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Title:  Exercise-induced  hypertension  and  carotid  intima-media  thickness  in  male
marathon runners

Abstract

This study aimed to identify the relationship between exercise-induced hypertension and carotid artery

intima-media thickness in long-distance runners. Sixty healthy male runners aged 40–60 years were

assigned to the following three groups based on resting blood pressure and maximal systolic blood

pressure  during  a  maximal  exercise  test:  normal  blood  pressure  response,  exercise-induced

hypertension,  and  complex  hypertension.  An  exaggerated  systolic  blood  pressure  response  was

defined as a maximal systolic blood pressure ≥210 mmHg during the maximal exercise test, while

carotid  intima-media thickness was measured using B-mode ultrasonography.  The carotid  intima-

media thickness mean values were the highest in the complex hypertension group (0.72±0.11 mm),

followed  by  exercise-induced  hypertension  (0.62±0.12  mm)  and  normal  blood  pressure  groups

(0.55±0.13 mm),  with  a  significant  difference between the  groups (p<0.002).  In  linear  regression

analysis,  the mean intima-media thickness was independently associated with age (p=0.015) and

maximal systolic blood pressure (p=0.046) but not with resting systolic blood pressure. These results

suggest  that  exercise-induced  hypertension  is  associated  with  carotid  intima-media  thickness,  a

surrogate marker of cardiovascular disease, in long-distance runners. Therefore, evaluating the blood

pressure response during exercise is  important  for the early  detection of  potential  cardiovascular

disease risks in long-distance runners.

Introduction

Exercise-induced hypertension  (EIH),  an  exaggerated  systolic  blood  pressure  (SBP)  response  to

exercise, is a predictor of future hypertension [1]. It is also associated with an increased risk of stroke

[2]  and  cardiovascular  mortality  [3].  Although  regular  aerobic  exercise  reduces  the  risk  of

cardiovascular  diseases (CVD),  high-intensity  exercises  such as marathons can cause excessive

strain on the cardiovascular system. Interestingly, a recent study showed that EIH may be associated

with  a 3.6-fold  increased risk  of  hypertension in  highly  trained athletes [4].  In  fact,  long-distance
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runners with EIH have an increased risk of cardiovascular events, including the increased incidence of

coronary  artery  plaque  [5],  elevated  markers  of  myocardial  damage  [6,7],  and  increased arterial

stiffness [8], compared to runners with normal blood pressure (BP). Witham and Babbitt [9] highlight

the  increased  risk  of  cardiac  events  in  long-distance  runners  and  emphasize  the  importance  of

healthcare professionals screening and educating runners on cardiac risk factors. Notably, repeated

increases in BP can cause structural changes in the blood vessels, such as increased carotid artery

intima-media thickness (IMT). Carotid artery IMT is an important subclinical marker that can monitor

the process of vascular damage before the onset of clinical CVD, and it has high clinical utility in

terms of prevention because it can be measured non-invasively using ultrasound [10]. Furthermore, it

is an independent indicator of increased risk for cerebrovascular disease, even after accounting for

other traditional CVD risk factors [11,12]. Carotid IMT increases with risk factors for CVD, such as

age, hypertension, dyslipidemia, and obesity [13]. However, BP has the greatest impact on carotid

IMT [14]. In contrast, it has been suggested that exercise training and fitness can decrease carotid

IMT [15,16]. However, most of these studies have been conducted on general adult populations, and

there is a lack of research examining carotid IMT in long-distance runners. Gori et al. [17] suggested

that  prolonged,  high-intensity  exercise  can  induce  structural  changes  in  athletes’  blood  vessels,

similar to athletes’ hearts; however, insufficient evidence supports this. The underlying factors and

clinical significance of these findings have been hotly debated. A study comparing trained runners to

sedentary controls found that there was no significant difference in cIMT between the two groups [18].

Pressler et al. [19] found that running multiple marathons did not pose an additional risk factor for

vascular impairment beyond age. However, Previous studies have shown that an increase in carotid

IMT is  related to  a decrease in  endothelial  function and compliance,  which are the main factors

causing increased BP during exercise [20]. Long-distance runners with EIH may be at higher risk if

the  carotid  artery  is  adversely  affected.  However,  there  is  insufficient  evidence  to  support  this.

Therefore, this study aimed to verify the relationship between EIH and carotid IMT in long-distance

runners.

Methods

Participants

This study included 60 male runners aged 40–60 years with a minimum of  4 years of  marathon
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experience and participation in at least 5 full-course marathons. The participants were classified into

three groups based on resting BP and maximum SBP at maximal exercise test as follows: normal BP

response group (NBPG),  exercise-induced hypertension group (EIHG),  and complex hypertension

group (CHG). EIH was defined as a resting SBP/DBP less than 140/90mmHg and a maximal SBP of

210 mmHg or  higher  during the maximal  exercise test.  Complex hypertension was defined as a

resting SBP/ DBP of 140/90 mmHg or higher and a maximal SBP of 210 mmHg or higher during

exercise. The study design is presented in Figure 1. This study was approved by the Institutional

Review Board (IRB NO: SSWUIRB 2019-017). 

Resting BP

Resting BP was measured with an automatic sphygmomanometer (Home 3MX1-1; WathchBP, Taipei,

Taiwan) after a 10-minute rest. BP was measured twice at 3-minute intervals. The mean value of the

two measurements was used. 

Carotid artery IMT measurement

Carotid artery  IMT was determined using a high-resolution B-mode ultrasound system (ACUSON

X300 ultrasound imaging system, Siemens, Mountain View, CA, USA) with an 11.4-MHz linear probe,

following the guidelines of the Mannheim IMT consensus [21]. With the subjects in a supine position

and their necks rotated to the left, longitudinal images of the common carotid artery were acquired 10

mm below the carotid bulb to determine the carotid artery IMT. IMT was defined as the distance

between the leading edge of the lumen-intima interface and that of the media-adventitia interface of

the far wall of the carotid artery. The mean value of thickness was defined as IMTmean, which was

automatically measured. All measurements were taken at the end of the diastole.  

Maximal exercise test

Maximal exercise test was performed using the Bruce protocol on a treadmill (Quinton Cardiology

Systems Inc., Bothell, WA, USA). Maximal oxygen uptake (VO2max) was measured using a portable

metabolic system (TrueOne 2400; Parvo Medics, Murray, UT, USA), and breath-by-breath data were

averaged over 15 seconds. Exercise BP was measured during the last minute of each 3-minute stage

using an automatic BP device (Tango, sunTECH, Wuxi, China). An integrated headset was used by a

trained researcher to reduce measurement errors and ensure the correct identification of Korotkoff
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sounds during blood pressure measurement. The maximal SBP was defined as the highest value

measured during the test. The criteria for termination and maximal effort of exercise tests followed the

guidelines of the American College of Sports Medicine [22].

Statistical analysis

Data  are  presented  as  mean±standard  deviation,  median  (25 th–75th percentile),  or  number  (%).

Characteristics of the three groups (NBPG, EIHG, and CHG) were compared using one-way ANOVA

and the Kruskal-Wallis test for continuous variables. Post-hoc analyses were performed using the

LSD and Mann-Whitney U test if there was a significant difference between groups. Furthermore,

Pearson correlation analysis and multiple linear regression analysis were conducted to analyze the

association between carotid IMT and exercise-induced hypertension. All data were analyzed using

SPSS version 26.0 (IBM Corp., Armonk, NY, USA), and statistical significance was set at p<0.05.

Results

Physical characteristics

Among the 60 subjects, 14 (23.3%), 34 (58.3%), and 11 (18.3%) were the NBPG, EIHG, and CHG,

respectively.  Group comparisons of  the characteristics  are  shown in  Table  1.  We found that  the

demographics,  anthropometrics,  and  careers  of  marathons  were  similar  in  all  three  groups.

Additionally, there were no significant differences in the training volume. Although the total exercise

testing time did not significantly differ among the three groups (p>0.05), NBPG had higher maximal

oxygen uptake (VO2max) than EIHG and CHG (NBPG vs. EIHG, p=0.022; NBPG vs. CHG, p=0.015);

however, there was no significant difference in VO2max between the CHG and EIHG (p>0.050) (Table

1).

Resting BP and maximal BP during maximal exercise testing

Resting SBP and DBP were the highest in CHG, and there was no significant difference between the

NBPG and EIHG (p>0.05) (Table 1). In addition, maximal SBP and DBP during exercise testing were

significantly higher in EIHG (SBPmax 246.017.1 mmHg, DBPmax 80.115.5 mmHg) and CHG (SBPmax

244.916.8 mmHg, DBPmax 73.613.4 mmHg) than NBPG (NBPG vs.  EIHG, p<0.001; NBPG vs.

CHG, p<0.001), and there was no significant difference between the EIHG and CHG (p>0.05) (Table
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2).

Carotid artery IMT

Carotid IMTmean was the highest in CHG (0.720.11 mm) than in EIHG (0.620.12 mm) and NBPG

(0.550.13 mm, CHG vs. EIHG, p=0.014; CHG vs, NBPG, p=0.001). Additionally, the carotid IMTmean

was significantly higher in EIHG than in NBPG (p=0.029) (Fig 2).

Correlation between BP and carotid artery IMT

Pearson correlation analysis showed that IMTmean was positively correlated with both SBPrest (r=0.283,

p=0.028) and SBPmax (r=0.312, p=0.015) (Figure 3, 4). However, The results of the multiple linear

regression  analysis  using  IMTmean as  the  dependent  variable  and SBPrest,  SBPmax,  age,  marathon

career,  and  training  volume  as  independent  variables  showed  that  age  (p=0.015)  and  SBPmax

(p=0.046) but  not  resting SBP and exercise volume,  were independently  associated with  IMTmean

(Table 3, Fig 5). The regression equation is as follows: IMTmean = -0.656+0.009*age+0.001* SBPmax

Discussion

This study investigated the relationship  between the EIH and carotid  artery  IMT in  long-distance

runners. We found that the CHG had the highest carotid IMT, followed by the EIHG and NBPG. In the

correlation analysis between carotid IMT and BP, IMTmean showed a correlation with both resting SBP

and SBPmax. Although carotid IMT is known to be most influenced by BP [14], the multiple regression

analysis to identify factors related to IMTmean in this study showed that only age and SBPmax were

related to IMTmean, and there was no correlation with resting SBP. This suggests that excessive BP

increase during exercise in healthy marathon runners may increase the risk of carotid atherosclerosis.

To the best of our knowledge, our results are the first reported regarding the carotid artery in long-

distance  runners  with  EIH.  There  is  a  dose-response  relationship  between exercise  volume and

health benefits [23]; however, excessive exercise, such as marathon running, can place stress on the

cardiovascular system [24] and may lead to arterial stiffening [25]. Nevertheless, studies regarding the

indicators of carotid atherosclerosis in long-distance runners have reported varying results. Koutlianos

et al. [26] found that immediately after the 246 km ultra-marathon race, there was an acute increase in
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arterial stiffness and vascular resistance, but the carotid artery thickness of ultra-marathon runners

was within normal range. Kroger et al. [27] reported the presence of atherosclerotic lesions in both the

carotid and peripheral arteries of marathon runners, while Galetta et al. [28] reported that carotid IMT

was lower in elderly long-distance runners compared to an age-matched control group. Additionally,

Heffernan et al. [29] and Taylor et al. [18] have suggested that there is no significant difference in

carotid IMT between long-distance runners and the general  population.  The differences in results

between  these  studies  raise  questions  regarding  whether  high-intensity  exercise  accelerates  the

development of atherosclerosis and whether there are factors that cause greater vascular damage in

similar exercise conditions. Some previous studies have also suggested that excessive exercise is not

a major factor in increasing carotid IMT. In a study by Müller et al. [30], which observed changes in

carotid  IMT  in  38  marathon  runners  over  4  years,  carotid  IMT  increased  by  approximately

0.013±0.023 mm per year and a total of 0.05±0.09 mm over 4 years. This was similar to the results of

previous studies that suggested an increase in carotid IMT of 0.01–0.03 mm per year in the general

population [31].  It  also showed that  carotid  IMT was not  related to  training  volume or  marathon

participation  frequency.  In  this  study,  the  training  volume and  marathon  experience  were  similar

among all groups, and regression analysis showed that IMT was not related to training indicators.

Notably, the IMTmean of the participants in this study was 0.55±0.13 mm in the NBPG, which was lower

than that of the Korean age-matched value of 0.65±0.12 mm; 0.62±0.12 mm in the EIHG, which was

similar; and 0.72±0.11 mm in the CHG, which was thicker than that of the age-matched group [32].

These findings suggest that even long-distance runners can have lower carotid IMT than the general

population if they maintain a normal BP. However, if BP increases during rest or exercise, IMT may be

thicker in long-distance runners than in the general population. Therefore, it can be considered that

EIH, rather than the effects of high-intensity exercise, is a factor that accelerates the changes in IMT

of long-distance runners.

Notably, the increase in carotid IMT has been shown to be an important indicator of elevated BP

during exercise in several studies. In Kader et al.’s study [33], the group with high BP during both rest

and exercise showed decreased endothelial dilation and higher carotid IMT only at rest compared to

the group with high SBP at rest only, emphasizing that excessive SBP during exercise is a significant

risk factor for CVD. Jae et al.’s study [34] also showed a close relationship between elevated BP
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during exercise and carotid artery sclerosis, with the prevalence of carotid artery sclerosis being 1.57

times higher in the group with the highest increase in BP during exercise. These studies suggest that

an excessively high BP during exercise is a meaningful indicator of the risk for carotid artery sclerosis

and has clinical significance [35]. According to the previous search findings, an exaggerated blood

pressure response to exercise in athletes is not a benign phenomenon [36]. It is, therefore, important

to  monitor  blood  pressure  during  exercise  and  intervene  early  to  reduce  the  risk  of  end-organ

damage.

The clear mechanism by which an excessive BP increase during exercise contributes to increased

subclinical  CVD risk,  such  as  carotid  IMT,  has  not  yet  been  elucidated.  However,  the  following

possible mechanisms can be considered.  The first  is  a decreased vascular  regulation ability.  For

example,  shear  stress  exerted  by  blood  flow  on  the  vascular  wall  is  the  most  important  factor

regulating vascular remodeling [37]. Excessive BP increase due to a disorder of decreased peripheral

vascular  resistance  and  vascular  relaxation  capacity  [38,39]  increases  shear  stress  and  local

distension pressure generated by blood flow, leading to changes in the internal structure of the arterial

wall. This ultimately causes the thickening of the carotid artery intima-media layer [40-42]. The second

is the development of exercise-induced hypertension and increased carotid IMT due to excessive

sympathetic  nervous system activation.  Abnormal  regulation of the autonomic nervous system on

blood vessels might fail to reduce peripheral resistance, resulting in increased SBP during exercise

[43].  According  to  a  study  by  Eryonucu  et  al.  [44],  individuals  who  show  EIH  have  increased

sympathetic nervous system activity during both rest and exercise compared to those with normal BP

responses. Moreover, animal studies have shown that prolonged elevation of sympathetic tone leads

to the proliferation of smooth muscle cells and thickening of the vascular endothelium [45]. Another

study measuring the femoral artery also found a strong correlation between increased sympathetic

activity and IMT [46]. This current study had some limitations. This study was a cross-sectional study;

therefore,  it  cannot determine the causal relationship between exercise-induced hypertension and

carotid IMT. Moreover, other clinical factors and lifestyle habits that may affect BP and carotid IMT

could not be fully controlled. Future prospective studies and pathophysiological mechanism studies

are therefore needed. 

Conclusion
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In this study, CIMTmean was increased in long-distance runners with EIH compared to runners with

normal BP. Age and SBPmax were also identified as predictive factors influencing the CIMTmean in long-

distance runners. Therefore, regular health screening and management of cardiovascular risk factors,

including BP response during exercise, are necessary for safe exercise in long-distance runners.

Reference 

1. Miyai N, Arita M, Miyashita K et al. Blood pressure response to heart rate during exercise test and risk of
future. hypertension. Hypertension 2002; 39: 761–766

2. Kurl S, Laukkanen JA, Rauramaa R et al. Systolic blood pressure response to exercise stress test and risk of
stroke. Stroke 2001; 32: 2036–2041

3. Mundal R, Kjeldsen SE, Sandvik L et al. Exercise blood pressure predicts cardiovascular mortality in middle-
aged men. Hypertension 1994; 24: 56–62

4. Caselli S, Serdoz A, Mango F et al. High blood pressure response to exercise predicts future development of
hypertension in young athletes. Eur Heart J. 2019; 40:62-68

5. Kim CH, Park Y, Chun MY et al. Exercise-induced hypertension can increase the prevalence of coronary
artery plaque among middle-aged male marathon runners. Medicine (Baltimore) 2020; 99: e19911

6. Kim YJ, Shin YO, Lee YH et al. Effects of marathon running on cardiac markers and endothelin-1 in EIH
athletes. Int J Sports Med 2013; 34: 777–782

7. Kim YJ, Kim CH, Shin KA et al. Cardiac markers of EIH athletes in ultramarathon. Int J Sports Med. 2012;
33:171-176

8. Yoon ES, Jae SY, Kim YJ. Exercise-induced hypertension, arterial stiffness, and cardiorespiratory fitness in
runners. J Sports Med Phys Fitness 2022; 62: 1397-1403

9. Witham BR, Babbitt K. Cardiovascular Risks in Long Distance Runners. J Christ Nurs. 2017;34:97-101

10.Davis PH, Dawson JD, Riley WA et al. Carotid Intima-Media Thickness is Relate to Cardiovascular Risk
Factors Measured from Childhood Through Middle Age: The Muscatine Study. Circulation 2004; 104: 2815-
2819

11. Chambless LE, Heiss G, Folsom AR et al. Association of coronary heart disease incidence with carotid
arterial wall thickness and major risk factors: the Atherosclerosis Risk in Communities (ARIC) Study, 1987-
1993. Am J Epidemiol 1997; 146: 483-494

12. Bots ML, Hoes AW, Koudstaal PJ et al. Common carotid intima-media thickness and risk of stroke and
myocardial infarction: the Rotterdam Study. Circulation. 1997; 96: 1432-1437 

13. Bonithon-Kopp C, Scarabin PY, Taquet A et al. Risk Factors for Early Carotid Atherosclerosis in Middle-
Aged French Women. Arterioscler Thromb 1991; 11: 966-972

14. Simon A, Gariepy J, Chironi G et al. Intima-Media Thickness: A New Tool for Diagnosis and Treatment of
Cardiovascular Risk. J Hypertens 2002; 20:159-169

15. Tanaka H, Seals DR, Monahan KD et al. Regular aerobic exercise and the age-related increase in carotid
artery intima-media thickness in healthy men. J Appl Physiol (1985) 2002; 92: 1458–1464

16. Thijssen DH, Cable NT, Green DJ. Impact of exercise training on arterial wall thickness in humans. Clin Sci
(Lond) 2012; 122: 311-322

198

199

200

201

202

203

204
205

206
207

208
209

210
211

212
213

214
215

216
217

218
219

220

221
222
223

224
225
226

227
228

229
230

231
232

233
234

235
236

Th
is

 a
rt

ic
le

 is
 p

ro
te

ct
ed

 b
y 

co
py

rig
ht

. A
ll 

rig
ht

s 
re

se
rv

ed
.

Ac
ce

pt
ed

 M
an

us
cr

ip
t



17. Gori N, Anania G, Stefani L et al. Carotid Intima-Media Thickness in Master Athletes. Asian J Sports Med
2015; 6: e22587

18.  Taylor  BA,  Zaleski  AL,  Capizzi  JA et  al.  Influence  of  chronic  exercise  on  carotid  atherosclerosis  in
marathon runners. BMJ Open 2014; 4: e004498

19. Pressler A, Suchy C, Friedrichs T, et al. Running multiple marathons is not a risk factor for premature
subclinical vascular impairment. Eur J Prev Cardiol 2017; 24: 1328–35

20.  Lorenz  MW,  Polak  JF,  Kavousi  M  et  al.  Carotid  intima-media  thickness  progression  to  predict
cardiovascular  events  in  the  general  population  (the  PROG-IMT collaborative  project):  a  meta-analysis  of
individual participant data. Lancet 2012; 379: 2053–2062

21. Touboul PJ,  Hennerici  MG, Meairs  S et  al.  Mannheim intima-media thickness consensus (2004–2006).
Cerebrovasc Dis 2004; 18: 346-349

22. American College of Sports Medicine.  ACSM’s guidelines  for  exercise testing and prescription. Eighth
edition. Philadelphia, PA; Lippincott Willams & Wilkims; 2009. p.11-12

23. Warburton DER, Bredin SSD. Health benefits of physical activity: a systematic review of current systematic
reviews. Curr Opin Cardiol 2017; 32: 541-556

24. Patil HR, O’Keefe JH, Lavie CJ et al. Cardiovascular damage resulting from chronic excessive endurance
exercise. Mo Med 2012; 109: 312-321

25.  Aengevaeren  VL.  Mosterd  A,  Braber  TL et  al.  Relationship  Between  Lifelong  Exercise  Volume  and
Coronary Atherosclerosis in Athletes. Circulation 2017; 136: 138–148

26. Koutlianos N, Sotiriou P, Christou G et al. Arterial Function after a 246 km Ultra-marathon Running Race.
Int J Sports Med. 2021;42:1167-1173

27. Kroger K, Lehmann N, Rappaport L et al. Carotid and peripheral atherosclerosis in male marathon runners.
Med Sci Sports Exerc 2011; 43: 1142–1147

28. Galetta F, Franzoni F, Femia FR et al. Left ventricular diastolic function and carotid artery wall in elderly
athletes and sedentary controls. Biomed Pharmacother 2004; 58: 437–442

29. Heffernan KS, Jae SY, Tomayko E et al. Influence of arterial wave reflection on carotid blood pressure and
intima-media thickness in older endurance trained men and women with pre-hypertension. Clin Physiol Funct
Imaging 2009; 29: 193–200

30. Müller J, Dahm V, Lorenz ES et al. Changes of intima-media thickness in marathon runners: A mid-term
follow-up. Eur J Prev Cardiol 2017; 24: 1336-1342

31. O’Leary DH, Polak JF. Intima-media thickness: a tool for atherosclerosis imaging and event prediction. Am
J Cardiol 2002; 90: 18L-21L

32. Bae JH, Seung KB, Jung HO et al. Analysis of Korean Carotid Intima-Media Thickness in Korean Healthy
Subjects  and  Patients  with Risk Factors:  Korea  Multi-Center  Epidemiological  Study.  Korean  Circulation J,
2005; 35: 513-524

33. Kader Abdel Wahab MA. Is an exaggerated blood pressure response to exercise in hypertensive patients a
benign phenomenon or a dangerous alarm? Eur J Pre Cardiol 2016; 23: 572–576 

34. Jae SY, Fernhall B, Heffernan KS et al. Exaggerated blood pressure response to exercise is associated with
carotid atherosclerosis in apparently healthy men. J Hypertens 2006; 24: 881-887

35. Jennings JR, Kamarck TW, Everson-Rose SA et al. Exaggerated blood pressure responses during mental
stress are prospectively related to enhanced carotid atherosclerosis in middle-aged finish men. Circulation 2004;
110: 2198–2203

237
238

239
240

241
242

243
244
245

246
247

248
249

250
251

252
253

254
255

256
257

258
259

260
261

262
263
264

265
266

267
268

269
270
271

272
273

274
275

276
277
278

Th
is

 a
rt

ic
le

 is
 p

ro
te

ct
ed

 b
y 

co
py

rig
ht

. A
ll 

rig
ht

s 
re

se
rv

ed
.

Ac
ce

pt
ed

 M
an

us
cr

ip
t



36. Mohammed LLM, Dhavale M, Abdelaal MK et al.. Exercise-Induced Hypertension in Healthy Individuals
and Athletes: Is it an Alarming Sign? Cureus. 2020;12:e11988.

37. Langille BL, O’Donnell F. Reductions in arterial diameter produced by chronic decreases in blood flow are
endothelium-dependent. Science 1986; 231: 405–407

38. Stewart KJ, Sung J, Silber HA et al. Exaggerated exercise blood pressure is related to impaired endothelial
vasodilator function. Am J Hypertens 2004; 17: 314–320

39. Tzemos N, Lim PO, MacDonald TM. Is exercise blood pressure a marker of vascular endothelial function?
Q J Med 2002; 95: 423–429

40. Tanaka H, Dinenno FA, Monahan KD et al. Carotid artery wall hypertrophy with age is related to local
systolic blood pressure in healthy men. Arterioscler Thromb Vasc Biol 2001; 21: 82–87

41. Perktold K, Resch M, Peter RO. Three-dimensional numerical analysis of pulsatile flow and wall shear
stress in the carotid artery bifurcation. J Biomech 1991; 24: 409-420 

42. Dobrin PB. Mechanical factors associated with the development of intimal and medial thickening in vein
grafts subjected to arterial pressure: A model of arteries exposed to hypertension. Hypertension 1995; 26: 38- 43

43. Singh JP, Larson MG, Manolio TA et al. Blood pressure response during treadmill testing as a risk factor for
new-onset hypertension. The Framingham heart study. Circulation 1999; 99:1831-1836

44. Eryonucu B, Bilge M, Güler N et al. The effect of autonomic nervous system activity on exaggerated blood
pressure response to exercise: evaluation by heart rate variability. Acta Cardiol. 2000; 55: 181-185 

45.  Pauletto  P,  Scannapieco  G,  Pessina  AC.  Sympathetic  drive  and  vascular  damage  in  hypertension  and
atherosclerosis. Hypertension 1991; 17: III75–III81

46. Dinenno FA, Jones PP, Seals DR et al. Age-associated arterial wall thickening is related to elevations in
sympathetic activity in healthy humans. Am J Physiol Heart Circ Physiol 2000; 278: H1205–H1210

279
280

281
282

283
284

285
286

287
288

289
290

291
292

293
294

295
296

297
298

299
300

301

Th
is

 a
rt

ic
le

 is
 p

ro
te

ct
ed

 b
y 

co
py

rig
ht

. A
ll 

rig
ht

s 
re

se
rv

ed
.

Ac
ce

pt
ed

 M
an

us
cr

ip
t



Figure Legends

Fig. 1. Flow chart of the study procedure.

GXT:  graded  exercise  testing,  NBPG:  normal  blood pressure  group,  EIHG:  exercise-induced  hypertension
group, CHG: complex hypertension group

Figure 2. Comparison of carotid IMTmean between groups.

IMT:  intima-media  thickness,  NBPG:  Normal  blood  pressure  group,  EIHG:  Exercise-induced  hypertension
group, CHG: complex hypertension group, †: Significant difference compared to NBPG (P<0.05), §: Significant
difference compared to EIHG (P<0.05). Tested using the Kruskal-Wallis test, with the Mann-Whitney U-test
post hoc.

Figure 3. Correlation between carotid IMTmean and resting SBP. 

IMT: intima-media thicknessm, SBP: systolic blood pressre.

Figure 4. Correlation between carotid IMTmean and maximal SBP.

IMT: intima-media thickness, SBP: systolic blood pressure.

Figure 5. Correlation between carotid IMTmean and age.

IMT: intima-media thickness

Table Legends

Table 1. Characteristics of participants

IQR : interquartile range,  NBPG: Normal blood pressure group, EIHG: Exercise-induced hypertension group,
CHG: complex hypertension group, HR: Heart Rate; BPM: beat per minute, SBP: systolic blood pressure, DBP:
diastolic blood pressure, †Significant difference compared to NBPG (P<0.05), §Significant difference compared
to EIHG (P<0.05).

Table 2. Hemodynamics value response to treadmill exercise test

NBPG:  Normal  blood  pressure  group,  EIHG:  Exercise-induced  hypertension  group,  CHG:  complex
hypertension group, HR: Heart Rate, BPM: beat per minute, SBP: systolic blood pressure, DBP: diastolic blood
pressure,  diff: means the difference between peak and resting, †: Significant difference compared to NBPG
(P<0.05),  §: Significant difference compared to EIHG (P<0.05). SBP and DBP tested tested using Kruskal-
Wallis Test with Mann-Whitney U Test post hoc.

Table 3. Multiple linear regression analyses for carotid artery intima-media thickness mean 

BMI, body mass index, SBP: systolic blood pressure
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Table 1. Characteristics of participants 

NBPG

(N=14, 23.3%)

EIHG

(N=35, 58.3%)

CHG

(N=11, 18.3%)

General characteristics

Age, yr 50.14.5 55.04.3 51.74.7

Height, cm 169.84.9 168.84.3 168.85.6

Weight, kg 65.85.3 67.37.1 67.36.2

BMI, kg·m-2 22.81.5 23.61.9 23.61.5

LBM, kg 55.44.0 55.44.6 55.14.8

Fat, % 16.42.4 17.64.0 18.32.8

Smoker, n (%) 3 (21.4%) 5 (14.3%) 3 (27.3%)

Alcohol, time/wk 2.12.0 1.91.6 2.32.6

HRrest, bpm 64.010.2 65.010.6 65.69.4

SBPrest, mmHg 113.98.2 119.510.0 143.36.9†§

DBPrest, mmHg 72.46.2 74.08.9 85.513.9†§

Marathon training history

Marathon careers, yr (IQR) 10.0(9.5-12.0) 8.0(6.0-11.0) 10.0(7.0-11.0)

Marathon start age, yrs 39.46.3 43.45.4† 42.15.1†

Marathon completed, n (IQR) 40.0(22.3-57.0) 35.0(20.0-50.0) 28.4(20.0-60.0)

Race time, min 203.616.6 205.321.4 197.714.9

Training volume, METs/week (IQR) 1440.0

(1080.0-1680.0)

1440.0

(1080.0-1920.0)

1440.0

(960.0-3840.0)

Training intensity

Moderate, n (%) 13 (92.9) 30 (85.7) 8 (72.7)
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High , n(%) 1 (7.1) 5 (14.3) 3 (27.3)

IQR : interquartile range,  NBPG: Normal blood pressure group, EIHG: Exercise-induced hypertension

group, CHG: complex hypertension group, HR: Heart Rate; BPM: beat per minute, SBP: systolic blood

pressure, DBP: diastolic blood pressure, †Significant difference compared to NBPG (P<0.05), §Significant

difference compared to EIHG (P<0.05). 
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Table 2. Hemodynamics value response to treadmill exercise test 
 

NBPG

(N=14, 23.3%)

EIHG

(N=35, 58.3%)

CHG

(N=11, 18.3%)

HRmax, bpm 173.66.9 168.914.4 175.210.5

SBPpeak, mmHg 194.411.6 244.916.8† 246.017.1†

DBPpealk, mmHg 66.49.1 73.613.4† 80.115.5†

SBPdiff, mmHg 81.813.9 125.018.7† 103.416.4†§

VO2max, mL/kg/min 50.05.0 46.44.7† 45.15.1†

Exercise testing time, sec 847.869.8 812.586.7 820.956.0

NBPG: Normal blood pressure group, EIHG: Exercise-induced hypertension group, CHG: complex hypertension

group, HR: Heart Rate, BPM: beat per minute, SBP: systolic blood pressure, DBP: diastolic blood pressure, diff:

means the difference between peak and resting, †: Significant difference compared to NBPG (P<0.05), §: Significant

difference compared to EIHG (P<0.05). SBP and DBP tested tested using Kruskal-Wallis Test with Mann-Whitney

U Test post hoc.
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Table 3. Multiple linear regression analyses for carotid artery intima-media thickness mean 

Variables ß SE t 95%CI P

Age .009 .004 2.516 .002-.016 .015

BMI .008 .009 .868 -.011-.027 .389

SBPrest, mmHg .001 .001 1.073 -.001-.004 .288

SBPpeak, mmHg .001 .001 2.049 .001-.003 .046

VO2max .002 .003 .477 -.005-.008 .635

Marathon career .007 .004 1.724 -.001-.015 .091

Weekly training volume .001 .001 .436 .001-.001 .664

BMI, body mass index, SBP: systolic blood pressure
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