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Abstract

Objective: This study aimed to determine the rate of achieving the target blood pressure (BP)
defined by Japanese hypertension management guidelines and to examine factors associated with
achieving the target BP.

Methods: This cross-sectional study, which was conducted between January 2012 and
December 2015, examined the BP control status and associated factors among 9,016 Japanese
community residents with hypertension. Residents were divided into the following six groups:
G, young, middle-aged, and early-phase elderly patients; G2, patients with cerebrovascular dis-
ease; G3, patients with coronary artery disease; G4, patients with chronic kidney disease with
proteinuria; G5, patients with diabetes; and G6, patients with chronic kidney disease without
proteinuria. BP target achievement rates were calculated for each group. A multivariate analysis
identified factors associated with “therapeutic failure” of target BP.

Results: The target BP was achieved by 52.6% participants in GI, 84.3% in G2, 50.6% in G3,
45.6% in G4, 48.7% in G5, and 75.0% in G6. The body mass index and receiving antilipidemic
medication were associated with therapeutic failure.

Conclusion: This study shows that achievement rates for treatment goals among Japanese
patients with hypertension are still low. Body mass index and treatment of dyslipidemia may
be associated with the control of BP.
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Introduction

Hypertension is a major cause of cardiovas-
cular events and a public health burden in
developed and developing countries.' ® The
prevalence of a high blood pressure (BP)
ranges between 30% and 50% in adults in
many populations worldwide.! The number
of people aged 30 to 79 years with hyper-
tension doubled from 1990 to 2019, from
331 (95% credible interval 306-359) million
women and 317 (292-344) million men in
1990 to 626 (584-668) million women and
652 (604—698) million men in 2019, despite
a stable global age-standardized preva-
lence.! Approximately 54% of stroke and
47% of ischemic heart disease cases world-
wide are attributable to a high BP. In
addition, 7.6 million premature deaths
(approximately 13.5% of the global total)
and 92 million disability-adjusted life years
(6.0% of the global total) worldwide have
been attributed to a high BP.

Several decades previously, cerebrovas-
cular disorders were the leading causes of
hypertension-associated death in Japan,
and death due to cerebrovascular disorders
was markedly higher in the northern terri-
tory of Japan than in other territories.” In
recent years, BP measurements among the
Japanese general population have decreased
because of a reduction of salt intake among
other reasons. Nevertheless, an estimated
43 million Japanese people have hyperten-
sion, and the treatment target BP (<130/
80 mmHg) achievement rate is only approx-
imately 30%."° Therefore, hypertension
remains an important risk factor for cardio-
vascular diseases and poses a major public
health challenge in Japan, as in other coun-
tries in other parts of the world.”

A major earthquake (Great East Japan
Earthquake), which spawned a devastating
tsunami, damaged vast areas of the
northeastern coast of Japan on 11 March
2011.'°!2 Imbalanced nutrition,!' and a
lack of daily activities negatively affected
people affected by the earthquake.'®!" To
restore medical services and the health of
residents in the affected regions of Miyagi
and Iwate Prefectures, the Tohoku Medical
Megabank (TMM) Project was established.
The TMM Project was administered in these
two prefectures by the Tohoku Medical
Megabank Organization (ToMMo) and by
the Iwate Tohoku Medical Megabank
Organization. The ToMMo was established
at Tohoku University in Miyagi Prefecture,
and the Iwate Tohoku Medical Megabank
Organization was established at Iwate
Medical University in Iwate Prefecture.'?
Although several studies have examined
health care services among residents in the
affected areas, few studies have examined
the achievement rates of target BP among
affected residents with hypertension after
the major earthquake in the areas.

This study aimed to determine the rate of
target BP achievement and examine factors
associated with achievement failure among
Japanese community residents with hyper-
tension who reside in areas affected by the
Great East Japan Earthquake and tsunami.

Subjects and methods

Participants

Details regarding the TMM Project were
previously reported.'? This was a cross-
sectional study that screened 66,874
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Japanese community residents who under-
went a voluntary health checkup conducted
by the ToMMo between January 2012 and
December 2015 in Miyagi and Iwate
Prefectures, Japan. A total of 17,115 of
study participants were receiving treatment
with medication for hypertension, and 8099
were excluded owing to data missing for
categorization.

Variables

Height, weight, body mass index (BMI),
and waist circumference were measured
with participants in the standing position.
The BMI was calculated by dividing body
weight (kg) by height in meters squared
(m?). Mean systolic BP and diastolic BP
were measured at the upper arm by a
trained nurse in participants who had
been seated for at least 5 minutes The
HEM-9000A1 electronic upper arm-cuff
device (OMRON Corporation, Kyoto,
Japan) was used for BP measurements.
Blood pressure was measured once, and
we used the first blood pressure measure-
ments in the analysis.

The details of blood and urine sample
collection and measurement of these sam-
ples were already described in a previous
report.'® The amount of blood collected
was usually 34mL. The measured blood
consisted of 7mL in an EDTA2Na blood
tube, SmL in a sodium heparin blood tube,
and two serum blood tubes containing 9 mL
of blood for completing blood count tests
(2mL) and for a blood sugar or hemoglobin
Alc (HbAlc) test (2mL). With regard to
urine collection, urine samples that were
left over after measurements for specific
health checkups were stored in urine centri-
fuge tubes. Serum concentrations of total
cholesterol (TC; Ultra Violet-End method
using cholesterol dehydrogenase), high-
density lipoprotein cholesterol (HDL-C;
direct method), low-density lipoprotein
cholesterol (LDL-C), and triglycerides

(enzymatic method) were also measured.
LDL-C concentrations were estimated
using the Friedewald equation ([TC] -
[HDL-C] — [TGs/5]) for all participants.'*
HbAlc values were determined by Latex
agglutination turbidimetry. Serum creati-
nine concentrations were measured by
the enzymatic method. The estimated
glomerular filtration rate (¢GFR) was
calculated using the Japanese GFR equa-
tion: eGFR (mL/minute/1.73 m?) =194 x
creatinine "% x age **7 (x0.739 if female
sex).!> Urine protein was also estimated
by  quantitative  immunoturbidimetry.
Proteinuria was estimated qualitatively as
€=U =T T, 47, and (4T
Among them, “+7, “4+7, and “++47
were defined as proteinuria (positive).

Diabetes mellitus was defined as fasting
plasma glucose concentrations >6.99 mmol/
L or HbAlc values >6.5%, use of antidia-
betes medications, or already diagnosed dia-
betes mellitus in accordance with the
American Diabetes Association diagnostic
criteria.'® Dyslipidemia was defined as TG
concentrations >1.69 mmol/L, LDL-C con-
centrations >3.62 mmol/L, HDL-C concen-
trations <1.03mmol/L, or the use of
antilipidemic medications.'” Chronic kidney
disecase (CKD) was defined as an eGFR of
<60 mL/minute/1.73 m?.

Participants were asked to complete
a self-administered questionnaire that
addressed healthy lifestyle characteristics
(alcohol consumption and smoking behav-
ior) and present medical history of comor-
bidities, such as hypertension, diabetes
mellitus,  dyslipidemia, cardiovascular
disease, and cerebrovascular disease.
Participants answering that they had any
of these comorbidities were registered as
having a present medical history from the
results of the self-administered question-
naire. Data regarding a family history
(hypertension, cardiovascular disease, and
cerebrovascular disease) were also collected
from the self-administered questionnaire.
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Statistical analysis

The results are presented as the mean +
standard deviation (SD) for continuous
variables or prevalence (%) for categorical
variables. The participants were divided
into six groups according to categories of
the 2019 version of the Japanese Society of
Hypertension Guidelines for Management
of Hypertension (JSH2019), and success
rates were calculated for each treatment
goal as defined by the JSH2019 target
values. The groups were as follows: (1)
young, middle-aged, and early-phase elderly
patients without diabetes mellitus or CKD
(BP <130/80 mmHg); (2) patients with cere-
brovascular disease (BP <140/90 mmHg);
(3) patients with coronary  artery
disease (BP <130/80 mmHg); (4) patients
with CKD with proteinuria (BP <130/
80 mmHg); (5) patients with diabetes (BP
<130/80 mmHg); and (6) patients with
CKD without proteinuria (BP <140/
90mmHg).” To avoid any overlap between
these groups as much as possible, patients
with diabetes were selected among the eligi-
ble participants. Patients with CKD with
proteinuria were then selected from the
participants without diabetes mellitus.
Following this, patients with coronary
artery disease were selected among those
without diabetes mellitus and CKD with
proteinuria. Patients with cerebrovascular
disease were then selected among those
without diabetes mellitus, CKD with pro-
teinuria, and coronary artery disease.
Patients with CKD without proteinuria
were then selected among those without
diabetes mellitus, CKD with proteinuria,
coronary artery disease, and cerebrovascu-
lar disease. Finally, young, middle-aged,
and early-phase elderly patients were
chosen from those without disease (diabetes
mellitus or CKD).

The primary outcome was “therapeutic
failure”, which was defined as not achieving

the target BP. Achievement rates were cal-
culated for each group.

To estimate the factors associated with
therapeutic failure, a multivariate logistic
regression analysis was performed using
the following models. Model 1 was adjusted
for age (years) and sex. Model 2 was adjust-
ed for age (years), sex, alcohol consumption
status (daily drinker), smoking behavior
(current smoker), HbAlc, LDL cholesterol,
triglycerides, and the eGFR. The odds ratio
(OR) and 95% confidence interval (CI)
were calculated for each item by the multi-
variate logistic regression analysis. P values
were estimated by the two-tailed test, and
P < 0.05 was considered statistically signifi-
cant. All statistical analyses were performed
using the Statistical Package for Social
Sciences, version 22 (IBM SPSS Inc.,
Armonk, NY, USA).

This survey was conducted in compli-
ance with the Ethical Guidelines for
Epidemiological Studies established by the
Japanese Government'® and in accordance
with the Declaration of Helsinki of 1975
(revised in 2000)."” The research protocol
was reviewed and approved by the Ethics
Committee of Juntendo University (no.
2020026). The research protocol was also
reviewed and approved by the Council of
the ToMMo (no. 2019-0079). All partici-
pants in this study provided written
informed consent.

Results

A total of 9016 eligible participants were
included in the present study (men: 6059;
women: 2957) (Figure 1). Table 1 shows
the basic characteristics of the eligible par-
ticipants. The mean age (SD) and male sex
proportion were 60.5 (11.3) years and
67.2%, respectively. The frequencies of
family histories of hypertension, cardiovas-
cular disorders, and cerebrovascular disor-
ders were 38.0%, 9.0%, and 26.4%,
respectively.
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‘ 66,874 registered initially ‘

‘ 49,759 excluded due to no treatment for hypertension

‘ 17,115 receiving treatment for hypertension

4{ 8,099 excluded due to missing data ‘

‘ 9,016 included in the present study ‘

4311 230 872

Young, middle- Patients with Patients with
aged, and early- cerebrovascular coronary artery
phase elderly disease disease

68 3115 420

Patients with Diabetic Patients with
CKD" with patients CKD" without
proteinuria proteinuria

patients without
DM? or CKD®

a) Diabetes mellitus, b) Chronic kidney disease

Figure |. Study flow chart.
DM, diabetes mellitus; CKD, chronic kidney disease.

The mean BMI (SD) was 23.6 (3.6) kg/
m?, and the proportion of participants with
the ideal BMI (18.5-24.9kg/m?) was
54.2%. The mean (SD) systolic BP and dia-
stolic BP were 126.4 (17.4) and 75.6 (10.5)
mmHg, respectively. The proportions of
those who were treated with antidiabetic
and antilipidemic medications were 27.9%
and 23.7%, respectively.

Table 2 shows the mean BP and achieve-
ment rates for the target BP in each
category. Among the groups of young,
middle-aged, and early-phase elderly
patients without diabetes mellitus or
CKD, patients with coronary artery disease,
patients with CKD and proteinuria, and
patients with diabetes, the achievement
rates were 52.6%, 50.6%, 45.6%, and
48.7%, respectively. Among the patients
with cerebrovascular disease and those with
CKD without proteinuria, the achievements
rates were 84.3% and 75.0%, respectively.

The results of logistic regression analyses
are shown in Tables 3-8. The multivariate
analysis showed that BMI was significantly
associated with a failure to achieve treat-
ment goals in the young, middle-aged, and
early-phase elderly patients without

diabetes mellitus or CKD group (AOR
[adjusted odds ratio] = 1.14, 95%
CI=1.11-1.16, P<0.01) (Table 3), patients
with coronary artery disease group
(AOR =1.15, 95% CI=1.08-1.23,
P <0.01) (Table 5), and patients with diabe-
tes group (AOR =1.10, 95% CI=1.07-1.13,
P <0.01) (Table 7). In addition, an inverse
association between achievement failure and
receiving antilipidemic medication was
observed in the young, middle-aged, and
early-phase elderly patients without diabetes
mellitus or CKD group (AOR =0.83, 95%
CI=0.71-0.97, P=0.02) (Table 3). There
were no significant associations of a failure
to achieve treatment goals with BMI, a
family history of hypertension, cardiovascu-
lar disorders, or cerebrovascular disorders,
or use of antilipidemic medication in the
patients with cerebrovascular disease and
patients with chronic kidney disease and
proteinuria groups (Tables 4 and 6).

Discussion

The present cross-sectional study examined
data from a large number of community-
dwelling residents who underwent a health
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Table |I. Participants’ characteristics at the baseline survey (n=9016).

Mean (SD) or n (%)

Age (years)
Male sex
Anthropometric measurements
Body mass index (kg/m?)
Body mass index (18.5-24.9 kg/m?)
Waist circumference (cm)
Men
Women
Family history
Hypertension
Cardiovascular disorder
Cerebrovascular disorder
Lifestyle characteristics
Alcohol consumption (daily drinker)
Current smoker
Hypertension-related factors
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Metabolic disorders
Diabetes mellitus (diagnosed)
Fasting plasma glucose (mmol/L)
Hemoglobin Alc (%)
Antidiabetes medications (yes)
Dyslipidemia (diagnosed)
Total cholesterol (mmol/L)

High-density lipoprotein cholesterol (mmol/L)
Low-density lipoprotein cholesterol (mmol/L)

Triglycerides (mmol/L)
Antilipidemic medications (yes)
Renal damage/function

Estimated glomerular filtration rate (mL/minute/1.73 m?)

Proteinuria (positive)

60.5 (11.3)
6059 (67.2)

23.6 (3.6)
4882 (54.2)

82.4 (9.2)
82.5 (9.4)

3425 (38.0)
809 (9.0)
2021 (26.4)

2092 (23.2)
1068 (11.8)

126.4 (17.4)
75.6 (10.5)

3115 (34.5)
551 (1.4)
5.7 (0.6)
2140 (27.9)
3987 (44.2)
5.39 (0.93)
1.62 (0.42)
3.14 (0.80)
1.40 (0.96)
2249 (23.7)

79.2 (16.2)
109 (1.2)

SD, standard deviation.

checkup. The main findings were that the
rates of target BP achievement were rela-
tively low (approximately 50%) in young,
middle-aged, and early-phase elderly
patients without diabetes mellitus or
CKD, patients with coronary artery dis-
ease, patients with CKD and proteinuria,
and patients with diabetes. In addition,
our data suggested that BMI and receiving
antilipidemic medication were associated
with therapeutic failure in patients with
hypertension.

We found that the achievement rates
for the target BP (<130/80 mmHg) still
remained low (approximately 50%) in
young, middle-aged, and early-phase elder-
ly patients without diabetes mellitus or
CKD, those with coronary artery disease,
and those with diabetes. A previous study,
which was conducted before the Great East
Japan Earthquake, also reported a low
achievement status toward goal blood pres-
sure levels, similar to our results.
Fukushima Research of Hypertension,
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which was a cross-sectional analysis of

2 3,320 hypertensive patients in Fukushima

e 3 282 352 Prefecture, reported that the success rate

S| Ly It was 27% in patients with diabetes mellitus

§ g S sy¥m 22 or renal disease (<130/80 mm Hg), 30% in

i - those younger than 65 years (<130/85 mm

. e Hg), and 66% in elderly people without dis-

3 S22 22 eases (<140/90 mm Hg).”® Although our

23 o> g results are not lower than those in this pre-

:,3 2 Ig % Yug wye vious report, the achievement rates may be

,‘1% E|la =& &2 relatively low compared with the recom-

%ﬁ o | = Ttz B2 mendation of the treatment guideline.

£ 2 5 Z9® nv Therefore, possible explanations of the

s E:, £la ;. aA low achievement status for better BP man-
agement need to be determined.

2 5 The newly published JSH2019 guidelines

E % modified BP targets, especially for young,

'§0-§ 3 middle-aged, and early-phase elderly

gt g 8 88 8R patients without diabetes mellitus or

§ ?oﬁ a TR KT CKD.” These guidelines emphasized that

8 8a|V VVV VYV the BP goal for these hypertensive patients

should be <130/80mmHg. This was

3 emphasized because the incidence of cere-

; S| w» ~ o~ ©m brovascular and coronary artery disease

s | @ g Lo had markedly decreased with well-

controlled BP compared with the conven-

S tional BP goal of <140/90mmHg as

£ ) Q:g =R suggested in the Japanese Hypertension

0 = == == Treatment Guideline 2014 (JSH2014).”

% §§ % % § § § % The different thresholds between 130/80

Table 2. Mean blood pressure and the rate of achieving the target blood pressure (n=9016).

Young, middle-aged, and early-phase elderly

patients without diabetes mellitus or chronic

kidney disease (n=4311)
Patients with cerebrovascular disease (n=230)

Patients with coronary artery disease (n=872)

Patients with chronic kidney disease and

proteinuria (n = 68)
Patients with diabetes (n=3115)

Patients with chronic kidney disease without

proteinuria (n =420)

SD, standard deviation.

and 140/90 mmHg may lead to different
achievement rates. A large-scale Japanese
study that examined 20,153 subjects receiv-
ing antihypertensive agents reported that a
BP <140/90 was achieved in 66.6% (13,426)
of the treated subjects; however, only
30.7% (6,188) achieved a BP <130/80.'
A European epidemiological survey evalu-
ated the proportion of adult outpatients
achieving office BP treatment targets rec-
ommended by current (2018, the
European Society of Cardiology [ESC]
and the European Society of Hypertension
[ESH]) rather than previous (2013 ESC/
ESH) hypertension guidelines.?* This previ-
ous study reported that BP control was sig-
nificantly lower in non-diabetic outpatients
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Table 3. Factors associated with therapeutic failure in young, middle-aged, and early-phase elderly patients
without diabetes mellitus or chronic kidney disease (n=4311).

Univariate analysis Multivariate analysis

Model | Model 2

OR 95%ClI P OR 95%ClI P OR 95%Cl P

Body mass index (kg/m?) .14 1.12-1.16 <0.01 1.14 I.12-1.16 <0.01 1.14 I.l11-1.16 <0.0l
Family history of hypertension .03 0.91-1.16 0.64 1.02 0.90-1.16 0.76 1.00 0.88-1.15 0.98
Family history of cardiovascular 0.92 0.76-1.12 041 091 0.74-1.11 034 092 0.74-1.14 044
disorders
Family history of .06 0.93-1.21 037 1.07 0.93-0.97 0.34 1.07 0.92-1.24 040
cerebrovascular
disorders

Antilipidemic medication (yes) 0.85 0.73-0.98 0.02 0.84 0.73-0.97 0.02 0.83 0.71-0.97 0.02

OR, odds ratio, Cl, confidence interval.

Model | was adjusted for age (years) and sex. Model 2 was adjusted for age (years), sex, alcohol consumption status
(daily drinker), smoking behavior (current smoker), hemoglobin Alc (%), low-density-lipoprotein cholesterol (mmol/L),
triglycerides (mmol/L), and the estimated glomerular filtration rate (mL/minute/1.73 m?).

Table 4. Factors associated with therapeutic failure in patients with cerebrovascular disease (n =230).

Univariate analysis Multivariate analysis

Model | Model 2

OR 95% ClI P OR 95% ClI P OR 95% ClI P

Body mass index (kg/m?) 1.06 0.95-1.17 0.30 1.08 0.96-1.20 0.21 1.0l 0.88-1.16 0.90

Family history of hypertension 0.82 0.39-1.72 0.60 0.66 0.29-1.51 033 0.76 0.31-1.88 0.55

Family history of 1.5 0.40-5.72 0.54 2.09 051-860 031 3.40 0.67-17.08 0.14
cardiovascular disorders

Family history of 099 043-224 097 1.1l 046-268 083 0.83 030-225 0.7I

cerebrovascular disorders
Antilipidemic medication (yes) 0.40 0.15-1.09 0.07 0.40 O0.14-1.11 0.08 047 0.16-1.37 0.17

OR, odds ratio, Cl, confidence interval.

Model | was adjusted for age (years) and sex. Model 2 was adjusted for age (years), sex, alcohol consumption status (daily
drinker), smoking behavior (current smoker), hemoglobin Alc (%), low-density lipoprotein cholesterol (mmol/L), trigly-
cerides (mmol/L) and the estimated glomerular filtration rate (mL/minute/|.73 m?).

of all age groups (1865 years: 13.1% vs. established BP goals may be difficult, BP
42.9%, 65-79 years: 25.8% vs. 42.5%, and should be more strictly maintained on the
>80 years: 29.1% vs. 66.0%; all P <0.001). basis of the hypertension treatment guide-

Similar reductions were observed in outpa- lines for primary and secondary prevention
tient with diabetes (18-65 years: 32.7% vs. of atherosclerotic disorders.
14.8%, 65-79 years: 37.3% vs. 24.7%, Low achievement rates of the target BP

and >80 years: 47.1% vs. 27.9%; all were also observed in patients with diabetes
P <0.001).>* Although reaching the newly mellitus, those with CKD and proteinuria,
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Table 5. Factors associated with therapeutic failure in patients with coronary artery disease (n = 872).

Univariate analysis Multivariate analysis
Model | Model 2

OR 95%Cl P OR 95%Cl P OR 95%Cl P
Body mass index (kg/m?) .14 1.09-1.18 <0.01 1.17 1.10-1.24 <0.01 1.15 1.08-1.23 <0.0l
Family history of hypertension 1.07 0.82-1.41 0.62 1.32 0.87-1.99 020 1.35 0.86-2.11 0.19
Family history of 0.85 0.60-1.22 0.39 0.66 0.40-1.08 0.0 0.56 0.32-0.97 0.04

cardiovascular disorders

Family history of 093 0.67-1.29 0.67 0.79 052-122 029 091 0.57-143 0.67

cerebrovascular disorders
Antilipidemic medication (yes) 0.92 0.66-1.29 0.63 1.00 0.69-145 099 1.00 0.67-1.50 0.99

OR, odds ratio, Cl, confidence interval.

Model | was adjusted for age (years) and sex. Model 2 was adjusted for age (years), sex, alcohol consumption status (daily
drinker), smoking behavior (current smoker), hemoglobin Alc (%), low-density lipoprotein cholesterol (mmol/L), trigly-
cerides (mmol/L), and the estimated glomerular filtration rate (mL/minute/l.73 m?).

Table 6. Factors associated with therapeutic failure in patients with chronic kidney disease and proteinuria
(n=68).

Univariate analysis Multivariate analysis

Model | Model 2

OR 95% ClI P OR 95% ClI P OR 95% ClI P

Body mass index (kg/mz) I.Il 095-1.31 020 1.19 098-145 096 120 092-1.57 0.18

Family history of hypertension 2.27 0.85-6.08 0.0 2.28 0.67-7.83 0.19 3.07 0.56-16.70 0.19

Family history of 0.82 0.11-6.20 0.85 0.24 0.02-3.25 0.28 0.09 0.01-2.26 0.14
cardiovascular disorders

Family history of 1.50 0.49-4.58 047 226 054-9.56 0.27 1.88 0.34-1052 047

cerebrovascular disorders
Antilipidemic medication (yes) 0.66 0.19-2.22 0.50 0.28 0.05-1.55 0.14 0.20 0.03-1.54 0.12

OR, odds ratio, Cl, confidence interval.

Model | was adjusted for age (years) and sex. Model 2 was adjusted for age (years), sex, alcohol consumption status
(daily drinker), smoking behavior (current smoker), hemoglobin Alc (%), low-density lipoprotein cholesterol (mmol/L),
triglycerides (mmol/L), and the estimated glomerular filtration rate (mL/minute/|.73 m?).

and those with coronary artery disease.  with diabetes had higher rates of hyperten-
There are several possible explanations for sion (80% vs. 54.7%, P < 0.001), awareness
the low achievement rates for reasons other (85.6% vs. 77.3%, P<0.001), and treat-
than the different thresholds. First, these = ment (85.8% vs. 76.7%, P <0.001), but a
patients often have difficulty controlling lower hypertension control rate (36.1% vs.
their BP to the strict target levels. A nation- 39.6% according to the 2018 European
wide, cross-sectional epidemiological survey  guidelines, P <0.001; 25.4% vs. 30.8%
in Italy enrolled 47,217 volunteers.”® This  according to the 2017 US guidelines,
Italian study reported that individuals = P<0.001) than individuals without
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Table 7. Factors associated with therapeutic failure in patients with diabetes (n=3115).

Univariate analysis

Multivariate analysis

OR 95%ClI P

Model | Model 2

OR 95%Cl P OR 95%ClI P

Body mass index (kg/m?) 113 1.11-1.16 <0.01

Family history of hypertension .14 0.99-1.32

Family history of 1.00 0.79-1.27
cardiovascular disorders

Family history of 0.93 0.78-1.10

cerebrovascular disorders
Antilipidemic medication (yes) 0.97 0.82-1.14

I.Il 1.08-1.14 <0.01 1.10 1.07-1.13 <0.0l

0.07 1.10 091-1.33 033 .12 091-1.36 0.28
099 0.78 0.58-1.05 0.10 0.79 0.58-1.07 0.I3

0.39 096 0.78-1.19 0.74 098 0.79-1.23 0.88

0.68 1.07 0.89-1.28 049 .14 0.94-1.38 0.19

OR, odds ratio, Cl, confidence interval.

Model | was adjusted for age (years) and sex. Model 2 was adjusted for age (years), sex, alcohol consumption status (daily
drinker), and smoking behavior (current smoker), hemoglobin Alc (%), low-density-lipoprotein cholesterol (mmol/L),
triglycerides (mmol/L), and the estimated glomerular filtration rate (mL/minute/I.73 m?).

Table 8. Factors associated with therapeutic failure in patients with chronic kidney disease without

proteinuria (n =420).

Univariate analysis

Multivariate analysis

Model | Model 2
OR 95% ClI OR 95% CI P OR 95% CI P

Body mass index (kg/mz) 1.06 0.99-1.13 0.08 1.06 0.99-1.13 0.10 1.05 097-1.13 0.24
Family history of hypertension 1.32 0.84-2.05 023 1[50 092-1.60 O0.I 136 081-228 0.25
Family history of 1.72 0.92-323 0.09 153 0.79-3.00 0.21 [.7I 0.83-354 0.15

cardiovascular disorders
Family history of 091 0.55-1.50 0.78 0.46-1.33 036 0.82 048-1.43 049

cerebrovascular disorders
Antilipidemic medication (yes) 1.10 0.66-1.85 0.71 124 0.73-2.12 043 1.04 0.58-1.86 0.90

OR, odds ratio, Cl, confidence interval.

Model | was adjusted for age (years) and sex. Model 2 was adjusted for age (years), sex, alcohol consumption status (daily
drinker), smoking behavior (current smoker), hemoglobin Alc (%), low-density lipoprotein cholesterol (mmol/L), trigly-
cerides (mmol/L), and the estimated glomerular filtration rate (mL/minute/|.73 m?).

diabetes. A cross-sectional survey that
examined 39,525 Italian patients with
hypertension who were followed up by gen-
eral practitioners reported that BP control
was inadequate in patients with CKD.** In
this Italian study, only 44% of patients
reached a BP target of <140/90mmHg
and 11% achieved <130/80 mmHg. These
findings suggest the necessity of placing
more focus on these patients and highlight

the importance of aggressive management
of the target BP to contribute to primary
and secondary prevention. The second
potential explanation for the low achieve-
ment rate of the target BP is a lower aware-
ness of hypertension guidelines in primary
care.”>*® A cross-sectional survey of 1,390
primary care physicians conducted in
Spain showed that only 58% of physicians
knew the contents of the guideline.”
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However, only 36% were using the guide-
lines in clinical practice. Additionally, a
questionnaire survey of 1,382 randomly
selected physicians that was conducted via
face-to-face interviews showed that most
physicians believed in the usefulness of
guidelines, but only 56.9% were actually
using a guideline.?® Although the majority
of physicians support the concept of guide-
lines, recommendations may vary by the
degree of acceptance. Therefore, general
physicians should be made more aware of
treatment goals recommended by relevant
guidelines and consider the risk factors for
each patient. The third potential explana-
tion for the low achievement rate of the
target BP is a low treatment compliance
and awareness of the normal range in BP,
dietary and exercise recommendations, and
smoking cessation.””*® An observational
cross-sectional study, which examined 342
Turkish  subjects with  hypertension,
reported that the number of patients who
had achieved their target BP and knew the
normal range of blood pressure was signif-
icantly higher than those who did not know
the normal range of blood pressure.”’
Additionally, treatment compliance was
significantly associated with better control
of hypertension. Another clinical study
reported that smokers were more prevalent
in the poorly controlled hypertension group
than in the well-controlled hypertension
group (P=0.001)."® In addition, the
number of patients who adhered to dietary
and exercise recommendations was greater
in the well-controlled hypertension group
than in the poorly controlled hypertension
group (P<0.001 for both). Therefore,
improvement of compliance, awareness,
and lifestyle modification are required for
better management of BP.

In the present study, BMI was associated
with a failure to achieve treatment goals.
Obesity is a classic risk factor for elevated
BP and also an important risk factor for
several lifestyle-related  disorders.? 3>

A single-center, prospective, cohort study
examined 4,766 individuals with hyperten-
sion and reported that BMI was negatively
and independently associated with prede-
fined BP goals for all types of BP measure-
ments.’® A multicenter, randomized,
clinical trial examined the efficacy of life-
style interventions for reducing BP over 3
to 4 years in the intervention group
(n=1595) and the usual care control group
(n=596).>' This trial reported that BP was
significantly lower in the intervention group
than in the control group at 6, 18, and 36
months. The risk ratio for hypertension in
the intervention group was 0.58 (95%
CI=0.36-0.94) at 6 months, 0.78 (95%
CI=0.62-1.00) at 18 months, and 0.81
95% CI=0.70-0.95) at 36 months.
Therefore, achieving the ideal body weight
is necessary to maintain better BP control.

Interestingly, our results indicate that a
history of taking dyslipidemia medication
was associated with a protective effect
against failure to achieve BP treatment
goals in the young, middle-aged, and
early-phase elderly patients without diabe-
tes mellitus or CKD. While this result
appears contradictory, one potential expla-
nation may be the association between BP
and the pharmacological effects of dyslipi-
demia medications, especially statins.* 3>
A previous survey evaluated the association
between the effects of statins on night-time
BP in 5,634 adults.® This previous study
reported that statin use was independently
associated with 24-hour (OR [95% CI:
1.513 [1.295-1.767]; P<0.001) and night-
time (OR [95% CIJ: 1.357 [1.161-1.587];
P <0.001) BP control recommendations of
European guidelines, even after adjustment.
A retrospective, observational study of
1,827 consecutive patients with essential
hypertension reported that those on statin
therapy showed better ambulatory BP con-
trol, even after adjustment for confounding
factors.®> In addition, analyses of groups
derived from propensity score matching
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(369 patients in each group) confirmed
these results (OR = 1.8 for 24-hour BP con-
trol; OR=1.6 for daytime BP control;
OR =.7 for night-time BP control, all
P <0.001). There are several possible
explanations for these previous findings.
In addition to the well-known effects
driven primarily by the statin-mediated
reduction in circulating LDL-C concentra-
tions, statin therapy is associated with fur-
ther vascular benefits, such as reduction in
free oxygen radicals and inflammatory
cytokines, and an improvement in endothe-
lial function.’®*” Better management of
lipid concentrations may also help maintain
target BP. Accordingly, comprehensive
management including lipid concentrations
may be required to ensure better treatment
of hypertension.

Our study has several limitations worth
noting. First, selection bias may have been
present because the participants comprised
only those who underwent a voluntary
health checkup in Miyagi and Iwate
Prefectures, Japan. As such, these partici-
pants may have been inherently more
aware of health behaviors relative to resi-
dents who did not participate in the health
checkup. Further analyses involving more
diverse cohorts are necessary. Second,
some important data were not collected,
such as information on details of medica-
tions taken for treating hypertension and
adherence to treatment. In addition, details
of specific medication regarding diabetes
mellitus and cardiocerebrovascular disor-
ders were unknown. These medications
might have modified the results. Further
analyses with collection of the details of
these specific medications are necessary.
Third, data were collected from 2013 to
2015, but the draft of the JSH2019 was
introduced in 2018 and published in 2019.
However, despite this lag, the threshold for
patients with diabetes mellitus and CKD
was similar to that of the JSH2009.
Therefore, our results may still be

applicable. Further studies examining data
collected after 2019 are required for an
actual evaluation. Fourth, some lifestyle-
related criteria were vague because this
information was collected from existing
questionnaires. Further studies using a
questionnaire focused on lifestyle character-
istics are required. Fifth, half of the partic-
ipants were excluded because of missing
data in the study. Our results might have
been modified if all participants were ana-
lyzed. Further analyses involving all partic-
ipants are necessary. Sixth, a family history
was not associated with failure to achieve
the target BP in this study. However, sever-
al previous studies have reported an associ-
ation between a family history and BP
control.*® The family history was collected
using a self-administrated questionnaire,
and this information might not have been
collected accurately. An accurate method of
collecting the family history needs to be
determined.

Conclusion

This study shows that the rate of achieving
BP treatment goals recommended by the
treatment guideline in hypertensive patients
in our study population in Japan is still low,
especially in patients with CKD and diabe-
tes mellitus. Body mass index and treatment
of dyslipidemia may be associated with the
control of BP. Our data indicate the impor-
tance of realizing BP goals. Better manage-
ment of obesity and dyslipidemia may
prevent future cardiovascular disorders by
ensuring better BP control.
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