lower body 
training variable (1, 4 or 8 sets of squats, which was 
the only lower body exercise for the next six weeks) by 
continuing the same upper body protocol used during 
the 2-week break-in period. The trainees performed 
the squat exercise 2x/week with 80% of their baseline 
1RM (after the 2-week break-in period). There was no 
significant difference in baseline strength between the 
1-set, 4-set and 8-set groups after the 2-week break-
in. The 1RM was assessed after 3 weeks in an attempt 
to maintain a training load of 80% 1RM. Before their 
work sets, all the trainees performed a warm-up con-
sisting of 10 body mass squats, 10 reps with 50% 1RM, 
1 rep with 60% 1RM, and 1 rep with 70% 1RM. The 
4-set and 8-set groups rested three minutes between 
sets. The 3 groups performed each set to volitional 
exhaustion and were supervised by experienced ex-
ercise scientists. 

Eleven of the 43 trainees dropped out of the study; 
however, the 32 remaining trainees in the 3 groups 
significantly increased their 1RM squat [9]. The 8-set 
group showed a  significantly greater improvement 
than the 1-set group, but there was no significant 
difference in strength gains between the 1-set and 
4-set groups, or between the 4-set and 8-set group. 
Based on the strength gains after 6 weeks of training, 
the researchers placed the trainees into sub-groups of 
high responders (strength gains >20%; n = 13), me-
dium responders (10-19%; n = 6), or low responders 
(strength gains <10%; n = 13). There were high and 
low responders in all the groups. The high respond-
ers increased their 1RM squat by 29.4% compared 
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with medium responders (14.3%) and low responders 
(2.6%). The percent increase in strength for the high 
responders was more than 11 times greater than the 
low responders. Eleven of the 13 low responders were 
from the 1-set and 4-set groups; however, Marshall and 
colleagues stated that they did not know if those train-
ees would have achieved better results if they trained 
with a higher volume (8 sets), or if the high responders 
would have achieved the same level of strength gains 
with a reduced training volume (1 or 4 sets). 

It is noteworthy that the primary author of this 
study [9] described the 8-set protocol as extremely 
hard and time consuming because of the excessive 
volume of exercise and that the original study design 
was an 8-10-week loading phase. However, the trainees 
found the program so demanding that after 4-5 weeks 
the author was doubtful that they could complete the 
program. He tried to minimize dropout by reducing 
the primary loading phase to 6 weeks (personal corre-
spondence with Dr. Marshall, 12-21-11). Nevertheless, 
they reported a 25% dropout rate. 

Although the results of their study supported high 
volume (8 sets) resistance training in experienced 
trainees, Marshall and colleagues [9] also emphasized 
the possibility that interindividual genetic variation 
could confound any attempt to draw conclusions re-
garding the appropriate number of sets. However, it 
should also be recognized that although the authors 
in both publications of this study [9, 19] repeatedly 
recommended that greater than 4 sets of each exercise 
should be prescribed for maximal strength gains in 
resistance trained individuals, an inconceivably exten-
sive time commitment would be required compared 
with a single set protocol. Following the protocol in 
this study of 4 warm-up sets and 8 work sets per ex-
ercise with 3 minutes rest between sets would require 
approximately 48 minutes for one exercise versus about 
5 minutes for one warm-up set and 1 work set. Just 
selecting 5 multiple joint exercises for 5 major muscle 
groups such as the squat, deadlift, bench press, mili-
tary press, and barbell rowing would require 4 hours 
of training. Choosing 10 resistance exercises for the 
major muscle groups would require approximately 8 
hours of training and stimulating each muscle group 
2x/week would result in two 8-hour sessions per week. 
A split routine of 5 exercises per session still would 
require four 4-hour sessions per week. Compliance 
to any one of these training protocols may be an 
extremely challenging undertaking for most people.

Erskine and colleagues [10]
Erskine and colleagues [10] recruited 53 previously 

untrained young males to participate in supervised, 
progressive, seated unilateral resistance training of the 
quadriceps femoris muscles. The subjects were similar 
in age (x = 20 ± 3 years), body mass (~77 kg) and ha-

bitual physical activity level (P.A.L. ~2.7 points), which 
was lower than intermediate. They followed a protocol 
of 4 sets of 10 repetitions at 80% 1RM (re-evaluated at 
the beginning of each week), 3x/week for 9 weeks. To 
account for resistance training induced strength gains, 
muscle hypertrophy, and architectural changes, the 
researchers assessed knee extension 1RM, maximum 
isometric force (F), voluntary muscle activation with 
interpolated twitch technique, quadriceps femoris 
(QF) architecture with ultrasound, and patella tendon 
moment arm with MRI. They subsequently calculated 
the estimated QF muscle volume (physiological cross-
sectional area, PCSA), which represents the number of 
sarcomeres that are arranged in parallel, and divided 
the F by the QF PCSA to determine the specific ten-
sion. The researchers believed that the PCSA may be 
primarily responsible for a muscle’s force generating 
capacity. Readers are referred to references 10, 20 and 
21 for the authors’ methodological details. 

After 9 weeks of training there was a  signifi-
cant increase in 1RM (x = 68%), with individual 
responses ranging from 18 to 113% and a 45% CV 
(10). Maximum voluntary contraction torque signifi-
cantly increased (x = 26%) and ranged from – 1% to 
+52%, with a CV of 42%. Among the 53 trainees, the 
researchers designated 8 participants as high respond-
ers (≥ 1 SD) and 8 as low responders (≤ 1 SD). There 
was a significant increase in maximal isometric force 
(x = 22%) that ranged from – 1 to +44%, with a CV 
of 51%. There were 10 low responders and 11 high 
responders. The mean quadriceps femoris muscle 
volume significantly increased 5.6%, ranging from 0 to 
+16%. There was a similar significant increase in vol-
ume for the 4 quadriceps muscles. PSCA significantly 
increased (x = 5.7%) and ranged from – 3 to +18%, 
with a CV of 75%. There were 8 low responders and 8 
high responders. All 4 quadriceps muscles appeared 
to have a similar significant response to training. And 
the mean QF specific tension increased 16.5%, ranging 
from – 5% to +39% with a CV of 68%. There were 12 
participants designated as low responders and 9 as 
high responders [10]. 

Erskine and colleagues [10] concluded that the 
response of muscle to high intensity resistance training 
varies considerably among previously untrained young 
males and the large differences in the hypertrophic re-
sponses were not related to the large variable increases 
in muscle force. Although some of the variation may 
have been caused by an accumulation of measurement 
error in the multitude of assessments required to calcu-
late the specific tension, the major variation in strength 
was thought to be caused by the rather large interindi-
vidual variation in the training-induced adaptation of 
the muscle’s specific tension. The cause of the increase 
in specific tension remains unknown and cannot be 
inferred from their results. Training-induced changes 
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in F and PCSA varied substantially among the trainees, 
which resulted in a greater interindividual variation in 
the specific tension compared with MVC. 

Erskine and colleagues [10] specifically noted that 
their main conclusion was that the major variation in 
strength as a result of training appeared to be due to 
large inter-individual variation in the training-induced 
adaptation of muscle specific tension, and the results 
clearly demonstrated that the response of human 
muscle to high-intensity resistance training varied 
considerably between previously untrained young 
men. Large differences in the hypertrophic response 
of the muscle were not related to the variable response 
of muscle force, giving rise to variable increases in 
specific tension of the muscle. 

Erskine and colleagues [10] commented on the 
wide range and high coefficients of variation for all the 
resistance training adaptations, which revealed the very 
wide distribution of those results. It may be important 
to note that they described the training as high-intensity 
exercise. The trainees were re-evaluated for their 1RM 
each week, and performed 10 repetitions for each of 
the 4 sets with 80% 1RM. However, Fisher and Smith 
[22] have noted that the percent 1RM (e.g., 80% 1RM) 
represents the amount of the resistance used relative to 
the maximal amount of resistance for a specific exercise. 
An increased resistance may increase the effort but it is 
not an accurate measure of the level of effort or intensity 
exerted by the trainee. In a cross-sectional study, Hoeger 
and Colleagues [23] evaluated 35 untrained males for 
the maximal number of repetitions for the knee exten-
sion exercise at 80% 1RM, which was similar to the 
cohort and specific exercise in the study by Erskine and 
colleagues [10]. The maximal number of repetitions (x 
= 9.2 ± 3.4) differed from one another by one to several 
repetitions at the point of muscular fatigue; that is the 
majority of trainees were capable of performing ~7 to 
13 repetitions with 80% 1RM. If a group of subjects is 
assigned to train with a specific percentage of the 1RM 
(e.g., 80%) with a specific number of repetitions (e.g., 
10), the trainees at the lower end of the range would 
be exercising at a relatively high effort (intensity) but 
trainees in the higher end of the range would be ex-
ercising with a relatively lower level of effort if the set 
was terminated at 10 repetitions. Fisher and Smith [22] 
concluded that the misuse of the word intensity may 
be responsible for several potential complications and 
inadequacies in research and that the use of the word 
load could resolve those complications, and within the 
context of resistance training, intensity is simply the 
level of effort applied to a given load. Erskine and col-
leagues did not address how different levels of effort in 
their cohort may have contributed to the variation of 
training-induced outcomes.

Steele [24] commented on the aforementioned 
recommendations by Fisher and Smith [22] who be-

lieved that intensity is best represented by the degree 
of effort, although Fisher and Smith acknowledged that 
their recommendation has not been widely accepted. 
Steele graciously apologized for any misunderstanding 
he may have created in his previous publications with 
Fisher [25-26] and believed that the word intensity is 
being used incorrectly in the resistance training com-
munity. He noted that intensity refers to the magnitude 
or degree of some measureable quantity or variable 
and is sometimes used incorrectly as synonymous 
with load or effort. Steele subsequently recommended 
eliminating the word intensity altogether and believed 
that its removal would enhance interpretation of the 
resistance training literature. He presented a reason-
able justification for his recommendation; therefore, 
readers can choose his recommendation to expunge 
the word intensity or agree with Fisher and Smith [22] 
and Steele’s previous suggestion [25-26] that intensity 
should refer to the level of effort applied to a given load. 
Steele and colleagues’ [27] definition of momentary 
failure (the inability to complete the last repetition of 
a set despite a maximal effort) is strongly supported 
by the size principle and interpolated twitch studies 
[28-29]; that is, a maximal or near maximal effort at 
the end of a set of repetitions will elicit maximal mo-
tor unit activity. As suggested by Steele and colleagues 
[27], a maximal effort and subsequent maximal mo-
tor unit recruitment may be assured if the designated 
endpoint is momentary failure.

 After a thorough review of the resistance training 
literature, Dankel and colleagues [30] concluded that if 
the exercise is taken close enough to volitional fatigue 
to activate a significant number of motor units, training 
to the point of volitional fatigue may not be mandatory 
for significant measureable muscle hypertrophy. They 
believe that the magnitude of response is dependent on 
the number of activated muscle fibers and the level of 
fatigue is a good indicator of its hypertrophic potential. 
Performing each exercise to volitional fatigue should 
ensure a common stimulus that induces the same level 
of fatigue to all the participants in a  training study. 
Dankel and colleagues recommended that in an at-
tempt to minimize unintentional variation in fatigue, 
researchers could instruct their trainees to perform 
all sets to volitional fatigue–rather than assigning 
an arbitrary number of repetitions. They suggested 
that researchers could report the volume of exercise 
as the number of sets performed to volitional fatigue 
instead of the absolute kilograms lifted. This would 
permit more accurate comparisons among studies by 
increasing the homogeneity of the resistance training 
stimulus and volitional fatigue [30]. 

The on-going controversies about set end-points 
and whether or not to perform sets to muscular failure 
in order to standardize fatigue levels for research, raises 
a question related to the general resistance training 
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population: Do these end-point debates have any sig-
nificant impact on those trainees whose primary goals 
may be to increase total body strength and muscular-
ity, improve overall fitness, and capitalize on some of 
the potential health benefits? In a recent review of the 
resistance training literature comparing the results of 
training to failure or not, Nóbrega and Libardi [31] 
concluded that for previously untrained individu-
als, training to failure was not required to maximize 
gains in muscular strength or hypertrophy. However, 
some of their inclusive studies did report significantly 
greater strength gains in previously trained individuals 
when performing sets to muscular failure. In a similar 
review of strength gains, Davies and colleagues [32] 
concluded that although some factors such as training 
volume, the type of exercise, and training status can 
affect strength gains, their overall results suggested that 
training to failure versus non-failure leads to similar 
gains in muscular strength. 

It may be worth noting that the aforementioned 
concept of applying a maximal effort may sometimes 
be conflated with discomfort. For example, Fisher 
and colleagues [33] used a  within-subject research 
design to progressively train unilateral knee extensors 
with a  lighter load (LL, 50% of maximal voluntary 
isometric torque) with one limb and a heavier load 
(HL, 80% maximal voluntary isometric torque) with 
the contralateral limb in 7 recreationally active young 
males (previous non-structured resistance training < 2 
days/week). Participants performed 3 sets of full range 
dynamic unilateral knee extension on a MedX machine 
at a rep duration of 2s concentric, 1s isometric, 3s ec-
centric muscle actions with 2 minutes inter-set rest until 
momentary failure (trainees were encouraged to attempt 
another repetition to ensure momentary failure). They 
trained 1 day/week and alternated beginning the ses-
sion with the dominant or non-dominant limbs. Four 
participants trained the dominant limb with HL and 
3 with LL, and vice versa for the non-dominant limb. 
Absolute strength significantly increased ~49% in the 
LL limb and ~48% in the HL limb, with CVs of 29% 
and 27%, LL and HL limbs, respectively. There was no 
significant difference in strength gains between limbs. 
Trainees used an RPE-E scale (0-10) to rate effort, and 
as the authors expected, they rated a max of 10 for each 
limb on every set. However on their RPE-D discomfort 
scale, the trainees rated the discomfort in the LL limb 
(8.67 on a 0-10 scale) significantly greater than the HL 
limb (6.5). Obviously, the difference between rating 
effort or discomfort on a scale should be thoroughly 
explained to each study participant if momentary failure 
is the desired endpoint. 

Davidsen and colleagues [11]
Davidsen and colleagues [11] investigated the 

contribution of genetic factors to interindividual 

variations in muscular hypertrophy by evaluating the 
expression of 21 abundant miRNAs (microRNA) in 
high responding and low responding individuals. The 
purpose was to determine if the resistance training-
induced expression of any particular miRNA explained 
a  significant proportion of the variation in training 
induced gains in muscle mass. They used percuta-
neous needle muscle biopsies of the vastus lateralis 
and determined the abundance of muscle miRNA 
expression (which may affect protein synthesis) and 
dual-energy X-ray absorptiometry to assess lean body 
mass in trainees from their previous study [34]. The 
56 young males (18-30 years of age) were physically 
active but not previously resistance trained. They par-
ticipated in a well-controlled, progressive, split routine, 
whole-body resistance training program consisting of 
12 exercises (8 upper body and 4 lower body exercises) 
over the course of training 5 days a week on Nautilus 
machines: 2x10-12RM, 3x10-12RM, 4x8-10RM, 4x6-
8RM and 4x4-6RM during weeks 1-2, 3-5, 6-7, 8-10 
and 11-12, respectively. Based on changes in lean body 
mass and muscle fiber area, the researchers categorized 
the trainees as high responders (top 15%, n = 8) or 
low responders (bottom 15%, n = 9). It is noteworthy 
that before training, there was no significant differ-
ence between low and high responders in body mass, 
body fat, muscle fiber area or lean body mass, and no 
significant difference between high and low respond-
ers in total energy, protein or fat intake. 

The training induced changes in Type I and Type 
II vastus lateralis muscle fiber cross-sectional area 
were significantly greater in the high responders 
[11]. The overall (whole group) average increase in 
cross-sectional area (μm2) of Type I fibers was ~10%, 
but was only ~6% in the low responders and ~16% in 
the high responders. The average increase in Type II 
fibers was ~15%, but most notably, only ~8% in the 
low responders and ~26% in the high responders; that 
is, muscle fiber hypertrophy was more than 3-times 
greater in the high responders compared with the low 
responders. The increase in lean body mass was statis-
tically greater in high responders (~4.5 kg) compared 
with low responders (~1.2 kg) and was almost 4-times 
greater in the high responder group. 

Davidson and colleagues [11] reported that among 
the 21 highly expressed miRNAs investigated, most 
of them were unaffected by the 12 weeks of resistance 
training. However, a few of them may have influenced 
the gains, or lack of gains, in lean body mass. For exam-
ple, there were similar levels of miRNA-451 expression 
in the low and high responders before training. After 
12 weeks of training, miRNA-451 showed a significant 
4-fold increase in the low responders, with no signifi-
cant change in the high responders. Both low and high 
responders had similar levels of miRNA-378 before 
training. However, there was a significant decrease of 
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~50% in the low responders after 12 weeks, and no 
significant change in the high responders. The changes 
in miRNA-378 were significantly correlated with lean 
body mass, which strongly suggested that the lower 
levels of miRNA-378 in the low responders reflected 
a failure to activate growth and remodeling genes and 
consequently influence gains in lean body mass.

Footnote: The role of miRNA is to interfere with 
the normal translation of messenger RNA (mRNA) 
to its constituent protein. Increasing or decreasing 
levels of certain miRNA could interfere with this 
process. Consequently, if there is a large production 
of an miRNA that is specific to the mRNA, it could 
effectively block the translation into protein from that 
mRNA. Although at this time it is only by association, 
the hypothesis is that the two miRNAs in question 
(451 and 378) play a role in regulating genes that are 
associated with protein synthesis or protein degrada-
tion, or perhaps both. (This author greatly appreciates 
the explanation and clarification of the physiological 
implication for changes in miRNA expression by Dr. 
Stuart Phillips, Exercise Metabolism Research Group, 
Department of Kinesiology, McMaster University 
Medical Centre; personal correspondence, 10-20-17). 

Davidsen and colleagues [11] concluded that resist-
ance training-induced hypertrophy in human skeletal 
muscle is associated with selected changes in miRNA 
abundance. The selective differences in miRNA ex-
pression in response to resistance training in high and 
low responders suggest that miRNA may play a role 
in regulating the translation of key gene networks 
responsible for human skeletal muscle growth.

Colakoglu and colleagues [12]
Colakoglu and colleagues [12] questioned whether 

specific genotypes would influence the responses to 
single versus multiple set training protocols. They ran-
domly allocated 99 male university physical education 
students with minimal resistance training experience 
into a 1-set group (SST), multiple-set group (MST; 3-5 
sets), or a non-training control group. Subjects trained 
3x/week for 6 weeks using two 3-week so-called 
mesocycles of 12-15RM and 8-12RM, respectively. The 
researchers used the Brzycki formula [35] to estimate 
the 1RM squat and bench press before training and 
after the 1st and 2nd 3-week mesocycles. All the train-
ees performed 9-11 exercises per session (out of 25 
different exercises), which varied from session to ses-
sion each week for the 6-week duration. The protocol 
included a so-called bulk system (3 sets per exercise 
with the same load), and two types of super-set systems: 
one super-set system consisted of 1 set or 3-5 sets of 2 
exercises for antagonistic muscle groups executed in 
rapid succession, and the other super-set system con-
sisted of 1 set of several exercises for the same muscle 
group in rapid succession. They used a polymerase 

chain reaction in anticoagulated peripheral blood 
leukocytes to determine each trainee’s angiotensin 
converting enzyme (ACE) genotype, which is located 
on chromosome 17. ACE is a biological catalyst that 
converts angiotensin I to angiotensin II. The ACE pol-
ymorphism is characterized by the presence (insertion, 
I) or absence (deletion, D) of a fragment within intron 
16. The intron is a non-coding segment in the length 
of a DNA molecule that interrupts a gene-coding se-
quence [36-37]. The result is one of three genotypes: 
II, ID or DD, and the researchers classified each trainee 
as ACE II, ID or DD genotype. The percentage of each 
genotype was similar among all the groups: ~30, 30 
and 40% for ACE II, ID and DD, respectively. 

Strength gains were significantly greater in the MST 
group compared with the SST group for the squat and 
bench press in ACE type II trainees when they trained 
with the 12-15RM protocol [12]. However, there was 
no significant difference in strength gains between 
the SST and MST groups when they trained with the 
8-12RM protocol. There was no significant difference 
in strength gains between SST and MST for the ACE 
DD genotype subjects and the strength gains did not 
differ after training with the 12-15RM or 8-12RM re-
sistance. Colakoglu and colleagues concluded that for 
subjects with ACE II genotype, 1-set produced signifi-
cant strength gains but the researchers recommended 
multiple sets for optimal increases in strength. Because 
the trainees with the ACE DD genotype (~40% of the 
trainees) showed similar strength gains as a result of 
1-set or multiple-set training, the authors believed that 
multiple sets were not required for optimal strength 
gains in those trainees. They did not report or discuss 
within-group interindividual variation of responses. 

Caveats
There are a few caveats when interpreting the re-

sults of all resistance training studies, including many if 
not all of the inclusive studies that are the focus of this 
report [1-12]. The study by Colakoglu and colleagues 
[12] raises several questions such as will those people 
interested in a achieving a specific adaptation as a re-
sult of resistance training be willing to commit to the 
time and cost of genotyping? Will they be willing and 
able to comply with some extremely complex variety 
of sets, repetitions and exercises that vary from ses-
sion to session? For example in the study by Colakoglu 
and colleagues, the trainees in the MST group (who 
followed this protocol for 6 weeks) performed 1, 3 or 
4 sets (depending on which of the 25 exercises was 
employed) of 8RMs on Mondays, 1-4 sets of 12RMs on 
Wednesdays, and 1, 2, 3 or 5 sets of 10RMs on Fridays 
in their 2nd mesocycle–all of which differed from the 
1st mesocycle. These complex and often time consum-
ing training protocols may preclude participation, 
especially for those with limited genotype potential. 
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Atkinson and Betterham [38] highlighted the 
impact of within-subject random variation that 
they believed is inevitable even when so-called gold 
standard measurement tools and protocols are em-
ployed. They presented data and results from their 
hypothetical scenario of a randomized exercise study 
(N = 2000) that assessed resting blood pressure at 
baseline and post intervention. They believed that in-
dividual differences in changes in blood pressure can 
be completely explained by random within-subject 
variation from the true blood pressure values assessed 
at baseline and post training. They concluded that the 
individual differences can be truly quantified only 
by comparing standard deviations of the changes 
between the intervention and comparative group. 
If the difference in standard deviations is clinically 
relevant, then it is logical to explore any mediators of 
the intervention effect that may explain the individual 
responses. Atkinson and Batterham noted that very 
few researchers have compared the standard devia-
tions before making claims and drawing conclusions 
about their results.

Steele and colleagues [27] have recently expressed 
their opinion on the importance of specifically defin-
ing set endpoints in the resistance training literature; 
that is, the endpoint in a  set of repetitions may be 
a  variable to be considered for determining effort 
in resistance training. They believe that there has 
been ambiguity in the definition and terminology for 
endpoints, which may create issues in the interpreta-
tion of research. They established a guideline for the 
terminology and definitions for set endpoints: non-
repetition maximum (completion of a predetermined 
number of repetitions), self-determined repetition 
maximum (trainees determine that they could not 
complete another repetition), repetition maximum 
(trainees complete the last repetition knowing that 
the next repetition would achieve momentary failure), 
momentary failure (despite a maximal effort, trainees 
fail to complete the last repetition), and momentary 
failure plus advanced techniques (assisted repetitions 
or drop sets after momentary failure). Within the con-
text of the 12 studies [1-12] heretofore referenced in 
the current report, 4 studies (1-2, 11-12) designated an 
RM endpoint, 2 specified an endpoint of momentary 
failure [6, 8], 1 study [5] volitional fatigue, 1 study [9] 
volitional exhaustion, and 4 studies (3-4, 7, 10) did not 
specify an endpoint.

 Only 3 [4-6] of the 12 studies [1-12] controlled for 
rep duration during the training, and none claimed 
to have blinded the assessors for any of the outcomes 
such as strength and muscle hypertrophy. Although 
the primary focus of these studies was to examine the 
variation of responses to a specific resistance training 
protocol, only 2 studies [6, 12] noted the inclusion of 
a control group or control arm. 

Buckner and colleagues [39] recognized that a 1RM 
test may not reveal all the strength adaptations in 
a specific resistance training program and that strength 
gains from training with submaximal loads may be 
overlooked if the 1RM is the only test of strength. The 
researchers believed that the 1RM is a specific skill that 
will show greater improvement when it is practiced 
throughout the training. They concluded that peri-
odic practice of the strength test (e.g., 1RM) appears 
to negate differences in strength outcomes as a result 
of higher versus lower load training. Buckner and 
colleagues referenced the landmark study by Morton 
and colleagues [40]. Morton and colleagues randomly 
allocated 49 young males with an average 4 years of 
resistance training (3-6 days/week) to either a higher 
repetition group (20-25 repetitions at ~30-50% 
1RM) or a lower repetition group (8-12 repetitions at 
~75-90% 1RM) of personally supervised progressive 
resistance training. Both groups performed 3 sets for 
each of 5 exercises per session to volitional failure 4 
days per week (2 different workouts repeated twice 
per week) for 12 weeks. The 1RM (4 exercises) was 
tested at baseline and weeks 3, 6, 9, and 12. There was 
a significant increase in 1RM for the 4 exercises tested 
(leg press, knee extension, shoulder press and bench 
press) and no significant difference in strength gains 
between groups. The only exception was the increase 
in bench press, which was significantly greater in 
the lower repetition group (14 vs. 9 kg). Both groups 
produced significant increases in lean body mass and 
muscle cross-sectional area, with no significant dif-
ference between groups for either outcome. Morton 
and colleagues concluded that as long as each set is 
performed to volitional failure and there is periodic 
practice with heavier loads of the tested exercise (the 
1RM), maximal strength and muscle hypertrophy 
can be attained with either higher load or lower load 
resistance training.

In a commentary on the article by Buckner and 
colleagues [39], Gentil [41] acknowledged that the 
responsiveness to a resistance training program may 
be a consequence of the test used for assessing strength 
gains (e.g., a  1RM or isokinetic peak torque) and 
may not necessarily represent an individual’s actual 
strength gains. Gentil referred to the results of a recent 
study from his group [42] where 27 previously un-
trained young males completed 11 weeks of supervised 
progressive resistance training. They performed 2 sets 
of 8-12 repetitions until momentary muscular failure 
2x/week using 1 of 3 knee extensor exercises: seated leg 
press (the foot plate moves away from a stable upper 
body), 45o leg press (the upper body moves away from 
a stable foot plate), or seated single joint knee exten-
sion. Thus, each knee extensor exercise was performed 
every 3rd session. The participants were tested for knee 
extensor peak torque (PT) on an isokinetic machine 
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and for 1RM on the 45o leg press machine. There was 
a significant increase in isokinetic knee extension PT 
(~16%) and 1RM 45o leg press (~24%), with the gain 
in 1RM leg press significantly greater than PT. Their 
cluster analysis for PT revealed 12 high responders 
and 15 low responders, with increases of ~24 and 9%, 
respectively. Those strength gains were statistically sig-
nificant only for the high responders. Analysis for the 
1RM leg press showed 16 high and 11 low responders, 
with gains of ~34 and 11%, respectively. The increases 
were statistically significant for both subgroups. Gentil 
and colleagues [42] concluded that an individual may 
be classified mistakenly as a low responder if strength 
gains are assessed with PT, but as a high responder 
when tested with a 1RM–and vice versa. In another 
article, Gentil and colleagues [43] had an interesting 
comment regarding these differences in strength as-
sessments as they relate to reviews and meta-analyses. 
If a meta-analysis includes more studies that assessed 
1RM for one specific intervention (e.g., periodization) 
and fewer studies that tested PT for another interven-
tion (e.g., non-periodization), then the efficacy of 
a specific intervention may be greatly overestimated. 
In other words, the results may not represent the 
intervention protocol but rather the tests that were 
performed. This may lead to inaccurate or misleading 
conclusions. They noted as well that all the studies in 
a meta-analysis contain uncontrollable heterogeneity 
of adaptations [43]. Gentil [41] agreed with Buckner 
and colleagues [39] that to better understand adapta-
tions to resistance training and the dissimilarities of 
strength tests, it is essential to revisit and sometimes 
challenge long-accepted dogma.

Discussion
Perhaps it should be recognized that Booth and 

Laye [44] have stated that when an individual does 
not respond with a  specific adaptation to training 
(e.g., significant muscle hypertrophy), the use of the 
term non-responder is not a  valid interpretation of 
outcomes; especially if one considers all the multiple 
cell types, exercise protocols, thresholds for adapta-
tions, and the multiple potential interactions among 
adaptations. They believed that the designation of the 
term non-responder is misleading and perhaps should 
be replaced with the term low-sensitivity responder. 

Booth and Laye [44] recognized the difficulty of 
attempting to establish a database of exercise proto-
cols for approximately 6 billion potential trainees that 
would have to consider a multitude of confounding 
factors such as age, sex, type of exercise and the various 
polygenes involved in each adaptation and different or-
gan systems. They believed that it will be a challenge to 
address the wide range of absolute and percent change 
of a specific physiological adaptation to an identical 
resistance training protocol, and noted that there is 

no such thing as a non-responder–just heterogeneity 
of responses to the same stimulus. 

A  practical question is whether varying the re-
sistance training protocol from session to session, 
or from week to week, or month to month can alter 
genetically determined outcomes. Curiously, none of 
the previously discussed studies [1-12] that focused 
on the homogeneity of adaptations to resistance train-
ing were published in the journals of the National 
Strength and Conditioning Association (NSCA). For 
many decades the NSCA has promoted the premise 
that by specifically manipulating numerous complex 
training variables such as the number of repetitions 
and sets, amount of resistance relative to the 1RM, rest 
between sets and exercises, order of exercises, speed 
of movement, frequency and mode of training (free 
weights or machines), etc., they can actually predict 
specific individual adaptations such as increased 
muscular strength, power, hypertrophy and endurance 
within a specified time frame. They call this premise 
periodization.

According to the NSCA [45], one should consider 
whether to embrace classic or traditional periodization, 
which includes various programs for the macrocycle, 
and a series of progressive mesocycles consisting of ac-
cumulation, transmutation and realization blocks, that 
are divided into several smaller microcycles. There is 
also block and conjugate periodization, shorter and longer 
linear periodization, shorter and longer non-linear or 
undulating periodization, linear and undulating hybrid 
periodization, and of course conjugate periodization and 
fractal periodization. In addition, there is the shock or 
alarm phase, supercompensation phase, maladaptation 
phase, detraining phase, nontraining phase, preparatory 
phase, type I, II and III transition phases, competition 
phase, restoration phase, hypertrophy, strength and power 
phases, heavy, medium and light intensity, and a volume 
phase. Accordingly, the previously noted training vari-
ables must be properly structured and manipulated to 
accurately predict and elicit specific adaptations in 
designated cycles, blocks and phases. Ironically, the 
heterogeneity of adaptations in response to resistance 
training–in any time frame for any adaptation–under-
scores the irrationality of periodization. 

The NSCA conveniently provided (for a small fee) 
a quiz [46] for applying continuing education credits 
for NSCA Certified Strength and Conditioning Spe-
cialists, Certified Personal Trainers, and Certified 
Athletic Trainers–all based on the aforementioned 
components of periodization. The last question on the 
quiz asked for the physiological theory that formed 
the basis of periodization. The NSCA’s answer was the 
general adaptation syndrome (GAS). 

Recently, Buckner and colleagues [47] eloquently 
challenged the misapplication of Hans Selye’s general 
adaptation syndrome [48-49] to resistance training. 
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They carefully traced the history for the foundation 
of the general adaptation syndrome (GAS), the ap-
plication of GAS to sports and exercise, its bridge 
to so-called periodization, and the potential misap-
plications of GAS to resistance training. Buckner 
and colleagues noted that Hans Selye focused on the 
universal physiological stress responses observed in 
rodents after exposure to toxic levels of a variety of 
pharmacological agents and stimuli. They concluded 
that extrapolations that have been made to resistance 
exercise in humans appear very loosely based on this 
concept and are not an appropriate basis for applica-
tion of the GAS to resistance exercise. 

Mattocks and colleagues [50] noted that the Rus-
sian concept of periodization was first implemented in 
the United States by Stone and colleagues [51]. After 
a  thorough review of the literature that compared 
periodization with traditional non-periodized resist-
ance training, Mattocks and colleagues concluded that 
the proposed benefits of periodization were largely 
founded in conjecture and that there is little compel-
ling evidence that periodization is a superior method 
of increasing muscular strength or hypertrophy. 

In a comprehensive critique of periodization, Kiely 
[52] noted that the numerous periodization models 
shared a deep-rooted cultural heritage that is under-
pinned by a common set of historical pervasive beliefs 
and assumptions. A concern with these assumptions is 
that although they are not scientifically justifiable, their 
influence remains deeply embedded in the resistance 
training literature. He is concerned that the habitual 
mention of the so-called science of periodization and 
the uncritical acceptance of flawed studies as proof 
of the superiority of periodized structures, creates 
the illusion that periodized methodologies have been 
empirically validated, which he believes is not the case. 
Kiely noted two logical fallacies evident in the periodi-
zation literature; that is, the assumptions that averaged 
group-based trends accurately reflect likely individual 
responses and that planed training methodologies 
based on world class athletes, who by definition are 
extreme outliers, can be generalized and extrapolated 
to other trainees. He concluded that the downside of 
periodization is when such oversimplifications become 
enshrined in practice, remain unchallenged dogma, 
and perceived as truth rather than grossly generalized 
frequently misleading approximations [52]. 

Most recently, Kiely [53] stated that re-evaluating 
a  deeply embedded belief such as periodization re-
quires the excavation of an often forgotten foundation 
(Selye’s GAS) that is used in an attempt to support 
that belief. He reminded readers that the rodents in 
Seyle’s experiments [48, 49] were severely damaged by 
nocuous agents such as surgical injury, spinal shock, 
starvation, fatigue, restraint, exposure to extreme tem-
peratures or sub-lethal doses of adrenaline, atropine, 

morphine, formaldehyde, etc. The resulting maladap-
tation shared a common non-specific trajectory; that 
is, all those biological challenges were encountered 
in a  predictable manner, progressing through the 
same sequential phases that resulted in a decrease in 
size of the thymus, spleen, lymph glands and liver, 
decreased muscle tone and body temperature, acute 
erosions in the stomach and small intestine, extreme 
exhaustion or death of the rodents. Selye noted that 
these symptoms were independent of the damaging 
agent or pharmacology [48] and concluded that when 
organisms (rodents) adapt to a certain nocuous agent, 
they exhaust their ability to adapt to a different nocu-
ous agent [49]. Kiely reiterated that periodization is 
based on the implicit assumption that mechanical 
loading parameters in resistance training such as the 
amount of resistance, number of repetitions or sets, rep 
duration, rest between sets and exercises, order of ex-
ercises, frequency of training, equipment (free weights 
or machines), etc., directly dictate biological training 
adaptations and that advocates of periodization con-
tinually reinforce this assertion. However, he noted 
that there are typically highly individualized training 
adaptations for participants who engage in similarly 
structured programs, which is the primary focus of 
this review, and that the concept of periodization could 
only be attainable if humans responded to the imposed 
training stressor along a predictable, highly specific 
trajectory in specific timeframes and conformed to 
predictable dose-response relationships. He believes 
that this concept is clearly no longer logically defen-
sible. Kiely concluded that periodization perpetuates 
an unsubstantiated belief that can be traced back to 
misinterpretations of Selye’s experiments and that 
biological adaptations to specific training variables 
may simply be a historical myth [53]. Four decades 
after his original publication [48], Selye described his 
experiments with rodents as primitive [54] and noted 
that long periods of physical work, accompanied by 
a consequent generalized fatigue, resulted in nonspe-
cific adaptations. He concluded that the same stimulus 
will act differently in different people, will be depend-
ent on age, sex and genetic predisposition, and that it 
was not possible to measure the relative importance of 
genetics. It is perhaps worth noting that there is a lack 
of evidence (training studies) to support the efficacy 
that any form of periodization would affect time-
specific chronic adaptations to resistance training in 
rodents, who were the subjects in Selye’s investigations. 

In the previously mentioned periodization article, 
Brown and Greenwood [45] cited 15 references. How-
ever, only two of those references [51, 55] were strength 
training studies. The previously mentioned study by 
Stone and colleagues [51] reported an experiment and 
two observations, which has been cited ad infinitum by 
the NSCA and others. Stone and colleagues reported 
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significantly greater strength gains in their experiment 
with a periodization protocol (5x10, 5x5, 3x3, and 3x2, 
weeks 1-3, 4, 5 and 6, respectively) compared with 
a  traditional strength training program (3x6, weeks 
1-6). There was no non-training control group in 
either their experiment or observation groups. They 
claimed that the previously untrained young males 
in their experiment gained a spectacular 1.2 kg and 
2.4 kg of lean body mass during the 1st three weeks 
of training, traditional and periodization groups, re-
spectively. However, while continuing their respective 
strength training protocols for the next 3 weeks, they 
lost ~3 kg and ~2 kg lean body mass, traditional and 
periodization groups, respectively. This highly unusual 
loss of lean body mass within 3 weeks in young ap-
parently healthy males was not noted in their Results 
or Discussion sections. They did not report standard 
deviations or discuss any interindividual variation. The 
results were presented only in rough graphs. There 
was no significant difference between groups for the 
increase in vertical jump height after 6 weeks. They 
used several procedures that are involved with hydro-
densitometry to estimate body volume and lean body 
mass. If their data were actually accurate estimates of 
lean body mass, neither their traditional nor periodi-
zation protocols appear to be very desirable options 
for increasing lean body mass after the 1st 3 weeks. 
Although Stone and colleagues claimed in their Dis-
cussion section (p. 348) that there were significantly 
greater gains in lean body mass for the periodization 
group after 3 weeks, they failed to address the highly 
unusual loss of lean body mass in both training groups 
after 6 weeks–especially in the traditional group who 
followed the exact training protocol for the duration of 
the study. In addition, they referred to their estimates 
of lean body mass as changes in muscle hypertrophy. 
The methodology used in hydrodensitometry is not 
a measure of muscle hypertrophy. 

In the other study that Brown and Greenwood 
[45] cited, Berger [55] reported that after training 
previously untrained college-age males for 6 weeks, 
practicing the 1RM squat 1x/week was just as effective 
for increasing the 1RM squat as practicing the 1RM 
3x/week. These studies by Stone and colleagues [51] 
and Berger [55] were the only evidence that Brown 
and Greenwood [45] presented in an attempt to sup-
port their belief–and apparently the NSCA’s–for the 
superiority of periodization. 

It may be of interest to readers that in the study by 
Stone and colleagues [51], they claimed that muscular 
hypertrophy was best developed by performing 3 sets 
of 8-10RM and they cited five references in an attempt 
to support that claim. Two of those references were 
books and the other three were studies [56-58]. Mac-
Queen [56] sent questionnaires to 17 finalists in the 
1953 Mr. Britain bodybuilding contest. The subjects 

reported performing 2-10 sets of each exercise for 
5-15 repetitions to increase their bulk. This was not 
a  training study and there was no report of muscle 
hypertrophy; it was simply a collection of unsupported 
opinions. McMorris and Elkins [57] asked 12 normal 
young males and females to train the right triceps 5x/
week for 12 weeks. All the trainees performed 4 sets 
of elbow extension exercise, which included 1 set of 
10RM either for the 1st set or the last set. Six subjects 
followed an ascending protocol of 25% 10RM, 50% 
10RM, 75% 10RM and 100% 10RM, and the other 
6 subjects performed the sets in reverse descending 
order (number of repetitions not reported). Collec-
tively, the trainees increased arm girth (circumfer-
ence measures) by 0.88 cm. They did not measure 
muscle hypertrophy and more importantly, there was 
no comparison of sets or repetitions. McMorris and 
Elkins concluded that there was little difference in the 
results from the two modified methods of exercise 
in their experiment. O’Shea [58] randomly assigned 
30 subjects to perform the squat exercise 3x/week 
for 6 weeks using one of three training protocols: 
3x9-10RM, 3x5-6RM, or 3x2-3RM. There was a 2.1 
to 6.2% increase in right thigh girth (circumference 
measure). All the groups performed 3 sets of squats 
and therefore no comparison of different set protocols. 
O’Shea concluded that that there was an overall girth 
increase but their analysis of covariance indicated that 
the groups were not significantly different in their 
change in thigh girth. None of these studies [56-58] 
supported the claim by Stone and colleagues–a  fact 
that obviously slipped through the review process of 
the Journal of Sports Medicine.

deSouza and colleagues [59]
Recently deSouza and colleagues [59] randomly 

assigned 31 recreationally active young males to 1 of 
4 groups to perform the squat and knee extension 
exercises 2x/week for 6 weeks. The non-periodization 
group (NP) performed 3 sets of 8 repetitions (3x8) 
and 2x8 for the squat and knee extension exercises, 
respectively, at each session during the entire 6 weeks; 
the traditional periodization group (TP) performed dif-
ferent combinations of 2-4 sets and 8-12 reps for each 
exercise, depending on the day of each specific week; 
and the undulation periodization group (UP) varied the 
combination of sets (2-4) and reps (6-12), which also 
was dependent on each specific day and week for both 
exercises. There was also a non-training control group. 
The researchers assessed 1RM squat and measured 
quadriceps cross-sectional area (CSA) with magnetic 
resonance imaging. There was no significant difference 
among the groups in baseline 1RM or muscle CSA. Vol-
ume load (sets x repetitions x mass lifted) was equated 
among the groups and there was no significant different 
difference among the training groups for either session 
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or total volume. The 1RM squat significantly increased 
in the NP group (~17%) and (~13%) in the UP group. 
There was no significant increase in the TP or control 
groups. Quadriceps CSA significantly increased 5.1, 5.2 
and 4.6% in the NP, UP and TP groups, respectively, 
with a 2.1% coefficient of variation. There was no sig-
nificant difference among the 3 training groups for the 
increase in quadriceps CSA. 

deSouza and colleagues [59] concluded that their 
study was the first to use the gold-standard method 
(MRI) to compare the effects of two periodized 
strength training regimens with a  non-periodized 
regimen. Although extremely rare in the resistance 
training literature, their MRI assessors were blinded 
to the training protocol. Regardless of the training 
load employed, muscle CSA significantly increased 
in a comparable fashion across all the experimental 
groups. They suggested that when volume load is 
equated between groups, a threshold range for muscle 
hypertrophy may exist; and it is not dependent on 
variations in the training load. It is noteworthy that 
this study recruited participants from a demographic 
similar to the study by Stone and colleagues [51], with 
similar non-periodization and periodization protocols 
for the identical 6-week duration.

Afonso and colleagues [60]
Afonso and colleagues [60] conducted a compre-

hensive review of periodization that included 42 origi-
nal studies: 24 randomized trials and 18 randomized 
controlled trials. They presented several very strong 
criticisms. For example, some studies presented the 
dispersion of data (e.g., SD), but the authors did not 
discuss these interindividual within-group variations. 
Many of the studies also ignored the wide body of 
research reporting the large variations in adaptations 
to resistance training. Non-periodized programs were 
equated with non-varied protocols. The studies did 
not address the fact that non-periodized programs can 
vary, and that the type of variation may be irrelevant. 
More than half the studies did not report any informa-
tion regarding nutrition, supplements or medication, 
and no study controlled for all three of these potentially 
confounding variables. Afonso and colleagues noted 
that other reviewers of periodization have remained 
silent in regard to these topics.

Afonso and colleagues [60] concluded that their 
comprehensive review of empirical research on perio-
dization has shown: a) the concepts of periodization 
and variation are being used interchangeably; b) predic-
tions concerning the direction, timing and magnitude 
of adaptations are not actually being tested; c) analyses 
have been mostly unidimensional, focusing almost 
exclusively on the ‘physical’ aspects of performance; 
d) long-term empirical papers are non-existent; e) 
confounding factors such as medication, nutrition, and 

supplementation are not being properly reported and 
controlled; and f) data interpretation is being compro-
mised by persistently ignoring inter-individual variation 
in responsiveness to experimental protocols.

Williams and colleagues [61] 
Williams and colleagues [61] recently examined pre-

viously published per-reviewed studies that compared 
periodized resistance training (undulating periodiza-
tion and all periodization not classified as undulating) 
with non-periodized resistance training, and estimated 
the effect of training on 1RM bench press, leg press or 
back squat exercises. Out of the 44 studies assessed, 
18 studies that included males and females met their 
criteria for inclusion in the meta-analysis. The authors 
concluded that their results suggested that periodized 
resistance training had a small to moderate effect on 
strength gains compared to non-periodized training. 
The only data that was reflective of the strength gains 
was that their effect size results (0.23 after removing 
potential outliers) would imply an increase of 11.4 
kg bench press 1RM in Division IA college American 
football players, 10.2 kg increase in previously untrained 
females, and 6.6 kg increase in previously untrained 
males. However, they did not report the comparative 
strength gain for non-periodized training in these popu-
lations. Therefore, it is not possible to infer any practical 
application of the reported small to moderate benefit of 
periodization. The heterogeneity was 62.5% and they 
noted that the variability of 1RM strength was greater 
than what would have occurred from sampling error. 
Williams and colleagues pointed out several limitations 
in some of their specific inclusive studies; for example, 
only 8 of the 18 studies equated the volume of train-
ing, the periodized group and non-periodized groups 
differed in training to failure, one group may have per-
formed single sets while the other group used multiple 
sets, they extracted summarized data from the studies 
rather than individualized participant data, and only 
two studies reported the results in previously resistance 
trained subjects. They did not mention if any of the 1RM 
assessors were blinded to the training protocol in any 
of the inclusive studies. The authors astutely noted that 
observations of baseline 1RM makes the classification of 
previously resistance trained participants questionable–
even when they were designated as competitive athletes; 
for example, they noted that it would be expected that 
American football players had more resistance training 
experience that adolescent female tennis players and 
therefore may have tremendous differences in their 
adaptations to resistance training, even though both 
groups are competitive sports athletes. Williams and 
colleagues concluded that variations in the training 
stimulus appear to be important for maximal strength 
gains, and as is mentioned in the Conclusions section 
of this current review, does not require periodization. 
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Grgic and colleagues [62] 
Grgic and colleagues [62] systematically reviewed 

the current body of literature comparing periodized 
versus non-periodized resistance training on meas-
ures of muscle hypertrophy. Out of 51 full text peer 
reviewed articles assessed for eligibility, 12 met their 
inclusion criteria and 7 of those inclusive studies 
were volume equated. The mean duration of train-
ing was 15.4 weeks with a  training frequency of 3 
days a week. Most of the studies included previously 
untrained males, involved only one or a few muscle 
groups, and only three studies used a direct measure of 
muscle hypertrophy (MRI or ultrasound). Two of the 
studies blinded the researchers. Grgic and colleagues 
concluded that although a limitation of their review 
was that only three studies used a direct measure of 
muscle hypertrophy, their results suggest that either 
a periodized or non-periodized approach to resistance 
training would result in similar hypertrophic effects.

Muscular Hypertrophy
No study has shown that any type of periodization 

training is superior to non-periodization resistance 
training for enhancing muscular hypertrophy. Ex-
traordinary claims require extraordinary evidence. 
Advocates for periodization have failed to fulfill their 
burden of proof.

Progression
Many training programs are described as progressive 

resistance programs. This usually implies that as one 
adapts to a specific workload, the trainee will change 
some variable such as adjusting the number of repeti-
tions and/or the resistance to stay within the desired 
range of repetitions or level of effort. However, those 
who continue to train eventually will reach their ge-
netic potential. At this point some trainees may become 
discouraged while others may spend months or years 
desperately trying to overcome their genetic limitations. 
However, progression is always denoted relative to some 
previous marker. For example, if an experienced trainee 
performs a 10RM free weight bench press at a specific 
repetition duration in good form with 100 kg, that 
number is only meaningful to that trainee if it relates 
to some previous reference (e.g., an 90 kg 10RM free 
weight bench press with the same rep duration and 
form). If that trainee’s genetic potential is a 100 kg 10RM 
free weight bench press, then the trainee can use age as 
the relative reference point. If the trainee executes a 100 
kg 10RM bench press with the exact form in the next 
session, or in the following weeks, months or years, 
the trainee becomes progressively stronger–relative to 
age. Competitive Olympic and power lifters, or any 
other competitive athlete, may still continue to improve 
performance by perfecting the specific skills required 
in their respective sports.

 Conclusions
The previously discussed studies that reported 

and focused on the interindividual heterogeneity of 
responses to resistance training [1-12] all demon-
strated that when a group of people participate in an 
identical resistance training program, their responses 
to that program vary considerably and apparently are 
primarily genetically determined.

Many of us may have experienced delusional ex-
pectations regarding expected outcomes from resist-
ance training [63]. The question is whether trainees 
should wallow in the delusion that they can somehow 
overcome their genetic limitations by obsessively ex-
perimenting with time consuming, highly complex, 
structured training protocols such as those inherent 
in periodization. Individuals who believe that they 
need to vary their traditional resistance training 
protocol could arbitrarily change specific exercises 
(e.g., flat bench press or declined bench press), types 
of resistance (e.g., free weights, machines or body 
weight exercises), different ranges of repetitions 
with a slightly higher or lower resistance (e.g., 4-6, 
7-11, 12-14 reps), the number of sets for each muscle 
group, order of exercise, repetition duration, or rest 
between sets and exercises, from session to session 
or even for different muscle groups within a given 
session. There is very little compelling evidence–just 
a plethora of unsupported opinions and flawed stud-
ies–that obsessing over any or all of these training 
variables can alter an individual’s specific adaptation 
in a specific time frame or override the limitations 
of their genetic potential. 
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