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ABSTRACT

Recently double product (DP)has been considerea aseful index in context of sport science and icaakcular
health. DP or rate product ratio (RPR) equals Skst@lood Pressure (SBP) multiplied by Resting H&ate
(RHR). The aim of present study was to investitf@ecircadian rhythm variation of DP afterl (60 mias) and 2
split exercise sessions (2x30 minutes) a day. Fmmrthealthy males volunteered to participate inspré study
from University of Tabriz. Two groups of subjectsicrossover design were randomly distributed rasig | (one
session a day, twice a day) and vice versa for gribuHaving completed the test (treadmill runnimgth an
intensity of 70 per cent of Maximum Heart Rate) RRiihd SBP were measured every two hours for 24shéditer
one-week break, the procedure repeated for twoggatice versa and 24-hour measurement of RHR arf \8&s
carried out. For analysis for data, repeated meas(®ANOVA) was used. Each variables demonstratedranal
circadian rhythm. There were significant variatioims circadian mean values for SBP (101.3+12.5 ,993.5 ,
P=0.009) and RHR (91.9+10.9 , 96.746.8 , P=0.03)lirand 2 split session of exercise a day respdygtiddnere
was not significant changes in circadian rhythnmDéf (72.05+1.47 U and equaled 73.88+12.16 U) in Hahsplit
session of exercise a day respectively althoughnmahies from 20:00 to 08:00 in the morning werghleir in 2
split sessions than 1 session. One aerobic exeseisgion compared to two split sessions a daythittsame total
time of exercise a day may not change circadiarthrnyof double product within 24 hours following aleic
exercise. Split exercise sessions could be sutestifor one session a day or the other way rourtlowit any extra
overload on cardiac muscle. If the blood presssrthe main center of medical attention, split eisgrsessions may
be of value since the circadian rhythm of systoland pressure in this case is lower than 1 sesaiday.
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INTRODUCTION

Circadian rhythms and specifically their regulagdoy exercise are a basic quality of human phygiglavhich
have been extensively scrutinized in sport field [tlis commonly known that, in healthy humansubie product
(DP) is an important parameter in context of cardgzular health and it is calculated as heart(t4) multiplied
by systolic blood pressure (SBP) [2-3]. DP alsovknas rate product ratio (RPR), is a noninvasiwt to observe
and measure cardiac afterload since blood preg8Rg is a key determinant [3]. DP likewise known rase-
pressure product has been extensively investigatedumerous studies because it could bring forthuatze
information from cardiac workload, left ventriculypertrophy and indirect measure of myocardialgexyuptake
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[4-5]. HR and BP increase during the day and deerefuring the night, because of sleep-wake orenesteise

changes [1-2]. As the existence of circadian rhyglnthHR and BP is proved, this could be meant BRathas its
specific circadian rhythm too. Additionally, recBnpublished studies demonstrated that DP is a ueeful tool for

researchers to assess cardiovascular health ircahtext of exercise and sport science [6-7-8]. Nimyas,

popularity of split exercise sessions (SES) is megively increasing from professional sport fietdsgeneral

population who are seeking healthy life [9-10-1]-12ariables such as HR and BP are mediated byceseer
throughout the 24 hour-period and there is an aatéwn between them, which puts forward DP. Howgethare are
scant data, which investigated the circadian rhytfidP and its variation following one and two SpBSL4]. SES

compared to one session (with same total duraiidensity) in relationship with DP has not beend@d yet and
there are questions remained for those who obseffeet of SES on DP, keeping BP normal. It is ahost

importance to observe the cardiac workload througliay-night cycle to make sure whether there is @mange

between one and two SES[11-12-13].Thus, the manddipresent research is to investigate the efféctne and

two SES a day with same intensity and total dunatio circadian rhythm variation of DP in healthyupg males.

MATERIALS AND METHODS

2-1 Database and Selection.

A quasi-experimental study was conducted on 20tineahales at University of Tabriz. All subjects uoteered to
participate in present study and had already beamimed medically and confirmed with no history afronic
diseases, smoking, alcohol drinking, travelling drey time zones and intensive activity. Prior tadgtaonduction,
all subjects gave their consent inform and ethomahmittee approval of Tabriz University received@ding to
Helsinki declaration, 2008.

2-2 Measurement and Data Collection.

Participants attended the laboratory and descepdiata including V@n.x (Bruce maximal protocol), body mass,
height and BMI (Table 1). All procedures were coctdd in Tabriz university gym wherein light levelgere
controlled at approximately 200 lux, and tempematatr 20C. Pre exercise BP and HR were measured by mercury
sphygmomanometer and HR monitor polar (Polar T3@ledoTransmitter). Following exercise protocols, thRes

BP and HR values were measured for 3 times at 8awh of day throughout the study and mean valuese we
obtained to put in the analysis and statisticatpss.

Table 1- physiologic and characteristics of subjestin 2 groups (mean+SD)

Variable(s) | V@ms (mlo2 per Kg body weight . min BMI Age Height M Weight (Kg)
Group 1 56.52+6.88 21.96+0.35 22.5+1.1 1.78+0[06 4423
Group 2 55.74+7.32 21.38+0.41 22.8+#1.7 1.75+0[03 4436

BP (systolic and diastolic) and HR values were réed after calculating the average value of 3 tiofespetitive
measuring and therefore DP calculated as HR (beat’multiplied by systolic BP (mmHg). By consideringet
relationship between HR and systolic BP, DP has alsircadian rhythm throughout that 24-hour a d¥.values
were recorded the same as HR and BP every 2 hollowiing experimental protocols from 10:00 (firste of day,
30 minutes after exercise protocols) up to nextaayQ,, . Participants were divided into 2 groups (Grouand
Group 2). Group 1 performed 60 minute treadmillming with intensity of 70 per cent of MHR (08,30 to
09:30yw) while group 2 performed 2x30 minutes treadmitimiing (09:0Qy to 09:3Q\ and 19:00 to 07:3§) with
the same intensity (Figure 1). All participants @nder 24 hour observation and HR, BP and DP wea&sured
every 2 hours (12 times of day). After one week lwoag phase group 1 performed SES and group 2 peefibr
single session treadmill running and 24 observatmmpleted following protocols.

2-3 Statistical Analysis.

Data were analyzed by SBPPSS 17. Descriptive titaticluding mean and standard deviation were wated

(table 2). Kolmogorov — Smirnov test was not siiguaifit thus indicating that all data were norma&@m®5). In order
to assess significant changes between two proto&bl®VA test was used. All data are presented ltet&3, 4 and
5 for DP, HR and Systolic BP respectively. The gigance level for this research was P=0/05.
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1 Session A Day 2 split Exercise  Sessions A Day
(60 min Running with %70MHR) (2*30 min Running with %70MHR)

® 24-Hour BP and HR  monitoring and measurement every 2 hours

Washout Phase (1 week)

2 Split Exercise 1 Session A Day
Sessions

24-Hour BP and HR  monitoring and measurement every 2 hours

N=10 N=10
Figure 1 — study design

2-4 Results.

Study results revealed that there was not any feggnt variation in circadian rhythm of DP betweene
(72.05+1.47 unit) and two split exercise sessiat®88+12.16 unit) (Figure 2). Unlikely the circadliehythms of
HR (97 beat per minute and 92 beat per minute &md. 2SES respectively, P=0.03, £=5.008) and systolic BP
(117.6 mmHg and 105.6 mmHg in 1 and 2SES respégti®e0.009, I ;.= 9.18) showed significant variations
(10.2%lower systolic BP and 5% higher HR valuesS&IS compared with one session) (figures 3 anda@\ever,
mean values of DP from 20:00 to 08:00 were highe3ES than 1 session (figure 2).

—&— 1 Session 2 sessions
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Mean average of DP (Arbitrary units)
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Time of day

Figure 2- Mean values for DP in 12 time of day.
RESULTS AND DISCUSSION

Present study gives several clues from both petispecof medical science and sport performancedigsussed
previously, two main parameters of DP are HR anstadig BP, therefore any change in each parameteldc
influence DP and/or HR could interact with systoB®. First, in accordance with previous works, study
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indicated that the post-exercise hypotension (masystolic BP) remains an effective preventativel téor
cardiovascular diseases and lowering BP [15-16}. tBal demonstrated the hypotensive effect of bhierexercise
in both one ES and two SES, but this effect wasndisin SES within 24 hour a day. The mechanisrit this
may be act in a way that skeletal muscle afferas a primary role in post exercise resettinchefltaroreflex via
discrete receptor changes within the nucleus tsastlitaire [16]. On the other hand prolonged pastrcise
vasodilatation following exercise (skeletal musdentraction) is primarily the result of histamine, &hd
H, receptor activation [17]. The second one is thetnexpected reason for circadian rhythm variatibsystolic
BP. On the other hand, post exercise HR fluctuatiod the circadian rhythm of HR, in our trial, ebited a
significant difference between one and two SES framith the latter showed a 5% increase in restiRgwithin 24
hour a day. Data collected from Myllymeeky et &012), indicated that resting HR after exercisdledapost
exercise recovery increased due to aerobic exewgibean intensity of 70% MHR and the values obedirfrom
circadian rhythm of HR were higher when comparethwbn-exercise status [20]. This is in consonanite our
findings supporting that exercise bouts could déi&y values of circadian rhythm to resume theiringsthythm.
Unlikely, studies conducted by Al Haddad et al (B0and Armstrong et al (2012) stand in a contradyctoute
when compared with our finding [18-19]. In curresttidy, it is observed that two SES with similaration and
intensity, compared with one exercise session codtease resting HR values within 24 hour a day snch
increase stems from sympathetic activation (autooamervous system), hyperthermia and increaseddevke
catecholamine [18-19-21]. The latter may increastimg metabolic rate and thus consuming more iealaturing
resting stats [22]. Regarding to DP, there are rkafde points to be mentioned. First, as a piongestudies
conducted yet, we found out that DP does havecadian rhythm. In the second place, DP values efamd two
SES are not different. This could be interpretedhaalthy and safe exercise prescription for thosm® \are
contemplating an exercise plan for normotensiviestaveight control as well as not putting cardesdar system
under pressure (the more DP values, the more cavaiak load is produced) [4-5-22]. In order to dbta wide
scope of DP circadian rhythm and exercise, pagitylSES or distributed exercise sessions, funtbeearches have
to be conducted.

CONCLUSION

This study indicated that circadian rhythm of D@ different when one exercise session is contpatith two
SES a day even though mean values related to @rcadythm of systolic BP and HR are lower and bigim two
SES than one session a day respectively. Thisnfindaight be of utmost importance regarding cardsouéar
health. Based on results of this study, exerciaa pbuld be split into two sessions for those whedto keep their
BP lower and increase their resting metabolic wateout increasing myocardial work load with equalues of DP
for one (60 minute treadmill running with an intépof 70% MHR) and two SES (2x30 minutes morningl a
evening with an intensity of 70% MHR).
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