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INTRODUCTION

Cardiac stress biomarker responses may offer new informa-
tion to the safety of strength assessments in overweight and 
obese conditions. 

The benefits of resistance exercise are well established; 
thus, resistance exercise is recommended as part of a 

routine exercise program for most populations (1–3). In 
obese populations, resistance exercise has been shown to 
offset deleterious effects of obesity sarcopenia, including 
improvement of insulin resistance (4,5), reduced inflamma-
tory markers (6), and reduced functional impairment (7). 
Additionally, muscular strength has been shown to be a 
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negative predictor of disability and mortality (8–10); hence, 
it is important to include strength training as an essential 
component of exercise routines for overweight and obese 
individuals. Likewise, assessment of strength provides 
clinical exercise physiologists and other rehabilitation pro-
fessionals with information for the development of safe and 
effective individualized exercise programs, educating par-
ticipants about their functional health/fitness levels, evalua-
tion of progress, and motivation by establishing reasonable 
and attainable goals (1).

The one repetition maximum (1RM) strength assess-
ment is used to measure the maximal amount of weight a 
person can lift or move through full range, in one repetition. 
A multiple repetition maximum (MRM) strength assessment 
measures the maximal amount of weight a person can lift in 
a given number of repetitions, where the last repetition maxi-
mizes volitional fatigue. The MRM is generally recom-
mended to assess strength and base exercise prescriptions 
for clinical and special populations (1–3), although the evi-
dence for this practice is an enigma. Gjøvaag and colleagues 
(11) suggested these recommendations may stem from 
reports that MacDougall et al. published in 1985, where 
exaggerated blood pressure responses were noted in high 
load/low repetitions (12). These results were explained by a 
combination of factors, including mechanical compression, 
pressor reflex, and increased thoracic pressure from brief 
moments of Valsalva maneuver (12). These findings, how-
ever, were the results of five healthy young males who were 
experienced body builders, and the data actually demon-
strated higher mean pressure responses in MRM compared 
to 1RM. They also reported more exaggerated responses 
when exercising relatively larger muscle groups (leg vs arm 
and double vs single leg) in the same individuals (12), 
whereas systolic and diastolic BP responses to 8–12 repeti-
tion maximum were found to be independent of cross-sec-
tional muscle size among different individuals (13).

More recently, Gjøvaag et al. (9) reported heart rate, 
blood pressure, rating of perceived exercise (RPE), and 
blood lactate responses increase with resistance training as a 
function of time and not only load, and found hemodynamic 
responses, lactate, and RPE in men and women with revas-
cularized coronary artery disease (CAD) to be greater in a 
15RM compared to 4RM (11). These findings, together with 
MacDougall’s data (12) suggest a MRM approach might 
actually be a more stressful, and potentially dangerous, 
strength assessment approach compared to a high load/low 
repetition approach such as the 1RM. NTproBNP, a 76-amino 
acid fragment of brain natriuretic peptide (BNP; 14), is a 
biomarker of cardiac stress (diastolic pressure and wall 
stress in particular) commonly used for diagnosis and prog-
nosis of heart failure (15,16). This biomarker has been 
shown to elevate from resting values as a result of endurance 
and strenuous shorter-term exercise (17,18), with higher 
resting values observed in untrained compared to trained 
individuals (18,19). While NTproBNP is predominantly 
secreted by the heart and commonly associated with heart 
failure, it also is secreted by neurons of the brain and has 

been associated with psychological stress as well as genetic 
predispositions (20,21). Considering inconsistencies in the 
literature pertaining to safety and efficacy of 1RM and MRM 
strength assessments, it is of interest to explore NTproBNP 
responses to such strength assessments and relationships 
with lactate, hemodynamic (blood pressure and heart rate), 
and mechanical work outcomes. To the best of the authors’ 
knowledge, NTproBNP has never been studied (acute or 
persisting responses) as an outcome measure of 1RM and 
MRM strength assessments, which could add to the informa-
tion regarding safety with such assessments. Additionally, 
hemodynamics, lactate responses, and mechanical output 
relationships to NTproBNP concentrations have not been 
reported in obese and overweight populations in response to 
the mentioned strength assessments. Thus, the purpose of 
this study was: (a) to compare NTproBNP, hemodynamics, 
blood lactate responses, and mechanical output of 1RM vs 
8–10 MRM in obese and overweight groups, and (b) to iden-
tify the magnitude of the responses and potential dangers 
associated. We hypothesized that the 8–10 MRM strength 
assessment would have greater NTproBNP, hemodynamic, 
and blood lactate responses (yet not reach dangerous levels), 
and that 1RM might be a less stressful strength assessment 
from a cardiovascular perspective but will likely induce 
greater mechanical load.

METHODS

This study was approved by the University of Mary Institu-
tional Review Board, University of Mary, Bismarck, ND.

Participants

Twenty-two individuals volunteered for participation in this 
study. One was dismissed for having a normal body mass 
index and one was not able to complete both strength assess-
ment sessions. Therefore, 20 untrained, low-to-moderate 
risk for cardiovascular disease (3), overweight (n = 11) and 
obese (n = 9) male subjects ages 20–28 years completed the 
study. Overweight was defined as body mass index (BMI) of 
25–29.9 kg·m-2 and obesity as BMI of 30–40 kg·m-2. 
Untrained was defined as not having exercised for a mini-
mum of three times a week for 30 min in the last three 
months (3). Subjects were also excluded if they had known 
cardiac, pulmonary, or metabolic disease, hypertension or 
medicated for hypertension, had existing musculoskeletal 
injury, took prescription or over-the-counter medication/
supplements that affect blood pressure or heart rate, smoked 
or chewed tobacco products, or were under perceived 
unusual psychological or emotional stress. All subjects 
signed an informed consent form, completed a health history 
questionnaire, and underwent risk stratification (2) and an 
interview session to assure understanding of the study proto-
col, accuracy of health history information, and adherence to 
pre-test instructions.

Study Design

A randomized mixed design with repeated measures was 
used to compare NTproBNP, heart rate, blood pressure, and 
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blood lactate responses to MRM and 1RM strength assess-
ments, and explore possible differences between obese and 
overweight conditions. Subjects completed a familiarization 
session, baseline, and two strength assessment sessions that 
were randomly determined such that half the subjects com-
pleted the 1RM first and the other half completed the MRM 
first. Outcome measures were obtained at baseline, immedi-
ate post and 15-min post 1RM and MRM. Power output was 
also compared between groups and conditions.

Assessments were completed at the same time in the 
morning and subjects were interviewed each morning to 
assure pre-test instructions were followed (small simple 
breakfast 2 h before testing, hydrate with approximately two 
cups of water that morning, avoid alcohol, tobacco, coffee or 
other caffeinated beverage, avoid exercise, alert researchers 
if suffering from any ailments of unusual stress). At baseline 
and strength assessment sessions, subjects sat for 5 min at 
rest prior to any measurements. Outcome variables were 
measured at baseline, immediate post and 15-min post 1RM 
and MRM, in the following order each time: heart rate (HR), 
blood pressure (BP), blood lactate (LA), and a 5-mL blood 
sample for NTproBNP. Baseline values were cross-refer-
enced with pre-strength assessment measures for 1RM and 
MRM to account for potential psychological influence on 
outcome variables provoked by the anticipation of the 
strength assessment or blood draw.

1RM and MRM Strength Assessment Protocols

The 1RM and MRM strength assessments were conducted 
using a Life Fitness Chest Press exercise machine (model 
PSCPSE), and performed in randomized order with 48 h to 1 
week between each bout. Subjects completed a general 
warm-up that consisted of 10–12 repetitions at a low sub-
maximal weight followed by resting for 3–5 min, then incre-
mentally increasing the resistance to reach maximal effort 
within about four trials (2). For both 1RM and MRM proto-
cols, subjects were instructed on proper form (maintaining 5 
points of contact: head, shoulders, low back, buttocks, and 
feet) and breathing mechanics, and allowed 3–5 min of 
recovery between trials. For 1RM, the weight was increased 
until the participant successfully moved through the full 
range of motion for no more than one repetition to volitional 
fatigue using proper form. The MRM was conducted using a 
metronome set at 60 bpm; the participant was allowed one 
second for the concentric phase and one second for the eccen-
tric phase. The weight was adjusted until the participant 
completed 8–10 repetitions through full range of motion to 
volitional fatigue using proper form. Eight to 10 repetitions 
were chosen for MRM based upon reported accuracy to pre-
dict 1-RM (22) and recommendations for assessing strength 
in clinical populations (2,3). Borg’s Rating of Perceived 
Exertion (RPE; scale from 0–10, with 10 being maximal 
exertion) was also obtained, where the goal was to ensure 
subjects reached volitional maximum fatigue, rating the trial 
9 or 10 on the 10-point RPE scale (23). All subjects received 
verbal encouragement for both strength assessments.

Outcome Measurements and Instrumentation

N-Terminal Pro-Brain Natriuretic Peptide

NTproBNP (pg·mL-1) was extracted from a 5-mL blood 
sample drawn at the antecubital fossa (cubital vein) while 
the subject was seated, by a certified phlebotomist following 
universal precautions for bloodborne pathogens. Venous 
blood collected in ethylenediaminetetraacetic acid (EDTA) 
tubes was refrigerated and then centrifuged at 1200 rpm for 
10 min at 23 °C within 5 h from the blood draw. Blood 
plasma was then pipetted from the EDTA tubes; the rest of 
the EDTA tube’s content was thrown away and destroyed. 
The plasma extract was kept in micro-tubes and stored at −4 
°C until further analysis by means of enzyme-linked immu-
nosorbent assay (ELISA). A RayBio® Human proBNP 
ELISA Kit (catalog #: ELH-proBNP) was used to determine 
NTproBNP, following the instructions of RayBio®. The lim-
its of detection as provided by the manufacturer were 5 
pg·mL-1 for NTproBNP. The NTproBNP ELISA method is 
mainly characterized by the absence of cross-reactivity with 
circulating NTproBNP, allowing for specific determination 
of human NTproBNP.

Plasma was loaded into three wells for every sample 
taken (baseline, immediate post, and 15-min post, where 
immediate post was obtained from 30 sec to 5 min after 
completing the assessment). The average of the results of the 
three wells was calculated and is presented as the represent-
ing value of NTproBNP for that sample. Regarding repro-
ducibility, the intra-assay CV% was <10%, and the inter-
assay CV% was <12%.

Blood Pressure

Systolic (SBP) and diastolic (DBP) blood pressure (mmHg) 
were measured via manual auscultation using a calibrated 
automatic Welch Allen DDS6 Trigger Aneroid Sphygmo-
manometer, and recorded for baseline, pre-exercise, imme-
diate post 1RM and MRM, and 15-min post 1RM and 
MRM. Placement of the cuff was standardized to the left 
side of the upper arm at heart level. Appropriate cuff size 
(adult large or adult regular) was determined using desig-
nated markings on the cuff, and placement of the stetho-
scope was at the antecubital space over the brachial artery. 
During all measurements, the participants were instructed 
to relax the arm and allow the technician to support arm 
weight at the level of the heart. The cuff was inflated to 
approximately 20 mmHg above the first Korotkoff sound, 
with pressure slowly released at a rate of 2–5 mmHg per 
second (2). SBP was recorded as the first Korotkoff sound 
heard and DPB at the last sound heard before the disappear-
ance of Korotkoff sounds.

Heart Rate

HR (bpm) was measured noninvasively via a Polar F1 Heart 
Rate Monitor, with the transmitter strapped directly to the 
chest and the associated Polar Heart Rate watch held in close 
proximity.
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Blood Lactate

Blood lactate (mmol·L-1) was obtained via fingertip point of 
care (POC) lactate meter (NOVA Biomedical Lactate Plus 
analyzer). The fingertip was cleaned with an alcohol swab 
and punctured with a 28-gauge Dynarex Sensilance Safety 
Lancet. The first expression of blood was wiped with a ster-
ile gauze and the second expression of blood taken for the 
measure.

Power Output

Power (Watts = Force × Distance / Time) was calculated for 
1RM and MRM using measured distance (m) each subject 
moved the weight (kg) stack per one-second repetition.

Statistical Analyses

SPSS 23 for Windows was used to analyze the data, compar-
ing responses to 1RM vs MRM treatments and between 
overweight and obese conditions. Comparisons between 
treatments were conducted via paired t-tests. One-way 
repeated measures ANOVA and the Tukey post hoc test were 
used to compare between group conditions (overweight vs. 
obese). Significance was set at p < 0.05. Results are pre-
sented as means ± standard deviation, T and F values when 
appropriate.

RESULTS

All subjects (n = 20) completed both 1RM and MRM treat-
ments without sustaining any injury and without exagger-
ated, potentially dangerous responses in the outcome vari-
ables. Mean number of sets/trials to achieve the 1RM vs 
MRM were significantly different (3.7 ± 1.22 and 2.75 ± 
1.02, respectively; p = 0.026), where it took an average of 
one additional set/trial to complete the 1RM. Subject charac-
teristics for overweight (n = 11) and obese (n = 9) conditions 
are presented in Table 1, as means ± standard deviation. 
Blood draws were not obtainable for three subjects immedi-
ate post, and five subjects 15-min post treatment. Therefore 
NT-proBNP within subjects’ data analysis subject numbers 
were 17 and 15, respectively, whereas n = 20 for all other 
outcome variables.

1RM vs MRM Treatments

NTproBNP responses were not significantly different for 
1RM and MRM treatment groups immediate post or 15-min 
post, respectively (50.3 pg·mL-1 ± 1.81 vs 46.3 pg·mL-1 ± 1.56, 
t(16) = 0.720, p = 0.482 and 45.7 pg·mL-1 ± 0.99 vs 47.3 
pg·mL-1 ± 1.58, t(14) = −0.331, p = 0.745, respectively).

Heart rate response was significantly higher in MRM 
compared to 1RM immediate post (MRM = 147 bpm ± 
12.49 vs 1RM = 122 bpm ± 18.44, t(19) = −5.857, p < 
0.0001) and was not significantly different 15-min post 
(MRM = 85 bpm ± 10.58 vs. 1RM = 82 bpm ± 11.2, t(19) = 
−1.555, p = 0.136).

Blood lactate was significantly higher in MRM compared 
to 1RM immediate post (MRM = 5.7 mmol·L-1 ± 2.03 vs 1RM 
= 3.0 mmol·L-1 ± 1.67; t(19) = −4.803, p < 0.0001) and 15-min 

post (MRM = 4.1 mmol·L-1 ± 1.53 vs 1RM = 1.9 mmol·L-1 ± 
0.56; t(19) = −6.408, p < 0.0001).

Systolic and diastolic blood pressure responses were not 
significantly different among MRM and 1RM treatments 
immediate post or 15-min post (SBP: 142 mmHg ± 16.32 vs 
144 mmHg ± 16.55, t(19) = −0.545, p = 0.592 and 124 
mmHg ± 10.56 vs 125 mmHg ± 11.72, t(19) = −0.612, p = 
0.548, respectively; DBP: 67 mmHg ± 10.16 vs. 67 mmHg ± 
11.80, t(19) = 0.037, p = 0.971; and 73 mmHg ± 9.28 vs 72 
mmHg ± 10.25, t(19) = 0.805, p = 0.431, respectively).

A significant moderate, positive correlation was found 
between power and 15-min post NTproBNP responses for 
both 1RM and MRM, respectively (r = 0.552, p = 0.022; r = 
0.529, p = 0.029).

Overweight (n = 11) vs Obese (n = 9) Conditions

A significant time (baseline to immediate post to 15-min 
post) X BMI category interaction was found for systolic 
blood pressure for both 1RM (F(1) = 7.334, p = 0.014) and 
MRM (F(1) = 7.296, p = 0.015) (Figure 1), and diastolic 
blood pressure for both 1RM (F(1) = 4.559, p = 0.047) and 
MRM (F(1) = 9.911, df = 1, p = 0.006) (Figure 2), where 
obese individuals had higher blood pressure responses com-
pared to overweight for both 1RM and MRM (Figures 1 and 
2). A time × BMI interaction did not occur for NTproBNP 
(Figure 3), HR (Figure 4), or LA (Figure 5).

DISCUSSION

NTproBNP responses to 1RM and MRM have not been 
reported previously to the best of our knowledge, providing 
new insight and clinical assessment regarding cardiac stress 
concerns with strength tests. NTproBNP responses in the 
present study did not differ between treatment groups (1RM 
vs MRM) or conditions (overweight vs obese). A significant 
positive correlation between NTproBNP 15-min post and 
power output was found, which supports an expected mild 
cardiac stress with both maximal strength assessments, yet 
there was no significant difference between rest, immediate 
post, and 15-min post NTproBNP. Efforts were made to 
control for psychological stress influences by conducting a 
familiarization session in the testing environment and com-
paring familiarization day HR, BP, and LA resting values to 
baseline data on assessment days; however, cortisol levels 
were not measured, and there may have been some psycho-
logical anxiety when the blood draw was taken. It is possible 
that immediate post and 15-min post NTproBNP responses 
may have been blunted under the influence of potentially 
increased cortisol. Amir and colleagues reported an inverse 
relationship between NTproBNP response and cortisol dur-
ing high psychological stress in young college students, 
summarizing that mental stress entails an interface between 
the hypothalamic-pituitary-axis and peripheral natriuretic 
peptide system (20). Normal values for NTproBNP in males 
<45 years of age are 10–51 pg·mL-1 (24). According to New 
York Heart Association (NYHA) functional classification, 
in people <50 years old, heart failure is unlikely with 
NTproBNP values <300 pg·mL-1 and heart failure is very 
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TABLE 1. Subject characteristics between conditions (overweight vs obese) and treatments (one-repetition max [1RM] vs  
multiple-repetition max [MRM] strength assessment).

Variables Overweight (n = 11) Obese (n = 9)

Age (years) 22.5 ± 1.8 22.9 ± 2.8

Height (cm) 176.7 ± 4.8 177.2 ± 3.0

Weight (kg∙m-2) 86.0 ± 5.9* 113.1 ± 14.9*

BMI (kg∙m-2) 27.6 ± 1.4* 36.0 ± 4.0*

1RM (kg) 109.3 ± 28.2*† 122.7 ± 21.0*

MRM (kg) 73.4 ± 17.6*† 83.1 ± 11.6*

Power 1RM (Watts) 355.8 ± 84.6*† 474.8 ± 126.5*

Power MRM (Watts) 239 ± 56.0*† 320.0 ± 72.3*

Rest HR 1RM (bpm) 77 ± 7.59 81 ± 8.92

IP HR 1RM (bpm) 120 ± 22.28† 125 ± 13.22

15-min post HR 1RM (bpm) 79 ± 9.39† 86 ± 12.45

Rest HR MRM (bpm) 77 ± 7.60 81 ± 9.92

IP HR MRM (bpm) 150 ± 11.12† 144 ± 13.72

15-min post HR MRM (bpm) 85 ± 11.13† 86 ± 10.51

Rest SBP 1RM (mmHg) 119 ± 4.20* 128 ± 8.15*

IP SBP 1RM (mmHg) 137 ± 11.46* 150 ± 19.36*

15-min post SBP 1RM (mmHg) 120 ± 3.32* 130 ± 13.69*

Rest SBP MRM (mmHg) 119 ± 4.20* 128 ± 8.15*

IP SBP MRM (mmHg) 138 ± 10.99* 152 ± 19.44*

15-min post SBP MRM (mmHg) 121 ± 8.58* 131 ± 12.72*

Rest DBP 1RM (mmHg) 70 ± 7.95* 76 ± 8.59*

IP DBP 1RM (mmHg) 63 ± 10.25* 70 ± 9.49*

15-min post DBP 1RM (mmHg) 69 ± 8.55* 78 ± 8.12*

Rest DBP MRM (mmHg) 70 ± 7.95* 76 ± 8.59*

IP DBP MRM (mmHg) 61 ± 10.07* 70 ± 9.49*

15-min post DBP MRM (mmHg) 66 ± 9.47* 78 ± 8.12*

Rest LA 1RM (mmol∙L-1) 1.44 ± 0.54 1.47 ± 0.40

IP LA 1RM (mmol∙L-1) 2.63 ± 0.91† 3.48 ± 2.27 

15-min post LA 1RM (mmol∙L-1) 1.97 ± 0.69† 1.87 ± 0.38

Rest LA MRM (mmol∙L-1) 1.44 ± 0.54 1.47 ± 0.40

IP LA MRM (mmol∙L-1) 5.05 ± 1.53† 6.42 ± 2.39 

15-min post LA MRM (mmol∙L-1) 4.02 ± 0.91† 4.28 ± 2.12

Rest NTproBNP 1RM (pg∙mL-1) 53.97 ± 16.70 45.33 ± 17.20

IP NTproBNP 1RM (pg∙mL-1) 47.17 ± 8.22 53.00 ± 24.03

15-min post NTproBNP 1RM (pg∙mL-1) 42.41 ± 7.51 48.79 ± 10.65

Rest NTproBNP MRM (pg∙mL-1) 53.97 ± 16.70 45.33 ± 17.20

IP NTproBNP MRM (pg∙mL-1) 48.41 ± 20.47 43.96 ± 8.01

15-min post NTproBNP MRM (pg∙mL-1) 50.74 ± 17.34 42.21 ± 11.22

Mean ± Standard Deviation; * = p < 0.05, significant difference between conditions (overweight vs. obese); † = p < 0.05, significant 
difference between treatments (1RM vs MRM); IP = immediate post; HR = heart rate; SBP = systolic blood pressure; DBP = diastolic 
blood pressure; LA = blood lactate; NTproBNP = N-Terminal Pro-Brain Natriuretic Peptide.
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FIGURE 1. Systolic blood pressure responses to 1RM and MRM in obese vs overweight males.

FIGURE 2. Diastolic blood pressure responses to 1RM and MRM in obese vs overweight males.
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FIGURE 3. N-Terminal pro-brain natriuretic peptide responses to 1RM and MRM in obese vs overweight males.

FIGURE 4. Heart rate responses to 1RM and MRM in obese vs overweight males.
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likely at values >450 pg·mL-1 (24). The present study 
involved untrained overweight and obese males who were 
young and without symptoms or known disease. Baseline 
NTproBNP values were on the high end of normal reference 
values in this population—53.97 ± 16.70 and 45.33 ± 17.20 
pg·mL-1—consistent with evidence showing untrained con-
trols have higher NTproBNP values compared to aerobic 
and resistance trained individuals (15). NTproBNP 
responses to stress experienced from 1RM vs MRM may 
likely be different in clinical and female populations, as 
baseline NTproBNP values have been shown to be higher in 
those with cardiac disease, renal disease, elderly, and 
females (23,25). NTproBNP changes induced by 1RM and 
MRM strength tests remain to be seen in cardiac patients, 
comorbid conditions, older overweight and obese individu-
als, and females. However, hemodynamic and metabolic 
responses to strength assessments have been reported 
previously.

Heart rate and blood lactate responses in the present 
study suggest MRM creates greater cardiovascular and 
metabolic stress compared to 1RM, which contradicts stan-
dard recommendations that purport MRM as a recommended 
strength assessment for clinical populations compared to 
1RM (1–3,26). However, our findings are consistent with a 
growing body of literature that supports making changes to 
these recommendations, where the evidence points to dura-
tion of resistance exercise resulting in greater cardiovascular 
stress compared to load (11,27,28). Metabolic demands are 
influenced by efforts to maintain contraction forces. In the 
present study, contraction forces in the 1RM were about 2 
sec compared to 18 to 20 sec in the MRM. Subjects com-
pleted more sets to achieve 1RM vs MRM, but the time 
under tension was considerably greater for MRM—true for 
MRM assessments in general, supporting the idea that dura-
tion under stress may be of greater concern for clinical 

populations. Gjøvaag et al. compared a 4RM to that of 15RM 
leg extension exercise in patients with coronary artery dis-
ease (men and women, mean age 64.2 ± 7.3 years), finding 
significantly (p < 0.001) higher heart rate, blood lactate, 
systolic and diastolic blood pressure responses to the 15RM 
(11). Ratings of perceived exertion were also significantly 
higher for 15RM (11). Subjects in the present study reported 
anecdotally that the MRM was more taxing, but performed 
to a 9 or 10 RPE for both MRM and 1RM. Lovell and col-
leagues studied hemodynamic responses to strength testing 
in elderly men (73.9 ± 2.9 years) without known disease, 
reporting significantly (p < 0.05) higher heart rate, systolic 
and diastolic blood pressures during 15 repetitions at 50% of 
1RM compared to 1RM of inclined squat exercise (28). 
Likewise, Lomotte et al. found heart rate and systolic blood 
pressure to be higher (p < 0.001) in lower intensity/higher 
repetitions compared to higher intensity/low repetitions of 
leg extension exercise in cardiac patients (27). Compara-
tively, our study used upper body exercise (chest press), with 
similar results in heart rate responses, but not blood 
pressure.

Blood pressure results in this study suggest greater con-
cern for potential abnormal responses in people who are 
obese compared to overweight, for both 1RM and MRM 
strength assessments. However, the current study did not 
find a significant difference between 1RM and MRM sys-
tolic or diastolic blood pressure responses. This was an 
unexpected result, considering HR responses were consider-
ably different and when comparing to other researchers’ 
findings, where systolic and diastolic blood pressures were 
higher in lower intensity/higher repetitions compared to 
higher intensity/low repetitions (11,27,28). However, it has 
been shown that the magnitude of the hemodynamic response 
is positively related to the size of muscle mass involved dur-
ing strength testing, where larger muscle groups impose 

FIGURE 5. Blood lactate responses to 1RM and MRM in obese vs overweight males.
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greater intramuscular mechanical compression (29). The 
present study looked at responses to chest press exercise, 
where other studies used lower body (leg extension and 
squat), larger muscle group exercises. Use of manual auscul-
tation to determine blood pressure has been shown to result 
in lower blood pressure measures compared to techniques 
such as Finapres (28) and more invasive catheterization of 
the brachial artery (13). Other researchers have reasoned that 
MRM creates a greater cardiac stress via mechanisms 
involving central drive to the muscle as well as probable 
recruitment of additional musculature to maintain contrac-
tion force (12). The recruitment of smaller muscle groups 
required to complete a chest press—in comparison to larger, 
lower body muscle groups—would reasonably induce lower 
blood pressure responses. Lovell et al. found a greater post-
exercise hypotensive response in elderly men following 
lower load/higher repetition resistance exercise as well, 
implying a greater cardiovascular stress from lower load/
higher repetitions (28). We did not observe a post-exercise 
hypotensive response for either treatment or condition in the 
present study, which might be an indication of age differ-
ences in the recovery process imposed via arterial compli-
ance properties (30). Additionally, use of BMI as criteria for 
overweight and obese in the present study theoretically 
could have misclassified individuals with larger than usual 
skeletal muscle mass and mass to fat ratio, thus overlooking 
a potential positive influence of higher muscle mass on lac-
tate and blood pressure and warranting body composition 
assessment in future studies. Past participation in athletics 
and weight lifting was not controlled for, thus potential lon-
ger-term effects of past extensive training were not 
considered.

Shaw and colleagues addressed the issue of musculo-
skeletal injury risk due to 1RM in elderly men and women 
with different levels of weight-lifting experience, finding 
1RM to be relatively safe with 2/83 subjects incurring injury 
(97.6% were injury free; 31). The two who did experience 
injury had no previous weight-lifting experience; one sus-
tained a back injury and the other fractured a rib (31). The 
present study notes that mechanical load, force production, 
and power output were greater for 1RM compared to MRM 
(Table 1). However, no musculoskeletal injuries occurred for 
either treatment (1RM vs MRM) or condition (overweight 
vs obese). Subjects in the present study were young and the 

majority had some weight-lifting experience but were not 
currently training. The present study also used a Life Fitness 
Chest Press machine and researchers monitored form and 
five points of contact closely.

Limitations of the present study included subjects’ self-
report on adherence to pre-participation guidelines and use 
of manual auscultation rather than more invasive, direct, or 
continuous technology. Saghiv and colleagues (32) found 
that manual auscultation (indirect) and intra-arterial catheter 
(direct) methods of obtaining blood pressure at peak exer-
cise was weakly to moderately correlated (r = 0.40 and r = 
0.58, respectively). Blood samples were not corrected for 
plasma volume changes. Obesity and overweight categories 
for future studies might be better identified by body compo-
sition rather than BMI. Additionally, the familiarization ses-
sion did not include a blood draw and thus did not control for 
psychological nervousness/anxiety associated with a blood 
draw or fear of needles.

In conclusion, NTproBNP responses for overweight and 
obese groups were similar, at the upper range of normal ref-
erence levels for young males and considered safe in terms 
of cardiac stress. Heart rate and blood lactate responses were 
significantly higher in the MRM, suggesting MRM may 
provoke higher cardiovascular and metabolic demand com-
pared to 1RM. Obesity may induce higher blood pressure 
responses in both 1RM and MRM, although initial blood 
pressure levels and size of the muscle mass involved in 
strength testing should be considered in regard to pressor 
responses and the role of mechanical compression. Further 
research is needed to assess NTproBNP responses to 1RM 
and MRM using larger muscle groups, and for elderly, 
female, and clinical populations, as strength testing may 
produce greater cardiovascular risk under these conditions. 
Recommendations for using MRM as a preferred strength 
assessment for clinical populations should be reconsidered, 
with a preference for using 1RM strength assessment or high 
load/low repetition assessments rather than MRM low load/
higher repetitions. Susceptibility for joint injury should be 
evaluated and considered in the decision to conduct strength 
tests.
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