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experience and the pressor respmse during resktance exercise. 
J. Appl. Physiol. 63(l): 1X-120, 1987.-The purpose of this 
study was to examine the effects previous resistance-training 
experience has on the cardiovascular responses to resistance- 
training exercises. To investigate this, the intra-arterial blood 
pressure response of four body builders (BB), six novice weight- 
trained individuals (NT), and six sedentary controls (SC) were 
monitored during performance of one-arm overhead presses 
and one-leg knee extensions. One repetition at the maximal 
weight possible (1 RM) and sets to voluntary fatigue at 90,80, 
70, and 50% of 1 RM were performed. Across groups, the BB 
demonstrated a significantly (P < 0.05) lower peak and a lesser 
magnitude of response (changes from rest to peak) for systolic 
and diastolic blood pressures than the the NT and SC groups 
during both exercises. The BB also demonstrated significantly 
lower values across groups for peak heart rate and magnitude 
of heart rate response during arm presses. During knee exten- 
sions across groups, peak heart rate but not magnitude of the 
heart rate response was significantly lower in the BB. The 
results indicate that previous weight-training experience re- 
duces the pressor response to dynamic resistance exercises. 

blood pressure; heart rate; cardiovascular responses 

PREVIOUS STUDIES INDICATE endurance training may 
alter (11, 17, 20) or have no effect (21) on the cardiovas- 
cular response to submaximal isometric muscular con- 
tractions. The altered response when present is normally 
in the form of decreased heart rate and decreased systolic 
and diastolic blood pressures during submaximal isomet- 
ric contractions. A cross-sectional study (13) concluded 
endurance training resulted in lowered and weight train- 
ing resulted in no change in cardiovascular responses to 
submaximal isometric contractions. This conclusion was 
reached solely on a significant decrease in the double 
product (heart rate x mean blood pressure) for the 
endurance- but not the weight-trained athletes. The sys- 
tolic and diastolic blood pressure responses to submaxi- 
mal isometric contractions were not significantly differ- 
ent between the endurance- and weight-trained individ- 
uals. Thus there are some data indicating that weight- 
trained individuals do not demonstrate an adaptive 
change in the cardiovascular responses to submaximal 
isometric contractions. 

Strength gains due to resistance training are specific 
to the type of contraction utilized during training (i.e., 
static or dynamic) (2). Dynamic muscular contractions 
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are utilized during resistance training. Therefore, it 
might be speculated that if adaptive responses due to 
resistance training do occur, they may be most evident 
during performance of dynamic and not static contrac- 
tions. 

Minimal data are available on the cardiovascular re- 
sponses of resistance-trained individuals to dynamic 
muscular contractions (8, 10, 15). Furthermore, none of 
these studies addresses whether resistance training pro- 
duces any type of adaptation in the cardiovascular re- 
sponses to dynamic contractions. The purpose of this 
study was to investigate whether previous resistance- 
training experience influences the cardiovascular re- 
sponses during common upper and lower body dynamic 
resistance-training exercises. 

METHODS 

Four experienced male body builders, six novice resis- 
tance-trained males, and six males with no prior resis- 
tance-training experience served as subjects. Morpholog- 
ical data of the three groups are presented in Table 1. 
The body builders were all competing and had been 
consistently training (2 h/training session, 6 days/wk for 
2-8 yr). The novice resistance-trained group had been 
training for 6-9 mo utilizing Nautilus equipment and 
training protocol. They performed 2-3 circuits of lo-12 
exercises, with each set consisting of 8-12 repetitions. 
The nonexperienced resistance-trained group had never 
consistently performed physical training. All subjects 
were informed of the potential risks of the experimental 
procedure in accordance with the institution’s human 
subjects research committee. Written consent of all sub- 
jects was obtained and subjects were informed they could 
withdraw from the project at any time. 

Before the experimental procedure, an Allen’s test was 
performed on the nondominant arm of all subjects. 
Briefly, an Allen’s test consists of the examiner applying 
pressure with his fingers to occlude blood flow in the 
subject’s radial artery. The examiner then palpates the 
pulse in the ulnar artery of the subject. The examiner 
makes a subjective evaluation as to whether the pulse 
and, therefore, blood flow in the ulnar artery could ade- 
quately perfuse the hand if the radial artery were per- 
manently occluded. This test was performed to ensure 
the safety of the subjects. The anterior distal forearm 
surface of the nondominant arm was bathed in an iodine 
solution. Then following administration of a subcuta- 
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TABLE 1. Physical characteristics of subjects 

117 

Age, s1 Ht, cm Wt, kg Resting Heart 
Rate, beats/min 

Resting Systolic 
Pressure, mmHg 

Resting Diastolic 
Pressure, mmHg 

Control 23.0-c-1.1 178.1zk1.5 83.4k3.8 65k4.6 114k2.2 75zt2.4 
Novice 23.3kl.l 178.6k2.0 80.8k4.2 7Ok2.0 1 lOk3.3 6922.4 
Body builders 20.3zkl.l 175.1k1.6 80.6k1.8 63k2.6 103zk6.2 72k4.0 

Values are means k SE. There was no significant difference between groups in resting heart rate, resting systolic pressure, and resting 
diastolic pressure (P < 0.05). 

neous local anesthetic (1% Litocaine), the radial artery 
of the nondominant arm of the subject was cannulated 
utilizing a %O-gauge angiocath. A standard intra-arterial 
blood pressure monitoring kit (Sorenson, model MK3- 
03NVF, Sorenson Research, Salt Lake City, UT) and 
pressure transducer (Statham P23 ID) were utilized to 
connect the angiocath to a polygraph (Grass Instrument, 
Quincy, MA). The entire blood pressure monitoring sys- 
tem was statically calibrated against a mercury manom- 
eter and verified to be linear between 0 and 300 mmHg. 
Height of the pressure transducer was adjusted to the 
fourth intercostal space for each exercise and blood pres- 
sure monitored continually during the experimental pro- 
tocol. Heart rate was determined from the blood pressure 
tracings. 

The weight-training exercises performed were one-arm 
overhead presses and one-leg knee extensions. Both ex- 
ercises were performed with the dominant limb. One- 
arm overhead presses were performed with free weights 
and knee extensions with Universal gym equipment. Sets 
at 100, 90, 80, 70, and 50% of the maximal resistance 
that could be utilized for one complete repetition (1 RM) 
were performed, The 100% set was performed first fol- 
lowed by the other four sets in random order. The 1 RM 
of each subject for both lifts was determined 2-3 days 
before the performance of the experimental procedure. 
All sets were performed to the point of voluntary fatigue 
with a 3-min rest between each successive set. Peak 
pressures and heart rate were determined during all sets. 
Which repetition of a set or which phase of a repetition 
(i.e., concentric or eccentric) peak values for these mea- 
sures occurred during was not considered. 

To minimize the effect of confounding factors influ- 
encing the pressor response, several precautions were 
taken. The subjects were instructed to inhale and exhale 
continuously during the concentric and eccentric portion 
of each repetition, respectively. This was done to mini- 
mize the performance of a Valsalva maneuver. Sets in 
which continuous inhalation and exhalation did not oc- 
cur were repeated. Both exercises were performed in a 
seated position and no grasping of the seat with either 
hand was allowed. A strap passing over the thighs to 
stabilize the subjects was utilized during performance of 
the knee extensions. 

Analysis of variance (ANOVA) techniques were uti- 
lized to determine whether significant differences were 
present. Three by five completely randomized ANOVA’s 
were utilized in analysis of all variables for differences 
among groups and among sets at the various percent of 
1 RM. Two by five repeated measured ANOVA’s were 
utilized in analysis of all variables for differences between 

the arm press and knee extension exercises in each group 
of subjects. The Scheffe analytical procedure was the 
post hoc test used where appropriate. The 0.05 level of 
significance was utilized in all statistical procedures. 

RESULTS 

Resting heart rate and resting systolic and diastolic 
blood pressures were not different (P < 0.05) among any 
of the groups. In all cases, peak heart rate and blood 
pressures were demonstrated during the last l-3 repeti- 
tions of a set. Peak and magnitude of response (change 
from rest to peak values) for both heart rate and blood 
pressures were not different (P > 0.05) between knee 
extensions and arm presses. 

Sixteen percent of the pressure tracings showed indi- 
cations of performance of a Valsalva maneuver after 
cessation of the set. Seventy-seven percent of the pres- 
sure tracings that showed indications of performance of 
a Valsalva maneuver occurred during 1 RM or 90% sets. 
The indications of a Valsalva were evenly distributed 
among groups and arm vs. leg exercise. 

Across groups, peak systolic and diastolic blood pres- 
sures during knee extensions and one-armed overhead 
presses were significantly greater (P < 0.05) in the con- 
trol and novice groups than the body builders (Figs. 1 
and 2). During knee extensions, peak systolic and dia- 
stolic pressures across treatments (percent of 1 RM) 
demonstrated significantly greater (P < 0.05) values at 
80,70, and 50% and 80 and 70% of 1 RM than at 1 RM, 
respectively (Fig. 1). 

Magnitude (i.e., peak value minus resting value) of the 
blood pressure responses demonstrated a pattern similar 
to that of the peak blood pressures. Across groups, the 
magnitude of the systolic and diastolic pressure re- 
sponses were significantly greater (P < 0.05) in both 
exercises for the control and novice groups than the body 
builders. The magnitude of the systolic and diastolic 
pressure responses across groups during knee extensions 
demonstrated significantly greater (P < 0.05) values at 
80, 70, and 50% of 1 RM than at 1 RM. The greatest 
peak systolic pressure (197 t 6 mmHg) and magnitude 
of response (87 t mmHg) were both shown by the novice 
group during the 70% of 1 RM set of arm presses. The 
greatest peak (156 t 15 mmHg) and magnitude of re- 
sponse (87 t 14 mmHg) of diastolic pressure was dem- 
onstrated by the novice group during the 80% of 1 RM 
set of knee extensions. 

Across groups, peak heart rate was significantly higher 
(P c 0.05) during both exercises for the control and 
novice groups than the body builders (Figs. 3 and 4). 
Peak heart rate across treatments demonstrated signifi- 
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FIG. 1. Results of peak systolic and diastolic blood pressures of all 

groups during performance of knee extensions at 100~50% of single 
maximal resistance (1 RM). Valves are means + SE. Filled circles and 
open circles, control; filled squares and open squares, novice group; filled 
trinngles and open triangles, body builders systolic and diastolic pres- 
sures, respectively. a, across groups peak pressures significantly greater 
than body builders (P < 0.05); b, across % of 1 RM peak systolic and 
diastolic pressures are significantly greater than 1 RM (P c 0.05); c, 
across % of 1 RM peak systolic pressure significantly greater than 1 
RM (P < 0.05). 
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FIG. 2. Peak systolic and diastolic blood pressures of all groups 

during performance of arm presses at lOO-50% of single maximal 
resistance (1 RM). Values are means + SE. For definitions of symbols 
see Fig. 1. 

cantly higher (P < 0.05) values at 90, 80, 70, and 50%, 
and 80,70, and 50% of 1 RM than at 1 RM during knee 
extensions and arm presses, respectively (Figs. 3 and 4). 

Across groups, the magnitude of the control group’s 
heart rate response during arm presses was significantly 
greater (P c 0.05) than the novice and body building 
groups. During knee extensions, no significant difference 
(P < 0.05) in magnitude of heart rate response between 
the three groups was demonstrated. During both exer- 
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FIG. 3. Heart rate of all groups during performance of knee exten- 
sions at lOO-50% of single maximal resistance (1 RM). Values are 
means + SE. Circles, control group; squares, novice group; triangles, 
body builders. a, across groups peak heart rate significantly greater 
than body builders (P < 0.05); b, across % of 1 RM peak heart rate 
significantly greater than 1 RM (P < 0.05). 

140 1 

- 120- 

d 

: llO- 
a 
K 
g 

I IOO- 
x 
2 

a 
QO- 

80 

1 
L 

Of 
b b b b 

100 00 80 70 50 

Percentage of 1 RM 

FIG. 4. Heart rate of all groups during performance of arm press at 
100~50% of single maximal resistance (1 RM). Values are means + SE. 
For definitions of symbols see Fig. 3. 

cises across treatments, the magnitude of the heart rate 
response was significantly greater (P < 0.05) at 90, 80, 
70, and 50% of 1 RM than at 1 RM. The greatest peak 
heart rate (135 + 6 beats/min) and magnitude of response 
(69 + 6 beats/min) in heart rate was shown by the control 
group during arm presses at 70% of 1 RM. 

DISCUSSION 

The major finding of this study is previous resistance- 
training experience can decrease the blood pressure (Figs. 
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1 and 2) and heart rate response (Figs. 3 and 4) to 
common upper and lower body resistance-training exer- 
cises. In addition, generally, greater pressor responses 
are demonstrated during sets carried to voluntary fatigue 
at various percent of 1 RM than at 1 RIM. Both these 
findings are apparent whether the blood pressure and 
heart rate responses to resistance-training exercises are 
expressed in terms of peak values or in magnitude of 
response (i.e., peak value minus resting value). 

The control and activation mechanisms of the pressor 
response are not fully understood and reviewed elsewhere 
(6, 12, 16, 22). Several explanations of the lowered pres- 
sor response in body builders are plausible. Although 
recently disputed (5, 9), it has been demonstrated that a 
lower pressor response is demonstrated by muscles com- 
posed predominately of slow-twitch fibers (3, 16, 18). 
The possibility does exist that the body builders had a 
greater predominance of slow-twitch fibers than the 
other two groups. We did not determine fiber-type com- 
position of the subjects in the present study. Previous 
studies indicate, however, that the percent of slow-twitch 
fibers in the arm (13, 14, 24) and quadricep (4, 24, 25) 
muscles of body builders are not significantly different 
than that of control subjects. This explanation, therefore, 
is in question. Other possible explanations are that re- 
sistance training may desensitize the sympathetic nerv- 
ous system (7) and/or lead to a resetting of the threshold 
of the peripheral baroreceptors (23). Either of these 
explanations could result in a lowered pressor response 
in the body builders. 

The body builders demonstrated lower peak heart rates 
than the other two groups during both exercises (Figs. 3 
and 4). Magnitude of heart rate response of the body 
builders was lower than the control group only during 
arm presses. This difference in heart rate response be- 
tween the arm press and knee extension exercises is 
probably due to the greater use of the lower limbs in 
everyday activity as compared with the upper limbs. The 
lowered heart rate response when present probably in- 
volves an increase in parasympathetic stimulation and/ 
or a decrease in sympathetic stimulation to the myocar- 
dial tissue during performance of exercise (1, 19). 

The body builders utilized greater resistances than the 
control and novice groups during the performance of 
both exercises. The control, novice, and body builder 
groups utilized 0.14, 0.18, and 0.22 kg resistance/kg body 
wt and 0.16, 0.18, and 0.20 kg resistance/kg body wt in 
the arm press and knee extension exercises, respectively. 
Thus adaptations in the pressor response, where appar- 
ent, reduce the pressor response not only at the same 
relative resistance but also at greater absolute resis- 
tances. 

No significant difference in the blood pressure re- 
sponse between the arm press and knee extension exer- 
cises was demonstrated. Previous studies have shown a 
direct relationship between muscle mass involved in dy- 
namic weight-training exercises and the blood pressure 
response (10, 15). The present study appears to contra- 
dict these previous results. We did not directly determine 
the active muscle mass involved in the exercises per- 
formed. However, a one-arm overhead press involves the 

forearm, shoulder, triceps, and muscles that stabilize the 
scapulae; and a one-leg knee extension involves the quad- 
riceps group. The inclusion of these accessory muscles in 
the arm press makes the total muscle mass involved 
similar to that utilized in a one-leg knee extension exer- 
cise. 

The higher peak and magnitude of response in blood 
pressures and heart rates during knee extensions dem- 
onstrated during sets to voluntary fatigue at various 
percent of 1 RM than at 1 RM are in agreement with 
previous studies (8, 15). This same pattern is apparent 
for the arm press except the pressure responses are not 
significantly different. Peak heart rates in the present 
study normally occurred during the last two to three 
repetitions of a set, which is in agreement with a previous 
study (15). 

Few studies have examined the cardiovascular re- 
sponses (8, 10, 15, 18) during performance of weight 
training and differences in protocol, equipment, and the 
use of different exercises make comparisons between 
studies difficult. However, results of the control and 
novice groups in the present study for peak and magni- 
tude of response of systolic pressure are of the same 
magnitude and peak diastolic pressures higher than those 
reported for untrained men performing two-leg leg exten- 
sion (10). Intra-arterial blood pressures during dynamic 
weight training that are substantially higher than the 
present studies have also been reported (15). The exer- 
cises utilized in this previous study (15) normally in- 
volved a larger muscle mass (variations of the leg press 
exercise), and this would result in a greater pressor 
response (10). 

Although the present study took precautions to mini- 
mize the performance of a Valsalva maneuver, the blood 
pressure tracings immediately after cessation of exercise 
did show indications of performance of a Valsalva ma- 
neuver in 16% of the sets performed. However, we know 
of no published data comparing the pressor response 
during dynamic muscular contractions with and without 
a Valsalva maneuver. Therefore, the effect on the blood 
pressure response during dynamic muscular contractions 
with and without a Valsalva maneuver is unclear. 

Peak heart rates and magnitude of heart rate responses 
demonstrated by the control and novice groups are of 
the same magnitude reported for untrained males per- 
forming a double knee extension (10) and weight-trained 
males performing the bench press (8). The heart rate 
response of all three groups is less than that reported for 
weight-trained subjects performing back lifts and squat- 
ting-type exercises (8, 15). This difference may be due to 
differences in the muscle mass involved in the dynamic 
contraction as has been reported previously (8). Two of 
these previous studies (8, 15) allowed the performance of 
a Valsalva maneuver. If heart rate were determined dur- 
ing phase 2 or 4 of the Valsalva maneuver, heart rate 
would be elevated. This elevated heart rate would reflect 
the performance of the Valsalva maneuver and not the 
exercise performed per se. 

This work was supported by a Faculty Research grant from the 
University of Alabama-Birmingham. 



120 PRESSOR RESPONSE IN RESISTANCE TRAINING 

Received 27 March 1986; accepted in final form 28 January 1987. 13. 

14. 
REFERENCES 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

BLOMQVIST, C. G., AND B. SALTIN. Cardiovascular adaptations to 
physical training. Annu. Rev. Physiol. 45: 169-189,1983. 
FLECK, S. J., AND R. C. SCHUTT. Types of strength training. Clin. 
Sports Med. 4: 159-X8,1985. 
FRISK-H• LMBERG, M., C. JORFELT, A. JUHLIN-DANNFELT, AND 
J. KARLSSON. Leg blood flow during exercise in man in relation to 
muscle fiber composition. Actu Physiol. Scund. 112: 339-342,1981. 
HAKKINEN, K., M. ALEN, AND P. V. KOMI. Neuromuscular, anaer- 
obic, and aerobic performance characteristics of elite power ath- 
letes. Eur. J. Appl. Physiol. Occup. Physiol. 53: 97-105,1984. 
IWAMOTO, G. A., AND B. B. BOTTERMAN. Peripheral factors influ- 
encing expression of pressor reflex evoked by muscular contraction. 
J. Apple Physiol. 58: 167~X&2,1985. 
KARLSSQN, J., R. DLIN, P. KAISER, P. A. TESCH, AND C. KAIJSER. 
Muscle metabolism, regulation of circulation and beta blockade. J. 
lkv-diuc. Rehub. 34: 404-420,1983. 
KEuL, J., H. H. DICKHUTH, M. LEHMAN, AND J. STAIGER. The 
athlete’s heart-haemodynamics and structure. Int. J. Sports Med. 
1 SuppL: 33-43,1982. 
KEXJL, J., G. HAR,ALAMBIE, M. BRUDER, AND H. J. GOTTSTEIN. 
The effect of weight-lifting exercise on heart rate and metabolism 
in experienced weight lifters. Med. Sci. Sports. 10: 13-15,1978. 
LEONUQ B., J. H. MITCHELL, M. MIZUNO, N. RUBE, B. SALTIN, 
AND N. H. SECHER. Partial neuromuscular blockade and cardio- 
vascular response to static exercise in man. J. Physiol. Lmzd. 359: 
365-379,1985. 
LEWIS, S. F., P. G. SNELL, W. F. TAYLOR, M. HAMRA, R. M. 
GRAHAM, W. A. PEXTINGER, AND C. G. BLOMQVIST. Role of muscle 
mass and mode of contraction in circulatory responses to exercise. 
J. Appl. Physbl. 58: 146-151,1985. 
LONGHURST, J. C., A. R. KELLY, W. J. GONYA, AND J. H. MITCH- 
ELL. cmdiova8cUlar responses to static exercise in distance runners 
and weight lifters. J. Appl. Physiol. 49: 676-683,1980. 
LUDBROOK, J. Reflex control of blood pressure during exercise. 
Anna, Rev. Physiol. 45: 155-168.1983. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

MACDOUGALL, J. D., D. G. SALE, S. E. ALWAY, AND J. R. SUTTON. 
Muscle fiber number in biceps brachii in body builders and control 
subjects. J. Appl. Physiol. 57: 1399-1403,1984. 
MACDOUGALL, J. D., D. G. SALE, G. C. ELDER, AND J. R. SUTI’ON. 
Muscle ultrastructural characteristics of elite power lifters and 
body builders. Eur. J. Appl. Physiol. Occup. Physiol. 48: 117-126, 
1982. 
MACDOUGALL, J. D., D. TUXEN, D. G. SALE, J. R. MOROZ, AND 
J. R. SUITON. Arterial blood pressure response to heavy resistance 
exercise. J. Appl. Physiol. 58: 785-790,1985. 
MITCHELL, J. H., M. P. KAUFMAN, AND G. A. IWAMOTO. The 
exercise pressor reflex: its cardiovascular effects, afferent 
mechanisms, and central pathways. Annu. Rev. Physiol. 45: 229- 
242,1983. 
MORGAN, B. J., H. L. BRAMMELL, D. L. SABLE, M. L. MORTON, 
AND L. D. HORWITZ. Effect of aerobic conditioning on cardiovas- 
cular response to isometric exercise. J. Appl. Physiol. 55: 1257- 
1260,1982. 

PETROFSKY, J. S., C. A. PHILLIPS, M. N. SAWKA, D. HANPETER, 
A. R. LIND, AND D. STAFFORD. Muscle fiber recruitment and blood 
pressure response to isometric exercise. J. Appl. Physiol. 50: 32- 
37, 1981. 
SCHEUER, J., AND C. M. TIPTON. Cardiovascular adaptations to 
physical training. Annu. Rev. Physiol. 39: 221-251,1977. 
SEALS, D. R., B. F. HURLEY, J. M. HAGBERG, J. SCHULTZ, B. J. 
LINDER, L. NA’ITER, AND A. A. EHSANI. Effects of training on 
systolic time intervals at rest and during isometric exercise in men 
and women 61 to 64 years old. Am. J. Curdiol. 55: 797-800,1985. 
SEALS, D. R., R. A. WASHBURN, P. G. HANSON, P. L. PAINTER, 
AND F. J. NAGEL. Similarity of cardiovascular response to upper 
and lower body static contraction in endurance trained and un- 
trained males. Int. J. Sports Med. 4: 94-96,1983. 
SHEPHERD, J. T., C. G. BLOMQVIST, A. R. LIND, J. H. MITCHELL, 
AND B. SALTIN. Static (isometric) exercise, retrospection and in- 
trospection. Circ. Res. 48, Suppl. 1: 179-188, 1981. 
STEPHENSON, R. B. Modification of reflex regulation of blood 
pressure behavior. An&. Rev. Physiol. 46: 133-142,1984. 
TESCH, P. A., AND L. LARSSON. Muscle hypertrophy in body 
builders. Eur. J. Appl. Physiol. Occup. Physiol. 49: 301-396,1982. 
TESCH, P. A., A. THORSSON, AND P. KAISER. Muscle capillary 
supply and fiber type characteristics in weight and power lifters. 
J. Appl. Physiol. 56: 35-38,1984. 


