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Abstract

Background

Few studies have examined Japanese with regard to the achievement rates for target blood

pressure levels, or the relationship between these rates and healthy lifestyle characteristics

in patients with hypertension as defined by the newly established hypertension manage-

ment guidelines (JSH2014). The aim of this study was to elucidate achievement rates and

examine healthy lifestyle characteristics associated with achievement status among

Japanese.

Methods

This cross-sectional study, conducted in January-December 2012, examined blood pres-

sure control and healthy lifestyle characteristics in 8,001 Japanese workers with hyperten-

sion (mean age, 57.0 years; 78.8% were men) who participated in a workplace health

checkup. Data were collected from workplace medical checkup records and participants’

self-administered questionnaires. We divided into 5 groups [G1; young, middle-aged, and

early-phase elderly patients (65–74 years old) without diabetes mellitus or chronic kidney

disease (CKD) (<140/90 mmHg), G2; late-phase elderly patients (�75 years old) without

diabetes mellitus or CKD (<150/90 mmHg), G3; diabetic patients (<130/80 mmHg), G4;

patients with CKD (<130/80 mmHg), and G5; patients with cerebrovascular and/or coronary

artery diseases (<140/90 mmHg)] according to JSH2014. And then, achievement rates

were calculated in each group. Multivariate analysis identified healthy lifestyle characteris-

tics associated with “therapeutic failure” of target blood pressure.
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Results

Target blood pressures were achieved by 60.2% of young, middle-aged, and early-phase

elderly patients (G1), 71.4% of late-phase elderly patients (G2), 30.5% of diabetic patients

(G3), 33.4% of those with chronic kidney disease (G4), and 66.0% of those with cerebrovas-

cular and/or coronary artery diseases (G5). A body mass index of 18.5–24.9 and non-daily

alcohol consumption were protective factors, and adequate sleep was found to contribute to

therapeutic success.

Discussion

We found low achievement rates for treatment goals among patients with chronic kidney

disease and diabetes mellitus. Maintaining an ideal body weight and adequate alcohol con-

sumption may help with blood pressure control. Lifestyle modification may be necessary for

better management of hypertension.

Introduction
Globally, the overall prevalence of higher blood pressure in adults 25 years and older was
around 40% in 2008 [1]. This represented a dramatic increase, likely due to population growth
and aging, as the number of people with uncontrolled hypertension rose from 600 million in
1980 to nearly 1 billion in 2008 [1]. In Japan, among those over 30 years of age, 60% and 45%
of Japanese men and women, respectively, were estimated to have hypertension, to a total of
roughly 43 million [2]. Hypertension is well known as a major risk factor for cardiovascular
disease and as a major cause of premature death and disability [3]. This health burden is also
closely associated with economic burden, not only due to antihypertensive medications but
expensive medical costs for percutaneous coronary intervention, surgical treatment, and other
procedures which become necessary [4–5]. In addition, hospitalization and treatment often
prevent individuals from going to work. In order to promote both primary and secondary pre-
vention, a better system is critically needed for improved management of hypertension.

In 2014, the Japanese Society of Hypertension (JSH) revised the 2009 version of the Japanese
Society of Hypertension Guidelines for Management of Hypertension (JSH2009), and pub-
lished the JSH2014 [2]. Based on accumulated empirical data, the target blood pressure was
changed to<140/90 mmHg. In particular, the target level for those with diabetes mellitus or
chronic kidney disease (CKD) was established as<130/80 mmHg. Treatment approaches to
address this issue emphasize the necessity of lifestyle modification as well as antihypertensive
drug therapy. Some studies estimate that 50–60% of hypertension could be prevented by life-
style modification [6–7], and others purport that lifestyle modifications can lead to a mild
decrease in blood pressure, increase the efficacy of antihypertensive drugs, and contribute to
the reduction in future medical care costs [2,8–9].

Few studies have examined Japanese workers with regard to the achievement rates for target
blood pressure levels, or the relationship between these rates and healthy lifestyle characteris-
tics in patients with hypertension as defined by the newly established hypertension manage-
ment guidelines (JSH2014). The present study aimed to elucidate achievement rates for target
blood pressure levels and examine the healthy lifestyle characteristics associated with achieve-
ment status among Japanese workers.
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Materials and Methods

Study design and participants
The present cross-sectional study screened 136,770 Japanese individuals who participated in a
workplace health checkup conducted by the Tokyo Health Service Association from January to
December in 2012 in Tokyo, Japan. Of these, 9,790 who were receiving treatment for hyperten-
sion, and 1,789 were excluded due to data missing. Thus 8,001 were included in the present
study (Fig 1).

Study variables
Body height, weight (body mass index; BMI), and waist circumference (WC) were measured in
the standing position. BMI was calculated by dividing body weight (kg) by height squared
(m2). Both systolic blood pressure (SBP) and diastolic blood pressure (DBP) were calculated by
calculating the mean of two upper arm blood pressure measurements taken for participants
who had been seated for at least five minutes. Serum levels of total cholesterol (mg/dL; TC),
high-density lipoprotein cholesterol (mg/dL; HDL-C), low-density lipoprotein cholesterol
(mg/dL; LDL-C), and triglycerides (mg/dL; TG) were also measured. LDL-C was estimated
using the Friedewald equation [(TC)–(HDL-C)–(TG/5)] [10]. Glycosylated hemoglobin A1c
(HbA1c) levels were determined by high-performance liquid chromatography using an
automated analyzer. HbA1c [Japanese Diabetes Society (JDS; %)] values were converted to a
National Glycohemoglobin Standardization Program (NGSP) equivalent value using the fol-
lowing formula: HbA1c (NGSP) (%) = 1.02 x HbA1c (JDS) (%) + 0.25% [11].

Fig 1. Patients’ registration and flow.

doi:10.1371/journal.pone.0133641.g001
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Participants were asked to complete a self-administered questionnaire, which addressed
healthy lifestyle characteristics based on Breslow’s seven health practices [12]. These character-
istics can be used to assess healthy lifestyle characteristics, and strong associations have been
found between healthy lifestyle items and successful blood pressure control among patients
with hypertension [13]. Healthy lifestyle items in the questionnaire included non-daily alcohol
consumption, non-smoker, exercise frequency of two or more times per week, BMI of 18.5–
24.9 kg/m2, adequate sleep duration, daily breakfast consumption, and no snacking between
meals [12–13].

From the self-administered questionnaire, we also collected information on participants’
present medical history of diabetes mellitus, cerebrovascular diseases, and coronary artery dis-
eases. The following criteria defined CKD: estimated glomerular filtration rate (eGFR)<60 ml/
min/1.73 m2 and/or urine test of protein�2+ on a scale of (–) to (3+) [14].

Statistical analysis
Results are presented as mean ± standard deviation (SD) for continuous variables or prevalence
(%) for categorical variables. Participants were divided into five groups according to categories
of JSH2014, and success rates were calculated for each treatment goal as defined by the
JSH2014 target values: young, middle-aged, and early-phase elderly patients without diabetes
mellitus or CKD (<140/90 mmHg), elderly patients without these diseases (<140/90 mmHg),
late-phase elderly patients without diabetes mellitus or CKD (<150/90 mmHg), diabetic
patients (<130/80 mmHg), patients with CKD (<130/80 mmHg), and patients with cerebro-
vascular and/or coronary artery diseases (<140/90 mmHg) [2]. The primary outcome was
“therapeutic failure”, defined as not achieving the target blood pressure level. Achievement
rates were calculated for each group.

Healthy lifestyle characteristics associated with therapeutic failures were calculated using
the odds ratio (OR) and 95% confidence interval (CI) for each item using univariate logistic
regression analysis. Following this, factors identified to be significant (P<0.05) by the univari-
ate analysis were entered into the multivariate logistic regression analysis. Late-phase elderly
patients without diabetes mellitus or CKD were excluded from the logistic regression analysis,
since the number of these participants was relatively small compared to the other groups.

For the two-tailed Student’s t-test, P<0.05 was considered statistically significant. All statis-
tical analyses were performed using the Statistical Package for Social Sciences, version 22 (SPSS
Inc, Chicago, IL, USA).

This survey was conducted in compliance with the Ethical Guidelines for Epidemiological
Studies established by the Japanese government [15], and in accordance with the Declaration
of Helsinki of 1975 (revised in 2000) [16]. The research protocol was reviewed and approved
by the Ethics Committee of the Tokyo Health Service Association. The individuals in this man-
uscript provided written informed consent.

Results
Mean participant age (SD) was 57.0 (8.8) years, and 78.8% of the participants were men
(Table 1). Median BMI was 25.5 (4.0), and median WC was 90.0 (9.6) cm for males and 85.6
(10.3) cm for females. For healthy lifestyle characteristics, 64.0% of participants reported non-
daily alcohol consumption, 73.8% were non-smokers, and 84.5% reported no snacking between
meals. In addition, 26.3% reported an exercise frequency of 2 times or more per week, and
48.9% had a BMI of 18.5–24.9. Mean SBP and DBP were 133.2 (18.1) mmHg and 82.1 (11.1)
mmHg, respectively. The proportion of those with diabetes mellitus was 14.8%, and that with
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dyslipidemia was 27.0%. Cardiovascular complications were reported in 6.4% of participants,
cerebrovascular diseases in 2.1%, low eGFR (<60) in 17.2%, and positive proteinuria in 3.5%.

Table 2 displays mean blood pressures and achievement rates for target blood pressure lev-
els. Young, middle-aged, and early-phase elderly patients without diabetes mellitus or CKD

Table 1. Participant characteristics at baseline survey (N = 8,001).

>Mean (SDa)) or N (%)

Age (years) 57.0 (8.8)

Sex (male) 6,306 (78.8)

Anthropometric measurements

Body mass index 25.5 (4.0)

Waist circumference (cm)

Men 90.0 (9.6)

Women 85.6 (10.3)

Healthy lifestyle characteristics

Alcohol consumption (non-daily drinker) 5,122 (64.0)

Smoking behavior (non-smoker) 5,901 (73.8)

Exercise frequency (2 times or more per week) 2,104 (26.3)

Body mass index (18.5–24.9) 3,915 (48.9)

Adequate sleep duration (yes) 4,800 (60.0)

Breakfast (every morning) 6,566 (82.1)

Snack between meals (no) 6,763 (84.5)

Total number of healthy lifestyle characteristicsb)

Men 4.5 (1.2)

Women 5.0 (1.2)

Total number of healthy lifestyle characteristics (6–7) 1,776 (22.2)

Hypertension-related factors

Systolic blood pressure (mmHg) 133.2 (18.1)

Diastolic blood pressure (mmHg) 82.1 (11.1)

Metabolic disorders

Diabetes mellitus

Hemoglobin A1c (%) 5.6 (0.9)

Antidiabetic drugs (yes) 1,182 (14.8)

Dyslipidemia

Total cholesterol (mg/dl) 199.8 (32.6)

High density lipoprotein cholesterol (mg/dl) 56.5 (14.6)

Low density lipoprotein cholesterol (mg/dl) 116.3 (28.2)

Triglycerides (mg/dl) 148.4 (122.9)

Antilipidemic drugs (yes) 2,163 (27.0)

Organ damage/ cardiovascular disease

Heart 510 (6.4)

Brain 165 (2.1)

Kidney 961 (12.0)

Estimated glomerular filtration rate (ml/min/1.73m2) 73.1 (17.2)

Proteinuria (positive) 281 (3.5)

a) Standard deviation

b) Total number of healthy lifestyle characteristics was calculated by summing the items listed in Breslow’s

seven health practices associated with mortality.

doi:10.1371/journal.pone.0133641.t001
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showed mean SBP and DBP of 133.2 (17.7) and 83.0 (10.8) mmHg, respectively. These same
measurements were 138.2 (20.8) and 77.2 (10.3) mmHg for late-phase elderly patients without
diabetes mellitus or CKD, 134.8 (18.0) and 80.6 (10.9) mmHg for diabetic patients, 132.2 (19.6)
and 80.3 (12.3) mmHg for those with CKD, and 130.0 (18.6) and 80.2 (11.3) mmHg for those
with cerebrovascular and/or coronary artery diseases. Achievement rates for treatment goals
(as defined by JSH2014) were 60.2%, 71.4%, 30.5%, 33.4%, and 66.0%, respectively.

Multivariate analysis revealed that the factors significantly associated with failure to achieve
treatment goals were adequate sleep duration (OR = 1.21, 95%CI = 1.06–1.36), and a BMI of
18.5–24.9 (OR = 0.77, 95%CI = 0.69–0.87) for young, middle-aged, and early-phase elderly
patients without diabetes mellitus or CKD (Table 3). For diabetic patients, significant factors
were non-daily alcohol consumption (OR = 0.62, 95%CI = 0.48–0.81) and a BMI of 18.5–24.9
(OR = 0.65, 95%CI = 0.50–0.85) (Table 4). For patients with CKD, a BMI of 18.5–24.9
(OR = 0.69, 95%CI = 0.53–0.90) was a significant factor associated with achievement rates
(Table 5), while non-daily alcohol consumption (OR = 0.57, 95%CI = 0.37–0.88) showed a sig-
nificant association in patients with cerebrovascular and/or coronary artery diseases (Table 6).

Discussion
The present study examined data from a large number of participants who underwent a work-
place health checkup, revealing achievement rates of target blood pressure levels as defined by
the newly published Japanese hypertension treatment guidelines. Among our participants,
achievement rates were especially low in patients with diabetes mellitus and CKD. In addition,

Table 2. Mean blood pressures and achievement rates for target blood pressure levels.

JSH2014 Target blood
pressure level (mmHg)

Mean (SDa)) systolic and diastolic
blood pressures (mmHg)

Achievement
rates [N (%)]

Young, middle-aged, and early-phase elderly patients without
diabetes mellitus or chronic kidney disease (n = 5,401)

<140/90 133.2 (17.7) / 83.0 (10.8) 3250 (60.2)

Late-phase elderly patients without diabetes mellitus or chronic
kidney disease (n = 154)

<150/90 138.2 (20.8) / 77.2 (10.3) 110 (71.4)

Diabetic patients (n = 1,074) <130/80 134.8 (18.0) / 80.6 (10.9) 328 (30.5)

Patients with chronic kidney disease (n = 961) <130/80 132.2 (19.6) / 80.3 (12.3) 321 (33.4)

Patients with cerebrovascular and/or coronary artery disease
(n = 410)

<140/90 130.0 (18.6) / 80.2 (11.3) 270 (66.0)

a) Standard deviation.

doi:10.1371/journal.pone.0133641.t002

Table 3. Factors associated with therapeutic failure in young, middle-aged, and early-phase elderly patients without diabetes mellitus or chronic
kidney disease (n = 5397) (logistic regression analysis).

Univariate Multivariate

ORa) 95% CIb) P ORa) 95% CIb) P

Adequate sleep duration (yes) 1.20 1.10–1.35 ** 1.21 1.08–1.36 **

Body mass index (18.5–24.9) 0.79 0.71–0.89 ** 0.78 0.69–0.87 **

a) Odds ratio

b) 95% confidence interval

*P<0.05
**P<0.01.

doi:10.1371/journal.pone.0133641.t003
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we found that adequate alcohol consumption and maintaining an ideal body weight may
improve blood pressure management.

We found low achievement rates of target blood pressure levels in those with diabetes melli-
tus and CKD. The JSH2014 emphasizes that the target blood pressure level for hypertensive
patients with diabetes mellitus and/or CKD should be less than 130/80 mmHg, because the
incidences of cerebrovascular disease and coronary artery disease increase markedly when
these diseases are concomitantly present [2]. The different achievement rates observed in the
present study could be due to several reasons. First, patients with diabetes mellitus or CKD
often have difficulties controlling their blood pressure to the strict target levels. The Chronic
Renal Insufficiency Cohort (CRIC) Study, a cross-sectional study of 3,612 participants with
CKD in the United States, reported a hypertension prevalence of 85.7%; 98.9% of the partici-
pants were aware of this diagnosis and 98.3% were treated with medication, but only 67.1%
and 46.1% had controlled their blood pressure levels to<140/90 and<130/80 mm Hg, respec-
tively [17]. A cross-sectional nationally representative health examination survey (NHANES
III) examined 9,803 hypertensive participants aged 60 or older and found that a history of dia-
betes mellitus or CKD was significantly associated with less hypertension control [18]. Also,
the Japan Home Versus Office Blood Pressure Measurement Evaluation (J-HOME) study
examined 466 Japanese individuals with hypertension and diabetes mellitus and reported that
home blood pressure was properly controlled in 18% of participants when the home blood
pressure threshold was set tentatively at 130/80 mmHg; the same trend was observed for office
blood pressure levels [19]. These findings may indicate the necessity to focus more on these
patients, and may highlight the importance of aggressive management of target blood pressure
levels to contribute to primary and secondary prevention.

The second potential explanation is a lower awareness of hypertension guidelines in pri-
mary care. A study conducted in the United States queried 1,200 primary care physicians via

Table 4. Factors associated with therapeutic failure in failure in diabetes mellitus (n = 1,074) (logistic regression analysis).

Univariate Multivariate

ORa) 95% CIb) P ORa) 95% CIb) P

Alcohol consumption (non-daily drinker) 0.71 0.53–0.95 * 0.62 0.48–0.81 **

Body mass index (18.5–24.9) 0.66 0.50–0.87 ** 0.65 0.50–0.85 **

a) Odds ratio

b) 95% confidence interval

*P<0.05

**P<0.01.

doi:10.1371/journal.pone.0133641.t004

Table 5. Factors associated with therapeutic failure in chronic kidney disease (n = 961) (logistic
regression analysis).

Univariate Multivariate

ORa) 95% CIb) P ORa) 95% CIb) P

Body mass index (18.5–24.9) 0.69 0.53–0.90 ** - -

a) Odds ratio

b) 95% confidence interval

*P<0.05
**P<0.01.

doi:10.1371/journal.pone.0133641.t005
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questionnaire, and reported their findings that many physicians have higher blood pressure
thresholds for the diagnosis and treatment of hypertension than the 140/90 mmHg criterion
recommended by the JNC. This particular study concluded that further improvements in pop-
ulation hypertension control will require behavioral changes among physicians [20]. The Reas-
sessing European Attitudes about Cardiovascular Treatment (REACT) survey, which surveyed
754 randomly selected primary care physicians in five European countries (France, Germany,
Italy, Sweden, and the UK), reported that 89% of them were in agreement with the content of
current guidelines and 81% reported use of them. However, only 18% of physicians believed
that guidelines were being implemented widely [21]. Although the majority of physicians
support the concept of guidelines, recommendations may vary by the degree of acceptance.
Therefore, it is necessary for general physicians to improve awareness regarding treatment
goals recommended by the guidelines and consider the risk factors for each individual. Final
explanation is different thresholds among subgroups. Overall results seemed to show excellent
control of blood pressure with mean blood pressures<140/90 mmHg among all subgroups.
However, patients with DM and/or CKD are required lower target blood pressure goal as
<130/80mmHg by JSH 2014. In the United States, the panel members appointed to the Eighth
Joint National Committee (JNC 8; 2014 BP guideline) proposed less restrictive BP targets for
adults aged 60 years or older and for those with diabetes and chronic kidney disease compared
to JSH2014 [22]. A large scale cross-sectional study estimate the proportion of US adults poten-
tially affected by recent changes in recommendations for management of hypertension, and
reported that among patients with treatment-eligible hypertension, 40.6% had achieved goal
BP under JNC 7, which increased to 56.5% under the 2014 BP guideline [23]. In spite of differ-
ent thresholds, adequate blood pressure control based on hypertension management guideline
is required.

In the present study, maintaining an ideal BMI and non-excessive alcohol consumption
helped to prevent failure to achieve treatment goals. Our data showed that half of our partici-
pants were obese and only 29.0% exercised at a frequency of 2 or more times per week. Obesity
is a classic risk factor for elevated blood pressure and is also well known as an important risk
factor for several lifestyle-related disorders [24–27]. A study from Taiwan that examined
89,857 Taiwanese adult patients with type 2 diabetes mellitus reported that the adjusted OR for
hypertension for every 1 kg/m2 increment of BMI was 1.16 (1.15–1.17) and 1.13 (1.12–1.14)
for men and women, respectively [25]. In addition, a cross-sectional analysis of adults enrolled
in the Third National Health and Nutrition Examination Survey (NHANES III) found that the
OR for hypertension for every 5-unit increase in BMI was 1.45, and that the magnitude of the
relative increase in the OR for hypertension was higher among younger adults [26]. The Nord-
Trondelag Health Study (HUNT) was conducted as a prospective population study targeting

Table 6. Factors associated with therapeutic failure in patients with cerebrovascular and/or coronary artery disease (n = 409) (logistic regression
analysis).

Univariate Multivariate

ORa) 95% CIb) P ORa) 95% CIb) P

Adequate sleep duration (yes) 1.58 1.01–2.45 * 1.45 0.93–2.28

Alcohol consumption (non-daily drinker) 0.50 0.33–0.76 ** 0.57 0.37–0.88 **

a) Odds ratio

b) 95% confidence interval

*P<0.05

**P<0.01.

doi:10.1371/journal.pone.0133641.t006
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5,971 individuals in Norway, and found that increases in BMI and decreases in BMI were
significantly correlated with increases in SBP and decreases in DBP, respectively, relative to a
stable BMI. This trend was observed in both genders and across all age groups [27]. Thus,
maintaining an ideal body weight is necessary in order to maintain better blood pressure con-
trol. Better hypertension management may also be achieved through non-excessive alcohol
consumption and maintaining an ideal body weight [28–30]. One Japanese prospective cohort
study observed 3,900 participants for seven years and reported that the annual increase in SBP
was 0.44 mmHg greater in those consuming 300 g the amount of ethanol consumption /week
or more, relative to non-drinkers, after adjusting for age and weight changes [28]. A large-scale
worldwide survey showed that after accounting for key confounders, on average, relative to
non-drinkers, men who drank 300–499 ml alcohol/week had systolic/diastolic blood pressures
of 2.7/1.6 mmHg higher, while men who drank 500 ml alcohol/week or more had pressures of
4.6/3.0 mmHg higher. Among women, heavy drinkers (300 ml/week or more) also had blood
pressures that were 3.9/3.1 mmHg higher than those of non-drinkers [29]. Consistent with
this, a meta-analysis found that alcohol restriction has a hypotensive effect [30]. Our data
suggested that several healthy lifestyle characteristics may contribute to better blood pressure
control and that an assessment of patient lifestyle characteristics and modification of these
characteristics in actual clinical settings may be necessary.

One somewhat contradictory finding of the present study was the observation that adequate
sleep duration was a risk factor for therapeutic failure among young, middle-aged, and early-
phase elderly patients without diabetes mellitus or CKD. Several previous reports found an
association between sleep quality and blood pressure controls [31–32]. The Finn-Home study
found that self-reported sleep disorders are associated with greater variability in home blood
pressure and heart rate measurements [31]. However, another study reported that neither sleep
duration nor sleep quality affected the prevalence of hypertension among non-insomniac
elderly subjects [32]. One limitation of the present study was that we could not adjust for sleep
duration as listed in Breslow’s seven health practices or obtain details on sleep quality using a
specific questionnaire. Future studies should examine this issue using detailed data adjusted for
sleep-related variables.

Our study has several limitations worth noting. First, selection bias may have been present,
as participants comprised only those who underwent workplace medical examinations in
Tokyo, Japan. As such, these participants may be inherently more aware of health behaviors
relative to residents in rural areas. Further analyses which include data from a more diverse
cohort are necessary. Second, some key data were not collected, such as information on medi-
cations for hypertension. Third, data collection was conducted in 2012. While the draft of the
JSH2014 was introduced in 2013, the JSH2014 was established in 2014. Despite the lag, how-
ever, the threshold for patients with diabetes mellitus and chronic kidney disease was very simi-
lar to that of the JSH2009, so our results may still be applicable. Further studies after 2014 will
be needed. Forth, some lifestyle criteria are vague because lifestyle related items were collected
from existing questionnaires. Further studies using a questionnaire focused on lifestyle charac-
teristics will be needed. Fifth, the JSH 2014 guideline differs from the majority of guidelines
published elsewhere in the world, such as the JNC 8 guideline 2014 (<140/90 mmHg), Ameri-
can and the International Societies of Hypertension guidelines 2014 (<140/90 mmHg), and
the 2013 ESH/ESC (the European Society of Hypertension/the European Society of Cardiol-
ogy) guideline for the management of arterial hypertension (<140/85 mmHg). Thus, it may be
required to pay attention applying our results in other countries. Finally, our study employed a
cross-sectional analysis to examine lifestyle characteristics, and thus causal relationships
between achievement rates and healthy lifestyles cannot be confirmed. Further analyses of fol-
low-up survey data are needed.
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Conclusion
The present study revealed low achievement rates for treatment goals among hypertensive
patients, especially for patients with CKD and diabetes mellitus. With regard to healthy lifestyle
characteristics, maintaining an ideal body weight and non-excessive alcohol consumption may
contribute to better control of blood pressure levels. Our data indicate the need to focus on
these patients and provide instruction regarding lifestyle modification to allow for better man-
agement of hypertension according to treatment guidelines.
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(XLSX)

Acknowledgments
The authors thank the participants who underwent the voluntary workplace medical checkup,
and the data collection staff at the Tokyo Health Service Association.

Author Contributions
Conceived and designed the experiments: NK HY HF HS YM THHI. Performed the experi-
ments: NK HY YM. Analyzed the data: HY. Contributed reagents/materials/analysis tools: NK
HY HF HS YM TH HI. Wrote the paper: NK HY.

References
1. World Health Organization. Global Health Observatory: Raised blood pressure. Available from http://

www.who.int/gho/ncd/risk_factors/blood_pressure_prevalence_text/en/. Accessed December 22

2. Shimamoto K, Ando K, Fujita T, Hasebe N, Higaki J, Horiuchi M, et al; Japanese Society of Hyperten-
sion Committee for Guidelines for the Management of Hypertension. The Japanese Society of Hyper-
tension Guidelines for the Management of Hypertension (JSH 2014). Hypertens Res. 2014; 37:253–
390. doi: 10.1038/hr.2014.20 PMID: 24705419

3. Lawes CM, Vander Hoorn S, Rodgers A; International Society of Hypertension. Global burden of blood-
pressure-related disease, 2001. Lancet. 2008; 3: 371:1513–8.

4. Nakamura K, Okamura T, Miura K, Okayama A.Hypertension and medical expenditure in the Japanese
population: Review of prospective studies. World J Cardiol. 2014; 26:531–8.

5. Nakamura K, Miura K, Nakagawa H, Okamura T, Okuda N, Nishimura K, et al. Treated and untreated
hypertension, hospitalization, and medical expenditure: an epidemiological study in 314622 beneficia-
ries of the medical insurance system in Japan. J Hypertens. 2013; 31:1032–42. doi: 10.1097/HJH.
0b013e32835f5747 PMID: 23449017

6. Cardiovascular diseases, World Health Organization. Available from http://www.who.int/
cardiovascular_diseases/en/. Accessed December 22

7. The Atlas of Heart and Stroke. Risk factor: blood pressure. World Health Organization. Available from
http://www.who.int/cardiovascular_diseases/en/cvd_atlas_05_HBP.pdf. Accessed December 22

8. Jee SH, O'Donnell MP, Suh I, Kim IS; Korea Medical Insurance Corporation. The relationship between
modifiable health risks and future medical care expenditures: the Korea Medical Insurance Corporation
(KMIC) Study. Am J Health Promot. 2001; 15: 244–55. PMID: 11349346

9. Wolf AM, Siadaty M, Yaeger B, Conaway MR, Crowther JQ, Nadler JL, et al. Effects of lifestyle interven-
tion on health care costs: Improving Control with Activity and Nutrition (ICAN). J Am Diet Assoc. 2007;
107:1365–73. PMID: 17659904

Low Achievement Rates for Treatment Goals

PLOS ONE | DOI:10.1371/journal.pone.0133641 July 30, 2015 10 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0133641.s001
http://www.who.int/gho/ncd/risk_factors/blood_pressure_prevalence_text/en/
http://www.who.int/gho/ncd/risk_factors/blood_pressure_prevalence_text/en/
http://dx.doi.org/10.1038/hr.2014.20
http://www.ncbi.nlm.nih.gov/pubmed/24705419
http://dx.doi.org/10.1097/HJH.0b013e32835f5747
http://dx.doi.org/10.1097/HJH.0b013e32835f5747
http://www.ncbi.nlm.nih.gov/pubmed/23449017
http://www.who.int/cardiovascular_diseases/en/
http://www.who.int/cardiovascular_diseases/en/
http://www.who.int/cardiovascular_diseases/en/cvd_atlas_05_HBP.pdf
http://www.ncbi.nlm.nih.gov/pubmed/11349346
http://www.ncbi.nlm.nih.gov/pubmed/17659904


10. Warnick GR, Knopp RH, Fitzpatrick V, Branson L. Estimating low-density lipoprotein cholesterol by the
Friedewald equation is adequate for classifying patients on the basis of nationally recommended cut
points. Clin Chem. 1990; 36:15–9. PMID: 2297909

11. Kashiwagi A, KasugaM, Araki E, Oka Y, Hanafusa T, Ito H, et al; Committee on the Standardization of
Diabetes Mellitus-Related Laboratory Testing of Japan Diabetes Society. International clinical harmoni-
zation of glycated hemoglobin in Japan: From Japan Diabetes Society to National Glycohemoglobin
Standardization Program values. J Diabetes Investig. 2012; 3:39–40. doi: 10.1111/j.2040-1124.2012.
00207.x PMID: 24843544

12. Belloc NB, Breslow L. Relationship of physical health status and health practices. Prev Med. 1972;
1:409–21. PMID: 5085007

13. Yokokawa H, Goto A, Sanada H, Watanabe T, Felder RA, Jose PA, et al. Achievement status toward
goal blood pressure levels and healthy lifestyles among Japanese hypertensive patients; cross-sec-
tional survey results from Fukushima Research of Hypertension (FRESH). Intern Med. 2011; 50:1149–
56. PMID: 21628928

14. Matsuo S, Imai E, Horio M, Yasuda Y, Tomita K, Nitta K, et al Collaborators developing the Japanese
equation for estimated GFR. Revised equations for estimated GFR from serum creatinine in Japan. Am
J Kidney Dis. 2009; 53:982–92. doi: 10.1053/j.ajkd.2008.12.034 PMID: 19339088

15. Ministry of Health, Labor andWelfare & Ministry of Education, Culture, Sports, Science and Technol-
ogy. Ethical Guideline for Epidemiological Studies. 2013. Available from http://www.mhlw.go.jp/
seisakunitsuite/bunya/hokabunya/kenkyujigyou/i-kenkyu/dl/02-02.pdf. Accessed December 22 (in
Japanese).

16. World Medical Association. WMA Declaration of Helsinki—ethical principles for medical research
involving human subjects. 2013. Available from www.wma.net/en/30publications/10policies/b3/index.
html. Accessed December 22

17. Muntner P, Anderson A, Charleston J, Chen Z, Ford V, Makos G, et al; Chronic Renal Insufficiency
Cohort (CRIC) Study Investigators. Hypertension awareness, treatment, and control in adults with
CKD: results from the Chronic Renal Insufficiency Cohort (CRIC) Study. Am J Kidney Dis. 2010;
55:441–51. doi: 10.1053/j.ajkd.2009.09.014 PMID: 19962808

18. Ostchega Y, Dillon CF, Hughes JP, Carroll M, Yoon S. Trends in hypertension prevalence, awareness,
treatment, and control in older U.S. adults: data from the National Health and Nutrition Examination Sur-
vey 1988 to 2004. J Am Geriatr Soc. 2007; 55:1056–65. PMID: 17608879

19. Obara T, Ohkubo T, Kikuya M, Asayama K, Metoki H, Inoue R, et al; J-HOME Study Group. The current
status of home and office blood pressure control among hypertensive patients with diabetes mellitus:
the Japan Home Versus Office Blood Pressure Measurement Evaluation (J-HOME) study. Diabetes
Res Clin Pract. 2006; 73:276–83. PMID: 16595157

20. Hyman DJ, Pavlik VN. Self-reported hypertension treatment practices among primary care physicians:
blood pressure thresholds, drug choices, and the role of guidelines and evidence-based medicine.
Arch Intern Med. 2000; 160:2281–6. PMID: 10927724

21. Hobbs FD, Erhardt L. Acceptance of guideline recommendations and perceived implementation of cor-
onary heart disease prevention among primary care physicians in five European countries: the Reas-
sessing European Attitudes about Cardiovascular Treatment (REACT) survey. Fam Pract. 2002;
19:596–604. PMID: 12429661

22. James PA, Oparil S, Carter BL, CushmanWC, Dennison-Himmelfarb C, Handler J, Lackland DT, et al.
2014 Evidence-based guideline for the management of high blood pressure in adults: report from the
panel members appointed to the Eighth Joint National Committee (JNC 8). JAMA. 2014; 311:507–520.
doi: 10.1001/jama.2013.284427 PMID: 24352797

23. Navar-Boggan AM, Pencina MJ, Williams K, Sniderman AD, Peterson ED. Proportion of US adults
potentially affected by the 2014 hypertension guideline. JAMA. 2014; 311:1424–1429. doi: 10.1001/
jama.2014.2531 PMID: 24682242

24. Muntner P, Anderson A, Charleston J, Chen Z, Ford V, Makos G, et al; Chronic Renal Insufficiency
Cohort (CRIC) Study Investigators. Abdominal visceral and subcutaneous adipose tissue compart-
ments: association with metabolic risk factors in the FraminghamHeart Study. Circulation. 2007;
116:39–48.

25. Tseng CH. Body mass index and blood pressure in adult type 2 diabetic patients in Taiwan. Circ J.
2007; 71:1749–54. PMID: 17965496

26. Chirinos JA, Franklin SS, Townsend RR, Raij L. Body mass index and hypertension hemodynamic sub-
types in the adult US population. Arch Intern Med. 2009; 169:580–6. doi: 10.1001/archinternmed.2008.
611 PMID: 19307521

27. Drøyvold WB, Midthjell K, Nilsen TI, Holmen J. Change in body mass index and its impact on blood
pressure: a prospective population study.Int J Obes (Lond). 2005; 29:650–5.

Low Achievement Rates for Treatment Goals

PLOS ONE | DOI:10.1371/journal.pone.0133641 July 30, 2015 11 / 12

http://www.ncbi.nlm.nih.gov/pubmed/2297909
http://dx.doi.org/10.1111/j.2040-1124.2012.00207.x
http://dx.doi.org/10.1111/j.2040-1124.2012.00207.x
http://www.ncbi.nlm.nih.gov/pubmed/24843544
http://www.ncbi.nlm.nih.gov/pubmed/5085007
http://www.ncbi.nlm.nih.gov/pubmed/21628928
http://dx.doi.org/10.1053/j.ajkd.2008.12.034
http://www.ncbi.nlm.nih.gov/pubmed/19339088
http://www.mhlw.go.jp/seisakunitsuite/bunya/hokabunya/kenkyujigyou/i-kenkyu/dl/02-02.pdf
http://www.mhlw.go.jp/seisakunitsuite/bunya/hokabunya/kenkyujigyou/i-kenkyu/dl/02-02.pdf
http://www.wma.net/en/30publications/10policies/b3/index.html
http://www.wma.net/en/30publications/10policies/b3/index.html
http://dx.doi.org/10.1053/j.ajkd.2009.09.014
http://www.ncbi.nlm.nih.gov/pubmed/19962808
http://www.ncbi.nlm.nih.gov/pubmed/17608879
http://www.ncbi.nlm.nih.gov/pubmed/16595157
http://www.ncbi.nlm.nih.gov/pubmed/10927724
http://www.ncbi.nlm.nih.gov/pubmed/12429661
http://dx.doi.org/10.1001/jama.2013.284427
http://www.ncbi.nlm.nih.gov/pubmed/24352797
http://dx.doi.org/10.1001/jama.2014.2531
http://dx.doi.org/10.1001/jama.2014.2531
http://www.ncbi.nlm.nih.gov/pubmed/24682242
http://www.ncbi.nlm.nih.gov/pubmed/17965496
http://dx.doi.org/10.1001/archinternmed.2008.611
http://dx.doi.org/10.1001/archinternmed.2008.611
http://www.ncbi.nlm.nih.gov/pubmed/19307521


28. Yoshita K, Miura K, Morikawa Y, Ishizaki M, Kido T, Naruse Y, et al. Relationship of alcohol consump-
tion to 7-year blood pressure change in Japanese men. J Hypertens. 2005; 23:1485–90. PMID:
16003174

29. Marmot MG, Elliott P, Shipley MJ, Dyer AR, Ueshima H, Beevers DG, et al. Alcohol and blood pressure:
the INTERSALT study. BMJ. 1994; 308:1263–7. PMID: 7802765

30. Dickinson HO, Mason JM, Nicolson DJ, Campbell F, Beyer FR, Cook JV, et al. Lifestyle interventions to
reduce raised blood pressure: a systematic review of randomized controlled trials. J Hypertens. 2006;
24:215–33. PMID: 16508562

31. Johansson JK, Kronholm E, Jula AM. Variability in home-measured blood pressure and heart rate:
associations with self-reported insomnia and sleep duration. J Hypertens. 2011; 29:1897–905. doi: 10.
1097/HJH.0b013e32834abccd PMID: 21841496

32. Sforza E, Saint Martin M, Barthelemy JC, Roche F. Association of self-reported sleep and hypertension
in non-insomniac elderly subjects. J Clin Sleep Med. 2014; 10:965–71. doi: 10.5664/jcsm.4026 PMID:
25142770

Low Achievement Rates for Treatment Goals

PLOS ONE | DOI:10.1371/journal.pone.0133641 July 30, 2015 12 / 12

http://www.ncbi.nlm.nih.gov/pubmed/16003174
http://www.ncbi.nlm.nih.gov/pubmed/7802765
http://www.ncbi.nlm.nih.gov/pubmed/16508562
http://dx.doi.org/10.1097/HJH.0b013e32834abccd
http://dx.doi.org/10.1097/HJH.0b013e32834abccd
http://www.ncbi.nlm.nih.gov/pubmed/21841496
http://dx.doi.org/10.5664/jcsm.4026
http://www.ncbi.nlm.nih.gov/pubmed/25142770

