[image: image2.wmf][image: image3.jpg]}
A NATO
\4% OTAN






Does Gender Govern the Effects of
Intermittent Hypoxia Training on Human
Exercise Performance, Hemodynamics and Ventilation?






Does Gender Govern the Effects of
Intermittent Hypoxia Training on Human
Exercise Performance, Hemodynamics and Ventilation?

Does Gender Govern the Effects of Intermittent Hypoxia Training on Human Exercise Performance, Hemodynamics and Ventilation?

 Dr. VALERIY B. SHATILO 1, Dr.VADIM A. ISCHUK,1 Dr. ALEXANDER N. SEREBROVSKY, 2 AND Dr. TATIANA V. SEREBROVSKA 3
1Institute of Gerontology, Kiev, 04114, Ukraine; Telephone/Fax: (+38-044) 432-8677; vadishchuk@ukr.net. 
2 Institute for Mathematical Machines and System Problems, Kiev 03680, Ukraine; Telephone: (+38-044) 266-4092; Fax: (+38-044) 526-6457; Email: sereb@biph.kiev.ua 
3Bogomoletz Institute of Physiology, Kiev 01601,Ukraine; Telephone/ Fax: (+38-044) 256-2000; tsereb@voliacable.com
Lead Author E-mail: tsereb@voliacable.com
Abstract


INTRODUCTION: Intermittent hypoxia training (IHT) has been demonstrated to enhance physical performance of athletes and older individuals, even patients with myocardial infarction and essential hypertension. It is widely recognized that physical and exercise performance attributes are different between males and females. Many investigations have shown that age-related changes in sex hormones may play a gender-specific role in modulating the cardiopulmonary effects of hypoxia with age. In previous research (Shatilo et al., 2008) we have shown that IHT had greater positive effects on hemodynamics, microvascular endothelial function, tolerance to acute hypoxia and work capacity in untrained than well-trained healthy, senior men. The goal of this study was to investigate gender-related differences in IHT effects on senior humans.


METHODS: Fourteen healthy senior men (Gr 1, age 67,5±1,3 yr, weight 76.2±2.8 kg,  height 170.9±1.8 cm) and 21 healthy senior women (Gr 2, age 65.5±1,2 yr, weight 73.2±2.5 kg,  height 160.2±1.0 cm), all of them in good physical condition, participated in the study. Before and after 10 days of IHT, the ventilatory and hemodynamic responses to sustained hypoxia (SH, 12% O2 for 10 min) and work capacity (bicycle ergometer) were determined. IHT: Normobaric, isocapnic hypoxia was administered for 5 min, 4 times per day with 5-min periods of room air inspiration, for 10 days with a modified closed spirometer with CO2 absorption. During first 1-1.5 min of rebreathing, FiO2 fell progressively with oxygen body utilization until FiO2=12% was reached.  During the remaining 3.5-4 min of IHT, O2 and CO2 were added gradually as needed to maintain FiO2 at 12% and PetCO2 at its pre-hypoxia value.  SaO2 at conclusion of IHT was 85-86%. Mathematical assessment of efficacy and safety of IHT treatment was accomplished using special program.

RESULTS: Before IHT, cardio-respiratory parameters (systolic (SBP) and diastolic (DBP) arterial blood pressure, blood arterial oxygen saturation (SaO2), expired minute ventilation (VE, ml kg–1 min–1)) at rest were not significantly different between male and female subjects. Females had a higher heart rate (HR) during rest, lower submaximal work (W/kg) (1.00±0.04) than males (1.25±0.07, p<0.01). There were no gender differences in ventilatory and hemodynamic responses to SH test. During dosed physical load (25 and 55 W), females demonstrated higher increase in HR, SBP, DBP, VE and oxygen uptake (VO2, normalized for body mass) compared to males, i.e. lower work economy. The most pronounced effect of IHT was the significant increase in female submaximal work from 73.6±2.3 to 78.9±2.4 (p < 0.05), comparatively to males (from 94.6±3.6 to 100.0±4.7, p > 0.05). After IHT, females demonstrated significantly lower increase in HR and SBP during SH test than males but the same reactions during exercises. In both males and females, the decrease in SaO2 during SH test was less than before IHT.  IHT did not influence significantly the increase in HR, SBR, DBR, and VE during exercises in both males and females. 

CONCLUSIONS: Healthy senior men and women well tolerate IHT as performed in this investigation. Such IHT procedure has no pronounced effect on senior male work capacity but significantly increase it in females. There are no significant differences between the sexes in the tolerance to acute hypoxia after IHT in this age group.


INTRODUCTION
 
It is widely recognized that physical and exercise performance attributes are different between males and females [10, 18, 23, 35]. These differences undoubtedly cover human hemodynamics and ventilation. Relative to body size, women have a lower lung diffusing capacity, smaller airway diameter, smaller lung volumes than men [12]. Therefore women may be especially vulnerable to pulmonary gas exchange impairment during exercise [23].  Recent studies claim a higher prevalence of exercise-induced arterial hypoxemia in women relative to men [7]. It was shown that gender has an influence on respiratory plasticity [2, 19], peripheral chemosensitivity [7],  as well as hemodynamics control [24]. Meanwhile, men and women  do not demonstrate  differences in ventilatory acclimatization during ascent to high altitude [21, 22]. No difference has been found also in incidence of acute moun​tain sickness [17]. This incidence is not markedly affected by menstrual cycle phase [26, 38]. And what is more, the incidence of high altitude pulmonary edema seems even lower in women than in men [13]. Greater neuroprotection in females versus males was shown  due, in part, to direct and indirect sex hormone-mediated antioxidant mechanisms [1]. Another advantage, viz greater capacity for muscle oxidative phosphorylation, was proposed for the justification of more slow fatigue development in women than in men  during exercises [5]. These facts have special importance to military women. 

Although it is well known that pulmonary function declines with age and that this decline is decelerated by physical activity, the effects of such factors on gender differences are not well established in elderly individuals[9].  There are data suggested that sleep-disordered breathing increases with advancing age and may be more marked in healthy men than women [11]. The prevalence of obstructive sleep apnea syndrome in patients up to the age of 60 is known to be two times higher in men then in women. Hormonal changes during menopause might underlie changes in this relationship in the elderly. 

Many investigations have shown that age-related changes in sex hormones may play a gender-specific role in modulating the cardiopulmonary effects of hypoxia with age. Intermittent hypoxia training (IHT) has been demonstrated to enhance physical performance of athletes [see reviews: 6, 29, 31] and older individuals [14, 32], even patients with myocardial infarction [4] and essential hypertension [15, 20, 33, 28]. In previous research [32] we have shown that IHT had greater positive effects on hemodynamics, microvascular endothelial function, tolerance to acute hypoxia and work capacity in untrained than well-trained healthy, senior men. This study was designed to detect gender-related differences in IHT effects on exercise performance, hemodynamics and ventilation in senior humans.

METHODS


This work was officially approved and authorized by the Ethics Committee for Human Experiments of the Institute of Gerontology. All subjects were recruited by advertisement and provided written informed consent prior to participation. 

Subjects


Fourteen healthy senior men (Gr 1, age 67,5±1,3 yr, weight 76.2±2.8 kg,  height 170.9±1.8 cm) and 21 healthy senior women (Gr 2, age 65.5±1,2 yr, weight 73.2±2.5 kg,  height 160.2±1.0 cm) participated in the study. All subjects were sea level residents and non-smokers. The subjects were in good health with no evidence of cardiovascular or pulmonary disease.   
Experimental Protocol

Initially, a sustained hypoxia test (SHT) was administered to all subjects.   The test was again administered after 10 days of IHT.  In addition, subjects underwent tests for hematology assessment, exercise capacity, and forearm microvascular reactivity (see below) during next two days after hypoxic test before initiation of IHT and on the days following 10 days of IHT.  The tests were performed during the early morning with the subjects fasting. Firstly, venous blood was drawn from the median antecubital vein to provide hematology assessment. Then, anaerobic threshold was determined. On next day the forearm cutaneous perfusion test was provided, after that physical work capacity was evaluated. The same protocol was realized after 10 days of IHT course.

Intermittent Hypoxia Training (IHT)


IHT was performed in the morning, from 10 till 12 a.m., 2 hours after a light breakfast.  With the subjects in a sitting position, normobaric, isocapnic hypoxia was administered for 5 min, 4 times per day for 10 days with a Hypotron (modified closed spirometer with CO2 absorption) [27].  The four periods of hypoxia were separated by three 5-min periods of room air inspiration.  Initial inspired gas composition (Fi) was 20.9% O2 and 79.1% N2.  Partial pressure of expiratory carbon dioxide (PETCO2) was continuously monitored at the mouth with a medical mass spectrometer (MX62-03, Ukraine), which was calibrated before and after each test with standardized gases that had been assayed by the Scholander technique. During first 1-1.5 min of rebreathing, FiO2 fell progressively with body utilization of O2 until FiO2 fell to 12%.  During the remaining 3.5-4 min of IHT, O2 and CO2 were added gradually as needed to maintain FiO2 at 12% and PetCO2 at its pre-hypoxia value.  SaO2 at conclusion of IHT was 85-86 %.  PETCO2 was maintained at the initial pre-test pressure for each subject, typically 38-40 mm Hg, throughout the training period. Subjects easily endured the hypoxia periods without any distress or side-effects. ECG and ventilation were continuously monitored during IHT, and arterial pressure was measured at 2 min intervals.

Analytical Procedures


Sustained hypoxia test: After a 30 minute rest, the subject in a sitting position inspired a hypoxic gas mixture (12 % O2, 88 % N2).  Before and during the test, ventilation, systolic (SBP) and diastolic (DBP) arterial blood pressure, heart rate (HR), SaO2 (pulsoximeter), and ECG were recorded.  The test lasted 7 min or was interrupted if one of the following disturbances were observed:  1) Dizziness, nausea, precordial chest pain, or other negative subjective feelings; 2) An increase in HR more than 30%; 3) A decrease in SaO2 lower than 80 %; 4) A rise of systolic BP more than 30%; 5) ECG signs of ischemia, or frequent extrasystoles (more than 6 per min), or AV conduction defects. All subjects passed  the  test  successfully in this investigation. 


Forearm cutaneous perfusion test.  Forearm cutaneous perfusion was measured using a BLF 21 D laser instrument (Transonic Systems, Inc., USA) at room temperature (22°C) with the subject in a sitting position and after resting in that position for at least 30 min. Microvascular reactivity (MVR) was evaluated from the maximal post-occlusive reactive hyperemia (PORH) following 3 min forearm ischemia produced by cuff inflation.  The time required for forearm flow to return to normal was also measured.  Similar procedures have been used by other investigators [16, 39].

Exercise tests.  A bicycle ergometer tests was used to evaluate anaerobic threshold and physical work capacity. Anaerobic threshold was estimated from ventilatory gas exchange indices during continuously accelerated load (the increase by 12.5 W every minute up to pulse rate (HR = 200 – age) was reached). HR was monitored continuously from the ECG, and arm BP was measured intermittently by sphygmomanometry, with a microphone placed over the brachial artery to detect Korotkoff sounds. VO2 and lung ventilation parameters were monitored with the Oxycon-4 System.  All recordings were made by the same technicians, and the spirometric values were corrected for body temperature, atmospheric pressure and humidity. Anaerobic threshold was calculated as Wasserman [36] described. The next day physical work capacity was determined. Subjects completed 5 min work at 25 W. The load was then increased every 5 min by15 W until the individual’s maximum tolerable level was reached, i.e., to volitional exhaustion. Peak VO2 was determined using an oxygen analyzer, “Oxycon-4 System” (The Netherlands), as the highest value of O2 consumption during maximum effort. 

Models and algorithms for probabilistic safety assessment of IHT: For probabilistic safety assessment of IHT application to humans the method of formalized description and assessment of physiological reserves was employed. The method is named as “"Method of Expert Assessing Scales” (MEAS) [30]. MEAS models estimate the hazard at the stage of its origin, i.e. during latent period. The combination of MEAS with traditional probabilistic safety assessment methods enables to assess operatively for each situation the degree of potential hazard for an organism and to analyse its causes. As a result, the hazard estimates at the earliest stage of its development. 

Statistical analyses: All values are expressed as means ( SD. Treatment means were compared statistically with the ANOVA test. Mathematical assessment of efficacy and safety of IHT treatment was accomplished using special program.

RESULTS:

Before IHT, systolic and diastolic arterial blood pressure, blood arterial oxygen saturation, specific expired minute ventilation (VE/kg) and oxygen uptake (VO2/kg) at rest were not significantly different between male and female subjects (Table 1). At the same time, heart rate was higher in women  by 7.2 %  compared to men.  Females had a lower submaximal work (both W and W/kg) (Table 2) .

To insure that the senior subjects could safely tolerate IHT, each first underwent the sustained hypoxia test to assess individual tolerance of hypoxia. None of the subjects showed changes in ECG during or after this SH  test.

 There were no gender differences in ventilatory and hemodynamic responses to SH test before IHT (Table 1). During 7 min inhalation of hypoxic mixture, HR increased by 11,7% and 10,8% in men and women, respectively; SBP- by 6,7% and 9,8%, the fall in SaO2 – by 14,4% and 14,2%, VE – by 11,3% and 11,6%, respectively.  During dosed physical load (25 and 55 W), females demonstrated higher increase in HR, SBP, DBP, VE and oxygen uptake (VO2, normalized for body mass) compared to males, i.e. lower work economy (Table 3). 

After these SH and exercise tests, all subjects received IHT. During IHT, all subjects felt no distress. The most pronounced effect of IHT was the significant increase in female submaximal work from 73.6±2.3 to 78.9±2.4 (p < 0.05), comparatively to males (from 94.6±3.6 to 100.0±4.7, p > 0.05) (Table 2). After IHT, females demonstrated significantly lower increase in HR and SBP during SH test than males but the same reactions during exercises (Tables 1, 3). In both males and females, the fall in SaO2 during SH test was less than before IHT.  IHT did not influence significantly the increase in HR, SBR, DBR, and VE during exercises in both males and females. 

Results of the forearm cutaneous perfusion test are presented in Table 4. We did not find any gender differences in microvascular reactivity between the groups as could seen from basal perfusion, maximal perfusion during hyperemia, and time to recovery of baseline flow both at initial state and after IHT.  IHT significantly enhanced basal perfusion in Gr 1 by 10 %, and in Gr 2- by 8%. Shifts in maximal perfusion during hyperemia did not change significantly. Time of perfusion recovery was augmented in both groups (by 30% in Gr I and 26 % in Gr II).

DISCUSSION:

The purpose of this study was to elucidate the efficacy and safety of IHT application to healthy senior men and women and investigate gender-related differences in IHT effects on humans. We confirmed that healthy subjects of 60-70 yr well tolerate IHT as performed in this investigation without dangerous side effects. The present study brings forward that during rest at sea level, there are no significant differences between the sexes in arterial blood pressure, blood arterial oxygen saturation, specific expired minute ventilation and oxygen uptake as well as in microvascular reactivity. At the same time, females have higher heart rate at rest and lower physical capacity compared to men.  There are no pronounced gender differences in ventilatory and hemodynamic responses to acute hypoxia test but significant differences in responses to dosed physical load: women demonstrate lower work economy. IHT procedure has no marked effect on senior male work capacity but significantly increases it in females. Endothelial function was improved after IHT in males and females equally. In general, the effects of IHT on hemodynamics and work capacity were more pronounced in female subjects.
It is well established that women exhibit several anatomic and physiologic characteristics that distinguish their responses to exercise from those of men. These factors have been shown to influence the training response and contribute to lower maximal aerobic power in women [10]. Pulmonary structural and morphologic differences between genders include smaller vital capacity and maximal expiratory flow rates, reduced airway diameter, and a smaller diffusion surface than age- and height-matched men. These differences may have an effect on the integrated ventilatory response, respiratory muscle work, and in pulmonary gas exchange during exercise. Specifically, recent evidence suggests that during heavy exercise, women demonstrate greater expiratory flow limitation, an increased work of breathing, and perhaps greater exercise induced arterial hypoxemia compared to men. The consequence of these pulmonary effects has the potential to adversely affect aerobic capacity and exercise tolerance in women. As Hopkins & Harms [12] assume, women may have a larger alveolar-arterial PO2 difference that may be compensated for, in part, by increased alveolar ventilation.

Our current data demonstrate that there are no gender differences in SaO2 at rest, during hypoxia test as well as in the diminution of SaO2 fall after IHT.  Some authors [23] also did not find significant differences between male and female subjects in PaO2, SaO2, or pH. Wood et al. [37] provided physical examinations, including pulse oximetry, hemoglobin concentration, end-tidal PCO2, and pulmonary function on Ladakhi and Tibetan subjects at altitudes of 3300, 4200, and 4500 m and did not find any gender difference in SaO2 at any altitude except for pregnant women. At the same time, Ricart de Mesones et al  [25] demonstrated that  the haemoglobin oxygen saturation, measured by pulse oxymetry, is slightly higher in women than in men (98.6+/-1.1% versus 97.9+/-0.9%; P=0.001). The difference is modest and does not seem to produce great differences in the oxygen content of arterial blood. 

It is well known that men and women have different red blood cells count and haemoglobin plasma concentration. Other differences have been found in the ventilatory response to hypoxia and exercise. Habedank et al. [8] reported that ventilatory efficiency during exercise declined significantly with age and was smaller in men than women. It was concluded from this study that ventilatory efficiency as well as peak oxygen uptake are age and sex dependent in adults. It is interesting that in animal experiments it was shown that  respiratory long-term-facilitation following intermittent hypoxia decreases with age in male rats, but increases in female rats [2]. Meanwhile, recent study of Wadhwa et al. [34] demonstrated that a sustained increase in minute ventilation is evident in both males and females following exposure to intermittent hypoxia and that this response is independent of gender. Similar  results were described early by Bhaumik et al. [3] on mountaineers during trekking: changes in HVR of men and women were not influenced by gender. Guenette et al. [7] have found that  HVR does not have a significant role in maintaining SaO2 during sea-level maximal cycle exercise in men or women. Our investigations demonstrated that there are no pronounced gender differences in ventilatory and hemodynamic responses to acute hypoxia test but significant differences in responses to dosed physical load. Obviously, extra investigations must be provided to clear up this discrepancy.

CONCLUSIONS: 
Our data demonstrate that during rest at sea level, there are no significant differences between the sexes in arterial blood pressure, blood arterial oxygen saturation, specific expired minute ventilation and oxygen uptake as well as in microvascular reactivity. At the same time, females have higher heart rate at rest and lower physical capacity compared to men.  There are no pronounced gender differences in ventilatory and hemodynamic responses to acute hypoxia test but significant differences in responses to dosed physical load. Healthy senior men and women well tolerate IHT as performed in this investigation. Such IHT procedure has no pronounced effect on senior male work capacity but significantly increase it in females. There are no significantly differences between the sexes in the tolerance to acute hypoxia after IHT in this age group. Endothelial function was improved after IHT in males and females equally. In general, the effects of IHT on hemodynamics and work capacity were more pronounced in female subjects. Since many elderly people cannot exercise, IHT may provide an alternative mean of improving cardiorespiratory fitness.
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Table 1: Cardio-respiratory parameters of old healthy men and women during sustained hypoxia test (12% O2) before and after IHT

	
	Gr 1 (men, n=14)
	Gr 2 (women, n=21)

	I
	II
	III
	IV
	V
	VI
	VII
	VIII

	Parameters
	Period of hypoxia,

(min)
	Before IHT
	After IHT
	Statistical Diff. between III and IV
	Before IHT
	After IHT
	Statistical Diff. between YI and VII 

	HR,

min -1
	rest
	70.8±2.1
	70.6±2.2
	NS
	75.9±2.2#
	75.1±2.1*
	NS

	
	1
	74.6±2.8
	74.2±2.5
	NS
	78.9±3.1
	77.9±3.5
	NS

	
	3
	76.1±3.1^
	77.4±2.3^
	NS
	82.1±3.0#
	78.1±3.9
	NS

	
	5
	77.9±3.2^
	77.1±2.6^
	NS
	83.5±3.7^
	79.0±3.6
	NS

	
	7
	79.1±3.0^
	78.1±2.5^
	NS
	84.1±3.1^
	78.2±3.2
	<0.1>0.05

	SBP,

mm Hg
	rest
	135±3.5
	131±3.4
	NS
	132±2.7
	130±2.3
	NS

	
	1
	138±3.9
	136±3.1
	NS
	142±4.1
	135±3.6
	NS

	
	3
	142±4.1
	137±3.5
	NS
	144±4.8
	136±4.6
	NS

	
	5
	143±4.1^
	138±3.3^
	NS
	145±5.1^
	135±4.3
	<0.05

	
	7
	144±3.0^
	138±3.0^
	NS
	145±5.3^
	136±4.2
	<0.1>0.05

	DBP,

mm Hg
	rest
	84.2±2.1
	80.4±2.0
	NS
	82.1±1.7
	80.2±1.8
	NS

	
	1
	88.3±2.9
	82.4±2.1
	NS
	85.2±2.1
	82.9±2.1
	NS

	
	3
	89.5±3.1
	83.7±2.5
	NS
	85.4±2.8
	83.6±2.6
	NS

	
	5
	89.2±3.2
	84.1±3.1
	NS
	86.3±2.1
	84.1±3.0
	NS

	
	7
	90.0±3.0
	84.3±3.0
	NS
	88.4±3.3
	85.2±3.2
	NS

	SaO2,

%
	rest
	97.8±0.3
	98.1±0.4
	NS
	97.7±0.3
	97.8±0.3
	NS

	
	1
	92.0±0.6^^
	92.7±0.7^^
	NS
	92.3±0.7^^
	93.5±0.6^^
	NS

	
	3
	88.1±0.7^^
	88.4±0.6^^
	NS
	86.9±0.8^^
	88.2±0.9^^
	NS

	
	5
	84.9±0.7^^
	86.2±0.7^^
	NS
	84.3±0.8^^
	86.4±0.8^^
	NS

	
	7
	83.7±0.7^^
	84.9±0.6^^
	NS
	83.8±1.0^^
	84.5±1.0^^
	NS

	VE, 

ml/min/kg
	rest
	151±9.2
	148±10.3
	NS
	147±8.2
	142±9.7
	NS

	
	1
	172±11.5
	167±10.1
	NS
	165±9.5
	149±10.8
	NS

	
	3
	176±13.0
	163±9.0
	NS
	166±10.9
	151±10.7
	NS

	
	5
	169±13.7
	159±10.8
	NS
	168±9.7
	154±9.5
	NS

	
	7
	168±12.8
	155±9.2
	NS
	164±9.9
	153±10.0
	NS


Values are means ( SD.  Gr 1: healthy old men; Gr 2: healthy old women. HR  = heart rate;  SBP = systolic arterial blood pressure; VE = expired minute ventilation; f = breathing frequency; SaO2= blood arterial oxygen saturation. 

(^) - statistical difference between  rest and hypoxia,  p < 0.05; (^^) - statistical difference between  rest and hypoxia,  p < 0.01; (#) - statistical difference between Gr 1 and Gr 2 within columns III and VI, p < 0.05.  (*) - statistical difference between Gr 1 and Gr 2  within columns IV and VII, p < 0.05. 

Table 2. Physical working capacity of old healthy men and women before and after IHT

	
	Gr 1 (men, n=14)
	Gr 2 (women, n=21)

	I
	II
	III 
	IV
	V
	VI
	VII

	 Parameters
	Before IHT


	After IHT


	Statistical Diff. between II and III
	Before IHT


	After IHT


	Statistical Diff. between Y and VI

	Submaximal work load, W
	94.6±5.6
	100.0±5.7
	NS
	73.6±3.3##
	78.9±3.4**
	< 0.05 

	Submaximal work load, W/kg
	1.25±0.07
	1.31±0.07
	NS
	1.00±0.045##
	1.06±0.05**
	< 0.05


Values are means ( SD.  Gr 1: healthy old men; Gr 2: healthy old women. 

 (##) - statistical difference between Gr 1 and Gr 2 within columns II and V, p < 0.01; (#) - statistical difference between Gr 1 and Gr 2 within columns II and V, p < 0.05; (**) - statistical difference between Gr 1 and Gr 2 within columns III and VI, p < 0.01; 

Table 3. Hemodynamics, lung ventilation and oxygen uptake in old healthy men and women during 25W

and 55W load before and after IHT

	
	Gr 1 (men, n=14)
	Gr 2 (women, n=21)

	I
	II
	III
	IV
	V
	VI
	VII
	VIII

	Parameters
	Load
	Before IHT
	After IHT
	Statistical Diff. between III and IV
	Before IHT
	After IHT
	Statistical Diff. between YI and VII 

	HR, min -1
	rest

25 W

55 W
	70.4±2.0

82.7±3.1^

95.1±3.8^^
	71.1±2.1

82.1±3.0^

92.2±3.2^^
	NS

NS

NS
	75.1±2.1#
95.6±2.6##^^

116.9±3.5##^^
	74.4±2.2
92.6±2.1*^^

115.9±3.2*^^
	NS

NS

NS

	SBP, mm Hg
	rest

25 W

55 W
	136±2.8

148±4.2^

165±4.4^^
	132±3.3

142±3.4^

160±4.9^^
	NS

NS

NS
	132±2.5

156±3.2#^^

178±3.4##^^
	130±2.6

147±3.5*^^

174±4.0*^^
	NS

< 0,05

NS

	DBP, mm Hg
	rest

25 W

55 W
	83.6±1.6

88.6±2.1^

92.9±2.4^^
	80.7±1.6

86.8±1.9^

89.2±1.8^^
	NS 

NS 

NS
	81.4±1.1

89.8±1.4^^

96.2±2.0#^^
	79.5±1.5

90.5±1.6^^

96.2±1.7^^
	NS
NS

NS

	VE, ml/min/kg
	rest

25 W

55 W
	159±6.5

264±10.8^^

362±7.6^^
	161±7.6

265±9.7^^

367±12.6^^
	NS

NS

NS
	149±8.2

266±14.1^^

390±15.3^^
	145±9.5

249±12.3^^

389±16.0^^
	NS
NS

NS

	VO2, ml/ min/ kg
	rest

25 W

55 W
	5.0±0.3

10.6±0.5^^

12.1±0.9^^
	4.9±0.3

10.2±0.5^^

14.7±0.9^^
	NS

NS 

NS
	4.6±0.1

11.5±0.5^^

16.9±0.7^^
	4.6±0.1

11.0±0.3^^

17.2±0.5^^
	NS

NS 

NS


Values are means ( SD.  Gr 1: healthy old men; Gr 2: healthy old women. HR  = heart rate;  SBP = systolic arterial blood pressure; DBP = diastolic arterial blood pressure; VE = expired minute ventilation;. [image: image1.png]


O2 = minute oxygen consumption. 

(#) - statistical difference between Gr 1 and Gr 2 within columns III and VI, p < 0.05; (##) - statistical difference between Group 1and Group 2 within columns III and VI, p < 0.01; (*) - statistical difference between Group 1 and Group 2 within columns IV and VII, p < 0.05; (^) - statistical difference between  rest and exercise,  p < 0.05; (^^) - statistical difference between  rest and exercise,  p < 0.01.

Table 4. Parameters of  forearm cutaneous perfusion test in healthy old men and women before and after IHT.

	
	Gr 1 (men, n=14)
	Gr 2 (women, n=21)

	I
	II
	III 
	IV
	V
	VI
	VII

	 Parameters
	Before IHT
	After IHT
	Statistical Diff. between II and III
	Before IHT
	After IHT
	Statistical Diff. between Y and VI 

	PORHb, ml/min•100g
	1.01±0.02
	1.11(0.03
	< 0.05
	1.05(0.03
	1.13±0.04
	< 0.05

	PORHmax, ml/min•100g
	5.17±0.61
	5.77(0.40
	NS
	5.01(0.38
	5.14(0.38
	NS

	PORHt, sec 
	88.6±7.0
	115.5(10.1
	p < 0.05
	90.7(8.9
	114.6(7.4
	< 0.01


Values are means ( SD. PORHb = basal perfusion ; PORHmax = maximal perfusion during hyperemia; PORHt = time of PORH recovery. 
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