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The authors assessed the process of blood pressure (BP)
measurement and level of adherence to recommended
procedures at representative sites throughout a large aca-
demic health sciences center. A casual observer assessed
the setting and observed the process, noting the equip-
ment, technique, and BP recorded by site personnel. A
trained observer then repeated the patient’s BP measure-
ment following American Heart Association recommenda-
tions. Significant biases were observed between
measurements by site personnel and the trained observer.
Site personnel reported on average an increased systolic
BP (SBP) of 5.66 mm Hg (95% confidence interval [CI],
3.09–8.23; P<.001) and a decreased diastolic BP (DBP) of
)2.96 mm Hg (95% CI, )5.05 to )0.87; P=.005). Overall,

41% of patients had a �10-mm Hg difference in SBP
between measurements. Similarly, 54% had differences of
�5 mm Hg in DBP between measurements. Inaccurate BP
measurement and poor technique may lead to misclassifi-
cation, misdiagnosis, and inappropriate medical decisions.
Concordance of measured SBP between our site person-
nel and trained observer was less than optimal. Several
areas for improvement were identified. Routine calibration
and use of system-wide standardized equipment, estab-
lishment of BP measurement protocols, and periodic tech-
nique and equipment recertification can be addressed in
future quality initiatives. J Clin Hypertens (Greenwich).
2012;14:222–227. �2012 Wiley Periodicals, Inc.

Blood pressure (BP) measurement is perhaps the most
commonly performed procedure in the clinical encoun-
ter and one of the most important measurements in
clinical medicine.1 Despite clear guidelines on appro-
priate techniques for BP measurement,2,3 these recom-
mendations rarely are followed by health care
providers or personnel.1 There are numerous factors
that influence accuracy of BP readings including those
related to the patient, observer, instruments, and tech-
nique.2–4 Adequate rest time, diurnal variation, clinic
atmosphere, pain, anxiety, smoking, and conversation
all can have a significant impact on BP readings.4 Fac-
tors directly related to the observer include training,
end-digit preference, and impaired hearing.2,3,5 Instru-
ment accuracy, background noise, clothing interfer-
ence, inappropriate cuff size and placement, posture,
and inflation-deflation rate can influence BP measure-
ments. Lack of repeated measurements further com-
pounds the obtainment of an accurate reading.3 These
multiple sources of potential error encountered in daily
clinical practice emphasize the possibility for inaccu-
rate results that can influence patient management.1

Accurate measurement of BP is essential in staging
hypertension, ascertaining BP-related risk, and guiding
management. Health care providers and personnel

should be keenly aware of the need to carefully follow
standardized procedures in order to achieve accurate
and reproducible BPs. Despite education, clinic person-
nel who are aware of guidelines often do not follow
them to the degree necessary to produce repeatable
measures, and it has been questioned whether physi-
cians should even measure BP because they rarely
follow published guidelines.2,4,6,7 Although following
guideline recommendations results in more accurate
readings, health care personnel continue to use more
casual methods to measure BP.7 Using casual methods
can result in several potential errors depending on the
observer’s knowledge or training, the equipment, and
the effect of being in an ambulatory or inpatient set-
ting.8 Proper training of persons measuring BP and
attention to such simple measures as patient position-
ing and appropriate selection of cuff size can increase
accuracy.2,3 The potential consequences of over- or
under-treatment associated with the use of inaccurate
BP measures warrant consistent practice implementa-
tion and application of the American Heart Associa-
tion (AHA) guidelines.

While the gold standard for BP measurement
includes the use of a mercury sphygmomanometer and
identification of Korotkoff sounds, this method is no
longer used in most health care settings. Accurate BP
measurement can be obtained by using other methods
with attention to a suitable setting, appropriately
calibrated equipment, and proper technique. The level
of accuracy of BP measurement throughout large
academic health science centers is largely unknown.
The purpose of this study was to assess the accuracy

Address for correspondence: Deborah S. Minor, PharmD, Department
of Medicine, University of Mississippi Medical Center, 2500 North State
St, Jackson, MS 39216
E-mail: dminor@umc.edu

Manuscript received: 23 November 2011; Revised: 9 January 2012;
Accepted: 10 January 2012
DOI: 10.1111/j.1751-7176.2012.00599.x

222 The Journal of Clinical Hypertension Vol 14 | No 4 | April 2012 Official Journal of the American Society of Hypertension, Inc.



of BP measurement and the level of adherence to rec-
ommended techniques at representative sites through-
out a large academic health science center. Based on
previous reports in other settings, we hypothesized
that there was inconsistent use of equipment and
improper BP measurement technique, thus leading to
inaccurate BP measurements in our clinical and inpa-
tient settings.

MATERIALS AND METHODS
This study was submitted and approved by our institu-
tional review board prior to initiation. All patients
seen within our health center during a 3-month period
were eligible for inclusion. Patients with an arm cir-
cumference >40.9 cm were excluded. Sixteen ambula-
tory and inpatient sites were assessed, with the
supervisor of the selected site being notified of the visit
on the day of the visit. A casual observer trained in
recommended BP measurement technique assessed the
setting and observed the process of BP measurement
by site personnel. The casual observer noted the equip-
ment and technique used and recorded the BP
obtained for each patient by the site personnel. Imme-
diately following this, the trained observer, a certified
hypertension clinical trials coordinator, repeated the
patient’s BP measurement according to AHA recom-
mendations in an adjacent private area.2,4 The trained
observer used a device with a known calibration his-
tory similar to the one used by the site personnel. The
BP measurements and method of assessment for each
patient were recorded and provided to the health care
provider.

Patient-, setting-, and technique-specific data were
collected for analysis. Patient data included age,
weight, arm circumference, gender, ethnicity, history
of hypertension diagnosis or medications, BP, and
pulse. Site and setting data included type of BP mea-
surement device, date of last equipment calibration,
type of personnel measuring the BP, and environmen-
tal factors (room temperature and set-up). Technique
data included length of patient rest time, activity dur-
ing BP measurement, use of bare vs covered arm, arm
positioning, and patient positioning. No identifiable
health information was collected for analysis or
recorded.

Statistical Analysis
Means and standard deviations for continuous vari-
ables along with frequencies and percentages for cate-
gorical variables were calculated and reported. Linear
mixed-effects models were used to estimate bias while
adjusting for potential confounders such as patient
age, weight, sex, and ethnicity and accounting for
repeated measurements across patients (1 per site per-
sonnel and 2 per trained observer). A random inter-
cept variance structure was utilized. Overall
reliability was reported using intraclass correlation
coefficients from the estimated mixed model covari-
ance structure. Concordance classifications were

reported at clinically meaningful thresholds. Effect
modifications in the observed bias related to devia-
tions in specific protocol factors were examined by
incorporating interaction terms in the models. Sensi-
tivity analyses were conducted on primary model
assumptions in the mean and covariance structures of
the mixed models and did not alter conclusions
(results available by request). Bland-Altman plots
with overlaid linear regression lines were constructed
to visualize potential changes in the bias and reliabil-
ity metrics across level of BP.9

RESULTS
A total of 119 patients were observed at 16 different
ambulatory or inpatient sites (57% women, 70% Afri-
can American, 52% self-reported hypertension). Of
the sites observed, four (25%) of the 16 were inpatient
sites, representing 42 (35%) of the total (119) observa-
tions. A variety of site personnel were observed
measuring BP: licensed practical nurses (LPNs, 51%),
certified nursing assistants (CNAs, 33%), patient care
technicians (13%), and medical doctors (MDs, 3%).
Other factors assessed and observed are identified in
Table I. There were 5 different BP measurement

TABLE I. Descriptive Statistics for Measurement
Device, Setting, Patient Factor Observations, and
Techniques Influencing Measurement Accuracy
(N=119)

No. (%)

Measurement device

Dinamap 84 (71)

Mercury 12 (10)

Phillips 9 (7.5)

Welch-Allyn 9 (7.5)

Dinamap-antiquated 5 (4)

Measurement setting

Central 45 (38)

Private 68 (57)

Semi-private 6 (5)

Room temperature

Cool 4 (3)

Ambient 104 (88)

Warm 11 (9)

Observations

Measurement of arm circumference 0 (0)

Clothing, sleeve, or garment interference 30 (25)

Out of position ⁄ bad posture 18 (15)

Improper device use 7 (6)

Stethoscope bell use (where appropriate, *n=12) 9a (8)

Conversation (yes) 48 (40)

Bare arm (no) 49 (41)

Arm ⁄ cuff at heart level (no) 89 (75)

Feet not flat (no) 77 (65)

Crossed legs (yes) 24 (20)

Second blood pressure measurement (no) 114 (95)

Clinic rest time (no) 117 (98)
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devices used at the sites, with the Dinamap (GE
Healthcare, Waukesha, WI) being the most frequent
(71%). A calibration history was available at only
the site using mercury sphygmomanometers. Most
observed BPs were measured in a private setting
(57%). There was no rest period between arrival and
BP measurement for 98% of patients; measurement of
arm circumference prior to cuff application was not
observed in any patient. A second BP was not
obtained by site personnel in 95% of observations.
The stethoscope bell was utilized in 9 of 12 measure-
ments requiring this technique. The casual observer
noted the following technical parameters: conversation
during measurement (40%), measurement taken on a
clothed arm (41%), cuff and arm not positioned at
heart level (75%), feet not flat on the floor (65%), and
legs crossed (20%).

Site personnel and trained observer BP measure-
ments were compared using unadjusted and adjusted
average differences for SBP and DBP as well as
concordance and reliability measures (Table II). The
adjusted average difference for SBP was 5.66 mm Hg
(95% confidence interval [CI], 3.09–8.23; P<.001),
indicating that site personnel tended to report higher
SBPs. For DBP, the adjusted difference was
)2.96 mm Hg (95% CI, )5.05 to )0.87; P=.005),
indicating that site personnel tended to report lower
DBPs on average. An SBP difference �10 mm Hg was
observed in 41% of patients, while a DBP difference
�5 mm Hg was observed in 54% of patients (Table
II). Although intraclass correlation coefficients (ICCs)
indicated that overall associations between measurers
were high (SBP: r=0.87; 95% CI, 0.82–0.91 [P<.001];
DBP: r=0.78; 95% CI, 0.70–0.84 [P<.001]) by this
method of analysis, the more relevant the poor abso-
lute agreement as indicated by the Bland-Altman
method (Figure 1). Using this method, SBP readings
were �10 mm Hg in 59% of observations, while DBP
readings were within �5 mm Hg in 46% of observa-
tions. Compared with these findings, the high ICC
scores for both SBP and DBP indicating high levels of
agreement are misleading. Contrary to the indication
of the ICC, when examining the incremental observed

differences using absolute agreement and the Bland-
Altman method, there is much variability and poor
overall agreement between site personnel and trained
observers for both SBP and DBP.

Cumulative effect and interference factors were
grouped in an ordinal fashion by adding the number
of observations noted based on type of setting, room
temperature, patient factors, or technique, which
could incrementally interfere with the accuracy of the
reading and better account for differences in BP mea-
surements between site personnel and the trained
observer. An overwhelming majority of participants
had �1 factors noted that would influence the accu-
racy of the BP measurement obtained by site personnel
(98%).

Some environmental, patient, and technique factors
potentially contributed to the magnitude of the site
personnel vs trained observer differences (Table III).
Site personnel reported SBPs only 1.68 mm Hg higher
if the patient had a bare arm, but 6.56 mm Hg higher
when the patient did not have a bare arm (unadjusted
effect modification, 4.88 mm Hg; 95% CI, 0.53–9.23
[P=.028]). Thus, if all site personnel had followed the
bare-arm protocol, the difference in SBP measures may
have been less substantial. We note that the bare-arm
effect modification was diminished but similar in the
adjusted model. Other effect modifiers analyzed
including feet not flat, conversation, cuff position (arm
not at heart level), and crossed legs contributed to
mild to modest variability in readings (Figure 2); how-
ever, none were statistically significant in either
adjusted or unadjusted models. Differences for DBP
were even smaller, and none were statistically signifi-
cant in either model. We also conducted a sensitivity
analysis comparing ambulatory vs inpatient site types
and estimates did not change (Table SI). Several
important factors were not included in the effect modi-
fication analyses because of low numbers of obser-
vations, making it impossible to determine differences
with and without the effect: inadequate rest time (all
but 2 patients had <1 minute rest time), arm circum-
ference measurement (0 for site personnel), and
nonambient temperatures (11).

TABLE II. Comparison of Mean�SD (mm Hg) BP Measures of Site Personnel and Trained Observer and
Concordance

Site Personnel

Trained

Observer Bias (Average Difference)

Concordance ⁄ Reliability

ICC

Absolute Differences (mm Hg)

� 5 � 10 � 15 � 20 � 25 � 30

SBP 129 (125–133) 125 (122–128) Unadjusted 3.86 (1.67–6.05) P=.001 71% 41% 24% 16% 5% 1% 0.87

(0.82–0.91)Adjusteda 5.66 (3.09–8.23) P<.001

DBP 74 (72–76) 76 (75–78) Unadjusted )2.27 ()3.73 to )0.81) P=.002 54% 21% 8% 4% 0% 0% 0.78

(0.70–0.84)Adjusteda )2.96 ()5.05 to )0.87) P=.005

Abbreviations: DBP, diastolic blood pressure; ICC, intraclass correlation coefficient; SBP, systolic blood pressure. aAdjusted for patient age, weight,
sex, and ethnicity.
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DISCUSSION
To our knowledge, this is the first study to examine
both the process of BP measurement and the level of
agreement between repeated measures in a large aca-
demic health sciences center. This study supports that
AHA guidelines are not generally followed in most of
the sites we observed, with significant variability and
poor overall agreement demonstrated between site per-

sonnel and trained observer measures for both SBP
and DBP. Numerous factors influence the level of
agreement and reproducibility of BP measurements,
including technique, accuracy of devices, environmen-
tal setting, and patient factors.2,10–13 All are critical
and ultimately influence accuracy and repeatable
results. Pickering and colleagues2 demonstrated
that most devices reviewed have inherent rates of
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FIGURE 1. Graphical representation of observed blood pressure (BP) differences using Bland-Altman method plotting differences in BP of site
personnel and trained observer against the average BP. For systolic BP (SBP), there was agreement within �10 mm Hg in 70 observations (59%)
between site personnel and the trained observer. For diastolic BP (DBP), there was agreement in 72 (46%) of observations that fell within
�5 mm Hg.

TABLE III. Effect With and Without Modifiers on (A) SBP and (B) DBP Readings by Site Personnel and Trained
Observer With Bias

Effect Modification Difference Between Site Personnel and

Trained Observer

Effect Modification (Bias)

Effect modifier

With effect

(not per-protocol)

Without effect

(per protocol) Unadjusted Adjusted

(A)

Non–bare arm (sleeve) 6.56 (3.21–9.91) 1.68 ()1.10 to 4.45) 4.88 (0.53–9.23) P=.028 4.25 ()0.85 to 9.35) P=.103

Feet not flat 3.42 (0.13–6.70) 6.95 (3.44–10.46) )3.54 ()8.34 to 1.27) P=.149 )2.82 ()8.13 to 2.50) P=.299

Conversation 5.99 (2.62–9.36) 2.22 ()0.80 to 5.24) 3.77 ()0.75 to 8.29) P=.102 3.31 ()1.94 to 8.57) P=.216

Arm ⁄ cuff not at heart level 6.21 (1.52–10.90) 3.58 (1.05–6.12) 2.62 ()2.71 to 7.96) P=.335 1.32 ()5.83 to 8.47) P=.717

Legs crossed 3.39 ()1.86 to 8.65) 4.10 (1.63–6.57) )0.71 ()6.51, 5.10) P=.811 )0.47 ()7.74 to 6.80) P=.899

(B)

Non–bare arm (sleeve) )2.25 ()4.57 to 0.07) )2.25 ()4.17 to )0.33) )0.004 ()3.02 to 3.01) P=.998 1.41 ()2.73 to 5.55) P=.504

Feet not flat )1.63 ()4.04 to 0.79) )3.67 ()6.24 to )1.09) 2.04 ()1.49, 5.57) P=.261 2.56 ()1.66 to 6.79) P=.231

Conversation )1.86 ()4.21 to 0.48) )2.31 ()4.41 to )0.21) 0.45 ()2.71 to 3.60) P=.781 )0.12 ()4.30 to 4.05) P=.954

Arm ⁄ cuff not at heart level )2.01 ()5.18 to 1.17) )2.25 ()3.96 to )0.54) 0.24 ()3.37 to 3.84) P=.897 )1.87 ()7.50 to3.76) P=.526

Legs crossed )0.14 ()3.65 to 3.37) )2.83 ()4.47 to )1.18) 2.69 ()1.19 to 6.56) P=.174 2.77 ()2.97 to 8.51) P=.345

Abbreviations: DBP, diastolic blood pressure; SBP, systolic blood pressure. Factors that were not included in the effect modification analyses: inad-
equate rest time (all but 2 patients had <1 minute rest time), arm circumference measurement (0 for site personnel), and nonambient temperatures
(11).
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inaccuracy. Device accuracy is difficult to determine
without documentation of calibration history. Inaccu-
rate BP measurements can have significant connota-
tions particularly in patients with BPs at or near
diagnostic or treatment thresholds. These patients
could easily be misclassified and inappropriately man-
aged as a result of inaccurate assessment. In a recent
study, Powers and colleagues14 suggested that within-
patient variability could be greatly reduced by averag-
ing 5 or 6 measurements with additional measures for
decision-making in patients who are closer to treat-
ment thresholds. We found that although patient and
environmental factors did cause some variability in BP
readings, they accounted little for statistically different
variations between site personnel and trained observer
readings, suggesting that most of the variation may lie
in the devices used or differences in technique.

Perhaps the most interesting findings in this study
was the high correlation (as indicated by the ICC) of
both SBP and DBP measures compared with the poor
agreement when comparing thresholds at 5 mm Hg
and 10 mm Hg using the Bland-Altman method. The
ICC identified that correlations between trained obser-
ver and site personnel readings were similar, particu-
larly in the case of high BP readings. Although this
test revealed good agreement between the trained
observer and site personnel BP readings, this single
measure of correlation is misleading. The analysis was
therefore extended using the Bland-Altman method
with a review of differences in readings of 10 mm Hg
and 5 mm Hg for SBP and DBP, respectively. These
observed differences more completely describe the level
of agreement and are more clinically useful.

Most sites have transitioned away from standard
mercury sphygmomanometers and now use automated
devices. The lack of health system standardization of

equipment and routine calibration of these devices is
problematic. Moving to a single type of equipment
and measurement across the health system has the
potential to improve measurement variability. Site per-
sonnel could receive consistent training on device use
with the establishment of core competencies and
periodic re-certification. However, standardization of
equipment and redesigning clinical environments
would be a substantial economic investment for any
health care system. Quality initiatives regarding rec-
ommended guidelines for BP measurement and simple
modifications of less-than-optimal clinic or site condi-
tions are practical and more easily accomplished.
Academic training programs for all health care pro-
viders should also include training in accurate BP
measurement.

STRENGTHS AND LIMITATIONS
Strengths of this study include the use of statistical
methods to demonstrate differences in measurements
rather than general summary measures and standard
correlations. The use of experienced and certified
hypertension clinical trial coordinators gives us confi-
dence in the repeated BP measures. We were able to
identify several areas for quality improvement to
increase the accuracy of BP readings across our institu-
tion. Limitations to this study include the use of
aggregate data from a convenience sample of both
observations and sites. This could have resulted in
selection bias, although we attempted to include a
sampling from as many clinics and inpatient settings
as possible. Several important factors including inade-
quate rest time, arm circumference measurement, and
nonambient room temperatures were not included in
the effect modification analyses because of a low num-
ber of observations, making it impossible to determine
differences with and without the effect. In addition,
BP is inherently variable; therefore, some degree of
variability is always expected between readings on the
same patient.

CONCLUSIONS
Inaccurate BP measurement and poor technique can
lead to misclassification, misdiagnosis, and inappropri-
ate medical decisions. From a clinical perspective,
agreement of BP measures between site personnel and
the trained observer in this study was poor. This study
revealed several areas for improvement in BP measure-
ment in our academic health sciences center and the
need for future quality initiatives. The analytic
approach we employed demonstrated that reporting of
summary statistics alone can be misleading in regard to
the comparison of BP measurement. Our findings are
likely not unique and probably reflect common and uni-
versal problems throughout health care environments.
These findings simply highlight the increased vigilance
needed to ensure the accurate assessment of BP and the
role academic health centers should have in addressing
this issue and the training of others.
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