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Abstract: Blood pressure (BP) forms an important constituent of the triumvirate of vital signs i.e.  pulse, BP and 

respiration.  Measurement and treatment of blood pressure (BP) is one of the most common and important reasons for 

visiting a physician.  The range of variance and level of reliability of the blood pressure (BP) measurements that should 

be used for clinical decision making and quality reporting are uncertain. The objective of this study was to compare the 

BP measurements and ascertain their range of variation between different tiers of healthcare workers. Comparative 

analysis of the BP measurements by Nursing staff, Interns/Junior residents and Senior Resident/Consultant performed. 

We found that nursing staff recordings fit poorly compared to Jr. Residents /Interns and Sr. residents/Consultants, 

showing high variance and low reliability.  We concretely recommend to cross verifying the reliability and validity of the 

recordings made by the nursing staff by the clinicians themselves before clinical decision making and quality reporting. 

This study was performed at Department of Medicine, Adesh Institute of Medical Sciences and Research Bathinda, 

Punjab, India. 
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INTRODUCTION 

 Blood pressure (BP) forms an important constituent 

of the triumvirate of vital signs i.e.  pulse, BP and 

respiration.  Measurement and treatment of blood 

pressure (BP) is one of the most common and important 

reasons for visiting a physician [1, 2] .   BP 

measurements play a very crucial role in the 

management of patients especially in the acute intensive 

care settings. Diagnosis and management of 

Hypertension as a disease entity depends entirely upon 

measurement of BP. Hence it is mandatory that accurate 

measurement of blood pressure is essential to classify 

individuals; to ascertain blood pressure- related risk and 

to guide management protocols.  The aim of this study 

was to assess the knowledge of hospital staff 

comprising Consultants, Senior residents (SRs), junior 

doctors and nurses on the basic principles of BP 

measurement and the variability in recording BP 

between these groups [1] . 

 

 Recent medical advances leading to improvements in 

anti-hypertensive therapy to effectively treat high BP 

have reduced cardiovascular, cerebrovascular, and renal 

events significantly [3, 4]. The harmful effects of 

elevated BP are mainly attributable to a person’s 

average daily (or true) BP [5, 6] with  specific emphasis 

given to systolic BP (SBP) [7, 8]. However, a person’s 

BP in the clinical set-up is measured by the healthcare 

workers with varying level of expertise and training, 

and the clinician must infer the true value on the basis 

of a small number of these measurements. Therefore 

any error in the measurement of BP either due to faulty 

measurement technique or observer effects can affect 

the clinical decision making and patient care may get 

affected [9, 10]. Furthermore, varying level of expertise 
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and training may result in measurement variability [11, 

12].  This short-term variability has been recognized as 

an important threat to both clinical decision making and 

hypertension research [13]. In this study, we compare 

BP measurement by Nursing staff; Interns /Junior 

Residents (JR) and Senior Residents (SR)/ Consultants 

in primary care patients with hypertension and estimate 

the range of variability with which a patient’s BP can be 

determined by different healthcare professionals. Gold 

standard for clinical blood pressure measurement 

continues to be the readings taken by a physician using 

a mercury sphygmomanometer. Oscillometric 

technique, which primarily detects mean arterial 

pressure, is used in electronic devices. Other methods 

include ultrasound (used mainly to detect systolic 

pressure) and the finger cuff method of Penaz, which 

records pressure noninvasively from the finger beat-to-

beat. The upper arm is the preferred location, but 

changes in the position of the arm may lead to errors. 

Other errors include inappropriate cuff size and too 

rapid deflation of the cuff [14]. 

 

Aims and Objectives 

 The aim of this study was to examine the BP 

measurements and ascertain their range of variation 

between different tiers of healthcare workers.  

 

MATERIALS AND METHODS 

 The study protocol complied with the Helsinki 

declaration for human experimentation. Subjects were 

fully informed about the institution and details of the 

study. Subjects signed an informed consent form, which 

was approved by institutional ethics committee. The 

study was conducted at Adesh Institute of Medical 

Sciences & Research, Bathinda, Punjab. The study was 

mostly conducted on inpatients of ICU and medical 

wards. To give a measures of health care providers in 

other departments and wards, patients from other 

disciplines were also included. The major aim was to 

study the differences in BP records of patients in ICU as 

immediate and urgent measures may be required in such 

patients. 

 

 The study was started from the month of March 2012 

and concluded in February 2013. This wide period was 

intended to have more and more number of health care 

providers involved due to some rotational duties of the 

Para- medical staff and also to study any effects of 

climatic conditions varying from extremely high 

summer temperatures to very low wintry temperatures. 

The study comprised recording of BP of a total number 

of 170 patients comprising of 105 males and 65 female 

patients in different wards. The BP was recorded with a 

mercury sphygmomanometer, which was repeatedly 

standardized with other instruments.  The BP of the 

same patient, as recorded by various personnel in the 

health care system like Nurse, Intern, Junior Residents 

and Consultants was noted and recorded in a separate 

file for further analysis. As BP fluctuations are 

commonly encountered in the seriously sick patients in 

ICU, the Senior Residents (SRs) /Consultants were 

requested to personally record BP of the critically sick 

patients in ICU at least twice a day. Most of the patients 

were in the medical stream. However 19 patients were 

of Gynecology wards and 13 patients belonged to the 

surgical stream. This was done to extend the spectrum 

of variability of patients as well as different staff 

personnel working in various medical streams. A large 

number of healthcare workers were engaged for wider 

coverage of differences. Also it was stipulated that the 

BP record by the nurse and JR will be either preceded 

or followed by recording done done by SR/Consulant 

with a gap of about  minimum  ten minutes. Minimum 

four recordings were mandated in a day.  In critical 

cases at least hourly   BP records were conducted. 

 

Data analysis 

 BP data collected was analysed by principal 

investigator and statistical Analysis was performed and 

script written by Satwant Kumar. Descriptive and 

inferential statistical methods are used for analysis and 

obtaining results. Substantial use of R statistical 

environment [15]   a freely available open source 

advanced statistical analysis language is used for 

automated descriptive analysis of the data. We wrote R 

script to generate the graphics and result tables.  

Standard R psychometric library module (Psych) is used 

to perform descriptive analysis.  Gclus R package is 

utilized for Pearson’s product-moment correlation 

analysis. Linear regression learning utilizing gradient 

descent algorithm is implemented to generate prediction 

model from the data using freely available Octave 

software (http://www.gnu.org/software/octave/). 

 

RESULTS 

 After performing data analysis we observed abrupt 

skew of 0.17 directed negatively(-ve) in the Systolic 

recording made by the Nursing staff (Figure 1), also 

these recordings have standard deviation(s.d) of  23.84, 

mean absolute deviation (m.a.d) of 20.76 and standard 

error (S.E)   of 1.83. Whereas the recordings made by 

the Senior Residents (SR’s)/Consultants follow normal 

distribution (Gaussian distribution), Figure 3.  Figure-2 

shows systolic recordings made by Junior Residents/ 

Interns.  On performing the Pearson’s product-moment 

correlation analysis it was observed that the recordings 

by the nursing staff are less correlated with Consultants 

recordings as compared  to Junior Residents and Interns 

recordings, which showed very high correlation of 0.96 

as compared to 0.82. Detailed Pearson’s product-

moment correlation analysis of systolic B.P. recordings 

made by junior residents and senior 

residents/consultants provides, t = 44.831, df (degree of 

freedom) = 168, p-value ¡ 2.2e-16  whereas  alternative  

hypothesis resulted that  true correlation is not equal to 

0.95 percent  confidence interval resulted in 0.947, 

0.970 with sample estimates correlation equals to 0.960. 

Similar analysis between systolic B.P. recordings made 

by nursing staff and senior residents/consultants 

provides, t = 19.0662, df (degree of freedom) = 168, p-

http://www.gnu.org/software/octave/
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value ¡ 2.2e-16  and alternative hypothesis for true 

correlation is not equal to 0. 95 percent confidence 

interval resulted in 0.772 and 0.869 with sample 

estimates for correlation equals to 0.826. This result 

establishes that recordings made by junior and senior 

residents are more coherent with each other, while the 

recordings made by nursing staff are more skewed and 

less correlated with the former.  To further analyze and 

verify our inference we generated scatter plots for data 

visualization (Figures 4, 5 and 6). Figure-4 clearly 

reinforces our results by showing that the nursing 

recordings are less correlated with the recordings made 

by the Junior/Senior residents. We implemented the 

linear regression parameters to our data set using 

gradient descent.  Figures 6 and 5 show scatter-plot of 

training data with linear regression fit models. The 

linear regression fit models shows that the nursing staff 

recordings fit poorly compared to linear fit between Jr. 

residents/Interns and Sr. residents/Consultants showing 

high variance and low reliability. 

 

Table1:  Descriptive Analysis 

 n mean SD Median mad skew kurtosis SE 

Age 170 53.99 20.56 53.5 24.46 0.11 -1.10 1.58 

Sys(N) 170 132.71 23.84 130.0 20.76 0.17 0.49 1.83 

Dias(N) 170 79.32 12.59 80.0 14.83 0.13 1.51 0.97 

Sys(J) 170 130.64 19.56 130.0 14.83 0.34 1.15 1.50 

Dias(J) 170 79.06 9.99 80.0 5.93 0.40 4.80 0.77 

Sys(S) 170 131.60 19.44 130.0 14.83 0.39 0.87 1.49 

Dias(S) 170 79.53 9.63 80.0 5.93 0.44 3.90 0.74 

 

Table 2: Correlation (BP-all) 

 Age Sys(N) Dias(N) Sys(J) Dias(J) Sys(S) Dias(S) 

Age 1.000 0.382 0.292 0.340 0.163 0.307 0.161 

Sys(N) 0.382 1.000 0.614 0.874 0.402 0.826 0.441 

Dias(N) 0.292 0.614 1.000 0.531 0.663 0.541 0.688 

Sys(J) 0.340 0.874 0.531 1.000 0.557 0.960 0.548 

Dias(J) 0.163 0.402 0.663 0.557 1.000 0.574 0.888 

Sys(S) 0.307 0.826 0.541 0.960 0.574 1.000 0.572 

Dias(S) 0.161 0.441 0.688 0.548 0.888 0.572 1.000 

Sys(N)= Systolic B.P recorded by Nursing staff;  Dias(N)= Diastolic B.P recorded by Nursing staff; Sys(J)= 

Systolic B.P recorded by Junior residents/Interns; Dias(J)= Diastolic B.P recorded by Junior residents/Interns;  

Sys(S)= Systolic B.P recorded by Senior residents/Consultants.; Dias(S)= Diastolic B.P recorded by Senior 

residents/Consultants 

 
Fig. 1: Systolic BP record: Histogram showing Systolic BP recorded by the nursing staff, distribution is not 

normal and negatively skewed 
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Fi. 2: Histogram showing Systolic BP recorded by the Senior residents/Consultants, distribution is normal 

(Gaussian) 

 
Fig. 3: Matrix scatter-plot showing variables ordered and colored on the basis of the correlation. Systolic BP 

recorded by Sr/Consultants is more correlated with the recordings made by JRs/Interns as compared to nursing 

staff 

 
Fig. 4: Scatter-plot showing implementation of the linear regression parameters to our dataset using gradient 

descent. Linear regression model fit line (Blue color) is passing through the dataset of Systolic BP recorded by SRs 

/Consultants and Nursing staff 
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Fig. 5: Scatter-plot showing implementation of the linear regression parameters to our dataset using gradient 

descent. Linear regression model fit line (Blue color) is passing through the dataset of Systolic BP recorded by SRs 

/Consultants and JRs /Interns 

 

DISCUSSION 

 It is evident from the results that there is a significant 

variability in the BP measurement by different levels of 

health workers. The correct methodologies have been 

amply stressed in various studies [16, 17]. The 

recording of BP also becomes variable depending upon 

arm size, position of the arm as well as of body position 

and the proper size and tying of the sphygmomanometer 

cuff, which has been amply stressed upon by various 

workers. Also significantly higher SBP (by 4.6 +/− 6.1 

mmHg) and DBP (by3.9 +/− 2.8 mmHg) were obtained 

when the arm of the patient was placed on the bed 

(below the right atrium level), than when the arm was 

placed at the level of the right atrium [18–20]. Arm cuff 

not adhering to the recommended 40 % of upper arm 

circumference also cause discrepancies [21] . The use of 

cuffs containing inappropriate invariably leads to 

incorrect diagnosis in clinical settings and erroneous 

conclusions. It has been unequivocally proved that 

either too narrow or too short a bladder (under cuffing) 

causes overestimation of BP or too wide or too long a 

bladder (over cuffing) leads to underestimation of BP. 

Under cuffing causes over diagnosis of hypertension 

and over cuffing may label hypertensives as 

normotensive [21]. No single cuff, when used in 

accordance with current recommendations, yields 

accurate systolic as well as diastolic BP. The selection 

of a right size arm cuff for an accurate measurement of 

BP remains unresolved and aptly mentioned as a 

century of confusion. The use of bell / diaphragm does 

make a slight difference in the recordings [22, 23]. In a 

latest study to demonstrate the use of a large number of 

BP recordings to come to a more qualitative  and 

authentic level of measurement,  it has been 

recommended  that Physicians who want to have 80% 

or more certainty that they are correctly classifying 

patients’ BP control should use the average of several 

measurements.  Decisions based on a single 

measurement are potentially misleading [24]. 

 

 In a study in a large teaching hospital in southern 

Saudi Arabia involving consultants, junior doctors and 

nurses; a poor knowledge of some of the basic 

techniques of BP measurement regarding the 

knowledge of cuff size, recording of diastolic BP, 

position of the arm and rate for deflating the cuff has 

been demonstrated [25]. Similar observations were 

made in a study conducted at a teaching medical college 

and hospital in Chandigarh where sitting position BP 

apparatus was kept below the level of heart and one -

fifth did not have their arm supported. They also 

observed that a large majority was found to be not using 

palpatory method for SBP and about three-forth did not 

inflate cuff to raise pressure 30-40 mm Hg above the 

systolic level before checking the BP by auscultation. 

Also majority of personnel lowered the BP at a rate of 

more than 2 mm/s also rounded off the BP to nearest 5-

10 mm Hg. Re-inflation of the cuff without completely 

deflating was done. Non observance of these small 

norms leads to avoidable errors [26]. Variation occurred 

between doctors & nurses in the measurement of both 

SBP and DBP but less variation was found in the 

measurement of systolic than for diastolic blood 

pressure. On an average, doctors reading do 

demonstrate higher than those by nurses (white coat 

hypertension) [14]. Of course 24 hour ambulatory 

monitoring has been found to a better predictor of 

cardiovascular risk in the individual patient and is the 

only technique that can describe the diurnal rhythm of 

blood pressure accurately [5], But in the hospitalized 

patients especially for acute/ ICU cases it is not 

practicable. Though for domicil- iary control of 

hypertension in a patient’s daily life the automatic 

monitoring of blood pressure help the health 

professionals to get average BP values [27]. However to 

get the most accurate BP measurements, it is 

recommended that the the Finapres technology (Finger 

Arterial Pressure), which gives a continuous finger 

arterial pressure waveform, may be considered [28]. 
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CONCLUSION 

 We conclude that B.P recordings, especially systolic 

B.P. made by nursing staff are more prone to error as 

compared to the observations made by clinicians with 

different tier of experience.  Recording made by Senior 

residents/ consultants are more coherent. Also the 

correct way of tying the cuff as well as the incorrect 

position of the arm leads to wrong recordings. Many a 

times the health care professionals were was found to be 

erring in recording PB over fully clothed arms 

especially in winter months; which is to be deprecated.  

We can also infer that the recordings by the nursing 

staff are more prone to bias as they are centered mostly 

around round figure values, showing non-normal 

(negatively skewed) distributions. Therefore we 

concretely recommend to cross- verify the reliability  

and validity  of the recordings made by the nursing staff 

by the clinicians themselves before clinical decision 

making and quality reporting. Incorrect measurement 

can result either in unnecessary investigations, 

treatment, and follow-up for the mistaken diagnosis of 

hypertension, or no treatment for hypertension in 

individuals mistakenly thought to have normal BP. 
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