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ABSTRACT

Background: Previous investigations have shown that muscular endurance resistance training 
(MERT) is conducive in improving the onset of blood lactate accumulation (OBLA). However, 
the metabolic response and time course for adaption is still unclear. Objective: The aims of 
the current study were to evaluate and track the metabolic response to an individual session 
of MERT as well as to assess performance adaptations of supplementing an aerobic exercise 
training program with four weeks of MERT. Methods: Seventeen aerobically active men were 
randomly assigned to either the experimental (EX) or control group (CON), 9 EX and 8 CON. 
Baseline measures included a graded exercise test (GXT) and 1-repetition maximum (1RM) 
testing for leg press (LP), leg curl (LC), and leg extension (LE). CON continued their regular 
aerobic activity while the EX supplemented their regular aerobic exercise with 4 weeks of 
MERT. Results: No significant group differences were observed for all pre-training variables. 
Following four weeks of training no significant differences in cardiorespiratory or metabolic 
variables were observed for either group. However, significant improvements in LC and LE 
1-RM were observed in EX compared to CON. Substantial accumulations in blood lactate were 
observed following each MERT session. Conclusion: Four weeks of MERT did not improve 
cardiorespiratory or metabolic variables, but did significantly improve LC and LE. MERT was 
also observed to induce a blood lactate response similar to that of HIIT. These findings suggest 
greater than four weeks is need to see metabolic adaptations conducive for improved aerobic 
performance using MERT.

Key words: Oxygen Consumption, Physical Endurance, Resistance Training, Lactates, 
Monocarboxylic Acid Transporters

INTRODUCTION

The development of optimal training methods has been an 
area of great interest for coaches, athletes and scientists. 
Current research suggests that blood lactate performance 
curves provide both reliable and valid information for pre-
scribing exercise intensity due to the strong relationship be-
tween various lactate thresholds and performance. Several 
studies have established a strong correlation between the 
onset of blood lactate accumulation (OBLA) and aerobic 
exercise performance (Bergman et al., 1999; Brooks, 2010; 
Figueira, Caputo, Pelarigo, & Denadai, 2008; Laursen & 
Jenkins, 2002; Rogatzki, Wright, Mikat, & Brice, 2014; 
Tanaka & Swensen, 1998). OBLA has been defined as the 
intensity at which blood lactate reaches a fixed number that 
is equal to a concentration of 4mmol/L (Figueira et al., 2008; 
B Sjödin & Jacobs, 1981), and corresponds to the point at 
which exercise intensity transitions from tolerable to sever 
(Figueira et al., 2008). Therefore aerobic performance can 
be improved if the intensity at which OBLA occurs shifts to 
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a higher value, for example running speed, cycling work-
load, or VO2.

Recent studies have established a new method for the im-
provement of OBLA utilizing resistance training with lighter 
loads and higher repetitions, termed muscular endurance re-
sistance training (MERT). Previous studies have demonstrat-
ed that a single bout of resistance training with lighter loads 
and higher repetitions can induce large accumulations of lac-
tate and a simultaneous drop in pH (Edge, Hill-Haas, Good-
man, & Bishop, 2006; Rogatzki et al., 2014; Schott, McCul-
ly, & Rutherford, 1995) that are comparable to values seen 
with high intensity interval training sessions (HIIT) (Edge, 
Bishop, & Goodman, 2006; Edge, Hill-Haas, et al., 2006), 
and greater than that of a traditional strength training session 
(Kraemer et al., 2002; Rogatzki et al., 2014). Researchers 
have observed improvements in watts and VO2 at which 
OBLA occurs during cycling following 8 weeks of MERT 
(Farrell III, Lantis, Ade, Cantrell, & Larson, 2017; Lantis, 
Farrell III, Cantrell, & Larson, 2017)). Rightward shifts in 
blood lactate curves translate into athletes exercising at a 
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higher workload or higher percentage of their VO2max be-
fore experiencing the negative side effects of lactate accumu-
lation. Researchers have speculated that the improvements 
in lactate kinetics are due to improvements in the metabolic 
clearance rate of lactate through increases in monocarboxyl 
transfer proteins (Cruz et al., 2012). Researchers have pro-
posed that the improvements in lactate kinetics observed 
with HIIT could potentially be the same in MERT. However, 
the lactate response to several training session throughout a 
MERT program is unclear. It is not known if the response 
will decrease over time indicating improvements in lactate 
kinetics or will continue to be elevated throughout the du-
ration of the program. The tracking of the lactate response 
could also give insight into the relative metabolic intensity 
that athletes are training at during each session.

With MERT just recently being utilized to develop im-
provements in OBLA, proper programming and optimiza-
tion of this method still needs to be established. Previous 
studies have reported improvements in OBLA using 8 weeks 
of muscular endurance training with 1 minute of rest be-
tween sets of exercise ((Farrell III et al., 2017; Lantis et al., 
2017). However, improvements in OBLA and aerobic power 
following HIIT and Sprint Interval Training (SIT) have been 
seen in as little as 4 to 8 sessions over 2 to 4 weeks (Bey-
ranvand, 2017; Burgomaster, Heigenhauser, & Gibala, 2006; 
Burgomaster, Hughes, Heigenhauser, Bradwell, & Gibala, 
2005; Jakeman, Adamson, & Babraj, 2012; Laursen, Shing, 
Peake, Coombes, & Jenkins, 2005; B. Rønnestad, Hansen, & 
Ellefsen, 2014; Talanian, Galloway, Heigenhauser, Bonen, 
& Spriet, 2007). With the proposed mechanisms of adap-
tations between MERT and HIIT being the same, it can be 
speculated that similar results can be observed over a similar 
length of time. The optimal length of rest between sets of 
exercise is still unclear as well.

Therefore, the purpose of the current study was to ex-
amine the cardiorespiratory and metabolic adaptations ob-
tained from the supplementation of an aerobic training pro-
gram with a 4 week MERT utilizing 30 second rest interval 
between sets of exercise. Additionally, the purpose of the 
current study was to evaluate and track the blood lactate re-
sponse to individual training sessions throughout the course 
of the training program. It was hypothesized that an aerobic 
training program supplemented with 4 weeks of MERT with 
30 second rest intervals would result in greater improve-
ments in the OBLA and gas exchange threshold (GET) when 
compared to aerobic training alone. It was also hypothesized 
that there would be no significant improvements in maximal 
oxygen uptake (VO2max) when compared to aerobic train-
ing alone.

METHOD

Subjects

Nineteen male participants (18-37 years old) were recruit-
ed for the current study. 17 participants completed the study 
with 2 participants dropping out due to time commitment 
issues. G*Power software (version 3.1.9.2) (α level = 0.05 
and effect size = 0.08) was used to determine proper sample 

size. Subjects were randomly divided into an experimental 
(EX) group, whose regular aerobic training was supplement-
ed with a muscular endurance training program, or a control 
(CON) group who continued their regular aerobic exercise 
training without the addition of muscular endurance training. 
All subjects were considered to be aerobically active and had 
not participated in any resistance training for 6 months prior 
to start of the study; determined with a self-reported phys-
ical activity questionnaire. Aerobically active was defined 
as having participated in aerobic exercise at least one hour 
per day for 3 days per week for the past 6 months. All sub-
jects were required to reach a VO2max of at least 40 ml/kg/
min to participate in the study. This threshold has been used 
previously in similar studies (Farrell III et al., 2017; Lantis 
et al., 2017), and it indicates an aerobic capacity of good/
excellent (Heyward, 1992). This study was approved by the 
Institutional Review Board at the University of Oklahoma, 
and each subject gave a verbal and written informed consent 
before participation. All testing and training was completed 
in an air-conditioned laboratory at a temperature 20-25˚C.

Experimental Protocol
Prior to and following the 4 week training period both groups 
performed a staged graded exercise test to determine OBLA 
using the fixed at 4mmol/L method(Bertil Sjödin, Jacobs, & 
Svedenhag, 1982), GET and, VO2max. Maximal strength 
for leg press (LP), leg curl (LC), and Leg extension (LE) 
was assessed using 1-repetition maximum (1-RM) All sub-
jects were instructed to continue their low-intensity aerobic 
training without making alterations to volume or intensity. 
In addition to their current low-intensity aerobic training the 
EX group returned to the laboratory two times per week for 
four weeks to perform muscular endurance training under 
the supervision of the researchers.

Incremental exercise test
A magnetically braked cycle ergometer (Sport Excalibur, 
Lode; B.V. Medical Technology, Groningen, The Nether-
lands) along with a metabolic cart (True One 2400, Parvo 
Medics, Sandy, UT) was utilized to perform an incremental 
exercise test to determine VO2max, GET, and OBLA. It was 
chosen to allow for easy attainment of plasma lactate mea-
surements. Subjects were instructed to abstain from exercise 
and caffeine twelve hours prior to testing and to fast three to 
four hours prior to testing. A urine sample was obtained to 
determine urine specific gravity using a refractometer (mod-
el CLX-1, VEE GEE Scientific Inc., Kirkland, WA). Sub-
jects had to have a urine specific gravity between 1.004 and 
1.026 to be considered adequately hydrated to perform the 
incremental exercise test. In the instance a participant was 
not adequately hydrated they were instructed to consume a 
glass of water and rest for 30 minutes before collecting a 
second sample. If at that time they were still under hydrated 
they were rescheduled for a subsequent day. A resting finger-
tip capillary blood sample was collected to determine whole 
blood lactate concentration prior to testing using a commer-
cial lactate meter (Lactate Plus, Nova Biomedical, Waltham, 
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MA) that was calibrated with known lactate standards (Lac-
tate Plus, Lac Control Level 1, 1.0-1.6 mM) (Lactate Plus, 
Lac Control Level 2, 4.0-5.4 mM) before each use. Follow-
ing a one minute rest period and a five minute warm up at 
50 watts (W), the staged exercise test was initiated at a work 
rate of 125 W and increased by 25 W every three minutes 
until the participant reached their limit of exercise tolerance 
indicated by a pedal rate dropping below 50 revolutions per 
minute. At the end of each of the three-minute stage blood 
lactate and rating of perceived exertion (RPE) based on the 
Borg Scale (Borg, 1970) was measured. The VO2 and work 
rate (W) corresponding to 4.0 mmol/L (OBLA) was calcu-
lated by plotting VO2 and W against blood lactate concentra-
tion and using linear interpolation. Metabolic and ventilatory 
data were continuously measured and averaged over 30 sec-
ond intervals. The work rate corresponding to the GET was 
determined by graphing: 1) VCO2 as a function of VO2, 2) the 
factional concentration of end-tidal of O2 and CO2 (FETO2 
and FETCO2, 3) the ventilatory equivalents for O2 and CO2 
(VE/VO2 and VE/VCO2), and 4) respiratory exchange ratio 
(RER; VCO2/VO2). The vertical alignment of these profiles 
allows for the verification of the GET via the work rate that 
aligned with: 1) an increase in VCO2 out of proportion to 
VO2, 2) an increase in VE/VO2 and no increase in VE/VCO2, 
3) a rise in FETCO2 and FETO2, and 4) no inflection of the 
RER (can be a result from changes in CO2 storage dynamics 
unrelated to blood lactate buffering) (Beaver, Wasserman, & 
Whipp, 1986).

Repetition maximum (1-RM) testing
1-RM testing was performed to assess maximum strength for 
leg press (LP), leg curl (LC) and leg extension (LE) based on 
recommendations of the National Strength and Condition-
ing Association (Baechle & Earle, 2008). In brief, several 
sub-maximal repetitions were performed to serve as a warm-
up. An initial weight was selected to be within 50 to 70 per-
cent of the participant’s perceived capacity. The weight was 
increased incrementally until a weight that could be lifted 
once but not twice was achieved. Three minutes of rest was 
given between each attempt. If a participant was able to lift 
the entire weight stack they were required to complete a full 
range of motion and immediately attempt additional repeti-
tions through a full range of motion until failure. The num-
ber of additional repetitions was then used to calculate their 
1-RM (Baechle & Earle, 2008).

Aerobic exercise
Based on previous studies (Farrell III et al., 2017; Lantis 
et al., 2017) (Karsten, Stevens, Colpus, Larumbe-Zabala, & 
Naclerio, 2016), subjects were instructed to maintain current 
aerobic training volume, and intensity throughout the study. 
If subjects indicated a decrease of > 1/3 or an increase of 
> 5% in training volume subjects were excluded from the 
study in order to prevent detraining and additional aerobic 
adaptations (Baechle & Earle, 2008; Fleck, 1994; Zupan & 
Petosa, 1995). Also any indications in an increase in aerobic 
training intensity resulted in exclusion from the study.

Muscular endurance resistance training
The training program consisted of supervised sessions on 
2 days*wk-1 over a four week period to supplement partici-
pants aerobic training program. Participants were instructed 
to not perform any resistance training outside of the study. 
Every training session began with the subject arriving to the 
lab and resting for 10 minutes before a resting blood lactate 
measurement was taken using a commercial lactate meter 
(Lactate Plus, Nova Biomedical, Waltham, MA). Each re-
sistance training session included a warmup consisting of 5 
to 10 repetitions at 30 to 40 percent of their 1RM followed 
by four sets of 12 to 15 repetitions at 50% of the subject’s 
established 1-RM for LP, LC, and LE (Cybex Strength Sys-
tems) with 30 seconds of rest between sets and 3 minutes of 
rest between exercises. Immediately after the completion of 
the final set of exercise a post-training lactate sample was 
taken. After 2 weeks (4 training sessions) the training weight 
was increased by 4.54 kilograms (a 2 to 4% increase) if an 
individual was able to complete four sets of 15 repetitions to 
compensate for any strength gains (Baechle & Earle, 2008). 
If participants were unable to complete four sets of 15 repe-
titions the training weight was kept the same.

Statistical analysis
Data are presented as means ± SD. Delta scores (post-pre) 
are indicated by Δ. Delta scores were used for data analy-
sis to negate any differences noted in pre measurements due 
to both groups consisting of individuals that participated in 
several different aerobic activities (cycling, running, and 
triathlon). In addition the incremental exercise test was not 
sport specific for all subjects. Independent t-tests were uti-
lized to determine if significant between group differences 
existed between the EX and CON groups. Repeated mea-
sures ANOVA was utilized to determine if significant differ-
ences existed in lactate levels between training visits. All sta-
tistical analyses were performed using SigmaPlot (Version 
12.5, Systat Software Inc., San Jose, CA). Cohen’s d effect 
sizes (ES) were reported for all significant measures. A value 
of ≤ 0.20 was considered a weak effect, a value of ≤ 0.50 
was considered a moderate effect, and a value of ≥ 0.80 was 
considered a strong effect (Cohen, 1988). An alpha level of 
p ≤ 0.05 was set for the level of significance.

RESULTS

Subject Characteristics and Training Compliance
Descriptive characteristics are summarized in Table 1. No 
statistical differences (p>0.05) existed between groups for 
age, height, and body mass. Of the 9 subjects included in the 
EX group all participants completed at least 12 repetitions per 
set for all training sessions. All subjects met the requirements 
for increasing training load after the 4th training session.

Incremental Exercise Test
The physiological measurements from the incremental ex-
ercise test are summarized in Table 2. No significant differ-
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ences (p>0.05) were observed for any of the physiological 
variables following the study intervention period between 
groups.

Maximal Strength Assessment

1-RM strength values are summarized in Table 3. Following 
the study intervention significant group differences existed 
for LC (p=0.002; ES=1.79) and LE (p=0.028; ES=1.20) be-
tween the EX and CON groups.

Training Session Blood Lactate Response

The average blood lactate response following each MERT 
session for the EXP group is illustrated in Figure 1. No sta-
tistically significant differences were observed in blood lac-
tate levels between training sessions (p>0.05). The average 
individual blood lactate response across all MERT sessions 
for the EXP group is summarized in Figure 2.

DISCUSSION

The purposes of the current study were: (1) to examine the 
physiological and metabolic adaptions from the supplemen-
tation of an aerobic training program with 4 weeks of MERT, 
(2) to evaluate the effects of 30 second rest periods between 

sets of MERT, and (3) monitor and track blood lactate re-
sponses to MERT sessions. In agreement with the research-
ers’ hypothesis the addition of the MERT did not improve 
VO2max. In contrast to the researchers’ hypothesis, the addi-
tion of the MERT did not improve OBLA or GET.

A large majority of previous studies that have investigated 
the effects of resistance training on endurance performance 
have utilized a traditional strength training protocol (high in-
tensity low repetition). Several of these studies indicated im-
provements in various endurance performance measures but 
overwhelming majority have reported no improvements in 
VO2max when using aerobically trained subjects (Aagaard 
et al., 2011; Jung, 2003; Losnegard et al., 2011; Mikko-
la et al., 2011; Millet, Jaouen, Borrani, & Candau, 2002; 
B. R. Rønnestad, Hansen, & Raastad, 2010; B. R. Rønnes-
tad, Kojedal, Losnegard, Kvamme, & Raastad, 2012). Pre-
vious studies that have used a lower intensity higher repe-
tition resistance training program saw similar results. Edge 
et al.(2006). found no improvements in VO2max following 
a high repetition resistance training program for 5 weeks in 
recreationally active females (Edge, Hill-Haas, et al., 2006). 
Campos et al. (2002) observed no improvements in VO2m-
ax in untrained males following 8 weeks of high repetition 
resistance training (20 to 28 reps) training (Campos et al., 
2002). Both Lantis et al. (2017). and Farrell et al. (2017) 
used identical MERT protocols and saw no improvements 
in VO2max (Farrell III et al., 2017; Lantis et al., 2017). The 
findings of the current study in regards to no improvements 
in VO2max are in agreement with previous studies. The 
current study also observed no significant improvements in 
GET or W at GET following the training intervention. This 
finding is in agreement with Farrell et al. (2017) who also 
observed no improvements in GET or W at GET (Farrell III 
et al., 2017). It can be speculated that even with30 second rest 
intervals MERT does not provide an efficient cardiorespira-
tory stimulus to see improvements in VO2max or GET. Al-
though no cardiorespiratory adaptations (VO2max or GET) 
have been linked with MERT, metabolic or local muscular 

Table 1. Subject characteristics (Mean±(SD))
Variables Groups

Experimental (n=9) Control (n=8)
Pre Post Pre Post

Age (years) 21.4±2.1 21.6±2.1 25.5±6.4 25.6±6.3
Height (cm) 180.2±5.3 180.2±5.3 179.5±3.9 179.5±3.8
Body 
mass (kg)

75.2±10.0 75.2±8.6 77.2±11.8 76.6±11.4

Differences if present were denoted using *(p<0.05). Standard 
deviations represent variability

Table 2. Physiological data during incremental exercise test (Mean±SD)
Variable Groups Effect size

Experimental (n=9) Control (n=8)
Δ Δ

VO2 Abs (l/min) 0.019±0.173 0.077±0.139 0.369
VO2 Rel (ml/kg/min) 0.644±2.91 1.06±2.31 0.158
GET (l/min) 0.10±0.252 0.029±0.150 0.342
Watts @ GET 10.7±19.7 7.14±12.20 0.218
VO2 (L/min) @ OBLA 0.0±0.357 0.100±0.141 0.368
VO2 (ml/kg/min) @ OBLA 0.031±4.67 1.72±2.09 0.467
Watts @ OBLA −7.24±12.09 3.54±9.21 1.00
% of VO2 max OBLA achieved −1.01±6.70 2.07±3.15 0.588
Peak Power (W) 8.33±17.68 −3.13±8.84 0.820
Δ denotes gain scores (post – pre). Differences between groups were denoted using *(p<0.05). Standard deviations represent 
variability. VO2 Abs: Absolute VO2; VO2 Rel: Relative VO2; GET: Gas Exchange Threshold; OBLA: Onset of Blood Lactate 
Accumulation at 4mmol/L of lactate.
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adaptations have resulted in improvements in OBLA. Far-
rell et al. (2017) observed a significant improvement in the 
VO2 in which OBLA occurred following MERT (Farrell III 
et al., 2017). As a result, OBLA was achieved at a VO2 7.2% 
closer to VO2max following training. Lantis et al. (2017) 
showed an increase in watts (W) at which OBLA occurred 
on a cycle ergometer (Lantis et al., 2017). It was speculated 
that the rightward shift in OBLA observed after 8 weeks of 
MERT in both studies was due to improvements in the meta-
bolic clearance rate of lactate via increases in MCT proteins 
(Cruz et al., 2012; Donovan & Brooks, 1983). However, no 
improvements in lactate kinetics were observed in the cur-
rent study. The current researchers have speculated that the 
reduced number of MERT sessions, compared to previous 
studies, did not allow for proper metabolic adaptations.

Following the MERT intervention the EXP group 
showed a significant increase in 1RM strength for both LC 

and LE. This provides support that the program was effec-
tive in eliciting adaptations conducive for improvements 
in 1RM strength. Due to the lack of resistance training in 
the subjects’ training history and the length of the MERT 
intervention it can be speculated that the improvements in 
1RM strength observed were due to improvements in neu-
ral recruitment (Baechle & Earle, 2008). These findings are 
in agreement with previous research on MERT (Farrell III 
et al., 2017; Lantis et al., 2017).

Previous studies have shown that resistance training 
utilizing higher repetitions with lower resistance induces a 
large accumulation in lactate and a simultaneous drop in pH 
similar to that observed during HIIT (Edge, Bishop, et al., 
2006; Edge, Hill-Haas, et al., 2006; Rogatzki et al., 2014; 
Schott et al., 1995). Previous investigations examining 
MERT have speculated that the training protocol also induc-
es a similar lactate response observed with HIIT. However, 
previous investigations with MERT have not actually mea-
sured lactate responses. In the current study, prior to and 
immediately after each MERT session a blood sample was 
taken to assess blood lactate concentrations. The average 
blood lactate response (post-session – pre-session) for each 
training session is shown in Figure 1. The current study 
showed an average lactate response of 10.5 ± 1.9 mmol/L 
to the MERT, indicating a similar lactate response to that of 
HIIT (Edge, Bishop, et al., 2006). When examining the indi-
vidual responses to the same relative workload a wide range 
of responses were observed. Lactate responses for the first 
four MERT sessions ranged from 7.0 ± 0.716 to 13.8 ± 1.76 
while the lactate response to the final four MERT sessions 
(following the increase in training load) ranged from 8.23 ± 
0.956 to 13.8 ± 0.763. This wide range of responses shows 
that although all subjects were training at the same relative 
load the training protocol induced very different metabol-
ic responses. The reasoning for this large variation in re-
sponse is still not clear. The current researchers speculate 
that differences in muscle fiber composition may partially 
explain the variation in responses seen. Lactate responses 
have been used previously to set training intensity zones for 
endurance training and team sports training as well as mon-
itoring fatigue levels (Billat, 1996; Eniseler, 2005; Faude, 
Kindermann, & Meyer, 2009; Halson, 2014). It may be 
more appropriate to utilize an individual’s lactate response 
to prescribe MERT.

The current study observed a similar lactate response 
following a single session of MERT compared to a single 
session of HIIT, but did not see similar adaptations even 
though a similar number of training sessions over a similar 
length of time was utilized(Burgomaster et al., 2006; Bur-
gomaster et al., 2005; Edge, Bishop, et al., 2006; Jakeman 
et al., 2012; Laursen et al., 2005; B. Rønnestad et al., 2014). 
This divergence in the time course of adaptations for the 
two training methodologies is interesting and remains un-
clear at the moment. However, it can be speculated the dif-
ferences in the number of muscular contractions performed 
during a single session and over the course of the training 
protocol maybe a reason for differences. A single session 
of MERT would require between 108 and 135 muscular 

Table 3. 1-RM measurements (Mean±SD)
Variable Groups Effect 

sizeExperimental  
(n=9)

Control  
(n=8)

Δ Δ

Leg press (kg) 20.5±34.5 1.99±6.58 0.745
Leg Curl (kg) 9.21±5.35* −0.142±5.08 1.79

Leg extension (kg) 9.93±9.43* 1.00±4.67 1.20

Δ denotes gain scores (post – pre). Differences between groups 
were denoted using *(p<.05). Standard deviations represent 
variability

Figure 1. Average blood lactate response (post-pre) to each 
MERT

Figure 2. Average individual blood lactate response across all 
sessions of MERT
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contractions. Examining the HIIT protocol used by Burgo-
master et al. (2006), 4 to 7 30 second sprints, an individual 
maintaining a cadence between 90 and 100 revolutions per 
minute could potentially perform up to 315 to 350 muscular 
contractions per session (Burgomaster et al., 2006). There 
could potentially be differences in the length of time for 
exercise between the two protocols. Future studies aiming 
to immolate the response and adaptions of lactate kinetics 
associated with HIIT using MERT should take these differ-
ences into consideration when designing a training program. 
Eight sessions of MERT over four weeks was chosen to not 
only immolate the training program length used in several 
HIIT studies, but to also coincide with the typical length of 
a single mesocycle (Baechle & Earle, 2008; Burgomaster 
et al., 2006; Burgomaster et al., 2005; Jakeman et al., 2012; 
Laursen et al., 2005; B. Rønnestad et al., 2014). The optimal 
length of time and the proper implementation of MERT into 
a macrocycle still needs further research. The current re-
search indicates that at least 2 mesocycles (16 sessions over 
8 weeks) is needed for adaptions in lactate kinetics using 
MERT.

Although the aerobic training of subjects was not direct-
ly monitored by the researchers, as it was performed outside 
the laboratory setting; the researchers do not believe that 
this aspect of the study negates any of the findings of the 
current study and provides for a real world application. Ad-
ditionally, subjects were contacted bi-weekly to ensure that 
the subjects maintained similar diet and eating habits as well 
maintaining aerobic training volume within the previously 
described ranges. The aerobic training was not prescribed 
as it would have posed a difficult task due to the multitude 
of aerobic activities the subjects participated in. Also, the 
goal of the study was to examine the adaptations of the ad-
ditional resistance training to the current aerobic training 
of the participants. A similar experimental design was uti-
lized by Hickson et al. (1988) and recently by Karsten et al. 
(2016), Lantis et al. (2017) (2017), and Farrell et al. (2017) 
where all strength training was performed under the super-
vision of the researchers while all aerobic training was per-
formed independently outside the lab when evaluating the 
potential for simultaneous strength and endurance training 
to improve endurance performance (Farrell III et al., 2017; 
Hickson, Dvorak, Gorostiaga, Kurowski, & Foster, 1988; 
Karsten et al., 2016; Lantis et al., 2017). The current study 
is not without limitations. All laboratory visits were sched-
uled for the same time each visit to control for fluctuations 
in fatigue and nutrient timing. Subjects were instructed to 
abstain from exercise at least 12 hrs prior to each visit to the 
laboratory. Subjects were instructed to maintain their cur-
rent dietary regiment. Diet was not controlled or monitored 
in the current study and could be considered a limitation. 
The current study had a small sample size and was thus 
statistically underpowered, increasing the risk for Type II 
error. Future studies should aim to have a larger sample size 
and potentially implant an athlete tracking system to ensure 
athlete compliance with external training (GPS and/or heart 
rate monitoring)

CONCLUSION
The current study observed that MERT does indeed induce a 
lactate accumulation similar to that seen in HIIT, as previous-
ly speculated. (Edge, Bishop, et al., 2006; Edge, Hill-Haas, 
et al., 2006). Although a similar lactate response was observed 
a similar time course in adaptations for improved lactate ki-
netics was not observed. Previous research utilizing HIIT and 
SIT have shown improvements in lactate kinetics and aerobic 
power in as few as 4 to 8 sessions (Beyranvand, 2017; Burgo-
master et al., 2006; Burgomaster et al., 2005; Jakeman et al., 
2012; Laursen et al., 2005; B. Rønnestad et al., 2014; Talanian 
et al., 2007). The current research study found that 4 weeks 
(8 sessions) of MERT did not provide a sufficient stimulus to 
result in cardiorespiratory and metabolic adaptions to improve 
aerobic exercise performance. No improvements in VO2max, 
GET, or OBLA were observed in the EXP group. However, 
the EXP group did show a significant improvement in LC and 
LE 1RM strength. The current study is one of the first to ob-
serve lactate kinetics throughout a MERT program. A varied 
response to the same relative stimulus was observed during 
the training. Further research is needed to understand the var-
ied responses and how to individualize and prescribe MERT 
sessions based upon lactate responses. Further research is 
also needed to understand an optimal length for MERT as the 
current protocol does not appear sufficient enough to see im-
provements in aerobic performance.
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