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Abstract

The prognostic value of white-coat hypertension (WCH) remains controversial. We undertook a quantitative literature
review to assess the risk of cardiovascular outcomes in untreated participants with WCH compared to that in participants
with normotension. We searched databases (PubMed, Cochrane Library and the Ichu-Shi Web Japanese database) for peer-
reviewed articles published until December 23, 2017 reporting studies evaluating the risk of cardiovascular outcomes
in participants with WCH compared to that in participants with normotension. WCH was defined by having hypertension
according to the conventional office blood pressure (BP) and being in the normotensive range (definitions of hypertension
and normotension differed according to studies) for out-of-office BP measured at home or in an ambulatory setting. In
total, 11 studies were included in the meta-analysis, which assessed the composite outcomes of morbidity and mortality
on cardiovascular, stroke, and cardiac diseases, all-cause mortality, and deterioration to sustained hypertension in 8
(n=11971), 2 (n =6252), 2 (n = 6252), 5 (n =10611), and 3 (n = 1722) studies, respectively. The risks for cardiovascular
outcome and deterioration to sustained hypertension were significantly higher in WCH participants, with relative risks
(95% confidence intervals) of 1.33 (1.10-1.62) and 2.85 (2.32-3.49), respectively, than in participants with normotension.
In contrast, no significant differences were observed in the risk for stroke, cardiac outcomes or all-cause mortality. Our
study suggests the importance of accurate and appropriate evaluation of WCH by utilizing out-of-office BP monitoring and
the necessity for careful long-term follow-up of participants with WCH.

Keywords Cardiovascular outcome * Deterioration to sustained hypertension * Meta-analysis * Out-of-office blood pressure *
White-coat hypertension.

Introduction

Recent hypertension guidelines have recommended that, in
addition to conventional office blood pressure (BP), phy-
sicians should assess out-of-office BP, namely, ambulatory
BP monitoring (ABPM) and home BP measurement
(HBPM), for the diagnosis and management of hyperten-
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Fig. 1 Flow chart of the process
of publication selection

PubMed: 1081, Cochrane: 176, Japanese Ichu-Shi: 221
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and hypertensive out-of-office BP, and sustained hyper-
tension as hypertensive office and out-of-office BP,
respectively. Individuals with WCH have mild target
organ damage and favorable cardiovascular outcomes
compared to those with sustained hypertension [7-12].
Furthermore, several studies have reported that partici-
pants with WCH have a high potential for deteriorating to
sustained hypertension, leading to poor cardiovascular
outcomes in the future [13-16]. However, a previous
meta-analysis evaluating the risk of cardiovascular disease
in participants with WCH provided inconsistent findings
[15, 17-19], and the prognosis of participants with WCH
remains controversial. Therefore, we aimed to assess
whether cardiovascular prognosis and risk for the devel-
opment to sustained hypertension is poor in individuals
with  WCH compared to those in individuals with
normotension.
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Search strategy

We conducted a current systematic review and meta-
analysis according to the Medical Information Network
Distribution System (MINDS) manual for guideline devel-
opment [20].

Relevant studies were identified by searching the
PubMed, Cochrane Library and Ichu-Shi Web Japanese
databases (until December 23, 2017), with language
restriction to English or Japanese. We conducted the search
strategy and searched the databases using MESH term
(White Coat Hypertension [Mesh]) and relevant text words,
including “white-coat hypertension” or “white coat effect”
or “white coat blood pressure” or “white coat syndrome” or
“clinic hypertension” or “clinic blood pressure” or “isolated
office hypertension” or “isolated clinic hypertension,” as
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shown in Supplementary Table 1. The initial literature
search identified 1404 articles (Fig. 1), which were screened
for titles and abstracts by two authors (T.F. and C.M.; Ist
screening). After eliminating 1033 irrelevant and 270
duplicate records, the two authors independently reviewed
the screened 101 articles (2nd screening); disagreements
were resolved by discussion between the two authors. After
a full text review, 68 articles were excluded (44 irrelevant
studies, 18 review articles, 3 letters, 2 editorial comments, 1
duplicate study), and 33 studies qualified for the current
systematic review.

Eligibility for the meta-analysis

Although we performed our systematic literature search
regardless of the use of antihypertensive medication,
we included prospective cohort studies with participants
without antihypertensive drug treatment at baseline for
the current meta-analysis because WCH refers to the
untreated condition [4, 21]. All eligible study participants
were aged > 18 years old, with information on the number
of participants with WCH, normotension, and the number
of outcome events or estimated risks for events associated
with WCH compared to normotension. Studies whose
enrollments depended on particular conditions, such
as dialysis or pregnancy, were excluded. When studies
reported the same outcomes from the same cohort, only
the most recent article was included. The assessment
of out-of-office BP values was based on either ABPM
or HBPM.

According to the abovementioned eligibility criteria, all
authors assessed the qualified 33 articles in detail,
and 22 studies were further excluded for the meta-analysis
(12, mixed population with treated and untreated partici-
pants; 1, enrollment depended on a particular condition;
3, duplicate cohort; 1, case-control study; 5, meta-analy-
sis). Finally, the current meta-analysis was comprised of
11 full articles published in peer-reviewed journals

(Fig. 1).
Study assessments

We abstracted data from each report, including author
name, study design, sample size and characteristics of study
participants, definition of WCH, definition of normotension,
details of outcomes, and duration of follow-up period.
When participants were classified as having both normo-
tension and WCH on the basis of multiple definitions within
one study, we extracted the most stringent definitions for
WCH and normotension.

The outcome measures of this systemic review and meta-
analysis are as follows.

SPRINGER NATURE

Outcome 1: Onset of cardiovascular diseases (composite
endpoints consisted of cardiac events and stroke) or death.

Outcome 2: Onset of stroke events or death.

Outcome 3: Onset of cardiac events or death.

Outcome 4: All-cause mortality.

Outcome 5: Deterioration to sustained hypertension.

Quality assessment on the risk of bias was undertaken in
accordance with MINDS [20]. The risks of bias consisted of
selection bias, performance bias, detection bias, and attri-
bution bias. We evaluated each bias using the three grades
of “not serious,” “serious,” and “very serious.”

Statistical analysis

We used generic inverse variance methods to perform
the current meta-analysis. The estimated relative risk (RR)
was used for the summary measures, and RR as odds
ratios or hazard ratios with standard errors calculated by
their 95% confidence intervals (CI) of the individual
studies were directly entered into the analysis. We used
random effects models because the true association was
assumed to differ among studies, and statistical hetero-
geneity among studies was assessed by the chi-square
test and statistic of inconsistency (12) [22]. P values of
25, 50, and 75% were considered as low, moderate, and
high heterogeneity, respectively. Significant heterogeneity
was considered for P <0.05 or F statistic>25%. A funnel
plot was used to examine whether there was a publication
bias. Statistical significance was defined as P <0.05
(two-tailed tests). All analyses were conducted by
Review Manager (RevMan) version 5.3 (Nordic Cochrane
Centre, The Cochrane Collaboration, 2012, Copenhagen,
Denmark).

Ethics

As all data are publicly available; ethical approval was not
necessary for the current systemic review and meta-
analysis. The current study follows the recommendations
of the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA).

Results

At baseline, eight studies included only untreated partici-
pants [10, 11, 14, 16, 23-26], and three studies included
untreated and treated groups; only the data on untreated
participants were used for the current meta-analysis [12, 13,
27]. We summarized the characteristics of 11 studies in
Table 1; all studies were observational studies, and none of
the intervention trials were included.
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Fig. 2 Risk ratio and 95% Study Weight Relative Risk [95% Confidence Intervals]
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Fig. 4 Risk ratio and 95% Study Weight
confidence interval for the onset Kario 2.4%
of cardiac events or death '
between participants with white-

. Asayama 97.6%
coat hypertension and
normotension

Total 100%

Heterogeneity: 12=0, x2=0.33, P=0.56, 12=0%

Test for overall effect P=0.53

Outcome 1: Onset of cardiovascular diseases or
death

We included 8 studies in the meta-analysis for Outcome 1
[10-12, 23-27]. In total, 9274 participants with normoten-
sion and 2697 with WCH were included in the analysis. The
follow-up period ranged from 3.2 years to 21 years. Among
the included studies, three reported a higher risk of cardi-
ovascular complications in participants with WCH than
in those with normotension [12, 23, 25]. The risk for car-
diovascular morbidity and mortality among participants
with WCH was significantly higher than among those with
normotension (RR 1.33, 95% CI: 1.10-1.62; Fig. 2). Low

0.62 [0.09, 4.47]

1.12[0.82, 1.54]

1.10[0.81, 1.50]

0.2 0.5 1 2 5

White-coat hypertension
more potent

Normotension
more potent

heterogeneity was observed among the included studies
(P =4%, P = 0.40).

The definitions of WCH and normotension differed
among studies; in particular, three studies used unusual
definitions for WCH and normotension [10, 23, 25]. The
sensitivity analysis excluding these three studies [10, 23,
25] did not alter the results, with RR of 1.28 (95% CI: 1.06—
1.53), and it still revealed significantly higher cardiovas-
cular risk in WCH participants compared to normotension
participants. Meanwhile, the definitions of “onset of cardi-
ovascular disease or death” outcomes were also different;
the outcomes of two studies [23, 25] and another five stu-
dies were cardiovascular disease mortality and composite of
cardiovascular disease and death, respectively. The results

SPRINGER NATURE
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Fig. 5 Risk ratio and 95% Study Weight Relative Risk [95% Confidence Intervals]
confidence interval for all-cause
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Asayama 41.3% 1.00 [0.81, 1.24] _._
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Test for overall effect P=0.20
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Fig. 6 Risk ratio and 95% Study Weight Relative Risk [95% Confidence Intervals]
confidence interval for the B o
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hypertension between Cacciolati 2.6% 4.30[1.20, 15.4]
participants with whlte-coat. Siven 7239, 2.80 [2.20, 3.40] _._
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Total 100% 2.85[2.32, 3.49] ‘
Heterogeneity: 72=0, x2=0.42, P=0.81, 12=0% 0.5 1 2 5 10

Test for overall effect P<0.0001

of the subgroup analysis according to outcome (onset of
cardiovascular morbidity or death) showed that participants
with WCH had higher risks for both cardiovascular mor-
bidity and cardiovascular death, with RR of 1.27 (95% CI,
1.06-1.53) and 4.72 (95% CI, 1.70-13.12), respectively.

Outcome 2: Onset of stroke events or death

We included 2 studies in the analysis for Outcome 2 [11,
24], consisting of 5135 participants with normotension and
1117 with WCH; both studies used ABPM for the diagnosis
of WCH, and participants in the study by Asayama et al.
[24]. came from 12 populations from 3 continents. Neither
study included transient ischemic attack in the definition of
stroke. The risk for stroke events and death tended to be
higher in the participants with WCH than in those with
normotension, but this was not statistically significant
(RR 1.44, 95% CI 0.95-2.18; Fig. 3). Heterogeneity among
the included studies was low (I2 = 0%, P=0.41). However,
the analysis was mainly weighted to the study by Asayama
et al. [24], and further additional studies may be necessary
to evaluate the risk of stroke in participants with WCH.

Outcome 3: Onset of cardiac events or death

Similar to Outcome 2, we included 2 studies in the analysis
for Outcome 3 [11, 24]. No significant differences were

SPRINGER NATURE
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found in the risk for onset of cardiac events or death
between the participants with WCH and those with nor-
motension (RR 1.10, 95% CI 0.81-1.50; Fig. 4). Hetero-
geneity was not significant (> = 0% P = 0.56).

Outcome 4: All-cause mortality

We included 5 studies in the meta-analysis for Outcome 4
[11, 12, 23-25]. There were 8628 participants with nor-
motension and 1983 participants with WCH, ranging from
3.5 to 21 years of follow-up. Among those, only Standberg
et al. reported a significantly higher risk for all-cause
mortality in participants with WCH compared to those with
normotension [23], and no significant risk difference was
found between the participants with WCH and those
with normotension (RR 1.15, 95% CI 0.93-1.43), without
significant heterogeneity (I =32%, P =0.21; Fig. 5). The
sensitivity analysis excluding two studies [23, 25] in which
unusual definitions for WCH and normotension were
used did not alter the main analysis (RR 1.08, 95% CI,
0.89-1.24).

Outcome 5: Deterioration to sustained hypertension
We included 3 studies in the analysis for Outcome 5 [13,

14, 16]. Among 1369 normotension and 353 WCH parti-
cipants, 245 and 141, respectively, developed sustained
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hypertension. The follow-up period varied from 1 to 11
years. All of the included studies similarly revealed (het-
erogeneity I> = 0%, P = 0.81) that the risk for deterioration
to sustained hypertension was significantly higher in the
participants with WCH than in those with normotension
(RR 2.85, 95% CI: 2.32-3.49; Fig. 6).

Assessment of risk of bias

In terms of performance bias, three studies were possibly
affected by antihypertensive medications due to a lack of
information on antihypertensive medications after the study
enrollment [10] and prior history of use of antihypertensive
medications for > 14 days before study enrollment but not at
baseline [11, 24]. No detection bias was observed in the
included studies. Attribution bias was observed in two
studies, which showed insufficient follow-up of study par-
ticipants [13, 14]. Incomplete confounding adjustments
were found in two studies [11, 12]. The number of parti-
cipants with WCH was small [23], and the reported cardi-
ovascular event rate was low [25]. When defining sustained
hypertension, the use of antihypertensive medications was
applied [14, 16]. Details for the risk of bias in each study are
shown in Supplementary Table 2. We could not quantify the
publication bias because of the small number of studies,
while a funnel plot did not show evident asymmetry
(Supplementary Figure 1).

Recent publication on white-coat hypertension

After the literature search of the present systematic review
and meta-analysis was performed in December 2017,
Banegas JR et al. reported that WCH was associated with a
high risk for all-cause mortality and cardiovascular mor-
tality [28]. We thus added the data from this new report
to Outcome 1 and Outcome 4. The risk for onset of cardi-
ovascular diseases or death in the participants with WCH
remained significant (RR 1.44, 95% CI 1.16-1.77) without
significant heterogeneity (P =17% P =0.29; Supplemen-
tary Figure 2); meanwhile, the participants with WCH
showed a high risk for all-cause mortality compared
to those with normotension (RR: 1.33, 95% CI: 1.01-1.76;
P=0.04), and the heterogeneity test became significant
(P = 68% P =0.007; Supplementary Figure 3).

Discussion

To the best of our knowledge, the present meta-analysis is
the first to evaluate the risk of multiple cardiovascular
outcomes in untreated participants with WCH compared to
that in participants with normotension. We revealed that
participants with WCH had a higher risk of developing

sustained hypertension compared to those with normoten-
sion. Our results also showed that participants with WCH
were associated with higher cardiovascular risk than those
with normotension. For the risk of stroke, participants with
WCH tended to have a higher risk compared to normo-
tension, yet the result was not statistically significant. In
contrast, the risks for cardiac events and all-cause mortality
were not different between participants with WCH and
those with normotension.

It is uncertain why participants with WCH had higher
cardiovascular risk and tended to have higher risk for stroke
than those with normotension. The development of sus-
tained hypertension may lead to higher risk for cardiovas-
cular complications later in participants with WCH, or
participants with WCH may have other potential risk factors
for cardiovascular disease. Notably, all the studies that
reported significantly higher risk of cardiovascular compli-
cations in WCH participants compared to normotension
participants had followed up participants for long periods
(8.3 to 21 years) [12, 23, 25]. Therefore, we may need
careful long-term follow-up for participants with WCH.
Furthermore, some studies have suggested that participants
with WCH with other cardiovascular risk factors, such as
diabetes mellitus and chronic kidney disease, have higher
risk of cardiovascular events than participants with nor-
motension [29, 30]. These studies may indicate that espe-
cially careful follow-up of WCH participants with other
cardiovascular risk factors is necessary.

We revealed that participants with WCH had a 2.8 times
higher risk of developing sustained hypertension compared
to normotension. All the included studies consistently
showed significantly increased risk of developing sustained
hypertension in WCH participants regardless of the follow-
up period (1 to 16 years) [13, 14, 16]. Furthermore, when
we look at the rate of progression to sustained hypertension
of participants with WCH in long-term follow-up studies
included in the current meta-analysis (> 8 years), almost
50% of participants with WCH developed hypertension [14,
16]. Even though WCH has generally been considered a
benign phenomenon, these results indicate that we should
not consider WCH as such; rather, we need careful long-
term follow-up of patients with WCH.

As for the assessment of WCH, we included studies
using ABPM or HBPM for the diagnosis of WCH in the
current meta-analysis. The majority of studies used ABPM
to define WCH. However, Satoh et al. suggested that the
risks of stroke were different according to either complete
WCH (participants who met the criteria of WCH by using
both ABPM and HBPM) or partial WCH (participants who
met the criteria of WCH by using either ABPM or HBPM)
[31]. Although difficult in clinical practice, evaluation based
on both ABPM and HBPM for the definition of WCH may
be necessary for accurate cardiovascular risk stratification.

SPRINGER NATURE
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The finding that the risk for all-cause mortality differed
between the meta-analysis with and without the study by
Banegas et al. requires careful interpretation [28]. First, the
heterogeneity of this supplemental meta-analysis was strong
(P =0.007). Indeed, the estimate risks for all-cause mor-
tality of WCH compared to those of normotension in the
study by Banegas et al. were not consistent with those of
other studies included in the meta-analysis, and hetero-
geneity was not observed among studies without Banegas
et al. (P=0.21). Furthermore, the study population was
somewhat biased with the nature of participants due to the
study design, as participants met guidelines recommended
for ABPM, e.g., 25.8% of the 25672 untreated participants
had WCH, while only 8.9% had masked hypertension [32].
Further investigations to clarify the risk of all-cause mor-
tality for participants with WCH compared to normotension
are needed.

Several limitations of the current review should be con-
sidered. First, the definitions of WCH and normotension
varied among the included studies. The methods used to
evaluate office BP and out-of-office BP (ABPM or HBPM)
were not consistent among studies. Patients who showed a
WCH profile based on their BP but were under anti-
hypertensive medication treatment were classified into
sustained hypertension, and the risk of WCH might be
therefore have been underestimated [14]. Furthermore, none
of the included studies used the definitions of WCH and
normotension based on the latest hypertension guidelines
suggested by the American Heart Association in 2017 [33].
Second, the definitions of each outcome were different
among studies. Some studies included soft endpoints for the
definitions of cardiovascular disease, such as coronary
revascularization, heart failure, peripheral revascularization,
renal event, and transient ischemic attack [10-12, 26].
Third, the majority of studies did not consider the use of
antihypertensive medication during the follow-up period.
Regarding the fact that participants with WCH have a
higher risk of developing sustained hypertension, some
participants with WCH who developed sustained hyper-
tension during the follow-up period may have used anti-
hypertensive medication, which could modify the
cardiovascular risk in participants with WCH at baseline.
Finally, all of the included studies were observational, and
we could not evaluate whether the treatment intervention for
participants with WCH prevented the development of car-
diovascular complications.

In conclusion, the present systematic review and meta-
analysis suggests that the risks of cardiovascular morbidity
and mortality, as well as development of sustained hyper-
tension, are higher in participants with WCH than in par-
ticipants with normotension. Appropriate and accurate
evaluation of BP based on office and out-of-office mea-
surements is necessary for risk stratification in individuals,
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and an attentive long-term follow-up of participants with
WCH is warranted.
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