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measurements using mercury sphygmomanometer in the
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Objective: Accurate measuring of blood pressure is

a vital step in both clinical and para-clinical settings. The
aims of the present study were to evaluate the validity and
inter-observer reliability of measured blood pressures by
two trained observers and one expert supervisor in the
PERSIAN Guilan cohort study (PGCS).

Participants and methods: In a quasi-experimental
study, two trained observers and one expert supervisor
measured systolic and diastolic blood pressures (SBP
and DBP) in 85 included participants. All measurements
were done using Riester mercury sphygmomanometer as
duplicate for each people.

Results: Lack of validity in the total SBP (P =0.017),
DBP in age <50 years (P = 0.039), and DBP in BMI >25
(P=0.019) of first observer and total SBP (P = 0.045), SBP
of male (P=0.019), both SBP and DBP in age >50 years
(P=10.034, P=0.012) and DBP in BMI <25 (P = 0.001) of
second observer were seen. In addition, total inter-rater
reliability was found as 12.2% and 27.2% in SBP and DBP,
respectively. Age, sex and BMI categorized inter-observer
reliability were not more than 15% in SBP of BMI <25kg/m?
and 31.6% in DBP of female. The final inter-observer

Introduction

Hypertension, also called persistent elevated arterial
blood pressure, is an important risk factor for cardiovascu-
lar diseases, chronic kidney disease, stroke, and vision loss
[1] and is one of the most important criteria of metabolic
syndrome [2]. Therefore, accurate measurement of blood
pressure is vital for prevention of such diseases [3,4].
Nowadays, with development of medical researchers,
several events are estimated using questionnaire, educa-
tional tests or assessment of evaluators [5]. Therefore, the
validity and reliability of such tools must be checked and
should be in the acceptable level [6-9]. Although blood
pressure measurement using mercury sphygmomanom-
eter is a gold standard for assessment of blood pressure,
this technique has certain limitations such as manmade
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agreement after educational course was higher than 0.7
totally and in all categorical evaluations.

Conclusion: Based on lack of validity in some
conditions and low level of reliability, education of all
observers to measure both SBP and DBP accurately is
needed. This is more necessary to done before performing
the high population surveys. Blood Press Monit 25:
100-104 Copyright © 2019 Wolters Kluwer Health, Inc. All
rights reserved.
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or devise errors, patient anxiety, any movements during
assessment, and korotkoff sounds which can lead to inac-
curate measurements [10].

Since manmade error is one of the most important causes
of wrong detection of blood pressure, therefore, the aims
of the present study were to evaluate the validity of
reported SBP and DBP by two expert observers and com-
pare their agreement as inter-observer reliability assessed
by mercury sphygmomanometer in the PERSIAN Guilan
cohort study (PGCS).

Participants and methods

Participants

In a quasi-experimental study nested in PGCS, 85
Iranian participants consisted of 55 male and 30 female
with age ranged from 35 to 70 years were enrolled. PGCS
is a part of the Prospective Epidemiological Research
Studies in Iran study [11-13] which conducted on the

DOI: 10.1097/MBP.0000000000000420

Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.


www.bpmonitoring.com
mailto:fmansourghanaei@gmail.com

Validity and reliability of blood pressure measurements Joukar et al. 101

adult population of Sowme'eh Sara County, near the
Rasht, capital of Guilan province, northern of Iran and
surveys will perform every year for fifteen years. In the
first phase of enrollment, 10 520 participants are included
in the PGCS (for more information please see: http://
www.gums.ac.ir/cohort).

For this nested study, the sample size was calculated
based on the standard of the American Association for
the Advancement of Medical Instrumentation (AAMI)
[14]. The aims and protocol of the study explained for all
participants and they were assured that this study did not
induce any damage or danger. Local ethical committee
of Guilan University of Medical Sciences approved the
study protocol and all procedures were conducted based
on Declaration of Helsinki revised in 2000.

Procedure and measurements

Since the stress is one of the factors, which alters blood
pressure and detecting ability of observers, the partici-
pants, observers, and supervisor were asked to maintain
their calm during the measurements. Heavy exercises,
foods and coffee intake, and drugs consumption were
forbidden before assessment. The bladder of the partici-
pants must be empty and they should not be fasted more
than 14 hours. The SBP and DBP were measured with
using mercury sphygmomanometer (Riester, Germany)
from the right arm of each participant after 5 minutes
sitting in the rest condition by the first trained observer.
Others measurement with similar conditions from the
same arm were done again by second trained observer
and then by supervisor with 5 minutes rest-time inter-
val. In the participants who had irregular heartbeat, the
blood pressure was measured at least five times and the
mean value was reported. All measuring was done dupli-
cate and rounding the measured values was not allowed.
In addition, talking of participant with observer or each
of them separately was not permitted. The height and
weight of the participants were also measured using the
strip meter and digital scale, respectively, and BMI was
calculated as weight (kg)/height (m)>.

Statistical analysis

Data were expressed as mean and SD for quantitative
variables and frequency and percentage for qualita-
tive ones. Descriptive analysis of SBP, DBP, BMI, age,
and sex were done using SPSS version 23. Agreement
between each observer and supervisor (validity) plus
inter-observer agreement (reliability) in total SBP and
DBP and age, sex, and BMI-categorized SBP and DBP
were assessed by Bland-Altman method and Cohen’s
kappa, respectively, using MedCalc version 15.8. In
Bland-Altman method, we plotted the differences
against supervisor values as a reference [15]. P < 0.05
was considered as significant difference. Figures were
created using GraphPad Prism 7.0.

Results

Our participants were 55 male and 30 female with mean
age of 53.2 £ 9.6 years (range: 37-70 years) and mean BMI
of 27.7 5.9 kg/m* (range: 19.7-63.6 kg/m?). Descriptive
analysis of SBP and DBP reported by two observers and
one supervisor are presented in Table 1. As seen, very low
levels of agreement were existed between two observers
and between each observer and supervisor.

Validity of reported values about total, SBP and DBP is
shown in Fig. 1 and for sex, age, and BMI categorized
presented in supplementary file (Supplemental digital
content 1, http://links.Iww.com/BPM]J/A114). Moreover,
related statistical analysis is presented in Table 2. As
demonstrated, significant differences (disagreement) were
seen between both observers 1 and 2 with supervisor in
SBP. Indeed, first observer reported significant lower SBP
(mean difference = -3.35 = 12.64, P = 0.016) while sec-
ond observer detected higher SBP (mean difference = 2.29
+ 10.39, 95% CI: 0.05-4.54, P = 0.045) in comparison to
supervisor. When compared as categorized, first observer
reported significantly lower DBP in age <50 years and SBP
in BMI >25 kg/m” in comparison to supervisor. Although,
second observer detected significantly higher SBP in male,
SBP and DBP in age >50 years. Also second observer
detected higher DBP in BMI <25 kg/m* (Table 2).

Inter-observer agreement (reliability) in total plus sex,
age, and BMI categorized SBP and DBP is presented
in Table 3. As shown, the reliability level in none of the
parameters was not more than 31.6%, which related to the
female categorized DBP. Moreover, the lowest reliability
was related to the female categorized SBP, which was 7.9%.

Immediately after seeing the low inter-observer reliabil-
ities, the one-month educational course was applied for

Table 1 Descriptive statistics of SBP and DBP reported by two
observers and one supervisor

Parameters Observer 1 Observer 2 Supervisor
SBP
Mean + SD 122.65 + 19.62 128.29 *+ 20.65 126.00 + 20.98
Median 120 130 125
Mode 120 130 130
Minimum 85 90 95
Maximum 220 210 220
Percentile
10 100 100 103
25 110 112.5 110
75 132 140 135
90 140 150 152
DBP
Mean + SD 79.82 + 11.45 82.94 + 12.25 81.59 + 11.42
Median 80 80 80
Mode 80 90 80
Minimum 50 50 60
Maximum 120 120 130
Percentile
10 65 70 65
25 70 75 75
75 85 90 90
90 90 97 90
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Bland—Altman graph of agreement between two observers with supervisor in total SBP and DBP.

them to obtain higher reliabilities. The final inter-ob-
server agreement after this educational course was higher
than 0.7 totally and in all categorical evaluations.

Discussion

In the present study, the validity and reliability of
reported SBP and DBP by two expert observers were
evaluated and compared. We found that even expert
observers had some mistakes included higher or lower
reporting of blood pressure which affected by age, sex,
and BMI. Furthermore, our detected inter-observer reli-
abilities were too low, which clarified the importance of
training course before any assessments.

Despite of developments in tools of blood pressure meas-
urement from mercury to aneroid sphygmomanometers
and then digital oscillometric devices [16], this procedure
is time-consuming, requires complex and approximately
expensive training courses and accompanies by certain
errors when using mercury sphygmomanometers [17].
However, mercury sphygmomanometer is widely used
and available worldwide in hospitals, clinics, and homes.
On the other hand, measurement of blood pressure
with wrist devices showed several variations and leads

to falsely elevated blood pressure [18]. Howbeit, exact
measurement of blood pressure is one of the routine
aspect of nursing practice [19], but manmade errors are
unavoidable. Based on our best knowledge, there are no
reports about evaluation of validity and inter-reliability of
observers when measured blood pressure using mercury
sphygmomanometers. However, several reports were
existed about comparing this device with digital ones.
For instance, Vera-Cala ez a/. [17] compared the accuracy
of an automatic device with a mercury sphygmomanom-
eter in 1084 participants and found that digital tool had
similar accuracy and precision to the mercury sphygmo-
manometer. On the other hand, the variations between
reported value by digital devices and mercury sphygmo-
manometers were also reported [20,21].

We found some variations in reported values by two
observers in comparison to supervisor and together.
These variations may be related to the human errors and
measuring processes. In an observational study performed
by Odagiri ez al. [22], it has been reported that the physi-
cian and nurse had 78.8% agreement in the reading blood
pressure values. The level of 69% inter-observer agree-
ment was also reported by Ripollés Orti ez a/. [23] which is

Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



Validity and reliability of blood pressure measurements Joukar et al. 103

Table 2 Statistical analysis of agreement between two observers
with supervisor (validity) plus inter-observer agreement (reliabil-
ity) in total and age, sex, and BMI categorized SBP and DBP

Parameters Mean difference + SD 95% CI P value
SBP
Observer 1 vs. supervisor —3.35 £ 12.64 —6.08 to —0.63 0.016
Observer 2 vs. supervisor 2.29 +10.39 0.05 to 4.54 0.045
DBP
Observer 1 vs. supervisor —-1.76 £10.74 —4.081t00.55 0.133
Observer 2 vs. supervisor 1.35£7.04 —0.17t02.87  0.080
Sex categorized SBP
Female
Observer 1 vs. supervisor —4.33 £ 12.09 —8.85t0 0.18 0.059
Observer 2 vs. supervisor 0.00 £9.28 —3.47 to 3.47 1.000
Male
Observer 1 vs. supervisor —2.82 + 13.01 —6.33t100.70 0.114
Observer 2 vs. supervisor 3.564+10.83 0.62 to 6.47 0.019
Sex categorized DBP
Female
Observer 1 vs. supervisor —1.83+9.60 —5.421t01.75 0.304
Observer 2 vs. supervisor 0.50 + 7.11 —2.16t03.16  0.703
Male
Observer 1 vs. supervisor —1.73£11.39 —4.811t01.35 0.266
Observer 2 vs. supervisor 1.82+ 703 —0.081t03.72 0.060
Age categorized SBP
<50 years
Observer 1 vs. supervisor —2.71 £10.24 —6.23t00.80 0.126
Observer 2 vs. supervisor 0.86 £ 9.96 —2.561t04.28 0.614
>50 years
Observer 1 vs. supervisor —3.80+ 14.16 —7.82t0 0.22 0.064
Observer 2 vs. supervisor 3.30+10.67 0.27 to 6.33 0.034
Age categorized DBP
<50 years
Observer 1 vs. supervisor —3.57 £9.82 —6.94 to —0.20 0.039
Observer 2 vs. supervisor 0.00 = 7.95 —2.73 t0 2.73 1.000
>50 years
Observer 1 vs. supervisor —0.50+11.26 —3.70t0 2.70  0.755
Observer 2 vs. supervisor 2.30+£6.24 0.52 to 4.07 0.012
BMI categorized SBP
<25 kg/m?
Observer 1 vs. supervisor —1.59 + 0.53 —6.73t03.55  0.526
Observer 2 vs. supervisor 2.04 £ 6.66 —0.91t05.00 0.165
>95 kg/m?
Observer 1 vs. supervisor —3.97 £ 13.02 —7.25t0—0.69 0.018
Observer 2 vs. supervisor 238+ 11.46 —0.50t05.27 0.104
BMI categorized DBP
<25 kg/m?
Observer 1 vs. supervisor 0.68 = 6.60 —2.24 t0 3.61 0.633
Observer 2 vs. supervisor 4.32+5.19 2.02 to 6.62 0.001
>25 kg/m?
Observer 1 vs. supervisor —2.62+11.77 —5.581t00.35 0.082
Observer 2 vs. supervisor 0.32+ 734 —153t02.17 0.733

Cl, confidence interval.

lower than acceptable level of 75%. In opposite to above
mentioned two studies, Montes Redondo e7 a/. [24] by
evaluation of 318 participants found well inter-observer
agreement as more than 80% with no significant differ-
ences between observers. Although their level of agree-
ment is higher than our highest agreement level (31.6%),
our findings confirmed the importance of human-related
effects. Furthermore, some age, sex, and BMI related
significant differences were detected in reported values.
Because these variations had no specific patterns, there-
fore their underlying cause is human-related errors.

Strengths and limitations

One of the strengths and novel part of the present study
was to evaluate the validity of blood pressure measure-
ments in a cohort study with a high sample size.

Table 3 Inter-observer agreement (reliability) in SBP and DBP
Parameters Kappa 95% ClI
SBP
Total 0.122 £ 0.047 0.030t0 0.213
Sex categorized
Female 0.079 + 0.072 —0.062 to 0.219
Male 0.141 £0.061 0.022 to 0.260
Age categorized
<50 years 0.141 £0.076 —0.008 to 0.290
>50 years 0.093 + 0.058 —0.021 to 0.206
BMI categorized
<25 kg/m2 0.150 = 0.093 —0.033 to 0.333
>25 kg/m2 0.104 + 0.054 —0.002 t0 0.210
DBP
Total 0.272 + 0.059 0.157 to 0.388
Sex categorized
Female 0.316 £ 0.097 0.126 to 0.507
Male 0.247 £ 0.071 0.107 to 0.387
Age categorized
<50 years 0.282 £ 0.092 0.101 to 0.462
>50 years 0.263 £ 0.075 0.115to 0.411
BMI categorized
<25 kg/m? 0.243+0.118 0.011 to 0.475
>25 kg/m2 0.273 £ 0.069 0.137 to 0.409

Cl, confidence interval.

One limitation of our study is that sequential, not simul-
taneous, measurements were taken. When sequential
readings are taken, bias may occur due to an ordering
effect. For example, the initial reading may be spuriously
high because of an alerting reaction. In addition, initially
high readings my regress downwards and initially low
readings, upwards. We note that, although we cannot rule
out the possibility that these factors affected our results,
the two observers differed in terms of the direction of
bias relative to the supervisor. Therefore, an ordering
effect cannot explain fully the findings of our study.

In conclusion, low level of validity and inter-observer
reliability (between observers and the supervisor) in the
measured SBP and DBP using mercury sphygmomanom-
eter were detected in this study. The possible main cause
of these disagreements is manmade errors, which can be
resolved using training course for all observers as we per-
formed for all of our observers who cooperated in PGCS
immediately after seeing the low inter-observer reliabilities.
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