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Abstract
There is arguably no less understood or more intriguing 
problem in hypertension that the “white coat” condition, 
the standard concept of which is significantly blood 
pressure reading obtained by medical personnel of autho
ritative standing than that obtained by more junior 

and less authoritative personnel and by the patients 
themselves. Using hospital-initiated ambulatory blood 
pressure monitoring, the while effect manifests as initial 
and ending pressure elevations, and, in treated patients, 
a low daytime profile. The effect is essentially systolic. 
Pure diastolic white coat hypertension appears to be 
exceedingly rare. On the basis of the studies, we believe 
that the white coat phenomenon is a common, periodic, 
neuro-endocrine reflex conditioned by anticipation of 
having the blood pressure taken and the fear of what this 
measurement may indicate concerning future illness. It 
does not change with time, or with prolonged association 
with the physician, particularly with advancing years, it 
may be superimposed upon essential hypertension, and 
in patients receiving hypertensive medication, blunting of 
the nighttime dip, which occurs in about half the patients, 
may be a compensatory mechanisms, rather than an 
indication of cardiovascular risk. Rather than the blunted 
dip, the morning surge or the widened pulse pressure, 
cardiovascular risk appears to be related to elevation of 
the average night time pressure.
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Core tip: White coat hypertension is a poorly understood 
and significantly common ambulatory blood pressure 
finding. This study defines blood pressure during various 
periods of the day and night, analyzes nighttime dip and 
morning surge, provides insight into the triggers of the 
episode, and discusses the possible neuro-endocrine 
causes. It is a permanently conditioned reflex from anti
cipation and fear that blood pressure measurement 
may indicate future illness. Recognition of this condition 
reduces the patient’s worry, relieves them both of a life
time of unnecessary medication and the side effects of 
the otherwise ever-increasing dosages, and diminishes 
the frustration of the attending physician. 
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INTRODUCTION
There is arguably no less understood or more intriguing 
problem in hypertension than the “white coat” condition, 
the standard concept of which is a significantly higher 
blood pressure reading obtained by medical personnel of 
authoritative standing than that obtained by more junior 
and less authoritative personnel and by the patients 
themselves.

The whole subject is infused with uncertainties 
and contradictions beginning with the lack of a clear 
enunciation of the definition upon which the diagnosis 
rests. This presently depends on a strict definition, 
recognized by the international cardiological community 
narrowly as “an office pressure of greater than 140/90 
mmHg with a home or ambulatory measurement of 
less than 135/85 mmHg”, although some authorities 
recognize wider limits[1-5]. The measurements are 
based largely on recognition of the Korotkof sounds, 
a technique unchanged for over a century and rarely 
measured over a period greater than 10 s. Moreover, 
the recorded pressure is subject to diurnal variation, 
activity, rest, emotional state and current medications as 
well as individual measurement technique, size of cuff, 
personal auditory acuity and environmental noise levels. 
Such variety exists in the methods of defining white coat 
hypertension (WCH)[2,5-8] that the incidence is quoted as 
low as 10% of the hypertensive population and as high 
as 40%[9-12].

Normal variation
Almost all adults have a higher systolic blood pressure 
when taken in a doctor’s office than when taken by 
ambulatory blood pressure monitoring (ABPM) or by the 
patients themselves[3]. It has been recognized for two 
decades that averaged multiple office readings are as 
much as 10/5 mmHg higher than ABP measurements. 
Some of these pressures will reduce to normal values 
with repeated office measurements following rest. Ge
nerally, the difference is so small that it lies within the 
normal daily variation, does not influence the diagnosis 
in regard to the blood pressure or require a change in 
management[3].

It is only when the pressure difference is significant 
and the ABPM configuration is characteristic, that a 
diagnosis of WCH is warranted. The degree of pressure 
elevation in susceptible patients is also physician depen
dent, some physicians causing a higher white coat effect 
than others.

To add further confusion to the concept, a recent 
recommendation of the British Heart Society suggested 

that patients originally thought to have elevated pressures 
but were found to be normotensive on ambulatory 
monitoring be classified as “white coat hypertensives” 
while true hypertensives with further elevation in the 
presence of the doctor be considered to show the “white 
coat effect”. A more understandable distinction would be 
to designate the elevation of pressure as the “white coat 
effect” and the person manifesting this effect as a “white 
coat hypertensive”.

A representative graphic printout of a typically 
normal 24 h ABPM recording is shown in Figure 1 and 
the advent of this diagnostic tool has drastically altered 
the appreciation and understanding of hypertension as 
a whole and WCH in particular. The use of ABPM has 
demonstrated that the generally accepted definition 
of WCH is far too narrow and superficial and does not 
recognize the complexities revealed by analysis of this 
technique in susceptible persons. The present review 
examines the data from decades of ambulatory recording, 
providing a more comprehensive description of the four 
characteristic periods in the 24 h recordings, exploring the 
triggers of the white coat episode, considering the complex 
implications of the night-time pressure dip and postulating 
the continuing benign nature of the white coat experience.

Greater understanding of clinical hypertension will only 
evolve from widespread utilization of 24 h blood pressure 
monitoring, which is not yet current practice in the United 
States. It is as important to clinical hypertension as the 
24 h Holter has become to clinical arrhythmia and it is 
indispensable for the understanding of WCH.

Diagnostic tests
The recognition of the inherent inaccuracy of the definition 
in both clinical practice and hypertension research 
necessitated the search for other clinical and laboratory 
measures to describe WCH. A “slow breathing test” causing 
a fall in pressure after one minute[13], was supposed 
to indicate WCH. A rise in pressure determined by an 
unknown and un-introduced physician (the White Coat 
Test) or the response to public speaking to an audience of 
strangers[14], were to also confirm the white coat diagnosis. 
None of these tests have become standards.

In the clinical setting, repeated office pressures in the 
severe hypertensive range for many years without the 
evidence of left ventricular hypertrophy, retinal arterial 
changes or albuminuria, strongly suggests that the re
corded pressure is not sustained. Furthermore, office 
measurements of systolic pressure are known to quickly 
settle to reduced values on repeated estimation[4] while 
white coat systolic pressures tend to vary up-and-down 
by large amounts on repeated measurements.

The vast proportion of patients referred for ABPM 
have been unsuccessfully treated for office-perceived 
hypertension and present while taking usually large 
amounts of medication. A further clue that the elevated 
pressure may be due to the white coat effect is the 
observation that, despite increasing medication, generally 
little change is elicited in the office in the systolic and 
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diastolic pressures. In true recalcitrant hypertension, by 
comparison, the medication usually affects some lowering 
of pressure although not to an acceptable level. The 
majority of patients in our study were taking between one 
and four hypertensive medications at the time of their ABP 
measurement.

RESEARCH
The ambulatory recordings can be analyzed to identify 
almost 30 specific measurements and provide a pro
file of the white coat effect that greatly expands the 
understanding of the conditions that define it. 

The figures used to illustrate this review were 
obtained using the Spacelabs equipment (Del Mar-
Pressurometer P6 and more recently Sentinal). The 
studies begin in the morning with the recorder attached 
in the EKG department of the community hospital. 
Pressures are recorded continually through the day, 
through sleep and in the following morning up until the 
time that the recorder is removed again in the same 
hospital department. The data is analyzed using the 

Spacelabs reporting software.
The 24 h blood pressure recordings can be considered 

in a number of segments: The initial recordings taken 
at the time of attachment of the recording device and 
extending for three or four hours, a second segment 
encompassing the remaining morning hours and through 
the afternoon and evening until bedtime, a third segment 
during sleep and a final segment, upon awakening and 
until the recorder is removed. Each segment has a unique 
pattern defining its white coat character (Figure 2).

ANALYSIS
The initial application in the hospital
The hospital department and the application of the 
recorder in that setting provide the environment to trigger 
the white coat effect. Precipitated by the attachment 
of the ABP monitor, the pressure is usually high and is 
recorded at or near the office pressure. The hook-up is not 
performed by a white-coated physician but by a casually 
dressed technician so the stimulus appears to be related to 
the hospital environment and the patient’s concern about 
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Figure 1  Normal 24 h ambulatory blood pressure recording. In all the figures, the simultaneous systolic and diastolic blood pressure values are connected by 
vertical lines. The blue line within the verticals is the mean blood pressure. The recorded pressure in mmHg is noted on the vertical axis. At the time of recording, 
recognized normal values, represented by light horizontal lines, were 135 mmHg systolic and 85 mmHg diastolic during the daytime and 120 mmHg systolic and 70 
mmHg diastolic during sleep. The 24 h time of recording is noted on the horizontal axis. The solid black horizontal bar represents the sleep period. 

180

160

140

120

100

  80

  60

  40

m
m

H
g

8     9     10    11    12    13    14   15    16    17    18    19    20    21    22    23   24     1     2     3     4     5      6     7
Time

Figure 2  The four time segments of the recording.
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what the test results might portend. These conditions 
and its effect have been reported elsewhere[15,16], 
identifying this response to be universal and not specific 
for this particular hospital.

In the first minutes of recording, the systolic and 
diastolic pressures usually reach the highest levels in the 
entire 24 h. The next 30 min shows the steepest fall of 
pressure but it rarely falls to the eventual daytime values. 
This pattern, illustrated in Figure 3, has been recognized 
and used by others as a supplemental factor in the 
diagnosis[17]. During the next 2 to 3 h, the pressure falls 
more slowly to usually the lowest daytime value[18]. 

This bimodal pattern suggests that either the sym
pathetic stimulus responsible for the initial pressure 
elevation does not quickly dissipate or that it is ac
companied by an endocrine stimulus with a slower rate 
of decline. This neuro-endocrine mechanism may not 
be only specific for blood pressure as a case has been 
reported of a white coat hypertensive who was also a 
white coat hyperglycemic as his laboratory-obtained 
blood sugar was always elevated while his home level 
and his Hemoglobin A1C were always normal[19]. 

In this initial segment, the pulse pressure tends 
to be wider as the systolic pressure is elevated dispro
portionately to the diastolic. This observation has also 
been used as an indicator of the white coat effect[20-22]. 

Using the standard office/home pressure difference to 
identify the white coat effect, a positive correlation was 
found with pulse pressures of 60 mmHg or greater.

The daytime period
This segment is characterized by a plateau which is 
sustained with only minor variations. As the vast majority 
of the patients were receiving multiple hypertensive 
medications, this level may, in fact, be below normal. 
Three variations have been seen in this segment.

The first variation occurs when the patient exercises. 
The response is normal for exercise with elevation of 
the systolic and less elevation of the diastolic pressure. 
Following the exercise, the pressure falls back rapidly 
(unlike the dissipation of the white coat elevation) to the 

previous plateau level (Figure 4). This pattern probably 
mimics that of recovery after a stress test, when the 
heart rate and the blood pressure normally fall to the 
resting level within 12 min. However, the recording 
frequency of the ABPM is usually set at no shorter than 
30 min in the daytime so this information is often not 
recorded. A similar rise and fall of the pressure can be 
seen with episodes of anxiety, excitement and anger 
but neither these nor the exercise elevations reach the 
magnitude of the white coat episodes.

A second variation occurs when the patient ex
periences another incident which provokes the white coat 
response. An expanded discussion of the “triggers” of the 
white coat episodes will be presented and discussed later.

A third variation occurs when the patient actually has 
essential hypertension complicated by the white coat 
effect. With a relatively high occurrence of these two 
conditions in the older adult population, the coincidence 
is not unusual. In this instance, pressure rises through 
the afternoon and evening in the normal diurnal manner 
and the pressures eventually reach abnormally high 
levels (Figure 5). In the past, WCH has been described 
as part of a continuous spectrum, beginning with normal 
blood pressure, ending with true essential hypertension 
with white coat intermediate between the two[23-25]. This 
was part of the widely held concept that WCH was not 
a benign disorder, retaining the capacity to morph into 
true, sustained hypertension[7,26-32]. Interestingly, the vast 
majority of papers supporting this concept have used the 
narrow and possibly contentious definition (> 140 mmHg 
office with < 135 mmHg home) to diagnose WCH.

Our present view is that as both benign white coat 
and pathological essential hypertension are common 
conditions, the occasion frequently arises when the two 
will exist together and, as time passes, the true pressure 
elevation of older age eventually dominates but does not 
obscure the white coat effect (Figure 6). This concept is 
supported by many authors[33-39]. 

The period of sleep
The circadian fall in blood pressure during sleep has been 
fully examined only since the advent of ABP monitoring 
and its occurrence in WCH has not been generally 
elucidated.

This physiological nighttime dip in pressure occurs 
in approximately half of the hypertensive adult po
pulation[40]. It occurs in approximately the same pro
portion in treated white coat hypertensives. When this 
happens, the pressure may be significantly lowered by 
the medication but this tends to be without symptoms or 
complications (Figure 7). The understanding of the “night-
time dip” is complex and its significance is controversial. 
Although no definition of its calculation is standardized, 
the generally utilized method is to subtract the average 
night-time systolic pressure from the average daytime 
systolic pressure and express that value as a percentage 
of the daytime figure. It is generally agreed that it is 
normal for the mean systolic pressure to fall to a level 
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Figure 4  The pressure elevation from exercise (E) and strenuous 
activity (A).
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Figure 5  White coat hypertension with superim
posed essential systolic hypertension reflected in 
the rising pressure in the afternoon and evening.

Figure 6  Essential hypertension with an initial classical white coat 
configuration.
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Figure 7  The night-time dip. A 
classical white coat pattern during day 
time with a normal sleep time pressure 
dip of 20 mmHg.
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10%-20% lower than the mean daytime systolic pr
essure. Those whose pressure falls less than 10% are 
known as “non-dippers” or as having a “blunted” dip. 
Essential hypertensive patients are understood to lose 
the night time dip.

The concept of “blunted” dipping of the pressure 
(Figure 8) has been linked to the increased risk of 
cardiovascular disorders[41-45] but these studies have 
almost always been conducted in patients not on hyper
tensive medication[46]. Half of the white coat patients in 
this series had blunting or absence of the nighttime dip, 
but because they had neither sustained hypertension, 
left ventricular hypertrophy, albuminuria or optic fundal 
arterial changes for many years, it was difficult to believe 
that they were at enhanced cardiovascular risk. To further 
elucidate this issue, medicated but uncontrolled essential 
hypertensives, medicated controlled hypertensives and 
medicated white coat hypertensives were compared 
in regard to the nighttime dip. While the three groups 

were significantly different in multiple modalities of blood 
pressure, they were not significantly different in regards 
to their percentage of nighttime dippers (Figure 9)[46]. It 
was concluded that, in contrast to the reported findings 
in un-medicated white coat hypertensives, the nighttime 
dip could not be used as a predictor of cardiovascular risk 
in medicated white coat patients although this cannot be 
substantiated due to the lack of follow up information.

One possible explanation of benign non-dipping in 
medicated patients is that the body’s auto-regulatory 
systems may not permit the night-time pressure to “dip” 
further when it is already reduced to very low levels 
with hypertensive drugs. In both treated and untreated 
hypertensives, blunting was associated with advanced 
age, obesity, diabetes mellitus and overt cardiovascular 
or renal disease, suggesting that blunting may be 
merely a marker of high cardiovascular risk rather than 
a cause[40]. However, if the actual average night-time 
systolic pressure is considered rather than the “dip”, 
a strong correlation with cardiovascular risk has been 
shown[47].

Pressures may also rise during the night (Figure 10). 
This can be caused by episodes of obstructive sleep 
apnea and superimposed essential hypertension. Dreams 
and particularly nightmares are also implicated (Figure 
11). Waking to empty the bladder does not usually cause 
a significant elevation. None of these pressure elevations 
mimic the white coat episode.

The final segment 
This segment, representing the time of awakening and 
the subsequent couple of hours, is characterized by a 
normal circadian rise in pressure continuing until the 
recording device is removed. In our series, this provoked 
another white coat episode. In most cases the pressure 
does not reach the same peak as was recorded when 
the monitor was initially attached at the beginning of 
the study and, on rare occasions, it is not seen at all. 
When exaggerated, this pressure rise is designated “the 
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Figure 8  White coat hypertension with a blunted night time dip. The recorded pressure in mmHg is noted on the left vertical axis. The pulse pressure in beats per 
minute is noted on the right vertical axis. The 24 h time of recording is noted on the horizontal axis. The solid black horizontal bar represents the sleep period.
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morning surge” (Figure 12) and it has been considered 
the cause of the increased incidence of acute myocardial 
infarction in the morning hours. In treated white coaters 
with pre-awakening depressed pressure, this rise may 
be further exaggerated. However in our series, there 
were frequent instances at other times during the day 
when the blood pressure “surge” was greater than in 
the morning (Figure 13), but no myocardial infarction 
was experienced in the whole series while the ABPM was 

recording.
In non-dippers, the morning rise may be diminished. 

Clearly the “dip” and the “surge” are dependently linked 
and while they share the time course of increased 
cardiovascular episodes, the cause of these events seems 
to have been shown to be due principally to the average 
nighttime systolic pressure[47].

Further white coat characterization
Widening of the pulse pressure has been recognized as 
a risk factor in cardiovascular disease, particularly as it 
is usually associated with systolic hypertension, aortic 
regurgitation or thyrotoxicosis, risk factors in themselves. 
The white coat effect raises the systolic pressure either 
exclusively or by a far greater magnitude than the 
diastolic and widening of the pulse pressure occurs 
with every episode. As such, it has been recognized 
as a marker of this condition[20-22]. The relationship or 
interdependence of the systolic and diastolic pressures in 
WCH, as measured by the correlation coefficient, has not 
been shown to be unique or different from that of regular 
essential hypertension. No cases of acute myocardial 
infarction occurred while the patients were being mo
nitored and no symptoms of angina were reported during 
the white coat periods.

White coat elevation in blood pressure is essentially 
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systolic and another feature of the white coat effect is 
the apparent rarity of pure diastolic WCH which we can 
define as a significant diastolic difference between office 
and home or ABPM pressure with a sustained normal 
systolic pressure. There is a modest related increase in 
the diastolic pressure during a white coat episode, such 
as happens with an exercise stress test, but no case of 
pure and isolated diastolic WCH with sustained normal 
systolic pressure has been previously reported. Only 
two such cases have been observed in this series. One 
example is shown in Figure 14. The other patient had 
office diastolics 25-30 mmHg higher than on the ABP 
monitor. This may result from diastolic pressure being 
related to a different proportion of neuro and endocrine 
control of the peripheral arteriolar constriction than 
systolic WCH. However, both patients, post menopausal 
women, had prior strokes, one due to undiagnosed atrial 
fibrillation, the other with temporal arteritis and both 
fully recovered at the time of white coat diagnosis. The 

relationship of the neurological and cardiac conditions 
is unknown. A relationship with diastolic WCH has been 
demonstrated with polymorphisms of angiotensinogen, 
angiotensin-converting enzyme and protein G[45]. 

Apart from Mancia’s study[48] observing the appe
arance of the physician at the patient’s bedside, no 
detailed examination of the process that triggers the 
white coat event has been reported. Possible factors 
include anxiety linked to anticipation of having the blood 
pressure measured, arriving at the doctor’s office, entering 
into the examining room, undergoing the preceding 
physical examination, or the actual recording of the blood 
pressure. In a study to clarify this issue, known white 
coat hypertensives were recruited and underwent the 
aforementioned sequence of events while wearing an 
ambulatory blood pressure recording device[49].

Attachment of the monitor in the hospital setting and 
each of the afore-mentioned stages of a doctor’s visit 
provoked a white coat episode. Anticipation of the visit 
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evoked some blood pressure elevation but arrival at the 
doctor’s office produced a full-blown white coat episode, 
indicated by the letter A in the subsequent figures. While 
waiting for the doctor, this peak tended to resolve to some 
extent. This time course has been previously reported and 
has been suggested as a characteristic of the episodes. 
Admission to the consulting room (letter B in the figures) 
caused another pressure rise and manually taking the 
blood pressure by cuff and mercury manometer produced 
the highest peak (letter C). Placement of the cuff but not 
inflating it to record a manual pressure produced the same 
blood pressure response as if it had actually been taken, 
reinforcing the “anticipation” concept. Recorded episodes 
of exercise, aggravation (Figure 15) and anxiety (Figure 
16) produced less pressure elevations than the white coat 
episodes. 

Much has been written concerning the mechanism 
of WCH in terms of pathophysiology, personality, inter
personal interactions and the influence of authority. 
Anxiety elevates blood pressure but does not appear 
to be the trigger for the white coat episodes[50] as white 
coat patients have been subjected to anxiety testing 
and have not been shown to be different to non-white 
coat persons[51,52]. Mental stress has been considered 
as a trigger for the white coat episode[53], but this could 
not be confirmed by other researchers[54]. Reactivity to 
public peaking has been advanced as a cause[55] but this 
clearly could not be a trigger for real life office pressure 
measurement. Anticipation not only of actually taking the 

blood pressure but the interpretation of the result by the 
doctor and its imagined significance on the health status 
seems to be the main stimulus of the white coat effect. 
Anticipation ranks more highly than anxiety.

Jhalani et al[56] considered the mechanism to be due 
to a conditioned reflex that, once established persisted 
for visit after doctor’s visit, year upon year. Even when 
the fear of an adverse finding was eliminated by repeated 
examinations over the years, the white coat response 
persisted[56]. This process has been described with 
severe, prolonged nausea, provoking anticipation about 
further cyclical vomiting attacks, facilitating conditioning 
in a self-perpetuating manner.

CONCLUSION
On the basis of the studies, we believe that the white coat 
phenomenon is a common, periodic, neuro-endocrine 
reflex conditioned by anticipation of having the blood 
pressure taken and the fear of what this measurement 
may indicate concerning future illness. It does not change 
with time or with prolonged association with the physician.

Particularly with advancing years, it may be superi
mposed upon essential hypertension and, in patients 
receiving hypertensive medication, blunting of the night-
time dip, which occurs in about half the patients, may be 
a compensatory mechanism rather than an indication of 
cardiovascular risk. Rather than the blunted dip, the morning 
surge or the widened pulse pressure, cardiovascular risk 
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Figure 15  Triggers and aggravation. “A” represents pressure upon 
arriving at the doctor’s office, “B” on entering the consulting room, 
and “C” on applying the pressure cuff to the arm and recording the 
blood pressure. The pressure peak at 1400 h represented a prolonged 
argument with the patient’s cable TV company. 
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Figure 16  Triggers and anxiety. The pressures indicated 
by A, B and C represent the same activity as shown in figure 
15. The preceding multiple pressure peaks represent the 
anticipatory anxiety and concern regarding the visit to the 
doctor.
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appears to be related to elevation of the average night time 
pressure.

On hospital initiated ABPM, the white coat effect 
manifests as initial and ending pressure elevations and, 
in treated patients, a low daytime profile. The effect is 
essentially systolic. Pure diastolic WCH appears to be 
exceedingly rare.

Recognition of this condition reduces patient’s worry, 
relieves them both of a lifetime of unnecessary medication 
and the side effects of the otherwise ever-increasing 
dosages and diminishes the frustration of the attending 
physician.
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