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Abstract 

It is well known that respiration can have significant 

effects on blood pressure and other physiological features. 

However, little is known about the stability and patterns of 

respiration during controlled studies.  

In this research we compared blood pressure, heart 

rate, respiration and respiration patterns during normal 

breathing and breathing associated with relaxation and 

meditation. 

Continuous respiration patterns were recorded with 

ethical permission from normal subjects while seated, over 

30-minute periods, with their blood pressure measured at 

the start and end of each recording period using an 

automated non-invasive cuff device. The same device was 

used for all measurements to avoid any device bias. The 

first set of recordings were made with no instruction on 

breathing technique. The subjects were then invited to an 

open lecture on meditation techniques, and given some 

additional instruction before a second similar 30-minute 

study period, but with no further instruction or feedback 

during the recording. 

Comparing respiration during normal breathing with 

that during meditation, the average number of full 

respiratory cycles over the 30-minute periods fell 

significantly from 355±44 (mean±SD) to 197±80 

(p=0.012). There were no significant differences between 

sequential 10-minute sub-periods in either of the two study 

periods. The pattern of the respiration waveform during 

meditation was less skew (0.18±0.20 compared with 

0.42±0.24, p=0.004).  During normal breathing, systolic 

and diastolic blood pressure and heart rate fell over the 

30-minute period in all subjects, but not significantly. 

During controlled breathing there were no consistent 

changes.  

It is possible that the expected fall in blood pressure and 

heart rate during meditation was offset by the slower 

respiration, with the consequent depth of respiration being 

deeper 

 

1. Introduction 

There is a great deal of published information on heart 

rate changes in numerous clinical conditions, including for 

diabetes [1], heart transplant [2,3], Alzheimer's disease and 

vascular dementia [4], and sleep [5], as well as for studies 

of multifractal characteristics [6], variation over 24 hours 

[7], during sleep [8,9] and Zen meditation [10-12]. 

However, there are fewer studies on how blood pressure 

can be affected. 

The aim of this study was therefore to analyse blood 

pressure changes as well as heart rate changes during 

normal breathing and during controlled respiration after 

meditation training.  

This allowed the specific effect of meditation to be 

compared with relaxed normal breathing. 

 

2. Methods 

Subjects were studied over a 30-min period, and 

analysed for changes in respiratory pattern and blood 

pressure, to examine the effect of controlled respiration. In 

this pilot study the first 4 subjects have been fully analysed, 

with a total of 2208 respiratory cycles. 

  

2.1. Study subjects 

Subjects with no known cardiac disease were enroled, 

and gave ethical consent. Their ages were 44±7 years 

(mean ± standard deviation). 

None of the subjects exhibited any ectopic beat during 

the recording periods. 

 

2.2. Study conditions 

Subjects were asked to sit on an office chair, while their 

respiratory waveform was recorded to a computer for 

offline analysis. For this first control recording no 

instruction was given on breathing techniques. After a few 
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weeks, subjects were instructed briefly in Zen meditation 

techniques including respiratory exercise for lower 

abdominal muscle respiration [10], and recorded again in 

similar conditions. 

Subjects were asked to remain seated and still, without 

talking for the 30 minute recording period. They switched 

off their mobile phone to avoid disturbance. 

 

2.3. Respiratory recordings 

 
Respiration was recorded using a magnetometer 

instrument [13]. The transmitter coil was taped to one side 

of the chest wall, and the receiver coil to the opposite side.  

The output of the magnetometer was connected to an 

analogue-to-digital converter at a sample rate of 250 Hz, 

and stored to a computer for off-line analysis. Any offset 

was adjusted before recording started, so that the 

respiration waveform sat centrally in the computer 

recording window. No adjustment of gain was made. 

 

2.4. Blood pressure measurement 

Blood pressure was measured at the start and end of 

each recording period using an automated non-invasive 

cuff device. The same device was used for all 

measurements to avoid any device bias.  

 

2.5. Blood pressure measurement 
 

Heart rate was measured simultaneously with non-

invasive blood pressure at the start and end of each 

respiratory recording period. 

 

2.6. Data analysis 
 

Systolic and diastolic pressures were compared between 

subjects, between the start and end of the 30-minute study 

period, and between the initial control and meditation 

periods. 

 

2.8. Statistical analysis 
 

The t-test was used to analyse the data, and a p value of 

<0.05 was used for significance. 

 

3. Results 

3.1. Respiration during the control periods 

and during meditation 

Figure 1 illustrates a short 2-minute recording from both 

normal breathing and controlled breathing, allowing both 

periods to be compared. 

 

 

Figure 1. Examples of 2-minute extracts from the same 

subject. The upper section is a recording from the first, 

normal breathing period, acting as the control recording. 

The lower section is from the second period, during 

meditation and controlled respiration. 

 

3.2. Stability of respiration over the 30-

minute periods 
 

Figure 2 illustrates a longer section of a recording for 

both normal breathing and controlled breathing, again 

allowing both periods to be compared. 

 

 

 
 

 

 
 

 

Figure 2. Examples of 10-minute extracts from the same 

subject. The upper section is from a recording during the 

normal respiration control recording, and the lower section 

during meditation. This extract is from the central sections 

of the three 10-minute sub-sections. 
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There was no difference in the number of respiratory 

cycles between the three sequential 10-minute sections for 

either the control recordings or meditation recordings. 

 

3.3. Comparison of respiratory cycles 

between control periods and meditation 
 

Comparing respiration during normal breathing with 

that during meditation, the average number of full 

respiratory cycles over the 30-minute periods fell 

significantly from 355±44 (mean±SD) to 197±80 

(p=0.012). 

 

3.4. Comparison of respiratory patterns 

between control periods and meditation 
 

The pattern of the respiration waveform during 

meditation was less skew (0.18±0.20 compared with 

0.42±0.24, p=0.004).   

Summary results for all respiratory data are given in 

Table 1. 

 

 

Table 1. Summary of respiratory results 

 Normal 

breathing 

Controlled 

meditation 

breathing 

Significant 

difference 

Number of 

respiratory 

cycles in 

30-min 

periods 

355±44 197±80 p= 0.012 

Average 

respiratory 

rate per 

minute 

11.8±1.5 6.6±2.7 P= 0.012 

Respiratory 

waveform 

skewness 

0.18±0.20 0.42±0.24 p= 0.004 

 

 

 

3.5 Comparison of blood pressure changes 
 

During normal breathing, systolic and diastolic blood 

pressure and heart rate fell over the 30-minute period in all 

subjects, but not significantly. During controlled breathing 

there were no consistent changes. 

Summary results are given in Table 2. 

 

3.5 Comparison of heart rate changes 
 

A summary of heart rate changes is given in Table 2. 

There were no significant changes.  

Table 2. Summary results for changes in blood pressure 

and heart rate during the 30-minute recording periods. 

 
 Start of 

30 min 

period 

End of 

30 min 

period 

Significant 

difference 

Blood pressure 

systolic  

Normal respiration 

(mmHg) 

122±5 118±4 NS 

Blood pressure 

systolic 

Controlled 

respiration 

(mmHg) 

124±13 124±12 NS 

    

Blood pressure 

diastolic  

Normal respiration 

(mmHg) 

79±1 74±10 NS 

Blood pressure 

diastolic 

Controlled 

respiration 

(mmHg) 

79±7 75±8 NS 

    

Heart rate  

Normal respiration 

(beats/min) 

74±21 72±22 NS 

Heart rate 

Controlled 

respiration 

(beats/min) 

68±17 65±14 NS 

 

 

 

4. Discussion and conclusion 

We have shown that instruction in meditation can 

control respiration consistently over 30-min periods, and 

that subjects very significantly reduce their respiratory 

rate.  

There was, however, no change in blood pressure or 

heart rate [14]. It is possible that the expected fall in blood 

pressure and heart rate during meditation was offset by the 

deeper slower respiration. 
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