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Introduction
Hypertension is a frequent condition seen in clinical 
practice. The prevalence of hypertension is on an up 

spiral at a global level. One in every fourth adult has 
hypertension in India,(1,2) Pooling of epidemiologic 
studies shows that it is present in 25% of the urban and 
10% of the rural Indian subjects.(3) The consequences of 
hypertension are numerous and involve multiple organ 
systems. Medical treatment when required is usually 
life long.

Levelling an individual hypertensive requires accurate 
recording of his blood pressure (BP). The most commonly 
used technique to measure BP in routine conditions is by 
indirect measurement. The equipment used universally 
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for this purpose is a mercury gravity sphygmomanometer 
and a stethoscope. The sphygmomanometer comprises a 
manometer (mercury or aneroid) tube with a calibrated 
scale for measuring pressure, a mercury reservoir with 
valve and an inflation system. The latter consists of an 
inflatable bladder encased in a non-distensible cuff that 
can be securely wrapped around the limb, an inflation 
bulb for manual inflation of the bladder in the cuff and 
tubing connecting both the manometer and the inflation 
bulb to the bladder. This complexity of the equipment 
opens the gate for error. When less than ideal quality 
control relating to equipment selection, calibration, 
repair and production of component is observed, this 
fairly reliable machine can produce alarming fallacious 
results.

Surveys from health care settings demonstrate that 18% to 
more than 50% of mercury sphygmomanometers record 
maintenance defects, including resting manometer tube 
baseline deviation, which accounts for BP deviation in 
the range of 5-12 mmHg.(4) Employing an arm bladder 
cuff whose dimensions are less than the minimum 
recommended 1:1.8 for width to length can lead to 
overestimation of BP by 7  mm systolic and 4.3  mm 
diastolic.(5) Deviation from the recommended arm cuff 
size of 40% (0.4) in reference to the arm circumference 
is another common source of equipment error. Use of 
bladder cuff with cuff width:arm circumference (CW: 
AC) in the range of 0.34 and 0.5 can either overestimate 
or underestimate the BP recording by another 5 mmHg. 
For the same degree of mismatch, the error is greater 
when the cuff width is narrower rather than larger.(6) 
These equipment fallacies put tighter can contribute to 
inappropriate estimation of BP by over 20 mm systolic 
and 10 mm diastolic.

These observations prompted us to carry out a hospital-
based point prevalence survey for the mentioned 
parameters in an Indian set-up in lieu of paucity of such 
studies.

Research question
How frequent are the issues of malcalibration and miss-
cuffing in a tertiary health care organization and what is 
its impact on BP recording?

Hypothesis
The interplay of factors like malcalibration and miss-
cuffing may act as a significant barrier to accurate BP 
recording.

Objectives
1.	 To measure the deficit in height of mercury 

manometer tubes from the proclaimed 300  mm 
marking and associate it with BP recording variation.

2.	 To study the presence of baseline deviation of resting 

sphygmomanometer tubes in routine use and try to 
associate its impact on BP recording.

3.	 To study the bladder cuff length, width and length to 
width ratio and its deviation from the recommended 
standard.

4.	 To study the appropriateness of bladder cuffs in 
use with reference to population need and estimate 
prevalence of miss-cuffing.

5.	 To evaluate the interrelationships of these variables 
with each other and predict their combined impact 
on BP recording.

Materials and Methods
Place of study
This cross-sectional study was carried out in a rural 
health university situated in the state of Maharashtra in 
India, catering to a rural and semi-urban population in 
excess of 5, 00,000 from three adjourning districts, namely 
Ahmednagar, Nasik and Aurangabad. This university 
has six constituent institutes like a medical college with 
specialty and superspeciality facilities, a dental college, 
a nursing college, a physiotherapy college, a center for 
biotechnology and a center for social medicine with 
undergraduate and post-graduate teaching training 
activities. The areas selected for the study purpose 
were the medical and dental college hospital out patient 
departments (OPD), wards, casualty and basic science 
departments.

Sample size
Fifty functioning manual sphygmomanometers were 
selected for the study purpose.

Inclusion criteria
Sphygmomanometers in regular use in the hospital 
wards, outpatient departments (both medical and 
dental), casualty and medical college basic science 
departments were selected.

Exclusion criteria
Broken instruments, instruments with any gross defect 
and those with leaking valves and other defect were 
left out.

Equipments used to record study parameters
1.	 Digital vernier caliper (Aerospace) with a resolution 

of 0.01 mm.
2.	 Standardized measuring tape with accuracy up to 

0.1 cm.
3.	 Measuring scale with accuracy up to 1 mm.

Parameters measured
1.	 The height of the calibration on the manometer tube 

and baseline deviation of the mercury column from 
the 0 mm level at resting state when the manometer 
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tube is in functional position (standing position) was 
measured with a digital caliper.

2.	 The length and width of the arm bladder cuff was 
measured with the help of a measuring scale, and the 
correctness of the recording was checked by a digital 
vernier caliper.

3.	 Mid-arm circumference (MAC) of OPD attending 
individuals was measured by a measuring tape.

4.	 The manufacturer as well as the standardization 
marks of each instrument were also noted.

Sampling of participants for study of arm cuff 
adequacy
The study universe was outpatient-attending adult 
patients in the age group of 13-60 years over 1 weeks 
time. From them, a sample of 10% sex-stratified 
population was selected by the systematic sampling 
technique. This accounted for 168 participants whose 
MAC of non-dominant extended and relaxed arm 
was measured to the nearest half centimeter using a 
measuring tape.

Statistical analysis
Distribution of equipment at different locations, 
presence of cuff mismatching and baseline deviation was 
expressed in percentage. Chi-square test (χ2) was used 
to measure the significance of difference between the 
mercury column height and mercury column baseline 
deviation, mercury column baseline deviation and 
location of equipments and arm cuff bladder length and 
width versus location of equipment. Pearson correlation, 
proximity similarity matrix for distances correlation, was 
used to estimate the corelationship between the different 
study variables, namely bladder length to width ratio, 
baseline deviation of mercury column from resting 0 mm 
level and manometer column height. ANOVA test was 
employed to establish co-relationships of study variables 
and limit confounding. A P value of < 0.05 was taken 
up to establish significance. Coded data was analyzed 
by SPSS 11.

Results
The distribution of the studied equipments showed that 
20 (40%) were from the outpatient department, 17 (34%) 
from the clinical wards, 11  (22%) from pre-clinical 
departments and two (4%) from the casualty.

The markings on the manometer tubes were from 0 mm 
to 300 mm. But, on actual measurement, the readings 
were found to be deficient. In the hospital setting, 
36 (92.23%) and in the medical college setting, 11 (100%) 
of the instruments recorded a tube length of 287 mm. 
None of the studied equipments recorded the actual 
300 mm length. The mean measurement of the calibrated 
manometer tube was 287.1 mm. This accounted to an 

actual deficit of 12.9  mm (300-287.1  mm). Arithmetic 
conversion to this deficit for the corresponding scales of 
120 mm and 80 mm was found to be 5.12 mm and 3.44 mm, 
respectively. This deficit can result in overestimating 
BP by 5.12 mmHg systolic and of 3.44 Hg diastolic in 
a normotensive (BP  120/80  mmHg.) individual. The 
details of manometer height measurement are expressed 
in Figure 1.

Baseline deviation of resting mercury column from the 
0 mm Hg mark in standing position was recorded by 
a digital vernier caliper. Twenty (40%) of the studied 
equipments showed baseline deviation, of which 
12  (26%) had positive and eight (16%) had negative 
deviation. Their corresponding mean values were 
2.92  mm and-2.50  mm, respectively. The range of 
deviation varied from +12 mm to-5 mm, with standard 
error 0.32 and variance 5.13.

Equipments from hospital settings (OPDs, wards and 
casualty) and basic sciences set-ups showed significant 
variations. Equipments from the hospital set-up were 
found to have a significant baseline deviation (Chi-
square (χ2) value of 5.61, for degree of freedom 1, 
P < 0.05). The detailed comparison of equipments from 
hospitals and medical college basic sciences departments 
is presented in Table 1.

In all locations except the pediatric ward, small-sized 
adult cuff with a recommended dimension of 220 mm 
× 120  mm was found to be in use. These cuffs were 
supposed to record the ideal bladder length to width 
ratio of 2:1.

In our study, the length of the bladder cuffs varied from 
188 mm to 224 mm, with a mean of 216.4 mm, and width 
from 120 mm to 128 mm, with a mean of 124.5 mm. Bladder 
length/width ratio ranged from 1.5 to 1.8, with the mean at 
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Figure 1: Recording of manometer height (in mm) at different study 
set-ups (hospital and pre-clinical department)
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1.7 and 95% confidence at 1.6-1.8. The descriptive statistics 
of major study variables are presented in Table 2.

On analysis of equipments at different locations with 
respect to bladder length to width ratio, it was observed 
that in hospital OPDs, of 20 equipments studied, only 
four (20%) had a bladder cuff length to width ratio of the 
recommended value (≥1.8). The remaining 16 (80%) had 
a substandard ratio (<1.8). The corresponding Figures for 
the equipments at hospital wards were two (11.7%) and 
15 (88.3%). The recording of equipments at the medical 
college basic sciences departmental level was even worse. 
There, all the equipment studied had a cuff length to 
width ratio <1.8.

Small-sized adult cuff was the only arm cuff in use to 
measure BP in the adult population in the study set-
up. We decided to find out the adequacy of this cuff 
in reference to the target population. For this purpose, 
the MAC of 136 randomly selected adults in the age 

group of 13-60 was taken. It was noticed that the cuff 
in routine use (adult small size, i.e. 220/120 mm) was 
found inadequate in 33 (48.52%) males and 25 (36.76%) 
females. Table 3 provides the detailed break-ups of the 
pilot population’s MAC and the expected cuff size along 
with the extent of mismatching (miss-cuffing).

A significant corelationship was noticed between major 
study variables like baseline deviation, manometer 
column height and cuff bladder length to width ratio 
(Pearson correlation, proximity similarity matrix for 
distances correlation). This is given in Table 4.

Association of study variables to each other and to that 
of the equipments in general were tested by the ANOVA 
test. It was observed that the study variables were 
consistently deviant irrespective of the make or brand 
of equipments examined. Therefore, we decided to keep 
the make or brand of the equipment as the dependent 
variable for multivariate analysis. After taking care of 
confounders at the analysis stage, a strong association 
was observed among arm cuff bladder width, deficit in 
Hg manometer and bladder cuff length to width ratio. 
These observations are reported in Table 5.

Discussion
The  h ighes t  a t ta inab le  s tandard  o f  hea l th 
is one of the fundamental rights of every human 

Table 1: Comparison of mercury column baseline deviation 
of the manometer tube at resting state at hospital and basic 
sciences (college) set-ups
Baseline deviation Hospital College Total
Present 19 1 20
Absent 20 10 30
Total 39 11 50
χ2-5.61, d.f. 1, P at 0.02

Table 2: Descriptive findings of major study variables
Number of equipments Range Minimum Maximum Mean Std. Deviation

Bladder length 50 42.00 184.00 226.00 216.00 8.93
Bladder width 50 8.00 120.00 128.00 124.52 1.58
Hg column height 50 2.00 287.00 289.00 287.10 0.36
Base line deviation 50 17.00 -5.00 12.00 0.38 2.26
Bladder length to width ratio 50 0.37 1.50 1.88 1.73 0.07
Valid number 50 - - - - -

Table 3: Cuff mismatch in the target population
Range of MAC Recommended cuff sizes Cuffing mismatch Cuffing mismatch in males (%) Cuffing mismatch in females (%)
<22 cm 8 cm × 21 cm Overcuffing 6 (8.82) 10 (14.70)
22-26 cm 12 cm × 22 cm No miss-cuffing 35 (51.47) 43 (63.23)
27-34 cm 16 cm × 30 cm Undercuffing 26 (38.23) 14 (20.58)
35-44 cm 16 cm × 36 cm Undercuffing 1 (1.48) 1 (1.48)

Table 4: Measures of similarity between variables by Pearson correlation (distances)
Location Height of Hg. column Baseline deviation Cuff bladder 

width
Cuff bladder 

length
Ratio of cuff length to 

width
Location 0.00 0.15 0.13 0.12 0.02 0.14
Height of Hg. column 0.15 0.00 0.16 0.09 0.37 0.03
Baseline deviation 0.13 0.16 0.00 0.10 0.12 0.02
Cuff bladder width 0.12 0.09 0.10 0.00 0.09 0.06
Cuff bladder length 0.02 0.37 0.12 0.09 0.00 0.13
Ratio of cuff length to width 0.14 0.03 0.02 0.06 0.13 0.00
This is a similarity matrix. Figures represent P value for the compared variables
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being.(3) This fundamental right is seriously threatened 
by cardiovascular diseases that are estimated to be the 
largest cause of death and disability in India.(7)

Blood pressure measurement is an essential screening 
exercise for detection of cardio vascular diseases (CVD) 
risks. Sphygmomanometers used for BP recording 
are one of the most commonly used diagnostic 
instruments. However, the detection of hypertension 
by sphygmomanometer is not free from errors. A steady 
error of 5  mmHg can double or halve the number 
of patients diagnosed with hypertension.(8) Studies 
suggest that an error of ≥3 mmHg can result in clinically 
significant under-and overdetection of hypertensive 
conditions.(7-10)

One of the important causes for errors in BP measurement 
by sphygmomanometer is malcalibrated instruments. 
The calibration defects can arise from deficit in the 
mercury manometer height, presence of baseline 
deviation and disproportion in the arm bladder cuff. 
This problem can be compounded by existence of miss-
cuffing with respect to the target population.

The presence of height deficit in the calibrated mercury 
manometer tube is ill conceived. The recorded 12.9 mm 
mean deficit of our study on logical mathematical 
language can account for an increased BP recording of 
5.12 mm systolic and 3.44 mm diastolic in a normotensive 
individual. This fallacy was recorded in 100% of the 
equipments studied.

Studies found that 18% to more than 50% of the 
instruments tested were exhibiting clinically 

significant errors, of which 10-39% recorded baseline 
deviation at ≥5  mmHg.(5-7) In our study, 40% of the 
sphygmomanometers had baseline deviation, and the 
mean deviation was in excess of 2.5 mmHg. Presence 
of baseline deviation was more prevalent in demand 
locations like OPDs and wards (Chi-square (χ2) value of 
5.61, for degree of freedom 1, P < 0.05). This may be due 
to the greater wear and tear of equipments in demand 
locations. Therefore, the need for frequent check and 
standardization in these set-ups cannot be understated.

The accuracy of BP measurement is also dependant on 
the adequacy of the bladder cuffs. The recommended 
“ideal cuff” should have a bladder length that is 80% 
and a width that is at least 40% of the arm circumference, 
i.e., “Length to Width” ratio of at least 2:1.(8-10) Thus, the 
cuff size is required to vary with the patient profile. 
Manning et al. in their study demonstrated that the cuff 
length width ratio mismatch can lead to an increase of 
8.5 mm Hg systolic and 4.6 mm Hg diastolic, with a wide 
individual variance.(4-8,11,12)

The cuff width to length ratio for over 80% of the 
equipments in our study was found to be less than 
1:1.8. Any measurement by these equipments can lead 
to an overestimation of BP by 7 mm systolic and 4.3 mm 
diastolic.(5)

The use of a too-small cuff (undercuffing) on large arm 
incorrectly diagnose one with high blood pressure, 
resulting in erroneous medication.(13-15) On the other 
hand, someone’s high blood pressure goes undiagnosed 
because of the use of a too-large cuff (overcuffing) on a 
small arm. This leads to lack of treatment, which can 

Table 5: ANOVA test for study variable demonstrating existence of relationship between them
Study variables Sum of Squares Sum of squares df Mean square F Sig.
Location Between groups

Within groups
Total

6.77
31.72
38.50

0 6
43
49

1.12
0.73

1.53 0.19

Hg. column
height

Between groups
Within groups
Total

3.50
3.00
6.50

6
43
49

0.58
0.07

8.36 0.000

Baseline deviation Between groups
Within groups
Total

21.99
227.22
249.22

6
43
49

3.66
5.28

0.69 0.65

Bldder cuff length Between groups
Within groups
Total

639.35
3274.82
3914.18

6
43
49

105.55
76.15

1.39 0.23

Bldder cuff width Between groups
Within groups
Total

34.73
87.75
122.48

6
43
49

5.78
2.04

2.83 0.02

Ratio of cuff length to width Between groups
Within groups
Total

30448.05
0.20

30448.26

6
43
49

5074.67
0.005

1068454 0.000

*Brand/standard (ISI) Between groups
Within groups
Total

3.68
0.00
3.68

6
43
49

0.61
0.000

-

- -

*Dependant variable is make/brand/standard of equipments



Indian Journal of Community Medicine/Vol 38/Issue 1/January 2013	 20

Mishra, et al.: Fallacies in blood pressure recording

damage the blood vessels, resulting in stroke and heart 
attack.(16-18) Therefore, using the wrong cuff size (miss-
cuffing) means that any readings you get are inaccurate.

The extent of miss-cuffing in our study was 36.76% for 
males and 48.58% for females. This observation was 
similar to that of Manning and Kuchirka and others, 
where the proper cuff size was used only in 69% of the 
measurements taken by the nurses and 63% by the house 
staff.(17-19)

Using a small cuff on a larger arm is the most common 
cause of error.(4-8,16) We recorded a prevalence of 
undercuffing of22.06% in females and 39.71% in 
males, which matched with that of Maxwell (Lancet, 
1982), where 37% i.e.  more than one-third of obese 
hypertensive were incorrectly diagnosed and actually 
had normal blood pressure, because of undercuffing.(16) 
Numerous other studies since then have confirmed that 
using a too-small cuff significantly overestimates blood 
pressure in “obese” people (sometimes called “Spurious 
Hypertension”). The extent of error due to undercuffing 
had shown an average error of 8.5 mm Hg systolic and 4.6 
mm Hg diastolic.,(15,20) Unfortunately, in many situations, 
only one cuff size (small adult) is available, as was the 
case in our study.(20-22)

The issue of overcuffing is also equally alarming. 
Recent studies showed that a “standard” cuff often 
underestimates BP in very lean people. Thus, many 
skinny folks may be told that they have normal blood 
pressure when in fact they have hypertension.,(20,23-26) A 
large bladder cuff may lead to falsely low reading in 
the range of 10 mm to 30 mm of Hg.(6) The prevalence of 
overcuffing in our study was 8.82% for males and 14.70% 
for females. Thus, correct cuff size is an important issue 
for people of all sizes.

A combined presence of these factors can further 
complicate the issue. Such fallacies may jointly lead to 
error, ranging from 9 mm to 12 mm Hg for systolic and 
6 mm to 8 mm Hg for diastolic BP (i.e. 4.3-5.2 for Hg 
column deficit, -2.3 to 3 for baseline deviation and 4.6-8.5 
for bladder undercuffing).

Furthermore, the association of cuff length to width 
ratio to that of the baseline deviation and Hg.mercury 
manometer height in the present study might compound 
the quantum of error. The accuracy of BP recording from 
these apparatus then becomes highly questionable.

Conclusions
Issues relating to malcalibration and miss-cuffing and 
its impact on BP recording is a subject of study for over 
the last four decades. An unnoticed item that we hope 

was projected for the first time in our study is the issue 
of undercalibration of manometer tube. This deficit is 
projected to overestimate BP by 5.12 mm of Hg systolic 
and 3.44  mm of Hg diastolic in a normal individual. 
This grey area has future potential for research. 
Comparison of intra-arterial (direct) and auscultatory 
(indirect) readings demonstrates that the auscultatory 
method overestimated the systolic and diastolic blood 
pressures.(27) Future research may find an answer to 
this, and the mercury column height deficit may be a 
contributing factor in this regard.

It is essential that we choose a correct cuff size relative 
to the patient’s arm profile. Using an inappropriate cuff 
can significantly distort BP readings. The miss-cuffing 
issue can be addressed by providing alternate cuffs 
at the end-user level. This may be achieved through 
an aggressive marketing strategy. The equipment 
manufacturers should pack the instrument with at least 
five standard cuffs, i.e., three adult sizes with dimensions 
of 22 cm × 12 cm, 16 cm × 30 cm and 16 cm × 36 cm and 
two pediatric sizes like child and neonate cuffs. There 
has to be increased signage in place on the arm cuff unit 
with respect to its dimension and locating the center. This 
forced marketing strategy can ensure the cuff availability 
to all concerned and increase their use.

We tried to limit bias by blinding the observer to the 
study outcome, requiting committed and competent 
observer and using standardized equipments.

It could have been prudent to enhance the study result 
by a comparative design where all factors influencing BP 
recording should have been discussed threadbare. The 
multivariate analysis effects could have been more useful 
if the extent of errors were linked to the cumulative effort 
on BP recording. Such an analysis by future researchers 
can add strength to our observations.

Recommendations
End users of sphygmomanometers, like practitioners 
and hospitals, should check for proper standardization. 
Equipments once commissioned for use need to be 
calibrated at regular intervals to prevent the occurrence 
of erroneous readings.

Physicians and other health care provider’s myths 
and misconceptions relating to cuffing issues can 
be addressed by continuing and sustained medical 
education and clinical orientation training.

Most importantly, public awareness should increase so 
that they demand for proper and accurate instruments 
and correct recordings of BP. It is them who are at the 
receiving end anyway.
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