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Abstract

Background: Decisions about fat consumption and levels of laysctivity are among the everyday choices we

make in life and risk of coronary heart disease DEERN be affected by those choices.

Objective: The purpose of this study was to investigate nflaence of a standard fat load combined with

physical exertion of different intensities on tHagma lipid profile of CHD patients and CHD-fredlividuals.

Methods: This study looked at the influence of differerteimsities of physical exercise on postprandiatilipi
metabolism in 20 healthy men and 36 men with diagnof coronary heart disease (CHD). Venous blood
samples were obtained after overnight fasting, @$after standard fat load (before the physicadj@and

immediately after maximal or submaximal physicadreise on bicycle ergometer.

Results: After fat load total cholesterol (TC) concentratidid not change in either group. However, after th
addition of maximal exercise, TC, triglycerides (T ®w density lipoprotein cholesterol (LDL-C), and
apolipoprotein (Apo) B increased significantly (p&D) in both groups. After fat load and maximalreise,

there was no change in high density lipoproteinesterol (HDL-C) in healthy men, but in men with OH
HDL-C fell significantly (p<0.01); and Apo Al rosa healthy men (p<0.01) but dropped significanfiy@.01)

in men with CHD. Submaximal physical exercise (68@max VG load for 40 min) after fat load decreased TG
level in CHD patients (p<0.01), and improved otliygd parameters in both groups significantly-DL-C,
tHDL-C, t Apo Al, | Apo B, p<0.01). We observed a worsening of physicak capacity (PWC) in men with
CHD (significant reduction of duration and total@mt of work performed, maximal Y0oxygen pulse), during
maximal stress test performed 3 hours after fat.|dhere was a doubling of the number of abnoritness test
results (p<0.01). Healthy persons showed an inergaespiratory parameters (ventilation, @éoduction,
maximal V@ and oxygen pulse), but no significant change wasd in work capacity. Thus, maximal physical

exercise produced atherogenic blood lipid chanigesgased TC, increased LDL-C, increased TG, irsgga\po
2



B, p <0.01) in men with CHD and in healthy men; lkeer, individuals with CHD also demonstrated a
significant decrease in HDL-C and Apo Al (p <0.0h)contrast, the submaximal physical load improved

postprandial lipid changes in both healthy menmaed with CHD.

Conclusions: This study demonstrates that moderate exercizensficial in improving postprandial lipid
abnormalities in both CHD and CHD-free subjectsrafitty meal preload. In addition, maximal exezcis
demonstrated evidence of increase of lipid abnatiesiin both CHD and CHD-free individuals undemiar

conditions of fatty meal preload.

KEYWORDS: Coronary heart diseag€HD); Combined fat and physical load; Physical woakacity;

Apolipoproteins Al and B



Introduction

Decisions about fat consumption and levels of pajsctivity are among the everyday choices we make
in life and risk of CHD can clearly be affectedthgse choices. Dieary factors, especially cholektard
saturated fat consumption, have been demonstratesl associated with increased risk of CHEvidence
suggests that not only the long- term effect ofadiehabits effect CHD risk, but even the fatty tem of a single
meal may effect risk® Zilversmit® has advanced the hypothesis of «postprandial phema», according to
which the postprandial triglyceride-rich chylomiosoplay an important role in atherogenesis. Itidely
appreciated that regular occupational and recneatjghysical activity may reduce the risk of CHDowver, in
prescribing physical activity, especially to CHDtipats, it is advisable to specify the intensityaofivity, since
there are data suggesting that very strenuous ationpl or leisure time physical effort is asscaibivith a
higher risk of CHD'"® The purpose of this study was to investigate iflaénce of a standard fat load combined
with physical exertion of different intensities the plasma lipid profile of CHD patients and CHRdr

individuals.

Material and methods

Sudy participants

Fifty six untrained adult men ranging in age froBt8 56 were enrolled in the study. There were two
groups. Group | was comprised of 20 CHD-free meth wimean age of 43 + 1.2 years and no evidenC&l0r
after selective coronary angiography (performedabse of suspicion of CHD), maximal bicycle strest and
clinical examination. Group Il was made up of 36[Cphtients with a mean age of 47 + 2.1 years dute
tional class | after the same type of evaluation.

In our study, the Canadian Cardiovascular Socieagigg of angina pectoris (sometimes referred tthas

CCS Functional Classification of Angin&j'was used to grade the severity of angina pectoris.



Individuals in group 2 had demonstrated evidencst@hosis on coronary angiograms or 2-mm or more
of ischemic type depression of S-T segment duriagimal bicycle stress test with or without angiraénp Only
9 of 25 patients of the group 2 had stenosis flests50% of diameter; non-left main coronary artelschemic
changes in ECG were seen on the peak of maxinedsstest, according to the dgdt is commonly accepted
that these patients do not need any type revasatian (as there are no anatomic or physiologitega for
revascularizationﬁ?.’ Patients with diabetes mellitus, or having Quétblely mass index > 29, liver, kidney, or
bronchopulmonary dysfunction were excluded fromdtugly. All subjects were free of any medication.

The study was conducted in accordance with theitd@lBeclaration and informed consent was obtained
from the study participants. The study was apprdusethe ethics committees of the National Rese@eter for

Preventive Medicine, Moscow, and Institute for Atheelerosis, Moscow, Russian Federation.

Analyzed parameters

Standard fat load

Standard fat load: the standard fat load consmstednulsified 20% milk cream (65 g of fat for 1 rsgof
body surface, 639 + 7 ml) and 50 g of wheat breadescribed by Patsehal.'* This breakfast contained an av-
erage 510 mg of cholesterol, 130 g of fat (satdréae77.6g. (59.7%)) and 23.4 g of carbohydrabes f

approximately total 1300 ccal.

Sresstests

a) The maximal stress test was a continuous gratieydwise bicycle exercise in a sitting positidhthe
first stage, the load was 300 kgm/min. Each sutge$sad increased by this value. Each work load wa
sustained for 3 minutes. The interruption critemeuded the attainment of full fatigue, or maxirhaart rate

(HR), blood pressure increase to 230/120 mm Hgeaitgr, provocation of angina pectoris, ischemics&3ment



displacement greater than or equal to 2 mm. Meaatidn of maximal stress test was 582 + 20 segifoup |
and 461 + 31 sec for group Il. The amount of enexgyended were 59.14 KJ and 41.75 KJ, respectively.

Simultaneously, electrocardiogram (ECG) monitomnth an oscilloscope and ECG in 12 leads was
performed before exercise, at the end of every taiduring exercise, and at 30 seconds, 1, 2,3,dnd 10
minutes after exercise. During this time, bloodsptee (BP) was measured according to the Korothethod
using a mercury sphygmomanometer.

Maximal physical workload test according to the lmoel, described above, was performed twice: first
time - for diagnostic reason without drawing bldodlipids, second time - 3 hours after the staddat load.
Blood samples were drawn from the cubital veintfier measurement of lipid and apolipoprotein leirethe
morning at fasting condition before the fat load &rhours after the fat load. Immediately aftemdng the
blood a patient performed the maximal physical Wxa# test, after which the third blood sample was\th for

lipids tests (immediately after the test was stoppe

b) 3 days after the first combined fat load andsgitaf workload, a patient performed physical exarci
on a bicycle ergometer for 40 minutes, power beigal to 60% from that found during the earlienvidihal
exercise test: as the combined fat and maximaliphlysorkload test, this test was performed 3 hatisr the
standard fat load. Blood collection for lipids wimne before meal, then, 3 hours after the starfdatdad before
the submaximal physical workload, which lasted 40utes and then, immediately after it was stoppée.
amounts of energy expended were 233.01 KJ and 63.3or group.

In Table 1 there are figures on the amount of veortt energy expenditure of the performed tests.

Oxygen consumption, carbon dioxide production, minute ventilation during the physical exercise and alimentary

|oad

Oxygen consumption, carbon dioxide production, r@nuentilation during the physical exercise and

alimentary load were determined with a gas autgaeal‘Horizon” (“Beckman”, Austria).



Parameters of blood, analyzed in the study

Venous blood samples were taken after overnighinig, 3 hours after alimentary load (before phaisic
exercise) and immediately after completion of maatior submaximal physical exercise.

The following parameters of blood were assayed:cdmeentration of serum cholesterol (CH) and
triglycerides (TG) were determined by the enzymatéthod on “Centrifixem-600" autoanalyzer. The vieny
density lipoprotein cholesterol and chylomicronsevsolated by ultracentrifugation of serum forr&t 13° C
by 3600 rev/min, rotor - 40.3 (by Lingré®),

In this study, we were interested to investigatedynamics of the main atherogenic lipoproteinsl{) D
and antiatherogenic lipoprotein (HDL), as well pslgoproteins B and Al in postprandial and posteise
periods. TG are major lipids of these both fradiohchylomicrons and VLDL (TG-rich lipoproteingnd thus,
the level of TG was thought to represent a keyattaristic of these fractions.

Concentration of HDL-C in infranatant was measwaftdr heparin manganese precipitation of Apo B -
containing lipoproteins using a “Technicon AA-L"taanalyzer. Concentration of LDL-C was calculatedie
difference between the TC of infranatant and HDLA@olipoproteins Al and B were measured by “rocket”

electroimmunoassay method.

All fasting and postprandial lipid and apolipopiatparameters had analysis repeated to confirm
measurements and they proved consistently acowititeno significant difference between measurements

(p>0.05).

Satistical analysis



The data obtained were processed by variationhhtgaes of statistics using an SAS software package
The variation difference was determined by the &ttld and Wilkoson's t test and chi-square. THerdifices

were considered statistically significant if p<Q.05

Results

Table 2 shows the parameters of PWC of both subjecips before and after the standard fat load. All
PWC parameters of healthy persons except the oxyglse were higher than those of CHD patients.
Nevertheless, CHD patients had a sufficiently high (27.8 + 1.2 ml/kg*-min-* or 7.6 + 0.4 MET's) indicating
that they were functional class I. We specificalyected CHD patients with a relatively high lepiysical func-
tioning so that they would be able to perform akimal or near maximal physical effort.

After a standard fat load there were no significdr@nges in duration or total amount of performeakvin
healthy persons, but there were significant reduastin these parameters observed in CHD patier&@p and
p<0.01 respectively).

In spite of performing approximately the same amadiphysical work both with and without the fatty
meal preload load the Y@nax, metabolic equivalent units (MET's) and oxygetse in group | increased
significantly (p<0.01) after fat load. This was dmmstrated by the intensification of pulmonary vietitbn
(increase of minute ventilation (p<0.05), and, @fbduction (p<0.01).

In contrast, subjects with CHD showed the oppafitect after fat load. Their \\max, MET's, oxygen
pulse, minute ventilation and €production were all significantly reduced (p<0.0Tdrrespondingly the double
product was also lower (p<0.05).

Maximal physical exertion in healthy persons didl pr@duce positive electrocardiographic stress test
results either with or without fat load. However the CHD group the number of abnormal or posiivess test
results after fat load increased significantly @dslenced by increased incidence of angina paihgisic ST

segment depression and ventricular extrasystokisi€13).



The changes in lipoproteins concentration afteloiad and combined fat and maximal physical lo&d ar
presented in Table 4. There were no changes dfdiotdesterol level in both group | and group lieaiffat load
As expected, fat load produced an increase of KB.(Q5) in both group | and II. Fat load causedi¢ivel of
LDL-C to decrease in group | (p<0.01), but no clengere observed in group Il. However, the HDL&le
decreased in both groups (p<0.01).

Comparing the apolipoproteins in each group aéieldad we observed the increase of Apo Al (p<0.01)
and decrease of ratio Apo B/Apo Al (p<0.01) in grdubut decrease of Apo Al (p<0.01) and increds&pm B
(p<0.01) in group Il with a subsequent increasatherogenicity as judged by the increase of the fgio B/

Apo Al (p<0.01).

The addition of a maximal physical load to theléatd dramatically effected lipids and lipoproteiAd.
lipid parameters were significantly worsened inugrdl (p<0.01) shifting to a more atherogenic peofi
Similarly, in group | with maximal physical load TCG, LDL-C and Apo B increased significantly (p&D).
However, in group | Apo Al increased (p<0.01) andlHC and the Apo B/Apo Al remained essentially un-
changed.

The influence of submaximal physical exercise foran. on lipids is presented in Table 5. Submakima
physical load reduced postprandial high level of TBL-C, Apo B induced by fat load and increaseel lgwvel
of HDL-C, Apo Al in both groups (except the levdlTas in group 1). The Apo B/Apo Al ratio also deased in
both groups (p<0.01).

In submaximal stress tests (60% of peak power)id@at find ST depression, arrhythmias or angina pa

any patient with CHD.

Discussion

This study demonstrates interesting and clinicsiiyificant differences in fat metabolism and lipid

transport in persons with and without CHD when lgmgled with a fatty meal and maximal physical egartAs



interesting is the apparent therapeutic benefibith groups when challenged with submaximal exeiter the
fatty meal preload.

Hypertriglyceridemia induced by fat load in healffarsons was accompanied by the decrease of LDL-C
levels; presumably the result of physiologicaltiion of Apo B and Apo E receptors. Subjects W@ithD also
had an increase in TG but showed no change in LEift€ fat load, suggesting blunted receptor seitgit
associated with their CHD.

Fat load in the group of CHD-free subjects leddordase of HDL-C; this observation has been regdrye
others!®'"In these same subjects the increase in Apo Alrapenied by the decrease of Apo B/Apo Al ratio
could be interpreted as evidence of activatioregérse cholesterol transport from the tissuesedilr in
response to the fat and cholesterol absorbed fnengastrointestinal tract. In contrast, the de@ed#\po Al,
and increase in the Apo B/Apo Al ratio in CHD patgobserved could be considered evidence of amagénic
shift in postprandial lipid transport system.

Maximal physical effort led to increased Apo B ntaining lipoproteins (CH, TG, LDL-C) in both grosip
of subjects, especially in CHD patients, but thanges of Apo Al were dramatically different. Maxirpaysical
effort led to additional significant increase of Al in healthy individuals; however, in CHD pattermaximal
physical effort further reduced the decrease in Ahpmbserved after fatty meal aggravating an alyeanpaired
lipid transport system. The combination of the factors, fat load and maximal physical efforts, egpto
compound disturbances in the lipid transport systépersons with CHD.

The demands on the cardiorespiratory system weredsed in postprandial state in both healthy perso
and CHD subjects. After a fat load the body recuadditional oxygen for the oxidation of fatty fo&trenuous
physical work in postprandial state produces furthesggen demand. In healthy subjects this incredsedand is
responded to by taxing available cardiopulmonasgmnee. This was evidenced by increase of minutélagan,
V0, max, and number of MET's. Thus, healthy persoasble to perform the same amount of physical work
after fat load without evidence of myocardial istie. It is known that double product indirectlyleets the
myocardial oxygen supply.For healthy subjects in this study the double pobdalue after fat load and

maximal stress was the same in spite of the inereag0, max and MET's.
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The increased VWmax and MET's coupled with the unchanged valudgoable product after combined fat
and maximal physical load indirectly confirms thupgosition that the myocardial oxygen supply wité t
combined load was the same as during isolated gdiyisiad (without fat load). The excess oxygen oamgion
had been used for fat metabolism (oxidation). Témahd of additional oxygen supply for fat metabolie-
guires more intensive function of cardiorespirat®ygtem and an increased cardiac output.

Individuals with CHD may not be able to easily méwet demands for increased cardiorespiratory work
induced by postprandial hyperlipidemia. Increaseghen consumption with heavy physical work addethé&o
metabolic demands of the postprandial hyperlipi@efmither compromises the ability of the persormv@HD to
accomplish both tasks. As might be expected in GHBjects we observed both a reduced PWC and a
deterioration of the lipid profile with an increaskfree fatty acids and remnants in blood left etabolized.

Strenuous exercise after a fatty meal in CHD p#itad to a decrease of ¥hax, the number of MET's,
and the double product. These changes indicateraale in myocardial oxygen supply. These subjeets not
able to maintain adequate cardiopulmonary funatsulting in the accumulation of €8nd the development of
metabolic acidosis. Under these circumstancesrtherabic pathway of energy supply is stimulatedh@ugh
the anaerobic pathway may allow the CHD subjecbt@tinue some exercise it is not at the same cgpaici
duration as noted prior to fat load and it is asged with increased stress test evidence of iszhem

Perhaps, the most interesting and clinically sigaift findings from this study are the contrastsveen
the hazard of maximal exercise and the generaldwggnents with the performance of submaximal physica
exercise of the lipid profiles of both CHD and CHilee subjects after the fatty meal preload. Thatiahship
between physical activity and CHD has been wetlistll It is established that persons with physycaditive
occupations or regularly performing physical oreational exercise have a lower TC/HDL-C ratio, éow
triglycerides, higher HDL-C and a lower rate of CldBd mortality than those who are sedentaf§A lower
level of physical fitness is associated with a kigtisk of death from cardiovascular diseases #ruhases>*

While physical activity and fitness is generallynbécial, it is necessary to differentiate the irgigy of
physical exercise. The Harvard Alumni Health Sttitishowed that the age-standardized mortality rate

(deaths/10,000) was the highest (103.78) amongtivb® expended less than 4200 kJ/wk on all adwifThe
11



mortality rate declined when the energy expenderkased to 14700 kJ/wk (88.05 death/10,000), kdiaha
tendency to increase when energy exceeded 14708 (90.76). Similarly, the US Railroad Study notkdt the
death rate (deaths/100) for rate for those whotdpes than 250 kcal/wk total leisure time physaxivity was
29.8, for those who spent 1000 - 1999 kcal 24.7fanthose who spent 2000 kcal/wk or more 282 has been
shown that the risk of primary cardiac arrest s@ased during vigorous exercise, whereas modexgiéar
physical exercise is associated with an overaltedesed risk of primary cardiac arr&st?"*

The results of our study support these observatiodsmay partly explain the reasons for these
phenomena. Elevated lipid levels associated witnabus work appears to be an adaptive responsevale
energy-rich fuel to the large muscle groups. Ormrgof fat provides 9.461 kcal of energy or appraatiety
twice more than other energy sources. Fat mohitimaturing strenuous muscle effort is initiatedtbg adrenals
with the release of the norepinephrine and cortiro&ls®®* This contributes to the release of free fatty sicid
and cholesterol in the blood and activates TG ®githin the liver. At the same time lipoproteiralie activity is
blocked and delayed metabolism of chylomicron remsand LDL-C occurs. As a result of all these gesn
HDL-C levels also decrease in the bld&.

Fat metabolism for energy requires a large amotiokygen. Metabolic conversion of one gram of fat
requires 2019.3 ml oxygen, whereas one gram obtaudrate requires only 828.6 ml of oxygen.

Thus, while fats are energy rich, they place inreeeademands on the cardiorespiratory system ifdhey
going to be used as the primary source of fuepfysical work. The stepwise increase in work inaimal
physical stress test fairly quickly leads to a gigant oxygen debt and a switch to an anaerolpe tyf energy
supply. In this situation fats cannot be oxidatveletabolized. So, increased levels remain in iteallation until
the eventual transport of lipids to the liver candezcomplished.

In this study moderate exercise was shown to ingpmstprandial dyslipidemias. This is consisterthwi
other research that has demonstrated that systepmgfsical training improves lipid disturbancesysibal
fitness and the clinical symptoms of CHD and cagnenetard progression of coronary artery diséase
Comparisons of different intensities of physicairiing on CHD patients show the beneficial effeftmoderate

intensity training on physical fitness and the iclih manifestation of CHE?*2
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What is the mechanism of lipid improvement with malximal exercise as seen in this study? Posshuy, t
level of exercise combines optimally the lipolysfdats from their depots and their oxidative melam under
the conditions of sustained aerobic work. The desef triglycerides and LDL-C during the non-strems
physical work may be linked to their increased reahdy lipoprotein lipase in the expanded capillairgulation
in muscles and fat depots. This level of physictividy also appears to increase HDL-C (especidiBL ,).**°
During lipolysis HDL; under the influence of lecithin- cholesterol atéignsferase becomes HPteleasing free
cholesterol into the plasma. Apo Al, for reasora Hre unclear, appears to undergo increased symihe
healthy persons with both moderate and intensieecese but that response was observed in CHD dshyjety
with moderate exercise.

Another benefit reported with moderate exercisenotitseen with vigorous exercise is a favorableaff
on fibrinolytic activity as evidence by increaseddls of tissue plasminogen activatot® Inhibition of
secondary platelet adhesiveness has also beervetisermen who exercise regularfiy? platelet adhesiveness
and platelet aggregation have been shown to inengdls strenuous exercise whereas both are decrégse

moderate exercisg&>* It is unknown whether these observations haveralayionship to the findings reported in

our study, but they do add to the strength of @icdi recommendation for regular moderate exercise.

Conclusion

In conclusion, this study demonstrates that moderag¢rcise is beneficial in improving postprandfat
abnormalities in both CHD and CHD-free subjectsrafitty meal preload. In addition, maximal exezcis
demonstrated evidence of increase of lipid abnatiesiin both CHD and CHD-free subjects under samil
conditions of fatty meal preload.

Subjects with CHD also demonstrated significanedetation of work performance and increased
abnormalities on stress testing when maximally @ged after a fatty meal preload. Although clinical
generalizations from this study should be limitedibtrained middle-aged men, the findings strosglyport the

value of specific exercise prescriptions for optilmealth maintenance. Even persons without CHDndid

13



appear to benefit from strenuous exercise andlglparsons with CHD appear to be put at immediatesased
risk. Since most untrained middle-aged men dowelzaclear idea of what their maximal or submaxiearcise
levels are, it would appear advisable when reconaingrain exercise program, to start with a formareise
assessment especially if other CHD risk factorgpageent. A moderate exercise prescription cowdd the

provided including metabolic equivalents in a vigrief different or seasonally specific recreatioadtivities.

Authors' contribution

David M. Aronov contributed to the design of thadst, participated in the collection and interprietatof the
obtained data as well as in writing of the manyptcri

Marina G. Bubnova contributed to the design ofghaly, participated in the collection and interatiein of the
obtained data as well as in writing of the manymcri

Natalia V. Perova contributed to the design of shely, participated in the collection and interatiein of the
obtained data as well as in writing of the manymcri

Alexander N. Orekhov contributed to the designhef study, participated in the interpretation of dieained
data as well as in writing of the manuscript.

Yuri V. Bobryshev contributed to the design of gtedy, participated in the interpretation of theaiied data as
well as in writing of the manuscript.

All authors have approved the final version of enuscript.

Acknowledgements/Financial disclosures

This work was supported by the Russian Science dadion (grant #14-15-00112), Russian Federation.

Conflict of interests

14



ACCEPTED MANUSCRIPT

The authors declare no conflicts of interest.

15



References

[N

Keys A, Aravanis C, Blackburn HW, Van Buchem B8zina R, Djordje\vd BD, Dontas AS, Fidanza F,
Karvonen MJ, Kimura N, Lekos D, Monti M, Puddu Vayor HL. Epidemiological studies related to
coronary heart disease: characteristics of men 4@€x® in seven countrie8cta Med Scand Suppl
1966;460:1-392.

Lichtenstein AH, Appel LJ, Brands M, CarnetidnDaniels S, Franch HA, Franklin B, Kris-EthertBn
Harris WS, Howard B, Karanja N, Lefevre M, Rudel33acks F, Van Horn L, Winston M, Wylie-Rosett J.
Diet and Lifestyle Recommendations Revision 2008cintific Statement From the American Heart

Association Nutrition Committe€Circulation 2006;114:82—-96.

. Yamagishi K, Iso H, Yatsuya H, Tanabe N, Dat&iRuchi S, Yamamoto A, Inaba Y, Tamakoshi A, fhet

JACC Study Group. Dietary intake of saturated fattids and mortality from cardiovascular disease

among Japanese: the JACC StulinJ Clin Nutr 2010;92:759-65.

. Gotto A.M., Patsch J., Yamamoto A. PostprandyglerlipidemiaAm J Cardiol 1991;68: 11-2.

. Patsch JR1, Miesenbotck G, Hopferwieser T, MirgreV, Knapp E, Dunn JK, Gotto AM Jr, Patsch W.

Relation of triglyceride metabolism and coronarngeyr disease. Studies in the postprandial state.

Arterioscler Thromb 1992;12:1336-45.

. Zilversmit D.B. Atherogenesis: a postprandiampbmenonCirculation 1979;60:473—-84.

. Kala R, Romo M, Siltanen P, Halonen PI. Physicdivity and sudden cardiac deafldy Cardiol 1978;25:27—

34.

. Punsar S, Karvonen. Physical activity and canphaart disease in populations from East and \Fiesand.

Adv Cardiol 1976;18:196—-207.

. Mittleman MA, Maclure M, Tofler GH, Sherwood JBpldberg RJ, Muller JE. Triggering of acute myaialr

infarction by heavy physical exertion. Protectigaiast triggering by regular exertion. Determinasfts

Myocardial Infarction Onset Study InvestigatdisEngl J Med 1993;329:1677-83.

10. Campeau L. Grading of angina pectd@isculation 1976; 54: 522-3.

16



11. Braunwald E. Unstable angina. A classificati©inculation 1989; 80:410-4.

12. Andersen KL, Shephard RJ, Denolin H. Fundanteofexercise testing. Geneva WHO, 1971, 131 p.

13. Levine GN, Bates ER, Blankenship JC, Bailey BiR| JA, Cercek B, Chambers CE, Ellis SG, GuyRA,
Hollenberg SM, Khot UN, Lange RA, Mauri L, Mehran Roussa ID, Mukherjee D, Nallamothu BK,
Ting HH; American College of Cardiology Foundatiofimerican Heart Association Task Force on
Practice Guidelines.; Society for Cardiovasculagidgraphy and Interventiond Am Coll Cardiol
2011;58:e44-122.

14. Patsch JR, Karlin JB, Scott LW, Smith LC, Gattd Jr. Inverse relationship between blood levdlkigh
density lipoprotein subfraction 2 and magnitud@astprandial lipemiaProc Natl Acad Sci USA
1983;80:1449-53.

15. Lindgren FT. Preparative ultracentrifugal laiory procedures and suggestions for lipoproteatyars.
Analysis of lipids and lipoproteins. EC.Perkins YE&mer Clin Chem Soc 1975, 204-24.

16. Patsch JR, Prasad S, Gotto AM, Bengtsson-ObwecG. Postprandial lipemia. A key for the conigerof
high density lipoprotein2 into high density lipopgm3 by hepatic lipasd.Clin Invest 1984;74:2017-23.

17. Schaefer EJ, Audelin MC, McNamara JR, ShahTRiler T, Daly JA, Augustin JL, Seman LJ, Rubemstei
JJ. Comparison of Fasting and Postprandial Plasmprbteins in Subjects with and without Coronary
Heart DiseaseAm J Cardiol 2001;88 :1129-33.

18. Robinson, B. F. Relation of heart rate andadigsblood pressure to the onset of pain in angeetoris.
Circulation 1967;35:1073-83.

19. Kelley GA, Kelley KS, Tran ZV.Walking, lipidsind lipoproteins: a meta-analysis of randomizedrotiad
trials. Prev Med 2004;38:651-661.

20. Tanasescu M, Leitzmann MF, Rimm EB, WillettWar8pfer MJ, Hu FB. Exercise type and intensity in
relation to coronary heart disease in mE&MA 2002;288:1994—-2000.

21. Sharma S, Merghani A, Mont L. Exercise andnibart: the good, the bad, and the ugly. Heart J

2015;36:1445-53.

17



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Schuler G, Adams V, and Goto Y. Role of exeraisthe prevention of cardiovascular diseaseligsu
mechanisms, and new perspecti&s. Heart J 2013; 34:1790-9.

Proper KI, Singh AS, van Mechelen W, ChinapalWMSedentary behaviors and health outcomes among
adults: a systematic review of prospective studiesJ Prev Med 2011;40:174-82.

Wei M, Kampert JB, Barlow CE, Nichaman MZ, Gilnls LW, Paffenbarger RS, Blair SN. Relationship
between low cardiorespiratory fitness and mortatityormal-weight, overweight, and obese miEMA
1999;282:1547-53.

Secco HD, Paffenbarger RS Jr, Lee IM. Physictvity and coronary heart disease in men: The/&tar
Alumni Health StudyCirculation 2000;102: 975-80.

Slattery ML, Jacobs DR Jr, Nichaman MZ. Leidures physical activity and coronary heart disedeath:
the US Railroad studirculation 1989,79:304—-11.

Willich SN, Lewis M, Lowel H, Arntz HR, Schulid¥, Schroder R. Physical exertion as a triggezcnite
myocardial infarction. Triggers and Mechanisms gfddlardial Infarction Study Groupl Engl J Med
1993;329:1684-90.

Harmon KG, Drezner JA, Wilson MG, Sharma Sidence of sudden cardiac death in athletes: a-sfdtee-
art review.Br J Sports Med 2014;48:1185-92.

James J, Merghani A, Sharma S. Sudden deMthriathon runnersCardiac Electrophysiol Clin 2013;5:43—
51.

Farrell PA, Garthwaite TL, Gustafson AB. Plasadaenocorticotropin and cortisol responses to sudmmal
and exhaustive exercis&Appl Physiol Respir Environ Exerc Physiol 1983;55:1441—-4.

Devalon ML, Miller TD, Squires RW, Rogers Pa&vB AA, Tyce GM. Dopa in plasma increases duringec
exercise and after exercise trainidd.ab Clin Med 1989;114:321-7.

Jansen H, Breedveld B, Schoonderwoerd K. Ridipaprotein lipases in postprandial metabolism.

Atherosclerosis 1998;141(Suppl 1):s31-4.

18



33.

34.

35.

36.

37.

38.

39.

40.

41.

Schuler G, Hambrecht R, Schlierf G, Niebauétaljer K, Neumann J, Hoberg E, Drinkmann A, Baéher
Grunze M. Regular physical exercise and low-fat. &éfects on progression of coronary artery diseas
Circulation 1992;86;1:1-11.

Hambrecht R, Niebauer J, Marburger CH, Grunz&&berer B, Hauer K, Schlierf G, Kubler W, Schul&
Various intensities of leisure time physical ad{ivin patients with coronary artery disease: effaxnt
cardiorespiratory fitness and progression of canpatherosclerotic lesiond.Am Coll Cardiol
1993;22:468-77.

Taylor RS, Brown A, Ebrahim S, Jolliffe J, Naor H, Rees K, Skidmore B, Stone JA, Thompson DR,
Oldridge N. Exercise-based rehabilitation for pasewith coronary heart disease: review and meta-
analysis of randomized controlled triadsn J Med 2004;116:682—92.

Erbs S, Linke A, Hambrecht R. Effects of exadraining on mortality in patients with coronaseart
diseaseCoron Artery Dis 2006;17:219-25.

Mann S, Beedie C, Jimenez A. Differentialleté of Aerobic Exercise, Resistance Training aochi@ned
Exercise Modalities on Cholesterol and the LipidfiRe: Review, Synthesis and Recommendati@psrts
Med 2014;44:211-21.

Kesaniemi YK, Danforth E Jr, Jensen MD, KopeirR&, Lefebvre P, Reeder BA.. Dose-response issues
concerning physical activity and health: an evidehased symposiurvled Sci Sports Exerc 2001;33(6
Suppl):S351-8.

Lira FS, Yamashita AS, Uchida MC, Zanchi NEatamo B, Martins E Jr, Caperuto EC, Seelaenderdw L
and moderate, rather than high intensity strengginoise induces benefit regarding plasma lipid ifgrof
Diabetol Metab Syndr 2010;2:31.

Nybo L, Sundstrup E, Jakobsen MD, Mohr M, Hops T, Simonsen L, Bllow J, Randers MB, Nielsen JJ
Aagaard P, Krustrup P. High-intensity training wersraditional exercise interventions for promoting
health.Med Sci Sports Exerc 2010;42:1951-8.

Hansen D, Eijnde BO, Roelants M, BroekmansumRens JL, Hensen K, Daniels A, Van Erum M, Bonné

K, Reyckers I, Alders T, Berger J, Dendale P. Chhbenefits of the addition of lower extremity low

19



42.

43.

44,

45,

46.

47.

48.

49.

50.

intensity resistance muscle training to early aerebdurance training intervention in patients with
coronary artery disease: a randomized controliatl & Rehabil Med 2011;43:800-7.

Mezzani A, Hamm LF, Jones AM, McBride PE, Maldl, Stone JA, Urhausen A, Williams MA; European
Association for Cardiovascular Prevention and Raitetiion; American Association of Cardiovascularda
Pulmonary Rehabilitation; Canadian Association afdiac Rehabilitation. Aerobic exercise intensity
assessment and prescription in cardiac rehalolitas joint position statement of the European Asgmn
for Cardiovascular Prevention and Rehabilitatitie, American Association of Cardiovascular and
Pulmonary Rehabilitation, and the Canadian Assiociaif Cardiac Rehabilitatiod. Cardiopulm Rehabil
Prev 2012;32:327-50.

George G, Cowan O. Influence of exercise on HBhJ Cardiol 1983;52:13B-6B.

Lavie J, Milani RV. Effects on nonpharmacolotiierapy with cardiac rehabilitation and exercragning in
patients with low levels of high-density lipoprataiholesterol. Am J Cardiol 1996;78:1286-8.

Altena TS, Michaelson JL, Ball SD, Guilford BLhomas TR. Lipoprotein subfraction changes after
continuous or intermittent exercise trainiided Sci Sorts Exerc 2006;38:367-72.

Kodama S, Tanaka S, Sito K Effects of aerek@rcise training on serum levels of high-densjggrotein
cholesterolrch Intern Med 2007;167:999-1008.

Stratton JR, Chandler WL, Schwartz RS, CerqudiD, Levy WC, Kahn SE, Larson VG, Cain KC, Beard
JC, Abrass IB. Effects of physical conditioningfdminolytic variables and fibrinogen in young aald
healthy adultsCirculation 1991;8:1692-7.

de-Geus EJ, Kluft C, de-Bart AC, van-DoornenHfilects of exercise training on plasminogen atty
inhibitor activity. Med Sci Sports Exerc 1992;24:1210-9.

Womack CJ, Nagelkirk PR, Coughlin AM. Exerdisduced changes in coagulation and fibrinolysis in
healthy populations and patients with cardiovasaiseaseJorts Med 2003;33:795-807.

Posthuma JJ, van der Meijden PE, Ten Cate ien8piM. Short- and Long-term exercise induced

alterations in haemostasis: a review of the litemtBlood Rev 2015;29:171-8.

20



51. Rauramaa R, Salonen JT, Seppanen K, Salonéer@lainen JM, lhanainen M, Rissanen V. Inhibitidn
platelet aggregability by moderate-intensity phgkexercise: a randomized clinical trial in overgldi
men.Circulation 1986;74:939-44.

52. Ergin M, Tengiz |, Tark U, Senisik S, Aliodh) Yuksel O, Ercan E, Islegen C. The effects ofjlogrm
regular exercise on endothelial functions, inflartanaand thrombotic activity in middle-aged, heglth
men.J Sports Sci Med 2006;5:266—76.

53. Dean T., Mason M. Effects of exercise on pétiinction and coronary thrombosiglv Heart Dis
1978;2:368-74.

54. Kestin AS, Ellis PA, Barnard MR, Errichetti Rpsner BA, Michelson AD. Effect of strenuous exseabn

platelet activation state and reactiviGirculation 1993;88:1502-11.

21



Table 1. The amount of work and energy expenditure intests

Work Variables Maximal load Submaximal load
group | group 11 group | group |1

Amount of work performed 6030 4257 23760 20736

(kgm)

Energy expended (KJ) 59.14 41.75 233.01 203.36




Table 2. Physical work capacity parameters before and &dtdoad

Parameters Groups P
I Il

Max physical load 1 (kgm/min) 1050 + 32 864 + 24 <0.01
2 990 + 30 824 + 36 <0.01
Duration of physical 1 582 £ 20 461 + 31 <0.01
load (sec.) 2 555 + 23 431 + 15* <0.01
Total amount of 1 6078 + 62 4236 £ 43 <0.01
performed work (kgm) 2 6030 £ 63 3654 + 40** <0.01
max VQ (ml/kg. min) 1 324+14 27.8+1.2 <0.05
2 36.3 £ 1.4** 25.8 + 1.2** <0.01

Oxygen pulse (ml/beats) 1 15.0+£0.6 149+0.7 NS
2 17.0 £ 0.5* 13.7 £ 0.7* <0.01
MET's 1 93+04 76+04 <0.01
2 10.5 £ 0.4* 6.5 + 0.4** <0.01
Ventilation (I/min) 1 76.0+4.3 61.8+4.2 <0.01
2 78.0 £5.0* 55.3 + 3.2** <0.01

Note: 1-without fat load

2 - 3 hour after fat load * p<0.05 ** p<0.01

NS - non significant




Table 3. Results of maximal stresstest in patients with manifested CHD

Results Without Fat Load After Fat Load P
n % n %
Anginal pain 7 18.8 11 313 <0.01
Depression of ST- segment 1 9 25 18 50 <0.01
mm or more
Arrhythmias (ventricular - 0 7 18.7 <0.01
extrasys toles)




Table 4. Changes of lipids and apolipoproteins after comthistandard fat and maximal physical loads

Parameters P
[ I
Total cholesterol (mg/dL) 1 217+£8.0 233+7.0 NS
2 211 +8.0 240+ 7.3 <0.02
3 233+ 9.6 256 + 8.G°" <0.05
TG (mg/dL) 1 121 +4.2 128 + 14.7 NS
2 264 +24.3 224 + 23.8° NS
3 312 + 32.§%° 272 + 35.4%P NS
LDL-C (mg/dL) 1 146 + 7.4 167 7.0 <0.05
2 138 + 8.3° 170+ 6.9 <0.01
3 152 + 7.3 189 + 7.2%% <0.01
HDL-C (mg/dL) 1 45+1.9 38+1.7 <0.01
2 43+1.82 33+2.2° <0.01
3 42 + 2.0 30 + 2.F3P <0.01
Apo Al (mg/dL) 1 142 +2.8 134+ 2.6 <0.05
2 149 + 3.6¢° 128 + 2.1 <0.01
3 158 + 3.8%%° 121 + 3.3 <0.01
Apo B (mg/dL) 1 111 +3.7 128 + 2.6 <0.01
2 108 + 3.8 134 +3.3° <0.01
3 116 + 4.6 140 + 3.3 <0.01
Apo B/Al 1 0.79 + 0.03 0.98 + 0.02 <0.01
2 0.72 +0.032 1.05 + 0.08° <0.01
3 0.74 +0.03? 1.16 + 0.24%P <0.01

Note: 1 -fasting parameters; 2 - 3 hoterdht load; 3 - 10 min later on physical load

a -p<0.05;
b -p<0.05;

aa - p<0. 01 panng with fasting state;

bb- p<0.01 commpgwith after fat load; NS - non significant




Table 5. Changes of lipids and apolipoproteins after comtbistandard fat and submaximal

physical loads

Parameters Groups P
[ I
Total cholesterol (mg/dL) 1 218+7.1 224 +7.0 NS
2 207 + 8.6 238+ 7.1 <0.02
3 210+ 7.8 240+ 7.4 <0.02
TG (mg/dL) 1 113 +14.2 125 +13.8 NS
2 235 + 26.2° 231 + 26.5¢ NS
3 217 + 26.8° 200 + 26,8 NS
LDL-C (mg/dL) 1 150 + 6.7 160+ 6.9 <0.05
2 133+ 7.6° 166 +7.2 <0.01
3 123 + 7.3 145 + 7.3 <0.01
HDL-C (mg/dL) 1 45+20 38+21 <0.01
2 42 +1.8° 32+2.6 <0.01
3 52 + 1. 7P 47 + 2.73P NS
Apo Al (mg/dL) 1 143 +£2.8 133+2.8 <0.05
2 148 + 2.8 127 + 3.0° <0.01
3 161 + 3.3 142 + 3.0°° <0.01
Apo B (mg/dL) 1 113+ 3.4 126 £3.1 <0.01
2 111 +3.3 133+ 3.7¢ <0.01
3 105 + 4.6 119 + 3,790 <0.05
Apo B/AI 1 0.81 +0.03 0.94 +0.03 <0.01
2 0.75 +0.0% 1.01 + 0.0#° <0.01
3 0.66 + 0.0 0.84 + 0.0%° <0.01

Note:

1 - fasting parameters; 2 - 3 hour after fat load3 - after completion of the work within

3-5 min;
a- p<0.05;
b- p<0.05;

aa - p<0. 01 comparing with fastiragest
bb- p<0.01 comparing with after faadpNS - non significant




Highlights:

» Influence of a standard fat load combined with physica exertion was investigated
e Plasmalipid profile of CHD patients and CHD-free individuals were analyzed

» Physica exercise produced atherogenic blood lipid changes in both groups

* Moderate exerciseis beneficial in improving postprandial lipid abnormalities

* Maximal exercise demonstrated evidence of increase of lipid abnormalities
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