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It is learnt that many incidents of cerebral haemorrhage and complications of heart tailure
occur during the act of defaecation. Precipitous rise of blood pressure due to straining in de·
faecation has been incriminated as the cause of such accidents (1).

When a person adopts squatting-on-feet posture for defaecation as Indians do, the
question arises whether the posture has any influence on the blood pressure (B.P.). Also it is
interesting to find out why patients with Fallot's Tetralogy adopt instinctively the squatting pos-
ture and how they get comfort by doing so. By a survey of the literature it was learnt that no
work was done to find out the blood pressure changes that occur in the squatting-on-feet posture
as Indians adopt regularly in their daily life for many purposes.

In the preliminary work on Postural and Diurnal Variations in B.P. and Pulse Rate (2),
it was observed that in 5 out of 6 volunteers systolic pressure was higher on squatting-on-feet
than on standing.

In this study, the systolic B.P. was compared between sitting-on-stool and squatting-on-
feet postures because these are the two postures adopted during defaecation by ambulant patio
ents.

The cardiac or the hypertensive patients may be benefited by knowing in which posture
adopted for defaecation or for any other purpose there is more chance of an abrupt rise of sys-
tolic pressure.

MATERIALS AND METIIODS

Auscultatory method over the brachial artery was used to record the B.P. Whenever B.P.
was recorded pulse rate was simultaneously recorded. Readings were taken in lying,
sitting-on-stool and squatting-on-feet postures in that order.

Squatting on feet was with heels down except in one cast', (A.C.C.) who could squat
only with heels up. The posture is depicted in Fig.A,

one hundred and fifty four healthy male volunteers from 11 to 38 years of age were studied.
It may be recalled that in the preliminary work volunteers were between 40 and 51 years of age.
Majority of the volunteers were students and teaching staff of Medical Colleges. Volunteers
below 15 years were High School students.

RESULT AND DISCUSSION

The systolic pressure changes have a greater bearing on the incidence of vascular acci-
dents than the changes in diastolic pressure. Hence attention was directed towards the systolic
pressure variations in this a study, although diastolic pressure was also recorded in all cases.
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Fig. A Squatting postures used in this study

Changes in B.P, during continuous Squatting for 6 minutes

Six volunteers between 23 and 24 years of age were used to study whether the blood pre-
ssure and pulse rate 'changed during the period when one adopted the sitting or squatting posture
continuously for 6 minutes. The readings were taken immediately after assuming the postures
and thereafter every 2 minutes during which the volunteer continuously sat on a stool or conti-
nuously squatted. ..These are represented in Fig. 1. It is observed that there have been very
minor changes in pulse rate during the 6 minutes. But the systolic pressure shows some
changes. In this figure, it is very clear that the values of systolic pressure in either sitting or
squatting posture were not stabilised as soon as one adopted the postures; but kept 0,1 changing
during the maintenance of the postures.

At the end of the ~ minutes of observation, the systoIic pressure on squatting either came
back to the starting level orrose higher than the starting level in 5 out of the 6 cases. But the
sitting systoIic pressure reached a level lower than the starting level in 3 out of the 6 cases and
in none of the 6 cases it rose hisher than the starting level.

Thus in any given subject if the sitting systolic pressure is lower than the squatting systo-
lie pressure immediately on assuming the postures the Same relation will continue if the postures
are maintained for 6 minutes. In some this relation may become more pronounced.

If on the other hand the sitting systolic pressure is equal to or higher than the
squatting systolic pressure it may be argued that there are chances of the sitting sys-



68 Chandrasekhar. G.R. July. 1966
Ind, J. Physiol. & Pharmacol.

re I

c... ~o•~
I: 40 ........•
~ ---"-.~-.-::~

~ .- ..... ; ),cf ~ • •• ~ ... ••

~...•
et.
~ ~~------------J} .! ~ ..! ~~I----~'----~'-----.-••• '11 •••• ••I,~

ScrUQ It i 119

£1,«1 qJ durol;oll 011 lite ~y~oljc 8.P. and pulse hi•• in
jlltin.!l and 5quafh", posiure s;

Ima Immealote(y ~'ter aHltmln9 UIP po~tu.re_
Particulars 01 Volunteer''':

SNk - Age 2.11;HI-5~;l;.",I-II"b. Sl'tY:-Age ~~; 11I-3:~': ""-lutb.

VTR-A~ .U,i m-5:7;' W/-/30lb. kPP-Age21.,1I1-5:6~wt-I56L'"

VLP - Age 2.3; IIt-5:7; wt-II,Slb. R}fIf-AgcoZ4Jllt-~'_':wt-M-ZUa.-- ~,.,""'- •...~ --
tolic pressure reaching lower than the squatting systolic pressure if adequate time is allowed for
the stabilisation of the cardiovascular system.

This relation, where the sitting systolic pressure is lower than the squatting systolic pre-
ssure, can be termed as the "Etabilised Adult Pattern" because, according to Fig I, it is to this
pattern that the postural relations of B.P. tend to get converted on allowing sufficient time for
stabilisation of the cardiovascular system in the adults. It will be referred to as the SA pattern
below.
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In the rest of the experiment in those subjects who did not show the SA pattern of B.P.
immediately after assuming the postures, B.P. was recorded after maintaining the postures for
5 minutes thus allowing time for a stabilisation of the cardiovascular system. Such readings are
termed as readings with pauses. .
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EFFECT OF SEQUENCE OF ADOPTING THE POSTUREES ON THE RELATIVE VALUES OF B.P.

Seven volunteers between 10 and 25 years were used to study whether the sequence of
adopting the postures had any bearing on the comparative values of blood pressure between sittig
and squatting. The volunteers assumed the various postures in the following order: stan-
ding, sitting, squatting, lying, squatting, sitting and standing. Each of these postures was main-
tained for 5 minutes and then the blood pressure and pulse rate were recorded.

It is seen in Fig. 2 that there is symmetry in the systolic pressure relations between squat-
ting and sitting postures in 6 of the 7 cases.

Just in passing it may be mentioned that there is symmetry in the pattern of systolic pre-
sure relations between squatting and standing postures also in 6 of the 7 cases. Thus it was in·
ferred that the sequence of adopting postures may influence the postural changes of systolic pre·
ssure only in a minority of the population.
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It is further observed in this sample of volunteers that the systolic pressure relation showed
the SA pattern in whatever sequence the postures were changed in 5 of the 7 cases. In the 6th
case,VTR, also SA pattern was seen when squatting followed sitting but nDt in the reverse order.
Squatting followed sitting in the rest of the experiment.

B.P. PATTERN BETWEEN 18 AND 25 YEARS OF AGE

The pattern of B.P. response to' postural changes was studied in detail in 17 volun-
teers. In each of the 17 cases 10 or more sets of readings were taken, each set Qn a different day.
In all cases both the mean and SD were calculated. Both individual days' readings and average
valueswith S.D. were plotted on the graph. A few graphs are represented in Fig. 3.

The curves of the average values of the same 17 cases are shown in Fig.'s 4 and 5 schema-
tically. In drawing these graphs attention was focussed on only the pattern of response rather
than Qn absolute values and also where the average values of pressure in 2 postures differed
from each other by 4 m.m. of mercury or less, such differences were ignored. In these schematic
graphs the following was observed. When readings taken immediately after assuming the PQS-
tures were examined 6 out of the 17 cases showed the SA patern while when pauses were given
9 out of the 17 cases showed the SA pattern. Thus it was inferred that in the age group between
18and 25 years, whatever the pattern of immediate response may be it gets converted to' the SA
pattern in many individuals provided time is given for stabilisation of the cardiovascular system.

Why 8 of the 17 Cases (47 %) could not show the SA pattern even after giving pauses re-
mains to' be answered. FQr this purpose 91 volunteersbetween 17 and 28 years were chosen and
one set of readings with pauses was taken in each subject and they were analysed (Fig. 6 and
Table 1).

When pressure differences of 4 mm or less were ignored as above 44 % of these 91 cases
followed the SA pattern. Another 16.5 % of volunteers showed less marked SA pattern and
39.5% proved exceptions (Table 1 and Fig. 6).

Both the previous 17 cases and these 91 cases were analysed age-wise to' find Dut whether
age had any bearing Qn these exceptions.

Out of the 17 cases it was observed that subjects of 23 years and above (Fig. 5) showed the
SA pattern more frequently than subjects below that age (Fig. 4) whe ther B.P. was recorded im-
mediately after assuming the postures or 5 minutes later. Refering to' Table I it is seen that out
of 91 cases majority of the subjects were aged 22 years and below. This might have been the
cause for many of them not showing the SA pattern.

If this assumption is valid it may be expected that beyond 23 years as one goes older in
age there would be more and more chances Qf the B.P. to' follow the SA pattern. Chan~es
are that even without giving pauses they may show the SA pttern in the higher age group following
the example of RKS and YLP (Fig. 3).

B.P. PATTERN BETWEEN 30 AND 38 YEARS OF AGE

TO' verify this assumption 11 subjects between 30 and 38 years were selected and their B.P.
changes were recorded only immediately on assuming the postures. In them readings were
taken on 10 days and the individual days' readings as well as the average of 10days' readings with
S.D. were plotted. Their average readings and most of the individual days' readings showed the
SA pattern (Fig. 7). Only one of them showed consistently the reverse of the SA pattern on all
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the days. On the whole one out of 11 subjects between 30 and 38 years showed the reverse of
SA pattern. . Exception to the SA pattern was less than 1% even when immediate readings were
taken.

When one compares this with the large number of excptions even on giving pauses in the
lower age group it becomes clear that age has a decided influence on the pattern of B.P. cbanges
between sitting and squatting.
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Age wise analysis of Syst. Pr. response to posture among 91 volunteers between 17 and 28 yean

Age No. examined

No. where No. where
squat. squat.
Syst. Pr. Syst.Pr.
is 5 mm is4mm
or more or less
higher higher
than Sit. than Sit.
Syst.Pr. Syst.Pr.

4 0

9 7

10

8 3

3 2

2 0

0 0

l 0

2

0 0

0

40 15

44 16.5

No. where
Squat.

Syst.Pr.
is equal
to Sit.
Syst.Pr.

17 8

IS 22

19 17

20 li

21 8

22 7

23

24 ]

25 4

26 2

28 2

Total 91

Percentage 100

INFLUENCE OF PHYSIQUE ON THE B.P. PATTERN

On analysing the average values of B.P. below 23 years in Fig. 4 a very interesting feature
is revealed. '

Attention may be focussed on the B.P. responses of 4 subjects viz RJG (21 years; 5'-3";
98Ib), RJS (21 years; 5'-5"; l06lb) PTL (19 years; 5'-8"; I12lb) and ACC (18 years; 5'-7"; 126
lb). By glancing at the age, height and weight one can get a fair idea of the physique of the
subjects. ACC was as established-sportsman. The B.P. response of RJG who is of the poor
physique shows the reverse of the SA pattern. As one follows the B.P. response of these subjects
from the pcorest physique to the best physique the response changes more and more towards the
SA pattern and finally ACC. although being the youngest, shows the typical SA pattern both im-
mediately on assuming the postures and 5 minutes after assuming the postures.

This shows an interplay between physique and age. If a person of the lower age group is
having a good physique he tends to show the SA type better than even those who are slightly
older in age but poorer in physique. Corroborating this inference is the fact that RKS, older in
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Fig 7

age with a good physique (25 years 5, 9"; 138 lb) and a good sportsman showed the SA pattern
absolutely uniformly on all the 10 days (Fig. 3) even when immediate readings were recorded.
He showed the SA pattern even more uniformly than volunteers of higher age group who were
not sportsmen.
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CHILD PATTERN OF B.P.

To examine the tendency of the B.P. to deviate from the SA pattern as one follows down-
wards in age 22 subjects between 10 and 15 years of age were selected. Ten readings were ta-
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TABLE 11 (a)

The difference of squatting Systolic Pressure over sitting systolic pressure as observed on different days (adults)

Name Age Type of Diffce. in m.m, Name Age Type of Diffce. in mm.
reading Hg. reading Hg.

---- .- - - ' .. ~ ......... _-_ ..- -~.-

YLP 23 immediate +16 RKS 25 immediate +26
..•.

+26 + 8
..

+12 +18

+10 +10
o·

+10 +16

+16 +18

+22 +24

+ 8 +22
- +32+ 4

+12 +34..
+32

ken with each subject and the mean and SD were calculated. In all only one set of readings was
taken in a day. In one subject, BLJ, on 3 of the 10 days the B.P. sounds became inaudible on
squatting. In many subjects on squatting the pulse became feebly perceptible.

In 19 of the 22 cases, the pattern was the reverse of SA pattern i.e., the systolic pressure
was higher on sitting than on squatting. This was evident whether individual days' readings
were examined or the average values were considered. Further the same pattern was maintain"
ed whether readings were taken immediately after assuming the postures or after giving pauses.
(Fig. 8). With a view to point out the striking difference in the pattern of B.P. response between
children and adults, 2 typical cases in each group are represented in Tables Ha, Ilb and IIc.

Thus it is well established that the pattern of B.P. changes that occur on squatting depends
on age and physique.

Sharpey Schafer (3,4) recorded B.P. changes in squatting and sitting postures. But the
posture which he called as squatting was not the same as Indians adopt in their daily life. His
observations were for not more than half a minute at each sitting whereas Indians adopt this
squatting posture much longer than half a minute. In this study, the influence of squatting was
observed upto 5 minutes. He has not specified the age of his subjects. Most probably, they
were adults because Some of them had high B.P. There were cases with decompensated heart
also. In the present study all the subjects were normal individuals and much larger number of
subjects were examined than in Sharpey Schafer's study. He has not analysed the B.P. changes
according to age groups. In this study the changes have been analysed age wise. From these
points the present study is the first of its kind. However, some of the findings which Sharpey
Schafer observed partly tally with the findings in this study which is worth noting.
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TABLE n (b)

The difference of squatting systolic pressure over sitting systolic pressure as observed on different days (child)

Age NameName; Type of Oiffce. in mm Hg.
reading

The difference of squatting systolic pressure. over sitting systolic pressure as observed on different days (child)

Type of Diffce, in mm Hg.
reading

Age Type of
reading

ABO; 13 with pause -20 ABD

-14
-20
-10
-18
-12
-18
-4
-16
--20

TABLE (c)

, immediate -Ill

-14
-10
-14
-26
-18
-16
+4

0
-26

13

Name Diffce. in mm Hg.Diffce. in mm Hg. I Name Age Type of
reading

AMD 12 with pause o
-10
-10
-20
+ 6

+ 4

-30
-20
-4
-14

AMD; 12 immediate -4
o

+ 3

-10
-14
-24
-6
-30
-32
-22
-20



....• " -

July 1966 Volume 10 Posture and Blood Pressure. 79
Ind. J. Physiol. & Pharmacol. Number 3

6

Table UI

observedon different days (child) Systolic Pressure variations and the corresponding Pulse Rate variations among volunteers between 17 and 28 years.
Only cases where squatting systolic pressure ill higher than sitting systolic pressure by 10 mm Hg. or more are represented

SI. Case No. Ditfce. of Squat. Syst.Pr. Ditfce. of Squat. Pulse rate/ruin
Type of Diffce. in mm Hg. No. over Sit.Syst.Pr. in mm Hg.; over Sit.Pulse Rate/min.
reading 1. 16 16 -16

2. 25 12 -8
.immediate -lR

3. 8 10 -6
-14

4. 53 28 -6
-10

S. 42 12 -4
-14

6. 117 12 -4
-26

7. 22 16 -2
-18

8. 3 12 2
-16

9. 18 10 0
+ 4

10. 39 10 0
0

11. 62 24 0
-26

12. 29 22 +2

13. 32 16 +2

14. 44 18 +2

observedon different days (child) 15. 46 16 +2

16. 48 16 +4
Type of Diffce. in mm Hg. 17. 4 20 +2reading

18. 9 22 +4
immediate -4 19. 10 10 +4

0 20. 19 12 +4

+ 3 21. 20 12 +4

-10 22. 23 10 +4
-14 23. 34 14 +4
-24 24. 63 16 +4

-6 25. 7 14 +6
-30 26. 69 12 + 6
-32 27. 31 26 +3
-22 28. 36 18 + 8
-20 29. 50 12 + 8

The cases are arranged in the order of the Pluses Rate changes

,

-~-

.~

,

- - - - - - - --'. - - - ----



Sharpey Schafer observed bradycardia at the height of the B.P. change on squatting in
many individuals but not in all cases. The same observation is made in the present study also 4.
(Table III). This has been shown by Sharpey Schafer to be secondary to the rise ofB.P.

Sharpey Schafer observed the rise of B.P. on squatting even in tabetics which shows that
this was not a reflex effect but a direct effect. He said that the cause for the immediate rise of B.P.
may be (a) squeezing blood out of the leg veins on squatting which raises the stroke volume and
(b) a small increase in peripheral arterial resistance due to hydrostatic effect of posture changes
and kinking of the femoral artery. In addition, in the light of the present study one may have
to think in terms of the resiliency of the blood vessels, the extent of vagal tone, the degree of re-
siliency of the thoracic cage and the general tone of the cardiovascular system as contributory
factors. The changes that occur in these factors with age and physical training may decide what
pattern the postural changes in B.P. would take in any given individual.

July 1966
Ind. J. Physiol & Pharmacol.

Sharpey Schafer observed on changing from sitting to squatting posture an immediate
rise in mean pressure and pulse pressure, a further rise a few seconds later and a fall thereafter
but stilI the pulse pressure was maintained at a level higher than the sitting pressure. In this
study the systolic pressure on squatting is higher than on sitting in the adult but it is more so on
maintaining the posture for 5 minutes than immediately on assuming the posture.

80 Chandasekhar G. R.

Further work is in progress.

SUMMARtY

1. The blood pressure changes that occur between sitting-on-stool and squatting-on-
feet postures have been investigated. The squatting posture used is that which is adopted by
Indians during defaecation and for other purposes in their daily life.

2. The blood pressure and pulse rate were recorded both immediately on assuming the pos-
tures and after maintaining each posture for 5 minutes.

3. Various age groups were selected and the changes have been analysed according to age
groups and physical fitness.

4. In children between 10 and 15 years squatting tends to bring the systolic pressure lower
than what it is on sitting.

5. Above 23 years squatting tends to raise the systolic pressure over what it is on sitting.

6. In the age group between 18 and 23 years the influence of age and that of cardiovascu-
lar tone interact so that a sportsman shows the adult pattern of blood pressure change at an
earlier age than a person of poor physique.
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