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ABSTRACT

Background: Hypertension is a significant global health issue, responsible for approximately 7.5 million
deaths annually. Even a modest increase of 5 mm Hg in systolic blood pressure (BP) can elevate the risk of fa-
tal stroke and infarction by about 25%. Hence this study aimed to assess the accuracy of aneroid and digital
sphygmomanometers relative to the mercury sphygmomanometer.

Methodology: This community-based cross-sectional study was conducted in the urban slums of old Hubballi
among 270 participants aged 30 years and above. Participants were selected using Probability Proportion to
Size from 3 wards. Blood pressures were measured with all three sphygmomanometers and Bland Altman
plot analysis was done.

Results: The results revealed that the mean difference in systolic blood pressure compared to mercury was -
0.57 mmHg for the aneroid and -4.63 mmHg for the digital (p <0.05). For diastolic blood pressure, the mean
difference was -0.39 mmHg for the aneroid and -3.43 mmHg for the digital (p <0.05). Bland-Altman analysis
showed agreement limits of 66.3% for systolic and 75.2% for diastolic blood pressure with the aneroid
sphygmomanometer.

Conclusion: The aneroid sphygmomanometer provides more reliable BP readings compared to the digital
sphygmomanometer for both systolic and diastolic measurements.
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INTRODUCTION

Blood pressure (BP) measurement is fundamental to
the diagnosis and management of hypertension
(HTN). Literature suggests that interventions aimed
at reducing BP below 140/90 mm Hg significantly
lower the risk of cardiovascular events. Hyperten-
sion is a global health crisis, contributing to 7.5 mil-
lion deaths annually, accounting for 12.8% of all
deaths worldwide.! In Asia, hypertension is respon-
sible for approximately 4.5 million deaths, with 3.2
million occurring in India alone each year due to hy-
pertension and its complications.2

Controlling blood pressure is critical, as even a 5 mm
Hg increase in systolic BP can elevate the risk of fatal
stroke and infarction by approximately 25%.3 Simi-
larly, overestimating true BP by this margin could re-
sult in inappropriate antihypertensive treatment for
nearly 30 million Americans.* To mitigate the risks of
overestimation and underestimation, and to enhance
early detection, it is essential to conduct hyperten-
sion screening in community health settings. Mercu-
ry sphygmomanometers have long been considered
the gold standard for accurate BP measurement in
non-invasive settings.>

However, concerns about mercury toxicity and envi-
ronmental hazards associated with mercury disposal
have led to a global decline in the use of mercury-
based instruments.® The United Nations Environ-
ment Program (UNEP) and the World Health Organi-
zation (WHO) have highlighted mercury pollution as
a significant global environmental and public health
issue.”

Despite the mercury sphygmomanometer's status as
the gold standard, the search for safer alternatives
has led to the development of aneroid and, more re-
cently, digital sphygmomanometers.® Yet, the Sev-
enth Report of the Joint National Commission on
Prevention, Detection, Evaluation, and Treatment of
High Blood Pressure raised concerns about the accu-
racy of these replacement devices.® In response, or-
ganizations like the US Association for the Advance-
ment of Medical Instrumentation (AAMI) and the
British Hypertension Society (BHS) have established
validation protocols for BP devices.10

Despite these efforts, uncertainties surrounding the
accuracy of alternative BP devices have made
healthcare providers hesitant to replace mercury
sphygmomanometers with more environmentally
friendly options.!! Given the large population, wide-
spread poverty, and limited access to institutional
healthcare, there is an evident need for more feasible
and affordable BP measurement instruments.12

Hence this study was planned to provide evidence-
based guidance on the viability of aneroid and digital
sphygmomanometers as accurate alternatives to
mercury devices, ultimately supporting better hyper-
tension screening and management in diverse
healthcare settings.
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The objectives of the study were to measure and
compare blood pressure readings obtained from an-
eroid and digital sphygmomanometers and to evalu-
ate the accuracy of aneroid and digital manometers
compared to mercury sphygmomanometers.

METHODOLOGY

A community-based cross-sectional study was con-
ducted for the duration of one month from February
2022 to March 2022 among adults aged 30 years and
above, residing in urban field practice area of a med-
ical college in north Karnataka. It has 3 wards 54,59
and 60 with an adult population of 8195, 15703 and
10705 respectively.

Sample size calculation was based on an assumed
correlation coefficient (r) of 0.97 between two varia-
bles, aiming to reject the null hypothesis and assum-
ing no difference between the two measurement
methods with a power of 0.8 and a 95% confidence
interval. The minimum sample size required was
261 subjects, rounded off to 270. Based on Probabil-
ity Proportion to Size (PPS) 64, 123 and 83 patients
were selected using simple random sampling from
ward numbers 54, 59 and 60 respectively.

Ethical approval: Approval was given by the institu-
tional ethics committee of Karnataka Institute of
Medical Sciences, Hubballi. (Ref no: KIMS/IEC/2021-
22/033 dated 15/09/2021)

After obtaining informed consent from participants,
followed by an explanation of the procedure. A self-
administered questionnaire was used to collect so-
cio-demographic details, including the participants'
name, age, seX, education, occupation, socio-
economic status, and marital status. The participant's
weight was measured using a GVC large surface iron
analog weighing scale. The GVC Iron Weighing Bal-
ance (analog) provides measurements with an accu-
racy to the nearest 100 grams. Height was measured
in centimetres using a measuring tape, with a preci-
sion to the nearest millimetre. Diamond Mercurial BP
apparatus (mercury sphygmomanometer), Rossmax
GD102 palm-type aneroid sphygmomanometer (cuff
size: 24-32 c¢m), Dr Morepen BP-11 model digital
sphygmomanometer (cuff size: 22-30 cm) and
MICRO-TONE MSI stethoscope were used to measure
blood pressure of the participants.

BP Measurement- Guidelines of the British and

Irish Hypertension Society (BIHS) were followed
13

The patient was made to sit in a chair with a
backrest and feet on the floor for at least 5 minutes.
The right arm was supported at the level of the heart
by resting on the table. It was ensured that no tight
clothing constricted the arm.

The cuff was placed 2cm above the elbow joint align-
ing the brachial artery mark. The bladder should en-
circle at least 80% of the arm but not more than
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100%. We used the cuff size recommended by the
manufacturer of the devices which were for Mercury
manometer 24-32cm; for Aneroid manometer 24-
32cm, and for Digital manometer 22-30cm.

After placing the cuff; in mercury and aneroid
sphygmomanometer, estimated the systolic pres-
sure beforehand using the palpatory method. Then
continued with the auscultatory method by inflating
to 30mm of Hg above the estimated systolic level to
occlude the pulse. The stethoscope diaphragm was
placed over the brachial artery and deflate at the
rate of 2-3mm oh Hg/s until a tapping sound (Korot-
koff sounds) was heard. Appearance of 1st sound was
recorded as systolic and the disappearance of the 5t
sound as diastolic pressure,

After placing the cuff in Digital sphygmomanome-
ter, the device automatically inflates (and re-inflates
to the next setting if required) and deflates. Meas-
urements were recorded as displayed.

Frequency of BP measurement: two readings were
recorded from each sphygmomanometer

Statistical analysis: Data was entered in Microsoft
Excel and analysed using SPSS version 21. Categori-
cal variables were presented by numbers and per-
centages. Continuous variables were expressed as
mean and standard deviation. To compare the meas-
urements of blood pressure using aneroid and digital
sphygmomanometers with Mercury sphygmoma-
nometer, the correlation was done and Pearson’s
correlation coefficient was estimated. To evaluate
the accuracy of aneroid and digital sphygmomanom-
eters in comparison with the Mercury sphygmoma-
nometer, Bland Altman plot analysis was done. A P-
value of <0.05 was considered significant.

RESULTS

The Mean age was 50.78+12.03years and 49.6
+11.94years for males and females respectively. The
blood pressure measured by each non-mercury de-
vice was compared with the measurements done by
the mercury instrument (gold standard). The socio-
demographic characteristics and comorbidities de-
tails are expressed in Table 1.

Measurement of blood pressure (both systolic and
diastolic) was done with all three types of sphygmo-
manometers and were compared. The values of digi-
tal sphygmomanometer and aneroid sphygmoma-
nometers were compared and correlated with the
blood pressure measured with the mercury sphyg-
momanometer. (Table 2 and Table 3) The scatter
plot shows the relationship between the blood pres-
sure measurements with different types of sphyg-
momanometers. (Figure 1, figure 2, figure 3, figure
4). A statistically significant positive correlation ex-
isted between the blood pressures measured using
an aneroid, digital sphygmomanometer, and Mercury
sphygmomanometer. (Table 3)
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Table 1: Sociodemographic characteristics of the
participants

Variable Participants (%)
Age

30-45 113 (41.9)

46-60 100 (37)

61-75 56 (20.7)

>75 1(0.4)
Gender

Male 131 (48.5)

Female 139 (51.5)

[lliterate 65 (24.1)

Primary 52 (19.3)

Middle school 42 (15.6)

High school 64 (23.7)
Education

Intermediate 34 (12.6)

Graduate 12 (4.4)

Professional degree 1(0.4)
Socioeconomic status

Class III 111 (41.1)

Class IV 142 (52.6)

Class V 17 (6.3)
Tobacco use

Yes 42 (15.6)

No 228 (84.4)
Family history of hypertension

Yes 43 (15.9)

No 227 (84.1)
Known case of Hypertension

Yes 39 (14.4)

No 231 (85.6)

Table 2: Comparison of the blood pressure meas-
ured using aneroid and digital sphygmomanome-
ters with mercury sphygmomanometer

Blood pressure Cases Mean £ SD P value
& Instrument (mm of Hg)
Systolic
Pair 1
Mercury 270 133.97 £+ 14.33 0.282
Aneroid 270 134.54 +14.93
Pair 2
Mercury 270 133.97 £14.33 <0.005
Digital 270 138.6 +18.29
Diastolic
Pair 1
Mercury 270 83.1+79 0.294
Aneroid 270 83.49+£7.79
Pair 2
Mercury 270 133.97 £14.33 <0.005
Digital 270 138.6 +18.29

Bland-Altman analysis was used to compare aneroid
and digital sphygmomanometers with Mercury
sphygmomanometer and quantify their agreement.
Bland -Altman plots comparing the difference in sys-
tolic blood pressure (SBP) measurements obtained
with: (A) mercury v/s aneroid (mean difference = -
0.6) and (B) mercury v/s digital (mean difference -
4.6) sphygmomanometer: Most of the differences are
within 2.0 SDs but the differences were substantially
located in the limits of agreements +16.6 and -17.7
for mercury v/s aneroid and +16.5 and -25.7 for
mercury v/s digital while the standard limits of
agreement lie between +5 and -5.
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Figure 1: Correlation of the Systolic blood pres-
sure measured using aneroid sphygmomanome-
ters with a mercury sphygmomanometer
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Figure 2: Correlation of the Systolic blood pres-
sure measured using digital sphygmomanome-
ters with a mercury sphygmomanometer

Table 3: Correlation between the blood pressures
measured with aneroid and digital sphygmoma-
nometers with Mercury sphygmomanometer

Blood pressure & Pearson's p-value
Sphygmomanometer co-efficient

Systolic

Aneroid 0.821 <0.005

Digital 0.809 <0.005

Diastolic

Aneroid 0.703 <0.001

Digital 0.611 <0.001

Table 4: Results of Bland-Altman analysis
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Figure 3: Correlation of the Diastolic blood pres-
sure measured using aneroid sphygmomanome-
ters with a mercury sphygmomanometer
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Figure 4: Correlation of the Diastolic blood pres-
sure measured using digital sphygmomanome-
ters with a mercury sphygmomanometer

Bland -Altman plots comparing the difference in di-
astolic blood pressure (DBP) measurements ob-
tained with (A) mercury v/s aneroid (mean differ-
ence = -0.4) and (B) mercury v/s digital (mean dif-
ference -3.4) sphygmomanometer: Most of the
differences are within 2.0 SDs but the differences
were substantially located in the limits of agree-
ments +11.5 and -12.2 for mercury v/s aneroid and
+12.2and -19.0 for mercury v/s digital while the
standard limits of agreement lie between +5 and -5
for both. (Table IV, figure 5 and figure 6)

Parameter Aneroid Digital
Values 95 % CI Values 95 % CI

Sensitivity (%) 81.52 72.07 to 88.85 82.61 73.30 to 89.72
Specificity (%) 87.64 81.89t092.09 61.24 53.66 to 68.43
Positive Predictive Value (%) 77.32 67.70 to 85.21 52.41 43.96 to 60.76
Negative Predictive Value (%) 90.17 84.73 t0 94.17 87.2 80.05t0 92.50
Disease prevalence (%) 34.07% 28.44 t0 40.06 34.07 28.44 t0 40.06
Positive Likelihood Ratio 6.6 4.41t0 9.87 2.13 1.73to 2.62
Negative Likelihood Ratio 0.21 0.14 to0 0.33 0.28 0.18 to 0.45
AUC 0.85 0.80 to 0.89 0.72 0.66 to 0.77
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Figure 5: Bland-Altman plot for systolic blood pressure
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Figure 6: Bland-Altman plot for diastolic blood pressure

On comparison of mercury and aneroid sphygmo-
manometers, 66.30% of readings were in the clinical-
ly accepted range for systolic and 75.2% for diastolic
readings. On comparison of mercury and digital
sphygmomanometers, 34.4% and 49.3% for systolic
and diastolic blood pressure readings respectively
were in an acceptable range. (Table V)

Table 5: Difference in the measurement of blood
pressure using aneroid and digital sphygmoma-
nometer

Blood pressure Difference in measurement n (%)

<5 mm Hg >5mm Hg
Systolic
Mercury - Aneroid 179 (66.30) 91 (33.70)
Mercury - Digital 93 (34.40) 177 (65.60)
Diastolic
Mercury - Aneroid 203 (75.2) 67 (24.8)
Mercury - Digital 133 (49.3) 137 (50.7)

DISCUSSION

The current study, which included 270 participants
with a mean age of 50.78 years for males (SD =
12.03) and 49.6 years for females (SD = 11.94), as-
sessed the accuracy of aneroid and digital sphygmo-
manometers compared to mercury. We found that
the mean difference in systolic blood pressure be-
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tween mercury and aneroid sphygmomanometers
was -0.57 mm Hg, while it was -4.63 mm Hg between
mercury and digital devices. The difference between
mercury and digital devices was statistically signifi-
cant (p <0.005), but the difference with aneroid de-
vices was not significant (p = 0.282). For diastolic
blood pressure, the mean difference was -0.39 mm
Hg between mercury and aneroid and -3.43 mm Hg
between mercury and digital, with only the mercury
vs. digital comparison showing statistical signifi-
cance (p < 0.005).

These results align with a study conducted by
Bhaskar Shah Babu et al. in Kolkata, which involved
218 participants with a mean age of 54.9 years. This
study also found that the aneroid device had high
agreement with mercury, reinforcing the accuracy of
aneroid devices.12

A larger study involving over 8,000 participants,
which evaluated 604 sphygmomanometers, reported
that 78% of aneroid models and 88% of digital de-
vices provided measurements within a 3 mm Hg ac-
ceptance error, supporting the notion that while digi-
tal devices are widely used, their precision might not
match that of aneroid devices.”

Our study revealed that the aneroid device demon-
strated superior sensitivity and specificity compared
to the digital device, reducing the likelihood of hy-
pertensive misclassification. This finding is con-
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sistent with another study that reported sensitivity
and specificity rates of 86.7% and 98.7%, respective-
ly, for aneroid devices, while digital devices had low-
er sensitivity (80%) and specificity (67.7%).14

Another study reported that all 283 aneroid devices
evaluated were accurate within the range recom-
mended by the Association for the Advancement of
Medical Instrumentation (AAMI), demonstrating
their reliability in clinical settings. This aligns with
our findings, where the aneroid device showed bet-
ter agreement with mercury compared to digital de-
vices.15

A study found that the mean aneroid sphygmoma-
nometer readings showed good agreement with the
mercury device, as demonstrated by the kappa value
(x = 0.81), sensitivity (81%), and specificity (98%).1¢
This suggests that the aneroid device is a reliable al-
ternative for blood pressure measurements, similar
to our findings.

In Ahmedabad, research using the Bland-Altman test
showed clinically non-significant bias for systolic and
diastolic blood pressure readings between the aner-
oid and mercury devices, which aligns with our re-
sults, suggesting that the aneroid device’s accuracy is
comparable to mercury.”

In contrast, a study conducted in Deoghar found a
strong correlation between automated (digital) and
mercury sphygmomanometers, with Spearman’s
rank correlation coefficient of 0.933 and a p-value <
0.0001, indicating a strong agreement between the
two devices.!® However, this differs from our study,
where the correlation between digital and mercury
devices was weaker.

Another study by Behera et al. reported no signifi-
cant difference in average blood pressure measure-
ments between digital, mercury, and aneroid sphyg-
momanometers (p = 0.71 for digital vs. mercury, p =
0.46 for digital vs. aneroid, and p = 0.71 for aneroid
vs. mercury).1? This finding contrasts with our study,
where the digital sphygmomanometer showed a sta-
tistically significant difference compared to mercury.

Amy Shah et al. found no significant difference in sys-
tolic blood pressure readings between mercury and
aneroid devices, but there was a slight difference in
diastolic readings (-1.53 # 5.06 mm Hg), which is
consistent with our observation that the aneroid
sphygmomanometer closely matches mercury meas-
urements.20

Putripratama’s study found a significant difference
between digital and mercury sphygmomanometers
(p = 0.0001), highlighting potential inaccuracies with
digital devices, which is in line with our findings.2!

Pooja Bhatt et al. conducted a comparison study that
found a good agreement between mercury and aner-
oid sphygmomanometers but poor agreement with
digital sphygmomanometers, reinforcing the conclu-
sion that aneroid devices are more reliable.22
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Another study observed no statistically significant
difference in systolic blood pressure (SBP) readings
between the aneroid and mercury devices (P > 0.05)
but found a small, yet significantly lower (0.8 mm
Hg) difference in diastolic blood pressure (DBP).23
This is consistent with our findings that aneroid de-
vices are fairly accurate.

Madhan Srinivasan Kumar et al. reported significant
variations in blood pressure readings when using
aneroid and digital monitors compared to mercury,
suggesting that these alternatives should be used
cautiously in clinical settings.24

A systematic review and meta-analysis on similar ob-
jective reported that the digital blood pressure moni-
toring has a moderate level of accuracy and the de-
vice can correctly distinguish hypertension with a
pooled estimate sensitivity of 65.7% and specificity
of 95.9%. it also suggested that suggests that the dig-
ital blood pressure monitor had moderate accuracy
with a mercury sphygmomanometer.25

Our study’s results confirm that aneroid sphygmo-
manometers have a closer agreement with mercury
devices than digital devices, aligning with most of the
referenced studies. Therefore, the use of aneroid
sphygmomanometers, with regular calibration, ap-
pears to be a reliable alternative to mercury devices
in screening for hypertension in the community.
However further research is needed to evaluate the
efficacy of the devices and their cost-effectiveness in
using them for community-based screening of hyper-
tension, considering the potential hazards due to the
use of mercury sphygmomanometers.

CONCLUSION

The current research highlights that aneroid sphyg-
momanometers offer greater accuracy and reliability
in blood pressure measurement than digital devices
when using mercury sphygmomanometers as the
reference standard. The aneroid device demonstrat-
ed better sensitivity, specificity, and correlation with
mercury, reducing the risk of hypertensive misclassi-
fication. Despite the growing use of digital devices,
this study emphasizes the continued clinical rele-
vance of aneroid sphygmomanometers, especially for
more accurate and consistent blood pressure as-
sessments.

AVAILABILITY OF THE DATA

The data that support the findings of this study are
available from the corresponding author on request.

Non-Use of GENERATIVE Al
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manuscript.
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