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Abstract. [Purpose] The purpose of this study was to investigate the effects of aerobic exercise on the resting
heart rate, physical fitness, and arterial stiffness or female patients with metabolic syndrome. [Subjects and Meth-
ods] Subjects were randomly assigned to an exercise group (n=12) or a control group (n=11). Subjects in the exercise
group performed aerobic exercise at 60—-80% of maximum heart rate for 40 min 5 times a week for 12 weeks. The
changes in metabolic syndrome risk factors, resting heart rate, physical fitness, and arterial stiffness were measured
and analyzed before and after initiation of the exercise program to determine the effect of exercise. Arterial stiffness
was assessed based on brachial-ankle pulse wave velocity (ba-PWV). [Results] Compared to the control group; The
metabolic syndrome risk factors (weight, % body fat, waist circumference, systolic blood pressure, diastolic blood
pressure, and HDL-Cholesterol) were significantly improved in the exercise: resting heart rate was significantly
decreased; VO,max, muscle strength and muscle endurance were significantly increased; and ba-PWV was signifi-
cantly decreased. [Conclusion] Aerobic exercise had beneficial effects on the resting heart rate, physical fitness, and
arterial stiffness of patients with metabolic syndrome.
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INTRODUCTION

Metabolic syndrome is a known clinical risk factor for the development of atherosclerosis and cardiovascular disease
(CVD)Y. Various research institutes® > have suggested several diagnostic criteria for metabolic syndrome, including abdomi-
nal obesity, elevated triglycerides and decreased HDL-cholesterol associated with dyslipidemia, impaired fasting glucose
or impaired glucose tolerance, and high blood pressure (BP). The simultaneous manifestation of three or more of these risk
factors is associated with increased risk of the development of CVD and type 2 diabetes* . In addition, a recent prospective
study reported that an increase in the resting heart rate (RHR), which determines autonomic nervous system activities,
actions of circulating hormones, and cardiopulmonary fitness, can result in an increase in the risk of CVD and metabolic
syndrome®®.

An increase in RHR can be harmful to the heart because it can shorten the diastolic period in the cardiac cycle, increase
cardiac workload due to a decreased coronary flow, and promote build up of atherosclerotic plaque®. The arterial stiffness
test is used for the clinical diagnosis and assessment of atherosclerosis!?. Arterial stiffness is a predictive index of CVD
onset, and it is determined by the measurement of pulse wave velocity (PWV)!'D. PWV, which has high reliability and
reproducibility, records the pulse wave from both sides of the artery as the pulse wave progresses through the interior of the
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Table 1. Physical characteristics of the subjects

Group Age (yrs) Height (cm) Weight (kg) BMI (kg/m?)
Exercise (n=12) 48.8 + 11.0 156.8+ 7.5 66.0 +10.0 26.7+2.1
Control (n=11) 50.9+9.2 157.5+4.3 63.1 £8.3 254+3.1

Values are Mean + SD, BMI: body mass index

artery. It is calculated by dividing the distance between the two measurements points by the transit time from one point to the
other!'?. Previous studies have reported that high arterial stiffness resulted in high PWV, and PWV was found to be increased
in patients diagnosed with metabolic syndrome!® 4), In addition, a recent study by Park et al.'> suggested that there is an
association between RHR and arterial stiffness.

Although the reduction of risk factors is emphasized for reducing the occurrence of metabolic syndrome, reduction of
RHR and arterial stiffness may be just as important. Studies have revealed that aerobic exercise is effective at improving the
symptoms of metabolic syndrome!®- 17, In addition, aerobic exercise reduces activation of the sympathetic nervous system,
while increasing the activity of the parasympathetic nervous system resulting in reduced RHR!®). A reduction in RHR may
be the result of improved fitness, which is one of the primary effects of exercise!?). Moreover, numerous studies of the effects
of aerobic exercise on arterial stiffness have reported that aerobic exercise improves PWV in patients with obesity, type
2 diabetes, and hypertension?*22). However, very few studies have investigated the effects of aerobic exercise on arterial
stiffness and RHR, which are used as predictive indices of CVD in patients with metabolic syndrome. Therefore, the present
study aimed to investigate the effects of aerobic exercise on RHR, physical fitness, and arterial stiffness in female patients
with metabolic syndrome.

SUBJECTS AND METHODS

The subjects of in the present study were 23 females who had been diagnosed with metabolic syndrome. They were
selected from among those who participated in exercise classes at a health promotion center in the “C” region of Korea. The
23 subjects were divided into an exercise (n=12) group and a control (n=11) group for the study. The study was approved by
the Ethics and Research Committee involving human beings of the institution. All the subjects gave their written informed
consent before participating in the study.

The patients were diagnosed as having metabolic syndrome if three of the following five diagnostic criteria suggested in
the National Cholesterol Education Program Adult Treatment Panel 11T (NCEP-ATP III)? were satisfied: abdominal obesity
(waist circumference>85 cm), hypertriglyceridemia (=150 mg/dl), low HDL-cholesterol (< 50 mg/dl), fasting blood glucose
(=110 mg/dl), and high BP (systolic BP>130 mmHg or diastolic BP>85 mmHg). The physical characteristics of the partici-
pants are described in Table 1.

An automatic body-measuring instrument (Jawon Medical, Korea) was used to measure the subjects weight and height
with resolutions of 0.1 kg and 0.1 cm, respectively. The weight and height measurements were used to calculate the body
mass index (BMI). Waist circumference measurements were taken 0.1 cm from below the the 12th rib to the middle portion
of the upper iliac crest. A body-fat analyzer (Jawon Medical, Korea) was used to measure % body fat via bioelectrical imped-
ance analysis. BP measurements were taken after 10 min of rest with an automatic sphygmomanometer (Jawon Medical,
Korea). Systolic and diastolic BP, were measured twice and the mean value was calculated. RHR was measured with wearing
a wireless heart rate monitor (Polar Electro OY, Finland) for 1 min. For the blood test, blood was drawn after confirming
10 h of fasting. For blood analysis, a clinical chemistry analyzer (Hitachi 7020, Japan) was used to measure blood glucose,
triglyceride, and HDL-cholesterol levels. A Helmas IIT (O,run, Korea) was used for the physical fitness test. As a measure
of cardiopulmonary fitness, maximum oxygen uptake (VO,max) was measured on a bicycle ergometer under progressive
workload. Grip strength was measured with a dynamometer by adjusting the width the maximum values (in kg) were mea-
sured twice in an upright positing. Muscle endurance was measured as the number of sit-ups performed in 30 s. Arterial
stiffness was measured in a supine position using an automatic waveform analyzer (VT-1000, Colin CO, Komaki, Japan)
after >10 min of rest. The sampling time for the Ist pulse wave recording was set to 10 s and two consecutive recordings
were obtained for each participant. The mean of the automatically calculated values was used in the analysis. The 12-week
aerobic exercise program consisted of warm-up exercise, main exercise, and cool-down exercise, in that order, and a total of
5 sessions were performed per week. Warm-up exercise consisted of 5 min of walking followed by 10 min of stretching, and
the cool-down exercise consisted of 10 min of stretching. Aerobic exercise, which was the main exercise, consisted of 40 min
of walking on a treadmill at 60-80% of maximum HR. During the aerobic exercise, the participants wore a Polar Heart Rate
Analyzer (Polar Electro OY, Finland) to monitor exercise intensity and keep it within the target heart rate range.

Data analysis in the present study was performed via two-way ANOVA with repeated measures using SAS (version 9.1),
and a significance level (a) of 0.05.
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Table 2. Changes in metabolic syndrome risk factors Table 3. Changes in resting heart rate and physical fitness levels

Variability Group Pre-test Post-test Variability Group Pre-test Post-test
Weight (kg) Exercise 66.0 £ 10.0 63.1 £ 8.9%* Resting beart rate Exercise 794 £6.5 76.5 + 5.9%**
Control 63.1+8.3 62.3+83 (beats/min) Control 78.1 £ 6.6 78.3+4.9
9% fat Exercise 37.0+£3.5 349 +3.4* VO,max Exercise 26.9+3.0 29.3 £2.9%**
Control 339+34 33.0+3.2 (ml/kg/min) Control 251433 26.0+3.2
Waist circumfer- Exercise 87.1£57 85.1 £ 5.2%* Grip strength Exercise 26.8+5.3 28.2 &+ 4.2%*
ence (cm) Control 86.0+7.7 85.0+7.2 (kg) Control 24.8+3.2 254+38
Triglyceride Exercise 166.8£72.0  151.0+67.5 Sit-up Exercise 6.6£27 8.8 + 3. I***
(mg/dl) Control 171.1+61.1  162.8+63.7 (count/30 s) Control 6.1+2.4 6.5+£2.0
HDL-Cholesterol Exercise 383+5.6 44.8 £ 5.3%* Values are Mean + SD, **significant difference, p<0.01, ***sig-
(mg/dl) Control 36.9+96 377491 nificant difference, p<0.001

Fasting blood Exercise 110.6 £13.6  103.2 £ 13.9%***
glucose (mg/dl)  Control 109.3+£13.0 108.1+12.6

Systolic blood Exercise 1313499 125.8 + 14.4%* Table 4. Changes of pulse wave velocity
pressure (mmHg) Control 132.6 + 8.8 130.3 +9.8 Variability Group Pre-test Post-test
Diastolic blood ~ Exercise 81.6+4.9 78.9 £ 6.8%* Right Ba-PWV Exercise  1,281.5+£245.0  1,229.3 + 248.7*
pressure (mmHg) Control 80.5+2.8 79.7+2.7 (cm/s) Control  1,283.7+232.8 1,332.7 +246.2
Values are Mean + SD, *significant difference, p<0.05, **signifi- Left Ba-PWV Exercise  1,319.0+239.5 1,244.8 + 244.2*
cant difference, p<0.01, ***significant difference, p<0.001 (cm/s) Control 13057 +2514 13306+ 2446
Values are Mean = SD, Ba-PWV: Brachial-ankle pulse wave
velocity
RESULTS

Risk factors of metabolic syndrome, such as weight (p<0.01), % body fat (p<0.05), waist circumference (p<0.01), fast-
ing blood glucose (p<0.001), systolic BP (p<0.01), and diastolic BP (p<0.01) showed significant decreases in the exercise
group at the end of the experimental period (Table 2). Although HDL-cholesterol (p<0.01) showed a significant increase,
triglyceride levels did not show a significant change. The control group showed no significant changes in any of the risk
factors between pre- and post-test values.

With respect to changes in RHR and physical fitness, compared to the control group, RHR of the exercise group was
significantly decreased (p<0.001), while VO,max (p<0.001), muscle strength (p<0.01), and muscle endurance (p<0.001)
were significantly increased (Table 3). The control group showed no significant changes in these parameters between pre- and
post-test (Table 3).

With respect to changes in PWV, PWV of both the left and right sides significantly decreased in the exercise group (both
p<0.05). However, The control group did not showed no significant differences between pre- and post-test values of PWV
(Table 4).

DISCUSSION

The present study investigated the effects of a 12-week aerobic exercise program on RHR, physical fitness, and arterial
stiffness of female patients diagnosed with metabolic syndrome. Exercise has been discussed as a key intervention for
managing clinical indicators of metabolic syndrome. The results of the present study show that aerobic exercise was effective
at decreasing risk factors, such as weight, % body fat, waist circumference, fasting blood glucose, systolic BP, and diastolic
BP, as well as increasing HDL-cholesterol. However, the triglyceride level did not show a significant change. These findings
are similar to those of a previous intervention study that reported the risk factors of metabolic syndrome were ameliorated by
aerobic exercise'® 2. Therefore, in addition to causing weight loss, aerobic exercise can contribute to improving metabolic
dysregulation, which plays a pivotal role in the onset of metabolic syndrome.

Aerobic exercise plays a central role in the primary prevention and treatment of CVD, which is a comorbidity in many
metabolic syndrome cases. Moreover, prospective studies have suggest RHR is an independent predictive factor of CVD, and
elevated RHR has been shown to increase the risk of metabolic syndrome onset?* 2%). Thus, measures for controlling RHR,
which is related to the prognosis of CVD, have become important. The results of the present study show that aerobic exercise
reduced RHR. This result is consistent with previous studies results, and is likely due to the inhibition of sympathetic nervous
system activation and increased activation of the parasympathetic nervous system owing to the effects of cardiovascular
adaptation elicited by aerobic exercise?® 27, In other words, aerobic exercise appears to play an important role in reducing
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RHR, which can subsequently influence CVD onset. Further, RHR is associated with physical fitness, and that RHR can be
reduced through improved physical fitness?®.

The present study also showed that aerobic exercise increased cardiopulmonary and muscle fitness. A study by Lakka et
al.? verified that having higher fitness lowered the risk of metabolic syndrome development. This indicates that improved
fitness, which is a benefit of exercise, is also important in metabolic syndrome. Therefore, it appears that aerobic exercise
increases cardiopulmonary fitness and muscle fitness contributing to the lowering of CVD risk in patients with metabolic
syndrome.

In the present study, brachial-ankle PWV was measured to examine the pattern of change in arterial stiffness associated
with aerobic exercise. PWYV is to the velocity of blood flow ejected from the heart, and it is an independent risk factor
predicting CVD. In healthy people, PWV is low, but as atherosclerosis progresses, the elasticity of the blood vessels dimin-
ishes, causing PWYV to increase®?). A study by Boreham et al.'?) showed that PWV was elevated in patients diagnosed with
metabolic syndrome, and according to a recently published meta-analysis by Huang et al.,3!) reported that aerobic exercise
lower PWV. The present study also found that aerobic exercise reduced brachial-ankle PWV. Another study by Donley et
al.3? showed that 8 weeks of aerobic exercise resulted in reduced carotid-femoral PWV in metabolic syndrome patients, a
result that is consistent with the results of the present study. This suggests that aerobic exercise reduces arterial stiffness,
which is associated with each component of metabolic syndrome, thereby playing a role in increasing vascular function. In
addition, Previous studies have reported that high levels of cardiopulmonary and muscle fitness are inversely correlated with
arterial stiffness>® 3%, Therefore, the improve ment in physical fitness after aerobic exercise, observed in the present study,
may have contributed to reduced arterial stiffness. Aerobic exercise has a preventive effect on CVD by lowering PWV, which
is useful in assessing the arterial stiffness that is comorbid in many metabolic syndrome cases.

In conclusion, in the present study, aerobic exercise was found to be effective at ameliorating the risk factors of metabolic
syndrome. Moreover, it was also found to reduce RHR, increase physical fitness, and lower PWV, which is an indicator of
arterial stiffness. Therefore, aerobic exercise can be considered as an important intervention strategy for reducing the risk of
CVD in patients with metabolic syndrome.

REFERENCES

1)  Reaven GM: Banting lecture 1988. Role of insulin resistance in human disease. Diabetes, 1988, 37: 1595-1607. [Medline] [CrossRef]

2)  Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults: Executive summary of the third report of the National Cholesterol
Education Program (NCEP) expert panel on detection, evaluation, and treatment of high blood cholesterol in adults (Adult Treatment Panel IIT). JAMA, 2001,
285:2486-2497. [Medline] [CrossRef]

3)  Alberti KG, Zimmet PZ: Definition, diagnosis and classification of diabetes mellitus and its complications. Part 1: diagnosis and classification of diabetes mel-
litus provisional report of a WHO consultation. Diabet Med, 1998, 15: 539-553. [Medline] [CrossRef]

4)  Gami AS, Witt BJ, Howard DE, et al.: Metabolic syndrome and risk of incident cardiovascular events and death: a systematic review and meta-analysis of
longitudinal studies. J Am Coll Cardiol, 2007, 49: 403—414. [Medline] [CrossRef]

5)  Meigs JB: Epidemiology of the metabolic syndrome, 2002. Am J Manag Care, 2002, 8: S283-S292, quiz S293—S296. [Medline]

6) Fox K, Borer JS, Camm AlJ, et al. Heart Rate Working Group: Resting heart rate in cardiovascular disease. ] Am Coll Cardiol, 2007, 50: 823—830. [Medline]
[CrossRef]

7) OdaE, Aizawa Y: Resting heart rate predicts metabolic syndrome in apparently healthy non-obese Japanese men. Acta Diabetol, 2014, 51: 85-90. [Medline]
[CrossRef]

8)  Verrier RL, Tan A: Heart rate, autonomic markers, and cardiac mortality. Heart Rhythm, 2009, 6: S68—S75. [Medline] [CrossRef]

9)  Perski A, Hamsten A, Lindvall K, et al.: Heart rate correlates with severity of coronary atherosclerosis in young postinfarction patients. Am Heart J, 1988, 116:
1369-1373. [Medline] [CrossRef]

10) Boreham CA, Ferreira I, Twisk JW, et al.: Cardiorespiratory fitness, physical activity, and arterial stiffness: the Northern Ireland Young Hearts Project. Hy-
pertension, 2004, 44: 721-726. [Medline] [CrossRef]

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

12) Laurent S, Cockcroft J, Van Bortel L, et al. European Network for Non-invasive Investigation of Large Arteries: Expert consensus document on arterial stiff-
ness: methodological issues and clinical applications. Eur Heart J, 2006, 27: 2588-2605. [Medline] [CrossRef]

13) SunK, Daimon M, Watanabe S, et al.: The relation of pulse wave velocity by oscillometric and tonometric methods and clinical application studies. Jpn J Appl
Phys, 2002, 32: 81-86.

14) Tomiyama H, Hirayama Y, Hashimoto H, et al.: The effects of changes in the metabolic syndrome detection status on arterial stiffening: a prospective study.
Hypertens Res, 2006, 29: 673—678. [Medline] [CrossRef]

15) Park BJ, Lee HR, Shim JY, et al.: Association between resting heart rate and arterial stiffness in Korean adults. Arch Cardiovasc Dis, 2010, 103: 246-252.
[Medline] [CrossRef]

16) Kim DY, Seo BD, Kim DIJ: Effect of walking exercise on changes in cardiorespiratory fitness, metabolic syndrome markers, and high-molecular-weight adipo-
nectin in obese middle-aged women. J Phys Ther Sci, 2014, 26: 1723—1727. [Medline] [CrossRef]

17) NohJW, Park JE, Jung JH, et al.: Exercise is associated with metabolism regulation and complications in Korean patients with type 2 diabetes. J Phys Ther Sci,
2015, 27: 2189-2193. [Medline] [CrossRef]

1767


http://www.ncbi.nlm.nih.gov/pubmed/3056758?dopt=Abstract
http://dx.doi.org/10.2337/diab.37.12.1595
http://www.ncbi.nlm.nih.gov/pubmed/11368702?dopt=Abstract
http://dx.doi.org/10.1001/jama.285.19.2486
http://www.ncbi.nlm.nih.gov/pubmed/9686693?dopt=Abstract
http://dx.doi.org/10.1002/(SICI)1096-9136(199807)15:7<539::AID-DIA668>3.0.CO;2-S
http://www.ncbi.nlm.nih.gov/pubmed/17258085?dopt=Abstract
http://dx.doi.org/10.1016/j.jacc.2006.09.032
http://www.ncbi.nlm.nih.gov/pubmed/12240700?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17719466?dopt=Abstract
http://dx.doi.org/10.1016/j.jacc.2007.04.079
http://www.ncbi.nlm.nih.gov/pubmed/23838790?dopt=Abstract
http://dx.doi.org/10.1007/s00592-013-0503-9
http://www.ncbi.nlm.nih.gov/pubmed/19880076?dopt=Abstract
http://dx.doi.org/10.1016/j.hrthm.2009.07.017
http://www.ncbi.nlm.nih.gov/pubmed/3189156?dopt=Abstract
http://dx.doi.org/10.1016/0002-8703(88)90469-3
http://www.ncbi.nlm.nih.gov/pubmed/15452034?dopt=Abstract
http://dx.doi.org/10.1161/01.HYP.0000144293.40699.9a
http://www.ncbi.nlm.nih.gov/pubmed/12135313?dopt=Abstract
http://dx.doi.org/10.1291/hypres.25.359
http://www.ncbi.nlm.nih.gov/pubmed/17000623?dopt=Abstract
http://dx.doi.org/10.1093/eurheartj/ehl254
http://www.ncbi.nlm.nih.gov/pubmed/17249522?dopt=Abstract
http://dx.doi.org/10.1291/hypres.29.673
http://www.ncbi.nlm.nih.gov/pubmed/20656635?dopt=Abstract
http://dx.doi.org/10.1016/j.acvd.2010.03.004
http://www.ncbi.nlm.nih.gov/pubmed/25435686?dopt=Abstract
http://dx.doi.org/10.1589/jpts.26.1723
http://www.ncbi.nlm.nih.gov/pubmed/26311952?dopt=Abstract
http://dx.doi.org/10.1589/jpts.27.2189

18)

19)

20)
21)

22)

23)

24)
25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

Gielen S, Schuler G, Hambrecht R: Exercise training in coronary artery disease and coronary vasomotion. Circulation, 2001, 103: E1-E6. [Medline] [Cross-
Ref]

Stein PK, Ehsani AA, Domitrovich PP, et al.: Effect of exercise training on heart rate variability in healthy older adults. Am Heart J, 1999, 138: 567-576.
[Medline] [CrossRef]

Han G, Lee Y, Ko W, et al.: Effect of exercise therapy on elasticity of the blood vessels. J Phys Ther Sci, 2012, 24: 401-403. [CrossRef]

Edwards DG, Schofield RS, Magyari PM, et al.: Effect of exercise training on central aortic pressure wave reflection in coronary artery disease. Am J Hyper-
tens, 2004, 17: 540-543. [Medline] [CrossRef]

McNeilly AM, McClean C, Murphy M, et al.: Exercise training and impaired glucose tolerance in obese humans. J Sports Sci, 2012, 30: 725-732. [Medline]
[CrossRef]

Katzmarzyk PT, Leon AS, Wilmore JH, et al.: Targeting the metabolic syndrome with exercise: evidence from the HERITAGE Family Study. Med Sci Sports
Exerc, 2003, 35: 1703-1709. [Medline] [CrossRef]

Palatini P, Julius S: Elevated heart rate: a major risk factor for cardiovascular disease. Clin Exp Hypertens, 2004, 26: 637-644. [Medline] [CrossRef]
Sandvik L, Erikssen J, Ellestad M, et al.: Heart rate increase and maximal heart rate during exercise as predictors of cardiovascular mortality: a 16-year follow-
up study of 1960 healthy men. Coron Artery Dis, 1995, 6: 667—-679. [Medline] [CrossRef]

Goldsmith RL, Bloomfield DM, Rosenwinkel ET: Exercise and autonomic function. Coron Artery Dis, 2000, 11: 129-135. [Medline] [CrossRef]

Carter JB, Banister EW, Blaber AP: Effect of endurance exercise on autonomic control of heart rate. Sports Med, 2003, 33: 33—46. [Medline] [CrossRef]
Plasqui G, Westerterp KR: Accelerometry and heart rate as a measure of physical fitness: proof of concept. Med Sci Sports Exerc, 2005, 37: 872—876. [Medline]
[CrossRef]

Lakka TA, Laaksonen DE, Lakka HM, et al.: Sedentary lifestyle, poor cardiorespiratory fitness, and the metabolic syndrome. Med Sci Sports Exerc, 2003, 35:
1279-1286. [Medline] [CrossRef]

Miyai N, Arita M, Miyashita K, et al.: The influence of obesity and metabolic risk variables on brachial-ankle pulse wave velocity in healthy adolescents. J
Hum Hypertens, 2009, 23: 444-450. [Medline] [CrossRef]

Huang C, Wang J, Deng S, et al.: The effects of aerobic endurance exercise on pulse wave velocity and intima media thickness in adults: a systematic review
and meta-analysis. Scand J Med Sci Sports, 2015. [Medline] [CrossRef]

Donley DA, Fournier SB, Reger BL, et al.: Aerobic exercise training reduces arterial stiffness in metabolic syndrome. J Appl Physiol 1985, 2014, 116: 1396—
1404. [Medline] [CrossRef]

Fahs CA, Heffernan KS, Ranadive S, et al.: Muscular strength is inversely associated with aortic stiffness in young men. Med Sci Sports Exerc, 2010, 42:
1619-1624. [Medline] [CrossRef]

Jae SY, Heffernan KS, Fernhall B, et al.: Association between cardiorespiratory fitness and arterial stiffness in men with the metabolic syndrome. Diabetes
Res Clin Pract, 2010, 90: 326-332. [Medline] [CrossRef]

1768 J. Phys. Ther. Sci. Vol. 28, No. 6, 2016


http://www.ncbi.nlm.nih.gov/pubmed/11136704?dopt=Abstract
http://dx.doi.org/10.1161/01.CIR.103.1.e1
http://dx.doi.org/10.1161/01.CIR.103.1.e1
http://www.ncbi.nlm.nih.gov/pubmed/10467210?dopt=Abstract
http://dx.doi.org/10.1016/S0002-8703(99)70162-6
http://dx.doi.org/10.1589/jpts.24.401
http://www.ncbi.nlm.nih.gov/pubmed/15177529?dopt=Abstract
http://dx.doi.org/10.1016/j.amjhyper.2003.12.001
http://www.ncbi.nlm.nih.gov/pubmed/22439679?dopt=Abstract
http://dx.doi.org/10.1080/02640414.2012.671952
http://www.ncbi.nlm.nih.gov/pubmed/14523308?dopt=Abstract
http://dx.doi.org/10.1249/01.MSS.0000089337.73244.9B
http://www.ncbi.nlm.nih.gov/pubmed/15702618?dopt=Abstract
http://dx.doi.org/10.1081/CEH-200031959
http://www.ncbi.nlm.nih.gov/pubmed/8574463?dopt=Abstract
http://dx.doi.org/10.1097/00019501-199508000-00012
http://www.ncbi.nlm.nih.gov/pubmed/10758814?dopt=Abstract
http://dx.doi.org/10.1097/00019501-200003000-00007
http://www.ncbi.nlm.nih.gov/pubmed/12477376?dopt=Abstract
http://dx.doi.org/10.2165/00007256-200333010-00003
http://www.ncbi.nlm.nih.gov/pubmed/15870644?dopt=Abstract
http://dx.doi.org/10.1249/01.MSS.0000161805.61893.C0
http://www.ncbi.nlm.nih.gov/pubmed/12900679?dopt=Abstract
http://dx.doi.org/10.1249/01.MSS.0000079076.74931.9A
http://www.ncbi.nlm.nih.gov/pubmed/19078989?dopt=Abstract
http://dx.doi.org/10.1038/jhh.2008.143
http://www.ncbi.nlm.nih.gov/pubmed/26059748?dopt=Abstract
http://dx.doi.org/10.1111/sms.12495
http://www.ncbi.nlm.nih.gov/pubmed/24744384?dopt=Abstract
http://dx.doi.org/10.1152/japplphysiol.00151.2014
http://www.ncbi.nlm.nih.gov/pubmed/20195176?dopt=Abstract
http://dx.doi.org/10.1249/MSS.0b013e3181d8d834
http://www.ncbi.nlm.nih.gov/pubmed/20926153?dopt=Abstract
http://dx.doi.org/10.1016/j.diabres.2010.08.025

