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White-coat and masked
hypertension: evidence, clinical
relevance and recommendations
for clinical practice
Alejandro de la Sierra

ABSTRACT
The simultaneous use of office and out-of-office blood pressure (BP) measurement results in one-third of subjects
showing discrepancies between measurements. In addition to normotension and hypertension (or sustained hypertension), white-coat hypertension (WCH: elevated values in the office with normal out-of-office BP) and masked
hypertension (MH: normal office values with out-of-office BP elevation) are the two new derived phenotypes.
Moreover, the terms white-coat uncontrolled hypertension (WCUH) and masked uncontrolled hypertension
(MUCH) are used for defining the same situations in subjects under antihypertensive treatment.
WCH has a prevalence ranging from 15% to 40%, which depends on the population source, the quality of office measurement, and the criteria used for definition. Prevalence is higher in old females submitted to ambulatory blood pressure monitoring and when daytime BP is considered for the definition. If normal values of all 24-hour, daytime and
nighttime BP is required, prevalence figures are considerably lower. WCH carries a lower cardiovascular risk in comparison to sustained or masked hypertension, while the risk can be similar or higher than normotension, depending on how
strict is the criteria for diagnosis, absolute values of ambulatory BP, and the presence of other risk modifiers. Moreover,
treatment decisions should consider all these aspects and individualized depending on the global risk.
MH also has a variable prevalence, higher in young males with high-normal office BP, occupational stress, sleep
disorders, or documented organ damage. MH undoubtedly carries a higher cardiovascular risk in comparison with
normal out-of-office BP and antihypertensive treatment, either initiation or intensification, seems reasonable for
such patients. Evidence-based outcome data are required in order to support treatment recommendations for
patients with WCH or MH.

IntroductIon

C

linical and therapeutical decisions related to
blood pressure (BP) elevation have been classically based on the dichotomous phenotyping of
normotension and hypertension, depending on the
normality or elevation of BP measured at the doctor`s office. This has always been considered as a
pragmatic decision, as the relationship between
blood pressure and cardiovascular mortality and
morbidity is continuous and does not support a
clear separation in such phenotypes. Consequently,

the two most important clinical guidelines1,2 currently disagree in the definition of the BP level required for defining a subject as hypertensive, with
values of 130/80 mmHg or 140/90 mmHg.
In the last decades, the increasing use of out of
office BP measurement, such as home BP and ambulatory BP monitoring (ABPM) has contributed
to challenge this simplistic approach, with more
than one third of subjects showing discordance in
their categorization when using both office BP and
out-of-office BP measurements (figure 1). Combining office BP with out-of-office BP, either home
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Figure 1. Distribution of an untreated population submitted
to Ambulatory Blood Pressure Monitoring in 4 phenotypes:
normotension, sustained hypertension, white-coat hypertension, and masked hypertension. Data updated from
reference 5.

monitoring or ABPM, results in 4 different phenotypes, depending on the normality or not of either
measurement. In addition to normotension and sustained hypertension (concordant normal or elevated
BP by the two measurement methods), some patients have elevated BP at the office with normal
home BP or ABPM, and are defined as having
white-coat hypertension (WCH) or isolated office
hypertension. In contrast, other group of individuals
have elevated home BP or ABPM, while BP values
measured at the office are normal, a category known
as masked hypertension (MH). The prevalence, clinical features and recommendations for such 2 phenotypes are summarily discussed in this paper.
WHItE coAt HYPErtEnSIon
The phenomenon known as white-coat effect is the
BP rise observed with the presence of the physician
in the office3. It is usually accompanied by an increase in heart rate, suggesting that is driven by an
alert reaction, and shows a large interindividual
variability. WCH is conceptually defined as elevated BP in the office but normal out-of-office BP,
while currently white-coat effect is usually considered as the difference in BP between office and outof-office BP.

The definition is a little bit more complex when
using ABPM, as white-coat effect and WCH can
differ depending on which ambulatory BP is chosen
for such definition. Classically, daytime BP has
been considered for such phenotyping. The selection was based on the fact that both office and daytime BP are measured with the patient awake, and
daytime BP is usually the highest BP estimate obtained by ABPM. However, there are also some differences, as office BP is measured while the patient
is resting, while daytime BP depends on physical activity, showing a large interindividual variability. In
addition, many patients with abnormal ABPM patterns, such as nocturnal isolated hypertension can
be classified as having WCH if only daytime BP is
considered. This is especially frequent in older subjects whose daytime BP can be low due to lack of
physical activity.
The use of 24-hour BP contains both daytime
and nocturnal BP. It has the advantage of being calculated with the highest number of measurements,
thus showing a better reproducibility. More recently, it has been suggested that the definition of
WCH must include normal values of all ABPM-derived estimates, including day, night, and 24-hour
BP. This is currently recommended by the European Society of Hypertension working group4, in its
position paper released in 2013. The main advantage is that it clearly defines as white-coat hypertensives those subjects with undoubted normal ABPM.
However, it requires a strict definition of the nocturnal period, tailored to patient’s activity. Otherwise, an elevated mean night BP can be due to the
contribution of BP measurements obtained while
the patient is awake.
The prevalence of WCH is quite variable. It depends on the population source (general population, general hypertensive population, hypertensive
population submitted for ABPM) and ranges from
15% to 40%5. Depending on which ABPM estimate
is used for definition, it also modifies its prevalence,
showing the highest when daytime BP is used and
the lowest when considering the normality of all circadian periods6.
To illustrate this issue, figure 2 shows different
estimates of the prevalence of white-coat hypertension in 45020 untreated subjects from the Spanish
ABPM Registry, most with elevated office BP.
Prevalence of white coat hypertension ranged from
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Figure 2. Prevalence rates of white-coat hypertension in 33855 untreated subjects with office blood pressure ≥ 140/90 mmHg,
depending on the ABPM estimate used for definition (left). Venn diagram of the distribution of subjects diagnosed as having
white-coat hypertension by different estimates. The inner circle corresponds to patients with normal 24h, daytime, and
nighttime BP. The circle in the middle corresponds to patients with normal 24-hour BP, and the external circle corresponds
to those with normal daytime BP. 2575 patients with normal daytime BP had elevated 24-hour or nighttime BP. 3079 patients
had normal 24-h BP but elevated night BP and 515 normal 24-h BP but elevated daytime BP. Data from reference 6.

The magnitude of white-coat effect and the
prevalence of WCH is also dependent on the level
of BP elevation and the quality of office BP measurement. In relation to the first aspect, differences
between office and 24-hour systolic BP averaged 27
mmHg in patients with office BP above 140,
whereas corresponding values for subjects with office SBP between 120 and 139 were 8 mmHg. In
subjects with office SBP < 120 mmHg, 24-hour
SBP was 6 mmHg higher than office BP (figure 3)7.

41% (considering those with daytime BP below
135/85 mmHg) to 26% (including only those with
daytime BP < 135/85 mmHg, 24-hour BP < 130/80
mmHg, and nighttime BP < 120/70 mmHg). In addition, the figure includes a Venn diagram of such
distribution. As seen, a substantial proportion of
patients diagnosed of WCH by daytime BP had either 24-hour or nocturnal BP elevation. Moreover,
even considering normal 24-hour BP, still a proportion of them showed elevation of nighttime BP6.
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Figure 3. Mean values of office and 24-hour systolic and diastolic BP depending on 3 categories of office systolic BP. As
seen, office BP is considerably higher than 24-hour BP in those with office BP above 140 or between 120 1nd 139. In
contrast, in those with office systolic BP lower than 120, office BP is higher than 24-hour BP. Data from reference 7.
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The quality of office BP measurement also contributes to the magnitude of white-coat effect. The
use of non-standardized office BP measurement is
usually associated with large differences between
office and 24-hour BP, whereas the use of automated office BP (especially unattended) results in
values close to mean daytime BP8.
Some clinical characteristics are associated with
the presence of white-coat hypertension, including
older age, female gender, obesity, and absence of
other cardiovascular risk factors and target organ
damage9. However, the discriminant value of such
clinical characteristics is very low, thus suggesting that
ABPM (or home BP) should be more widely used to
establish a precise classification of those patients.
The term white coat uncontrolled hypertension
(WCUH) is also used for defining those patients under antihypertensive treatment with a white-coat effect, which translates in a lack of BP control in the
office with normal home BP or ABPM. The situation
is of particular importance in patients under the category of resistant hypertension (uncontrolled BP
while on treatment with 3 or more antihypertensive
agents), as this is a situation which requires special
diagnostic and therapeutical procedures, such as intensive search for causes of secondary hypertension,
treatment with second-line drugs, such as mineralcorticoid receptor antagonists or the new physical device treatments, such as renal denervation or
baroreceptor stimulation. In a cohort of more than
8000 resistant hypertensive patients from the Spanish
ABPM Registry, one third had normal 24-hour BP,
defined as having white coat resistant hypertension10.
One of the key aspects of WCH is the associated
risk of cardiovascular disease. The prevalence of
target organ damage is reduced in WCH with respect to sustained hypertension. In addition, the incidence of cardiovascular events is also reduced.
These conclusions are of limited clinical value and
probably only reflects that the predictive value of
ABPM is superior to that of office BP. The important question is to determine if WCH is an innocent
phenomenon, i.e. carries a risk not different from
that of normotensive subjects. This issue has been
extensively investigated in the past years, but results
are conflicting. Differences in the methodology for
defining WCH have also contributed to such conflicting results. In general, WCH have more
metabolic disturbances and cardiac organ damage

than normotensive subjects. Meta-analysis have
also shown increased rates of cardiovascular events
in comparison to normotensives11, and results of
the mortality study from the Spanish ABPM Registry cohort also demonstrated increase total and
cardiovascular mortality in untreated subjects with
WCH12.
The picture is a little more complex due to several aspects. First, ambulatory BP in WCH, even
normal by definition is usually higher than in normotensives. Second, as mentioned earlier, the definition of WCH based on the normality of daytime
BP includes a proportion of patients with elevated
nighttime BP, 24-hour BP, or both. Supporting this,
two studies have demonstrated that the cardiovascular risk13 and the prevalence of associated risk
factors and organ damage6 of WCH defined as having all daytime, nighttime, and 24-hour BP in the
normal range was clearly reduced and approaching
normotensive subjects, in comparison of WCH defined only by normal daytime or even 24-hour BP.
The presence of other cardiovascular risk factors also contributes to the risk of WCH. In one of
the analyses of the IDACO cooperative group,
WCH without other risk factors had rates of cardiovascular events similar to normotensive. In contrast,
the WCH group at high risk (the presence of other
cardiovascular risk factors) had event rates that
doubled that of the normotensive group14.
The decision regarding antihypertensive treatment in patients with WCH is not easy, due to the
aforementioned uncertainities. Considering the
prevalence of WCH, it is feasible to think that the
benefit of antihypertensive treatment observed in
most of the clinical trials in the past also affects
WCH, as they would represent one third of patients
included in such trials. This is obviously theoretical,
as a subgroup analysis based on such categorization
has not been carried out. Some of the clinical guidelines in the past suggested that antihypertensive
treatment was unnecessary in WCH, as it was considered an innocent phenomenon. However, all the current knowledge runs against this conservative
approach, although there is no clear evidence to support any decision. As mentioned, the mortality study
of the Spanish ABPM Registry revealed that untreated WCH was associated with a higher risk of total and cardiovascular mortality with respect to
normotensive subjects12. In contrast, in treated sub-
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jects the risk associated with WCUH was minimally
elevated and nonsignificant after adjustment for
other risk factors. This is aligned with benefits observed in clinical trials and suggests that antihypertensive treatment is beneficial in WCH, at least in
those with moderate to high cardiovascular risk.
In view of these considerations, the issue of antihypertensive treatment initiation in WCH is unresolved. However, some clinical considerations may
help the decision. First, the quality of office BP
measurement should be improved, with repeated
measures, and if feasible, automated unattended
measurements. Second, home BP or ABPM should
be properly use, including one week of repeated
measurements (home BP) and ABPM performed
in a day with the patient engaged in his/her usual
activities (ABPM performed on a resting patients
can yield unusual low values and misdiagnose
WCH). Third, a complete risk assessment including
other cardiovascular risk factors and organ damage
should be encouraged in order to establish patients’s global cardiovascular risk.
The two most recent guidelines also show some
differences in the recommendation of treatment for
subjects with WCH. While the American guidelines1 indicate lifestyle measures and annual monitoring, the European guidelines recommends
considering antihypertensive treatment for WCH
patients if target organ damage is present or cardiovascular risk is high2. None of these guidelines recommend uptitrating antihypertensive treatment in
patients with white-coat uncontrolled hypertension.
MASKEd HYPErtEnSIon
Masked Hypertension (MH) is defined as normal
BP in the office with elevated home BP or ABPM.
The same circumstance in treated subjects is known
as masked uncontrolled hypertension (MUCH).
The prevalence of MH and MUCH varies widely
depending on the population screened5. From less
than 10% in population-based studies to more than
30% in treated subjects with normal office BP submitted for ABPM15. The criteria for definition also
modifies the rates of prevalence, being lower when
elevated daytime BP is used for definition and
higher when MH is defined as elevation of either
daytime, nighttime, or 24-h BP16, as stated by the
European Society of Hypertension position paper4.
Clinical associates with MH or MUCH include
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younger males, smokers, non-obese, with other
metabolic risk factors, organ damage or overt cardiovascular disease15,17. As it happens with WCH, the
predictive value of such clinical circumstances is poor
and the most important challenge in MH is the detection of this condition, as it is relatively uncommon in
clinical practice to perform ABPM in untreated subjects with normal BP or in apparently well-controlled
treated hypertensives. Values of office BP in the highnormal range or repeated office measurements with
alternate normal and elevated values, documented
target organ damage, mental stress at work, or sleep
disorders such as sleep apnea are some typical circumstances where MH can be suspected.
MH is undoubtedly associated with elevated
cardiovascular risk, all-cause mortality and increased target organ damage17,18. Likewise, treated
patients with MUCH have a worse prognosis in
comparison to those controlled by means of ABPM.
In the Spanish ABPM Registry12 the overall and
cardiovascular mortality associated with MH or
MUCH were the highest of all different phenotypes, even superior to sustained hypertension. The
explanation for this paradox finding is possibly related with a lack of treatment initiation or intensification in subjects with MH or MUCH, as treatment
of such abnormalities are not included in most decision algorithms.
Therapeutic decisions in subjects with MH or
MUCH are based on wise clinical judgement, as no
evidence-based data are available. As stated before,
some clinical circumstances may contribute to elevated out-of-office blood pressure, which can be
modified. Smoking or excessive alcohol intake
should be discouraged. Less frequently, but also important are sleep disorders, as nocturnal BP elevation is responsible of MH and MUCH more
frequently than daytime BP15,16, thus suggesting
that treatment of such disorders may reduce nocturnal BP and consequently, MH.
It is reasonable to treat MH patients, especially
if they have high cardiovascular risk or target organ
damage. It is also reasonable to uptitrate drugs in
MUCH patients in order to avoid future consequences of long-time out-of-office BP elevation.
Recent guidelines1,2 both recommend such treatment initiation or intensification. The main problem with such decisions is that treatment should be
monitored by out-of-office BP. If MH or MUCH is
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diagnosed by home BP, this is the preferred method
for follow-up and future adjustments of treatment.
If MH or MUCH is diagnosed by ABPM, especially
by isolated nocturnal BP elevation with normal
home BP, repeated ABPM is the only way to monitor treatment changes. In all cases, normalization
of out-of-office BP is the final objective.
In conclusion, WCH and MH are two phenotypes with several particularities which require a
specific evaluation. More information is required
regarding mechanisms leading to such discrepancies between office and out-of-office blood pressure, along with a better standardized office
measurement technique in order to avoid bias error19. The use of ABPM in future clinical trials of
antihypertensive treatment, and consideration of
such phenotypes in those trials are key features
trying to better elucidate the best therapeutic option for patients with WCH and MH.
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