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Abstract
Objectives: White coat hypertension (WCH) is defined as high blood pressure (BP) when measured by health
care providers in medical environments, but normal BP in other settings. In this study, we examine the effects of
occupation and attire on the accuracy of BP readings and WCH.
Methods: 50 individuals were recruited and had their BP assessed twice by a cardiologist, a cardiac nurse, and a
cardiovascular technician, once wearing a white lab coat, and once without, in random order. All individuals
underwent a 24 hour ambulatory BP monitoring (ABPM). The mean of the daytime measurements of the ABPM
served as the control.
Results: Compared to the ABPM, the cardiologist recorded a 23.7 mm Hg higher systolic BP reading wearing a
white coat and 13.3 mmHg without a white coat (p<0.0001). The cardiac nurse recorded a 14.2 mmHg higher
reading with a white coat and 5.7 mmHg without a white coat (p<0.0001). There was no statistically significant
difference between the measurements of the cardiovascular technician and the ABPM with a white coat, 2.8 mmHg,
or without a white coat, -1.8 mmHg.
Conclusions: This study demonstrates that the incidence of WCH and BP measurement inaccuracy occurs more
frequently when assessed by a cardiologist or nurse than when assessed by a cardiovascular technician. Wearing a
white coat aggravates blood pressure measurement inaccuracy. It may be advisable for healthcare providers to
avoid wearing white lab coats or attire that identifies their occupation when measuring blood pressure.
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Introduction
White Coat Hypertension describes individuals with elevated BP in
medical environments, such as clinics or hospitals, but whose BP is
normal when they are going about their daily activities [1-6]. 24-hour
ambulatory blood pressure monitoring (ABPM) using an automated
machine that records BP every 30 minutes while awake and every 60
minutes while asleep has been determined to be the most accurate
method for BP recording [6-10]. It is also the most accurate method to
distinguish White Coat Hypertension from “true” hypertension,
because it records BP elevations that occur regardless of the external
environment [6]. Due to barriers such as cost and a lack of availability,
ABPMs are not readily available in many jurisdictions, and often blood
pressure measurements taken by health care providers, conventionally
nurses or physicians, are used for clinical diagnosis and treatment
[11,12].
Prior studies show that White Coat Hypertension occurs in more
than 20% of the hypertensive population, with some studies citing its
incidence to be above 40% [1-6,13]. In such patients, the BP elevation
responses in a medical setting may lead to misclassification and
mistreatment of patients [1-6,13-18]. Studies show that individuals
with white coat hypertension have a significantly lower number of
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cardiovascular events than true hypertensive, but a higher number of
events than normotensive patients without white coat hypertension
[1,14-18]. Thus, it is important to distinguish the difference between
these three groups: true hypertensive, white coat hypertensive, and
true normotensives.
This study assessed whether the profession and attire of the
individual measuring the BP impacted the incidence of White Coat
Hypertension. The specific question asked in this study was “How
does the accuracy of BP recordings by a physician, a nurse and a
technician compare to the ABPM gold standard and what is the
impact of wearing a white lab coat on the accuracy of BP
measurements and the incidence of white coat hypertension?” The
environment, time of day, method of BP measurement, and device
used to measure BP were all controlled variables in this study.

Methods
Design
This was a single-centre, observational study of 50 consecutive
volunteers over a period of 4 months.
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Ethics

Data collection

A test protocol and written informed consent document were
submitted and reviewed by Dr. S. Sykes of the University of Waterloo
Human Research Ethics Board. We obtained written informed consent
from all participants before any procedures were carried out. Ample
time and opportunity was given for participants to ask questions, and
consider the commitments necessary for participation in this study.

Baseline demographics, including age, gender, education levels,
disease states, presence or absence of the diagnosis of hypertension,
duration of hypertension, medications, height, weight, abdominal
girth, BP readings by each healthcare provider with and without
wearing a white lab coat, and 24 hour BP readings using ABPM were
collected.

Setting

Subgroup analysis

Recruitment and study procedures were carried out in the city of
Cambridge (pop. 145 000), Ontario at a cardiology community
practice (Cambridge Cardiac Care Centre).

We pre-specified specific subgroups for analysis to determine if
they may be at a higher risk for WCH. These subgroups included
males, females, non-elderly, elderly, extreme elderly (80+),
normotensives, hypertensive for less than 1 year, hypertensive for
more than one year, those with secondary education or less education
and those with post-secondary education. The average results of the
BP measurements in each of these groups were compared to the
average results of the entire study population.

Population and Subject selection
50 consecutive individuals, both with and without known
hypertension, who required an ambulatory blood pressure monitor for
clinical indications were recruited. All participants were above 18 years
of age, competent to provide informed consent, and were able to avoid
caffeine and nicotine for the required 24 hour period. Children,
mentally handicapped individuals, incarcerated individuals, those
unable to provide informed consent, those unable to read and write in
English, and those unable to adhere to the study protocol were
excluded.
94 individuals were screened to participate in this study over a
period of 4 months. 15 failed to meet the inclusion criteria and 29
declined to participate.

Study procedures
Demographic information, including age, gender, medical
diagnosis, and medication list was collected, with permission, from the
medical chart of the participants.
Participant had their BP assessed by 3 different health care
providers: a nurse, a technician and a physician. 2 physicians, 4 nurses,
and 4 technicians took blood pressure readings. The participants were
informed in advance of the occupation of each of the health care
providers. All healthcare providers were asked to adhere to the PanAmerican Journal of Public Health standardized method of blood
pressure measurement to assess blood pressure to eliminate potential
sources of error and variation [19]. The health care providers
measured the blood pressure of participants twice, once while wearing
a standard white lab coat, and once while not wearing it. The sequence
of healthcare providers measuring BP and whether they wore a white
lab coats was randomized to reduce bias.
There was a 10 minute delay between each of the blood pressure
assessments. All health care providers used an Omron manual blood
pressure cuff (model#760 HEM 7220-Z) to assess blood pressure. All
participants had their blood pressures assessed by health care
providers in the morning hours, between 8:00 AM-12:00 AM.
Subsequently, a Spacelabs Ambulatory Blood Pressure Monitor
(model#90207-30) was applied to each participant. Each patient’s
blood BP was recorded over a 24 hour period; one measurement was
taken every ½ hour from 8 AM-10 PM, and every hour from 10:00 PM
to 8:00 AM. The arithmetic mean of the BP readings in the daytime
was compared to the readings obtained by the various healthcare
providers.
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Statistical analysis
Statistical analysis was performed using Graphpad Instat 3.10
Statistical Analysis software. Paired, two-tailed Students t-tests were
used for comparisons of two variables, such as the difference between
the measurements of the physician with a white coat vs. the
measurements of the physician without a white coat. ANOVA with
Bonferroni correction was used for all comparisons with three or more
variables with multiple comparisons, such as the subgroup analysis
performed. A p-value of 0.05 or less was considered statistically
significant.

Results
No study participants dropped out, or withdrew consent at any
point in the study.
Figure 1 displays a direct comparison between the average BP
measurements of the physician, technician and nurse, compared to the
control ABPM. This analysis was performed with the data from both
measurements taken with, and without a white lab coat. The physician
was observed to have the most inaccurate BP readings, with an average
systolic BP reading 23.7 mmHg higher than that of the ABPM while
wearing a white lab coat, and 13.3 mmHg higher while not wearing a
white lab coat (p<0.0001 versus ABPM control). Through a paired,
two-tailed Student’s t-Test, a p-value of less than 0.0001 was obtained.
The nurses’ readings were modestly more accurate, with an average
systolic BP reading 14.2 mmHg higher than the ABPM while wearing a
white lab coat, and 5.7 mm Hg higher while not wearing a white lab
coat (p<0.0001 versus ABPM control). The technician was observed to
have the most accurate BP readings, with an average systolic BP
reading 2.8 mmHg higher than that of the ABPM, while wearing a
white lab coat, and 1.8 mmHg lower than that of the ABPM while not
wearing a white lab coat (p=NS versus ABPM control). There was no
statistically significant difference between the results of the ABPM and
those of the technician.
Figure 1 illustrates that wearing a white lab coat appeared to result
in elevations of blood pressure readings by all health care providers
resulting in greater inaccuracy compared to the ABPM control. The
difference between the average systolic BP measurement of the
physician wearing a white lab coat, and the average BP measurement
of the physician not wearing a white lab coat was 10.4 mmHg
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(p=0.001). The difference between the average systolic BP
measurement of the nurse wearing a white lab coat, and the average
BP measurement of the nurse not wearing a white lab coat was 8.5
mmHg (p=0.002). The difference between the average systolic BP
measurement of the technician wearing a white lab coat, and the
average BP measurement of the technician not wearing a white lab
coat was 4.0 mmHg (p=0.02).

Figure 1: Average BP readings of physicians, nurses, and CVTs with
and without a white lab coat compared to control ABPM-This
graph shows a comparison between the BP measurements of
various health care providers compared to the daytime readings of
a 24-hour ambulatory blood pressure monitor in 50 patients.
Health care providers measured the blood pressure twice using a
standardized method; once with a white lab coat, and once without.
These results are displayed in separate columns. AbbreviationsABPM: Ambulatory Blood Pressure Monitor, BP: Blood Pressure,
CVTs: Technicians, mmHg-Millimeters of Mercury.
Figure 2 illustrates a comparison of percentage of accurate blood
pressure readings, defined as a systolic blood pressure reading within 5
mm Hg of the reading of the ABPM. The physician was observed to
have recorded the fewest percent of accurate BP readings. Only 14% of
readings while wearing a white lab coat, and 38% of readings while not
wearing a white lab coat by the physician were within 5 mmHg of the
daytime readings of the ABPM. 42% of readings while wearing a white
lab coat, and 68% of readings while not wearing a white lab coat by the
nurse were within 5 mm Hg of the daytime readings of the ABPM. The
technician was observed to have recorded the greatest percent of
accurate BP readings. 86% of readings while wearing a white lab coat,
and 90% of readings while not wearing a white lab coat by the
technician were within 5 mmHg of the daytime readings of the ABPM.
Pre-specified subgroup analysis examined the differences between
the blood pressure measurements obtained by each health care
provider and the blood pressure result of the ABPM in subgroups
stratified by age, gender, duration of hypertension, disease states, and
education level, compared to that of the entire study population and
other sub-groups.
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Figure 2: Percent of accurate readings of physicians, nurses, and
CVTs with and without a white lab coat compared to control
ABPM. This graph shows a comparison between the percent of
accurate readings of various health care providers, defined as BP
readings within 5 mmHg of the daytime readings of a 24-hour
ambulatory blood pressure monitor. Health care providers
measured the blood pressure twice using a standardized method;
once with a white lab coat, and once without. These results are
displayed in separate columns. Abbreviations- ABPM: Ambulatory
Blood Pressure Monitor, BP: Blood Pressure, CVTs: Technicians,
mmHg: Millimeters of Mercury.
Sub-group analysis stratified by age, gender, and individuals with
comorbidity disease states (prior MI, CHF, COPD, AFIB, Stroke, and
Renal Failure), as well as sub-groups stratified based on the amount of
BP medications prescribed, were observed to have similar results to
that of the entire study population (p<n.s.).
Educational status (Figure 3) and prolonged history of hypertension
(Figure 4) did appear to affect the differences in blood pressure
readings of various health care providers. Individuals with postsecondary education had similar blood pressure readings by all 3 types
of health care providers. These readings were also closer to the
readings obtained by the ABPM. Similarly, individuals with a history
of hypertension of longer than one year’s duration appeared to have
fewer differences in BP readings by the various health care providers.
The percentage of individuals each healthcare provider caused to be
white coat hypertensive was additionally analysed (Figure 5). Patients
whose BP was greater than or equal to 140/90 mmHg when assessed by
a healthcare provider but less than 135/85 mmHg compared to the
daytime readings of the control ABPM were classified as white coat
hypertensive.
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mathematical means of BP readings as taken by the ABPM device as
well as the various health care providers.

Figure 3: Sub-group analysis of presence and duration of preexisting hypertension: Average BP Readings of physicians, nurses,
and CVTs compared to control ABPM. This graph shows a
comparison between the BP measurements of various health care
providers compared to the daytime readings of a 24-hour
ambulatory blood pressure monitor in 50 patients split into three
sub-groups; normotensives, those with a history of hypertension for
less than 1 year, and those with a history of hypertension for more
than 1 year. Abbreviations- ABPM: Ambulatory Blood Pressure
Monitor, BP: Blood Pressure, CVTs: Technicians, mmHg:
Millimeters of Mercury.
Physicians caused 33% of participants while wearing a white lab
coat and 24% of participants while not to be white coat hypertensive.
Nurses caused 24% of participants while wearing a white lab coat and
15% of participants while not to be white coat hypertensive.
Technicians caused 6% of participants while wearing a white lab coat
and 0% while not to be white coat hypertensive (p<0.0001).

Discussion
Sources of error
Participants were informed in advance of each health care
provider’s occupation; however visual differences, such as gender, size
and age of the health care provider may have impacted the results.
This study was conducted in a random group of individuals with
varying BPs. Some were normotensive, some were mildly hypertensive
and some were severely hypertensive. This resulted in a great deal of
variability and large standard deviations for the average or
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Figure 4: Sub-group analysis: Averages BP readings of physicians,
nurses, and CVTs compared to control ABPM stratified by
education level. This graph shows a comparison between the BP
measurements of various health care providers compared to the
daytime readings of a 24-hour ambulatory blood pressure monitor
in 50 patients split into two sub-groups; those with secondary
education or less, and those with post-secondary education.
Abbreviations- ABPM: Ambulatory Blood Pressure Monitor, BP:
Blood Pressure, CVTs: Technicians, mmHg: Millimeters of
Mercury.

Conclusion
The accuracy of systolic BP readings varied based on the type of
health care provider taking the BP measurements and independently
whether the health care provider wore a white lab coat or not.
The measurements taken by the physician were the most
erroneously elevated when compared to the gold standard ABPM.
Readings taken by the technician were closest to the ABPM. Readings
by the nurse were intermediate in accuracy; closer to the ABPM
readings than the physician, although not as accurate as the technician.
Similarly, in the second analysis, the physician recorded the fewest
number of accurate readings (within 5 mmHg of the ABPM). The
nurse recorded an intermediate amount of accurate readings, and the
technician recorded the largest percentage of accurate readings, with
only 10% of all readings without a white coat diverging greater than 5
mmHg from those of the ABPM. Potential explanations of the
observed results may include that patients may be more stressed or
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anxious around physicians or nurses more so than when in the
presence of a technician, which could lead to erroneously elevated
blood pressure when measured by these health care providers.

Perhaps people with less education may be more intimidated by health
care providers.
This data suggests that perhaps health care facilities should have
blood pressures measured, where possible, by technicians rather than
nurses or physicians to ensure more accurate readings. Also, it may be
advisable for health care providers measuring blood pressure to refrain
from wearing a white lab coat or attire that identifies the occupation of
the measurer to reduce erroneous results.

Acknowledgement
We thank and acknowledge the assistance of Dr. Jolly, nephrologist
and hypertension specialist, for assistance with background
information and discussions on white coat hypertension, Dr. Susan
Sykes, of the University of Waterloo Human Research Ethics Board,
for ethical oversight, Dr. Sunita Shankar, for assistance with statistical
analysis, as well as the various health care providers who performed
BP measurements and the 50 volunteers who participated in the study.

References
1.
Figure 5: Percent on white coat hypertension caused based on type
of person measuring blood pressure and their attire. This graph
shows that certain types of health care providers are more prone to
causing white coat hypertension than others. Specifically,
physicians caused the greatest amount of white coat hypertension,
with nurses causing an intermediate amount, and technicians
causing limited white coat hypertension. Wearing a white lab coat
increased the amount of white coat hypertension caused by each
healthcare provider. Abbreviations- ABPM: Ambulatory Blood
Pressure Monitor, BP: Blood Pressure, CVTs: Technicians, mmHg:
Millimeters of Mercury.
The inaccuracy of the blood pressure readings was further
exaggerated when each of the health care providers wore a white lab
coat. Similarly, the number of accurate readings (within 5 mmHg of
the ABPM) was significantly less when each of the health care
providers wore a white lab coat compared to when they did not. An
explanation for these results may be that individuals develop more
stress and anxiety when a professional sporting a white lab coat
assesses their BP.
All but two sub-groups displayed similar trends to those of the
entire study population. Individuals with a history of hypertension for
more than one year had significantly more accurate recordings by all
health care providers, compared to those with a history of
hypertension for less than one year and normotensives. This may be
because normotensives or those with hypertension for less than a year
would be less familiar with BP measurements than those who have a
history of hypertension for more than one year as these individual may
have had their BP checked more frequently and become accustomed to
this procedure and thus may be less intimidated or anxious about
having their BP measured. Perhaps autonomic damage resulting from
hypertension over a longer duration of time may result in less blood
pressure fluctuations, reducing the potential of white coat
hypertension. Individuals with post-secondary education appeared to
have less erroneous blood pressure readings with all health care
providers compared to those with less than post-secondary education.

J Clin Exp Cardiolog
ISSN:2155-9880 JCEC, an open access journal

2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

12.
13.
14.
15.

Verdecchia P, Staessen JA, White WB, Imai Y, O'Brien ET (2002)
Properly defining white coat hypertension. Eur Heart J 23: 106-109.
Pickering TG (1998) White coat hypertension: time for action.
Circulation 98: 1834-1836.
Celis H, Fagard RH (2004) White-coat hypertension: a clinical review.
Eur J Intern Med 15: 348-357.
Lindbaek M, Sandvik E, Liodden K, Mjell J, Ravnsborg-Gjertsen K (2003)
Predictors for the white coat effect in general practice patients with
suspected and treated hypertension. Br J Gen Pract 53: 790-793.
Rao MV, Rao VM (2011) WHITE-COAT HYPERTENSION.
Nephrology Secrets, 473.
Owens P, Atkins N, O'Brien E (1999) Diagnosis of white coat
hypertension by ambulatory blood pressure monitoring. Hypertension
34: 267-272.
Perloff D, Sokolow M, Cowan RM, Juster RP (1989) Prognostic value of
ambulatory blood pressure measurements: further analyses. J Hypertens
Suppl 7: S3-10.
Casadei B (1992) Ambulatory blood pressure monitoring: a must in the
future? Ann Med 24: 111-112.
O’Brien E, Parati G, Stergiou G, Asmar R, Beilin L et al. (2013) European
Society of Hypertension position paper on ambulatory blood pressure
monitoring. Journal of hypertension 31: 1731-1768.
Mallion JM, Baguet JP, Siché JP, Tremel F, De Gaudemaris R (1999)
Clinical value of ambulatory blood pressure monitoring. J Hypertens 17:
585-595.
Bloch MJ, Basile JN (2011) New British guidelines mandate ambulatory
blood pressure monitoring to diagnose hypertension in all patients: not
ready for prime time in the United States. The Journal of Clinical
Hypertension 13: 785-786.
Richards C, Sutherland M, Gough K, Padfield PL (2004) Direct access
ambulatory BP monitoring--the Edinburgh experience. Blood Press
Monit 9: 287-291.
Pickering TG, James GD, Boddie C, Harshfield GA, Blank S, et al. (1988)
How common is white coat hypertension? JAMA 259: 225-228.
Gustavsen PH, Høegholm A, Bang LE, Kristensen KS (2003) White coat
hypertension is a cardiovascular risk factor: a 10-year follow-up study. J
Hum Hypertens 17: 811-817.
Fagard RH, Cornelissen VA (2007) Incidence of cardiovascular events in
white-coat, masked and sustained hypertension versus true
normotension: a meta-analysis. J Hypertens 25: 2193-2198.

Volume 6 • Issue 5 • 1000371

Citation:

Pandey AK (2015) Mechanisms of Blood Pressure Measurement Inaccuracy: A Comparative Analysis of the Role of Occupation and
Attire. J Clin Exp Cardiolog 6: 371. doi:10.4172/2155-9880.1000371

Page 6 of 6
16.
17.
18.

Celis H, Staessen JA, Thijs L, Buntinx F, Buyzere MD, et al. (2002)
Cardiovascular risk in white-coat and sustained hypertensive patients.
Blood pressure 11: 352-356.
Lindbaek M, Sandvik E, Liodden K, Mjell J, Ravnsborg-Gjertsen K (2003)
Predictors for the white coat effect in general practice patients with
suspected and treated hypertension. Br J Gen Pract 53: 790-793.
Pierdomenico SD, Lapenna D, Di Mascio R, Cuccurullo F (2008) Shortand long-term risk of cardiovascular events in white-coat hypertension. J
Hum Hypertens 22: 408-414.

J Clin Exp Cardiolog
ISSN:2155-9880 JCEC, an open access journal

19.

Iniciativa Panamericana Sobre La Hipertensión (2003) Working meeting
on blood pressure measurement: suggestions for measuring blood
pressure to use in populations surveys. Rev Panam Salud Publica 14:
300-302, 303-5.

Volume 6 • Issue 5 • 1000371

