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Abstract

Background. Hypertensive response of blood pressure (BP) to exercise has substantial prognostic
impact. Hypertensive response to exercise is shown to be a predictor for development of hypertension and
stroke. The data concerning hypertensive response to exercise influence on stress echocardiography results
are controversial. Objective. The aim of the study was to assess the frequency of hypertensive response
of BP to exercise and its impact on the result of the stress echocardiography on treadmill in patients with
known or suspected ischemic heart disease. Design and methods. We analyzed 3434 tests performed in
out-patient department during 1 month period (21.01-21.02) of every year since 2007 to 2020. We studied
the occurrence of hypertensive response to exercise during exercise stress echocardiography on treadmill
and its relation to positive results of the test. Results. The prevalence of hypertensive response to exercise
varied from 8,6 % to 41,5 % (average in 14-year period — 23,24 %), however, the proportion of tests with
hypertensive response to exercise significantly declined in the period from 2015 to 2020 years. Patients
with hypertensive response to exercise showed significantly more frequent positive tests in comparison to
patients with normotensive BP response: 40,6 % vs 31,0% (r = 12,2, p = 0,0005), though yearly analysis
showed no correlation between the number of tests with hypertensive response to exercise and number of
positive tests (r = 0,21; p = 0,47). Conclusions. Significant correlation between BP response and stress
echocardiography results means that hypertensive response to exercise has an impact on the test results,
therefore antihypertensive treatment optimization is essential before test.

Key words: stress-echocardiography, hypertension, hypertensive response to exercise

For citation: Karev EA, Verbilo SL, Malev EG, Prokudina MN. Hypertensive response to exercise: prevalence and
impact on stress echocardiography results. Arterial 'naya Gipertenziya = Arterial Hypertension. 2020;26(6):648—655.
doi:10.18705/1607-419X-2020-26-6-648-655



Original article / OpuruHanapHas cTaThs

I'unepreH3uBHAs peaKklusi HA HATPY3KY:
PACIPOCTPAHEHHOCTH U BJIUSIHHE HA
pe3yJbTaThl cTpecc-3Xokapauorpadgpuu

E.A. Kapes!, C.JI. Bepouuao?,

J.T. Maxes!, M. H. IIpoxkyauna>

! @egepanbHOE TOCYAAPCTBEHHOE GIOMMKETHOE YUPEKIeHNIe
«HammoHambHBITT MEIUITUHCKUIN MCCIE€I0BATEIbCKUN ITEHTP
umenu B.A. AnmasoBa» MuHMCTEpPCTBA 34paBOOXPAaHEHUA
Poccuiickoit @engeparniuu, Caukr-Ilerepoypr, Poccus

2 O6IIIeCTBO C OTPAaHMYEHHON OTBETCTBEHHOCTHLIO
«MexayHaApPOOHBII ITeHTp cepaia», Caukt-Iletepbypr, Poccus

KonTakTHas undopmanus:

Kapes Erop Anapeesuu,

DOI'BY «tHMUIL] um. B. A. AnmazoBa»
Mumnszapasa Poccun,

yi1. Akkyparosa, 1.2, Caukr-IletepOypr,
Poccust, 197341.

E-mail: karev_ea@almazovcentre.ru

Cmamuws nocmynuna 6 pedaxyuio
07.06.20 u npunama x newamu 26.06.20.

Pesrome

AKTyaJIbHOCTB. [ unepren3uBHas peakuus aprepuansHoro nasienus (AJl) va varpysky (I'PH) umeer cy-
IIECTBEHHOE MPOrHOCTUYECKOE 3HAYEHUE, SIBIISISICh MPEAMKTOPOM Pa3BUTHS Y NALMEHTA TUIIEPTOHUYECKOM 00-
JIe3HU U LIepeOpabHBIX COCYTUCTBIX cOObITHI. JIuTeparyphble nanHble 0 BiustHuM ['PH Ha pesynbrars! cTpecc-
sxokapauorpapun (crpecc-9xoKI') mporuBopeunssl. Lleb uccieq0BaHus — OLEHUTH YaCTOTY BO3HUKHOBE-
Hus ['PH npu nposenenuu crpecc-OxoKI™ Ha TpeaMuiie y ManyueHToB ¢ U3BECTHOMN UIIEMHYECKON 00IE3HBI0
cep/ua wim nojpo3peHreM Ha Hee v BusiHue ['PH Ha pesynbrarel uccnenoBanvs. Marepuassl 1 MeToabl. beuin
MpOaHAM3UPOBaHbI pe3ynbTarsl 3434 crpecc-OxoKI TecToB, BBITOTHEHHBIX B aMOYJIaTOPHOM TIOPSIJIKE B TEUE-
Hue nepuosa 1 mecsna (21.01-21.02) kaxmoro roga 3a nepuop ¢ 2007 g0 2020 rojpl. beutn u3y4yeHsl yactora
Bo3HukHOBeHUs I'PH B xone crpecc-OxoKI uccnenoBanus U B3aMMOCBS3b THIIEPTEH3UBHOM peaKIuu
C MOJIOKUTENbHBIM pe3yabTaToM uccienoBanus. Pesyabrarel. Pacnpoctpanennocts ['PH y nanuenros,
KOTOpBIM ObLTa BhITIONHEHA cTpecc-OXoKI B paszHbie roasl, coctaBmia ot 8,6 % mo 41,5 % (B cpeanem 3a
14 net— 23,2 %), npu 3tom B niepuof ¢ 2015 o 2020 roast nons tectoB ¢ ' PH cauzunacek. Cpenu nanu-
enToB ¢ ['PH nonoxxutenbHbIil TECT BCTpEUasics yalle, YeM Cpe/Id MAllMeHTOB C aJieKBaTHOM peakuueit A/l:
40,6 % npotus 31,0% (r = 12,2, p = 0,0005). BeiBoasl. Hanuuue B3anmocss3u mexay peakuueil AJl Ha
Harpy3ky u pesyiasraramu crpecc-OxoKI rosopurt o BiusiHuu I'PH Ha pesynbrars! ucciaeqoBanus 1 He00-
XOIUMOCTH TIIATEIFHOTO MOA00pa AaHTUTUIIEPTEH3UBHOM TEPANTUH MEPE UCCIETIOBAHUEM.

KroueBble cji0Ba: cTpecc-3xokapauorpadus, apTepranbHasi TUIIEPTEeH3Hs, THIICPTeH3UBHAS PEAKLIUs

Ha Harpy3Ky

M yumuposanus: Kapes E. A., Bepouno C.J1., Manes 2.1, [Ipokyouna M. H. ['unepmensusnas peaxyus na Ha-
2PY3KY: pacnpoCmpaneHHOCmb U GIUAHUE HA PE3VIbIMAmbl Cmpecc-axokapouozpaguu. Apmepuanonas cunepmensus.
2020,26(6):648—655. doi:10.18705/1607-419X-2020-26-6-648-655

Introduction

Arterial hypertension is wide-spread all over the
world —up to 30-45 % of the population has criteria
for the disease [1]. The burden of the disease among
the Russian Federation population is 72.1 % when
using the ACC/AHA 2017 criteria for hypertension

according to the big national registry [2]. The com-
prehensive investigation in patients with hypertension
has crucial socio-economic value. The initial evalu-
ation of hypertensive patients includes serial blood
pressure (BP) measurements at home and in the of-
fice with the addition of ambulatory blood pressure
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monitoring if needed. Fundoscopy, microalbuminu-
ria analysis and echocardiography are obligatory in
these patients [3].

Exercise stress-tests are not commonly used in
routine workup in hypertensive patients. Moreover,
according to ESC Guidelines for the management
of arterial hypertension stress-tests are not recom-
mended for diagnosis of the disease due to some
restrictions [4]. Nevertheless, literature data shows
the prognostic value of the hypertensive response of
blood pressure to exercise (HRE). L. Holmqvist et al
(2012) report that HRE can serve as a predictor for
the development of hypertension in the future irre-
spective of blood pressure at rest [5].

The most common criteria for HRE are the BP
levels from the Framingham study with the largest
selection of patients — 1978. The authors suggest
treating as HRE the elevation of systolic BP > 210
in men and > 190 in women during Bruce protocol
on a treadmill [6]. Some patients demonstrate the
early BP rise and low to medium tolerance to ex-
ertion, therefore S. Weiss et al. (2010) offered the
threshold > 180/90 mmHg from the second stage
of Bruce protocol on a treadmill as the criterion for
HRE in these patients [7]. It was noticed that BP dur-
ing stress-test on the bicycle can be higher than on a
treadmill in the same patient [8, 9], that’s why sep-
arate criteria for HRE for this type of exertion were
introduced — the systolic BP rise > 220 mmHg in
men and > 200 mmHg in women [10]. Taking into
consideration that some patients have high BP before
the test T. G. Allison et al. (1999) determine HRE as
systolic BP increment > 60 mmHg in men and > 50
mmHg in women from baseline BP [11]. Systolic BP
rise > 182 mmHg and diastolic BP > 96 mmHg are
the accepted criteria for HRE during pharmacolog-
ical stress-echocardiography with dobutamine [12].

There is consent among most authors that HRE
is a predictor for future hypertension development
in non-hypertensive patients [13—17]. R. Mizuno et
al. (2016) demonstrated that patients with HRE have
higher myocardial mass in comparison to patients with
normal BP response [18]. Endothelial dysfunction
plays a significant role in the mechanism of HRE and
serves as a separate negative prognostic marker [19].

Beyond the connection to the natural history of
hypertension, HRE is associated with increased car-
diovascular risk [20]. For example, patients with
HRE have a higher prevalence of carotid artery ath-
erosclerosis on ultrasound [21] and more frequent
ischemic stroke [22]. Moreover, O. Prada-Delgado
et al. (2015) demonstrated that stress-induced left
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ventricle systolic dysfunction in patients with HRE
and no coronary artery lesions is an independent pre-
dictor for cardiovascular events [23].

The purpose of the study — to investigate the
frequency of HRE during stress echocardiography
on a treadmill in patients with known or suspected
coronary artery disease (CAD) and to assess the in-
fluence of BP response on the test results.

Material and methods

We analyzed the frequency of HRE in out-pa-
tients, directed to exercise stress echocardiography
in NMRC n.a. VA Almazov during one month of
every year from 2007 to 2020 years. The standard
interval for analysis began from January 21% to Feb-
ruary 21 of every year, since this interval is stable in
the number of working days and contains no public
holidays. Stress echocardiography was performed
on treadmill T-2100 (GE Healthcare, USA), the im-
ages were recorded into the GE Vivid 7 equipment
(GE Healthcare, USA). In most patients, the standard
Bruce protocol was used with manual BP control on
the left arm at rest, on every stage of exertion and in
the recovery period. All tests were divided into two
groups depending on BP response according to the
aforementioned Framingham and Weiss criteria for
HRE on a treadmill [6,7].

Statistical analysis

The data are partially presented as mean + stand-
ard deviation, partially — as absolute numbers and
proportions of patients with different test results and
types of BP response to exercise. The difference be-
tween groups in the frequency of the investigated
parameter was assessed using cross-tables with y2
criterion. The linear relation between two quantita-
tive parameters was assessed with the Pearson corre-
lation coefficient. Statistical analysis was performed
with the Statistica 7.0 software (StatSoft, Inc., USA).

Results

The general number of analyzed tests was 3434.

The number of out-patient tests in NMRC n.a.
VA Almazov increased gradually from 2007 till 2012
reaching the plateau from 2012 year with the average
number of tests in a month 294.4 + 35.4. The number
of tests with HRE increased proportionally (fig. 1),
reaching its peak in 2015 year (41.5%). During the
period from 2015 to 2020 the proportion of tests with
HRE declined: 2016-24.8% (x2 = 9.73; p=0.0018);
2017-29.1% (x2 = 4.15; p=0.0417); 2018-28.6 %
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Figure 1. Total number of out-patient tests and number of tests
with hypertensive response per month in 2007-2020
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Figure 2. Total number of positive tests with hypertensive
and normotensive response in 2007—2020
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Figure 3. The ratio of positive tests among tests with hypertensive
and normotensive response per month in 2007—2020
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Table
TOTAL NUMBER OF POSITIVE AND NEGATIVE TESTS WITH HYPERTENSIVE
AND NORMOTENSIVE BLOOD PRESSURE RESPONSE TO EXERCISE
Number of Number' and ratio (0/'3) Number and ratio (%) 5
Year of tests with hypertensive o w* p-level
tests . of positive tests
response to exercise
2007 93 8 (8.6%) 57 (31.29%) 2.53 0.1114
2008 122 17 (13.93%) 64 (52.46 %) 1.19 0.2758
2009 134 13 (9.7%) 68 (64.18 %) 1.22 0.2696
2010 206 47 (22.82%) 94 (45.63 %) 1.4 0.2362
2011 229 47 (20.52%) 108 (47.16 %) 15.05 0.0001
2012 281 40 (14.23%) 108 (38.43 %) 0.33 0.5681
2013 333 50 (15.02%) 138 (41.44 %) 6.65 0.0099
2014 311 85 (27.33%) 101 (32.48 %) 6.52 0.0107
2015 306 127 (41.5%) 99 (32.35%) 2.15 0.1426
2016 310 77 (24.84 %) 96 (30.97 %) 15.34 0.0001
2017 227 66 (29.07%) 56 (24.67%) 0.85 0.3568
2018 315 90 (28.57%) 75 (23.81 %) 1.79 0.1807
2019 248 56 (22.58 %) 49 (19.76 %) 0.13 0.7212
2020 319 75 (23.51%) 53 (16.61 %) 7.15 0.0075
All period 3434 798 (23.24 %) 1166 (33.95 %) 25.27 <0.00001

Note: * — when comparing number of positive tests in patients with hypertensive and normotensive response to exercise.

(%2 =5.51; p=0.018); 2019-22.6% (y2 = 11.39,
p =10.0007); 2020-23.5% (x2 = 11.84; p = 0.0006).
Also, the relation between general number of tests
and number of tests with HRE yearly was observed
(r=0.8;p=0.001).

Among 3434 stress echocardiography studies in
14 years, 1166 were positive (33.95%). Upon that
patient with HRE had significantly higher preva-
lence of positive result comparing to patients with
normal BP response: 40.6 % vs. 31.03% (x2 = 12.2;
p =0.0005) (fig. 2). In all years with no exclusion,
the percentage of positive tests among patients with
HRE was higher than the percentage of positive tests
among patients without HRE, though these differ-
ences were significant (p < 0.05) only in a distinct
year (table, fig. 3).

Discussion

The HRE during exercise stress echocardiography
was observed in a large proportion of patients — in
every fourth on average. This could be explained by
the mode of selection of patients — most of them
had known or suspected CAD combined with hy-
pertension.

The mechanism of HRE as a pathologic phe-
nomenon is complicated. R. H. Fagard et al. (1996)
report the absence of an adequate reduction in pe-
ripheral vascular resistance in response to exercise
in these patients [24]. G. Thanassoulis et al. (2012)
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state that HRE has combined mechanism with the
two main components — the increased arterial wall
stiffness and endothelial dysfunction, the first being
more pronounced in elderly, the second in the oppo-
site — in younger patients [25]. Among biochemical
mechanisms of HRE the angiotensin II elevation on
exertion theory is proposed in the literature [26], the
decrease in endothelial NO production during exer-
cise which leads to vasodilation reserve reduction
is also discussed [27]. S.Y. Jae et al. (2006) suggest
that HRE is associated with inflammation markers
increase, particularly leukocytosis [28].

One of the most common explanations for left
ventricular systolic dysfunction in response to HRE
is global subendocardial ischemia uprise due to tis-
sue oxygen consumption and supply mismatch with
the double production increase (systolic BP X heart
rate). Besides, it was shown that left ventricle hyper-
trophy leads to coronary arteries vasodilation reserve
reduction, which in its turn is reflected in pathologic
increase in microcirculation peripheral vascular re-
sistance, causing the global subendocardial ischemia
in HRE.

Despite the unclear clinical value of HRE, there
are many published studies, devoted to the prognostic
implications of this phenomenon. On the opposite,
there are just a pair of publications of one group of
authors, who witness against such a prognostic sig-
nificance of HRE [29, 30].
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The increased after-load negative influence on
left ventricular systolic function was shown in ex-
perimental [31] and clinical studies [32], moreover
the degree of HRE (both systolic and diastolic BP
increment) may have a negative correlation with the
specificity of stress echocardiography.

In the P. Mottram et al. study (2004) 41 patients
with HRE had lower longitudinal strain and strain
rate in TDI modality and lower cyclic variability of
integrated backscatter during stress echocardiogra-
phy in comparison to 17 patients with normal BP
response, moreover, HRE was associated with sub-
clinical left ventricular systolic dysfunction irrespec-
tive of hypertension at rest, left ventricle hypertrophy
and significant diastolic dysfunction [33]. J. H. Shin
et al. (2003) report that wall motion abnormalities in
response to HRE are more frequent in women [34].

T.L. Jurrens et al. (2012) provide the opposite
point of view. In two groups with HRE and normal BP
response, the authors found no difference in false-pos-
itive results of stress echocardiography among 508
patients with performed stress echocardiography and
coronary angiography [35]. S. Abram et al. (2017)
concluded that the incidence of coronary artery ste-
nosis > 50 % in patients with HRE and normal BP
response during the dobutamine stress echocardiog-
raphy is the same, while the incidence of coronary
artery stenosis >70% is higher in the HRE group [36].

Thereafter the HRE influence on left ventricular
systolic function parameters is evident and valid,
though the question of management of patients with
isolated HRE is not clarified in current guidelines.
At the moment it can be said without a doubt that
patients with HRE and uncontrolled hypertension at
rest require therapy enhancement according to cur-
rent ESC Guidelines on the management of arterial
hypertension. At the same time, it should be taken
into consideration that despite the absence of direct
recommendation to treat the isolated HRE the stud-
ies demonstrated a negative prognostic effect of this
phenomenon.

According to our data, the number of tests with
HRE increased in proportion with the general number
of tests and reached its peak in 2015 (41.5 % among
all tests), while the proportion of tests with HRE de-
clined from 2015 to 2020. This can be explained by
the more effective hypertension and CAD manage-
ment in recent years.

In our study, the incidence of positive tests ap-
peared to be significantly higher in comparison to
patients with normal BP response during the whole
period and every single year.

Basing on that it can be suggested that patients
with HRE have a higher prevalence of obstructive
CAD or that transient wall motion abnormalities
could be explained by the HRE itself even in the ab-
sence of significant coronary artery stenosis. Both
these hypotheses are supported in the literature. Truly,
many authors witness that patients with HRE possess
a worse cardiovascular risk profile and more pro-
nounced target organ damage. Also, there are some
studies, illustrating the possibility of transient wall
motion abnormalities in a patient with HRE even in
the absence of CAD [30]. Therefore, based on our
data the HRE has a direct influence on the stress
echocardiography results.

According to ASE guidelines on performance of
stress echocardiography, patients with HRE and posi-
tive results of the test should be managed in the same
way as all the other patients with positive tests [37].
On one hand, the authors refer to the aforementioned
study by J. Ha et al. (2002) and confess the hypothe-
sis that stress-induced wall motion abnormalities in
patients with HRE are less specific in coronary ar-
tery stenosis detection [32]. On the other hand, the
study by A. M. From et al (2010) showed that patients
with HRE on the opposite don’t have an increased
probability of positive results, and this proportion of
patients with positive tests revealed CAD on coro-
nary angiography [38]. It should be mentioned the
weakness of this study, which was single-center and
only 20 % of patients with positive stress echocar-
diography results underwent coronary angiography.

Thereafter, the big data in our study, gathered from
many years demonstrate the significant influence of
BP response to exercise during stress echocardiogra-
phy on test results, which correspond to the literature
data and can have an impact on long-term prognosis
in this group of patients.

Conclusion

1. The prevalence of HRE during stress echo-
cardiography varied in different years from 8.6 % to
41.5% (23.2% on average), meanwhile, the decline
of the proportion of tests with HRE in the period of
2015-2020 suggests more effective medical treatment
in patients with known or suspected CAD.

2. The HRE influence on stress echocardiogra-
phy results in detecting CAD supports the demand
for more effective medical therapy for hypertension
adjustment before the test.

Conflict of interest
The authors declare no conflict of interest.

653



References

1. Chow CK, Teo KK, Rangarajan S, Islam S, Gupta R,
Avezum A et al. Prevalence, awareness, treatment, and control of
hypertension in rural and urban communities in high-, middle-,
and low-income countries. ] Am Med A. 2013;310(9):959-968.
doi:10.1001/jama.2013.184182.

2. Erina AM, Rotar OP, Solntsev VN, Shalnova SA, Deev AD,
Baranova EI et al. Epidemiology of arterial hypertension in
Russian Federation—importance of choice of criteria of diagnosis.
Kardiologiia. 2019;59(6):5—11. In Russian. doi:10.18087/cardio.
2019.6.2595

3. Arterial hypertension in adults. Clinical guidelines 2020.
Russ J Cardiol. 2020;25(3):3786. In Russian.

4. Williams B, Mancia G, Spiering W, Rosei EA, Azizi M,
Burnier M et al. 2018 ESC/ESH Guidelines for the management
of arterial hypertension: The Task Force for the management of
arterial hypertension of the European Society of Cardiology (ESC)
and the European Society of Hypertension (ESH). Eur Heart J.
2018;39(33). doi:10.1093/eurheartj/ehy339

5. Holmgvist L, Mortensen L, Kanckos C, Ljungman C,
Mehlig K, Manhem K. Exercise blood pressure and the risk of
future hypertension. J Hum Hypertens. 2012;26(12):691-695.
doi:10.1038/jhh.2011.99

6. Lauer MS, Levy D, Anderson KM, Plehn JF. Is there a
relationship between exercise systolic blood pressure response
and left ventricular mass? The Framingham Heart Study. Ann
Intern Med. 1992;116(3):203-210. doi:10.7326/0003-4819-
116-3-203

7. Weiss SA, Blumenthal RS, Sharrett AR, Redberg RF, Mora S.
Exercise blood pressure and future cardiovascular death in
asymptomatic individuals. Circulations. 2010;121(19):2109—
2116. doi:10.1161/CIRCULATIONAHA.109.895292

8. Balogun MO, Sulyman BO, Akinwusi PO. A comparison
of'the cardiovascular responses to treadmill and bicycle ergometer
exercise in healthy male Nigerians. Afr ] Med Med Sci. 1997;26
(1-2):27-30.

9. Yadav A, Bagi J. A study to evaluate cardiovascular
responses by using treadmill and ergometer bicycle exercise in
young adults. Indian J Health Sciences Biomedical Res (KLEU).
2018;11:81-85. doi:10.4103/kleuhsj.kleuhsj 89 17

10. Tanaka H, Bassett DR, Michael J. Turner exaggerated
blood pressure response to maximal exercise in endurance-trained
individuals. Am J Hypertens. 1996;9(11):1099-1103. doi:10.1016/
0895-7061(96)00238-5

11. Allison TG, Cordeiro MA, Miller TD, Daida H, Squires RW,
Gau GT. Prognostic significance of exercise-induced systemic
hypertension in healthy subjects. Am J Cardiol. 1999;83(3):371—
375. doi:10.1016/50002-9149(98)00871-6

12. Abram S, Arruda-Olson AM, Scott CG, Pellikka PA,
Nkomo VT, Oh JK et al. Typical blood pressure response during
dobutamine stress echocardiography of patients without known
cardiovascular disease who have normal stress echocardiograms.
Eur Heart J Cardiovasc Imaging. 2015;17(5):557-556.
doi:10.1093/ehjci/jev165

13. Tsumura K, Hayashi T, Hamada C, Endo G, Fujii S, Okada K.
Blood pressure response after two-step exercise as a powerful
predictor of hypertension: the Osaka Health Survey. J Hypertens.
2002;20(8):1507-1512. doi:10.1097/00004872-200208000-
00012

14. Manolio TA, Burke GL, Savage PJ, Sidney S, Gardin
JM, Oberman A. Exercise blood pressure response and S-year
risk of elevated blood pressure in a cohort of young adults:
the CARDIA study. Am J Hypertens. 1994;7(3):234-241.
doi:10.1093/ajh/7.3.234

654

Original article / OpuruHansHas CTATHA

15. Filipovsky J, Ducimeti¢re P, Safar ME. Prognostic
significance of exercise blood pressure and heart rate in middle-aged
men. Hypertension. 1992;20(3):333-339. doi:10.1161/01.hyp.
20.3.333

16.MiyaiN, AritaM, Morioka I, MiyashitaK, Nishio I, TakedaS.
Exercise blood pressure response in subjects with high-normal
blood pressure: exaggerated blood pressure response to exercise
and risk of future hypertension in subjects with high-normal blood
pressure. J Am Coll Cardiol. 2000;36(5):1626-1631. doi:10.1016/
s0735-1097(00)00903-7

17. Wilson MF, Sung BH, Pincomb GA, Lovallo WR.
Exaggerated pressure response to exercise in men at risk for
systemic hypertension. Am J Cardiol. 1990;66(7):731-736.
doi:10.1016/0002-9149(90)91139-w

18. Mizuno R, Fujimoto S, Saito Y, Yamazaki M. Clinical
importance of detecting exaggerated blood pressure response to
exercise on antihypertensive therapy. Heart. 2016;102(11):849—
854. doi:10.1136/heartjnl-2015-308805

19. Stewart KJ, Sung J, Silber HA, Fleg JL, Kelemen MD,
Turner KL et al. Exaggerated exercise blood pressure is related
to impaired endothelial vasodilator function. Am J Hypertens.
2004;17(4):314-320. doi:10.1016/S 0895-7061(03)01003-3

20. Tzemos N, Lim PO, Mackenzie IS, MacDonald TM.
Exaggerated exercise blood pressure response and future cardio-
vascular disease. J Clin Hypertens (Greenwich). 2015;17(11):837—
844. doi:10.1111/jch.12629.

21. Jae SY, Fernhall B, Heffernan KS, Kang M, Lee MK,
Choi YH et al. Exaggerated blood pressure response to exercise
is associated with carotid atherosclerosis in apparently healthy
men. J Hypertens. 2006;24(5):881-887. doi:10.1097/01.
hjh.0000222758.54111.e2

22.Kurl S, Laukkanen JA, Rauramaa R, Lakka TA, Sivenius J,
SalonenJT. Systolic blood pressure response to exercise stress testand
risk of stroke. Stroke. 2001;32(9):2036-2041. doi:10.1161/hs0901.
095395

23. Prada-Delgado O. Prognostic value of exercise-
induced left ventricular systolic dysfunction in hypertensive
patients without coronary artery disease. Rev Esp Cardiol.
2015;68(2):107-114. doi:10.1016/j.rec.2014.03.023

24. Fagard RH, Pardaens K, Staessen JA, Thijs L. Prognostic
value of invasive hemodynamic measurements at rest and during
exercise in hypertensive men. Hypertension. 1996;28(1):31-36.
doi:10.1161/01.hyp.28.1.31

25. Thanassoulis G, Lyass A, Benjamin EJ, Larson MG,
Vita JA, Levy D et al. Relations of exercise blood pressure
response to cardiovascular risk factors and vascular function in the
Framingham Heart Study. Circulation. 2012;125(23):2836-2843.
doi:10.1161/CIRCULATIONAHA.111.063933

26. Shim CY, Ha JW, Park S, Choi EY, Choi D, Rim SJ et al.
Exaggerated blood pressure response to exercise is associated
with augmented rise of angiotensin II during exercise. J Am Coll
Cardiol. 2008;52(4):287-292. doi:10.1016/j.jacc.2008.03.052

27. Tzemos N, Lim PO, MacDonald TM. Is exercise blood
pressure a marker of vascular endothelial function? QJM: Inter-
national J Med. 2002;95(7):423-429. doi:10.1093/qjmed/95.
7.423

28. Jae SY, Fernhall B, Lee M, Heffernan KS, Lee MK,
Choi YH et al. Exaggerated blood pressure response to exercise
is associated with inflammatory markers. J Cardiopulm Rehabil.
2006;26(3):145-149. doi:10.1097/00008483-200605000-00005

29. Fagard R, Staessen J, Thijs L, Amery A. Prognostic
significance of exercise versus resting blood pressure in hypertensive
men. Hypertension. 1991;17(4):574-578. doi:10.1161/01.hyp.17.
4.574



Original article / OpurnnanpHas craThsa

30. Fagard RH, Pardaens K, Staessen JA, Thijs L. Prognostic
value of invasive hemodynamic measurements at rest and during
exercise in hypertensive men. Hypertension. 1996;28(1):31-36.
doi:10.1161/01.hyp.28.1.31

31. Donal E, Bergerot C, Thibault H, Ernande L, Loufoua J,
Augeul L et al. Influence of afterload on left ventricular radial and
longitudinal systolic functions: a two-dimensional strain imaging
study. Eur J Echocardiogr. 2009;10(8):914-921. doi:10.1093/
ejechocard/jep095

32.Hal, Juracan E, Mahoney D, Oh JK, Shub C, Seward JB
et al. Hypertensive response to exercise: a potential cause for
new wall motion abnormality in the absence of coronary artery
disease. J] Am Coll Cardiol. 2002;39(2):323-327. doi:10.1016/
s0735-1097(01)01743-0

33. Mottram PM, Haluska B, Yuda S, Leano R, Marwick TH.
Patients with a hypertensive response to exercise have
impaired systolic function without diastolic dysfunction or left
ventricular hypertrophy. J Am Coll Cardiol. 2004;43(5):848-853.
doi:10.1016/j.jacc.2003.08.057

34. Shin JH, Shiota T, Kim YJ, Kwan J, Qin JX, Eto Y et al.
False-positive exercise echocardiograms: impact of sex and
blood pressure response. Am Heart J. 2003;146(5):914-919.
doi:10.1016/S0002-8703(03)00410-1

35. Jurrens TL, From AM, Kane GC, Mulvagh SL, Pellikka PA,
McCully RB. An exaggerated blood pressure response to
treadmill exercise does not increase the likelihood that exercise
echocardiograms are abnormal in men or women. J Am Soc
Echocardiogr. 2012;25(10):1113—1119. doi:10.1016/j.echo.2012.
07.001

36. Abram S, Arruda-Olson A, Scott C, Pellikka P,
Nkomo V, Oh J et al. Frequency, predictors, and implications
of abnormal blood pressure responses during dobutamine stress
echocardiography. Circ Cardiovasc Imaging. 2017;10: e005444.
doi:10.1161/CIRCIMAGING.116.005444

37. Pellikka PA, Arruda-Olson A, Chaudhry FA, Chen MH,
Marshall JE, Porter TR et al. Guidelines for performance,
interpretation, and application of stress echocardiography
in ischemic heart disease: From the American Society of
Echocardiography. J Am Soc Echocardiogr. 2020;33(1):1-41.
e8. do0i:10.1016/j.ech0.2019.07.001

38. From AM, Kane G, Bruce C, Pellikka PA, Scott C,
McCully RB. Characteristics and outcomes of patients with
abnormal stress echocardiograms and angiographically mild
coronary artery disease (< 50% stenoses) or normal coronary
arteries. J Am Soc Echocardiogr. 2010;23(2):207-14.126. doi: 10.
1016/j.ech0.2009.11.023

Author information

Egor A. Karev, MD, Functional Diagnostics Specialist,
Cardiologist, Almazov National Medical Research Center, ORCID:
0000-0002-2176—4611, e-mail: karev_ea@almazovcentre.ru;

Sergey L. Verbilo, MD, Functional Diagnostics Specialist,
Cardiologist, Almazov National Medical Research Center, ORCID:
0000-0002—-6035-9344, e-mail: verbilo_sl@almazovcentre.ru;

Eduard G. Malev, MD, PhD, DSc, Leading Researcher,
Research Laboratory for Connective Tissue Dysplasia, Heart and
Vessels Institute, Almazov National Medical Research Center,
ORCID: 0000-0002—-6168-8895, e-mail: malev(@almazovcentre.
ru;

Maria N. Prokudina, MD, PhD, DSc, Cardiologist, President,
International Heart Center, ORCID: 0000-0003-4360-7622,
e-mail: info@corspb.ru.



