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Abstract

This study wants to check efficiency of breath holding time in
comparison with six-minute walk test as a parameter of physical fitness
in normotensive and hypersensitive individuals. Six-minute walk test is
widely used sub- maximal intensity exercise test. This test is easy to
perform, inexpensive, easily repeated. It is widely popular for
cardiorespiratory assessment. Measurement of functional exercise
capacity is required in many conditions like chronic obstructive
diseases, cardiac failure etc. six-minute walk test is a validated tool for
measurement of functional exercise capacity. It is good for determining
prognosis in major pulmonary surgeries, COPD, cardiac failure,
pulmonary hypertension etc. Six-minute walk test needs more space
and time to be performed. Also, it is quite ineffective for patients with
walking disabilities. Use of breath holding time test instead of six-
minute walk test will fasten the process of cardio-respiratory evaluation
since it is even more easy to perform and requires lesser time as well as
space. Here we compared the two tests among the population of 151 in
which 73 were normotensive individuals while 78 were found to be
hypertensive. The comparison between the two tests among these two
populations was done to see whether the two tests are linearly
correlated to each other in spite of variations in the status of blood
pressure. It was found that the two tests are linearly correlated in the
normotensive group but hypertensive population did not show any such
correlation. Overall population showed moderated correlation between
the two tests.

"© 2025 by the Author(s). Published by IJAR under CC BY 4.0. Unrestricted use allowed
with credit to the author.”
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Introduction:-

Measurement of functional exercise capacity is required in many conditions like chronic obstructive diseases,
cardiac failure etc. The six-minute walk test (6MWT) is widely used to measure functional exercise performance,
response to treatment and disease progression across a wide range of respiratory and neuromuscular diseases in
clinical settings.” It is quiet simple to perform with minimum risk to patients and an inexpensive tool which makes
the process more affordable so any patient can be advised this test regardless of the socioeconomic strata he/she
belongs. A self paced walk for 6 minutes is exercise of sub-maximal intensity. Sub-maximal intensity of this kind of
exercise makes it more important for practical scenarios, as most of our daily activities are of sub-maximal intensity.
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That is why six minute walk test gives a better reflection of functional exercise level.” The 6-minute walk test
(6MWT) is a key study providing a functional, therapeutic response, and prognostic data that is valuable in the care
of patients with respiratory as well as cardiac diseases. It is used widely due to its simplicity and reproducibility,
delivering a consolidated image of the cardiopulmonary and musculoskeletal response to exercise.”’ This test is
reliable, less expensive and easily repeated.”Also, this test integrates many bodily systems while performing this
particular test. Co-ordination of cardio respiratory system, circulatory system, neuromuscular system is required to
perform the test successfully.” This test holds importance in comparing pretreatment and post-treatment results in
major pulmonary surgeries like lung transplant, lung resection, lung volume reduction surgery etc.®It is used to
evaluate the progress in pulmonary rehabilitation program.This test holds great importance in assessing the response
to treatment in COPD case, heart failure patients and patients of pulmonary hypertension.It is used to measure
aerobic capacity in the exercise programs like cardiac rehabilitation. This test is good morbidity and mortality
predictor in cases of heart failure patients, COPD patients and patients of primary pulmonary hypertension. It is safe,
simple, inexpensive nature and requirement of minimum training to the technician makes it a very popular test.”*?

As per the official statement of the American Thoracic Society by the ATS Board of Directors in March 2002 the
minimum required space to perform 6-minute walk test is 30 m corridor which is long, straight and flat. The basic
requirement to perform this test is ‘space for walking’ either indoor or outdoor. It is preferred to perform the test
indoors as external environment factors like temperature, humidity, sunlight exposure can be controlled and
maintained similar for every subject since these factors do affect the performance of subject.'” Therefore, it is
necessary to keep the external environmental factors comfortable to obtain the performance as per their best
capability. It can be performed outdoors, if the environmental conditions are comfortable for subjects.Although, 6-
minute walk distance is simple, reliable & inexpensive test, it has its own limitations. It is not possible to have at
least 30-meter-long, straight corridor in every OPD or ward scenario. Also rush of patients and relatives keep
disturbing the walk of subject in case of availability of corridor space So, it is little cumbersome for the doctor to
perform the particular test. Also, minimum time required to complete the test is 6 minutes. Patient is required to be
wearing comfortable shoes and comfortable loose clothes. It is not possible in case of every patient. Some of the
patients who are advised to perform the test might not be wearing required clothing and footwear which results in
affecting their performance. In case of outdoor performance of test like weather is limiting factor. It is not constant
and suitable the whole year. Also, intensity of sunlight is not constant throughout the day causing a bias in the
performance of the patient. The shortcomings of the test make us to seek for alternatives which is equally effective
but has even lesser requirements.

Breath Holding Time Test is simple, non-invasive, inexpensive and recently validated test. Breath holding time is
used as a tool in respiratory fitness testing. It can determine respiratory capacity of an individual.'" Breath Holding
Time is the maximum amount of time for which a subject can hold his/her breath voluntarily. Breath holding time
can show variation in the same individual depending on the phase of respiration which is followed by holding the
breath. For an instance, BHT will be less if followed after expiration than inspiration and Vice Versa.®” One can
hold the process of inhalation & exhalation as per his/her desire for a limited time, but it is not a completely
voluntary process.®*® After a particular point, the voluntary control is lost. The point is called as the breaking point
when breathing cannot be held voluntarily.'”What happens at this point is the arterial PCo2 keep on arising and Po2
in the arteries keep of falling? Even if the subject holds her/her breath, the body tissues keep on utilizing the oxygen
and producing carbon dioxide. This results in rise of arterial PCo2 and fall of arterial Po2. This stimulates arterial
and peripheral chemoreceptors. Thus, results in inhibition of holding of breath and initiation of respiration.
Proprioceptive impulses from the respiratory muscles and joints may have involvement in the causation of the
breaking point(13 M Breath Holding Time can vary in the same individual. If the person breaths 100% oxygen
before holding his/her breath, it will result in increment of duration of breath holding time for that particular
individual. If room is well ventilated that will also help in improvement of breath holding time. Verbal
encouragement can have positive influence on the test."> If we keep all these influencing parameters constant. We
can have reproducibility of results for the same test in the same individual keeping these parameters constant is
much easier task compared to the required constant factors for 6-minute walk test.

Breath holding time test also correlates and work in integrated fashion with multiple systems of human body. It not
only involves cardiorespiratory system but also hemodynamic perturbation occurs during our self-induced breath
holding time. There is vagal nerve stimulation and changes in sympathetic as well as parasympathetic system.
Simply, autonomic nervous system is involved in this test."®
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Information about reflex regulation of cardiorespiratory system is provided by post-inhalation breath holding time.
The hypoxia produced due to voluntary breath holding results in elevation of angiotensin II along with increased
expression of AT2 receptor in carotid bodies and impaired NO production. K+ channels are responsible for hypoxic
stimulus in glomus channel. Sensitivity the changes like NO dysregulation and up-regulation of angiotensin
receptors results in K+ ion channel changes in glomus cells. Sensitivity of peripheral chemoreflexes is increased in
cases of arterial hypertension. In these cases of arterial hypertension morphological changes in carotid glomus are
seen. Also decrement inbaroreflex sensitivity is observed in subjects of arterial hypertension.”"'"'® In patients of
chronic obstructive Pulmonary Disorders, the sensitivity of peripheral chemoreflex due to hypoxic stimulus is seen
causing decrease in Breath Holding Time. Breath Holding Time can be used as predictor of severity in developing
cardiorespiratory disorders.""”'” It can be sensitive towards morbidity and mortality. Also, it can be useful to
evaluate effectiveness of treatment in case of Chronic Obstructive Pulmonary Disorders patients.*”

Breath Holding Time has even lesser requirements than 6-minute walk test. This test can be performed comfortably
in indoors where it is easy to provide similar external environment to every subject and every attempt of test of each
subject. The requirement of space is no extraordinary. It inexpensive, simple, and easy to perform. It takes lesser
time than 6-minute walk test.

If linear correlation is found in the two tests viz, 6-minute walk test and Breath Holding Time Test we can replace
six-minute walk by breath holding time test. This will result in fastening the process of cardiorespiratory evaluation.
So here in this study we are checking whether the relationship exists between the above mentioned two test and
whether that relationship is constant in spite of variations in blood pressure status of subjects.

Aim:-
To check efficiency of breath holding test in comparison to six-minute walk test as a parameter of physical fitness in
normotensive and hypertensive individuals.

Objective:-
To study the correlation between breath holding time and six-minute walk test in normotensive and hypertensive
individuals.

Hypothesis:-
Breath holding test is as good as six-minute walk test for determining physical fitness in normotensive and
hypertensive individuals.

Materials & Methods:-

The study took place in Department of physiology, King George’s Medical University, Lucknow after obtaining
ethical clearance. We have taken 151 apparently healthy individuals i.e. subjects with no complains of any weakness
or disease and demonstrating high working ability. Subjects were instructed not to have tea, coffee or any stimulant
before test as it can affect blood pressure for that person.*" Known cases of hypertension who are taking their
antihypertensive medications were excluded. On the arrival of subjects they were told to sit comfortably on a chair
and rest till subject feels ready to perform expected tests. Participants were observed for 2 minutes under their
resting voluntary conditions.*" Blood pressure of every individual was noted down. Individuals with resting blood
pressure more than 130/80 were labelled as hypertensive. Apparently healthy individuals having blood pressure less
than 130/80 were labelled as normotensive.

As per Viechtbauer et al., 2015 sample size for a pilot study is dependent on confidence interval and probability. At
95% confidence and 10% probability required sample size 45. For linear correlation minimum sample size
requirement for a mild to moderate positive correlation (r=+0.4) is 45 which again is close to sample size
detegngined for 10% probability at 95% confidence interval.”) However, we were able to attain a sample size of
151.

The effort was to find correlation between six-minute walk test and breath holding time test in different subjects
having variations in the resting blood pressure. Blood pressure measuring device for blood pressure measurement
and pulse measurement by Omron blood pressure monitor HEM-1724. 30 meters long, straight, area was measured
on a plain ground with marking at every 1 meter for measurement of distance walked during 6-minute walk test.
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Subjects were told to take a deep inspiration and stop breathing at inspiratory reserve volume. When subject started
inhaling, he / she was told to point a finger.** Nose clips were put on their nose. Subjects were instructed to close
their mouth and avoid deglutition. One hand of the observer was put on diaphragmatic area of the subject so that any
of the slightest expiration can be noted by the observer.*” Subjects were verbally motivated to get their optimum
performance. When subjects could not hold their breath voluntarily any longer, he was instructed to point finger and
remove nose clip. The time from start of inhalation till the start of expiration which was shown by pointing finger by
subject was noted by a stop watch. The time for which breath was held was recorded. Immediately after this once
again oxygen saturation, blood pressure and pulse rate wasmeasured. The same process of recording breath holding
time was repeated for 3 times by giving a gap of 10 minutes between two continuous efforts. The average of the
three attempts was taken as a recorded data.**

Once breath holding time was noted subject was told to take his / her own time to get relaxed. He was told to walk
for 6 minutes on the measured ground with his maximum walking speed. Each subject was verbally motivated to get
his best performance. After completion of the six-minute walk, walking distance of that person was measured and
noted down. Blood pressure and pulse after 6-minute walk was noted down.

Inclusion criteria:
Apparently healthy adults between 20 to 40 years

Exclusion criteria:

1. Subjects taking any medication

2. Subjects above and below mentioned age group
3. Smokers

Statistical Analysis:-

The collected date was analyzed using IBM statistical package for Social Science (SPSS) software version 24. Data
was expressed in numbers, percentage or mean +/-+/-, standard deviation, students t test were used. A p- value of
0.001 was considered as cut off for statistically significant Association

Result:-

Table 1:-Group wise Distribution of Study Population (N=151)

SN Group No. %

1- Normal BP 73 48.3

2- High BP 78 51.7
151 100.0

48.3% population was normotensive and 51.7% of population was found to be hypertensive

Table 2:- Between Group Comparison of Age and Anthropometric Parameters.

SN Parameter Normal BP (n=73) High BP (n=78) Student ‘t’ test

Mean SD Mean SD ‘t’ ‘P
1- Age (yrs) 33.85 9.48 41.37 9.40 -4.895 <0.001
2- Weight (kg) 75.82 6.64 77.87 8.00 -1.708 0.090
3- Height (cms) 172.18 3.21 173.88 4.82 -2.543 0.012
4- BMI (kg/m2) 25.57 2.04 25.74 2.30 -0.499 0.619

Population of high blood pressure found to be slightly older that normotensive population. No significant variations
were observed in both the groups for weight, height and body mass index

Table 3:- Between Group Comparison of Hemodynamic Parameters (Before and After 6m Walk test).

SN Parameter Normal BP (n=73) High BP (n=78) Student ‘t’ test

Mean | SD Mean | SD ‘t’ ‘v’
Before 6m Walk Test
1- Systolic BP 125.92 5.16 150.72 11.82 -16.509 <0.001
2- Diastolic BP 82.93 5.50 89.56 9.86 -5.060 <0.001
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3- Pulse 80.18 2.77 85.13 10.12 -4.039 <0.001
4- SpO2 98.22 0.45 97.37 2.01 3.514 0.001
After 6m Walk Test

1- Systolic BP 131.68 5.35 153.76 24.57 -7.510 <0.001
2- Diastolic BP 87.77 5.09 92.42 12.21 -3.021 0.003
3- Pulse 82.03 2.52 90.22 8.66 -7.774 <0.001
4- SpO2 97.68 2.31 98.15 1.28 -1.557 0.122

Increment was observed in systolic blood pressure, diastolic blood pressure pulse and oxygen saturation in both
groups after completion of sex-minute walk.

Table 4:- Correlation of Breath holding time and 6m Walk test.
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Table 5:- Group Comparison between Breath holding time and 6m Walk test.

SN Parameter Normal BP (n=73) High BP (n=78) Student ‘t’ test
Mean SD Mean SD ‘t’ ‘P’
1- Breath holding time | 46.66 5.93 40.35 11.92 4.076 <0.001
(sec)
2- 6m Walk distance | 587.04 78.69 600.44 75.70 -1.066 0.288
(meters)

Significant linear correlation is seen between breath holding time and six-minute walk test in case of normotensive
subjects. Breath holding time and six-minute walk test does not show linear correlation in case of hypertensive
individuals. Moderate correlation was observed in overall population between the two tests.

Discussion:-

The data of 151 apparently healthy individual was collected. The participants were divided in two groups as
normotensive and hypertensive individuals. Intergroup comparison were done for the purpose of analysis as per the
status of bloodpressure of that subject. This showed that breath holding time and six-minute walk distance are
correlated to each other even though subjects might have variation in their range of blood pressure.

Also, breath holding test has been used to evaluate the sensation of experimentally induced dyspnea. This test is a
useful guide to evaluate fatal asthma in case of diagnosed asthma patients. Inoue et al. have reported that BHT has
revealed an early stage of lung function abnormalities. Voluntary breath holding after maximum inspiration serves
as a useful index to the severity of COPD and its impact."? Smoking can affect the performance of subject for BHT.
So, all the 151-subject chosen were nonsmokers to eliminate the cofounding factor of smoking.

The duration of breath holding after deep inspiration depends on several factors e.g.- chemoreception,
mechanoreception, the impact of descending cortical respiratory drive. Chemoreception are involuntary but plays a
significant role also, the air which person is breathing effects breed holding time. Voluntary Apnea can have double
duration if the breath holding is after inhalation of hyperoxic air mixture.**** On the contrary, duration of voluntary
apnea can be seen reduced under hypoxemic and hypercapnic.® Keeping this condition in mind, all the participants
performed the test under similar circumstances at the same place.

Breath holding time was measured in the same position for all the participants i.e. sitting position in the chair. Even
the chair was kept constant for all the participants. The study published by Indu Taneja et al. states that postural
change alters the autonomic responses to breath holding time. Supine position has much shorter breath holding time
as compared to upright posture. Also, bradycardia is associated with breath holding in supine as compared to same
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test in upright position.*> Keeping this in mind, we kept constant position for all our study participant to avoid any
kind of bias in our readings.

Also, timing of day can have influence on duration of breath holding time. Whether the test was performed in
morning or evening can have influence the duration of breath holding.*® By taking this in account all the subjects
performed a breath holding test in the evenings. Clothing also was similar of all the recruited subjects to avoid any
kind of bias.

Six-minute walk test is been used to assess the morbidity of COPD patients. The test is simple and easy to
perform. Weather conditions can have great influence on the walking distance of subject.?’?* The test was
performed outdoor on flat ground where 30 meter distance was measured. Entire data was collected in winters just to
keep the weather condition constant for the whole study population. Subject did wear comfortable cloths and
comfortable footwear. Verbal motivation was given to each and every subject for optimum performance.

Limitations of Study:-

In spite of our motivation, it is up to the person’s own mindset how much he or she pushes himself /herself. This
might lead to difference in the optimum performance of the subject. Some of the subjects might be anxious and that
is why he might not have performed to the best of his ability. Keeping rest of the possible factors constant except
blood pressurestatus, we tried to compare the two tests of interest i.e. 6 minute walk test and breath holding time
test. Parameters like systolic blood pressure, diastolic blood pressure, pulse, percentage of oxygen saturation should
have been taken just before and after breath holding time test also. This could have given us the impact of breath
holding on above mentioned vital parameters.

Future Perspective:-

Linear correlation between the two tests can help to fasten the process of evaluation of prognosis in cardio-
respiratory conditions. Also, this study can be further expanded to check impact of breath holding on the vital
parameters of the body. This impact of breath holding on vital parameters can be compared to six-minute walk test.

Conclusion:-

A significant correlation was found between six-minute walk test and breath holding time test in case of
normotensive subjects. Hypertensive subjects did not show significant correlation between six-minute walk test and
breath holding time. The variation in blood pressure range of subjects did affect the linear relationship between the
two tests. Individuals who covered more distance in self-paced walk during six-minute time were able to hold the
breath more efficiently than those who covered lesser distance during six-minute walk test in case of normotensive
subjects. However, such correlation was not shown by hypertensive individuals. Overall population did show
moderate linear correlation between the two tests. Inconclusion, breath holding time can be used instead of six-
minute walk test in subjects with normal blood pressure.
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