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Age- Dependent Relationship of 
Hypertension Subtypes With Incident Heart 
Failure
Yuta Suzuki, MSc; Hidehiro Kaneko , MD; Yuichiro Yano , MD; Akira Okada , MD; Hidetaka Itoh , MD; 
Satoshi Matsuoka , MD; Katsuhito Fujiu, MD; Satoko Yamaguchi, MD; Nobuaki Michihata , MD;  
Taisuke Jo , MD; Norifumi Takeda , MD; Hiroyuki Morita, MD; Koichi Node , MD; Hyeon- Chang Kim , MD;  
Anthony J. Viera, MD; Suzanne Oparil , MD; Hideo Yasunaga , MD; Issei Komuro , MD

BACKGROUND: The prevalence of hypertension subtypes changes with age. However, little is known regarding the age- 
dependent association of hypertension subtypes with incident heart failure (HF).

METHODS AND RESULTS: We conducted an observational cohort study including 2 612 570 people (mean age, 44.0 years; 55.0% 
men). No participants were taking blood pressure– lowering medications or had a known history of cardiovascular disease. 
Participants were categorized as aged 20 to 49 years (n=1 825 756), 50 to 59 years (n=571 574), or 60 to 75 years (n=215 240). 
We defined stage 1 hypertension as systolic blood pressure (SBP) 130 to 139 mm Hg or diastolic blood pressure (DBP) 80 to 
89 mm Hg and stage 2 hypertension as SBP ≥140 mm Hg or DBP ≥90 mm Hg. Among participants with stage 2 hyperten-
sion, isolated diastolic hypertension was defined as SBP <140 mm Hg and DBP ≥90 mm Hg, isolated systolic hypertension 
as SBP ≥140 mm Hg and DBP <90 mm Hg, and systolic diastolic hypertension as SBP ≥140 mm Hg and DBP ≥90 mm Hg. 
During a mean follow- up of 1205±934 days, 43 415 HF, 4807 myocardial infarction, 45 365 angina pectoris, 22 179 stroke, and 
10 420 atrial fibrillation events occurred. Although the incidence of HF and other cardiovascular disease events increased with 
age, hazard ratios and relative risk reductions of each hypertension subtype for HF decreased with age. An age- dependent 
relationship between hypertension subtypes and incident HF was similarly observed in both men and women.

CONCLUSIONS: The contribution of isolated diastolic hypertension, isolated systolic hypertension, and systolic diastolic hyper-
tension to the development of HF and other cardiovascular disease events was attenuated with age, suggesting that preven-
tive efforts for blood pressure control could provide a greater benefit in younger individuals.
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Hypertension has several subtypes, including iso-
lated diastolic hypertension (IDH), isolated systolic 
hypertension (ISH), and systolic diastolic hyper-

tension (SDH), all of which may be associated with an 
elevated risk of cardiovascular disease (CVD). However, 
previous analyses of the relationship between IDH 
and ISH with incident CVD have yielded conflicting 
results,1– 3 and several issues remain to be clarified. 
Systolic blood pressure (SBP) increases with age, 

whereas diastolic blood pressure (DBP) decreases 
with age, and the prevalence of ISH and IDH changes 
with age. Therefore, the prognostic effect of each hy-
pertension subtype varies with age. Furthermore, lit-
tle is known about the age- dependent association 
between hypertension and its subtypes and incident 
CVD. Most preceding studies on the relationship be-
tween hypertension subtypes and CVD outcomes 
have analyzed the influence of hypertension subtypes 
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on the subsequent risk of overall CVD, ischemic heart 
disease, and stroke.4– 7 On the other hand, there have 
been scarce clinical data on the association of hyper-
tension subtypes with incident heart failure (HF). The 
prevalence of HF is increasing worldwide, and the 
public health importance of HF is becoming more in-
creasingly recognized. Furthermore, a previous study 
showed that the prognostic impact of each hyperten-
sion subtype on the future risk of developing HF might 
differ between men and women.1 Using a nationwide 
administrative claims database, we here examined (1) 

whether the association of each hypertension subtype 
with the incidence of HF varied with age, (2) whether 
the proportion of HF that are potentially preventable 
when blood pressure (BP) is lowered to the normal 
range was different between age categories, and (3) 
whether the influence of each hypertension subtype on 
the incidence of HF differed between men and women.

METHODS
The JMDC Claims Database is available for purchase 
from JMDC Inc. (https://www.jmdc.co.jp/en/index).

Study Population
We conducted this retrospective cohort study using 
the JMDC Claims Database (JMDC Inc., Tokyo, Japan), 
a health check- up and administrative claims database, 
between January 2005 and April 2020.2,8 The JMDC 
Claims Database includes the records of participants’ 
annual health check- up data, including data on BP, 
body mass index, medical history, current medications, 
and administrative claims records, including the diag-
nosis of CVDs based on the International Classification 
of Diseases, Tenth Revision (ICD- 10) coding. Among 
the 3  621  671 individuals with available health data, 
including physical examination and blood test data, 
we excluded individuals who met the following cri-
teria: (1) missing data on BP- lowering medications 
taken (n=225 645) or taking BP- lowering medications 
(n=325 952); (2) age <20 years (n=18 377); (3) history 
of CVD, including HF, myocardial infarction (MI), angina 
pectoris (AP), stroke, atrial fibrillation (AF), or dialysis 
(n=87 946); and (4) missing data on medications for the 
treatment of diabetes (n=208), dyslipidemia (n=136), 
cigarette smoking (n=14 917), and alcohol consump-
tion (n=335 920). The final study population included 
2 612 570 participants (Figure 1).

Ethics
This study was approved by the Ethical Committee 
of the University of Tokyo (number 2018- 10862) and 
was conducted in accordance with the Declaration of 
Helsinki. The requirement for informed consent was 
waived because all of the data contained in the JMDC 
Claims Database were deidentified after combining 
individual’s health check- up and administrative claims 
records.

Measurements and Definitions
Data on the following items were collected using stand-
ardized protocols at the health check- up: BP, body 
mass index, medication status, history of CVD or dialy-
sis, and fasting blood test data. In the Japanese health 
check- up system, trained health care professionals 

CLINICAL PERSPECTIVE

What Is New?
• Our analysis of a nationwide administrative 

claims database including 2  612  570 people 
showed that isolated diastolic hypertension, 
isolated systolic hypertension, and systolic di-
astolic hypertension were associated with an el-
evated risk for heart failure in all age categories 
(20– 49, 50– 59, and 60– 75 years).

• The hazard ratio and relative risk reduction of 
each hypertension subtype for heart failure de-
creased with age.

• This age- dependent relationship of hyperten-
sion subtypes was similarly seen in other car-
diovascular disease events.

What Are the Clinical Implications?
• The present analysis of a large- scale adminis-

trative claims database showed that all hyper-
tension subtypes increased the risk of heart 
failure and other cardiovascular disease events 
in all age categories.

• Although the incidence of heart failure and 
other cardiovascular disease events increased 
with age, the contribution of each hypertension 
subtype to the development of heart failure and 
other cardiovascular disease events was atten-
uated with age.

Nonstandard Abbreviations and Acronyms

AP angina pectoris
DBP diastolic blood pressure
IDH isolated diastolic hypertension
ISH isolated systolic hypertension
PAF population attributable fraction
RRR relative risk reduction
SBP systolic blood pressure
SDH systolic diastolic hypertension
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measure the BP at least twice after the participant has 
been in a resting condition using a mercury or aneroid 
sphygmomanometer or a validated automated device. 
The average BP values were recorded, based on the 
recommendations of the Ministry of Health, Labour and 
Welfare, and the Japanese Society of Cardiovascular 
Disease Prevention.8 Detailed BP measurement 
methods are summarized in Data S1. Consistent with 
guidelines, we defined stage 1 hypertension as SBP 
of 130 to 139 mm Hg or DBP of 80 to 89 mm Hg and 
stage 2 hypertension as SBP ≥140  mm  Hg or DBP 
≥90 mm Hg. Among participants with stage 2 hyper-
tension, IDH was defined as SBP <140 mm Hg and 
DBP ≥90 mm Hg, ISH as SBP ≥140 mm Hg and DBP 
<90 mm Hg, and SDH as SBP ≥140 mm Hg and DBP 
≥90 mm Hg. We defined nonhypertension (normoten-
sion) as SBP <130 mm Hg and DBP <80 mm Hg. We 
defined obesity as a body mass index ≥25 kg/m2. We 
defined diabetes as a fasting glucose level ≥126 mg/dL 
or use of glucose- lowering medications. We defined 
dyslipidemia as low- density lipoprotein cholesterol 
level ≥140 mg/dL, high- density lipoprotein cholesterol 
level <40 mg/dL, triglyceride level ≥150 mg/dL, or use 
of lipid- lowering medications.9 Information regard-
ing cigarette smoking (current or noncurrent) and al-
cohol consumption (every day or not every day) was 
self- reported.

Outcomes
Outcomes were collected between January 2005 
and April 2020. The primary outcome was HF. 
Secondary outcomes included MI, AP, stroke, and 

AF. ICD- 10 codes used in this study are summarized 
in Data S2.

Statistical Analysis
Continuous variables are presented as mean (SD), and 
categorical variables are presented as number (per-
centage). We categorized study participants by age 
category (20– 49, 50– 59, and 60– 75 years) based on 
a previous study using the Framingham Heart Study, 
which examined the age- dependent association be-
tween BP and incident CVD.4 We compared continu-
ous variables between the 3 age categories using 
analysis of variance, and categorical variables using 
χ2 tests with the Cramer V statistic to assess effect 
size. We conducted Cox regression analysis to identify 
the association of each hypertension subtype with the 
incidence of HF or other CVDs. Model 1 included hy-
pertension subtypes alone (unadjusted model). Model 
2 included hypertension subtypes, age, and sex, and 
we conducted the multivariable Cox regression analy-
ses (forced entry model). Furthermore, in model 3, we 
added conventional CVD risk factors, including obe-
sity, diabetes, dyslipidemia, cigarette smoking, and 
alcohol consumption, to model 2, and we performed 
the multivariable Cox regression analyses (forced entry 
model). The relative risk reduction (RRR) indicates the 
proportion of people with a disease that can be at-
tributed to each hypertension subtype, that is, the pro-
portional reduction expected to occur if the exposure 
to that particular risk factor (eg, IDH, ISH, and SDH) is 
reduced to the nonhypertension level. We estimated 
the RRR with its corresponding 95% CI, adjusted for 

Figure 1. Participant flowchart.
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the covariates included in the multivariable Cox regres-
sion model.

We analyzed the association between hyperten-
sion subtypes and incident HF stratified by sex. We 
performed 7 sensitivity analyses. First, we defined IDH 
as DBP ≥80 mm Hg and SBP <130 mm Hg, ISH as 
SBP ≥130 mm Hg and DBP <80 mm Hg, and SDH as 
SBP ≥130 mm Hg and DBP ≥80 mm Hg. Second, we 
defined stage 1 IDH as SBP <130 mm Hg and DBP 80 
to 89 mm Hg, stage 1 ISH as SBP 130 to 139 mm Hg 
and DBP <80 mm Hg, stage 1 SDH as SBP 130 to 
139 mm Hg and DBP 80 to 89 mm Hg, stage 2 IDH 
as SBP <140 mm Hg and DBP ≥90 mm Hg, stage 
2 ISH as SBP ≥140 mm Hg and DBP <90 mm Hg, 
and stage 2 SDH as SBP ≥140  mm  Hg and DBP 
≥90 mm Hg. Third, we changed the cutoff value of 
the age categories to 20 to 44, 45 to 54, and 55 to 
75  years. Fourth, we categorized the study partici-
pants using the tertiles of age (20– 40, 40– 48, 48– 
75  years). Fifth, as death could be regarded as a 
competing risk with HF events, we performed cause- 
specific Cox proportional hazard modeling as a com-
peting risks analysis.8 Sixth, to consider the influence 
of renal function, we added estimated glomerular 
filtration rate in model 3. Seventh, we analyzed the 
relationship of each hypertension subtype with all- 
cause mortality.

We calculated population attributable fraction (PAF), 
interpreted as the reduction that would be possible if 
each risk factor was normalized in the whole popula-
tion, using the following formula: RRR×(no. of events in 
people having a risk factor [eg, IDH, ISH, or SDH]/no. 
of total events).

The null hypothesis was rejected for (2- tailed) values 
of P<0.05. Statistical analyses were performed using 
SPSS version 25 (IBM Inc., Armonk, NY) and Stata ver-
sion 17 (StataCorp LLC, College Station, TX).

RESULTS
Baseline Characteristics
The baseline characteristics of the study participants 
are summarized in Table 1. Participants were catego-
rized into the following age groups according to their 
age at the baseline health check- up: 20 to 49  years 
(n=1 825 756), 50 to 59 years (n=571 574), and 60 to 
75 years (n=215 240). The prevalence of stage 1 hy-
pertension, ISH, and SDH increased with age. Among 
participants with stage 2 hypertension, the prevalence 
of IDH decreased from 30.9% in those aged 20 to 
49  years to 13.6% in those aged 60 to 75  years. In 
contrast, the prevalence of ISH among participants 
with stage 2 hypertension increased from 23.7% in 
those aged 20 to 49 years to 43.8% in those aged 60 
to 75 years.

Incidence of HF and Hazard Ratios of 
Each Hypertension Subtype Stratified by 
Age
The incidence of HF and the hazard ratios (HRs) of the 
hypertension subtypes for HF stratified by age group 
are summarized in Figure 2. During a mean±SD follow-
 up of 1205±934 days and a median (quartile 1– quartile 
3) of 954 (501– 1701) days, 43  415 HF events were 
recorded. The incidence of HF increased with age. 
Compared with normal BP, stage 1 hypertension, IDH, 
ISH, and SDH were all associated with a greater inci-
dence of HF in the 3 age categories. The HRs of stage 
1 hypertension, IDH, ISH, and SDH for HF decreased 
with age. Compared with nonhypertension, HRs (95% 
CIs) of stage 1 hypertension, IDH, ISH, and SDH for HF 
were 1.35 (1.31– 1.40), 2.03 (1.90– 2.16), 1.96 (1.81– 2.11), 
and 3.10 (2.95– 3.25), respectively, in participants aged 
20 to 49 years. HRs (95% CIs) of stage 1 hypertension, 
IDH, ISH, and SDH for HF in participants aged 50 to 
59 years were 1.28 (1.23– 1.33), 1.63 (1.52– 1.75), 1.72 
(1.60– 1.84), and 2.12 (2.02– 2.23), respectively. HRs 
(95% CIs) of stage 1 hypertension, IDH, ISH, and SDH 
for HF in participants aged 60 to 75 years were 1.14 
(1.08– 1.21), 1.36 (1.19– 1.54), 1.44 (1.34– 1.56), and 1.72 
(1.60– 1.85), respectively.

Incidence of Other CVDs and HRs of Each 
Hypertension Subtype Stratified by Age
The incidence of MI, AP, stroke, and AF, and the HRs of 
each hypertension subtype for these CVD events strat-
ified by age group are summarized in Table 2. During 
the follow- up period, 4807 MI events, 45  365 APs, 
22 179 strokes, and 10 420 AF events were recorded. 
The incidence of all CVD events increased with age. 
Compared with nonhypertension, stage 1 hyperten-
sion, IDH, ISH, and SDH were all associated with a 
greater incidence of MI, AP, stroke, and AF in the 3 age 
categories.

Relative Risk Reduction
The RRR of stage 1 hypertension, IDH, ISH, and SDH 
for HF and other CVDs, including MI, AP, stroke, and 
AF events, are summarized in Table S1 and Figure 3. 
The RRR of stage 1 hypertension, IDH, ISH, and SDH 
for HF events decreased with age. The RRR of stage 
1 hypertension, IDH, ISH, and SDH for MI, AP, stroke, 
and AF events also decreased with age, except for the 
RRR of stage 1 hypertension for MI and the RRR of 
IDH for MI and AF.

Stratified Analysis by Sex
The number of HF events, incidence of HF events, and 
HRs of hypertension subtypes for HF events strati-
fied by sex are presented in Figure  S1. Multivariable 
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Cox regression analyses showed that, compared with 
nonhypertension, stage 1 hypertension, IDH, ISH, and 
SDH were associated with an increased incidence of 
HF in all age categories in both men (Figure S1A) and 
women (Figure S1B). The RRR of stage 1 hypertension, 
IDH, ISH, and SDH for HF decreased with age in both 
men and women (Table S2 and Figure 4).

Sensitivity Analyses
First, even when we categorized stage 1 and stage 2 
hypertension into IDH, ISH, and SDH, IDH, ISH, and 
SDH were associated with a higher risk of HF events 
in all age categories (Figure S2). Second, we catego-
rized stage 1 hypertension into stage 1 IDH, ISH, and 
SDH and stage 2 hypertension into stage 2 IDH, ISH, 
and SDH. The relationship between each hyperten-
sion subtype and incident HF was attenuated with age 
(Figure  S3). Third, we categorized study participants 
into people aged 20 to 44 years (n=1 378 067), 45 to 
54 years (n=786 922), and 55 to 75 years (n=447 581). 
In this model, the HRs of stage 1 hypertension, IDH, 

ISH, and SDH for HF decreased with age as well 
(Figure  S4). Fourth, when we categorized the study 
participants by the tertile of age, our main results did 
not change (Figure  S5). Fifth, the main results were 
unchanged in the cause- specific Cox proportional 
hazard modeling as a competing risks analysis. In 
participants aged 20 to 49 years, compared with par-
ticipants without hypertension, the HRs (95% CIs) of 
stage 1 hypertension, IDH, ISH, and SDH for HF were 
1.35 (1.31– 1.40), 2.03 (1.90– 2.16), 1.96 (1.81– 2.11), and 
3.10 (2.95– 3.25), respectively. In participants aged 50 
to 59  years, compared with participants without hy-
pertension, the HRs (95% CIs) of stage 1 hyperten-
sion, IDH, ISH, and SDH for HF were 1.28 (1.23– 1.33), 
1.63 (1.52– 1.75), 1.72 (1.60– 1.84), and 2.12 (2.02– 2.23), 
respectively. In participants aged 60 to 75 years, com-
pared with participants without hypertension, the HRs 
(95% CIs) of stage 1 hypertension, IDH, ISH, and SDH 
for HF were 1.14 (1.08– 1.21), 1.36 (1.19– 1.54), 1.44 
(1.34– 1.56), and 1.72 (1.60– 1.85), respectively. Sixth, 
we analyzed 1  029  517 participants with available 
data on estimated glomerular filtration rate. Even after 

Table 1. Characteristics of Study Participants

Ages 20 to 49 y
(n=1 825 756)

Ages 50 to 59 y
(n=571 574)

Ages 60 to 75 y
(n=215 240) P value

Systolic BP, mm Hg, mean (SD) 115 (15) 121 (17) 126 (18) <0.001

Diastolic BP, mm Hg, mean (SD) 71 (11) 76 (12) 77 (11) <0.001

BP classification, n (%)

Nonhypertension 1 370 035 (75.0) 328 157 (57.4) 107 472 (49.9)

Stage 1 hypertension 322 516 (17.7) 148 267 (25.9) 59 294 (27.5)

Stage 2 hypertension

Isolated diastolic 
hypertension

41 147 (2.3) 24 558 (4.3) 6579 (3.1)

Isolated systolic 
hypertension

31 511 (1.7) 24 260 (4.2) 21 255 (9.9)

Systolic diastolic hypertension 60 547 (3.3) 46 332 (8.1) 20 640 (9.6)

Age, y, mean (SD) 38.7 (7.4) 53.9 (2.8) 63.5 (3.3) …

Men, n (%) 1 003 021 (54.9) 313 155 (54.8) 121 082 (56.3) <0.001

Body mass index, kg/m2, mean 
(SD)

22.6 (3.8) 22.8 (3.4) 22.5 (3.0) <0.001

Obesity, n (%) 395 231 (21.6) 130 877 (22.9) 41 695 (19.4) <0.001

Diabetes, n (%) 30 822 (1.7) 28 990 (5.1) 18 141 (8.4) <0.001

Dyslipidemia, n (%) 560 441 (30.7) 282 598 (49.4) 119 028 (55.3) <0.001

Fasting glucose, mg/dL, mean 
(SD)

91 (14) 97 (19) 100 (20) <0.001

LDL- C, mg/dL, mean (SD) 116 (31) 130 (31) 132 (31) <0.001

HDL- C, mg/dL, mean (SD) 63 (16) 66 (18) 66 (17) <0.001

Triglyceride, mg/dL, mean (SD) 96 (79) 109 (84) 109 (72) <0.001

Cigarette smoking, n (%) 474 635 (26.0) 144 742 (25.3) 44 787 (20.8) <0.001

Alcohol consumption, n (%) 342 884 (18.8) 159 773 (28.0) 64 017 (29.7) <0.001

P values were calculated using χ2 tests for categorical variables and analysis of variance for continuous variables. Based on age at health check- up, study 
participants were categorized into the following age groups: 20 to 49 years (n=1 825 756), 50 to 59 years (n=571 574), and 60 to 75 years (n=215 240). Cramer 
V values were as follows: BP classification, 0.16; men (sex), 0.01; obesity, 0.02; diabetes, 0.13; dyslipidemia, 0.20; cigarette smoking, 0.03; and alcohol 
consumption, 0.11. BP indicates blood pressure; HDL- C, high- density lipoprotein cholesterol; and LDL- C, low- density lipoprotein cholesterol.
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adding estimated glomerular filtration rate to model 3, 
our main results did not change (Figure S6). Seventh, 
although the all- cause mortality increased with age, 
HRs of each hypertension subtype for all- cause mor-
tality decreased with age (Figure S7).

Population Attributable Fraction
PAFs of each hypertension subtype are summarized in 
Figure S8. Compared with the results of RRR, the age- 
dependent tendency of PAF was not clear.

DISCUSSION
The current study used data from a nationwide admin-
istrative claims database, including a general popu-
lation of >2.5 million people, with no history of CVD 
and not taking BP- lowering medications. The results 
demonstrated that although all hypertension subtypes 
were associated with increased risk of incident HF in 
all age categories, all hypertension subtypes conferred 
a higher proportion of HF events and a greater RRR 
in younger than in older people. To the best of our 
knowledge, this is the largest study to present age- 
associated differences in the strength of associations 
between hypertension subtypes and the incidence of 
HF.

Although hypertension is known to increase the risk 
of HF, data on the relationship between hypertension 

subtypes and the incidence of HF are limited. The 
pathological mechanisms and hemodynamic pat-
terns differ between IDH and ISH. Increased vascu-
lar resistance is a major feature of IDH (higher DBP), 
whereas higher stroke volume and/or increased aortic 
stiffness are major contributors to ISH (higher SBP).10 
Considering these differences in the pathological basis 
of IDH and ISH, the prognostic value of IDH and ISH for 
HF and other CVD events may vary.

Consistent with previous studies, we confirmed that 
the proportion of IDH was lower, and that of ISH was 
higher, in older compared with younger people. Despite 
the differences in the proportion of IDH and ISH among 
age categories, the contribution of IDH, ISH, and SDH 
to HF declined with age. An age- dependent relation-
ship with hypertension subtypes was also observed in 
other forms of CVD, including MI, AP, stroke, and AF, 
except for stage 1 hypertension for MI and IDH for MI 
and AF. Although hypertension is known to be asso-
ciated with an elevated risk of CVD events in young 
adults,5 it is clinically important that this relationship is 
stronger in young people than in older people.

These results are consistent with findings of previous 
studies suggesting that the association of hypertension 
with CVD outcomes is attenuated with advancing age.6,11 
However, the current study is the first to demonstrate 
the age- dependent relationship of each hypertension 
subtype with incident HF and with various CVD events 
using a large- scale epidemiological data set. In addition, 

Figure 2. Hypertension subtype and heart failure event.
Number of heart failure events, incidence (per 10 000 person- years), and hazard ratio (95% CI) of each hypertension subtype for heart 
failure are shown.
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by calculating the RRR of each hypertension subtype, 
we showed the clinical impact of normalizing the BP of 
each hypertension subtype. Moreover, we confirmed 
the robustness of the results through sensitivity analyses 
using different definitions of hypertension subtypes and 
cutoff values for age categories.

There are several possible explanations for our results. 
Baseline CVD risk in young people is generally low, and 

therefore the influence of hypertension would be more 
pronounced in younger adults. In contrast, the aging pro-
cess and its associated pathological changes would make 
large contributions to the development of HF or other CVD 
events (eg, cardiac fibrosis in HF with preserved ejection 
fraction), which would overwhelm the influence of hyper-
tension in older people. Further investigations are needed 
to clarify the underlying mechanisms of our results.

Figure 3. Relative risk reduction.
Relative risk reductions of stage1 hypertension, isolated diastolic hypertension, isolated systolic hypertension, and systolic diastolic 
hypertension for heart failure (HF), myocardial infarction (MI), angina pectoris (AP), stroke, and atrial fibrillation (AF) according to age 
category are shown.

Figure 4. Relative risk reduction stratified by sex.
Relative risk reductions of stage1 hypertension, isolated diastolic hypertension, isolated systolic hypertension, and systolic diastolic 
hypertension for heart failure according to age category among men and women are shown.
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Furthermore, given sex differences in hormonal in-
fluences, cardiovascular biology, and social environ-
mental factors,12 there may be a difference between 
sexes in the prognostic value of IDH and ISH for the 
development of CVD including HF. The increase in BP 
with age is steeper in women than in men and begins 
at a younger age.13 Moreover, the influence of BP on 
CVD outcomes is more pronounced in women than in 
men.14 An analysis of the Chicago Heart Association 
Detection Project in Industry Study of young and 
middle- aged adults showed that the CVD risk of ISH 
in men was similar to the CVD risk in men with high- 
normal BP and was lower than that of IDH, whereas 
the CVD risk of ISH in women was higher than that 
of women with high- normal BP or IDH.1 The present 
study showed a similar influence of IDH, ISH, and SDH 
on the risk of HF events in men and women. An attenu-
ated relationship between each hypertension subtype 
and incident HF with age was seen in both men and 
women. On the other hand, the RRR of stage 1 hyper-
tension and IDH seemingly decreased less in women 
than in men particularly for the age category of 60 to 
75  years. These results need to be confirmed using 
other independent data sets.

The present study has several clinical implications. 
The importance of hypertension in young adults is fre-
quently underestimated, and elevated BP is often left 
without adequate evaluation and treatment. For exam-
ple, ISH in young adults is sometimes thought to be 
a “false” or “spurious” hypertension. Furthermore, IDH 
tends to be disregarded because the prognostic influ-
ence of DBP is thought to be lower than that of SBP. 
However, similar to our results, the importance of ISH 
and IDH in the development of CVD in young adults 
has been shown in other studies.1,15 Furthermore, even 
people aged 20 to 49 years with stage 1 IDH and ISH 
were at a higher risk for HF than individual without 
hypertension, as shown in Figure  S3. Therefore, we 
should not underestimate the clinical significance of 
IDH and ISH, even in young people. Because the prev-
alence of hypertension (particularly ISH) is increasing 
in young adults as a result of the obesity epidemic16,17 
and the incidence of CVD in young people is increasing 
or stagnating compared with the older population, the 
optimal management of each hypertension subtype 
may provide greater than expected benefit to prevent 
future CVD events in young adults. However, it should 
also be noted that our results did not deny the impor-
tance of hypertension in older people. As shown in 
Figure S7, the age- dependent relationship of the PAF 
for each hypertension subtype was not clear com-
pared with that of the RRR because the PAF is strongly 
influenced by the prevalence of each risk factor and 
the prevalence of each hypertension subtype is lower 
in younger people than in older people. For example, 
the RRR of ISH for HF decreased with age as shown 

in Figure 3, whereas the prevalence of ISH increased 
with age and the PAF of ISH for HF also increased 
with age. From this point of view, even if the RRR of 
each hypertension subtype decreased with age, the 
clinical importance of BP control should not be under-
estimated in older people. Rather, results of the pres-
ent study simply indicate that the underlying strength 
of relationship of each hypertension subtype with the 
risk for developing HF is relatively greater in younger 
people, which should motivate efforts to manage each 
hypertension subtype early in life.

From a public health perspective, increasing aware-
ness of hypertension is also important. Young adults 
are reported to be less aware of the importance of con-
trolling risk factors such as hypertension.18,19 Specific 
measures focusing on the younger generation (eg, in-
formation technology such as smartphone apps and 
Internet of Things) are needed to improve the quality 
of care for young patients with hypertension. Indeed, 
a novel interactive smartphone app with a web- based 
patient management system has recently been re-
ported to improve the control of hypertension.20 Such 
cutting- edge technology is highly anticipated for the 
treatment of hypertension in the population.

Strengths of the present study include the use of a 
large administrative claims database with a high reten-
tion of study participants. The JMDC Claims Database 
includes administrative insurance claims data from 
participants’ insurance programs in a deidentified for-
mat. In particular, this database can track an individual 
as long as he/she remains under the same insurance 
coverage, and therefore clinical event data (eg, the di-
agnosis of HF) can be obtained even if the individual 
visits multiple medical providers.

This study has several limitations that warrant dis-
cussion. First, the BP measurements taken on a single 
occasion (eg, health check- up) may not fully represent 
the BP phenotype of the study participants. Second, 
although trained health care professionals (eg, nurses) 
measured the BP of the study participants based on 
the standard protocol recommended by the Japanese 
Ministry of Health, Labour and Welfare,8 adherence to 
this BP measurement protocol could be limited on a 
nationwide scale. We have no data on the compliance 
rate for this protocol. We measured BP using a mer-
cury or aneroid sphygmomanometer or a validated 
automated device. Using different measuring methods 
would lead to biased results. Third, the diagnoses re-
corded in administrative databases are generally con-
sidered to be less well validated than those recorded 
in prospective registries. However, our data on the in-
cidence of CVD from the JMDC Claims Database are 
comparable with other epidemiological data in Japan.21 
Fourth, this data set primarily included an employed 
population. Therefore, a selection bias (ie, a healthy 
worker bias) may be present. Further investigations are 
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needed to determine whether our results can be gen-
eralized to other populations of different ethnicities and 
races or socioeconomic levels. Fifth, data on cause of 
death and the cause of HF (eg, HF with reduced or 
preserved ejection fraction) were not available in the 
JMDC Claims Database. Sixth, regarding the catego-
rization of smoking and alcohol consumption, we cat-
egorized study participants into current or noncurrent 
smoker and drinking alcohol every day or not every 
day based on self- reported questionnaire at health 
check- up. This categorization is somewhat simplistic 
and may have caused a bias. Finally, the JMDC Claims 
Database does not include people aged >75  years. 
Therefore, we could not assess the association of hy-
pertension subtypes with incident HF and other CVD 
events in the very elderly population.

CONCLUSIONS
Our analysis of a large- scale administrative claims data-
base demonstrated that the incidence of HF increased 
with age and that all hypertension subtypes were associ-
ated with an increased incidence of HF in all age catego-
ries. Despite this, the contribution of each hypertension 
subtype to the development of HF was attenuated with 
age. Optimal BP control is indispensable across the life 
course to reduce the burden of HF. In particular, preven-
tive efforts for BP control have the potential to provide a 
greater benefit in younger individuals.
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SUPPLEMENTAL MATERIAL  



Data S1. Methods of Blood Pressure Measurement 
1. The auscultation method should use an accurately calibrated mercury or aneroid 
sphygmomanometer. A calibrated electronic sphygmomanometer can also be used. 
2. Healthcare professionals should choose the correct cuff size and wrap the cuff around 
the arm, with the center of the cuff bladder over the brachial artery. The stethoscope, 
standard sphygmomanometers, and cuff and bulb should be checked regularly to ensure 
that BP measurements have a standardized high level of accuracy and precision. The 
appropriate BP cuff size should be determined by measuring the participant’s arm 
circumference at the mid-point between the acromion and olecranon. A cuff with a 
bladder 13 cm wide and 22–24 cm long should be used for the auscultation method. A 
pediatric cuff should be used for a brachial girth less than 27 cm, and a large adult cuff 
for an arm girth ≥34 cm. 
3. Caffeine, eating, heavy physical activity, smoking, and talking should be avoided 
before measurement. 
4. Research staff should measure right-arm brachial artery blood pressure two times after 
the participant had been sitting in a quiet room for 5 minutes in a seated position on a 
chair with back support and the participant’s legs uncrossed. The inner aspect of the bend 
at the elbow (cubital fossa) should be maintained at heart level.  
5. Measurement: The cuff should rapidly be inflated while palpating the radial or brachial 
artery, and the stethoscope should be used after blood pressure has risen to 20-30 mmHg 
or more above the pulse rate disappearing level. The cuff should be slowly deflated (2 
mmHg per second). Staff should record the 1st and 5th Korotkoff sounds, rounding the 
pressure in mmHg to the nearest even number and recording it. 
6. The measurements should be performed two times at an interval of ≥ 1 min, and the 
mean value of two measurements that provide stable values (difference in the values: 
<5 mmHg) should be used for the analyses. 

  



Data S2. ICD-10 Codes 
Heart Failure: I500, I501, I509, and I110 
Myocardial Infarction: I210–I214, and I219 
Angina Pectoris: I200, I201, I208, and I209 
Stroke: I630, I631–I636, I638, I639, I600–I611, I613–I616, I619, I629, and G459 
Atrial Fibrillation: I480–I484, and I489 

  



Table S1. Relative Risk Reduction of Hypertension Subtype for Heart Failure and Other Cardiovascular Disease 
 20-49 Years 

(n=1,825,756) 
50-59 Years 
(n=571,574) 

60-75 Years 
(n=215,240) 

Heart Failure    
Stage 1 Hypertension 26.1 (23.5-28.6) 21.7 (18.5-24.7) 12.2 (7.0-17.1) 
Isolated Diastolic Hypertension 50.7 (47.3-53.8) 38.7 (34.2-43.0) 26.3 (16.2-35.2) 
Isolated Systolic Hypertension 48.9 (44.9-52.6) 41.7 (37.5-45.7) 30.6 (25.1-35.8) 
Systolic Diastolic Hypertension 67.7 (66.1-69.2) 52.9 (50.4-55.3) 41.8 (37.3-45.9) 
Myocardial Infarction    
Stage 1 Hypertension 26.2 (18.3-33.4) 35.9 (28.3-42.6) 17.4 (2.0-30.4) 
Isolated Diastolic Hypertension 45.2 (33.6-54.8) 38.3 (24.3-49.7) 50.9 (32.8-64.2) 
Isolated Systolic Hypertension 54.9 (44.4-63.4) 47.4 (35.6-57.0) 24.7 (4.2-40.9) 
Systolic Diastolic Hypertension 59.0 (52.6-64.5) 47.5 (38.8-55.0) 40.1 (25.1-52.1) 
Angina Pectoris    
Stage 1 Hypertension 18.0 (15.3-20.6) 15.7 (12.4-18.8) 10.5 (5.1-15.5) 
Isolated Diastolic Hypertension 33.7 (29.0-38.0) 28.6 (23.3-33.5) 14.0 (1.2-25.1) 
Isolated Systolic Hypertension 39.5 (34.7-43.9) 30.6 (25.5-35.4) 14.9 (7.6-21.7) 
Systolic Diastolic Hypertension 47.5 (44.7-50.2) 37.5 (34.1-40.7) 23.0 (16.5-29.0) 
Stroke    
Stage 1 Hypertension 28.6 (24.8-32.2) 21.9 (17.7-25.9) 13.9 (7.5-19.9) 
Isolated Diastolic Hypertension 55.4 (50.9-59.5) 41.5 (35.7-46.7) 33.3 (22.0-43.0) 
Isolated Systolic Hypertension 42.6 (35.0-49.3) 29.6 (22.1-36.3) 23.3 (15.4-30.5) 
Systolic Diastolic Hypertension 70.6 (68.5-72.6) 56.1 (53.1-58.9) 45.5 (40.4-50.2) 
Atrial Fibrillation    
Stage 1 Hypertension 19.7 (13.6-25.5) 17.5 (11.0-23.5) 3.7 (-6.6 - +13.0) 



Isolated Diastolic Hypertension 29.8 (18.3-39.6) 31.1 (21.2-39.8) 37.0 (23.4-48.3) 
Isolated Systolic Hypertension 35.1 (22.4-45.7) 35.3 (25.5-43.9) 15.2 (2.2-26.5) 
Systolic Diastolic Hypertension 50.5 (44.6-55.8) 37.3 (30.4-43.5) 25.9 (15.3-35.2) 
The relative risk reduction (%) of hypertension subtypes for heart failure and other cardiovascular events was calculated after adjusting for 
covariates including age, sex, obesity, diabetes mellitus, dyslipidemia, cigarette smoking, and alcohol consumption. 

  



Table S2. Relative Risk Reduction of Hypertension Subtype for Heart Failure Stratified by Sex 
 Men   Women   
 20-49 Years 

(n=1,003,021) 
50-59 Years 
(n=313,155) 

60-75 Years 
(n=121,082) 

20-49 Years 
(n=822,735) 

50-59 Years 
(n=258,419) 

60-75 Years 
(n=94,158) 

Heart Failure       
Stage 1 Hypertension 26.1  

(22.9-29.0) 
21.7 
(17.8-25.3) 

9.8 
(3.1-15.9) 

26.9 
(22.3-31.3) 

22.4 
(16.8-27.7) 

16.3 
(7.7-24.1) 

Isolated Diastolic Hypertension 50.8 
(47.1-54.3) 

38.2 
(33.1-42.9) 

21.5 
(9.1-32.2) 

49.6 
(41.4-56.7) 

43.2 
(32.9-52.0) 

40.8 
(22.4-54.8) 

Isolated Systolic Hypertension 49.6 
(44.8-54.0) 

44.2 
(39.0-49.0) 

30.0 
(22.8-36.5) 

48.6 
(41.4-55.1) 

37.4 
(29.5-44.3) 

31.1 
(22.0-39.2) 

Systolic Diastolic Hypertension 68.3 
(66.5-70.0) 

53.6 
(50.8-56.3) 

41.7 
(36.4-46.5) 

65.9 
(62.4-69.0) 

50.9 
(45.8-55.6) 

40.5 
(31.4-48.3) 

The relative risk reduction (%) of hypertension subtypes for heart failure and other cardiovascular events was calculated after adjusting 
for covariates including age, obesity, diabetes mellitus, dyslipidemia, cigarette smoking, and alcohol consumption. 

 
  



 
  



 

 
  



 

 
  



 

 
  



 

 
  



 

 
 
  



 

 
  



 

 
 



 


