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The association between masked hypertension
and waist circumference as an obesity-related
anthropometric index for metabolic syndrome:
the Ohasama study

Kei Asayama1, Atsushi Sato2, Takayoshi Ohkubo1,2, Akira Mimura3, Katsuhisa Hayashi3, Masahiro Kikuya3,
Daisaku Yasui3, Atsuhiro Kanno3, Azusa Hara3, Takuo Hirose3, Taku Obara3, Hirohito Metoki3,4,
Ryusuke Inoue5, Haruhisa Hoshi6, Hiroshi Satoh1,7 and Yutaka Imai1,3

Masked hypertension has been proven to be associated with an increased risk for cardiovascular diseases. The purpose of this

study was to examine the direct associations of obesity-related anthropometric indices, including waist circumference, with

masked hypertension. Participants in this population-based survey included 395 residents (X35 years) of Ohasama, a rural

Japanese community. They measured blood pressure at home (HBP) and underwent an oral glucose-tolerance test. Participants

were classified into four groups on the basis of their HBP and casual-screening blood pressure (CBP) values: sustained

normotension, white-coat hypertension, masked hypertension or sustained hypertension. The relationships between the obesity-

related anthropometric indices and the four blood pressure groups were examined using multivariate analysis adjusted for

confounding factors. The mean waist circumference in men was significantly higher in individuals with masked hypertension

(87.3 cm) than in those with sustained normotension (81.0 cm) and white-coat hypertension (79.3 cm), whereas the mean

waist circumference in women was significantly higher in individuals with sustained hypertension (79.5 cm) than in those with

sustained normotension (75.0 cm). In the multivariate analysis, waist circumference, body mass index (BMI) and waist-to-hip

ratio were significantly associated with masked hypertension, particularly in individuals with normal CBP. Our results suggest

that HBP measurements might be particularly important in abdominally obese people for the early detection of masked

hypertension.
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INTRODUCTION

Metabolic syndrome is the concurrence of multiple metabolic
abnormalities associated with cardiovascular disease (CVD).1,2

Metabolic syndrome has been reported to be an important risk factor
for CVD and mortality,3,4 and is useful in predicting diabetes
mellitus.5

Blood pressure (BP) measurements outside of medical settings,
such as self-measured BP at home (HBP), have identified two
subgroups of individuals: those with white-coat hypertension,6 who
have persistently increased BP levels in a medical setting (referred to as
casual-screening BP or CBP) but normal HBP, and individuals with

masked hypertension,7,8 who have normal CBP but increased HBP.
Whether white-coat hypertension is a benign condition9,10 or is linked
with an increased risk for target organ damage and a worse prog-
nosis11–13 is still controversial, but there is a general agreement that
individuals with masked hypertension have an increased risk of
CVD.7,8 However, there have been few reports regarding the associa-
tion between masked hypertension and waist circumference (WC) or
metabolic syndrome.
The aim of this study is to investigate whether or not obesity-related

anthropometric indices, including WC, BMI and waist-to-hip ratio
(WHR), are associated with masked hypertension.
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METHODS

Study population
This investigation is a part of a longitudinal observational study of HBP

measurements among Ohasama residents since 1987. The socioeconomic and

demographic characteristics of this region and complete details of the project

are described elsewhere.14–16 The study protocol was approved by the Institu-

tional Review Board of Tohoku University School of Medicine and by the

Department of Health of the Ohasama Town Government. Between 2000 and

2006, we contacted all 4809 individuals aged 35 years or older in four districts of

Ohasama town. Those who were not at home during the normal working hours

of the study nurses (n¼1298) and those hospitalized (n¼192) or incapacitated

(n¼120) were not eligible. Of the remaining 3199 residents, 2181 (68%)

provided written, informed consent to participate in the HBP measurement

program. We excluded 68 individuals from this analysis as their morning HBP

values were the averages of o3 readings (3 days). Of the remaining 2113

individuals, 397 (19%) voluntarily participated in the screening program for

diabetes mellitus, including an oral glucose-tolerance test and measurement of

WC. Those treated with antidiabetic agents (n¼2) were excluded from this

analysis. Thus, the total number of participants statistically analyzed was 395.

The 395 individuals who participated in the diabetes-screening program were

significantly older, had lower systolic HBP levels and comprised a lower

proportion of men than those who did not participate (n¼1786).

Diabetes screening program
In the screening program for diabetes mellitus, the oral glucose-tolerance test

was carried out with a 75-g glucose-equivalent carbohydrate load (Trelan G;

Ajinomoto Pharma Co., Ltd, Tokyo, Japan) after the fasting blood samples had

been taken. WC was measured at the umbilical level by trained public-health

nurses. Individuals were asked to breathe out gently at the time of the

measurement, and the tape was held firmly in a horizontal position. Hip

circumference was measured over the widest part of the gluteal region. WHR

was calculated as WC in centimeters divided by hip circumference in

centimeters.

Blood pressure measurements
HBP was measured using the semi-automatic HEM-747IC-N (Omron Health-

care Co., Ltd, Kyoto, Japan), a device based on the cuff-oscillometric method

that generates a digital display of both systolic and diastolic BP values.17

Physicians and public health nurses instructed the participants on how to

use the device and record HBP results. The participants then measured their

own BP once in the morning, in the sitting position within 1 h after awaking,

and after X2min of rest and recorded such measurements for 4 weeks. Those

on antihypertensive drugs measured their BP before taking medication.

Although many participants measured their HBP twice or more per occasion,

we used the first value from each measurement in our analysis to exclude

individual selection bias.18 HBP was defined as the mean of all measurements.

The CBP measurements were taken twice consecutively using an automatic

device (HEM-907, Omron Healthcare Co. Ltd.) in the morning before the oral

glucose-tolerance test after at least 2min of rest. The average of two consecutive

readings from each individual was used as CBP.

The HBP and CBP measuring devices used in this study have been

validated17,19 and meet the criteria established by the Association for the

Advancement of Medical Instrumentation.20

Categorization of participants according to blood pressure
Participants were classified into four groups on the basis of their HBP and CBP

values: sustained normotension (CBP: systolic BPo140mmHg and diastolic

BPo90mmHg; HBP: systolic BPo135mmHg and diastolic BPo85mmHg);

white-coat hypertension (CBP: systolic BPX140mmHg and/or diastolic

BPX90mmHg; HBP: systolic BPo135mmHg and diastolic BPo85mmHg);

masked hypertension (CBP: systolic BPo140mmHg and diastolic

BPo90mmHg; HBP: systolic BPX135mmHg and/or diastolic BPX

85mmHg); and sustained hypertension (CBP: systolic BPX140mmHg

and/or diastolic BPX90mmHg; HBP: systolic BPX135mmHg and/or dia-

stolic BPX85mmHg). The cut-off values were derived from several guide-

lines.21–23 In this analysis, those with sustained normotension included

untreated individuals with sustained normotension and treated individuals

with controlled sustained normotension. The white-coat hypertension group

included treated individuals with uncontrolled BP only when this was mea-

sured in the medical setting. Similarly, the masked hypertension group included

those with ‘masked uncontrolled hypertension,’ which would represent uncon-

trolled BP ‘masked’ by the use of CBP measurement alone. These concepts are

consistent with those used in earlier studies7,8 and are based on earlier reports

showing that an insufficient duration of action for antihypertensive drugs

represents an important factor in causing higher HBP or ambulatory BP values

compared with CBP.24 As reported earlier, the prevalence of masked hyperten-

sion was significantly higher among men than among women (25% in men,

12% in women, Po0.01), whereas that of white coat hypertension was

significantly higher among women than among men (11 and 19% in men

and women, respectively, P¼0.04).14

Statistical analysis
The homeostasis model assessment-insulin resistance index (HOMA-IR) was

calculated using the following formula: HOMA-IR¼fasting plasma-glucose

(mg per 100ml)�fasting plasma-insulin (mg per 100ml)/405. Metabolic risk

factors, obesity-related anthropometric indices and other characteristics among

the four groups were compared using analysis of variance or Fisher’s exact test.

Analysis of covariance was used to adjust for between-group differences in

obesity-related anthropometric indices. The odds ratios (ORs) for masked

hypertension were examined using the logistic regression model. The following

anthropometric criteria were used for the analysis: WC, criteria of the Japanese

metabolic syndrome,25 International Diabetes Federation metabolic syn-

drome26 or Ohasama;14 BMI, criteria of the Japan Society for the Study of

Obesity;27 and WHR, criteria of the World Health Organization.28

All data are expressed as mean±s.d. unless otherwise stated. Statistical

significance was established at Po0.05 (two-tailed). All statistical calculations

were carried out using the SAS system (version 9.1, SAS Institute Inc., Cary,

NC, USA).

RESULTS

The characteristics of participants classified under the four groups are
shown in Table 1. Those with sustained hypertension were signifi-
cantly older than those with sustained normotension. The mean
HOMA-IR was significantly higher in individuals with sustained
hypertension (1.92±2.67) than in those with sustained normotension
(1.21±0.78).
Table 2 shows the means of obesity-related anthropometric indices

among the four hypertensive subgroups. The mean WC, BMI and
WHR were significantly higher in individuals with masked hyperten-
sion and sustained hypertension than in those with sustained normo-
tension. The mean WC in men was significantly higher in individuals
with masked hypertension (87.3±9.9) than in those with sustained
normotension (81.0±7.9) and those with white-coat hypertension
(79.3±6.2), whereas the mean WC in women was significantly higher
in individuals with sustained hypertension (79.5±8.5) than in those
with sustained normotension (75.0±8.5). The mean BMI in men was
significantly higher in individuals with masked hypertension
(25.5±3.2) than in those with sustained normotension (23.1±3.0)
and those with white-coat hypertension (21.8±1.9), whereas the
mean BMI in women was significantly higher in individuals with
sustained hypertension (24.7±3.3) and those with white-coat hyper-
tension (24.3±3.0) than in those with sustained normotension
(22.7±2.9). The mean WHR in each sex did not differ significantly
among the four groups. Similar results were obtained after adjustment
of these anthropometric indices by confounding factors (data not
shown).
Table 3 shows the adjusted ORs per certain-value increase in

obesity-related anthropometric indices for the presence of masked
hypertension. Higher WC, BMI and WHR were significantly
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associated with masked hypertension, especially in individuals with
normal CBP. An analysis of these findings classified by sex indicated
that the association was stronger in men than in women. The
interactions between sex and anthropometric indices were significant
in BMI (P¼0.02 for model 1, and P¼0.004 for model 2), whereas no
significant interaction was observed in WC and in WHR (all P40.05).
The ORs for the presence of masked hypertension related to criteria

reported earlier for metabolic syndrome or obesity are shown in
Table 4. Out of five anthropometric criteria examined (that is, criteria
from five groups), the prevalence of masked hypertension was most
likely to be present in individuals who met the Japanese Metabolic

Syndrome criteria (that is, men with a WCX85 cm and women with a
WCX90 cm). Further analyses classified by sex indicated that the ORs
related to each criterion in men were substantially larger than those in
women, although with wider 95% confidence intervals (data not
shown).

DISCUSSION

We found that individuals with masked hypertension or sustained
hypertension had significantly higher WC than individuals with
sustained normotension. Increases in obesity-related anthropometric
indices such as WC, BMI or WHR were associated with masked
hypertension. The ORs of Japanese metabolic syndrome criteria for
WC and the International Diabetes Federation metabolic syndrome
criteria for WC for the presence of masked hypertension were higher
than those of the other criteria.
There were sex-specific associations of WC and BMI with masked

hypertension. Mean WC and BMI in men were significantly higher in
individuals with masked hypertension compared with those with
sustained normotension, suggesting that men with high WC or BMI
should measure their HBP to diagnose masked hypertension. The
higher prevalence of masked hypertension in men than in women also
supports the importance of HBP measurement in detection of masked
hypertension in men. Meanwhile, high WC and high BMI in women
were not significantly associated with masked hypertension; high BMI
in women was significantly associated with white-coat hypertension
and sustained hypertension. Women with high BMI should also
measure their own HBP, as Ugajin et al.12 reported that white-coat
hypertension was a transitional condition to sustained hypertension
and suggested that white-coat hypertension carries a poor cardiovas-
cular prognosis. However, the number of participants in this study was
relatively small which resulted in wider 95% confidence intervals
classified by sex. The generally lesser values of ORs in women than
those in men suggest that an impact of WC or other anthropometric
indices for masked hypertension might vary between sexes; further
studies with larger number of participants should be needed.

Table 1 Characteristics of the study subjects

SNBP (n¼188, 48%) WCHT (n¼67, 17%) MHT (n¼61, 15%) SHT (n¼79, 20%) P

Men (%) 21.3 19.4 47.5 45.6 o0.001

Age (years) 61.7±9.3 63.7±6.6 64.0±8.6 67.2±8.9* o0.001

Height (cm) 153.8±7.9 152.4±7.8 155.6±10.1 154.1±9.3 0.2

Weight (cm) 54.1±9.2 55.3±8.2 59.9±13.2* 58.8±11.0* o0.001

Hip circumference (cm) 91.7±6.1 92.8±6.4 94.1±5.8* 94.2±6.0* 0.005

Triglyceride (mg per 100 ml) 87.7±45.9 112.9±79.8* 101.4±51.3 112.1±72.9* 0.003

Uric acid (mg per 100 ml) 4.7±1.2 4.8±1.3 5.3±1.6* 5.1±1.5 0.01

Fasting plasma glucose (mg per 100 ml) 92.1±9.4 95.7±10.5 94.1±9.4 99.1±13.6*,z o0.001

Fasting plasma insulin (mU per 100 ml) 5.3±3.4 6.0±3.6 5.6±4.3 7.6±10.0* 0.02

HOMA-IR 1.21±0.78 1.43±0.94 1.34±1.11 1.92±2.67* 0.004

Smoking habit (%) 9.6 6.0 23.0 12.8 0.01

Drinking habit (%) 37.8 25.4 50.8 49.4 0.007

Antihypertensive drugs (%) 11.2 29.9 37.7 51.9 o0.001

Antihyperlipidemic drugs (%) 3.7 4.5 8.2 3.8 0.5

Systolic CBP (mmHg) 121±12 152±11* 127±10*,w 153±13*,z o0.001

Diastolic CBP (mm Hg) 72±9 87±10* 74±10w 86±12*,z o0.001

Systolic HBP (mm Hg) 117±12 123±8* 142±8*,w 147±10*,w,z o0.001

Diastolic HBP (mmHg) 70±7 74±6* 83±8*,w 83±9*,w o0.001

Abbreviations: CBP, casual-screening blood pressure; HBP, home blood pressure; HOMA-IR, homeostasis model assessment-insulin resistance index; MHT, masked hypertension; SNBP, sustained
normal blood pressure; SHT, sustained hypertension; WCHT, white coat hypertension.
Po0.05 compared with *SNBP, wWCHT and zMHT.
Values are expressed as mean±s.d. unless otherwise stated.

Table 2 Obesity-related anthropometric indices among four

hypertensive subgroups

SNBP WCHT MHT SHT P

Waist circumference (cm)

All participants 76.3±8.7 78.0±8.5 82.7±10.6*,w 81.7±8.9* o0.001

Men 81.0±7.9 79.3±6.2 87.3±9.9*,w 84.5±8.8 0.007

Women 75.0±8.5 77.7±9.0 78.5±9.6 79.5±8.5* 0.008

Body mass index (kgm�2)

All participants 22.8±2.9 23.8±3.0 24.5±3.2* 24.6±3.1* o0.001

Men 23.1±3.0 21.8±1.9 25.5±3.2*,w 24.5±2.7w o0.001

Women 22.7±2.9 24.3±3.0* 23.5±2.9 24.7±3.3* o0.001

Waist-to-hip ratio

All participants 0.83±0.07 0.84±0.07 0.88±0.08*,w 0.87±0.07* o0.001

Men 0.88±0.06 0.89±0.06 0.91±0.06 0.89±0.07 0.2

Women 0.82±0.07 0.83±0.07 0.85±0.09 0.84±0.06 0.06

Abbreviations: MHT, masked hypertension; SNBP, sustained normal blood pressure; SHT,
sustained hypertension; WCHT, white coat hypertension.
Po0.05 compared with *SNBP and wWCHT.
Values are expressed as mean±s.d. unless otherwise stated.
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Smoking habit was approximately threefold higher in masked
hypertension as compared with sustained normotension or white-
coat hypertension. Smoking was an independent predictor of the
magnitude of the difference between CBP and HBP in our earlier
study.29 The lower BP observed in smokers is suggested to be only a
transient decline in the BP as a result of abstinence from a short-time
‘off smoking’ before the measurement of BP.30 Accordingly, the
smoker might show a comparably high BP in the daily measurement
at home. Mikkelsen et al.31 also showed that smoking seems to
diminish the screening daytime difference. Physicians might need to
pay special attention to smoking habits in individuals to avoid their
masked hypertension, as well as to reduce their CVD risks directly.
The anthropometric indices that would be most applicable to the

detection of masked hypertension remain uncertain. In a meta-
regression analysis of prospective studies, de Koning et al.32 reported
that WHR and WC were significantly associated with the risk of CVD
events, although they could not determine which indices had a
stronger predictive power. Vazquez et al.5 also reported that BMI,
WC and WHR had consistently strong associations with the incidence

of diabetes, but did not determine the priority of these indices. Further
research is needed to clarify which anthropometric index would be the
most applicable to diagnose masked hypertension.
In 2005, eight Japanese scientific associations collaborated to define

metabolic syndrome for the Japanese population;25 however, many
arguments remain, particularly in terms of the higher cutoff value of
WC for women than for men.33–38 In this study, WC cutoff values of
the Japanese metabolic syndrome criteria (X85 cm in men, X90 cm
in women) had the highest detective power for masked hypertension
among five anthropometric indices used. We had earlier proposed
optimal cutoff values of WC (X87 cm in men, X80 cm in women;
Ohasama criteria for WC) for a diagnosis of metabolic syndrome by
receiver operating characteristic analysis.14 In the earlier report, we
used a lower HBP cutoff point (systolic X125mmHg or diastolic
X80mmHg) compared with this study that represents hypertension
on the basis of HBP (systolicX135mmHg or diastolicX85mmHg).
Furthermore, the number of selected individuals using the Japanese
metabolic syndrome criteria (n¼19) was lower than that using the
Ohasama criteria (n¼61); accordingly, comparably high-risk indivi-
duals were selected using the Japanese metabolic syndrome criteria,
resulting in a discrepancy between the two studies. Although masked
hypertension and metabolic syndrome are different disease states,
further prospective studies are needed to investigate the appropriate
criteria of WC to identify high-risk patients.

Table 3 Odds ratios for the presence of masked hypertension per one

standard unit increase in obesity-related anthropometric indices

All (n¼395) Normal CBP (n¼249)

Odds ratio

(95% CI)

P for

interaction*

Odds ratio

(95% CI)

P for

interaction*

Waist circumference (per 10cm increase)

Model 1

All participants 1.54 (1.13–2.11) 1.80 (1.28–2.58)

Men 1.93 (1.15–3.39) 2.33 (1.28–4.70)

Women 1.26 (0.83–1.88) 0.2 1.52 (0.98–2.37) 0.2

Model 2

All participants 1.67 (1.17–2.40) 1.72 (1.17–2.58)

Men 2.71 (1.29–6.51) 2.95 (1.26–8.48)

Women 1.34 (0.84–2.13) 0.06 1.68 (1.01–2.83) 0.4

Body mass index (per 5 kgm�2 increase)

Model 1

All participants 1.67 (1.06–2.63) 2.33 (1.40–4.00)

Men 2.96 (1.40–6.77) 3.66 (1.55–10.1)

Women 1.07 (0.59–1.94) 0.02 1.68 (0.86–3.33) 0.1

Model 2

All participants 1.90 (1.11–3.27) 2.02 (1.12–3.75)

Men 4.79 (1.70–15.6) 3.72 (1.25–13.2)

Women 1.01 (0.50–2.01) 0.004 1.53 (0.70–3.43) 0.1

Waist-to-hip ratio (per 0.1 increase)

Model 1

All participants 1.63 (1.09–2.43) 1.80 (1.18–2.79)

Men 1.84 (0.91–3.90) 2.49 (1.07–6.46)

Women 1.40 (0.84–2.32) 0.5 1.54 (0.93–2.58) 0.3

Model 2

All participants 1.73 (1.12–2.69) 1.80 (1.11–2.93)

Men 2.15 (0.86–5.79) 3.22 (1.00–12.7)

Women 1.60 (0.91–2.83) 0.4 2.11 (1.13–4.09) 0.8

Abbreviations: CBP: casual-screening blood pressure; CI: confidence interval, HOMA-IR:
homeostasis model assessment-insulin resistance index.
*P for interaction between sex and anthropometric indices on the odds ratios for the presence
of masked hypertension.
Model 1: adjusted by age and sex (only in all subjects).
Model 2: adjusted by age, sex (only in all subjects), triglyceride, uric acid, HOMA-IR, drinking
habit, smoking habit, antihypertensive drugs and antihyperlipidemic drugs.

Table 4 Odds ratios for the presence of masked hypertension related

to metabolic syndrome or obesity criteria

All (n¼395) Normal CBP (n¼249)

Odds ratio (95% CI) Odds ratio (95% CI)

Waist circumference X85cm in men, X90cm in women (Japanese MS criteria)

Prevalence of masked hypertension 12.0%/31.9% 18.7%/55.0%

Model 1 3.45 (1.88–6.33) 5.32 (2.59–10.9)

Model 2 3.71 (1.73–7.95) 4.46 (1.80–11.0)

Waist circumference X90cm in men, X80cm in women (IDF MS criteria)

Prevalence of masked hypertension 12.7%/21.1% 19.8%/35.1%

Model 1 1.83 (1.05–3.20) 2.26 (1.23–4.15)

Model 2 2.09 (1.12–3.92) 1.92 (0.96–3.86)

Waist circumference X87cm in men, X80cm in women (Ohasama criteria)

Prevalence of masked hypertension 13.0%/19.7% 19.8%/34.2%

Model 1 1.64 (0.94–2.85) 2.14 (1.17–3.89)

Model 2 1.76 (0.94–3.32) 1.70 (0.85–3.39)

Body mass index X25kgm�2 (Japanese obesity criterion)

Prevalence of masked hypertension 12.9%/20.5% 19.4%/36.5%

Model 1 1.68 (0.96–2.96) 2.16 (1.15–4.05)

Model 2 1.80 (0.95–3.41) 1.87 (0.91–3.83)

Waist-to-hip rario X0.9 in men, X0.85 in women (WHO MS criteria)

Prevalence of masked hypertension 13.0%/19.7% 20.3%/32.6%

Model 1 1.63 (0.94–2.83) 1.85 (1.02–3.36)

Model 2 1.63 (0.90–2.95) 1.66 (0.84–3.25)

Abbreviations: CBP: casual-screening blood pressure; CI: confidence interval; HOMA-IR:
homeostasis model assessment-insulin resistance index; IDF: International Diabetes Federation;
MS: metabolic syndrome; WHO: World Health Organization.
Model 1: adjusted by age and sex (only body mass index criterion).
Model 2: adjusted by age, sex (only body mass index criterion), triglyceride, uric acid, HOMA-
IR, drinking habit, smoking habit, antihypertensive drugs and antihyperlipidemic drugs.
Prevalence of masked hypertension represents the percentage of subjects without/with fulfilling
each of five anthropometric criteria.
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This study showed a close association of masked hypertension with
high WC as well as high BMI, which are important risk factors for
metabolic syndrome. We had earlier reported that elevated HBP levels
were significantly associated with a clustering of metabolic risk
factors.14 HBP has a stronger predictive power for CVD mortality
and morbidity than CBP.16,39,40 HBP values improve the accuracy of
screening for hypertension and for assessing BP control during
treatment, and encourage drug compliance.40 Although CBP-based
metabolic syndrome is useful for detecting CVD risk,3–5 it is reason-
able to assume that risk assessment on the basis of HBP might be a
more effective tool than that based on CBP.
The study cohort was significantly older, had lower systolic HBP

levels and comprised a lower proportion of men than non-partici-
pants. Those with sufficient time and health concerns might have been
more likely to voluntarily participate. Moreover, diabetes is screened
on weekdays, which might lead to a lower proportion of men
participating. We included age and gender in the logistic regression
models as major confounding factors. However, the possibility of
selection bias needs to be considered when generalizing the present
findings.
In conclusion, men with high WC or BMI should measure their

HBP to detect masked hypertension and women with high BMI
should also measure their HBP to predict future sustained hyperten-
sion. Furthermore, early-stage, non-pharmacologic intervention, such
as lifestyle modification, might be useful for these individuals. HBP
measurements should be taken in abdominally obese people because
of their high probability of masked or sustained hypertension.
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