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White coat hypertension is defined as elevated blood pressure in the office, but a normal blood pressure 
out-of-office, whereas masked hypertension is defined as elevated blood pressure in the office, but normal 
out-of-office blood pressure.  The objective was to investigate the associations between these blood 
pressure phenotypes and carotid artery changes.  Conventional blood pressure, ambulatory blood 
pressure, and carotid ultrasonography were evaluated in 851 Ohasama residents (31.8% men; mean age 
66.3 years).  The blood pressure phenotypes were defined by the ordinary thresholds (140/90 mmHg for 
conventional blood pressure, 135/85 mmHg for daytime blood pressure) and then by the 2017 American 
College of Cardiology/American Heart Association (ACC/AHA) thresholds for hypertension (130/80 mmHg 
for both conventional and daytime blood pressure), irrespective of antihypertensive medication treatment 
status.  Blood pressure phenotypes were linearly associated with the mean intima-media thickness of the 
carotid artery in ascending order for sustained normal blood pressure, white coat hypertension, masked 
hypertension, and sustained hypertension according to the ordinary thresholds and the 2017 ACC/AHA 
thresholds (both linear trends P < 0.0001) after adjustments for possible confounding factors.  The odds 
ratios for the presence of carotid plaques showed similar linear trends with the blood pressure phenotypes 
according to the 2017 ACC/AHA thresholds (linear trend P < 0.0191).  In conclusion, there was a close 
relationship between blood pressure phenotypes and carotid artery changes, suggesting that blood 
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pressure phenotypes as defined by ambulatory blood pressure are potentially useful for risk stratification of 
carotid artery changes in the Japanese general population.

Keywords: ambulatory blood pressure; carotid intima-media thickness; carotid plaque; masked hypertension; white 
coat hypertension
Tohoku J. Exp. Med., 2020 November, 252 (3), 269-279.

Introduction
Hypertension has been the leading cause of 

cardiovascular death (Ikeda et al. 2012; Benjamin et al. 
2018).  For accurate diagnosis of hypertension, 
hypertension guidelines recommend using not only office 
blood pressure, but also out-of-office blood pressure 
(Whelton et al. 2018; Williams et al. 2018; Umemura et al. 
2019).  The guidelines recommend diagnosing the blood 
pressure phenotypes of sustained normal blood pressure 
(SNBP), white coat hypertension (WCHT), masked hyper-
tension (MHT), and sustained hypertension (SHT).  WCHT 
is defined as elevated blood pressure in the office, but 
normal out-of-office blood pressure, whereas MHT is 
defined as elevated blood pressure in the office, but normal 
out-of-office blood pressure.  These phenotypes have a 
different prognostic significance (Bobrie et al. 2004; 
Ohkubo et al. 2005; Hansen et al. 2007; Stergiou et al. 
2014; Satoh et al. 2016), and they should be treated 
differently (Whelton et al. 2018; Williams et al. 2018; 
Umemura et al. 2019).  WCHT has a low risk of 
cerebrocardiovascular disease, and it should therefore be 
handled with health management, such as daily salt 
r e s t r i c t i o n  a n d  a p p r o p r i a t e  e x e r c i s e  w i t h o u t 
antihypertensive medication.  On the other hand, masked 
hypertension is associated with metabolic disorders, 
hypertensive organ damage, and a poor prognosis.  
Therefore, an antihypertensive medication using the out-of-
office blood pressure as an index is required in addition to 
lifestyle modifications.  These blood pressure phenotypes 
have been studied intensively in relation to prognosis 
(Bobrie et al. 2004; Ohkubo et al. 2005; Hansen et al. 2007; 
Stergiou et al. 2014; Satoh et al. 2016) and end organ 
damage (Cavallini et al. 1995; Puato et al. 2008).  In terms 
of the methodology of measuring out-of-office blood 
pressure, there have been two approaches with different 
concepts.  Ambulatory blood pressure monitoring measures 
unrestricted blood pressure in daily life during daytime and 
during nighttime sleep.  On the other hand, home blood 
pressure measurement obtains self-measurements of blood 
pressure at home under certain measurement conditions for 
a long period of time (Umemura et al. 2019).  In both blood 
pressure measurement methodologies, MHT and SHT have 
been reported to have a poor prognosis compared with 
SNBP both in Western countries (Bobrie et al. 2004; 
Hansen et al. 2007; Stergiou et al. 2014) and in Japan 
(Ohkubo et al. 2005; Satoh et al. 2016).  However, with 
respect to carotid artery changes as end organ damage, there 
has been insufficient evidence in the Japanese population 

for their relationship with blood pressure phenotypes evalu-
ated by ambulatory blood pressure monitoring.  In Europe 
and the United States, most studies were based on 
ambulatory blood pressure (Cavallini et al. 1995; Puato et 
al. 2008), but in Japan, most studies were carried out by 
home blood pressure measurement (Hara et al. 2007; 
Matsui et al. 2007; Fukuhara et al. 2013) rather than by 
ambulatory blood pressure monitoring.  There has been 
only one report based on ambulatory blood pressure 
monitoring that investigated the blood pressure phenotypes 
and carotid artery changes in Japan, in which 332 
outpatients with chronically treated essential hypertension 
were examined (Tomiyama et al. 2006).

The blood pressure phenotypes obviously depend on 
the definition of the reference values for hypertension.  
Most current guidelines for hypertension state the reference 
values for hypertension as the threshold of conventional 
blood pressure (140/90 mmHg), with the exception of the 
2017 American College of Cardiology/American Heart 
Association (ACC/AHA) Guideline for hypertension 
(Whelton et al. 2018), which lowered the threshold to 
130/80 mmHg.  As a result, the prevalence of hypertension 
has been substantially increased by the reclassification of 
hypertension (Muntner et al. 2018).  However, one study 
(Poudel et al. 2019) have investigated the relationship 
between the blood pressure phenotypes according to the 
2017 ACC/AHA thresholds and hypertensive end organ 
damage, but no studies of carotid artery changes have been 
published.

The objective of the present study was to investigate 
carotid artery changes by the blood pressure phenotypes 
(WCHT, MHT, SNBP, and SHT) defined based on a combi-
nation of conventional and ambulatory blood pressures 
according to both the ordinary thresholds and the 2017 
ACC/AHA thresholds for hypertension in a general 
Japanese population.

Methods
Design

This cross-sectional study was a part of the Ohasama 
Study, a community-based blood pressure measurement 
project started in 1986.  The socioeconomic and demo-
graphic characteristics of this region and the full details of 
the project have been described elsewhere (Imai et al. 
1993).  The study complies with the Declaration of 
Helsinki, and institutional review boards of Teikyo 
University School of Medicine and Showa Pharmaceutical 
University approved the study protocol.
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Study population
In 1998, Ohasama had a total population of 7,202 per-

sons, and 3,077 persons were 55 years old or older.  Persons 
who were bedridden, psychiatrically ill, or hospitalized (n = 
185), as well as those who were not at home during the 
study nurses’ normal working time (n = 492), were not eli-
gible for this study.  Of those who were eligible (2,400 per-
sons), 851 (35.5%) provided details of their medical history 
and cardiovascular risk factors, underwent ambulatory 
blood pressure monitoring and carotid ultrasound examina-
tion, and provided their written, informed consent to be 
included in the study.

Carotid ultrasonography
Ultrasound imaging was performed with a real-time, 

B-mode ultrasound imaging unit (Toshiba Sonolayer SSA-
250A; Toshiba Corp., Tokyo, Japan) with an annular array 
probe at 7.5-MHz generating an axial resolution of 0.25 
mm.  Carotid ultrasonograms were examined by trained 
physicians blinded to subject characteristics following a 
standardized protocol.  Intima-media thickness (IMT) of the 
near and far walls of the common carotid arteries was mea-
sured at a point that was 1.0-cm distal from the carotid 
bifurcation.  The mean IMT was defined as the mean of the 
maximal wall thicknesses of the near and far walls of the 
right and left common carotid arteries.  The examiners then 
looked for plaques in the bilateral carotid artery bifurca-
tions and in the external, internal, and common carotid 
arteries.  Plaque was defined as a focal lesion relative to 
adjacent segments, with either calcified deposits alone or a 
combination of calcification and non-calcified material pro-
truding into the lumen (Bots et al. 1997).  The details of the 
protocol have been previously reported, and the reproduc-
ibility of the IMT measurement has also been shown (Hara 
et al. 2007; Shintani et al. 2007).

Blood pressure measurements
Ambulatory blood pressure was monitored using an 

ABPM-630 (Nippon Colin, Komaki, Japan; 1992-2004) 
(Imai et al. 1990) and an FM800 (Fukuda Denshi, Tokyo, 
Japan; 2004-2010) (Nakamura et al. 2010), which are fully 
automatic cuff-oscillometric method devices that were pre-
set to measure blood pressure every 30 min.  Each device 
was attached by well-trained study nurses who visited each 
subject on a weekday morning and detached the device the 
following morning.  The participants were asked to record 
their daily activities in a diary, including the time they went 
to bed and the time they arose.  According to the diary, day-
time blood pressure and nighttime blood pressure were 
defined as the calculated mean of the ambulatory blood 
pressure values recorded while awake and asleep, respec-
tively.  Artefactual measurements during recordings were 
defined according to reported criteria (Imai et al. 1990).  
Conventional blood pressure was measured twice consecu-
tively in a sitting position, after a rest interval of at least 2 
min, by a physician using a mercury sphygmomanometer or 

an automatic USM-700F device (UEDA Electric Works Co.  
Ltd., Tokyo, Japan) (Imai et al. 1992) during 1992-2002, 
and a HEM907 device (Omron Healthcare Co.  Ltd, Kyoto, 
Japan) (White and Anwar 2001) during 2002-2010, at the 
time of carotid ultrasound examination.  The average of the 
two readings was defined as conventional blood pressure.  
All of these devices have been validated and meet the crite-
ria of the Association for the Advancement of Medical 
Instrumentation (1987).

Categorization of participants according to blood pressure 
phenotypes

Participants were classified into the four blood pres-
sure phenotypes based on their conventional blood pressure 
and daytime blood pressure.  The ordinary thresholds of 
hypertension, 140/90 mmHg for conventional blood pres-
sure and 135/85 mmHg for daytime blood pressure 
(Williams et al. 2018; Umemura et al. 2019), were used 
first.  SNBP was defined as less than the thresholds of both 
conventional blood pressure and daytime blood pressure.  
WCHT was greater than or equal to only the thresholds of 
conventional blood pressure.  MHT was greater than or 
equal to only the thresholds of daytime blood pressure.  
SHT was greater than or equal to both thresholds of con-
ventional blood pressure and daytime blood pressure.  
Then, the participants were also classified into four groups 
of blood pressure phenotypes according to the 2017 ACC/
AHA thresholds, 130/80 mmHg for both conventional 
blood pressure and daytime blood pressure (Whelton et al. 
2018).

In line with previous papers (Bobrie et al. 2004; 
Ohkubo et al. 2005; Shintani et al. 2007), blood pressure 
phenotypes were defined by combinations of conventional 
blood pressure and ambulatory blood pressure, irrespective 
of antihypertensive medication treatment status.

Data analysis
The biochemical examinations and the definitions of 

cardiovascular diseases, hypercholesterolemia, and diabetes 
mellitus in the Ohasama Study have been reported previ-
ously (Ohkubo et al. 2005; Hara et al. 2007; Satoh et al. 
2016).  Participants’ characteristics were compared among 
the blood pressure phenotypes by analysis of variance or 
the χ2 test.  Analysis of covariance was performed for mean 
IMT among the blood pressure phenotypes with adjustment 
for sex, age, body mass index, smoking status, drinking sta-
tus, hypercholesterolemia, diabetes mellitus, history of car-
diovascular disease, and use of antihypertensive medica-
tion.  Tukey’s multiple comparison test was used to 
compare the adjusted mean IMT among the blood pressure 
phenotypes.  The odds ratio for plaque among the blood 
pressure phenotypes was calculated with adjustment for the 
same covariates as above.  Linear trend P values were for 
linear trend of the adjusted mean IMT or the adjusted odds 
ratio across the blood pressure phenotypes in the ascending 
order of SNBP, WCHT, MHT, and SHT.  These analyses 
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were repeated in subgroup analyses of participants with and 
without antihypertensive treatment.

SAS software, version 9.4 (SAS Institute Inc., Cary, 
NC, USA) was used for all statistical analyses.  For all 
analyses, two-tailed P < 0.05 was considered significant.

Results
The 851 participants (31.8% men; mean age, 66.3 ± 

6.4 years) consisted of 272 (32.0%) with SNBP, 255 
(30.0%) with WCHT, 92 (10.8%) with MHT, and 232 
(27.2%) with SHT according to the ordinary thresholds.  
The corresponding numbers and prevalence of participants 
according to the 2017 ACC/AHA thresholds were 125 
(14.7%), 258 (30.3%), 52 (6.1%), and 416 (48.9%).

Significant differences were observed in sex, age, body 
mass index, smoking, alcohol drinking, use of antihyperten-
sive medication, ambulatory blood pressure, conventional 
blood pressure, mean IMT, and plaque among the blood 
pressure phenotypes according to both the ordinary thresh-
olds (Table 1) and the 2017 ACC/AHA thresholds (Table 2).

The adjusted mean IMT increased progressively in the 
order of SNBP, WCHT, MHT, and SHT (linear trend P < 
0.0001) for both the ordinary (Fig. 1, panel A) and the 2017 
ACC/AHA thresholds (Fig. 1 panel B).  The adjusted mean 
IMT was greater in subjects with SHT than in those with 
SNBP (P < 0.0001 by Tukey’s multiple comparison test).  
Similar linear trends were observed in subgroup analyses 

with and without antihypertensive treatment (Table 3); the 
interaction P values among the linear trend × with and 
without antihypertensive treatment were not significant.

The adjusted odds ratios for plaque displayed similar 
tendencies in terms of the linear trend in the order of SNBP, 
WCHT, MHT, and SHT according the 2017 ACC/AHA 
thresholds (linear trend P = 0.0191, Fig. 2, panel B).  A 
marginally significant trend was observed among the blood 
pressure phenotypes according to the ordinary thresholds 
(linear trend P = 0.0696, Fig. 2, panel A).  In the subgroup 
analyses by treatment status (Table 4), a roughly similar 
linear tendency was observed only in treated patients.

The analyses were repeated with the four blood 
pressure phenotypes according to 24-h ambulatory blood 
pressure (Table 5 and Table 6) and nighttime blood pressure 
(Table 7 and Table 8) instead of daytime blood pressure, 
and roughly similar results were obtained.

Discussion
The present study showed that carotid IMT was 

linearly related with the blood pressure phenotypes of 
WCHT, MHT, SNBP, and SHT defined based on a combi-
nation of conventional blood pressure and daytime ambula-
tory blood pressure in a general Japanese population.  
Patients with SHT had significantly greater mean IMT than 
those with SNBP.  A linear relationship was observed in the 
blood pressure phenotypes according to both the ordinary 

Table 1.  Participants’ characteristics by the four blood pressure phenotypes based on daytime blood pressure and conventional blood 
pressure according to ordinary thresholds.

SNBP
(n = 272)

WCHT
(n = 255)

MHT
(n = 92)

SHT
(n = 232) P value

Men, n (%) 64 (23.5) 84 (32.9) 37 (40.2) 86 (37.1) 0.0021
Age, y 65.1 ± 6.0 66.5 ± 6.1 67.2 ± 7.0 67.4 ± 6.6 0.0003
Body mass index, kg/m2 23.2 ± 3.0 23.9 ± 2.9 24.2 ± 3.3 24.3 ± 3.1 0.0006
Smoker, n (%) 35 (12.9) 48 (18.8) 25 (27.2) 56 (24.1) 0.0024
Drinker, n (%) 64 (23.5) 82 (32.2) 28 (30.4) 86 (37.1) 0.0103
Diabetes mellitus, n (%) 40 (14.7) 38 (14.9) 16 (17.4) 29 (12.5) 0.7023
Hypercholesterolemia, n (%) 116 (42.7) 115 (45.1) 39 (42.4) 101 (43.5) 0.9427
History of CVD, n (%) 15 (5.5) 16 (6.3) 5 (5.4) 20 (8.6) 0.5109
Antihypertensive medication, n (%) 69 (25.4) 93 (36.5) 42 (45.7) 134 (57.8) < 0.0001
24-h systolic BP, mmHg 115.2 ± 8.9 120.7 ± 6.5 135.9 ± 8.2 137.7 ± 8.5 < 0.0001
24-h diastolic BP, mmHg 68.3 ± 5.8 70.4 ± 4.8 81.0 ± 6.0 79.4 ± 6.1 < 0.0001
Daytime systolic BP, mmHg 119.8 ± 9.0 125.5 ± 6.5 143.4 ± 7.8 144.8 ± 8.3 < 0.0001
Daytime diastolic BP, mmHg 71.7 ± 6.0 74.0 ± 5.3 86.4 ± 6.6 84.4 ± 6.2 < 0.0001
Nighttime systolic BP, mmHg 106.3 ± 11.5 111.3 ± 10.5 121.4 ± 13.6 124.4 ± 13.6 < 0.0001
Nighttime diastolic BP, mmHg 61.6 ± 6.9 63.4 ± 6.3 70.7 ± 7.8 70.0 ± 8.3 < 0.0001
Conventional systolic BP, mmHg 124.9 ± 9.6 154.1 ± 12.5 127.8 ± 9.0 161.7 ± 17.8 < 0.0001
Conventional diastolic BP, mmHg 72.5 ± 7.8 81.2 ± 10.8 74.6 ± 8.7 84.9 ± 11.0 < 0.0001
Mean IMT, mm 0.69 ± 0.12 0.73 ± 0.14 0.75 ± 0.14 0.76 ± 0.14 < 0.0001
Plaque, n (%) 76 (27.9) 89 (34.9) 34 (37.0) 96 (41.4) 0.0164

Values are shown as means ± SD or numbers (percentage).  
SNBP, sustained normal blood pressure; WCHT, white coat hypertension; MHT, masked hypertension; SHT, sustained hypertension; 
CVD, cardiovascular disease; IMT, intima-media thickness. 
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Fig. 1.  Adjusted mean IMT of the four blood pressure phenotypes.
 The blood pressure phenotypes were based on daytime blood pressure and conventional blood pressure with ordinary 

thresholds (panel A) and with the 2017 ACC/AHA thresholds (panel B).
 Adjustment for sex, age, body mass index, smoking status, drinking status, hypercholesterolemia, diabetes mellitus, his-

tory of cardiovascular disease, and use of antihypertensive medication. 
 Error bars indicate 95% confidence intervals. 
 SNBP, sustained normal blood pressure; WCHT, white coat hypertension; MHT, masked hypertension; SHT, sustained 

hypertension; IMT, intima-media thickness of the carotid artery; ANCOVA, analysis of covariance.
 Linear trend P values are for linear trends across the four blood pressure phenotypes. 
 *P < 0.005 vs. SNBP, †P < 0.05 vs. WCHT by Tukey’s multiple comparison test.

Table 2.  Participants’ characteristics for the four blood pressure phenotypes according to the 2017 ACC/AHA thresholds.

SNBP
(n = 125)

WCHT
(n = 258)

MHT
(n = 52)

SHT
(n = 416) P value

Men, n (%) 27 (21.6) 77 (29.8) 14 (26.9) 153 (36.8) 0.0082
Age, y 64.9 ± 6.0 66.3 ± 6.1 68.3 ± 7.8 66.6 ± 6.4 0.0067
Body mass index, kg/m2 22.4 ± 2.8 23.9 ± 2.9 23.9 ± 3.5 24.2 ± 3.0 < 0.0001
Smoker, n (%) 18 (14.4) 36 (14.0) 8 (15.4) 102 (24.5) 0.0023
Drinker, n (%) 29 (23.2) 70 (27.1) 12 (23.1) 149 (35.8) 0.0097
Diabetes mellitus, n (%) 16 (12.8) 41 (15.9) 5 (9.6) 61 (14.7) 0.6354
Hypercholesterolemia, n (%) 43 (34.4) 122 (47.29) 21 (40.38) 185 (44.47) 0.1080
History of CVD, n (%) 5 (4.0) 15 (5.8) 4 (7.7) 32 (7.7) 0.4678
Antihypertensive medication, n (%) 16 (12.8) 90 (34.9) 24 (46.2) 208 (50.0) < 0.0001
24-h systolic BP, mmHg 110.8 ± 8.2 117.2 ± 6.4 133.0 ± 9.5 133.6 ± 9.3 < 0.0001
24-h diastolic BP, mmHg 65.8 ± 4.9 68.4 ± 4.6 79.5 ± 7.0 77.8 ± 6.1 < 0.0001
Daytime systolic BP, mmHg 115.2 ± 8.1 121.2 ± 5.9 138.9 ± 8.9 140.6 ± 9.3 < 0.0001
Daytime diastolic BP, mmHg 69.1 ± 5.1 71.5 ± 4.6 83.9 ± 7.4 82.8 ± 6.4 < 0.0001
Nighttime systolic BP, mmHg 102.3 ± 10.7 109.1 ± 10.8 121.7 ± 13.9 120.4 ± 13.4 < 0.0001
Nighttime diastolic BP, mmHg 59.4 ± 6.1 62.3 ± 6.2 71.1 ± 8.4 68.4 ± 7.9 < 0.0001
Conventional systolic BP, mmHg 118.0 ± 7.7 146.3 ± 14.5 119.1 ± 7.0 153.5 ± 18.9 < 0.0001
Conventional diastolic BP, mmHg 68.8 ± 6.6 78.5 ± 9.3 68.7 ± 8.4 83.0 ± 10.7 < 0.0001
Mean IMT, mm 0.68 ± 0.13 0.71 ± 0.14 0.72 ± 0.11 0.75 ± 0.14 < 0.0001
Plaque, n (%) 34 (27.2) 78 (30.2) 18 (34.6) 165 (39.7) 0.0194

See Table 1 for the notation of values and abbreviations.  
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thresholds and the 2017 ACC/AHA thresholds.
These findings extend previous studies of the relation-

ship between blood pressure phenotypes based on ambula-
tory blood pressure and carotid artery changes conducted in 
the United States and European countries (Cavallini et al. 
1995; Puato et al. 2008) to the Japanese general population.  
Home blood pressure has been well accepted because of its 
relatively low cost and its feasibility for individuals, and it 
has also been widely available for routine clinical assess-
ment in Japan.  Along with the widespread use of home 
blood pressure devices, home blood pressure measurement 

rather than ambulatory blood pressure monitoring as repre-
sentative of out-of-office blood pressure has been mainly 
used in studies of carotid changes as evidence of hyperten-
sive end organ damage (Hara et al. 2007; Matsui et al. 
2007; Fukuhara et al. 2013), with the exception of one 
study that reported the relationship between the blood 
pressure phenotypes based on a combination of 
conventional and daytime blood pressures and carotid 
artery changes in 332 outpatients with chronically treated 
essential hypertension (Tomiyama et al. 2006).  They 
reported that maximal IMT defined as the maximal intima-

 

Fig. 2.  Adjusted odds ratio for plaque of the four blood pressure phenotypes.
 The adjusted odds ratio was based on daytime blood pressure and conventional blood pressure with ordinary thresholds 

(panel A) and with the 2017 ACC/AHA thresholds (panel B). 
 Adjustment for the same covariates as Fig. 1.  Error bars indicate 95% confidence intervals.  Number of subjects indi-

cates those with plaque/population. 
 See Fig. 1 for abbreviations.  Linear trend P values are for linear trends across the four blood pressure phenotypes. 

Table 3.  Adjusted mean IMT (mm) and 95% confidence intervals for the four blood pressure phenotypes based on daytime blood 
pressure and conventional blood pressure in participants by antihypertensive treatment.

SNBP WCHT MHT SHT ANCOVA
P

Linear trend 
P

Interaction  
P

Ordinary Thresholds
Untreated (n = 513) 0.69 (0.67-0.71) 0.72 (0.70-0.74) 0.73 (0.70-0.76) 0.73 (0.71-0.76) 0.0204 0.0037 } 0.6782
Treated (n = 338) 0.72 (0.69-0.75) 0.74 (0.71-0.77) 0.75 (0.71-0.79) 0.78 (0.75-0.80) 0.0521 0.0061

The 2017 ACC/AHA Thresholds
Untreated (n = 513) 0.68 (0.66-0.71) 0.71 (0.69-0.73) 0.69 (0.65-0.74) 0.73 (0.71-0.75) 0.0229 0.0058 } 0.3917
Treated (n = 338) 0.75 (0.68-0.82) 0.72 (0.69-0.75) 0.73 (0.68-0.78) 0.77 (0.75-0.79) 0.0272 0.0089

Adjustment for sex, age, body mass index, smoking status, drinking status, hypercholesterolemia, diabetes mellitus, history of cardio-
vascular disease, and use of antihypertensive medication.  
SNBP, sustained normal blood pressure; WCHT, white-coat hypertension; MHT, masked hypertension; SHT, sustained hypertension; 
IMT, intima-media thickness of the carotid artery; ANCOVA, analysis of covariance.  
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media thickness including plaques was significantly greater 
in MHT (1.93 ± 1.07 mm) than in SNBP (1.61 ± 0.67 mm) 
and WCHT (1.60 ± 0.82 mm).  Although there were differ-
ences in the methods of evaluation of IMT and the statisti-
cal analyses, the present study also found a progressive 
increase in the IMT with the blood pressure phenotypes in 
participants taking and not taking antihypertensive medica-
tion.  Given that marked differences exist in the 
epidemiology of cardiovascular disease between the USA 
or European countries and Japan (Umemura et al. 2019), 
the present research conducted in a Japanese general 
population has some importance as a cardiovascular 
epidemiological study.

Participants with WCHT showed similar IMT and 
odds ratio for plaque compared with those with SNBP.  This 
result was in line with previous studies (Cavallini et al. 

1995; Tomiyama et al. 2006; Hara et al. 2007), which noted 
that carotid IMT was similar in patients with WCHT and 
those with SNBP.  However, others (Puato et al. 2008; 
Fukuhara et al. 2013) suggested that carotid IMT was 
greater in participants with WCH than in those with SNBP.  
A systematic review (Cuspidi et al. 2015b) including 3,478 
untreated patients from 10 studies reported that the IMT 
was significantly greater in WCHT than in SNBP (standard-
ized mean difference 0.54 ± 0.13, P < 0.01).  However, the 
papers covered in the review involved only untreated 
patients with various definitions of hypertension, and no 
papers used the 2017 ACC/AHA thresholds.  Further stud-
ies are needed in terms of the possible effect of white coat 
hypertension on carotid artery damage.

There were no significant differences in the mean IMT 
and the odds ratio of plaque between subjects with MHT 

Table 4.  Adjusted odds ratios for plaque and 95% confidence intervals for the four blood pressure phenotypes based on daytime 
blood pressure and conventional blood pressure in participants by antihypertensive treatment.

SNBP WCHT MHT SHT Linear trend 
P

Interaction  
P

Ordinary Thresholds
Untreated
Number of subjects 54/203 46/162 18/50 29/98
Adjusted odds ratio (95% CI) 1 (reference) 1.06 (0.65-1.74) 1.45 (0.72-2.90) 1.17 (0.66-2.08) 0.4405 ⎫

⎬
⎭

0.2831
Treated
Number of subjects 22/69 43/93 16/42 67/134
Adjusted odds ratio (95% CI) 1 (reference) 1.96 (0.98-3.91) 1.28 (0.54-3.02) 2.19 (1.13-4.24) 0.0603

The 2017 ACC/AHA Thresholds
Untreated
Number of subjects 29/109 43/168 10/28 65/208
Adjusted odds ratio (95% CI) 1 (reference) 1.04 (0.58-1.87) 1.46 (0.58-3.70) 1.43 (0.81-2.52) 0.1256 ⎫

⎬
⎭

0.2870
Treated
Number of subjects 5/16 35/90 8/24 100/208
Adjusted odds ratio (95% CI) 1 (reference) 1.76 (0.50-6.16) 1.45 (0.33-6.41) 2.65 (0.80-8.85) 0.0384

Adjustment for the same covariates as Table 3.  Number of subjects indicates those with plaque/population.  See Table 3 for 
abbreviation, linear trend P values, and interaction P values.

Table 5.  Adjusted mean IMT (mm) and 95% confidence intervals for the four blood pressure phenotypes based on 24-h ambulatory 
blood pressure and conventional blood pressure in all patients and subgroups by antihypertensive treatment.

SNBP WCHT MHT SHT ANCOVA
P

Linear trend 
P

Interaction 
P

Ordinary Thresholds
Total (n = 851) 0.70 (0.68-0.72) 0.72 (0.71-0.74) 0.74 (0.71-0.76) 0.76 (0.75-0.78) < 0.0001 < 0.0001
Untreated (n = 513) 0.69 (0.68-0.71) 0.71 (0.69-0.73) 0.72 (0.68-0.75) 0.75 (0.73-0.78) 0.0057 0.0005 } 0.5255
Treated (n = 338) 0.71 (0.68-0.74) 0.74 (0.71-0.77) 0.76 (0.73-0.80) 0.78 (0.75-0.80) 0.0003 0.0005

The 2017 ACC/AHA Thresholds
Total (n = 851) 0.69 (0.67-0.71) 0.71 (0.70-0.73) 0.72 (0.69-0.76) 0.75 (0.74-0.76) < 0.0001 < 0.0001
Untreated (n = 513) 0.68 (0.66-0.70) 0.71 (0.69-0.73) 0.70 (0.66-0.75) 0.73 (0.71-0.75) 0.0096 0.0013 } 0.1828
Treated (n = 338) 0.70 (0.63-0.77) 0.71 (0.69-0.74) 0.76 (0.71-0.81) 0.77 (0.75-0.79) 0.0035 0.0003

Adjustment for the same covariates as Table 3.  See Table 3 for abbreviation, linear trend P values, and interaction P values.  
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and those with SNBP.  Previous prospective studies of car-
diovascular outcomes (Bobrie et al. 2004; Ohkubo et al. 
2005; Hansen et al. 2007; Stergiou et al. 2014; Satoh et al. 
2016) consistently reported increased hazard ratios for fatal 
and non-fatal cardiovascular outcomes.  The International 
Database on Ambulatory blood pressure monitoring in rela-
tion to Cardiovascular Outcomes (IDACO) (Hansen et al. 
2007) researchers reported, relative to SNBP, significantly 
increased hazard ratios of MHT for cardiovascular events, 
strokes, and cardiac events (1.62, 1.73, and 1.63, all P < 
0.001) in their meta-analysis that included individual par-

ticipant data of 7,030 subjects from the general population 
in four countries.  Similarly, in relation to carotid artery 
changes, several studies reported thicker IMT in subjects 
with MH than in those with SNBP (Tomiyama et al. 2006; 
Hara et al. 2007; Matsui et al. 2007; Fukuhara et al. 2013).  
A systematic review (Cuspidi et al. 2015a) that included 
2,752 untreated patients from 5 studies reported an 
increased IMT in patients with MH than in those with 
SNBP (0.763 ± 0.057 vs. 0.681 ± 0.024 mm, P < 0.01); 
however, when corrected for publication bias, the difference 
between MH and NT became borderline in their review.  

Table 6.  Adjusted odds ratios for plaque and 95% confidence intervals for the four blood pressure phenotypes based on 24-h ambulatory 
blood pressure and conventional blood pressure in all patients and subgroups by antihypertensive treatment.

SNBP WCHT MHT SHT Linear trend  
P

Interaction  
P

Ordinary Thresholds
Total
Number of subjects 77/278 91/266 33/86 94/221
Adjusted odds ratio (95% CI) 1 (reference) 1.20 (0.82-1.78) 1.25 (0.72-2.16) 1.60 (1.06-2.42) 0.0275

Untreated
Number of subjects 59/213 46/167 13/40 29/93
Adjusted odds ratio (95% CI) 1 (reference) 0.95 (0.59-1.54) 1.23 (0.57-2.67) 1.27 (0.72-2.25) 0.3677 ⎫

⎬
⎭

0.1505
Treated
Number of subjects 18/65 45/99 20/46 65/128
Adjusted odds ratio (95% CI) 1 (reference) 2.22 (1.08-4.57) 1.83 (0.78-4.30) 2.72 (1.36-5.45) 0.0159

The 2017 ACC/AHA Thresholds
Total
Number of subjects 32/123 82/267 20/54 161/407
Adjusted odds ratio (95% CI) 1 (reference) 1.18 (0.70-1.98) 1.28 (0.61-2.67) 1.55 (0.94-2.56) 0.0417

Untreated
Number of subjects 29/109 46/177 10/28 62/199
Adjusted odds ratio (95% CI) 1 (reference) 1.10 (0.61-1.97) 1.45 (0.57-3.67) 1.36 (0.77-2.40) 0.2207 ⎫

⎬
⎭

0.2536
Treated
Number of subjects 3/14 36/90 10/26 99/208
Adjusted odds ratio (95% CI) 1 (reference) 2.77 (0.65-11.80) 2.47 (0.48-12.65) 3.82 (0.93-15.71) 0.0513

Adjustment for the same covariates as Table 3.  Number of subjects indicates those with plaque/population.  See 
Table 3 for abbreviation, linear trend P values, and interaction P values.

Table 7.  Adjusted mean IMT (mm) and 95% confidence intervals for the four blood pressure phenotypes based on nighttime blood 
pressure and conventional blood pressure in all patients and subgroups by antihypertensive treatment.

SNBP WCHT MHT SHT ANCOVA
P

Linear trend  
P

Interaction 
P

Ordinary Thresholds
Total (n = 851) 0.69 (0.67-0.71) 0.73 (0.70-0.76) 0.72 (0.70-0.74) 0.74 (0.73-0.75) 0.0251 0.0004
Untreated (n = 513) 0.69 (0.66-0.71) 0.73 (0.69-0.76) 0.71 (0.69-0.73) 0.72 (0.71-0.74) 0.0453 0.0227 } 0.2157
Treated (n = 338) 0.69 (0.62-0.75) 0.73 (0.68-0.79) 0.74 (0.71-0.77) 0.76 (0.75-0.78) 0.5526 0.0144

The 2017 ACC/AHA Thresholds
Total (n = 851) 0.68 (0.64-0.73) 0.71 (0.66-0.76) 0.71 (0.69-0.73) 0.73 (0.72-0.74) 0.0251 0.004
Untreated (n = 513) 0.67 (0.63-0.71) 0.71 (0.66-0.76) 0.69 (0.66-0.71) 0.72 (0.71-0.73) 0.0453 0.0142 } 0.6815
Treated (n = 338) 0.70 (0.55-0.85) 0.68 (0.56-0.80) 0.74 (0.70-0.78) 0.75 (0.74-0.77) 0.5526 0.1917

Adjustment for the same covariates as Table 3.  See Table 3 for the abbreviation, linear trend P values, and interaction P values.  
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Further studies of the blood pressure phenotypes with 
carotid artery changes were still needed to confirm the 
effect of MH on carotid artery alteration.

The 2017 ACC/AHA thresholds used for the definition 
of the blood pressure phenotypes were examined in the 
general population in Japan.  Generally, guidelines for 
hypertension depend on the properties of the population in 
each country.  The 2017 ACC/AHA guideline for hyperten-
sion is essentially the guideline for the United States popu-
lation.  However, the concept of lowering the reference 
blood pressure for hypertension and preventing cardiovas-
cular disease from the early stage is a universal idea, and 
research using it as an alternative threshold for hyperten-
sion should be promoted even in other countries (Satoh et 
al. 2019).  When the 2017 ACC/AHA thresholds were used 
to define the blood pressure phenotypes, the number of sub-
jects with SNBP and those with MHT decreased by about 
half, and those with SHT almost doubled.  Despite the 
changes in the prevalences of the blood pressure pheno-
types, the linear trends of IMT and the odds ratios of plaque 
among the blood pressure phenotypes were grossly similar 
to those determined according to the ordinary thresholds.  
These results indirectly support the validity of the 2017 
ACC/AHA thresholds in terms of hypertensive end organ 
damage.

The present study must be interpreted within the con-
text of its potential limitations.  First, cross-sectional data 

do not allow cause-and-effect relationships to be deter-
mined.  Second, the present analyses were restricted to 
measurements of common carotid IMT.  The question of 
whether the results differ by arterial segment cannot there-
fore be answered using the present analyses.  Third, this 
study measured only hard plaque.  Because the carotid 
ultrasonography devices used in the Ohasama study were 
used from 1992, the measurement function is old and can-
not measure plaque properties.  The conditions change 
when we change a device, so that only data measured with 
the same device was included in this study.  Finally, selec-
tion bias must be considered before generalizing the present 
findings, since only 35.5% of individuals who were eligible 
to participate consented to do so.  Nevertheless, there may 
not have been in fact much selection bias, since the IMT 
values in the present study were not significantly different 
from those reported by other large population studies 
(Bonithon-Kopp et al. 1996; Bots et al. 1997) in which 
measurements of IMT were taken in areas that were free of 
focal atherosclerotic lesions (plaque).

In conclusion, there was a close relationship between 
the blood pressure phenotypes and carotid artery changes.  
Conventional blood pressure measurements alone could not 
identify individuals with SHT, who have a significant risk 
for increased mean IMT.  However, the combination of 
conventional blood pressure and ambulatory blood pressure 
measurements can identify such individuals.  Blood pres-

Table 8.  Adjusted odds ratios for plaque and 95% confidence intervals for the four blood pressure phenotypes based on nighttime 
blood pressure and conventional blood pressure in all patients and subgroups by antihypertensive treatment.

SNBP WCHT MHT SHT Linear trend 
P

Interaction 
P

Ordinary Thresholds
Total
Number of subjects 35/148 22/77 75/216 163/410
Adjusted odds ratio (95% CI) 1 (reference) 1.08 (0.56-2.08) 1.49 (0.89-2.48) 1.81 (1.13-2.91) 0.0056

Untreated
Number of subjects 54/203 46/162 18/50 29/98
Adjusted odds ratio (95% CI) 1 (reference) 1.06 (0.65-1.74) 1.45 (0.72-2.90) 1.17 (0.66-2.08) 0.0519 ⎫

⎬
⎭

0.1343
Treated
Number of subjects 22/69 43/93 16/42 67/134
Adjusted odds ratio (95% CI) 1 (reference) 1.96 (0.98-3.91) 1.28 (0.54-3.02) 2.19 (1.13-4.24) 0.0105

The 2017 ACC/AHA Thresholds
Total
Number of subjects 8/40 7/28 44/137 236/646
Adjusted odds ratio (95% CI) 1 (reference) 1.24 (0.37-4.13) 1.55 (0.63-3.80) 1.85 (0.80-4.31) 0.0822

Untreated
Number of subjects 8/37 6/23 31/100 102/353
Adjusted odds ratio (95% CI) 1 (reference) 1.35 (0.38-4.88) 1.56 (0.61-4.00) 1.61 (0.67-3.90) 0.3164 ⎫

⎬
⎭

0.0758
Treated
Number of subjects 0/3 1/5 13/37 134/293
Adjusted odds ratio (95% CI) NA* NA* NA* NA* NA*

Adjustment for the same covariates as Table 3.  Number of subjects indicates those with plaque/population.  See Table 3 for abbrevia-
tion, linear trend P values, and interaction P values.  
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sure phenotypes as defined by ambulatory blood pressure 
are potentially useful for risk stratification for carotid artery 
changes in the Japanese general population.
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