
Influence of detraining on temporal changes  
in arterial stiffness in endurance athletes:  
a prospective study

Hiroya KosHiba, MS1)*, EtsuKo MaEsHiMa, MD, PhD1)

1) Graduate School of Sport and Exercise Sciences, Osaka University of Health and Sport Sciences: 1-1 
Asashirodai, Kumatori-Cho, Sennan-Gun, Osaka 590-0496, Japan

Abstract. [Purpose] We examined the effects of detraining on temporal changes in arterial stiffness in endurance 
athletes. [Subjects] Eighteen female university athletes requiring high endurance exercise capabilities were classi-
fied into 2 groups: 10 retired players (detraining group) and 8 active players (training group). [Methods] Brachial-
ankle pulse wave velocity, an index of arterial stiffness, was measured a total of 6 times: immediately before retire-
ment of the detraining group and at 1, 2, 3, 6, and 12 months after retirement. [Results] Brachial-ankle pulse wave 
velocity was measured in the training group at the same 6 points to allow comparison with the detraining group. The 
brachial-ankle pulse wave velocity in the detraining group increased significantly at 3 and 12 months as compared 
with that at 0 months and showed a significant increase at 12 months compared with that at 1 month. Moreover, the 
brachial-ankle pulse wave velocity in the detraining group was significantly higher at 3, 6, and 12 months than in the 
training group. [Conclusion] These results revealed that detraining may result in increased arterial stiffness from 3 
months onward in endurance athletes.
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INTRODUCTION

It is well known that heart and cerebrovascular diseases 
rank high among causes of death associated with arterio-
sclerosis progression in the Japanese population. Therefore, 
preventing the onset of arteriosclerosis or inhibiting its 
progression is key to reducing mortality rates. Pulse wave 
velocity (PWV) is a widely used index of arteriosclerosis. 
PWV represents the speed of an arterial wave caused by 
cardiac contraction and circulation of blood from the center 
to the periphery, reflecting arterial stiffness, a functional 
characteristic of arteriosclerosis1). This noninvasive method 
was established by Bramwell and Hill in 1922, over 90 years 
ago2). While carotid-femoral PWV (cfPWV) is the current 
gold standard, the development of devices that can easily 
measure brachial-ankle PWV (baPWV) and cardio-ankle 
vascular index (CAVI) with high reproducibility has resulted 
in renewed interest concerning PWV measurement in clini-
cal research.

Although genetic factors are involved in arteriosclerosis, 
it is also known to be greatly affected by lifestyle habits 
such as lack of exercise. Thus, there are many reports on 

the relationship between arterial stiffness and exercise. For 
example, aerobic exercise reduces arterial stiffness, and the 
PWV is low in individuals who habitually engage in aerobic 
exercise as compared with those who do not3). Furthermore, 
arterial stiffness is reportedly low in endurance athletes who 
continue to perform advanced aerobic exercise as compared 
with healthy people in general4). Arterial stiffness improve-
ment is observed after an aerobic exercise intervention with 
a relatively short period of just 8 weeks5), and high efficacy 
is observed at an exercise frequency of 2 to 5 days a week5–9). 
Meanwhile, the effect of muscle training on arterial stiffness 
has also been studied. According to these studies, arterial 
stiffness was higher in muscle strength-trained athletes than 
in untrained subjects10); high-intensity muscle training 
increased arterial stiffness, medium-intensity muscle train-
ing did not11, 12), and low-intensity muscle training reduced 
arterial stiffness13).

Thus, the types of sports, as well as their optimal dura-
tions and frequencies, needed to reduce arterial stiffness 
have been clarified. However, the duration of persistence of 
such arterial stiffness improvement has not been elucidated. 
In this study, we examined the effects of detraining on tem-
poral changes in arterial stiffness in endurance athletes.

SUBJECTS AND METHODS

Subjects
Eighteen female university athletes requiring high-

endurance exercise capabilities were included in this study. 
We examined these 18 subjects by classifying them into 2 
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groups: 10 retired players (detraining group; DeTr group) 
and 8 active players (training group; Tr group). The subjects 
exercised for 2.5 hours a day 4 to 5 times a week. In previ-
ous studies, female university field hockey players had O2 
max values of 42–52 mL·kg−1·min−1, which were markedly 
higher than the average O2 max in young women14–16). Past 
research demonstrates that field hockey requires a substan-
tial amount of cardiovascular fitness17). None of the subjects 
in the present study smoked or habitually drank alcohol, and 
none had a family history of coronary heart disease or its risk 
factors. None of the females were taking oral contraceptives 
or undergoing hormone replacement therapy. In addition, 
no subjects in the DeTr group began new exercise habits 
after retirement. The objective, methods, and safeness of the 
study were explained to the subjects in writing or verbally, 
and each participant submitted an informed consent form 
after obtaining a full understanding of the study contents. 
The study was approved by the ethics review board of Osaka 
University of Health and Sport Sciences. Table 1 presents 
the physical profiles of the subjects at the start of the experi-
ment. Owing to the presence of a detraining period of several 
months before entering the university from high school, the 
sports history after university entrance is indicated.

Methods
Arterial stiffness was measured at 6 time points: immedi-

ately before retirement of the DeTr group (0 M) and at 1 (1 
M), 2 (2 M), 3 (3 M), 6 (6 M), and 12 months (12 M) after 
retirement. In order to examine the effects of detraining, arte-
rial stiffness was measured at the same 6 time points in the Tr 
group, which served as the control and continued training as 
usual. Arterial stiffness was measured approximately 3 hours 
after breakfast; subjects were prohibited from performing 
strenuous exercises within 12 hours before measurement and 
from consuming caffeine after waking up. Arterial stiffness 
was measured in a room with the temperature controlled at 
approximately 24 °C after the subjects had rested for at least 
5 minutes18, 19).

Systolic blood pressure (SBP) and diastolic blood pres-
sure (DBP) levels were measured at the left and right brachial 
arteries by the oscillometric method using form PWV/ABI® 
(Omron Colin Co., Ltd., Komaki, Japan), and the mean left 
and right brachial artery blood pressures were adopted as the 
representative level.

Arterial stiffness was measured by baPWV, which was 
determined using form PWV/ABI® (Komaki, Japan). With 
baPWV, artery stiffness can be measured noninvasively; a 
cuff for blood pressure measurement is used to detect pulse 
waves at both forearms and ankle joints, and the PWV is 
obtained based on the time difference in the pulse wave rise 
point, from pulse waves at the forearms and ankle joints, and 
the blood vessel length (the distance obtained by subtract-
ing the blood vessel length from the valvular ostium to the 
ankle joints and forearms). Because baPWV corresponds 
to the PWV between the brachial and peroneal arteries, a 
muscular artery is measured instead of elastic arteries such 
as the aorta; however, as the value obtained for the muscular 
artery shows a high correlation with the PWV of the aorta 
by the catheter method and has favorable reproducibility, it 
is widely applied clinically as the index of arteriosclerosis 

in Japan1). The mean of the left and right baPWVs was 
used as the representative value20). In previous research, 
the within- and between-observer coefficients of brachial 
ankle PWV variation were 6.5% ± 4.1% and 3.6% ± 3.9%, 
respectively21).

All results of this study are presented as means with 
standard errors. The baPWV and blood pressure levels were 
compared using two-factor analysis of variance (group × 
time). For statistical calculations, IBM SPSS Statistics (Ver-
sion 21.0, IBM Japan, Tokyo, Japan) was used, and a p value 
of less than 5% was considered to indicate a statistically 
significant difference.

RESULTS

No interaction between groups and time was observed for 
SBP. Table 2 presents the changes in DBP in both the DeTr 
and Tr groups and at the 6 time points from 0 M to 12 M. An 
interaction between group and time was observed for DBP 
(p < 0.05), which showed a significant increase at 12 M as 
compared with that at 0 M in the DeTr group (p < 0.05). 
In the intergroup comparison, the diastolic pressures at 6 M 
and 12 M were significantly higher in the DeTr group than in 
the Tr group (p < 0.05).

Table 3 presents the changes in arterial stiffness in both 
the DeTr and Tr groups and at the 6 time points from 0 M 
to 12 M. An interaction was observed in baPWV between 
group and time (p < 0.05), showing significant increases at 
3 M and 12 M compared with 0 M in the DeTr group (p < 
0.05). Moreover, in the intergroup comparison, the DeTr 
group had significantly higher levels at 3 M, 6 M, and 12 M 
than in the Tr group (p < 0.05).

DISCUSSION

We examined temporal changes in arterial stiffness with 
12 months of detraining in endurance athletes. Although 
several past reports have examined the effects of detraining 
after relatively short exercise interventions5, 22–24), no report 
has examined changes in arterial stiffness caused by detrain-
ing following continuous long-term exercise as in this study. 
A prior study, which included an 8- to 12-week exercise 
intervention, showed that the arterial stiffness value returned 
to the pre-exercise level after approximately 4 weeks of de-
training. Although the value before continuous exercise was 

Table 1.  Subjects’ characteristics

DeTr Tr
Age (years) 21.7±0.2 * 20.0±0.3
Sport career (months) 42.7±0.3 * 19.0±3.2
Height (cm) 156.8±1.5 158.9±1.5
Body mass (kg) 53.3±2.2 54.0±1.1
Body mass index (kg/m2) 21.6±0.7 21.5±0.3
Body fat (%) 22.7±1.5 24.4±1.2
Values are shown as the mean ± SE.
*p<0.05 for the difference between DeTr and Tr
DeTr: detraining group; Tr: training group
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not measured in the study subjects, baPWV increased after 
3 months (12 weeks) of detraining as compared with the 
value after continuous exercise, suggesting that the effects 
of exercise on arterial stiffness might be more sustained as 
the period of continued exercise is increased. This concept is 
supported by a previous study conducted by Otsuki et al. that 
compared arterial stiffness in endurance athletes based on 
years of exercise continuation and showed that arterial stiff-
ness levels were lower in athletes who continued exercise 
for a longer duration4). It was assumed that the effects of 
exercise on arterial stiffness would be sustained longer as 
the duration of exercise increased. The factors most affect-
ing baPWV, an index of arterial stiffness, were reported to be 
age, gender, and blood pressure25). Based on its measurement 
principles, baPWV is considered highly dependent on blood 
pressure. In the study subjects, DBP increased significantly 
after detraining. However, a significant increase in DBP 
was not observed until 6 months of detraining, whereas a 
significant increase in baPWV was observed at 3 months of 
detraining.

Next, we attempted to determine the mechanism by which 
baPWV increased in the DeTr group. Increased baPWV, 
i.e., an increase in arterial stiffness, is mainly attributable 
to organic factors associated with changes in the elastin and 
calcium contents of the arterial wall and functional factors 
associated with autonomic nerves and vascular endothelial 
function. Considering that baPWV increased in the relatively 
short period of just 3 months, it is highly likely that increased 
arterial stiffness is a change associated with functional fac-
tors. It is assumed that arterial stiffness would be particularly 
affected by the presence of vasoactive substances such as 
the vasorelaxant nitric oxide (NO) and the vasoconstrictor 
endothelin-1 (ET-1), both of which have key vascular endo-
thelial functions. These vasoactive substances are reportedly 
increased and decreased (NO and ET-1, respectively) by 
exercise; furthermore, blood NO levels increased and blood 
ET-1 levels decreased after an 8-week aerobic exercise inter-
vention, returning to the pre-exercise levels after detraining 
for 8 weeks26). It has also been reported that blood NO levels 

are high in young atheletes27, 28). Animal studies have shown 
that administration of NO synthetic inhibitors increases 
PWV in the common iliac artery without accompanying 
changes in mean blood pressure (MBP)29), while administra-
tion of ET-1 receptor antagonists decreases PWV in the com-
mon iliac artery without accompanying changes in MBP30). 
Presumably, an increase in baPWV due to detraining may 
be the result of reduced NO production and increased ET-1 
production.

An increase in baPWV was observed earlier than an 
increase in DBP, suggesting that baPWV is a useful vascular 
index for understanding the effects of detraining at an early 
stage.

REFERENCES

1) Yamashina A, Tomiyama H, Takeda K, et al.: Validity, reproducibility, and 
clinical significance of noninvasive brachial-ankle pulse wave velocity 
measurement. Hypertens Res, 2002, 25: 359–364. [Medline]  [CrossRef]

2) Bramwell JC, Hill AV: Velocity of transmission of the pulse-wave and elas-
ticity of arteries. Lancet, 1922, 199: 891–892.  [CrossRef]

3) Vaitkevicius PV, Fleg JL, Engel JH, et al.: Effects of age and aerobic capac-
ity on arterial stiffness in healthy adults. Circulation, 1993, 88: 1456–1462. 
[Medline]  [CrossRef]

4) Otsuki T, Maeda S, Iemitsu M, et al.: Relationship between arterial stiff-
ness and athletic training programs in young adult men. Am J Hypertens, 
2007, 20: 967–973. [Medline]  [CrossRef]

5) Kakiyama T, Sugawara J, Murakami H, et al.: Effects of short-term en-
durance training on aortic distensibility in young males. Med Sci Sports 
Exerc, 2005, 37: 267–271. [Medline]  [CrossRef]

6) Hayashi K, Sugawara J, Komine H, et al.: Effects of aerobic exercise train-
ing on the stiffness of central and peripheral arteries in middle-aged sed-
entary men. Jpn J Physiol, 2005, 55: 235–239. [Medline]  [CrossRef]

7) Miura H, Nakagawa E, Takahashi Y: Influence of group training frequen-
cy on arterial stiffness in elderly women. Eur J Appl Physiol, 2008, 104: 
1039–1044. [Medline]  [CrossRef]

8) Sugawara J, Inoue H, Hayashi K, et al.: Effect of low-intensity aerobic 
exercise training on arterial compliance in postmenopausal women. Hy-
pertens Res, 2004, 27: 897–901. [Medline]  [CrossRef]

9) Mohammad AJ, Farag AA, Mohammed AO, et al.: Therapeutic effect of an 
underwater exercise program for patients with peripheral arterial disease. 
J Phys Ther Sci, 2012, 24: 687–690.  [CrossRef]

10) Bertovic DA, Waddell TK, Gatzka CD, et al.: Muscular strength training 
is associated with low arterial compliance and high pulse pressure. Hyper-
tension, 1999, 33: 1385–1391. [Medline]  [CrossRef]

Table 2.  Changes in DBP

0 M 1 M 2 M 3 M 6 M 12 M
DeTr 56.1±1.6 58.3±1.6 63.2±1.9 58.9±1.5 61.1±2.1 † 65.4±1.5 *§†
Tr 58.8±1.2 57.1±1.4 58.6±1.9 57.2±1.4 55.8±1.0 60.0±2.1
Values are shown as the mean ± SE.
*significantly higher than 0 M (p<0.05). §significantly higher than 1 M (p<0.05). †significantly higher than 
the Tr group (p<0.05).
DBP: diastolic blood pressure (mmHg); DeTr: detraining group; Tr: training group

Table 3.  Changes in baPWV

0 M 1 M 2 M 3 M 6 M 12 M
DeTr 1002.3±23.1 1028.3±29.3 1081.2±32.1 1085.0±24.1 *† 1059.5±30.7 † 1107.7±29.2 *§†
Tr 966.0±25.8 964.4±21.7 993.6±34.3 965.1±12.6 913.8±38.5 1007.2±27.4
Values are shown as the mean ± SE.
*significantly higher than 0 M (p<0.05). §significantly higher than 1 M (p<0.05). †significantly higher than 
the Tr group (p<0.05).
baPWV: brachial-ankle pulse wave velocity (cm/sec); DeTr: detraining group; Tr: training group

http://www.ncbi.nlm.nih.gov/pubmed/12135313?dopt=Abstract
http://dx.doi.org/10.1291/hypres.25.359
http://dx.doi.org/10.1016/S0140-6736(00)95580-6
http://www.ncbi.nlm.nih.gov/pubmed/8403292?dopt=Abstract
http://dx.doi.org/10.1161/01.CIR.88.4.1456
http://www.ncbi.nlm.nih.gov/pubmed/17765138?dopt=Abstract
http://dx.doi.org/10.1016/j.amjhyper.2007.05.001
http://www.ncbi.nlm.nih.gov/pubmed/15692323?dopt=Abstract
http://dx.doi.org/10.1249/01.MSS.0000152733.12578.5A
http://www.ncbi.nlm.nih.gov/pubmed/16248931?dopt=Abstract
http://dx.doi.org/10.2170/jjphysiol.S2116
http://www.ncbi.nlm.nih.gov/pubmed/18751997?dopt=Abstract
http://dx.doi.org/10.1007/s00421-008-0860-1
http://www.ncbi.nlm.nih.gov/pubmed/15894828?dopt=Abstract
http://dx.doi.org/10.1291/hypres.27.897
http://dx.doi.org/10.1589/jpts.24.687
http://www.ncbi.nlm.nih.gov/pubmed/10373221?dopt=Abstract
http://dx.doi.org/10.1161/01.HYP.33.6.1385


J. Phys. Ther. Sci. Vol. 27, No. 12, 20153684

11) Casey DP, Pierce GL, Howe KS, et al.: Effect of resistance training on ar-
terial wave reflection and brachial artery reactivity in normotensive post-
menopausal women. Eur J Appl Physiol, 2007, 100: 403–408. [Medline]  
[CrossRef]

12) Maeda S, Otsuki T, Iemitsu M, et al.: Effects of leg resistance training on 
arterial function in older men. Br J Sports Med, 2006, 40: 867–869. [Med-
line]  [CrossRef]

13) Okamoto T, Masuhara M, Ikuta K: Effects of low-intensity resistance 
training with slow lifting and lowering on vascular function. J Hum Hy-
pertens, 2008, 22: 509–511. [Medline]  [CrossRef]

14) Astorino TA, Tam PA, Rietschel JC, et al.: Changes in physical fitness pa-
rameters during a competitive field hockey season. J Strength Cond Res, 
2004, 18: 850–854. [Medline]

15) Maksud MG, Cannistra C, Dublinski D: Energy expenditure and VO2 max 
of female athletes during treadmill exercise. Res Q, 1976, 47: 692–697. 
[Medline]

16) Zeldis SM, Morganroth J, Rubler S: Cardiac hypertrophy in response to 
dynamic conditioning in female athletes. J Appl Physiol, 1978, 44: 849–
852. [Medline]

17) Reilly T, Borrie A: Physiology applied to field hockey. Sports Med, 1992, 
14: 10–26. [Medline]  [CrossRef]

18) Kim JH, Kim MY, Lee JU, et al.: Waveform analysis of the brachial-ankle 
pulse wave velocity in hemiplegic stroke patients and healthy volunteers: 
apilot study. J Phys Ther Sci, 2014, 26: 501–504. [Medline]  [CrossRef]

19) Tomiyama H, Yamashina A, Arai T, et al.: Influences of age and gender on 
results of noninvasive brachial-ankle pulse wave velocity measurement—
a survey of 12517 subjects. Atherosclerosis, 2003, 166: 303–309. [Medline]  
[CrossRef]

20) Murakami M, Maeda N, Takemasa S, et al.: Effects of a single bout of 
cycling exercise on Pulse Wave Velocity (PWV) in healthy middle-aged 
individuals. J Phys Ther Sci, 2012, 24: 427–429.  [CrossRef]

21) Munakata M, Ito N, Nunokawa T, et al.: Utility of automated brachial 

ankle pulse wave velocity measurements in hypertensive patients. Am J 
Hypertens, 2003, 16: 653–657. [Medline]  [CrossRef]

22) Madhura M, Sandhya TA: Effect of short duration aerobic exercise train-
ing on reflection index, stiffness index and pulse wave velocity. Indian J 
Physiol Pharmacol, 2012, 56: 15–20. [Medline]

23) Mustata S, Chan C, Lai V, et al.: Impact of an exercise program on arte-
rial stiffness and insulin resistance in hemodialysis patients. J Am Soc 
Nephrol, 2004, 15: 2713–2718. [Medline]  [CrossRef]

24) Okamoto T, Masuhara M, Ikuta K: Combined aerobic and resistance train-
ing and vascular function: effect of aerobic exercise before and after re-
sistance training. J Appl Physiol 1985, 2007, 103: 1655–1661. [Medline]  
[CrossRef]

25) Yamashina A, Tomiyama H, Arai T, et al.: Nomogram of the relation of 
brachial-ankle pulse wave velocity with blood pressure. Hypertens Res, 
2003, 26: 801–806. [Medline]  [CrossRef]

26) Maeda S, Miyauchi T, Kakiyama T, et al.: Effects of exercise training of 
8 weeks and detraining on plasma levels of endothelium-derived factors, 
endothelin-1 and nitric oxide, in healthy young humans. Life Sci, 2001, 69: 
1005–1016. [Medline]  [CrossRef]

27) Jungersten L, Ambring A, Wall B, et al.: Both physical fitness and acute 
exercise regulate nitric oxide formation in healthy humans. J Appl Physiol 
1985, 1997, 82: 760–764. [Medline]

28) Poveda JJ, Riestra A, Salas E, et al.: Contribution of nitric oxide to exer-
cise-induced changes in healthy volunteers: effects of acute exercise and 
long-term physical training. Eur J Clin Invest, 1997, 27: 967–971. [Med-
line]  [CrossRef]

29) Wilkinson IB, Qasem A, McEniery CM, et al.: Nitric oxide regulates local 
arterial distensibility in vivo. Circulation, 2002, 105: 213–217. [Medline]  
[CrossRef]

30) McEniery CM, Qasem A, Schmitt M, et al.: Endothelin-1 regulates arte-
rial pulse wave velocity in vivo. J Am Coll Cardiol, 2003, 42: 1975–1981. 
[Medline]  [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/17394009?dopt=Abstract
http://dx.doi.org/10.1007/s00421-007-0447-2
http://www.ncbi.nlm.nih.gov/pubmed/16920770?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16920770?dopt=Abstract
http://dx.doi.org/10.1136/bjsm.2006.029538
http://www.ncbi.nlm.nih.gov/pubmed/18337757?dopt=Abstract
http://dx.doi.org/10.1038/jhh.2008.12
http://www.ncbi.nlm.nih.gov/pubmed/15574105?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1070741?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/149777?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1641540?dopt=Abstract
http://dx.doi.org/10.2165/00007256-199214010-00002
http://www.ncbi.nlm.nih.gov/pubmed/24764620?dopt=Abstract
http://dx.doi.org/10.1589/jpts.26.501
http://www.ncbi.nlm.nih.gov/pubmed/12535743?dopt=Abstract
http://dx.doi.org/10.1016/S0021-9150(02)00332-5
http://dx.doi.org/10.1589/jpts.24.427
http://www.ncbi.nlm.nih.gov/pubmed/12878371?dopt=Abstract
http://dx.doi.org/10.1016/S0895-7061(03)00918-X
http://www.ncbi.nlm.nih.gov/pubmed/23029959?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15466276?dopt=Abstract
http://dx.doi.org/10.1097/01.ASN.0000140256.21892.89
http://www.ncbi.nlm.nih.gov/pubmed/17872406?dopt=Abstract
http://dx.doi.org/10.1152/japplphysiol.00327.2007
http://www.ncbi.nlm.nih.gov/pubmed/14621183?dopt=Abstract
http://dx.doi.org/10.1291/hypres.26.801
http://www.ncbi.nlm.nih.gov/pubmed/11508642?dopt=Abstract
http://dx.doi.org/10.1016/S0024-3205(01)01192-4
http://www.ncbi.nlm.nih.gov/pubmed/9074960?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9395795?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9395795?dopt=Abstract
http://dx.doi.org/10.1046/j.1365-2362.1997.2220763.x
http://www.ncbi.nlm.nih.gov/pubmed/11790703?dopt=Abstract
http://dx.doi.org/10.1161/hc0202.101970
http://www.ncbi.nlm.nih.gov/pubmed/14662262?dopt=Abstract
http://dx.doi.org/10.1016/j.jacc.2003.06.016

