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Abstract

Objectives: The goal of this study is to determine whether a combination therapy of electro-acupuncture and
aerobic exercise are effective at improving heart rate recovery and physical ability in patients with coronary heart
disease (CHD). Additionally, this study aims to analyse how acupuncture improves cardiovascular function.

Methods: 108 patients diagnosed with CHD and abnormal heart rate recoveries (HRR) were recruited to the
study. All subjects were randomly divided into a control group, receiving no intervention, or one of three experimental
groups:aerobic exercise therapy, electro-acupuncture therapy, and a combination therapy of electro-acupuncture
and aerobic exercise. Aerobic exercise was performed at an intensity of 60%-75% of maximum sports ability for 30
minutes per session. Acupoints Neiguan (PC6) and Ximen (PC4) were used for acupuncture in the electro-
acupuncture experiments for 30 min sessions. Each treatment group underwent the experimental therapies five
times a week for twelve weeks. For all subjects, a cardiopulmonary exercise test (CPET) was used to assess HRR
and exercise ability. Heart rate variability (HRV), including low frequency (LF), high frequency (HF), a low frequency
to high frequency ratio (LF/HF) and standard deviation of normal-to-normal interval (SDNN), was used to evaluate
autonomic nervous function. Superoxide dismutase (SOD), nitric oxide (NO), and lipid peroxide (LOOH) in venous
blood were evaluated to determine oxidative stress levels.

Results: There was no significant difference among any of the groups before treatment for any of the indices
measured. After twelve weeks, the HRR in the combination therapy group was lower than any other treatment group
or the control group (p<0.05). The HRR in the electro-acupuncture group was lower than the aerobic exercise and
the control groups (p<0.05) and the HRR of the aerobic exercise group was lower than the control group (p<0.05).
Oxidative stress levels and heart rate variability measurements for the combination group were significantly
improved over all the other groups.

Conclusions: Compared to aerobic exercise treatment or electro-acupuncture treatment alone, the combined
treatment method improved heart rate recovery and exercise ability most significantly. Furthermore, the autonomic
nervous function and oxidative stress level were markedly improved as well. Overall, we show that a combination
therapy of electro-acupuncture and aerobic exercise can improve HRR, HRV, and oxidative stress on the heart,

improving the physical ability of patients with coronary heart disease.
L J

autonomic system can be clinically evaluated by calculating the heart
rate recovery (HRR), defined as the difference between peak heart rate

Keywords: Aerobic exercise; Electro-acupuncture; Coronary heart
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Alternative therapy and the heart rate 1 minute after exercise. An abnormal HRR, defined
as a difference of less than 12 beats/min, is closely connected with
Introduction reduced physical ability and is an independent risk factor that can

Coronary heart disease (CHD) is a very common disease, affecting
approximately 6.4% of Americans, and is the first and second leading
causes in cardiovascular death in the United States and China
respectively [1,2]. With the advancement of diagnosis and treatment
technology, more patients survive the initial myocardial infarction
caused by CHD, leading to an increase percentage of the population
living with a disease that negatively affects their quality of life due to a
decrease in physical ability, often caused by abnormal activity of the
cardiac autonomic system [3]. The abnormal activity of the cardiac

predict coronary heart disease and, potentially, death due to
cardiovascular diseases [4-6]. Increasing a patient’s physical abilities as
determined by heart rate recovery can significantly improve quality of
life when living with cardiovascular diseases [7-9].

Current rehabilitation for patients with cardiovascular diseases
typically consists of aerobic exercise therapy because functional
exercise has been shown to have a vital impact on improving physical
ability and quality of life [10]. Considered as an important non-
pharmaceutical therapy, aerobic exercise was proven by a number of
studies to improve the HRR and physical ability [11-13]. Nevertheless,
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non-compliance of patients on an aerobic exercise regimen is high
[14], creating a need to improve upon current therapies.

Traditional Chinese medicine acupuncture therapy has been
recognized to treat many diseases including cardiovascular disease,
tension headaches, and Bell’s palsy [15]. Acupuncture therapy is an
essential treatment method in Chinese medicine. It appears to have a
positive effect on improving patients’ neurological function [16] and
physical ability [17]; however, the mechanism behind its efficacy is
unclear and there is some controversy over which acupoints are
important for improving cardiovascular health as well as the
limitations to the studies on the overall benefits of acupuncture, as
reported by Urroz et al. [17].

Aerobic Electro- Combination
Exercise | Acupuncture | Therapy Control
Characteristic (n=29) (n=27) (n=30) (n=26)
Age (years) 61.4+89 63.0 £9.1 63.1+8.8 62.3+8.7
Gender (male/
female) 17112 17/10 19/11 16/10
Time since CHD
diagnosis (month) | 20.6 +9.3 19.2+8.0 20.5+9.1 21.1+9.2
Gensini grade 11 (37.9%) 9 (33.3%) 10 (33.3%) 9 (34.6%)
BMI (kg/m?) 2542 +3.92| 24.87+4.01 | 25.36 +3.95 | 24.63£3.91
After PCI 11 (37.9%) 9 (33.3%) 10 (33.3%) 9 34.6%)
After CABG 2 (6.9%) 2 (7.4%) 2 (6.7%) 2(7.7%)
Smoke 15 (561.7%) 13 (48.1%) 14 (46.7%) | 12 (46.2%)
Hypertension 21 (72.4%) 20 (74.1%) 21(70.0%) | 20 (76.9%)
Diabetes 10 (34.5%) 8 (29.6%) 9 (30.0%) 8 (30.8%)
Hyperlipidemia 11 (37.9%) 10 (37.0%) 11 (36.7%) | 10 (38.5%)

Prescriptions

B-blocker 24 (82.8%) | 22(81.5%) | 23(76.7%) | 22 (84.6%)
Antiplatelets 28 (96.6%) | 27 (100%) | 29(96.7%) | 25 (96.2%)
Statins 29 (100%) | 27 (100%) 30 (100%) | 26 (100%)
Nitrates 10 (34.5%) | 7 (25.9%) 11(36.7%) | 8(30.8%)
ACEI/ARB 27 (93.1%) | 25(92.6%) | 28(93.3%) | 24 (92.3%)
Table 1: Patient characteristics. PCI: Percutaneous Coronary

Intervention; CABG: Coronary Artery Bypass Grafting; ACEL
Angiotensin  Converting Enzyme Inhibitor; ARB: Angiotensin
Receptor Blocker.

Both acupuncture therapy and aerobic exercise therapy have been
proven to be beneficial to patients with cardiovascular diseases such as
coronary heart disease; however, a combination of these two therapies
has not been objectively studied. This study was designed compare the
effect of single aerobic exercise, single electro-acupuncture therapy and
electro-acupuncture therapy combined with aerobic exercise on
patients’ HRR and sports ability. The goal of this study is to determine
whether electro-acupuncture combined with aerobic exercise is more

beneficial than individual therapies in improving cardiovascular
function.

Methods

Subjects

This study was approved by the Nanjing Jiangning Hospital Ethics
Committee and all patients provided their informed consent. CHD
patients with at least one main coronary vessel with stenosis>50% as
determined via coronary angiography, were recruited from September
2013 to September 2014 at the cardiac rehabilitation center in Nanjing
Jiangning Hospital. The following criteria excluded patients from the
trial:

« patient had uncontrolled severe arrhythmia, hypertension or
diabetes

o patient had severe heart failure (NYHA Class IV)

« patient had a pacemaker, a complete left bundle branch block, or a
heart transplant

o patient had a musculoskeletal or neurological disease that
prevented compliance with evaluation and/or treatment

o patient had an electrolyte disturbance due to disease and was using
digitalis

o patient had a pulmonary disease such as chronic bronchitis or
chronic obstructive pulmonary disease (COPD), which would
affect respiratory function

o patient used calcium ion antagonists or B-blockers which would
affect heart rate and could not stop taking the medicine for at least
2 days before performing heart rate variability test

o Patient was using antioxidants like Vitamin C and Vitamin E less
than 1 month before undergoing venous blood collection.

Overall, 112 subjects with an abnormal HRR were enrolled in the
study. Subjects were randomly divided into an aerobic exercise group
(n=29), an electro-acupuncture group (=27), an electro-acupuncture
combined with aerobic exercise group (=30) and a control group (=26).
There was one case of severe angina in the aerobic exercise group
during treatment. Additionally, 2 combination therapy subjects did not
complete the entire study. Finally, 1 control subject did not participate
in the post therapy analysis, making a total of 108 subjects that
completed this study.

Cardiopulmonary exercise test (CPET)

To measure HRR and heart rate variability (HRV), a CPET system
(K4b2, COSMED) was used to conduct a symptom limited exercise
test. Subjects sat on the ergometer with an electrocardiograph (Holter-
TECH 8000, GP/DMasia), blood pressure monitor and CPET face
mask attached. A 3 to 5-minute non-load warm-up was performed.
The test began with a 5W loading and was increased by 15W every
minute with a speed of 50-60 rpm. Testing was stopped if subject
experienced any of the following: chest pain, weakness, dyspnea,
dizziness, giddiness, pallor, a declined ST interval of >2 mm, an
increased ST interval > 1 mm, frequent ventricular tachycardia, atrial
fibrillation, or a systolic blood pressure>220 mmHg during exercise.
Short-time HRV software was used for analysis. A Fast Fourier
transformation (FFT) method was adopted for frequency analysis with
low frequency (LF) defined as 0.04-0.15Hz and high frequency (HF)
defined as 0.15-0.40 Hz.
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Peak power (PP), was measured at the maximum exercise load the
subject could tolerate during the CPET measurement. The CPET
manifold measured the uptake of oxygen by the subject during the
exercise. This was used to measure the VOjpe, at the maximum
exercise load. The CPET was also used to determine the anaerobic
threshold (AT), defined as the point of transformation from aerobic to
anaerobic exercise, by measuring the rate of ventilation and marking

when it increases disproportionally to the increase in VO,, also known
as the V-slope method. HRV was measured via a low frequency index
(LF) between 0.04-0.15 Hz, a high frequency index (HF) between 0.15
and 0.40 Hz, a low frequency and high frequency ratio (LF/HF) and a
normal standard deviation of normal-to-normal interval (SDNN)
before therapies began and after 12 weeks of treatment.

Group HRR1 (beats) PP (W) VO2peak (Ml/kg/min) AT (mL/kg/min)
Before After Before After Before After Before After
Aerobic
Exercise
(n=28) 6.12 +2.07 10.13 + 2.564 84.21+ 15.76 96.35 + 16.384 13.95 + 3.57 17.89 £ 3.45 10.25+2.15 12.89 + 3.37
Electro-
Acupuncture
(n=27) 6.28 +2.16 10.97 + 1.984 80.68 + 16.04 82.78 + 17.382 14.68 + 6.40 15.05 + 6.58 10.39+2.79 12.47 + 3.68
Combination
Therapy (n=28) | 7.02 + 3.09 13.42 + 2.89Pcd 82.10 + 14.57 102 + 17.09%d 15.07 + 3.53 18.98 + 3.42¢d 10.37 £2.35 13.57 £+ 2.59
Control (n=25) 7.18+2.11 8.14 + 3.02 81.36 + 15.26 82.21+16.83 13.87 +2.97 14.58 + 5.80 11.01 £ 2.04 12.12 £+ 2.96

Table 2: Comparison of HRR1 and exercise capabilities after treatment (x + SD). *Aerobic exercise vs. Electro-acupuncture; ®Aerobic exercise vs.
Combination therapy; “Electro-acupuncture vs. Combination therapy; 9Control vs. experimental group; p<0.05.

Oxidative stress assessment

A small aliquot of blood was collected from the subjects before and
12 weeks after therapy to assess levels of superoxide dismutase (SOD),
nitric oxide (NO) and lipid hydroperoxidase (LOOH) present in the
plasma. The xanthine oxidase method was used to assess SOD
concentration. Spectrophotometry was used to assess NO and LOOH
concentration.

Aerobic exercise

Subjects performed 30 minutes of ergometric exercise. The intensity
of the exercise was adjusted for each subject according to the exercise
load a subject could handle to reach their maximum heart rate
(HRpp,y) by setting the training intensity at 60-70% of the individual’s
heart rate reserve. Exercise began at an intensity of 60% and was
increased by 5% intervals based on subject’s ability to a maximum of
70%. If subject could not endure the full high intensity program, the
subject performed an intermittent exercise program with a 1-5 minute
rest interval between each exercise period and the exercise time was
increased to 60 minutes to adjust for the rest intervals. Subjects
performed the aerobic exercise 5 times a week for 12 weeks.

Electro-acupuncture

Patients lay in a supine position and bilateral Neiguan (PC6) and
Ximen (PC4) acupoints were selected. Acupoints were sterilized using
iodine-alcohol. Sterile, 40mm needles were directly inserted to a depth
of between 0.5 cun (approximately 16.67 mm) and 1 cun
(approximately 33.33 mm) using a mild reinforcing and attenuating
method with a frequency about 100 times/min. Electro-acupuncture
therapeutic equipment (Huatuo Brand SDZ-II) with two connector
wires were connected to the needles. Dilatational wave and stimulation

at intensity of 2-4 mA for 30 minutes was used based on the subjects
tolerance. Subjects underwent electro-acupuncture therapy 5 times a
week for 12 weeks. Subjects in the combination therapy group
underwent electro-acupuncture 1 hour after the aerobic exercise
therapy.

Statistics analysis

GraphPad Prism 6.0 software (GraphPad Software, La Jolla,
California) was used to perform the statistical analysis of the data. A
one-way ANOVA was used to determine if there was statistical
difference between the means of the groups for each measurement.
Multiple comparisons using a Holm-Sidak correction was performed
to compare each group. Statistical significance was set at p<0.05.

Results

Overall, there was no statistical difference in any of the groups
based on subject characteristics or drugs prescribed that may affect the
outcome of the results (Table 1).

Prior to treatment, there was no significant difference in HRR, PP,
VOZPeak, AT, HRV (LE, HE, LF/HE and SDNN) and oxidative stress
levels (SOD, NO, and LOOH) among the four groups. However, Table
2 indicates that after 12 weeks of treatment, the HRR of the
combination therapy group was improved over the individual therapy
groups and the control group (p<0.05). Table 2 also indicates the
exercise ability of the subjects in regards to VOype,i and PP increased
after the combination therapy. Although there was a small
improvement in physical ability in the combination therapy group over
the aerobic exercise group, the difference was not statistically
significant.
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Group LF (Hz) HF (Hz) LF/HF SDNN (ms)
Before After Before After Before After Before After
Aerobic
Exercise (n=28) 612.6 + 148.2 579.3+164.3 1126 £5.7 157.8 £ 8.94 4.51+245 297 +1.87 65.7 £6.74 70.7 £7.31
Electro-
Acupuncture
(n=27) 609.9 + 152.3 560.4 + 173.4 109.7 £ 8.9 177.9 £ 5.92d 4.39 +1.55 2.28 + 1.56 63.5+6.08 76.8 + 6.4524
Combination
Therapy (n=28) 611.5+ 149.6 551.4 + 163.9 111.8+3.2 179.5 £ 7.7 4.32 +1.67 2.37 £ 1.66 63.7 £ 5.67 77.8 +5.43bd
Control (n=25) 611.7 £ 139.8 609.8 + 149.7 110.3+3.3 119.3+59 422 +1.08 3.97+1.35 64.8 £5.77 67.9+7.03

Table 3: Comparison of HRV after treatment (x = SD). *Aerobic exercise vs. Electro-acupuncture; bAerobic exercise vs. Combination therapy;

“Electro-acupuncture vs. Combination therapy; Control vs. experimental group; p<0.05.

To measure the heart rate variability and consequently autonomic
nervous function, the LE, HE ratio of LF to HE and SDNN were
compared in Table 3. Combination therapy and electro-acupuncture
caused a significant improvement in the HF and SDNN measurements
over the control group. Most importantly, electro-acupuncture
increased HF and SDNN more than the aerobic exercise group
(p<0.05). There was no change in the LF and LF/HF measurements
between any of the groups.

Table 4 shows that combination therapy improved the oxidative
stress indices SOD and LOOH over the other experimental groups and
the control group (p<0.05). Additionally, the SOD and LOOH
concentrations of the aerobic exercise group were significantly higher
than the control group after the intervention. Electro-acupuncture
caused an increase in SOD concentrations over the control group
(p<0.05); however, it was not statistically different from the aerobic
exercise group. None of the groups caused a significant change in the
concentration of NO.

Discussion

Currently, common therapies for patients with CHD are mainly
pharmaceutical interventions with recommendations for establishing a

healthier lifestyle by including exercise and maintaining a healthy diet.
Unfortunately, many patients are non-compliant with this
recommendation, creating a need for a more effective alternative
therapy for CHD. In an effort to determine whether a combination of
aerobic exercise and electro-acupuncture could improve conditions for
patients with CHD, we analysed exercise ability in terms of PP, VOypeak
and AT. We also measured HRR because it has been shown to be an
effective indicator of abnormal cardiac autonomic control caused by
CHD. Gharacholou et al. demonstrated that abnormal HRR was
altered by diastolic insufficiency after symptom limited exercise [18].
Additionally, Bubnova et al. demonstrated that after a year of exercise,
patients with CHD had improved HRR and physical ability, improving
their quality of life [19]. Here, we show that a combination therapy of
exercise and electro-acupuncture is able to improve a patient’s PP and
VOjpeaks greatly increasing their ability for physical activities like
climbing stairs or even participating in sports. This study
demonstrated in Table 2 that, at minimum, participating in alternative
medicine like electro-acupuncture can improve a patient’s HRR;
however acupuncture alone cannot improve exercise ability.

SOD (NU/ml) NO (pmol/L) LOOH (umol/L)
Group Before After Before After Before After
Aerobic Exercise (n=28) 62.3+23.5 210.2 + 43.8¢ 376.1 + 206.4 478.3 £276.5 0.89+0.11 0.52 £ 0.13¢
Electro-Acupuncture (n=27) 63.7 £21.7 223.2 + 33.5¢ 375.6 + 189.5 489.3 £298.7 0.79+0.13 0.64 +0.23
Combination Therapy (n=28) 61.4+22.9 320.1 + 23.60¢d 362.4+177.6 498.4 £ 301.6 0.78 £ 0.21 0.49 +0.21¢d
Control (n=25) 60.3+21.9 108.1£21.7 359.7 + 159.9 370.3+311.7 0.79+0.23 0.77 £ 0.24

Table 4: Comparison of oxidative stress after treatment (x + SD). *Aerobic exercise vs. Electro-acupuncture; ?Aerobic exercise vs. Combination

therapy; “Electro-acupuncture vs. Combination therapy; 9Control vs. experimental group; p<0.05.

In an effort to identify how acupuncture effects the body, Jones et al.
applied acupuncture-transcutaneous electrical nerve stimulation (Acu-
TENS) on Neiguan (PC6) and showed that HRR was increased
compared to the control group [20]; however, there was no significant
difference of oxygen consumption between two groups, similar to our
result in Table 2. Also similar to Table 2, Kristen et al. concluded that

acupuncture has no impact on VOypear [21], suggesting that electro-
acupuncture is involved in some other pathway for improving
cardiovascular function. Additionally, by assessing HRV, a number of
studies have confirmed the effect of acupuncture on adjusting
autonomic nervous function through a decrease in the activity of the
sympathetic nerve, an increase the activity of parasympathetic nerve
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and an improvement in the coordination of autonomic nerve system
[22,23]. We can conclude that electro-acupuncture affects the
parasympathetic nervous system by observing a significant increase in
HF measurements in subjects receiving electro-acupuncture or
combination therapy. Additionally, in Table 3, the SDNN of the
combined therapy group as well as the electro-acupuncture therapy
group were improved over the control group, indicating an
improvement in the electrophysiology, suggesting an improvement in
autonomic nervous function of the patients’ hearts in these groups. In
addition to improving the autonomic function of the heart, several
studies have also shown an improvement in oxidative stress levels after
acupuncture therapy [24].

An increase of oxidative stress levels participates in the mechanism
of coronary artery impairment and is the reason for the increase of risk
of cardiovascular disease for patients [25]. Danieli et al. [26] also found
that the oxidative stress levels decreased after 12-week aerobic exercise
by assessing the concentrations of SOD, NO, and LOOH in the plasma
of patients before and after treatment. Liu et al. [27] found that
acupuncture can reduce the rats’ oxidative stress level by assessing
SOD in hippocampus of rats with brain infarction. In addition, Wang
et al. applied electro-acupuncture on rats with Parkinson Disease and
came to the conclusion that acupuncture has an anti-oxidative stress
function [28]. Our study indicates that although aerobic exercise and
electro-acupuncture can increase concentrations of anti-oxidative
indicators like SOD and reduce the concentration of LOOH, the two
therapies together produce an additive effect (Table 4). This additive
effect of the combination therapy is important for improving the
physical ability of patients with CHD.

Overall, we show that a combination of both aerobic exercise and
electro-acupuncture has an additive effect in improving all measured
indices including: HRR, oxidative stress, and HRV. This conclusion is
particularly important for clinicians working with patients with CHD.
Performing a combination of both acupuncture and aerobic exercise
can improve both the health of a patient and their ability to participate
in regular physical activities. There were some limitations to this study,
such as the relatively short course period of only 12 weeks and no
direct assessment of an improvement on the quality of life of the
patients. Future research should focus on exploring other possible
mechanisms for the synergistic effect of the combination therapy as
well as whether patients with other cardiovascular diseases could also
benefit from a combination of acupuncture and aerobic exercise.

Conclusion

This study demonstrates that electro-acupuncture combined with
aerobic exercise can markedly improve HRR, the exercise ability of
CHD patients, and is significantly better than either therapy alone.
This combined therapy shows a synergistic effect of electro-
acupuncture and sports rehabilitation in reducing oxidative stress, a
common cause of many cardiovascular diseases including CHD. This
convenient, effective, and cheap therapy combines Chinese and
Western medicine and is easy to promote in a clinical setting. Also, by
suggesting a combination therapy, even if a patient is non-compliant
with one aspect of the recommendation, either aerobic exercise or
electro-acupuncture alone will create an improvement on the patient’s
overall health.

Acknowledgement

This work was supported by Specialized Research Fund for Doctoral
Program of Higher Education (20123237120008).

References

1. Go AS, Mozaffarian D, Roger VL, Benjamin EJ, Berry JD, et al. (2014)
Heart disease and stroke statistics-2014 update: a report from the
American Heart Association. Circulation 129: e28-e292.

2. Zhang XH, Lu ZL, Liu L (2008) Coronary heart disease in China. Heart
94:1126-1131.

3. Hofer S, Benzer W, Oldridge N (2014) Change in health-related quality of
life in patients with coronary artery disease predicts 4-year mortality. Int J
Cardiol 174: 7-12.

4, Maddox TM, Ross C, Ho PM, Masoudi FA, Magid D, et al. (2008) The
prognostic importance of abnormal heart rate recovery and chronotropic
response among exercise treadmill test patients. Am Heart J 156: 736-744.

5. Ghaffari S, Kazemi B, Aliakbarzadeh P (2011) Abnormal heart rate
recovery after exercise predicts coronary artery disease severity. Cardiol J
18: 47-54.

6. Akyuz A, Alpsoy S, Akkoyun DC, Degirmenci H, Guler N (2014) Heart
rate recovery may predict the presence of coronary artery disease.
Anadolu Kardiyol Derg 14: 351-356.

7. Suzuki T, Kohro T, Hayashi D, Yamazaki T, Nagai R (2012) Frequency
and impact of lifestyle modification in patients with coronary artery
disease: the Japanese Coronary Artery Disease (JCAD) study. Am Heart J
163: 268-273.

8. Lee BC, Chen SY, Hsu HC, Su MY, Wu YW, et al. (2008) Effect of cardiac
rehabilitation on myocardial perfusion reserve in postinfarction patients.
Am J Cardiol 101: 1395-1402.

9.  Marchionni N, Fattirolli F, Fumagalli S, Oldridge N, Del Lungo E et al.
(2003) Improved exercise tolerance and quality of life with cardiac
rehabilitation of older patients after myocardial infarction: results of a
randomized, controlled trial. Circulation 107: 2201-2206.

10. Shepherd CW, While AE (2012) Cardiac rehabilitation and quality of life:
a systematic review. Int ] Nurs Stud 49: 755-771.

11. Mansilla-Nilsson M, Munoz-Sepulveda F  Enriquez-Schmidt M,
Monrroy-Uarac M, Martinez-Huenchullian S (2014) Frecuencia cardiaca
postejercicio aerobico y anaerobico en ninos con y sin riesgo
cardiovascular. Rehabilitacion 48: 144-150.

12.  Chrysohoou C, Angelis A, Tsitsinakis G, Spetsioti S, Nasis I, et al. (2015)
Cardiovascular effects of high-intensity interval aerobic training
combined with strength exercise in patients with chronic heart failure. A
randomized phase III clinical trial. Int J Cardiol 179: 269-274.

13. Matsuo T, Saotome K, Seino S, Eto M, Shimojo N, et al. (2014) Low-
volume, high-intensity, aerobic interval exercise for sedentary adults:
VO4,,max, cardiac mass, and heart rate recovery. Eur ] Appl Physiol 114:
1963-1972.

14. Aamot IL, Karlsen T, Dalen H, Steylen A (2015) Long-term Exercise
Adherence After High-intensity Interval Training in Cardiac
Rehabilitation: A Randomized Study. Physiother Res Int.

15. Longhurst JC (2012) Primer on the Autonomic Nervous System. Elsevier.

16. Hsieh CL (2012) Acupuncture as treatment for nervous system diseases.
BioMedicine 2: 51-57.

17. Urroz P, Colagiuri B, Smith CA, Cheema BS (2013) Effect of acute
acupuncture treatment on exercise performance and postexercise
recovery: a systematic review. ] Altern Complement Med 19: 9-16.

18.  Gharacholou SM, Scott CG, Borlaug BA, Kane GC, McCully RB, et al.
(2012) Relationship between diastolic function and heart rate recovery
after symptom-limited exercise. ] Card Fail 18: 34-40.

19. Bubnova MG, Aronov DM, KrasnitskiA VB, loseliani DG, Novikova NK,
et al. (2014) A home exercise training program after acute coronary
syndrome and/or endovascular coronary intervention: efficiency and a
patient motivation problem. Ter Arkh 86: 23-32.

J Clin Exp Cardiolog
ISSN:2155-9880 JCEC, an open access journal

Volume 6 « Issue 9 « 1000402


http://www.ncbi.nlm.nih.gov/pubmed/24352519
http://www.ncbi.nlm.nih.gov/pubmed/24352519
http://www.ncbi.nlm.nih.gov/pubmed/24352519
http://www.ncbi.nlm.nih.gov/pubmed/18703693
http://www.ncbi.nlm.nih.gov/pubmed/18703693
http://www.ncbi.nlm.nih.gov/pubmed/24746502
http://www.ncbi.nlm.nih.gov/pubmed/24746502
http://www.ncbi.nlm.nih.gov/pubmed/24746502
http://www.ncbi.nlm.nih.gov/pubmed/18926155
http://www.ncbi.nlm.nih.gov/pubmed/18926155
http://www.ncbi.nlm.nih.gov/pubmed/18926155
http://www.ncbi.nlm.nih.gov/pubmed/21305485
http://www.ncbi.nlm.nih.gov/pubmed/21305485
http://www.ncbi.nlm.nih.gov/pubmed/21305485
http://www.ncbi.nlm.nih.gov/pubmed/24818624
http://www.ncbi.nlm.nih.gov/pubmed/24818624
http://www.ncbi.nlm.nih.gov/pubmed/24818624
http://www.ncbi.nlm.nih.gov/pubmed/22305846
http://www.ncbi.nlm.nih.gov/pubmed/22305846
http://www.ncbi.nlm.nih.gov/pubmed/22305846
http://www.ncbi.nlm.nih.gov/pubmed/22305846
http://www.ncbi.nlm.nih.gov/pubmed/18471448
http://www.ncbi.nlm.nih.gov/pubmed/18471448
http://www.ncbi.nlm.nih.gov/pubmed/18471448
http://www.ncbi.nlm.nih.gov/pubmed/22197653
http://www.ncbi.nlm.nih.gov/pubmed/22197653
http://sid.usal.es/articulos/discapacidad/20495/8-2-6/frecuencia-cardiaca-postejercicio-aerobico-y-anaerobico-en-ninos-con-y-sin-riesgo-cardiovascular.aspx
http://sid.usal.es/articulos/discapacidad/20495/8-2-6/frecuencia-cardiaca-postejercicio-aerobico-y-anaerobico-en-ninos-con-y-sin-riesgo-cardiovascular.aspx
http://sid.usal.es/articulos/discapacidad/20495/8-2-6/frecuencia-cardiaca-postejercicio-aerobico-y-anaerobico-en-ninos-con-y-sin-riesgo-cardiovascular.aspx
http://sid.usal.es/articulos/discapacidad/20495/8-2-6/frecuencia-cardiaca-postejercicio-aerobico-y-anaerobico-en-ninos-con-y-sin-riesgo-cardiovascular.aspx
http://www.ncbi.nlm.nih.gov/pubmed/25464463
http://www.ncbi.nlm.nih.gov/pubmed/25464463
http://www.ncbi.nlm.nih.gov/pubmed/25464463
http://www.ncbi.nlm.nih.gov/pubmed/25464463
http://www.ncbi.nlm.nih.gov/pubmed/24917354
http://www.ncbi.nlm.nih.gov/pubmed/24917354
http://www.ncbi.nlm.nih.gov/pubmed/24917354
http://www.ncbi.nlm.nih.gov/pubmed/24917354
http://www.ncbi.nlm.nih.gov/pubmed/25689059
http://www.ncbi.nlm.nih.gov/pubmed/25689059
http://www.ncbi.nlm.nih.gov/pubmed/25689059
http://www.sciencedirect.com/science/article/pii/S2211802012000289
http://www.sciencedirect.com/science/article/pii/S2211802012000289
http://www.ncbi.nlm.nih.gov/pubmed/22196839
http://www.ncbi.nlm.nih.gov/pubmed/22196839
http://www.ncbi.nlm.nih.gov/pubmed/22196839
http://www.ncbi.nlm.nih.gov/pubmed/24754065
http://www.ncbi.nlm.nih.gov/pubmed/24754065
http://www.ncbi.nlm.nih.gov/pubmed/24754065
http://www.ncbi.nlm.nih.gov/pubmed/24754065

Citation:

Wang L, Zhang N, Pan H, Wang Z, Cao Z (2015) A Combination of Electro-Acupuncture and Aerobic Exercise Improves Cardiovascular

Function in Patients with Coronary Heart Disease. J Clin Exp Cardiolog 6: 402. doi:10.4172/2155-9880.1000402

Page 6 of 6

20.

21.

22.

23.

24.

Jones AYM, Ngai SPC (2014) Acu-TENS lowers blood lactate levels and
enhances heart rate recovery after exercise. ] Tradit Chinese Med Sci 1:
73-80.

Kristen AV, Schuhmacher B, Strych K, Lossnitzer D, Friederich HC, et al.
(2010) Acupuncture improves exercise tolerance of patients with heart
failure: a placebo-controlled pilot study. Heart 96: 1396-1400.

Lee S, Lee MS, Choi JY, Lee SW, Jeong SY, et al. (2010) Acupuncture and
heart rate variability: a systematic review. Auton Neurosci 155: 5-13.
Anderson B, Nielsen A, McKee D, Jeftres A, Kligler B (2012) Acupuncture
and heart rate variability: a systems level approach to understanding
mechanism. Explore (NY) 8: 99-106.

Pinho RA, Aratijo MC, Ghisi GL, Benetti M (2010) Coronary heart
disease, physical exercise and oxidative stress. Arq Bras Cardiol 94:
549-555.

25.

26.

27.

28.

Heitzer T, Schlinzig T, Krohn K, Meinertz T, Miinzel T (2001) Endothelial
dysfunction, oxidative stress, and risk of cardiovascular events in patients
with coronary artery disease. Circulation 104: 2673-2678.

Danieli A, Lusa L, PotoAnik N, MegliA B, Grad A, et al. (2014) Resting
heart rate variability and heart rate recovery after submaximal exercise.
Clin Auton Res 24: 53-61.

Liu CZ, Yu JC, Zhang XZ, Fu WW, Wang T, et al. (2006) Acupuncture
prevents cognitive deficits and oxidative stress in cerebral multi-
infarction rats. Neurosci Lett 393: 45-50.

Wang H, Pan Y, Xue B, Wang X, Zhao F, et al. (2011) The antioxidative
effect of electro-acupuncture in a mouse model of Parkinson's disease.
PLoS One 6: €19790.

J Clin Exp Cardiolog
ISSN:2155-9880 JCEC, an open access journal

Volume 6 « Issue 9 « 1000402


http://www.sciencedirect.com/science/article/pii/S2095754814000076
http://www.sciencedirect.com/science/article/pii/S2095754814000076
http://www.sciencedirect.com/science/article/pii/S2095754814000076
http://www.ncbi.nlm.nih.gov/pubmed/20554511
http://www.ncbi.nlm.nih.gov/pubmed/20554511
http://www.ncbi.nlm.nih.gov/pubmed/20554511
http://www.ncbi.nlm.nih.gov/pubmed/20304708
http://www.ncbi.nlm.nih.gov/pubmed/20304708
http://www.ncbi.nlm.nih.gov/pubmed/22385564
http://www.ncbi.nlm.nih.gov/pubmed/22385564
http://www.ncbi.nlm.nih.gov/pubmed/22385564
http://www.ncbi.nlm.nih.gov/pubmed/20498928
http://www.ncbi.nlm.nih.gov/pubmed/20498928
http://www.ncbi.nlm.nih.gov/pubmed/20498928
http://www.ncbi.nlm.nih.gov/pubmed/11723017
http://www.ncbi.nlm.nih.gov/pubmed/11723017
http://www.ncbi.nlm.nih.gov/pubmed/11723017
http://www.ncbi.nlm.nih.gov/pubmed/24509912
http://www.ncbi.nlm.nih.gov/pubmed/24509912
http://www.ncbi.nlm.nih.gov/pubmed/24509912
http://www.ncbi.nlm.nih.gov/pubmed/16236447
http://www.ncbi.nlm.nih.gov/pubmed/16236447
http://www.ncbi.nlm.nih.gov/pubmed/16236447
http://www.ncbi.nlm.nih.gov/pubmed/21625423
http://www.ncbi.nlm.nih.gov/pubmed/21625423
http://www.ncbi.nlm.nih.gov/pubmed/21625423

	Contents
	A Combination of Electro-Acupuncture and Aerobic Exercise Improves Cardiovascular Function in Patients with Coronary Heart Disease
	Abstract
	Keywords:
	Introduction
	Methods
	Subjects
	Cardiopulmonary exercise test (CPET)
	Oxidative stress assessment
	Aerobic exercise
	Electro-acupuncture
	Statistics analysis

	Results
	Discussion
	Conclusion
	Acknowledgement
	References


