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Abstract

Accuracy of blood pressure measurement is critical to management of hypertension and stratification of
patients. We observed marked variations in blood pressure readings obtained by the nurses and those
obtained by the physicians at the time of the consultation.

Objective: To assess inter-observer reproducibility of blood pressure measurements in the clinics by nurses
and physicians.

Method: This was a cross-sectional study. Blood pressure recordings of patients attending the cardiology
clinics were obtained using validated electronic devices by the nurses and again by the attending physicians
during consultation. The results obtained were analysed and coefficient of variation (COV) in percentage,
inter-class correlation coefficient with 95% confidence interval (ICC), Bland-Altman limits of agreement of
95% and prevalence-adjusted and bias-adjusted kappa (PABAK) were used to determine inter-observer
variability of the blood pressure measurements.

Results: Majority of the participants were aged between 51-70 years (44.2%) and females (53.8%). The
mean systolic BP obtained by the nurses was 131.86+23.20 and 126.70+21.94 for those by the physicians
while diastolic were 78.40+14.48 and 75.97+12.67 for the nurses and physicians respectively with overall
significant p values. When subjected to test of COV (SBP 16.40, DBP 15.83), Bland Altman analysis (SBP
5.16, DBP 2.43) and PABAK (SBP 0.031, DBP 0.040), there was poor reproducibility of BP measurements
by nurses and physicians.

Conclusion: There was poor reproducibility of blood pressure measurements taken by nurses and
physicians in this study. Adherence to standardized guidelines for blood pressure measurement may
improve blood pressure reproducibility among health care workers.
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Introduction

Hypertension is recognized as the most significant modifiable risk factor for mortality and disability
worldwide, affecting approximately 1.4 billion adults and contributing to over 10 million deaths annually."

The global prevalence of hypertension is estimated to
be around 31%, with elevated blood pressure being
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This highlights the critical public health significance
of hypertension and the necessity for accurate
diagnosis and timely intervention to mitigate its
complications.

Blood pressure (BP) measurement is among the most
frequently performed screening tests in medicine,
and its simplicity has facilitated widespread home
monitoring.” However, BP levels fluctuate in
response to both internal and external factors, making
it challenging to determine an individual’s optimal
blood pressure. To enhance measurement
consistency, it is essential to adhere to established
guidelines for BP assessment.

Accurate BP measurement is crucial for diagnosing,
classifying, and managing hypertension. Research
indicates that a 5S-mmHg variation in systolic blood
pressure (SBP) can result in a 6% absolute and 30%
relative difference in hypertension prevalence’.
Given a global prevalence of 1.4 billion individuals
with hypertension,” an error of 5 mmHg in BP
assessment could lead to the misclassification of
hypertension status in approximately 84 million
people worldwide.

Errors in office and clinic BP measurements occur
when there is a discrepancy between the recorded BP
and values obtained through gold standard
techniques (e.g., invasive direct aortic measurement),
expert evaluation, or the patient’s typical daytime
BP.’ Values obtained following BP measurements are
influenced by patient characteristics, attending
physician/nurse and the sphygmomanometer used.
Although clear guidelines exist for maximizing
accuracy in BP measurements, inter-observer
variability still exists among physicians and nurses
and between the two groups. This could be due to
poor adherence to these guidelines, as found in a
study that assessed self-reported practices of doctors
and nurses in BP measurements.’

In our facility, patients attending the clinics were
more often than not noted to be worried about the
marked variations in blood pressure readings
obtained by the nurses before their consult with the
physicians and those obtained by the physicians at the
time of the consult. This concern aroused our
curiosity and the aim of this study was to assess the
reproducibility of blood pressure measurements done
by the nurses and physicians.

Materials and methods
This study employed a cross-sectional design and
was conducted among adult hypertensive patients

receiving care at the cardiology outpatient clinic of
Alex Ekwueme Federal University Teaching
Hospital, Abakaliki, Ebonyi State, Nigeria.
Participants were recruited consecutively. Blood
pressure measurements were taken from 197 patients
using validated electronic devices, initially by nurses
and subsequently by attending physicians during
consultations. An appropriately sized cuff was used
for each patient. Before measurement, patients were
seated comfortably for five minutes with their backs
supported, arms positioned at heart level, feet flat on
the floor, and legs uncrossed. Data analysis was
performed using IBM SPSS version 23. Inter-
observer variability in blood pressure measurements
was assessed using the coefficient of variation (COV)
in percentage, the inter-class correlation coefficient
(ICC) with a 95% confidence interval, Bland-Altman
limits of agreement at 95%, and the prevalence-
adjusted and bias-adjusted kappa (PABAK).

Ethical clearance was obtained from the Alex
Ekwueme Federal University Teaching Hospital
Health Research Ethics committee
(NHREC/16/05/22/450). Participants signed
informed consent but were free to withdraw from
participation without affecting their medical care in
the clinic. None of the screening carried out during
study was invasive. To ensure confidentiality,
information obtained from patients in the course of
the study, were depersonalized.

Results

A total of 197 patients between 18 and 90 years were
examined. The modal age group was 51-70 years,
accounting for 44.2% of the participants. About
53.8% were female. The mean systolic blood
pressure readings by the nurses and doctors varied
significantly for males and females with p-values of
<0.001 and 0.003 respectively. While there was no
significant variation in the diastolic BP for females
(p-value 0.219), those for the males were

Table 1: Sociodemographic Characteristics of
the Participants

Characteristics Frequency Percentage
Age group
<30 yrs 12 6.1
31 — 50 yrs 59 29.9
51 — 70 yrs 87 44.2
71 — 90 yrs 39 19.8
Sex
Female 106 53.8
Male 91 46.2
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Table 2: Comparison of the Means and
standard deviations of blood pressure
parameters obtained by Nurses (A) and
Doctors (B) by Male and female participants

Variable Nurse (A) Doctor (B)
Mean+=SD Mean+SD t P-Value
Systolic BP
Male 133.58+26.96 126.59+24.31 4.358 <0.001
Female 130.39+19.42 126.79+19.8 3.029 0.003
Over All 131.86123.2 126.7121.94 5423 <0.001
Diastolic BP
Male 79211553 75.74+14.57 2.375 0.019
Female 77.71+13.55 76.17£10.84 1.240 0.219
Over All 78.40114.48 75.97112.67 2.853 0.005
Table 3: Comparison of the Means and
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Figure 2: Variations in Diastolic Blood Pressure
measurements recorded by Nurses (A) and Doctors (B)
are plotted on the y-axis, while the x-axis represents the

average of both measurements. The solid

standard green line denotes the mean difference

deviations of blood pressure parameters obtained by between the two sets of readings, whereas the

Nurses (A) and Doctors (B) by age group of participants

dashed red lines indicate the mean plus or
minus two standard deviations.

Age Group (Years)

Group <30 31-50 51-70 71- 90 Total F P

MeanzSD MeantSD MeantSD  MeantSD MeantSD
Sys. BP . . pe )
Nurse 11912311  134.63125.11 133.912338 127.1118.05 131.861232 2325 0.076 s1'gn1f¥cant(p Vglue 0'_019)_' Qverall
Doctor 111.08£14.46 130.69+23.82 126.9+22.12 125.03+18.57 126.7+21.94 2.834 0.039 diastolic BP readings varied significantly
Dia. BP for doctors and nurses with a p-value of
Nurse 73.08£1373 $424:1528 76891327 74591378 78.4+14.48 5277 0.002 )
Doctor 711741156 79.68+14.97 75.25+11.52 73.44+1049 75.97+12.67 2.961 0033 0.005. Notable variations were also seen

among the various age groups assessed.

Table 4: Inter-observer agreement Reproducibility of the measurements when assessed
Variable  ICC (95% IC)  BA 95% LOA cov papak  With inter class correlation coefficient was

Systolic BP 0.87 (0.82t0 0.90) 5.16 (-25.23 t0 35.55) 16.40 0.031
Diastolic BP 0.76 (0.68 to 0.82) 2.43 (-21.02 to 25.88) 15.83 0.040
Abbreviations: BA = Bland-Altman limits of agreement of 95%; BP =
Blood Pressure; COV = coefficient of variation in percentage; ICC — intra-
class correlation coefficient with 95% confidence interval; PABAK —
prevalence-adjusted and bias-adjusted kappa;

Blood Pressure: SBP
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Figure 1: Variations in systolic blood pressure readings
recorded by nurses (A) and doctors (B) are plotted on
the y-axis, while the x-axis represents the average of
both measurements. The solid green line denotes the
mean difference between the two sets of readings,
whereas the dashed red lines correspond to the mean
difference plus or minus two standard deviations.

[TS1.1]found to be better for systolic BP
measurements compared to diastolic BP
measurements. However, further analysis with COV,
PABAK and Bland Altman plots showed poor
reproducibility overall of blood pressure
measurements by nurses and doctors.

Discussion

This study showed that the systolic and diastolic
measurements obtained by nurses and doctors were
not reproducible and doctors obtained significantly
lower blood pressure values than nurses. In addition,
the variations were greater among males when
compared to females. This is in contrast to some
existing studies that showed measurements gotten by
nurses to be significantly lower than those of doctors
and also noted more variations among females than
males‘lo,ll,IZ

Variations in blood pressure measurements are often
due to patients’ characteristics, observer’s
technique/expertise and device used for the
measurement. Readings tend to fluctuate drastically
depending on the patient’s physical and mental state.
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Thus, for reproducible readings to be obtained, the
patient has to be in the same physical and emotional
state as in the previous reading.” In addition, a cold
atmosphere, as well as having a full bladder at the
time of measurement could also lead to higher than
normal blood pressure readings."

The observer also significantly impacts blood
pressure readings. Traditionally, the white coat effect
has been described as being significantly more with
doctors than nurses'". This has led to some authors
suggesting that physicians should not be involved in
the measurement of blood pressure but should rather
work with the readings obtained by the nurses or
other trained personnel.” This however does not hold
true for our study as the physicians obtained
significantly lower readings than the nurses.
Furthermore, observer practices like failing to give a
five minute rest period before measuring the blood
pressure, failing to take multiple readings (at least 3)
or use of an inappropriate cuff size could also impact
blood pressure readings."” Time constraint is also an
important factor as a casual reading takes just about 2
minutes to complete, compared with the 8 minutes
required for standardized blood pressure
measurements.'*"" A study that assessed self-reported
practices by doctors and nurses found that both
groups failed to adhere to the proper techniques for
measuring blood pressure and this could account for
the poor reproducibility of blood pressure
measurements.” A more conducive and relaxed
environment in the doctor’s consulting room could
contribute to the lower readings gotten by the doctors
when compared to the reading gotten by the nurses at
the hall. The nurses’ station is usually crowded and
often poorly controlled compared to the doctor’s
consulting room which is usually more private and
conducive.

The device used also plays a role in the determining
how reproducible blood pressure measurements are.
Poorly calibrated devices are likely to generate
spurious readings and affect both accuracy and
reproducibility of measurements. Therefore, all
devices for blood pressure measurement should be
adequately validated before use and regularly
maintained and recalibrated in order to reduce the
device related error margins.”

It is equally important to consider the intrinsic
variability of blood pressure itself as this could also
affect the results obtained. This variability likely
underscores the need for 24hr ambulatory blood
pressure monitoring for accurate first-time diagnosis

of hypertension as well as cardiovascular risk
stratification as is recommended by several
guidelines.”

Conclusion

There was poor reproducibility of blood pressure
measurements by doctors and nurses in this study
with physicians having lower measurements than
nurses. This study highlights the need for Cardiology
clinics to audit and standardise BP measurements for
proper patient management. However, this study did
not address the reasons for the poor reproducibility of
BP measurements among doctors and nurses. Future
studies should be powered to investigate the factors
underlying BP variability among health workers in a
clinic setting as well as compare them to more
standardised measures such as the ambulatory and
home BP measurements as a means of improving
reliability of office BP measurements.
Acknowledgement: The nurses and other staff that
work at the cardiology clinic of Alex Ekwueme
Federal University Teaching Hospital Abakaliki,
Ebonyi State Nigeria.

Listof abbreviations

BA-Bland-Altman

BP- Blood pressure

DBP- Diastolic Blood pressure

COV- Coefficient of variation

ICC- Inter-class correlation coefficient

PABAK- Prevalence-adjusted kappa
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