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Implications of white-coat hypertension

Ambulatory blood pressure monitoring was used to create
four categories of blood pressure, true normotension (NT),
white-coat hypertension (WCHT), masked hypertension
(MHT), and sustained hypertension (SHT), from one simple
office blood pressure measurement [1]. The Ohasama study
reported that a general population with WCHT and MHT
had a higher incidence of mortality from cardiovascular
disease (CVD) than the one with NT (Fig. 1a) [2]. Com-
pared with the NT population, the WCHT population
seemed to have a higher incidence of CVD mortality
(hazards ratio 1.54 (0.73–3.21)), whereas the SHT popula-
tion had a much higher incidence than the WCHT popula-
tion. However, a meta-analysis of the data, which included
the Ohasama study, failed to demonstrate the significance of
WCHT [3]. This meta-analysis thus rendered the meaning
of WCHT controversial. Recently, a new meta-analysis that
analyzed 20,455 subjects across 23 cohort studies on an
individual level demonstrated that WCHT was associated
with a 38% increased risk of CVD and a 20% increase in
total mortality [4]. Another meta-analysis also supported a
significant risk of cardiovascular events associated with
WCHT [5]. Moreover, in chronic kidney disease patients,
WCHT and MHT were also reported to be risk factors for
CVD [6]. At this point, the clinical evidence suggests that
the risk of mortality and CVD events associated with
WCHT lies between those with NT and SHT. The pre-
valence of WCHT was 32.7%, as reported in the Spanish
ambulatory blood pressure registry, whereas that of SHT
was 44.5% [7].

The implications of WCHT have been evaluated from
several perspectives in relation to CVD and mortality [8].
The Hisayama study, one of the most famous cohort studies,
reported that WCHT was associated with carotid athero-
sclerosis (Fig. 1b) [9]. In this report, the average thickness
of intima-media in cases of WCHT was the same as that for
SHT, which was significantly higher than that in NT. This
finding was supported by a meta-analysis [10]. Retinal
vascular abnormalities in WCHT were reported to be the
same as those in SHT [11]. Development of atherosclerosis
induced by WCHT should result in SHT. Indeed, WCHT
led to the development of SHT at a higher rate than NT
(odds ratio 2.51; P < 0.0001) [12]. However, detailed clin-
ical features remain unclear because the meaning of WCHT
has only recently been established.

Albuminuria in white-coat hypertension

In this current issue, the Hisayama cohort study reported
that WCHT was associated with a significantly increased
age- and sex-adjusted prevalence of albuminuria, compared
to NT (26.3 vs. 14.1%, P < 0.001), although this research
was from a cross-sectional study [13]. Interestingly, the
effect of WCHT on the prevalence of albuminuria was
similar to the effect of WCHT on CVD events and carotid
atherosclerosis (Fig. 1a, b). This consistent effect of WCHT
on several atherosclerotic diseases could make the patho-
genicity of WCHT convincing.
Albuminuria was basically considered to be the result of
endothelial dysfunction, which means that albuminuria was
considered to be the result of hypertension. However, a slight
increase in albuminuria within the normal range predicted
hypertension in the future, suggesting that albuminuria might
be the cause of hypertension [14]. At this point, it is difficult
to distinguish which is the causal factor, hypertension, or
albuminuria [15]. With respect to WCHT, there is no con-
sistent evidence supporting endothelial dysfunction. Evalua-
tion of endothelial function by brachial artery flow-mediated
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vasodilation has provided conflicting results [16, 17]. More
directly, Oliveras et al. [18] failed to demonstrate a rela-
tionship between albuminuria and WCHT. The effect on
albuminuria associated with WCHT was similar to the effect
on carotid atherosclerosis and CVD events, which may
reflect the relationship between WCHT and albuminuria, and
more importantly, the pathogenicity of WCHT.

Mechanism by which white-coat
hypertension is associated with albuminuria

The clinical pathogenicity of WCHT itself was established
recently [10]. Therefore, the mechanism by which WCHT
causes an increase in CVD events, resulting in greater mor-
tality, has ultimately remained unknown [19, 20]. However,
there are several mechanisms to consider that may explain
why WCHT was associated with albuminuria (Fig. 2). WCHT

was defined as an increase in blood pressure at the doctor’s
office, which obviously suggested that patients with WCHT
had hypersensitive sympathetic nervous activity. Indeed, there
are many reports that support this hypersensitive activity in
those with WCHT. Those with WCHT had significantly
higher sympathetic nervous activity than those with NT, when
measured by microneurography [21]. Those with WCHT had
a higher ratio of high-frequency to low-frequency heart rate
variability than those with NT [22, 23]. More directly, the
WCHT group had a greater blood pressure response to mental
stress than the NT group [24]. In the first mechanism, this
hypersensitive sympathetic activity was believed to be a strong
risk factor for CKD, CVD, and mortality [25–28], just as this
hypersensitive activity may cause WCHT. In the second
mechanism, those with WCHT often suffered from metabolic
syndrome, as the Ohasama study reported [2]. Metabolic
syndrome is also believed to have strong causality in CVD and
mortality, and it is considered to cause endothelial dysfunction,
resulting in albuminuria. In the third mechanism, those with
WCHT had a higher probability of developing SHT than those
with NT [12]. SHT is one of the most important risk factors for
CVD, CKD, and albuminuria. Finally, it is possible that
WCHT itself causes albuminuria, although there is no evi-
dence supporting this direct causality. Moreover, it remains
unknown whether albuminuria in WCHT might result in the
progression of CKD, whereas albuminuria is considered causal
in CKD because albuminuria has been associated with higher
incidence of CVD and progression of CKD [29, 30]. The
meaning of WCHT, including its association with albumi-
nuria, will be revealed in future studies.
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Fig. 1 a Hazard risk for morality related with cardiovascular diseases
in the Ohasama study. The Ohasama cohort study reported that the
hazard risk for cardiovascular diseases in those with WCHT appeared
higher than that in NT (1.54, 95% CI (0.73–3.72)), whereas the hazard
risk in those with MHT and SHT was 1.88 (0.95–3.72) and 1.94
(1.04–3.61), respectively. Figure adapted from Ohkubo et al [2]. b
Maximum thickness of carotid atherosclerosis in the Hisayama study.
The Hisayama study reported that the geometric average of intima-
media thickness in NT (1.15 mm (95% CI, 1.13–1.17)), after adjust-
ment for age, sex, diabetes mellitus, total cholesterol, high-density
lipoprotein cholesterol, body mass index, smoking, drinking, exercise,
and medications, was significantly less than that in WCHT (1.30 mm
(95% CI 1.24–1.37), P < 0.001), MHT (1.24 mm (1.21–1.28),
P < 0.001) and SHT (1.27 mm (1.24–1.31), P < 0.001). Figure adapted
from Fukuhara et.al [9]. MHT masked hypertension, NT normoten-
sion, SHT sustained hypertension, WCHT white-coat hypertension
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Fig. 2 Potential mechanisms by which white-coat hypertension is
associated with albuminuria. Hypersensitive sympathetic nerve activ-
ity and metabolic syndrome are reportedly associated with WCHT.
At the same time, both of these could cause albuminuria. Those with
WCHT have a high incidence of SHT, which might cause albuminuria.
There is still some possibility that WCHT might directly induce
albuminuria. It is unknown whether albuminuria might result in the
progression of chronic kidney diseases
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