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Abstract

In this study, healthy young males were randomized into groups with moderate intensity training
(n = 24), high intensity training (n = 24) and utmost intensity training (n = 24). At the end of
8-week training period, HRV measurements demonstrated a marked increase of RMSSD (P =
0.003), PNNso (P = 0.002), HF (P = 0.002), SDNN (P = 0.002) and LF (P = 0.003) in the moderate in-
tensity group and a decreasing tendency in LFn and LF/HF; however, in the utmost intensity group
HFn (P = 0.012) decreased prominently while its LF (P = 0.032), LFn (P = 0.039) and LF/HF (P =
0.015) increased significantly. Nevertheless marked changes were not found in the above indexes
of the high intensity group. While resting HR of the three groups declined significantly at the end
of 8 weeks (P was 0.001, 0.0001 and 0.001 respectively); RMSSD, PNNso, HF, LF and SDNN were
significantly higher in the moderate intensity group than in the other two groups (P < 0.05 or 0.01).
Compared with the moderate intensity group, HFn of the utmost-intensity group (P = 0.012) was
significantly lower but its LFn and LF/HF were markedly higher (P was 0.025 and 0.015 respec-
tively); LF/HF of both the high and utmost intensity group was significantly higher (P was 0.033
and 0.037 respectively). Despite a significant reduction of plasma NE in all the three groups at the
end of 8-week training period (P was 0.016, 0, 0.031 respectively), plasma NE level of moderate
and high intensity group was much lower than that of the utmost intensity group (P was 0.001, 0
respectively). Utmost and moderate endurance training results in altered sympathetic and para-
sympathetic balance towards sympathetic dominance and parasympathetic dominance respec-
tively; whereas high intensity endurance training almost has no effect on ANS function. CPT and
HUTT reveal the potential danger posed by utmost intensity endurance training.
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1. Introduction

Autonomic nervous system (ANS) has the function of widely automatic regulation of heart, smooth muscle and
endocrine gland. There is an antagonistic effect between sympathethic nerve (SN) and parasympathetic nerve
(PN). Dysfunction of ANS plays a pivotal role in cardiovascular disease [1]. Heart rate variability (HRV), re-
sulting from the fine modulation of the sinus node activity by the SN and PN, reflects SN and PN activity of the
heart and their balance and coordination [2]. Time and frequency domain analysis of HRV is a harmless method
which is most widely used for assessing the autonomic regulation of HR [3]. Proposed by Hines, Brown, et al.
[4] in the 1930s, CPT (cold pressor test) is SN provocative test through nervous reflex arc. Cold stimulus acti-
vates SN, whose nerve ending releases norepinephrine (NE); on the other hand, it paralyzes PN and hence
maximizes epinephrine effect. All these lead to vasoconstriction and elevated BP [5] [6]. The level of BP re-
spond to stress reflects the regulations of ANS. Overly elevated BP (SBP and/or DBP > 20 mmHg) suggests
overactive SN, weak autonomic regulation on the cardiovascular system and susceptibility to disease [7]-[9].
Recent researches reveal how HR reacts to stress during CPT also reflects ANS regulation [10] [11].

In recent years many researches explored how endurance training influenced the ANS, but their conclusions
were inconsistent or even contradictory. Most researchers believed that endurance training enhanced PN activity
but decreased SN activity, leading to PN dominance [3] [12]-[14]. However, Mandigout [15], Catail, et al. [16]
believed that endurance training didn’t change ANS activity. Ferdinando, et al. [17] found that 6 months of
moderate endurance training and then 3 months of utmost endurance training shifted the initial parasympathetic
dominance of the boatmen toward sympathetic dominance. Despite the differences in their methods and subjects,
exercise intensity seemed to play an important role in the results. Therefore we inferred that the effect of endur-
ance training on ANS varied with the intensity. However, a systematic study on how the endurance training of
different intensities affects ANS has never been reported.

In the present study, young males participated in endurance training of different intensities for 8 weeks. 5 min
HRV, CPT, head-up tilt test (HUTT) and NE were used to reveal the effect of moderate, high and utmost inten-
sity endurance training on ANS function.

2. Methods
2.1. Subjects

72 nonsmoking male students, native from sea level, were recruited for the study. All the subjects were healthy
as assessed by physical examination. They had the same daily activity and diet, without prior history of profes-
sional training. Nobody took any medication during the experiment. The subjects were randomized into mod-
erate intensity (n = 24), high intensity (n = 24) or utmost intensity training (n = 24) group for 8 weeks of endur-
ance training (Table 1). The study protocol was approved by the Ethics Committee of Third Military Medical
University, China. Each subject gave written informed consent prior to participation. 8 subjects dropped out
from the training because of injury, fear, etc. The final analysis included 23 subjects in the utmost intensity
group, 21 in the high intensity group and 20 in the moderate intensity group. There were no significant differ-
ences in the characteristics among the three groups.

2.2. Protocol

Utmost intensity group did long distance running according to their predicted maximal heart rate 4 times a week
until they were exhausted; moderate intensity group ran 30 min each time, 4 times each week; high intensity
group exercised 3 - 5 times a day at a frequency of 4 times per week and each time they ran 1200 m with a
5-min break every 400 m. The Finland Polor Elector™ remote HR monitor recorded their HR when they ran on
the 400 m standard runway. The recording of their running HR were used to control the exercise intensity. The
formula for calculation was as follows: running HR of utmost intensity group = resting HR + (predicted



K. X. Tian et al.

Table 1. Characteristics of study groups at pre and post.

Utmost (n = 23) Moderate (n = 20) High (n = 21)
Pre Post Pre Post Pre Post
Age (year) 18.95 + 0.69 18.75 +0.94 19.33+1.31
Height (cm) 169.65 + 4.57 169.39 +4.72 169.4 +5.41
Weight (kg) 61.93 + 6.53 60.98 +5.25 58.78 + 4.67 58.39 +4.71 61.77 £+ 6.24 60.71 +5.51
BFR (%) 20.96 + 4.03 19.42 +2.45 19.42 +2.98 18.02 +2.99 19.05+3.70 17.90 £2.92
BMI (kg/m?) 21.52 +2.42 21.28 +1.95 20.48 +1.37 20.57 +1.54 21.52 +2.05 21.29+1.76

BM (kcal) 1537 +127.99 1520.09 +£109.09 1487.63 +117.84 1472.22+108.37 1528.83+£151.99  1499.86 + 124.90

Data are means X +S. Pre, pretraining; post, at the end of 8-week training; mid, at the end of 4-week training. Utmost, utmost intensity endurance
training; moderate, moderate intensity endurance training; high, high intensity endurance training.

maximal HR — resting HR) x 95% - 100%; running HR of moderate intensity group = resting HR + (predicted
maximal HR — resting HR) x 60% - 70%; running HR of high intensity group = resting HR + (predicted maxim-
al HR - resting HR) x 80% - 90%. The whole training process was monitored.

2.3. HRV

Resting 5 min normal RR electrocardiosignal was measured and recorded for time and frequency analysis of
HRV before training and at the end of 4 weeks and 8 weeks. The instrument was Model D/SF-I Autonomic
Nerve Analyzing Apparatus manufactured by Di Kang Medical Digital Instrument Co. Ltd, Chengdu, China. 24
h before the measurement subjects were free of strenuous exercise, medication, strong tea and coffee. Measure-
ment was taken during a 15-min supine rest in a quiet temperature controlled (15°C - 20°C) room.

2.4.CPT

After a 15-min rest, baseline BP was measured at the right radial artery in a sitting position with a mercury
sphygmomanometer. In the meantime, baseline HR was measured with an electronic sphygmomanometer (Rij-
ing™, Japan). Then subjects were instructed to immerse their left hands (below the wrist) into a mixture of ice
and water (4°C) for 2 min, with fingers separated. BP and HR were measured again after the 1/2- and 1-minute
intervals of immersion of the hand in water at 4°C [18].

2.5. HUTT

All subjects were asked to abstain from strenuous exercise for at least 24 h. After a 15-min rest, they lay supine-
ly on a HUTT bed and were connected with electrocardiogram and BP monitor. 5 min later, the head of the bed
was raised 70 degrees for 45 min and their HR and BP were recorded every 3 min. This was the basic tilt table
test (BTTT). During BTTT, HUTT positive showed the following symptoms or physical signs: apopsychia or
precursory symptoms (near unconsciousness, dizziness, blurred vision, nausea, cold sweat, etc.); arterial SBP <
80 mmHg or DBP < 50 mmHg or the average arterial pressure reduction > 25%; the appearance of obvious
symptoms caused by sinus bradycardia or boundary cardiac rhythm. The test ended and the bed was put back at
the appearance of HUTT positive symptoms. After lying supinely for 10 min, HUTT negative subjects took 0.5
mg Nitroglycerin Tablets and then the head of the bed was raised 70 degrees again. Their HR and BP were rec-
orded every 3 min, this was Nitroglycerin tilt table test (NTTT). The test lasted for 15 min if the subjects didn’t
show HUTT positive symptoms [19]. Once HUTT positive symptoms appeared, the bed was put back imme-
diately. Subjects who had serious bradycardia were intravenously injected 1mg Atropine and those with persis-
tent low BP were intravenously injected Atropine and hypertonic glucose.

2.6. Norepinephrine & Epinephrine Detection

Before the training and 5 days after the completion of training, 2 mL venous blood was drawn from ulnar vein of
the subjects in the morning when they had empty stomach. The blood was slowly injected into a tube previously
anticoagulated with 30 pL 10% EDTA-Na,. After a 15-min centrifugalization at 3000 rpm, the supernate was
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drawn and stored in EP tube. 200 pL anticoagulated plasma was put into a 5 mL tube, which was then mixed
with 100 pL perchloric acid (0.2 mol/L). After a 20-min centrifugalization at a temperature of 4°C, 50 pL su-
pernate was drawn from the 5 mL tube and then dropped in the wells. Chromatogram was recorded. NE and EPI
concentrations were calculated with specialized software.

2.7. Statistical Methods

Data were analyzed with SSPS (version 13.0) statistical package. After the completion of a normal distribution
test, all the data were presented as means + standard deviation (X +S). Factor analysis was used to compare the
physical ability indexes, HRV and CPT at pre, mid and post. As to the blood biochemical indicators at pre and
post, t-test was used in intra-group comparison and factor analysis was used in the inter-group comparison. Nu-
meration data analysis was tested by y2. As a level of significance P < 0.05 was accepted.

3. Results
3.1. HR

During training, the running HR of the moderate and high intensity group were within the range of P,5 - P75 of
resting HR centile. The running HR of the moderate, high and utmost intensity group was 145 - 160 beats/min,
170 - 180 beats/min and >180 beats/min respectively. In the period of training and three months after training,
we not observed any training-induced bradycardia.

3.2. Autonomic Nervous System Function

3.2.1. HRV

Comparison with pre-training. As previously reported, RMSSD, PNN50, HF, SDNN and HFn reflect PN activ-
ity; LF and LFn reflects SN activity; LF/HF reflects the balance between SN and PN; HFn and LFn are correc-
tion index. In the moderate intensity group a prominent increase in PNN50 and LF (P was 0.022 and 0.011 re-
spectively) and a marked decrease in resting HR (P = 0.00) were noted from pre to mid, but no significant
changes occurred to the indexes of other groups. From pre to post, the moderate intensity group showed a sig-
nificant increase in RMSSD, PNN50, HF, SDNN and LF (P was 0.003, 0.002, 0.002, 0.002, 0.003 respectively),
an increasing tendency in HFn but a decreasing tendency in LFn and LF/HF; however, the utmost intensity
group demonstrated a significant reduction in HFn (P = 0.012), a marked increase in LF, LFn and LF/HF (P was
0.032, 0.039, 0.015 respectively) and no significant changes in HF, RMSSD, PNN50. The above indexes didn’t
change significantly in the high intensity group. Nevertheless resting HR of the three groups decreased signifi-
cantly from pre to post (P was 0.001, 0.00, 0.009 respectively) (Table 2, Table 3).

Comparison between groups. No significant changes in HRV parameters were found in all groups at pre and
mid. But at post, the moderate intensity group showed more significant increases in RMSSD, PNNsy, HF, LF
and SDNN (P < 0.05 or 0.01) and much greater reduction in LF/HF than the other two groups (P was 0.033,
0.037 respectively). HFn of the moderate intensity group was significantly higher than that of the utmost inten-
sity group (P = 0.012), while the opposite pattern occurred in LFn and LF/HF of the two groups (P was 0.025,
0.015 respectively) (Table 2, Table 3).

3.2.2.CPT
Compared with pre-training. From pre to mid and from mid to post resting HR of all groups exhibited a de-
creasing tendency; SBP of the three groups showed no significant changes, but DBP of utmost and high intensi-
ty group tended to decrease and that of moderate intensity group markedly decreased (P was 0.001, 0.037 re-
spectively). Compared with pre-training, no significant increases were found in the SBP and SDP of the three
groups during CPT; however, while HR of the moderate intensity group slightly increased, that of the utmost
intensity group significantly increased (P < 0.05) but HR of the high intensity group markedly decreased (P <
0.05) (Table 4).

Comparison between groups. From pre to post marked differences were not found in SBP and DBP of all
groups and their increases. At post HR was much less increased in utmost intensity group during CPT than the

other two groups (average P < 0.05) (Table 4).
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Table 2. Time domain indexes of HRV at pre, mid, and post (X S ).

Time domain indexes Group Pre Mid Post
Utmost 91.60 + 52.84 122.80 + 73.93 101.35 + 45.63**
RMSSD (ms) Moderate 87.34 £ 60.70 134.93 + 96.49 238.08 + 180.5444
High 92.04 + 58.06 90.09 + 46.57 94.09 + 45.89**
Utmost 20.56 +8.76 2554 £9.71 23.08 +7.84**
PNNso (%) Moderate 18.05 + 13.04 26.05+7.434 30.21+7.9444
High 20.62 + 11.66 22.25+12.13 23.27 +8.25%
Utmost 77.25 % 36.70 98.58 + 48.95 86.20 + 30.61**
SDNN (ms) Moderate 7473 £ 42.17 111.05 £ 67.25 150.69 + 83.4644
High 77.02 +38.09 79.10 + 37.62 75.01 £ 28.00**
Utmost 71.25+ 14.36 71.54 + 15.65 63.55 + 10.10*
HR (beats/min) Moderate 75.23 +10.59 62.87 £ 9.6544 58.30 £ 7.7744
High 70.68 + 10.81 68.13 +8.32 62.89 +8.24*
Compared with pre-training *P < 0.05, 4P < 0.01; Compared with moderate intensity group *P <0.05, **P < 0.01.
Table 3. Frequency domain indexes of HRV at pre, mid, and post (X +S ).
Frequency domain indexes Group Pre Mid Post
Utmost 194.32 £123.78 235.78 £ 196.99 207.69 + 125.43**
HF (ms?) Moderate 188.44 + 136.85 358.28 + 332.374 500.52 + 356.8444
High 205.62 +176.18 225.21 +184.45 203.04 + 174.28**
Utmost 0.59 +0.12 0.53+0.18 0.52 £0.114*
HFn (n.u) Moderate 0.53+0.14 0.52+0.14 0.62+0.11
High 0.55+0.14 0.50 +0.15 0.54 +0.14
LF (ms?) Utmost 118.77 + 67.02 172.47 + 136.81 174.97 + 101.464**
Moderate 118.27 + 58.39 283.93 + 245,784 336.93 £ 279.1144
High 115.99 + 94.37 189.83 + 164.64 134.75 + 100.09**
Utmost 0.36+0.11 0.42+0.14 0.43+0.124*
LFn (n.u) Moderate 0.39+£0.12 0.44+£0.13 0.36+0.18
High 0.41£0.12 0.44 £0.12 0.43+0.14
Utmost 0.67£0.32 0.86 £ 0.49 0.87 £ 0.354*
LF/HF Moderate 0.77 £0.33 0.93+0.48 0.64 +0.28
High 0.85 + 0.46 1.01 +0.52 0.87 +0.46*
Utmost 606.76 + 806.13 740.42 £ 735.33 721.97 + 758.04**
TP (ms?) Moderate 638.64 + 677.65 1204.20 + 1024.854 1467.12 + 1364.324
High 682.42 + 626.71 633.55 + 549.58 505.96 + 386.99**

Compared with pre-training 4P < 0.05, 4P < 0.01; compared with moderate intensity group *P < 0.05, **P < 0.01.
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Table 4. CPT at pre, mid, and post (X ).

CPT Group Pre Mid Post
Utmost 74.95 +3.91 69.58 + 7.82 67.96 +7.49
HR (beats/min) Moderate 75.13+£4.72 67.33+£4.72 66.78 £ 8.45
High 73.25+4.00 65.71 + 8.05 65.33 £6.73
Utmost 115.21 +10.39 117.38 + 14.95 112.61 + 6.65
SBP (mmHg) Moderate 111.04 +10.44 107.96 £ 6.6 110.53+9.11
High 108.38 +8.79 110.42 + 6.47 109.57 +5.03
Utmost 71.79+8.34 69.26 + 5.66 67.65+4.51
DBP (mmHg) Moderate 75.13 +7.67 67.04 +5.894 69.21 +7.12*
High 69.54 +8.27 68.54 + 4.96 67.38 £5.28
Utmost 7.89+5.88 11.5+10.96 12.5+10.38
Increase in SBP (mmHg) Moderate 9.89+5.79 9+8.59 109+7.91
High 9.08 +£2.59 8.77+73 10.67 +6.91
Utmost 6.83+4.61 7.63+4.57 10.31+8.95
Increase in DBP (mmHg) Moderate 7.8+584 7.05+4.04 8.87 £5.76
High 6.21+4.9 6.44 £ 4.38 7.6 +5.58
Utmost 13.22 +14.15 19.66 + 17.24 24.+22.644*
Increase in HR (beats/min) Moderate 1424 +11.15 15.26 + 14.61 17.11 £ 15.22*
High 13.58 +13.26 9.28 +£7.68 6.46 +6.79*

A Compared with pre-training P < 0.05, *Compared with high intensity group P < 0.05.

3.2.3. HUTT

No positive case in BTTT at pre, but NTTT caused 9 positive cases. At post, BTTT didn’t cause positive case
too, NTTT caused 10 positive cases, one of which was quite serious. The subject was better after an emergency
treatment. y* comparison revealed that no significant inter-group differences were found at pre and post; but
HUTT positive cases in the utmost intensity group tended to increase from pre to post though the increase was
not statistically significant (Table 5).

3.2.4. Plasma Concentration of NE and EPI

At pre no marked inter-group differences were found in NE and EPI. Plasma NE concentration of the three
groups decreased significantly from pre to post (P was 0.016, 0.00, 0.031 respectively); furthermore NE concen-
tration was considerably lower in utmost intensity group than the other two groups (P was 0.001, 0.00 respec-
tively). At post marked inter-group differences were still not found in plasma PEI concentration. There were no
significant inter-group differences in the change of NE and EPI from pre to post (Table 6).

4. Discussion

As previously reported, endurance training has an effect on ANS, and ANS function monitoring has been ap-
plied to assess training effect and prevent overtraining [13].

4.1. HRV

Many researches [3] [12]-[14] [17] showed that aerobic endurance training of 8w or more enhanced PN activity
but decreased SN activity, resulting in PN dominance. In the present study the moderate intensity group did
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Table 5. HUTT at pre and post.

Pre Post
Utmost Moderate High Utmost Moderate High
Positive cases 3 3 3 6 2 2
Negative cases 20 17 18 17 18 19
Total 23 20 21 23 20 21
Positive rate 13.04% 15.00% 14.29% 28.57% 10.00% 9.52%

Intra-group test was accurately performed with Fisher.

Table 6. Plasma NE and EPI concentration at pre and post (X +S ) (pg/mL).

Utmost (n = 12) Moderate (n = 11) High (n=9)
NE EPI NE EPI NE EPI
Pre 184.91 + 44.04 71.39+15.74 153.29 + 30.84 73.89 £ 10.88 153.10 + 59.89 7458 £8.71

Post 152.17 + 31514 58.51 + 22.88 109.31 + 18.7744* 68.31 +10.84 104.92 £ 19.364*  74.19 £22.33
Change —32.82 £ 39.77 —12.88 +30.89 —43.97 £17.95 —3.97 £15.59 —48.19+5.16 —0.71 +26.30

Compared with pre-training *P < 0.05, 4P < 0.01; Compared with utmost intensity group *P <0.01.

regular training in accordance with the above mentioned formula. HRV measurement at post also indicated in-
creased PN activity, decreased SN activity and newly established PN dominance. Both LFn and LF are SN ac-
tivity indexes, but the former decreased whereas the latter increased in the present study. As a marker of both
SN and PN activity, the significance of LF remained controversial, but LFn can better represent SN activity [2].
Thus decreased SN activity occurred in the moderate intensity group. On the contrary, Catail et al. [16] did HRV
frequency domain analysis and reported that aerobic endurance training didn’t change ANS. However, the sam-
ple size in the study was relatively small and more importantly we presume that their subjects mainly did anae-
robic endurance training. Because subjects exercised at an intensity exceeding anaerobic threshold were domi-
nated by anaerobic metabolism [20]. In his study though subjects trained with an intensity of 70% - 85% pre-
dicted maximal HR, gaseous metabolism detection showed that subjects (age 19 - 29 and age 50 - 59) approx-
imated or exceeded anaerobic threshold when the exercise intensity was 75% predicted maximal HR.

Similar to what Catail found in his so-called “aerobic training”, the high intensity group in the present study
did regular training with an intensity of 80% - 90% predicted maximal HR and at post their ANS, SN, PN activ-
ity and the interaction between SN and PN remained relatively constant. Mandigou et al. [15] assessed the effect
of endurance training at an intensity of 80% predicted maximal HR on children’s ANS by evaluating HRV.
They trained for 1 h a day and 3 times a week. 13 weeks later, the absolute value of frequency domain indexes
increased in the subjects though marked changes were not found in their LF/HF, LFn, HFn, indicating that SN
and PN activity remained relatively constant. This was consistent with our observation that ANS function re-
mained relatively stable when subjects did anaerobic endurance training at an intensity of 80% - 90% maximum
HR.

In the endurance training at an intensity of 100% maximum HR, Ferdinando et al. [17] found increased SN
activity, decreased PN activity and marked increase in LF/HF. In fact in their study, metabolism of the subjects
was anaerobic in nature. Though the subjects of our moderate intensity group also relied on anaerobic metabol-
ism during running, their ANS function changed differently. The two studies had the same training activity, pe-
riod and age and sex of subjects. Apart from race, the major difference was the intensity of endurance training.
HRV measurements by Pichot et al. [13] revealed unchanged PN activity and gradually increased SN activity in
subjects receiving overload training (over 100% maximum HR), indicating SN dominance in ANS function.
Remarkably similar to the reports of Ferdinando and Picho, we found unchanged (RMSSD, PNNs,, HF) or
greatly decreased (HFn) PN activity, significantly increased SN activity and newly established SN dominance in
utmost intensity group at post. Taking the actual HR and ANS changes of subjects during utmost intensity train-
ing into consideration, we concluded that utmost intensity endurance training shifted ANS function toward SN
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dominance.

4.2. CPT and HUTT

It was reported that BP of African American was over-reacted to stress, which played a role in the etiopathoge-
nisis of hypertension [21]. 8 healthy female African Americans were instructed by Bond et al. [22] to run long
distance for 35 min/time, 3 times/week for 6 weeks, at an intensity of 60% - 70% VO, max. The control group
included 5 equivalent sedentary females. CPT revealed decreased SBP and mean arterial blood pressure in the
experimental group and no changes in the control group. Therefore they believed that aerobic training could di-
minish BP reactivity of healthy African Americans to behavioral stress, hence less danger of hypertension. In
other words, ANS regulation of subjects was enhanced. In the present study, DBP of all groups decreased at post;
BP increase during CPT was not prominent but HR significantly increased in the utmost intensity group, slightly
increased in the moderate intensity group and markedly decreased in the high intensity group. Furthermore dur-
ing CPT HR was much less increased in high intensity group than the other two groups. Utmost endurance
training increased HR reactivity to stress, which may lead to greater cardiovascular risk. Consistent with Bond’s
research, anaerobic training in the present study enhanced ANS regulation, as indicated by reduced reactivity to
stress. However, such reduced reactivity to stress was not found in the moderate intensity group, which was pos-
sibly related to the subjects and protocol. Thus further studies are necessary.

Orthostatic intolerance induces vasovagal syncope. Since Kenny et al. [23] introduced HUTT to diagnose
syncope of unknown causes in 1986, it has become an effective method for vasovagal syncope diagnosis. Over-
excited SN causes reflectively increased PN activity, which in turn induces vasovagal syncope. The mechanism
of HUTT is as follows: tilting susceptibles causes central hypovolaemia, poor filling in left ventricle, increased
SN activity and over-contracted ventricle, which stimulates mechanoreceptor fiber C in the posterior wall of
ventricle; the reflectively excited PN decreases BP and causes bradycardia, blood supply deficiency of brain and
attack of syncope [24]. This has been confirmed by HRV measurements of HUTT positive vasovagal syncope
patients [25] [26].

In the present study, both the absolute value of HUTT positive cases and positive rate of utmost intensity
group tended to increase, indicating that over-excited SN of these subjects during HUTT induced PN to over-
react. This was consistent with altered autonomic balance toward SN dominance in HRV measurements. In ad-
dition, no significant changes in HUTT positive cases and the decreasing tendency of HUTT positive rates in
moderate intensity group and high intensity group at least suggested that adequate moderate aerobic and anae-
robic endurance training had no obvious impairing effect on autonomic regulation.

4.3. Blood Biochemical Indexes

In the present study HRV analysis found decreased resting HR in all groups, marked decrease in DBP of mod-
erate intensity group and no significant change in the BP of utmost and high intensity group at post though SN
and PN function of each group changed differently. Obviously neuroregulation mechanism was not sufficient
enough to explain this phenomenon.

In 2005 a large-scale Meta analysis consisting of 72 studies, 105 experimental groups and 3926 subjects
demonstrated that after aerobic endurance training both resting and ambulatory blood pressure dropped marked-
ly and systemic vascular resistance, plasma NE and PRA (P < 0.05 or 0.01) decreased by 7.1%, 29%, 20%, re-
spectively. These findings suggested that aerobic endurance training lowered BP through various regulatory
mechanisms such as SN activity, renin-angiotensin system and reduced vascular resistance, etc. [27].

In the present study, pronounced inter-group differences were not found in plasma NE and EPI at pre. Plasma
NE concentration of moderate intensity group decreased significantly from pre to post, which supported de-
creased SN activity found in our HRV analysis. It also supported the finding in the above-mentioned Meta anal-
ysis that DBP drop was related to ANS function change.

At post NE concentration of utmost intensity group was significantly higher than that of the other two groups,
which supported the conclusion from our HRV analysis that compared with moderate and high intensity group
SN activity of utmost intensity group was more dominant.

No significant changes in EPI concentration of the three groups, which was inconsistent with the findings in
HRV measurements and other blood biochemical indexes in the present study, indicated that training-induced
internal environment changes inside our body was rather complex and needed further studies. In a study by
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Cohn et al. [28] hypertensive patients underwent cycling at 75% VO, max 6 min/time, 2 times/day for 21 days
and significant changes of NE were not found in them but their decreased SN activity was believed to be related
to the ameliorated hyperinsulinemia. Takeyama et al. [29] reported that Coronary Artery Bypass Graft patients
underwent cycle training at anaerobic level 2 times/day for a year, and plasma NE concentration of both the ex-
perimental and control groups decreased since the third week. In addition, Romero et al. [30] found that com-
pared with pre-training resting HR, BP and plasma EPI concentration of toad increased significantly during the
training period though NE concentration didn’t show any obvious change and resting EPI/NE ratio raised from
6.3 to 32.9. After the removal of adrenal nerve post-training plasma baseline catecholamine or NE remained
unchanged but plasma EPI concentration during exercise was not raised any more, which indicated that at rest
EPI was secreted by adrenal gland while NE might be secreted by extra-adrenal chromaffin cells and adrenal
gland selectively released the above-mentioned two catecholamines.

In summary, all the methods of assessing the degree of activation of the autonomic system have limitations
and they are not interchangeable [1], in order to avoid the limitation to study the effect of exercise on ANS func-
tion, we should use more detection method or index. We noted that after 8 weeks of training plasma NE concen-
tration of all groups decreased significantly, suggesting that endurance training decreased SN activity. However,
HRV measurements showed that SN activity of the utmost intensity group increased (LFn, LF/HF). But more
importantly, LFn, LF/HF and HFn are only relative values because of calculation principles [2]. In fact, plasma
NE concentration in utmost intensity group was still higher than the other two groups though it dropped in all
groups. In this sense blood indexes and HRV measurements are concordant with each other. So ANS function
changes after endurance training of different intensities reflects the relative change in SN and PN activity.

5. Conclusion

Through the analysis of HRV, CPT, HUTT and blood biochemical indexes, we conclude that the effect of en-
durance training on ANS function depends on its intensity. Utmost and moderate endurance training results in
altered sympathetic and parasympathetic balance towards sympathetic dominance and parasympathetic domin-
ance respectively; whereas high intensity endurance training keeps ANS function relatively stable. How then do
we make sense of these phenomena? We need for further research. The newly established dominant position and
rebalance of sympathetic and parasympathetic maybe through some possible mechanisms, but the neurohumoral
system should be a key component. We will set forth the potential danger or benefit of different intensity en-
durance training on ANS function in our further study.
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