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ABSTRACT

The aim of this study was to investigate and complae effect of four types of sub-maximal aerokarases (front
crawl swimming, running, bicycle riding and rhytltimmovements) on the variations of systolic andtdi@sblood
pressure during and after the exercise in middleehgnales with hypertension. The present article aaemi-
experimental study. The statistical population usethis study included 1500 middle-aged male pasi€40 to 55
years old) with drug-dependent mild hypertensioomfamong whom 16 patients were randomly selectetha
participants of the study. The participants usedliceions under the supervision of a physician #mey did not
have any cardiac or diabetic diseases. All fourelypf single-session sub-maximal aerobic exerviges carried
out with 60-70% of their maximal heart rate for aib@0 min. The time interval between each exem&e2 days.
Investigation of the obtained results demonstrdbed all the four types of selected exercises chusmsiderable
variations in systolic and diastolic blood pressuhering and after exercises. Systolic blood pressiuring and
after bicycle riding had the least variation releagito other exercises while systolic blood pressiuméng and after
the rhythmic movements had the largest variatidatinee to other exercises. Variations of systolicda pressure
during and after running and front crawl were in amerage range compared with other exercises. llfoak types
of exercises conducted in the present study, thaea significant decrease in the diastolic blowdssure during
the exercise and this pressure drop was almoststtiree among all the exercises. Diastolic pressugp dafter
stopping exercises in the running exercise andhmy¢ movements was lower and higher than othercises,
respectively.
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INTRODUCTION

Sedentary lifestyle is the origin of many dangerfastors such as premature aging, high blood presand

diabetes, which significantly increase the rislcafdiovascular diseases[1, 2].The results of ssuldée underlined
that patients with hypertension have more rigigrées than that those of normal people[3]. Alsmpbe with lower

level of activities have more rigid arteries th&woge with a higher level of activities[4]. More thd0 long term

studies on humans and 20 studies on animals haestigated the effect of long term exercising ool pressure.
Most of them have demonstrated that long term ésesmot only improve physical fithess but alsordase resting
blood pressure. The results have also shown thermdiz and regular exercises decrease blood prebguabout 5

to 10 mmHg. However, static exercises are harmful the patients with hypertension since blood pness
reflexively increases to higher degrees at the tifrisometric contraction [5-7].
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Since long ago, medical and sports circles have le@eouraging the patients with hypertension odioaascular
diseases to do sports activities. However, it gshdad noted that different exercises have diffeedfacts on the
patients’ blood pressure. Some exercises suchfasusming and swimming are mainly isotonic whilthers such
as lift weighting are mainly isometric; but, margosts have different proportions of these two typHserefore,
there are different cardiovascular responses teetlaetivities. Isotonic exercises cause a higheas in cardiac
output and oxygen consumption and decrease inetfistance of systemic vessels. In contrast, istenexercises
severely increase systemic pressure and have gibegleffect on cardiac output and oxygen consuomp3, 9].
Therefore, isometric exercises create more incréasblood pressure than isotonic exercises, whiah be
attributed to the pressure increase at the timexefcising due to neural reflex and pressure iseréaside the rib
cage which reduces blood return to heart[4].

Since about 5% of heart attacks happen right atary exercises and 30% of them lead to deatipatients with
hypertension should do exercises that cause teilgaease in their blood pressure. Thus, thessitgefinding the
optimum exercise intensity and its type and charéstics are vital for the patients with hypertemsi

Therefore, the aim of this study was to identifyetiter different types of sub-maximal exercisesnffrorawl,
aerobic running, bicycle riding and rhythmic moverts® with 60 to 70% intensity of maximum heart reé® cause
a different effect on systolic and diastolic blquéssure of middle-aged males with hypertension.

MATERIALS AND METHODS
This study was a practical, semi-experimental ne$eaith pre-test, mid-test and post-test.

Subjects

After the public call for research and coordinatiith cardiologists and hypertension specialistsiip of Kashan,
1500 middle-aged males with the age range of 485tgears old who were living in Kashan and werdesirfg

from drug-dependent mild hypertension were idesdifiFrom among them, 16 patients voluntarily pgrdied in
the research after approving the consent formesearch participation. According to their relategdinal files and
physician advice, none of the participants hadagute cardiovascular diseases and diabetes (Table 1

Table 1: General characteristics of the participans

Statistical X | Mean | Mode | Variance | Minimum | Maximum
Variable
Age 42.95 40 18.85 41 56
Weight 84.46 82 71.54 70 101

Physiologic Measurement
Before, during and after exercises, the particigasystolic and diastolic blood pressures were oredsusing a
pressure gauge made in Japan which was done bypsureenent technician.

Schedule of the Physical Exercise
First, the participants' maximum heart rate wasuwated using the equation (220-age); then, betvé®eand 70%
of their maximum heart rate was considered accgrttireach person’s exercise intensity and heaet rat

The participants performed the physical activitreghe following order: front crawl, aerobic rungirbicycle riding
and rhythmic movements, with the interval of 2 dagéwveen each. During the exercises and underugergsion
of the physician, the participants used amlodipivieich decreases resting blood pressure and dagseent from
blood pressure increase while exercising.

Test Stages

The participants arrived at the laboratory 10 miiompto the test start-off. In pre-test stage, theisting blood

pressure was measured and recorded in two stages afid 5 min before starting the exercises bylaheratory

technician. Then, the participants performed therdd exercise, during which their blood pressuas measured in
two stages of 10 and 20 min after starting the @sges; the blood pressure for the mid-test stageosbculated as
the average of these two numbers. Finally, theiotlpressure was measured and recorded 5 mintiaétemd of

the exercise for the post-test stage.

Sub-maximal Front Crawl Exercise
The sub-maximal front crawl exercise was perfornmedh swimming pool with the ambient temperature26f
degrees Centigrade and water temperature of 28eeéggCentigrade, which included a warm-up program by
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performing stretching movements outside the watelr 20 min of walking inside the water. Then, thetipgpants
performed front crawl swimming with the intensitf @ to 70% of their maximum heart rate for aboQtrgin.
Those participants who could not do front crawlraming walked in the shallow part of the pool widleing the
hand movement of front crawl and moving their 1édeg front crawl by holding the pool bar.

Sub-maximal Running Exercise

The running exercise was performed on a TechnoGgadmill made in Italy and included a warm-up eisrof
doing stretching movements and 10 min of walkiniker, they performed the running exercise for aB@umin at
60 to 70% of their maximum heart rate. Intensitytho§ exercise was monitored by a Polar pulsomstéch was
attached to the participants during the exercise.

Sub-maximal Bicycle Riding Exercise

This exercise was performed on a MATRIX ergometeydle made in the USA and included a warm-up paogr
of stretching movements and 10 min of walking. T,Hee participants performed cycling for about 2id at 60 to
70% of their maximum heart rate. Intensity of thigercise was monitored by a Polar pulsometer ath¢h the
participants during the exercise.

Sub-maximal Rhythmic Movements

This exercise started by a few minutes of streghiarm-up exercise and 10 min of walking. Then,ghgicipants
performed rhythmic movements for about 20 min at®@0% of their maximum heart rate. Rhythmic moeets
more included the ones which required less cootidin®f nerve and muscle.

Statistical Methods

To ensure normal distribution of the data, KolmageSmirnov test was used; to investigate withinegro
differences, Analysis of Variance (ANOVA) with regied measures was used in accordance with Greeshous
Geisser (GG) correction. In the case significative dependent t-test considering Bonferroni coiwacvas used to
determine the within differences. Moreover, one-wanalysis of Variance (ANOVA) was applied for invigmting
between-group differences and, in the case of agwifieant differences, post-hoc Scheffe test wasdu for
determining the location of the between-group défee. The statistical operations of this reseavah done by
SPSS$s software and the significance leveloof<O/  Was considered.

RESULTS

The obtained results in this study demonstrateigrifieant difference between systolic blood pressduring and
after front crawl swimming, running, bicycle ridirapd rhythmic movements and diastolic blood pressafore
exercises. Thus, swimming, running, bicycle ridamgl rhythmic exercises cause variation in systidbod pressure
during and after exercises. Also, there was a Bigmt difference between their diastolic pressimeng and after
swimming, running, bicycle riding and rhythmic esises; therefore, swimming, running, bicycle ridiagd

rhythmic exercises affect diastolic pressure dutheyexercise. But, no significant difference eadisbetween their
diastolic blood pressure before and after swimmang running exercises while a significant differerexisted
between their diastolic pressure before and aftgicke riding and rhythmic movements.

Also, one-way Analysis of Variance (ANOVA) alongttvipost-hoc Scheffe test showed that, in the rggigriod,
no significant difference existed between diastdfic 0.665) and systolic (p=0.694) blood pressurdifierent
exercises. Furthermore, during the exercises, fiignt difference was observed between the paditid systolic
blood pressure (p=0.0001) of different exercises iway that systolic blood pressure of swimming amghing
exercises was significantly different from that litycle riding (p=0.000) and rhythmic movements lehno
significant difference existed between swimming andning exercises in this stage (p=0.982). Alsgnificant
difference existed between systolic blood pressarbicycle riding and rhythmic exercises and otbaercises
during the activities (Table 2).

Significant difference existed between systolic sgtge in rhythmic movements and other exercisesheat
significance level of 0.05.

No difference was seen in the participants' diastotessure (p= 0.993) in different exercises. Adiw to the
obtained results after the exercises, no significhfierence existed with regard to the systolic (.337) and
diastolic (p=0.645) pressures (Table 2).

868
Pelagia Research Library



Mohsen Assarzadetlet al Euro. J. Exp. Bio., 2012, 2 (4):866-871

Table 2
Variable Groups Pre-test (before exercisgs) Mit{ehsring exercises) | Post-test (after exercises))

Front crawl swimming 128.5 +4.91 155.8+9.28 118 117.6+5.938

Systolic blood pressure A_erobic rupning 128.9 +5.08 155.7#11.24 118 120.6+8.13 §
Bicycle riding 128.7 £5.47 139.749.08  f*+§ 120+7.07 §
Rhythmic movements 130.3+3.84 164+10.98 1*+§ 116.746.23 8
Front crawl swimming 85.7+4.11 87.8+5.11 § 83.545.15

Diastolic blood pressure Aerobic running 85.9+5.15 79.3+3.81 § 84+4.12
Bicycle riding 86+4.37 79+6.57 8§ 82.9+6.27 8§
Rhythmic movements 87.5+4.62 79.1+3.29 § 80.949.16 §

+ Significantly different from bicycle riding £  Significantly different from rhythmic movements
* Significantly different from swimming + Significantly different from running
8Significantly different from pre-test stage

DISCUSSION

According to the obtained results of this studyamaystolic pressure considerably increased dumggcising in
the four types of considered isotonic activitiesr@ased, which had significant difference in eatthe exercises
compared with other exercises.

Previous results of the studies inside or outsidedountry with regard to the mean increase ofosigspressure
during exercising showed almost similar resultsicwlwere in good agreement with the results of shisly[10-12].

The results of the study done by Frredson indicabed any kind of exercises can considerably irsgellood

pressure; this finding confirms the results of gtisdy. Even relatively mild isometric exercisesahhuse only 25%
of maximum effort significantly increase this pnaigs Furthermore, exercises that require more naisowass and
relatively high energy give a bigger response[T2lus, selecting the type of exercises for patiant$ those who
are not ready for these types of exercises is important. Probably, more harmonic exercises withderate

intensity are better and more effective for thesepte. It seems that blood pressure increase denkegcises
depends on various factors. In harmonic muscularaises such as soft running, swimming, bicycléngdand

rhythmic exercises, vasodilatation in active musdepends on various parameters including locaillagas, direct
nerving and peripheral regulators, which reduceipperal resistance and increases blood flow inyvgarts of the
peripheral vascular system[11, 13]. So, blood pmesss affected by the above-mentioned parametarggl

exercising. During sports activities, cardiac ottigtinfluenced by variables such as heart ratepashtile volume.
On the other hand, one of the most considerabldimascular variations is heart rate increase whigppens to
increase cardiac output. The main reason for hragetincrease during physical activities is for #ienulation of

sympathetic nervous system. During any sports éersympathetic nervous system is more stimulathih not

only dilates blood vessels in active muscles aratemses systolic power but also leads to increasediac

contractility (post-load) and, as a result, bloagggure. Of course, decrease in the parasympatiétict also
contributes to the increase of exercising head iatrease to some degree. On the other hand,gdexiercising,
heart rate alone cannot provide the desired camiiggut. Moreover, due to the need of active mugmlemore

oxygen, regulation of internal body temperaturgeegally in long-term exercises, and returning oarldioxide

from active muscles to lungs in order to be disgbdrby urine have been shown to increase the ersdetic

volume and pulsatile volume, in which variable pagters such as heart pumping activity are invol\avever,

the most influential parameter in cardiac outputréase is induced by Frank-Starling effect[14, I8jerefore,

blood pressure is influenced by some factors duerercising. Since systolic pressure rapidly insesaduring
rhythmic exercises with moderate intensity at tegibning minutes of exercises and then becomesaftaa result
of continuing exercises at uniform speed, systbland pressure may not increase and even decregsédhe
dilation of muscle arterioles and decrease of Vasaesistance to blood flow. During these typeexdrcises, the
diastolic pressure is approximately constant orekeses [14, 16]. So, based on the above-mentiaeedsdion, the
result of this study which stated equal increasel@dd pressure during exercise periods was coafirm

In this study, mean systolic pressure showed thstraaod least increase during bicycle riding andthmmyc
movements, respectively. Also, no significant iase was observed in mean systolic pressure dwimgng and
swimming while systolic pressure increase duringning and swimming was more than systolic presgunease
during bicycle riding and less than that duringthimyic movements.

Based on the obtained results in this study, ire@éa mean systolic pressure during cycling dematest less
increase than other three exercises, which wasad ggreement with the results of Brown, Conodangel and
Duncen[1, 9, 11, 17]. Most probably, this importaesult was due to the more application of lowsrhis in this
type of exercising. So during this exercise, inseedn systolic pressure in lower limbs showed liegsease
compared with upper limbs due to more muscular rapddess vessels in this area.
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Since, at a specific percentage of maximum oxygersemption, systolic and diastolic pressures arsiderably
high so that activities are done by hands rathen tfeet, it may be possible that bigger musculassmand
vasculature of feet generate less resistance todbftow compared with more delicate muscular masd a
vasculature in hands. Hence, during exercisingydftow toward the feet requires less systolic pues peak. It is
obvious that these exercises indicate less carsibkoNar pressure since heart activity consideraldgrehses.
According to this study, mean systolic pressuresi®rably increased during running and swimmingagigering
that difference in the variations of systolic pregsfor swimming and running were 27.3 and 26.8peetively, it
can be concluded that swimming could affect systofessure more than running, which might be dugatare of
the activity. In fact, this difference was not sfgrant at @ =0.05 level.

Systolic pressure increases with dynamic sportsB8tly condition has a considerable effect on bloioculation.
The highest and most stable cardiac output andifilelyolume are obtained when body is in a hotiabposition.
In this position, resting pulsatile volume is alegual to the maximum value and has a little iaseeduring the
exercise. In contrast, in the standing positioayvgational force acts in the opposite directionreturn direction of
blood flow out of the heart, which causes decréagilsatile volume and cardiac output in this fosi This effect
of body position is important evident when comparhesting blood circulation in lying and standingsjtions.
Nevertheless, with increasing the intensity of eiss in the standing position, pulsatile volumergéases and
reaches the maximum value in the lying positioB[514].

When the sports activity is done in the horizopi@sition such as swimming, the effect of increaserid-diastolic
volume and pulsatile volume is more evident. Steidiene on humans and dogs have demonstrated rthaipits

which are done in the horizontal body position abhdhe maximum intensity, end-diastolic volume shdvigher

increase. Also, in isotonic exercises, with the@éase in the cardiac output and pulsatile volumeeiase in systolic
blood pressure happens in parallel[9]. Hence, drtbeomain causes of blood pressure increase dgsingnming

activities relative to other activities is its neuwhich increases the cardiac output and conséguere blood

pressure.

Based on the results obtained in this study, meatolic blood pressure showed more increase dutigthmic
movements compared with other three activitiessThight be due to more movement of this exercisk aso
more coordination of nerve and muscle in thesevities. Due to the harmonic movements, this typexdrcises
requires more attention and concentration on thiegbdhe person in order to make higher coordoratietween the
movements of hands and feet.

Among other results of this study was that, afteing one set of sub-maximal endurance exercisefIg8ypressure
temporarily fell below the level prior to the exise This result was also in agreement with previstudies.
According to the studies done by Hannum in 1981yfKen in 1987 and Raglin in 1987, this issue hasnbe
confirmed in both groups of normal people and peapith hypertension. This response of pressure tivogme
exercise has done in recovery periods lasts foutab@r 3 h. These findings support exercising defansive line
without using any medication in order to treat hypesion; participating in several sessions of nildnoderate
physical activities during different times per d&s been approved[13, 16].

Precise mechanism of the effect of exercises ondbfuressure decrease has not been known yet. Howbise
issue might be due to the reduction in catecholanpiroduction caused by exercises [14, 16], as coafl by
Kiilavuori in 1999. In his studies, the amount ddigma norepinephrine decreased by 19% in restinditon [19].

This reaction has a role in the reduction of pegiphresistance to blood flow and consequently el of blood
pressure. Also, exercise can facilitate sodiumetian from kidneys; thus, it can reduce liquid vokiand blood
pressure[11].

Probably, one of the reasons for blood pressurectamh after exercises might be due to ANP hormsewretion.
According to the studies conducted inside and datshe country[15] it has been known that secretibANP

hormone is regulated by dilating vestibule wallsidAthe results of other studies have demonstithtdsecretion
of this hormone in response to exercise can beteféefor patients with hypertension. Although #fécacy of this
hormone is not accurately known, its efficacy inlela interruption of cardiac sympathetic nerve stiton and
reduction of cardiac pre-load, increase in sodiworation via urine and, consequently, increase adybwater
excretion and decrease in plasma rennin and aldostesecretion; the set of these activities redbtesd volume
and blood pressure[15].

Although the effect of regular exercise on the ioyement of blood pressure conditions is not clesy the present
study and previous investigations can be used duaethat a regular aerobic exercise program casiderably
decrease systolic blood pressure. These results imegood agreement with the results of studiesedom the
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resting blood pressure of normal participants aatiepts with hypertension[4, 6, 9, 10, 20]. Alsther studies
conducted by Cononie Dengel and Raglin with regard to the reduction of measrgrblood pressure in middle-
aged healthy men after exrcises confirm thesetsfull1, 16].

On the other hand, according to the results ofghjzer, drop of mean systolic pressure after alt é&xercises was
in proportion to the pressure increase during egescso that, in cycling, in spite of the leastt@lys pressure
increase during the activity, systolic pressure aiesirated the least pressure decrease after theissewhile the
highest increase in systolic pressure during rhigterercises and the greatest decrease in syptelgsure after the
activity were observed in this type of exercisean§idering the findings of this article that prassdecrease after
the exercises which are in proportion to increasélood pressure during the exercise approved findher
investigations should be done. In fact, the consoariof systolic pressure decrease after exercisirgjl four
exercises showed no significant difference¥at0.05.

Based on the results of this article, mean systptissure during exercises in all four exercisessicerably
decreased with respect to the mean systolic presmfore the exercises. However, no significarfedihce existed
as a result of comparison of systolic blood pressliop in different exercises while exercising.sTtesult was in
agreement with some investigation, which revealgdificant decrease in systolic blood pressure assalt of
isotonic exercises and significant increase in tdlas pressure due to isometric exercises. Reseschave
attributed the reduction in diastolic pressure migithe activity to the reduction in norepinephrieeel caused by
sports activities[19].

CONCLUSION

According to the results obtained in this studynsayvative suggestion is that, in order to contrarbid
hypertension, sports exercises are consideredeafirsh defensive line in most medical program&vwus studies
have stated that, in the case of more severe lypon, a combination of diet, weight loss, exesiand medical
treatment might be necessary[4, 5, 8, 18, 20, 21].
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