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INTRODUCTION 

 

Determination of the proper intensity of physical activity is very important in 

movement therapy. The planned movement program has to be individual and 

adequate to the aim of the training, either in rehabilitation or prevention.  

The accurate assessment of physical endurance is performed by the spiro-

ergometry test. During the test the patient works against a continuously or 

gradually raising load (e.g. on cycle-ergometer or treadmill) under continuous 

monitoring of circulation and breathing. Data of the test can be qualified in relation 

the reference values according to the age, sex and body weight. Intensity of the 

training can be determinate in percentage of the maximum oxygen uptake, heart 

rate or working capacity. In patients especially with heart and lung diseases the 

intensity of the training should not exceed the anaerobic threshold (AT i.e. the 

anaerobic board of the metabolism). Different methods are used for determination 

of the AT, in various healthy and pathological conditions.    

In everyday practice simplier and faster methods are used such as age 

related maximum hearth rate (Frmax) and the residual hearth rate. The Borg scale 

subjectively measures the training intensity by using a 10 or 20 grade visual 

analogue scale.    

The endurance decreases in various life situations. Reaction to the physical stress 

the old, or weakened people or the patients suffering from chronic lung disease 

differ from that of the healthy people. Change occur in the performance of the 

respiratory and circulatory system, in the efficiency of the energy production, and 

in the strength and performance of the muscular system 

 

The voluntary apnoea time 

The apnoea time (AP time) i.e. subject’s voluntary breath-hold time, depends on 

several factors. The researchers pointed the most important factors were the 

mechanical factors (lung volumes, mechanics of the breathing), the chemical 
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factors (hypoxemia, hyrercapnia), the involuntary contraction of the respiratory 

muscles, psychological factors (stress, motivation), and external factors (training, 

strengthening of the muscles. These factors together determine the AP time in 

interaction each other. The first studies of the AP time were published in the 50’s. 

They studied the influencing factors of „free diving” time. Only few studies 

focused on patients. A shortened AP time was found in obese patients in study 

published in 1987. A high correlation was found between the AP time, the FEV1 

and the dyspnoea in patients with bronchial asthma (1989). A study presented a 

shorter AP time in heavy smokers, in patients with chronic obstructive lung disease 

(COPD) and in patients with congestive hearth insufficiency (mean 25 s), 

compared to other patients (mean 45 s) (1994). A decreased AP time measured in 

patients with obstructive sleep apnoea was in connection with a high resting carbon 

dioxide end expiratory pressure (2002).  

 

THE AIMS 

The aim of our study was to investigate: 

- whether there is a correlation between the AP time, lung function, and working 

capacity, furthermore a correlation between the AP time and the oxygen uptake, 

the load, and the maximal ventilation; 

- how the investigated correlation are influenced by different pathologies and 

healthy conditions; 

- how the age influence the AP time; 

- if the AP time measurement is appropriate for establishing the condition of the 

patients with cystic fibrosis (CF); 

- whether can the cardio-pulmonary fitness be increased significantly around the 

age of 80 years?  

- if the AP time can express the effect of the training in the elderly; 

- how the training program influences the correlation between the AP time, lung 

function and the data of exercise tolerance? 
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METHODS 

Participants 

Sixty people took part in this study. They were divided into five groups according 

to their age, physical activity, and healthy condition:  

Group 1: young sportsmen (20) male; mean age 20 yr (18-24) 

Group 2: young sedentary people (12) 8 female/4 male; mean age 23 yr (20-28) 

Group 3: active middle aged people (8) 5 female/3 male; mean age 44 yr (38-54) 

Group 4: healthy elderly people (6) 3 female/3 male; mean age 80 yr (77-83) 

Group 5: patients with CF (18) 13 female/5 male; mean age 20 yr (15-31) 

 

Measurements 

The body weight and height were measured, and the body mass index was 

calculated for all participants.  

Voluntary apnoea time was assessed followed a maximal inspiration.  

Lung function: forced vital capacity (FVC) forced vital capacity in the first minute 

(FEV1), percentage of the reference values (FVC % and FEV1%), and the rate of 

this data (FEV1/FVC) were measured.  

Exercise test was accomplished on a cycle ergometer by using a progressively 

increasing load. During the test the electrocardiogram and the hearth rate was 

recorded continuously. The blood pressure was controlled in every second minute.  

Oxygen uptake (VO2) carbon dioxide elimination (VCO2) ventilation (VE), 

working capacity (WC) and the time was measured. AT was determined too. The 

elderly people evaluated the rate of dyspnoea and leg fatigue on a 10 points visual 

analogue scale at the end of the test. 

Training for the elderly people 

The elderly took part in an eight-week training program on cycle ergometer three 

times a week for 40-50 minutes per day.  
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Data analysis 

The relationships between the AP time and the age, the FVC the FEV1 the VO2AT, 

the VO2max, the VE, the WCAT and the WCmax were analysed by linear regression 

analysis and calculation of Pearson correlation coefficients using STATISTICA 

software. The correlation was investigated according to the age, healthy condition 

and fitness.   

T-test for dependent samples was used to determine the differences between the 

pre and post training data in the elderly group. A p value of <0.05 was considered 

significant. 

 

RESULTS AND DISCUSSION 

I. Our results showed that the AP time decreased with approximately by half 

between the age of 20 and 80 yr. Despite of the short interval of assessed age of CF 

patients (16 yr) negative correlation was detectable too.  

II. Beside the decreasing AP time the lung function parameters (FVC, FEV1) 

decreased approximately by half as well between 20 and 80 year. A positive 

correlation was found between the age related volumes of lung function and the AP 

time in the group of young sedentary people, the elderly people and the CF 

patients.   

III. Based on the results of the literature and our study it seems to be verified that 

the sedentary, the elderly people and the patients are more sensitive to the changes 

of the PACO2 and the PAO2, and this has a very important role of the determination 

of AP time and exercise tolerance. The AP time shows a significant correlation 

with the VO2max VO2AT WCmax and WCAT in this population.  

IV. There were not significant correlation between the AP time and the data of 

exercise test or the lung function in the group of active people. 
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V. The correlation between the lung function and AP time and between the lung 

function and VO2 and WC suggests that the AP time can be characteristic to 

endurance only when the ventilation and the lung volume play significant role in 

exercise tolerance.  

VI. Feeling of dyspnoea has an important role in the AP time similarly to the 

exercise tolerance, especially when the lung function parameters are restricted. It is 

verified by the high dyspnoea index measured before the training in the elderly 

people, and the significant correlation between the lung function and the endurance 

in the patients with CF. 

 VII. The exercise tolerance of the elderly people was very low in our study 

compared with the data of international literature. WE was found that the 

endurance can increase in the 80 old people after an eight-week training. The 

change is showed by the raise of the AT time and by increase of the VO2AT, the 

WCAT and the VO2max. The WCmax and the lung function did not changed 

significantly but the AP time raised and the dyspnoea index decreased.  

VIII. The AP time reflects the change the lung function and the endurance in this 

age. Significant correlation was found between the AP time and the VO2max and the 

WCmax both before and after the training.  

 

Based on our results the AP time seems to be a good accessory 

measurement for estimate the physical status of the elderly or sedentary people and 

the patients with lung diseases. The AP time follow the change in the lung function 

and the endurance, so it is suitable to control the effect of the training program.  

As the AP time decreased with the age in similar degree the lung function, likely 

that the AP time may be considered a normal value measured in the 80 old people.  

To determinate the age related reference need to assess a bigger population.  
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