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Background

The automated (electronic) blood pressure (BP) measurement 
devices are becoming more prevalent in healthcare settings. 
Although current guidelines for screening, diagnosis, and 
treatment of  hypertension in clinical practice are still based 
on clinical trials and epidemiological evidence derived from 

readings taken with auscultatory devices (usually mercury BP 
devices),[1] it is widely established that the manual recordings 
of  BP by auscultatory devices are more reliable and accurate 
in some patients than the automated devices. Despite this 
fact, the majority healthcare systems have adopted the use of  
automated devices for the routine recording of  BP. The most 
notable one amongst many reasons for this is that in most 
of  the settings, vital measurements are being recorded by 
least experienced staff, students, and healthcare assistants.[2‑4] 
The correct estimation of  BP is the cornerstone of  assessing 
patient’s cardiovascular and hemodynamic functioning and 
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Introduction: Automated blood pressure (BP) monitor is widely used to assess the blood pressure (BP) of the study subjects in 
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The sensitivity, specificity, PPV, NPV, and accuracy of automated BP devices to predict hypertension is 96.61%, 92.21%, 75%, 99%, 
and 93%. The area under ROC for systolic and diastolic BP is 0.984 and 0.97, respectively with P values < 0.0001 in both the cases. 
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detecting hypertension which is one of  the major contemporary 
public health problems. It also forms the key component in the 
identification of  patient deterioration and important measures 
in physiological track and trigger systems used in adults and 
children.

The gold standard for measuring BP is through the arterial line 
but is majorly reserved for critically ill patients. Hence, for routine 
estimation of  BP, noninvasive methods such as auscultation are 
used outside critical care settings. In regards to correct estimation 
of  BP in noninvasive settings, mercury BP devices are considered 
as the gold standard for long and BP measurement of  mercury 
instruments (in mmHg) is still considered for all practical 
purposes all over the world.[5] However, the fear of  potential 
mercury toxicity along with the problems associated with the 
disposal of  mercury, has led to a decrease in the use of  mercury 
instruments worldwide. For the same reason, the European 
Union directed phasing out of  mercury instruments recently.[6] 
Non‑mercury BP devices like aneroid and more recently, digital 
ones have replaced the use of  traditional mercury instruments 
in many settings. Instead of  mercury BP devices, mercury‑free 
LED BP device is available to avoid the precarious effect of  
mercury. An additional advantage of  an aneroid instrument is 
the portability while that of  digital instruments is the ease of  
use in view of  the obvious fact that the latter obviates the need 
for auscultation skill of  the examiner.[7‑10]

In an assay validation or instrument validation process, the 
reproducibility of  the measurement from trial to trial is of  
interest. Moreover, when a new assay or instrument is developed 
it is an interest to evaluate the new instrument that can reproduce 
the results based on the traditional gold standard assay.[11,12] In 
a comparison of  two instruments, there are statistical methods 
to measure the degree of  agreement between the two. Kappa 
statistic and weighted‑Kappa statistic are appropriate methods 
to measure the amount of  agreement for the nominal and 
ordinal levels of  categorical data, respectively. Lin’s introduced 
the concordance correlation coefficient (CCC) which measures 
the amount of  agreement when the variable of  interest is 
continuous.[13]

The CCC is an index that assesses the agreement between 
continuous measures made by different observers. At least 
four methods are used to estimate the CCC: two (Lin’s method, 
variance components) which are defined on the basis that data 
were normally distributed, and the two others (U‑statistics, 
GEE) which do not assume any particular distribution 
of  the data.[9] The CCC measures the variation of  their 
linear relationship from 45° lines through the origin. This 
coefficient not only measures how far each observation 
deviates from the line to fit into the data but also how far 
this line deviates from the 45° lines through the origin.[14] 
Nowadays, CCC is commonly used to assess the agreement 
between methods or raters measuring the response when 
data are measured on a continuous scale. The present study 
attempts to estimate the Lin’s CCC of  automated BP monitor 

as compared with mercury‑free LED BP device and also 
to validate the accuracy of  the automated BP monitor in 
diagnosing hypertension.

Material and Methods

This cross‑sectional study has been carried out at Rural 
Health Training Centre (RHTC), Ormanjhi, Ranchi from 
January 2017 to June 2017 which is in administrative control 
of  preventive and social medicine (PSM) department of  a 
teaching hospital of  eastern India namely Rajendra Institute 
of  Medical Sciences (RIMS), Ranchi. Based on the prevalence 
of  hypertension in rural India to be 14%,[15] confidence 
interval (CI) 95%, power of  the study to be 80%, and 
absolute error 4%, the sample size calculated came out to be 
289. The sampling frame comprised individuals more than 
18 years of  age attending RHTC and were selected using a 
systematic random sampling method from the outpatient 
department (OPD). On selected days of  OPD, the study 
was carried out on every fifth patient attending OPD who 
voluntarily agreed to participate in it and care was taken 
not more than 10 patients were recruited on a single day to 
maintain the quality of  data collection. Thus, a total of  300 
study subjects were enrolled and informed consent was taken 
for their participation after explaining the patient information 
sheet (PIS) in their local language.

The left‑arm BP of  the patients in the sitting position was 
measured by an automated device three times for at least every 
5 min interval and readings were recorded by an observer (A) 
and again repeated assessment of  the same patients was 
done by mercury‑free LED BP device (manual BP device) 
by another observer (B) in the next room to avoid biases. As 
soon as the reading of  one observer (A) had been completed, 
the study subjects were sent to the observer (B) in another 
adjacent room for BP measurement. Both observers were 
blinded to each other regarding the BP reading of  the patients. 
Utmost care was taken in making the patients relaxed for 
at least 10 min before their BP measurement was done and 
the time was utilized in explaining the purpose of  the study, 
taking their consent, and finally recruitment in the study. The 
instruments were calibrated on a daily basis before using it for 
data collection. This study was conducted on only those days 
of  a week when both the observers A and B were present so 
that the interobserver variation may be avoided. Before the 
study both the observers were trained to follow the guidelines 
of  measuring BP using different instruments.[16‑18] The cutoff  
for categorizing a patient to be hypertensive is ≥140/90 mmHg 
as per the guidelines of  the Joint National Commission (JNC) 
VII and VIII.[19]

All readings of  both the devices were compiled in MS Excel 
2007 and exported to NCSS 11 (@NCSS, LLC, USA) and SPSS 
version 20 (@IBM, USA) software for data analysis. Degree 
of  agreement (Lin’s CCC), Kappa statistic, validity measures, 
ROC curve of  different sets of  readings of  two machines 
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i.e. automated (@OMRON Model no. HEM 7200) and 
mercury‑free LED BP device (@Diamond Model no: BPDG041) 
BP machine were assessed and compared. The study was approved 
by the Institutional Ethics Committee (IEC) of  Rajendra Institute 
of  Medical Sciences (RIMS), Ranchi (Jharkhand), India (Vide 
memo no. 112, Dated : 08/02/2017).

Results

A total of  300 patients were recruited for this study whose BP 
was assessed using both the BP measuring instruments. The mean 
age of  the patients was 38.86 years with a standard deviation of  
15.64 years. The proportion of  males and females in the study 
subjects was 50.33% and 49.67%, respectively. The majority 
of  the patients belonged to religion Hindu (82%), followed by 
Muslims (11%), and Christian (7%).

The mean and standard deviation (SD) BP with the automated 
device was 125.92 ± 23.47/74.45 ± 12.20 mmHg compared 
to 118.28 ± 22.90/72.62 ± 11.13 mmHg for the manual 
BP with CCC for systolic and diastolic BP is 0.88 and 0.85, 
respectively [Table 1]. According to the linear regression 
analysis of  the measurements, the regression coefficient for 
systolic and diastolic measurements of  both the instruments 
is more than 0.95 [Table 2, Figures 1 and 2]. The sensitivity, 
specificity, PPV, NPV, and accuracy of  automated BP devices to 
predict hypertension is 96.61%, 92.21%, 75%, 99%, and 93%, 
respectively [Table 3]. The area under ROC for systolic and 
diastolic BP is 0.984 and 0.97, respectively with P values < 0.0001 
in both the cases [Table 4, Figures 3 and 4].

Discussion

BP devices are important entities in clinical and nursing practice 
in the management of  hypertension. Several types of  BP devices 
are available in the market depending on the need of  the users. 
To minimize the observer bias and influence of  observer‑subject 
interaction on the measurement of  BP in clinical settings, the 
automated BP devices were designed and were made available.[9] 
The role of  the observer in recording the BP is made minimal and 
substituted with a clinically endorsed, handy, digital instrument thus 
eliminating inaccuracy due to factors such as digit preference, too 
quick deflation of  the cuff, or misreading up or down to influence 
the patient’s BP status. The benefits of  taking readings using an 
automated device are generally applicable to population surveys.

This study was conducted to validate the accuracy of  
non‑mercury digital or automated instruments and their ability 

to correctly diagnose hypertension. A digital instrument was 
selected for the purpose and was judged with respect to a 
properly calibrated non‑mercury BP device. The mean BP with 
the automated device was 125.92 ± 23.47/74.45 ± 12.20 mmHg 
compared to 118.28 ± 22.90/72.62 ± 11.13 mmHg for the 
manual BP and the mean difference is statistically insignificant 
with P values for systolic and diastolic BP is 0.36 and 
0.056, respectively. The CCC for systolic is 0.89 (95% CI 
0.86–0.91) which near to moderate concordance and for 
diastolic, it is 0.85 (95% CI 0.82–0.88) which is not a fair 
concordance. CCC provides a range in defining agreement and 
different researchers have interpreted it differently. Altman 
interpreted like other correlation coefficients like Pearson’s 
with <0.20 as poor and >0.80 as excellent and McBride 
suggested >0.90 as good concordances.[20,21] Every statistician 
does agree that ±1 is perfect concordance or discordance and 
0 is no correlation and with everything in between should be 
interpreted with caution. This further suggested that there 
is a question over the overall accuracy of  digital instruments 
in measuring diastolic BP (CCC‑0.85, not fair concordance 
according to Mc Bride) in primary care setting which is in 
concordance with the study done in West Bengal where aneroid 
BP device has better sensitivity and specificity in compared to 
digital device.[10] A study was done by Nelson also demonstrated 
that there is inaccuracy in the use of  automated BP monitors 
and traditional aneroid manometers in comparison to the gold 
standard mercury column manometer.[22] However, Cohen’s 
kappa statistic for diagnosing hypertension of  digital devices 
as compared to the mercury‑free LED BP device was found 
to be 0.80 which is a fair degree of  agreement according to the 
JNC VII and VIII criteria.

The implementation of  digital devices has decreased the 
end‑digit and threshold biases in the clinical setting which 
cannot be ruled out even in this study where the manual BP 
machine user tends to report the BP with the preference of  the 
zero end digit as found in other studies.[23,24] End digit bias is 
universally found in settings where manual BP machine is used 
which may result in faulty BP measurements leading to either 
depriving hypertensive patients of  the benefits of  treatment or 
exposing normotensive patients to unnecessary side‑effects of  
antihypertensive medications.[24‑26]

The quality and accuracy of  automated office BP in relation 
to the awake ambulatory BP have been found out to be 
significantly better compared to manual office BP.[27] There 
are studies that also say that white coat hypertension may 
be eliminated with the automated office BP readings.[11,28] 

Table 1: Comparison of systolic and diastolic blood pressure measurements by two instruments
Method Mean SD Min Max R Squared Correlation CV CCC 95% CI

Systolic blood pressure Automated blood pressure monitor 125.9 23.47 86 214
Mercury‑free LED BP device 118.3 22.9 77 189 0.88 0.94 0.07 0.89 (0.86‑0.91) 

Diastolic blood pressure Automated blood pressure monitor 74.45 12.2 48 117
Mercury‑free LED BP device 72.62 11.13 51 111 0.75 0.87 0.08 0.85 (0.82‑0.88)
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Although in our study the mean BP is more with the automated 
BP device compared to manual BP machine, this may be 
explained considering the fact that the initial readings were 
taken with the automated device by an observer and then the 
mercury‑free LED BP device was used to take the readings 
in the study. The time elapsed during the initial readings 
may have reduced the anxiety and BP lowered during the 
recording by the manual device. Moreover, the observer with 
the manual machine was a community physician and people 

were acquainted with him which may have eliminated the 
effect of  the white coat. This also highlights the fact that the 
white coat response may be lowered when a known clinician 
records the BP. Studies on white coat hypertension reported 
about 25% of  the hypertensive population had a clinically 
increase in BP when readings were taken in the treatment 
setting, especially by clinicians. Even the automated devices 
provoke a similar response and readings are similar to manual 
office BP when a clinician observes the readings.[29‑31] Studies 
have clearly shown that the increase in BP associated with 
conventional manual office measurement can be eliminated 
if  the three basic tenets of  automated office BP are followed; 
the patient rests alone in a quiet room and multiple readings 
are taken with a fully automated device and no observer in 
the room.[22,28] In the present study, after multiple readings, 
BP seems to lower a bit after the initial readings by the first 
observer which supports the fact that multiple readings may 
lessen the effect of  white coat effect. The improved accuracy 
is probably achieved by having the patient resting alone and 
by the use of  an automated, validated device to take multiple, 
standardized readings and with no observer or acquainted 
observer with whom the patient is comfortable. The study 

Table 2: Regression Coefficient‑systolic and diastolic 
blood pressure

Parameter Systolic BP Diastolic BP
Intercept Slope Intercept Slope

B (0) B (1) B (0) B (1)
Regression Coefficients 12.31 0.96 5.40 0.95
Lower 95% C.L. 7.39 0.92 0.83 0.89
Upper 95% C.L. 17.23 1.0 9.97 1.01
Standard Error 2.50 0.02 2.32 0.03
T 4.92 46.26 2.32 30.06
Probability level (t‑test) 0.00 0.00 0.02 0.00

Figure 1: Linear regression curve of systolic blood pressure Figure 2: Linear regression analysis of diastolic blood pressure

Figure 3: ROC curve of systolic blood pressure Figure 4: ROC curve of diastolic blood pressure
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holds paramount importance in the contemporary world as 
increased BP is one of  the leading causes of  morbidity and 
mortality all over the world including India and measuring 
BP is a routine activity in all clinical settings. Screening and 
diagnosis of  hypertension is a major component of  primary 
care and family physicians are contributing to it vehemently. 
Their efforts must not go in vain due to simple confusion 
in the selection and usage of  different sphygmomanometers 
available at present. Through this study, measurement of  BP 
will have more grounds of  evidence and open new avenues 
of  research for the future.

The major limitation of  the study was that it was conducted 
within the OPD settings, which itself  carried the chances of  
bias as studying individuals were only from OPD patients 
who sought health services only. Moreover, we used a single 
instrument of  each type and therefore it is impossible to 
comment on all types of  digital instruments and generalize the 
findings when there are multiple brands of  these instruments 
available in the market. In this study, only two instruments 
were compared but studies may be contemplated with different 
instruments for more evidence in the future. The novelty of  
this research is that CCC has been used to measure agreement 
between two continuous variables for a long time but this has 
never been used to compare the BP in Indian settings using 
different BP measuring instruments.

Conclusion

This study concluded that the overall automated BP machine 
has a fair degree of  agreement with a mercury‑free LED BP 
device. The statistical tests also proved its validity to diagnose 

hypertension may also be considerable. The automated BP 
machine with little training may be used in the field as well 
as clinical set up by paramedical staff  for checking and 
monitoring BP but with caution. It may be recommended 
that the digital instruments which need not much technical 
expertise in measuring BP may be made available at strategic 
locations for its usage as per the need. But it should be kept 
in mind that this instrument must be calibrated at regular 
intervals to avoid any error or biases by observing all the 
precautions.
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Table 3: Comparison of patients based on the BP categorization by two different instruments
Automated BP device Mercury‑free LED

BP Device
Validity measures

Hypertensive Non Hypertensive Total
Hypertensive 57 19 76 Sensitivity=96.61%.

Specificity=92.21%,
PPV=75%,
NPV=99%,
Accuracy=93%,
Kappa statistics=0.80

Nonhypertensive 2 222 224
Total 59 241 300

Table 4: Characteristics of the ROC curve
Systolic blood pressure Sensitivity (%) Specificity (%) ROC characteristics
JNC VII (≥140 mmHg) 98.1 92 Area under ROC=0.984

SE=0.005
P<0.0001
95% CI = (0.973, 0.994)

ROC curve cut of  value at 139 mmHg 100 91

Diastolic blood pressure
JNC VII (≥90 mmHg) 82.6 93 Area under ROC=0.97

SE=0.01
P=<0.0001
95% CI = (0.950, 0.989)

ROC curve cut of  value at 86 mmHg 95.7 90
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