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ORIGINAL RESEARCH

Blood Pressure and Cardiovascular 
Disease in Older Patients With Diabetes: 
Retrospective Cohort Study
Sangmo Hong , MD, PhD*; Jung Hwan Park , MD, PhD*; Kyungdo Han , PhD; Chang Beom Lee , MD, 
PhD; Dong Sun Kim , MD, PhD; Sung Hoon Yu , MD, PhD

BACKGROUND: Blood pressure (BP) targets in elderly patients with diabetes remain unclear. We evaluated the association be-
tween BP and cardiovascular disease in elderly patients with diabetes without cardiovascular disease or heart failure.

METHODS AND RESULTS: We performed a retrospective cohort study of 225 563 elderly (aged ≥65 years) patients with diabetes 
without cardiovascular disease or heart failure from 2009 to 2017 using the National Health Information Database. We divided 
the participants by systolic BP (SBP) and diastolic BP. Primary composite outcomes were stroke, myocardial infarction, heart 
failure, and all- cause death analyzed by Cox proportional hazards regression analysis adjusted for baseline covariates. During 
a median follow- up of 7.76 years, the incidence rate of primary composite outcomes was 26.62 per 1000 person- years. In 
multivariable Cox proportional hazard modeling, the risk of the primary outcome had a U- curved association with SBP/di-
astolic blood pressure with a nadir between 120 and 129 mm Hg/65 and 69 mm Hg, respectively. Hypertension medication 
was associated with lower risk of primary composite outcomes in SBP ≥140 mm Hg (P for interaction for SBP <0.001) and 
diastolic blood pressure ≥90 mm Hg (P for interaction for diastolic blood pressure=0.018). In participants aged ≥80 years, 
SBP ≥160 mm Hg was only a marginally higher risk for primary composite outcomes (hazard ratio=1.11; 95% CI, 0.98– 1.24).

CONCLUSIONS: In this large sample of older Korean patients with diabetes, cardiovascular events were more common in peo-
ple with resting SBP or diastolic BP ≥140 or 95 mm Hg, respectively, and also more common in people with resting SBP or 
diastolic BP <120 or 65 mm Hg, respectively.

Key Words: diastolic blood pressure ■ hypertension ■ myocardial infarction ■ stroke ■ systolic blood pressure

In patients with diabetes, hypertension is common 
(60%– 85%)1– 3 and is a major risk factor for both 
macrovascular and microvascular complications.4,5 

There is considerable evidence of the benefits of 
blood pressure (BP) control in patients with diabetes 
with hypertension to reduce the major macrovascular 
and microvascular complications of diabetes, as well 
as reduce mortality.6– 8 A meta- analysis of 13 random-
ized controlled trials involving patients with diabetes or 
prediabetes showed that a reduction in systolic blood 

pressure (SBP) to 131 to 135 mm Hg reduced the risk 
of all- cause mortality by 13%, whereas more intensive 
SBP control (≤130 mm Hg) was only associated with a 
greater reduction in strokes.9

The global population aged ≥60 years has more than 
doubled since 1980. One- third of older people (aged 
>60  years) have diabetes. The association between 
elevated SBP and the risk of cardiovascular morbidity 
and mortality in the older population is also significantly 
positive.10,11 Hence, BP control is also expected to offer 

Correspondence to: Sung Hoon Yu, MD, PhD, Division of Endocrinology and Metabolism, Department of Internal Medicine, Hanyang University Guri Hospital, 
153, Gyeongchun- ro, Guri- si, Gyeonggi- do, 11923 Republic of Korea. E- mail: physicianyu@daum.net

*S. Hong and J. H. Park are co– first authors.

Supplementary Material for this article is available at https://www.ahajo urnals.org/doi/suppl/ 10.1161/JAHA.121.020999

For Sources of Funding and Disclosures, see page 12.

© 2021 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative 
Commons Attribution- NonCommercial- NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use 
is non- commercial and no modifications or adaptations are made. 

JAHA is available at: www.ahajournals.org/journal/jaha

https://orcid.org/0000-0002-8535-0565
https://orcid.org/0000-0003-3941-4836
https://orcid.org/0000-0002-9622-0643
https://orcid.org/0000-0003-4891-834X
https://orcid.org/0000-0003-1256-7648
https://orcid.org/0000-0003-4391-4526
mailto:
mailto:physicianyu@daum.net
https://www.ahajournals.org/doi/suppl/10.1161/JAHA.121.020999
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha


J Am Heart Assoc. 2021;10:e020999. DOI: 10.1161/JAHA.121.020999 2

Hong et al BP in Older Patients With Diabetes

benefits in older people and becomes increasingly im-
portant in the prevention of cardiovascular disease 
(CVD). However, little information is available on target 
BP levels in older patients with hypertension with type 
2 diabetes, and there is some discrepancy in BP tar-
gets among guidelines.12– 15

In this study, we evaluated the potential relation-
ships between BP level, CVD events, and mortality in 
older patients with diabetes without CVD using a large- 
scale population data set from the National Health 
Information Database (NHID).

METHODS
Anonymized data and materials have been made 
publicly available through National Health Insurance 
Sharing Service and can be accessed at https://nhiss.
nhis.or.kr/.

Study Database
Data used in our analysis were from the NHID, a public 
database on health care use and health screening that 
contains sociodemographic and mortality information 
for the entire population of South Korea. The NHID 
contains data for the years 2002 to 2017. The NHID, 
which is produced by the National Health Insurance 
Service, was launched in 2000 by integrating 375 in-
surance associations. The National Health Insurance 
Service provides, through the national health screen-
ing program, regular health checkups and cancer 
screenings biannually at no cost for all insured Koreans 
aged >40 years. The NHID provides longitudinal data 
for 97% of the Korean population, with linkage to the 
National Death Registry and the national health screen-
ing program.16,17 This latter program was initiated in 
2009 and includes a medical interview and postural 
examination, chest x- ray examination, blood test (in-
cluding fasting plasma glucose and triglyceride levels), 
urine test, dental screening, and other tests. Approval 
for the study protocol was obtained from the institu-
tional review board of Hanyang University Guri Hospital 
(GURI 2020- 08- 016). The need for informed consent 
was waived by the board.

Study Participants
This was a retrospective cohort study that included 
249  903 individuals. From the NHID, 922  061 peo-
ple with diabetes participated in the national health 
screening program in 2009. Among the 922 061 par-
ticipants, 642 042 individuals aged <65 years, 12 250 
patients with a history of stroke, 6843 patients with a 
history of myocardial infarction (MI), 24  340 patients 
with a history of heart failure (HF), and 11  023 indi-
viduals lacking complete data were excluded from our 
study. Therefore, the total number of eligible partici-
pants was 225 563. Participants were categorized into 
8 groups by SBP and 9 groups by diastolic blood pres-
sure (DBP).

Definitions of Diabetes and Study 
Outcomes (Cardiovascular Events and 
Death)
Patients with type 2 diabetes were identified from 
the insurance claims data as having at least 1 claim 
per year for the prescription of antidiabetic medica-
tion under International Classification of Diseases, 
Tenth Revision (ICD- 10) diagnostic codes E11 to E14, 
or from national health screening program data as 
having fasting plasma glucose of ≥126  mg/dL. The 
primary outcome of the study was a composite of 
nonfatal stroke, nonfatal MI, nonfatal HF, and all- 
cause death. Secondary outcomes were newly diag-
nosed MI, stroke, HF, or all- cause death. Stroke was 

CLINICAL PERSPECTIVE

What Is New?
• In this large sample of older Korean patients with 

diabetes, the risk of cardiovascular events had a 
U- curved association with systolic blood pres-
sure/diastolic blood pressure with a nadir be-
tween 120 and 129 mm Hg/65 and 69 mm Hg, 
respectively.

• Hypertension medication was associated with 
lower risk of cardiovascular events in sys-
tolic blood pressure/diastolic blood pressure 
≥140  mm  Hg/ ≥90  mm  Hg, respectively, and 
with higher risk in systolic blood pressure/dias-
tolic blood pressure <110 mm Hg/<60 mm Hg, 
respectively.

What Are the Clinical Implications?
• This study finding supports the recent 

guideline that recommends initiating hyper-
tension medication in elderly patients with 
diabetes and systolic blood pressure/diastolic 
blood pressure ≥140  mm  Hg/≥90  mm  Hg, 
respectively.

• Continuing antihypertensive therapy in elderly 
patients with diabetes and relative hypoten-
sion may increase cardiovascular events.
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defined as an ICD- 10 code I63 or I64 during hospi-
talization with claims for brain magnetic resonance 
imaging or brain computerized tomography. Nonfatal 
MI was defined as an ICD- 10 code I21 or I22 during 
hospitalization. Nonfatal HF was defined as an ICD- 
10 code I50 during hospitalization. The study popula-
tion was followed from baseline to the date of death, 
onset of a cardiovascular event, or until December 
31, 2017, whichever came first.

Clinical and Laboratory Measurements
All participants completed a questionnaire on 
medical history, use of tobacco and alcohol, and 
exercise habits. Smoking habits were categorized 
as nonsmoker, ex- smoker, or current smoker. 
Alcohol consumption was classified as nondrinker, 
moderate drinker (<30 g per day), or heavy drinker 
(≥30  g per day). Regular exercise was defined 
as vigorous exercise 3 or more times per week 
or moderate exercise 5 or more times per week. 
Body mass index (BMI) was calculated as body 
weight (in kilograms) divided by height (in meters 
squared). BP was measured through a standard 
national health screening program protocol. All 
participants had rested for at least 5  minutes in 
a seated position before the first measurement. If 
SBP was >120 mm Hg or DBP was >80 mm Hg, 
remeasurement was performed after an interval 
of 2  minutes or more. BP was measured by the 
auscultation method using a stethoscope or using 
an oscilloscopic automatic sphygmomanometer 
in a quiet environment. The device was calibrated 
daily. A cuff with an appropriately sized bladder 
was used. The standard bladder for adults is 12 cm 
wide and 26 cm long. A bladder with a width of at 
least 40% of the circumference of the arm and a 
length of 80% to 100% of the circumference of the 
arm was used. Examinees were recommended to 
avoid smoking, alcohol, or caffeine before meas-
urement. Blood samples were collected after over-
night fasting. Plasma glucose, total cholesterol, 
triglycerides, high- density lipoprotein cholesterol, 
and low- density lipoprotein cholesterol were meas-
ured. We calculated glomerular filtration rate using 
the 4- variable Modification of Diet in Renal Disease 
Study equation.18 Baseline comorbidities were 
identified as dyslipidemia (ICD- 10 code E78 with 
lipid- lowering agents or serum total cholesterol 
≥240  mg/dL), and chronic kidney disease (CKD) 
(estimated as a glomerular filtration rate <60 mL/
min per 1.73 m2). The Charlson Comorbidity Index 
(CCI) was used to estimate the comorbidity bur-
den by reviewing the ICD- 10 codes. An individual 
was considered to have a comorbidity when the 
respective diagnostic codes were present >2 times 
within 1 year before the inclusion date.

Statistical Analysis
Baseline characteristics were analyzed using descrip-
tive statistics. Categorical variables were described 
as frequency and percentage. Continuous variables 
were described as mean±SD for normally distributed 
data and as the geometric mean and 95% CI for data 
not normally distributed. We compared the baseline 
characteristics of 8 groups categorized by SBP and 
9 groups categorized by DBP. Continuous variables 
were compared using 1- way ANOVA, whereas cat-
egorical variables were compared using the Mantel- 
Haenszel χ2 test. The follow- up duration of each group 
was obtained. The incidence rates for stroke, MI, HF, 
and death were estimated for each group over the total 
follow- up period. Incidence curves were estimated 
using the Kaplan- Meier method, and the log- rank test 
was also conducted. All outcomes were analyzed by 
Cox proportional hazards regression analysis while 
controlling for baseline covariates. The proportional 
hazard assumption was assessed by visual inspection 
of the scaled Schoenfeld residuals plot and log- log 
survival plot. We deemed a 2- tailed P value <0.05 to 
be significant. Analyses were performed with SAS 9.4 
(SAS Institute, Cary, NC) and R version 3.4.1 (The R 
Foundation for Statistical Computing, Vienna, Austria; 
http://www.R- proje ct.org).

RESULTS
Baseline Characteristics of Participants
The characteristics of the 8 SBP groups are described 
in Table 1. The group with higher SBP were older; more 
likely to be women, heavy drinkers, and hypertension 
medication users; had a higher BMI and fasting plasma 
glucose level; and had a higher prevalence of dyslipi-
demia and CKD. The group with higher SBP was less 
likely to comprise current smokers, regular exercisers, 
and insulin users. Similar patterns of baseline charac-
teristics were noted in the 9 DBP groups (Table S1). 
Over half of the patients with SBP <120 mm Hg (55.6%) 
or DBP <65 mm Hg (59.6%) were prescribed hyper-
tension medication.

Blood Pressure and Primary Composite 
Outcomes
There were 77  447 (34.3%) primary composite out-
comes in the 7.76- year mean follow- up period (Table 2). 
The incidence rate of primary composite outcomes 
was 47.90 per 1000 person- years. In patients with SBP 
120 to 129 mm Hg, the incidence rate of primary com-
posite outcomes was 45.2 per 1000 person- years and 
lower than in the other SBP groups (Table 2 and Figure 
S1). In multivariable Cox proportional hazard models of 
the SBP reference group (SBP 120– 129 mm Hg), the 

http://www.R-project.org
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risk of the primary outcome increased significantly with 
not only higher SBP but also lower SBP after adjusting 
for age, sex, smoking, alcohol consumption, regular 
exercise, BMI, dyslipidemia, CKD, insulin treatment, 
number of oral diabetes medications, fasting plasma 
glucose level, CCI, hypertension medication, and DBP 
(Figure 1A). In patients with DBP 65 to 69 mm Hg, the 
incidence rate of primary composite outcomes was 
43.2 per 1000 person- years and lower than in the 
other DBP groups (Table 2 and Figure S1). The risk of 
the primary outcome increased significantly in not only 
higher but also lower DBP groups than the DBP refer-
ence group (DBP 65– 69 mm Hg) in multivariable Cox 
proportional hazard modeling with age, sex, smoking, 
alcohol consumption, regular exercise, BMI, dyslipi-
demia, CKD, insulin treatment, number of oral diabetes 
medications, fasting plasma glucose level, CCI, hyper-
tension medication, and SBP (Figure 1B).

Blood Pressure and Myocardial Infarction, 
Stroke, Heart Failure, and All- Cause 
Death
There were 11 683 (5.18%) incidents of MI in the 7.61- 
year mean follow- up period (Table S2). The incidence 
rate of MI was 6.80 per 1000 person- years. In patients 
with SBP 120 to 129 mm Hg, the incidence rate of MI 
was 6.39 per 1000 person- years and lower than in the 
other SBP groups (Table S2 and Figure S2A). The inci-
dence rate of MI in patients with DBP 75 to 79 mm Hg 
was 6.01 per 1000 person- years and lower than in 
the other DBP groups (Table S2 and Figure S2A). In 
multivariable Cox proportional hazard modeling, the 
risk of MI was higher in patients with type 2 diabetes 
and SBP ≥140 mm Hg (Figure 2A) or DBP ≥90 mm Hg 
(Figure 2B) compared with the reference group (SBP 
120– 129 mm Hg, DBP 65– 69 mm Hg) after adjusting 
for age, sex, smoking, alcohol consumption, regular 
exercise, BMI, dyslipidemia, CKD, insulin treatment, 
number of oral diabetes medications, fasting plasma 
glucose level, CCI, hypertension medication, and SBP 
or DBP.

There were 22 572 (10.00%) incidents of stroke in 
the 7.45- year mean follow- up period (Table  S2). The 
incidence rate of stroke was 13.44 per 1000 person- 
years. In patients with SBP 120 to 129 mm Hg, the inci-
dence rate of stroke was 12.06 per 1000 person- years 
and lower than in the other SBP groups (Table S2 and 
Figure S2B). The incidence rate of stroke in patients 
with DBP 65 to 69 mm Hg was 11.31 per 1000 person- 
years and lower than in the other DBP groups (Table S2 
and Figure S2B). In multivariable Cox proportional haz-
ard modeling, the risk of stroke was increased with 
higher BP and lower BP (SBP <100 mm Hg, and DBP 
<65 mm Hg) compared with the reference group (SBP 
120– 129 mm Hg, DBP 65– 69 mm Hg) after adjusting C
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for age, sex, smoking, alcohol consumption, regular 
exercise, BMI, dyslipidemia, CKD, insulin treatment, 
number of oral diabetes medications, fasting glucose 
level, CCI, hypertension medication, and SBP or DBP 
(Figure 2C and 2D).

There were 24 190 (10.72%) incidents of HF in the 
7.55- year mean follow- up period (Table S2). The inci-
dence rate for HF was 14.19 per 1000 person- years. 
In patients with SBP 120 to 129 mm Hg, the incidence 
rate of HF was 13.40 per 1000 person- years and lower 
than in the other SBP groups (Table  S2 and Figure 
S2C). The incidence rate of HF in patients with DBP 
75 to 79  mm  Hg was 12.66 per 1000 person- years 
and lower than in the other DBP groups (Table S2 and 
Figure S2C). In multivariable Cox proportional hazard 
modeling, the risk of HF was higher in patients with type 
2 diabetes and SBP ≥150 mm Hg or SBP <100 mm Hg 
(Figure 2E) and DBP ≥95 mm Hg or DBP <60 mm Hg 
(Figure 2F) compared with the reference group (SBP 
120– 129 mm Hg, DBP 65– 69 mm Hg) after adjusting 
for age, sex, smoking, alcohol consumption, regular 
exercise, BMI, dyslipidemia, CKD, insulin treatment, 
number of oral diabetes medications, fasting plasma 
glucose level, CCI, hypertension medication, and SBP 
or DBP.

There were 46 626 (20.67%) incidents of all- cause 
death in the 7.76- year mean follow- up period (Table S2 
and Figure S2G). The incidence rate for all- cause death 
was 26.6 per 1000 person- years. In patients with SBP 
120– 129 mm Hg, the incidence rate of all- cause death 
was 25.22 per 1000 person- years and lower than 
in the other SBP groups (Table S2 and Figure S2G). 
The incidence rate of stroke in patients with DBP 

65– 69  mm  Hg was 23.68 per 1000 person- years 
and lower than in the other DBP groups (Table  S2 
and Figure S2B). In multivariable Cox proportional 
hazard modeling, the risk of all- cause death was in-
creased in older patients with type 2 diabetes and 
SBP ≥140  mm  Hg or <120  mm  Hg (Figure  2G), and 
DBP ≥70 mm Hg or <65 mm Hg (Figure 2H) compared 
with the reference group (SBP 120– 129 mm Hg, DBP 
65– 69 mm Hg) after adjusting for age, sex, smoking, 
alcohol consumption, regular exercise, BMI, dyslipid-
emia, CKD, insulin treatment, number of oral diabetes 
medications, fasting plasma glucose level, CCI, hyper-
tension medication and SBP or DBP.

Sensitivity and Subgroup Analysis
Sensitivity analysis after excluding the first year of ob-
servation had consistent findings: the risk of primary 
composite outcomes was lowest in patients with SBP 
120 to 129 mm Hg and with DBP 65 to 69 mm Hg, 
and the risk of primary composite outcomes increased 
significantly with not only higher but also lower SBP 
and DBP than the reference group, with SBP 120 to 
129 mm Hg or DBP 65 to 69 mm Hg (Figure 3A and 
3B).

Subgroup analysis of those aged ≥80  years and 
those aged <80 years revealed a significant interaction 
for the risk of the primary outcome according to SBP 
(P for interaction=0.014; Figure  3C), but not accord-
ing to DBP (P for interaction=0.225; Figure  3D). The 
risk for primary composite outcomes was only mar-
ginally higher in participants aged ≥80 years and SBP 
≥160 mm Hg (hazard ratio [HR], 1.11; 95% CI, 0.98– 1.24; 

Figure 1. Hazard ratio (HR) and 95% CI for primary composite outcomes by (A) systolic blood pressure and (B) diastolic 
blood pressure.
Adjusted for age, sex, smoking, alcohol consumption, regular exercise, body mass index, dyslipidemia, chronic kidney disease, insulin 
treatment, number of oral diabetes medications, fasting plasma glucose level, Charlson Comorbidity Index, hypertension medication, 
and systolic or diastolic blood pressure.
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Figure 2. Hazard ratio (HR) and 95% CI for myocardial infarction by (A) systolic blood pressure and (B) diastolic blood 
pressure, stroke by (C) systolic blood pressure and (D) diastolic blood pressure, heart failure by (E) systolic blood pressure 
and (F) diastolic blood pressure, and all- cause death by (G) systolic blood pressure and (H) diastolic blood pressure.
Adjusted for age, sex, smoking, alcohol consumption, regular exercise, body mass index, dyslipidemia, chronic kidney disease, insulin 
treatment, number of oral diabetes medications, fasting plasma glucose level, Charlson Comorbidity Index, hypertension medication, 
and systolic or diastolic blood pressure.
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Figure 3C), but was significantly higher in participants 
aged <80  years than the reference group, with SBP 
120 to 129  mm  Hg (Figure  3C). Subgroup analyses 
were performed with hypertension medication and 

without hypertension medication for the risk of primary 
composite outcomes (Figure  3E and 3F). There was 
a significant interaction between the subgroups with 
or without hypertension medication for the risk of the 

Figure 3. Hazard ratio (HR) and 95% CI for primary composite outcomes by (A) systolic blood pressure and (B) diastolic 
blood pressure after excluding the first year of observation, by (C) systolic blood pressure and (D) diastolic blood pressure 
in subgroup with aged ≥80 years or with aged <80 years, and by (E) systolic blood pressure and (F) diastolic blood pressure 
in subgroup with or without hypertension medication.
Adjusted for age, sex, smoking, alcohol consumption, regular exercise, body mass index, dyslipidemia, chronic kidney disease, insulin 
treatment, number of oral diabetes medications, fasting plasma glucose level, Charlson Comorbidity Index, hypertension medication, 
and systolic or diastolic blood pressure.
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primary outcome according to the SBP group (P for 
interaction <0.001; Figure 3E) and the DBP group (P for 
interaction=0.018; Figure 3F). Hypertension medication 
was associated with a lower risk for primary composite 
outcomes in SBP ≥140 mm Hg and DBP ≥90 mm Hg 
and higher risk for primary composite outcomes in SBP 
<110 mm Hg or DBP <60 mm Hg (Figure 3E and 3F). 
The spline curve for primary composite outcomes by 
SBP and DBP and with or without hypertension med-
ication had consistent findings. The risk of secondary 
outcomes after excluding the first year of observation 
also had consistent findings (Figure 4).

DISCUSSION
In this large retrospective study, we examined the as-
sociation between SBP and DBP and the risk of MI, 
stroke, HF and death in older patients with diabetes 
and without CVD. SBP 120 to 129 mm Hg and DBP 
65 to 69 mm Hg presented the lowest risk of primary 
composite outcomes in all participants. Hypertension 
medication was associated with lower risk of primary 

composite outcomes in SBP ≥140 mm Hg and DBP 
≥90  mm  Hg and higher risk for primary composite 
outcomes in SBP <110 mm Hg and DBP <60 mm Hg. 
In participants aged ≥80  years, SBP ≥160  mm  Hg 
was only marginally higher risk for primary composite 
outcomes.

Hypertension is common in older patients with type 
2 diabetes. Although tight BP control is particularly 
beneficial in younger patients with diabetes, there is 
little evidence for BP goals in older patients with hyper-
tension with type 2 diabetes. The ACCORD (Action to 
Control Cardiovascular Risk in Diabetes) BP trial has 
shown that intensive lowering of SBP (<120 mm Hg) in 
patients with hypertension with diabetes did not im-
prove overall CVD events or deaths, except for a sig-
nificant reduction in the risk for stroke compared with 
the conventional lowering of SBP (<140 mm Hg).7 In the 
same study, blood pressure control after the first year 
of follow- up was 119.3/64.4  mm  Hg in the intensive 
group and 133.5/70.5 mm Hg in the standard group. 
Other studies reported that further SBP lowering (up 
to 130– 135  mm  Hg) was associated with the lowest 

Figure 4. Spline curve for composite primary outcomes by systolic or diastolic blood pressure and by systolic or diastolic 
blood pressure with or without hypertension medication adjusted for age, sex, smoking, alcohol consumption, regular 
exercise, body mass index, dyslipidemia, chronic kidney disease, insulin treatment, number of oral diabetes medications, 
fasting plasma glucose, hypertension medication, Charlson Comorbidity Index, and systolic or diastolic blood pressure.
HR indicates hazard ratio; and Ref, reference.
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cardiovascular event rate.8,19,20 These findings were 
compatible with our study and were explained by a 
U- curved association between SBP/DBP and primary 
composite outcomes in this study. The risk of primary 
composite outcomes in SBP 110 to 119 mm Hg (HR, 
1.05; 95% CI, 1.02– 1.08) and DBP 60 to 64 mm Hg 
(HR, 1.11; 95% CI, 1.06– 1.16) was similar to that in SBP 
130 to 139 mm Hg (HR, 1.03; 95% CI, 1.01– 1.06) and 
DBP 70 to 74  mm  Hg (HR, 1.10; 95% CI, 1.06– 1.14) 
compared with the SBP and DBP reference groups. 
In addition, the risk of stroke in participants with SBP 
130 to 139 mm Hg was significantly higher than the 
reference group (SBP 120– 129 mm Hg), but the risk of 
MI, HF, and all- cause death was not.

We also observed that SBP <120  mm  Hg/DBP 
<65  mm  Hg was associated with poor prognosis in 
patients with diabetes aged ≥65 years. A few studies 
in older patients with diabetes showed similar results. 
Post hoc analysis of the cohort of participants with 
diabetes in the INVEST (International Verapamil SR- 
Trandolapril Study) (mean age >65 years) reported that 
SBP <110 mm Hg was associated with significantly in-
creased risk (HR, 2.18; 95% CI, 1.17– 4.09) of all- cause 
mortality compared with SBP 125 to 130 mm Hg. A 
previous observational study of 1294 patients with 
type 2 diabetes aged ≥69.1 years showed a U- shaped 
association between SBP and mortality, but not in 
those aged <69.1 years.21 Although hypertension is an 
established risk factor for HF, one study reported that 
low SBP (SBP <120 mm Hg) was associated with in-
creased risks of HF among patients with diabetes with-
out a history of HF.22 The HOT (Hypertension Optimal 
Treatment) study reported that lowering DBP to a tar-
get level of ≤80 mm Hg in patients with type 2 diabe-
tes resulted in a 51% reduction in major CVD events 
compared with the conventional target (≤90 mm Hg).23 
Other studies with isolated systolic hypertension, 
which is common in older people, showed a U- curved 
association between DBP and CVD events, with a 
nadir between 60 and 70 mm Hg.24,25 A recent cohort 
study of 1.3 million adults in a general outpatient popu-
lation revealed a U- curved relationship between the di-
astolic blood pressure and the composite outcome.26 
The risk of composite outcomes was increased below 
60 mm Hg, and the author suggested that this rela-
tionship was explained by age and other covariates. 
Our study results were also compatible with the above 
study. The association between DBP and the risk of 
the composite outcomes was U- curved, with a nadir 
between 65 and 69 mm Hg. The risk of the composite 
outcomes was increased at <65 mm Hg. The associa-
tion between lower blood pressure and poor outcomes 
could be explained by comorbidities common in older 
patients with lower blood pressure. Therefore, we ad-
justed for CCI in multivariable Cox proportional hazard 
modeling and performed sensitivity analyses excluding 

participants who were diagnosed with stroke, MI, HF, 
or all- cause death during the first year of follow- up. 
However, the association of lower blood pressure with 
increased risk of stroke, MI, HF, and all- cause death in 
study participants did not change.

Two decades ago, the Framingham data suggested 
an age- dependent threshold for hypertension.27 This 
study showed a different association between SBP 
and primary composite outcomes by age group (P 
for interaction=0.014). In patients with diabetes who 
were aged ≥80  years, the risk for primary composite 
outcomes was marginally higher in SBP ≥160 mm Hg 
than SBP 120 to 129 mm Hg (HR, 1.11; 95% CI, 0.98– 
1.24; Figure 3C). Based on our study results, the sug-
gested SBP threshold is ≈130 mm Hg in patients with 
diabetes aged 65 to 79 years, and ≈160 mm Hg in pa-
tients with diabetes aged ≥80  years. Most guidelines 
do not indicate a BP goal in older patients with both 
diabetes and hypertension, because most hyperten-
sion trials do not include an older population, do not 
present age- specific results, or have only a small num-
ber of older patients with diabetes in the study popula-
tion. The American Diabetes Association recommends 
a treatment goal of <140/90  mm  Hg in patients with 
diabetes (<130/90 mm Hg in patients with diabetes at 
higher cardiovascular risk), and cautiously suggests 
the same treatment goal in older patients with diabe-
tes.15,28 Interestingly, in subgroup analysis, hypertension 
medication was associated with lower risk of primary 
composite outcomes in SBP ≥140  mm  Hg and DBP 
≥90 mm Hg (Figure 3E and 3F). This finding supports the 
current American Diabetes Association cutoff value for 
initiating antihypertension treatment in elderly patients 
with diabetes.29 However, another cutoff is needed for 
patients with diabetes aged ≥80 years (Figure 3C).

Another concerning finding of this study is that the 
prevalence of prescribed hypertensive medications 
was quite high in patients with SBP <120  mm  Hg 
(55.6%) and DBP <65 mm Hg (59.6%). Hypertension 
medication was associated with poor prognosis in 
patients with SBP <110 mm Hg or DBP <60 mm Hg 
(Figure  3E and 3F). One of 8 patients (12.9%) in our 
study who were on hypertensive medications might 
have been overtreated for hypertension. This finding 
suggests that continuing antihypertensive therapy in 
people with relative hypotension may increase, rather 
than decrease, cardiovascular events.

The strengths of our study are that we used a large- 
scale nationwide database representing the entire 
Korean population. Second, we conducted fully ad-
justed analyses with all available confounding cardio-
vascular risk factors. However, this study also has some 
limitations. First, the retrospective observational study 
design has inherent limitations. Although the analyses 
were adjusted for most available demographic and clini-
cal variables, some unidentified parameters could affect 
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the results. Second, there was some possibility of se-
lection bias, because we selected participants whose 
BP was measured in the national health screening pro-
gram, which requests that participants voluntarily visit 
clinics. Therefore, there was some possibility that study 
participants might have higher mobility than individuals 
who did not participate in the national health screen-
ing program and, particularly in volunteers aged >75 
years, may have less overall morbidity because of fewer 
serious chronic health conditions compared with the 
general elderly Korean population. However, our study 
excluded patients with stroke (including those with cere-
bral palsy) before analysis and might cover most elderly 
patients with diabetes in an outpatient setting. Third, we 
defined MI and stroke based on claims data; this may 
not be a completely accurate method for determining 
the number of cases. To overcome this problem, we de-
fined outcomes using an operational definition by com-
bining diagnostic and prescription records. Fourth, the 
BP measurement protocol of the national health screen-
ing program, which focused on screening hypertension, 
does not follow published guidelines and may have in-
troduced measurement bias, which is likely to have esti-
mated BP with reasonable accuracy in low or normal BP 
participants, but truncated the actual BP of individuals 
with high values. However, a recent study evaluated the 
performance of hypertension screening in medical in-
stitutions conducting the national health screening pro-
gram in the Republic of Korea. According to this study, 
medical institutions used mainly oscilloscopic devices 
for BP measurement, and most had measurement 
manuals and training protocols. The majority of the in-
stitutions measured BP multiple times with a resting 
period and used the average values as an individual’s 
BP level.30 Fifth, this study is not a prospective study; 
therefore, causality cannot be determined. However, to 
minimize the possible effects of reverse causality, par-
ticipants with preexisting MI or stroke were excluded. 
Lastly, we did not analyze the cause of death, because 
the details were unavailable in the national database.

In conclusion, this retrospective cohort study of 
older patients with diabetes without CVD suggests that 
patients with SBP 120 to 129 mm Hg and DBP 65 to 
69  mm  Hg had the lowest risk of primary composite 
outcomes for MI, stroke, HF, and all- cause death. This 
study also suggested that hypertension medication may 
decrease CVD events in patients with SBP ≥140 mm Hg 
and DBP >90 mm Hg and increase CVD events in pa-
tients with SBP <110 mm Hg and DBP <60 mm Hg.
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Table S1. Baseline demographic and clinical characteristics according to diastolic blood pressure groups 

Diastolic Blood Pressure 
(mmHg) 

<60 60-64 65-69 70-74 75-79 80-84 85-89 90-94 95≤ 

P-value
Number of subjects 

3486 15631 14266 48346 24501 64746 18792 23623 12172 

Sex (%) 0.0006 

Male 1749 
(50.17) 

7781 
(49.78) 

7046 
(49.39) 

23754 
(49.13) 

12439 
(50.77) 

31991 
(49.41) 

9469 
(50.39) 

11666 
(49.38) 

6135 
(50.4) 

Female 1737 
(49.83) 

7850 
(50.22) 

7220 
(50.61) 

24592 
(50.87) 

12062 
(49.23) 

32755 
(50.59) 

9323 
(49.61) 

11957 
(50.62) 

6037 
(49.6) 

Smoking (%) <.0001 

Non 2285 
(65.55) 

10476 
(67.02) 

9734 
(68.23) 

33706 
(69.72) 

16960 
(69.22) 

46058 
(71.14) 

13388 
(71.24) 

17097 
(72.37) 

8680 
(71.31) 

Ex 605 
(17.36) 

2697 
(17.25) 

2593 
(18.18) 

7917 
(16.38) 

4322 
(17.64) 

10265 
(15.85) 

3144 
(16.73) 

3720 
(15.75) 

2001 
(16.44) 

Current 596 
(17.1) 

2458 
(15.73) 

1939 
(13.59) 

6723 
(13.91) 

3219 
(13.14) 

8423 
(13.01) 

2260 
(12.03) 

2806 
(11.88) 

1491 
(12.25) 

Drink (%) <.0001 

Non 2769 
(79.43) 

12043 
(77.05) 

10786 
(75.61) 

36502 
(75.5) 

17834 
(72.79) 

47593 
(73.51) 

13485 
(71.76) 

16876 
(71.44) 

8450 
(69.42) 

Mild 625 
(17.93) 

3129 
(20.02) 

3026 
(21.21) 

9934 
(20.55) 

5584 
(22.79) 

14170 
(21.89) 

4408 
(23.46) 

5443 
(23.04) 

2960 
(24.32) 

Heavy 92 
(2.64) 

459 
(2.94) 

454 
(3.18) 

1910 
(3.95) 

1083 
(4.42) 

2983 
(4.61) 

899( 
4.78) 

1304 
(5.52) 

762 
(6.26) 

Regular exercise (%) 1353 
(38.81) 

6313 
(40.39) 

5996 
(42.03) 

19280 
(39.88) 

10212 
(41.68) 

25967 
(40.11) 

7507 
(39.95) 

8943 
(37.86) 

4377 
(35.96) <.0001 

Dyslipidemia (%) 1523 
(43.69) 

6511 
(41.65) 

6396 
(44.83) 

20017 
(41.4) 

10297 
(42.03) 

26233 
(40.52) 

7615 
(40.52) 

9654 
(40.87) 

4989 
(40.99) <.0001 

Chronic kidney 
disease (%) 

895 
(25.67) 

3741 
(23.93) 

3249 
(22.77) 

10484 
(21.69) 

5091 
(20.78) 

13836 
(21.37) 

3890 
(20.7) 

5187 
(21.96) 

2641 
(21.7) <.0001 

Insulin (%) 556 
(19.58) 

2165 
(17.38) 

1722 
(14.84) 

5322 
(14.38) 

2372 
(12.85) 

6122 
(13) 

1691 
(12.52) 

2096 
(12.86) 

986 
(12.58) <.0001 

Number of oral diabetes medication (%) <.0001 

0 94 
(3.31) 

324 
(2.6) 

283 
(2.44) 

791 
(2.14) 

357 
(1.93) 

817 
(1.74) 

237 
(1.75) 

303 
(1.86) 

149 
(1.9) 

1 784 
(27.61) 

3439 
(27.61) 

3394 
(29.26) 

10682 
(28.87) 

5616 
(30.43) 

14333 
(30.44) 

4320 
(31.97) 

5076 
(31.14) 

2459 
(31.37) 

2 1114( 
39.23) 

5238 
(42.06) 

4882 
(42.08) 

15666 
(42.34) 

7880 
(42.69) 

20009 
(42.5) 

5721 
(42.34) 

7029 
(43.13) 

3474 
(44.32) 

3 681 
(23.98) 

2841 
(22.81) 

2510 
(21.64) 

8132 
(21.98) 

3802 
(20.6) 

9944 
(21.12) 

2696 
(19.95) 

3258 
(19.99) 

1482 
(18.91) 

4 147( 
5.18) 

537 
(4.31) 

465 
(4.01) 

1553 
(4.2) 

730 
(3.95) 

1774 
(3.77) 

490 
(3.63) 

574 
(3.52) 

253 
(3.23) 

5 19 
(0.67) 

71 
(0.57) 

64 
(0.55) 

163 
(0.44) 

70 
(0.38) 

202 
(0.43) 

45 
(0.33) 

58 
(0.36) 

19 
(0.24) 

6 1 
(0.04) 

4 
(0.03) 

3 
(0.03) 

10 
(0.03) 

3 
(0.02) 

6 
(0.01) 

2 
(0.01) 

0 
(0) 

3 
(0.04) 

Hypertension 
medication (%) 

2103 
(60.33) 

9377 
(59.99) 

9253 
(64.86) 

31299 
(64.74) 

16463 
(67.19) 

45116 
(69.68) 

14032 
(74.67) 

18168 
(76.91) 

9674 
(79.48) <.0001 

Mean ±SD 

Age (years) 71.52±4.9
3 

71.27±4.8
2 

70.92±4.5
9 

71.03±4.7
5 

70.71±4.5
9 

70.98±4.7
4 70.7±4.62 71.06±4.8

1 
70.89±4.7

6 <.0001 

BMI (kg/m2) 23.45±3.0
5 

23.74±3.0
5 

24.25±2.9
6 24.3±3.09 24.56±3.0

8 
24.65±3.1

3 
24.92±3.1

7 
24.95±3.2

1 25.04±3.3 <.0001 

Glucose (mg/dL) 133±44.0
6 

133.72±4
2.07 

132.55±3
9.94 

134.79±4
1.06 

135.11±3
9.62 

136.16±4
1.28 

135.76±4
0.1 

137.77±4
1.47 

140.09±4
1.62 <.0001 

SBP (mmHg) 109.67±1
2.95 

114.44±1
2.85 

123.89±1
1.33 

123.91±1
2.58 

130.75±1
2.08 

132.4±11.
72 

139.89±1
1.3 

146.3±12.
81 

158.39±1
4.72 <.0001 

DBP (mmHg) 55.7±2.83 61.21±1.5
3 

67.07±1.4
2 

70.76±1.3
2 

77.01±1.5
5 

80.44±1.0
6 

86.82±1.6
5 

90.32±0.9
1 

100.97±5.
21 <.0001 

PP* (mmHg) 71.52±4.9
3 

71.27±4.8
2 

70.92±4.5
9 

71.03±4.7
5 

70.71±4.5
9 

70.98±4.7
4 70.7±4.62 71.06±4.8

1 
70.89±4.7

6 <.0001 

Median (Q1-Q3) 

Age (years) 70 (68-
74) 

70 (68-
74) 

70 (68-
74) 

70 (68-
74) 

70 (67-
74) 

70 (68-
74) 

70 (67-
74) 

70 (68-
74) 

70 (67-
74) <.0001

BMI (kg/m2) 
23.34 

(21.37-
25.32) 

23.63 
(21.75-
25.65) 

24.14 
(22.31-
26.03) 

24.22 
(22.23-
26.22) 

24.44 
(22.53-
26.4) 

24.52 
(22.59-
26.56) 

24.77 
(22.81-
26.84) 

24.84 
(22.84-
26.89) 

24.89 
(22.89-
27.05) 

<.0001 

Glucose (mg/dL) 126 (105-
148) 

127 (107-
148) 

127 (107-
146) 

128 (109-
149) 

129 (110-
149) 

130 (110-
150) 

130 (110-
150) 

131 (112-
152) 

133 (115-
154) <.0001

SBP (mmHg) 109 (101-
117) 

114 (105-
122) 

124 (116-
131) 

121 (111-
130) 

130 (120-
138) 

130 (122-
140) 

138 (135-
144) 

145 (140-
150) 

160 (150-
170) <.0001

DBP (mmHg) 56 (54-
58) 

60 (60-
62) 

67 (66-
68) 

70 (70-
71) 

77 (75-
78) 

80 (80-
80) 

87 (85-
89) 

90 (90-
90) 

100 (99-
100) <.0001

PP* (mmHg) 
70 (68-

74) 
70 (68-

74) 
70 (68-

74) 
70 (68-

74) 
70 (67-

74) 
70 (68-

74) 
70 (67-

74) 
70 (68-

74) 
70 (67-

74) <.0001



Table S2. Number, Incidence Rate, and Hazard Ratio of myocardiac infarction, stroke, heart failure and all-

cause mortality stratified by SBP, and DBP. 

Numb
er of 

patien
ts 

Numb
er of 

events 

Duration 
(person-
years) 

Rate 
(events per 

1000 
person-
years) 

Hazard ratio (95% CI) 

Model1 Model2 Model3 Model4 Model4 

Myocardial infarction 

SBP <100 1932 114 13744  8.29  1.30(1.05,1.61) 1.16(0.94,1.44) 1.15(0.93,1.42) 1.19(0.96,1.47) 1.23(0.99,1.53) 

100-109 8612 439 64410  6.82  1.06(0.95,1.19) 0.99(0.88,1.11) 0.98(0.87,1.10) 1.00(0.89,1.13) 1.03(0.91,1.16) 

110-119 32551 1616 246518  6.56  1.03(0.96,1.11) 1.01(0.94,1.08) 1.00(0.93,1.08) 1.02(0.94,1.09) 1.02(0.95,1.10) 

120-129 46530 2274 356025  6.39  1(Ref.) 1(Ref.) 1(Ref.) 1(Ref.) 1(Ref.) 

130-139 70892 3654 542022  6.74  1.05(0.99,1.12) 1.07(1.01,1.14) 1.07(1.01,1.14) 1.06(1.00,1.12) 1.05(0.99,1.12) 

140-149 30001 1580 229144  6.90  1.10(1.02,1.18) 1.13(1.05,1.22) 1.13(1.05,1.22) 1.10(1.03,1.19) 1.09(1.01,1.17) 

150-159 19351 1083 147516  7.34  1.19(1.09,1.29) 1.23(1.13,1.33) 1.22(1.13,1.33) 1.18(1.09,1.29) 1.16(1.06,1.26) 

160≤ 15694 923 117870  7.83  1.32(1.21,1.44) 1.35(1.24,1.48) 1.34(1.22,1.46) 1.29(1.18,1.41) 1.24(1.13,1.37) 

DBP <60 3486 182 25828 7.05 1.10(0.92,1.31) 1.01(0.85,1.21) 1.00(0.84,1.19) 1.01(0.84,1.20) 1.04(0.87,1.25) 

60-64 15631 849 116766 7.27 1.14(1.02,1.28) 1.10(0.99,1.23) 1.09(0.98,1.22) 1.10(0.99,1.23) 1.12(1.01,1.26) 

65-69 14266 684 109311 6.26 1(Ref.) 1(Ref.) 1(Ref.) 1(Ref.) 1(Ref.) 

70-74 48346 2520 367247 6.86 1.12(1.02,1.23) 1.12(1.02,1.23) 1.12(1.02,1.23) 1.12(1.02,1.23) 1.12(1.02,1.23) 

75-79 24501 1128 187808 6.01 0.99(0.90,1.10) 1.03(0.92,1.14) 1.03(0.93,1.15) 1.02(0.92,1.14) 1.01(0.91,1.12) 

80-84 64746 3346 493870 6.78 1.10(1.00,1.20) 1.12(1.03,1.23) 1.13(1.03,1.23) 1.11(1.02,1.22) 1.09(1.00,1.20) 

85-89 18792 964 144457 6.67 1.08(0.96,1.20) 1.13(1.01,1.26) 1.13(1.02,1.27) 1.11(0.99,1.24) 1.07(0.95,1.20) 

90-94 23623 1322 179977 7.35 1.25(1.13,1.39) 1.30(1.18,1.44) 1.31(1.18,1.45) 1.27(1.15,1.41) 1.21(1.08,1.35) 

95≤ 12172 688 91984 7.48 1.36(1.20,1.53) 1.41(1.25,1.59) 1.41(1.25,1.58) 1.36(1.21,1.53) 1.25(1.10,1.43) 

Stroke 

SBP <100 1932 193 13553  14.24  1.20(1.02,1.41) 1.11(0.94,1.30) 1.10(0.94,1.29) 1.12(0.96,1.32) 1.24(1.05,1.46) 

100-109 8612 790 63330  12.47  1.06(0.97,1.15) 1.01(0.93,1.10) 1.00(0.92,1.09) 1.02(0.93,1.11) 1.09(1.00,1.19) 

110-119 32551 2990 241907  12.36  1.02(0.97,1.08) 1.01(0.95,1.06) 1.00(0.95,1.05) 1.01(0.96,1.06) 1.04(0.98,1.09) 

120-129 46530 4216 349555  12.06  1(Ref.) 1(Ref.) 1(Ref.) 1(Ref.) 1(Ref.) 

130-139 70892 7051 530396  13.29  1.12(1.07,1.17) 1.13(1.08,1.18) 1.13(1.08,1.18) 1.12(1.07,1.17) 1.09(1.04,1.14) 

140-149 30001 3110 223539  13.91  1.16(1.10,1.23) 1.18(1.12,1.25) 1.18(1.12,1.24) 1.16(1.10,1.22) 1.10(1.05,1.17) 

150-159 19351 2160 143454  15.06  1.25(1.17,1.32) 1.26(1.19,1.34) 1.26(1.19,1.34) 1.23(1.16,1.31) 1.15(1.07,1.22) 

160≤ 15694 2062 113683  18.14  1.54(1.45,1.64) 1.55(1.46,1.65) 1.53(1.44,1.63) 1.49(1.40,1.59) 1.34(1.25,1.44) 

DBP <60 3486 349 25306  13.79  1.21(1.07,1.38) 1.15(1.01,1.31) 1.13(1.00,1.29) 1.14(1.00,1.30) 1.19(1.05,1.36) 

60-64 15631 1449 115044  12.60  1.11 (1.02,1.21) 1.09(1.00,1.18) 1.08(0.99,1.17) 1.08(0.99,1.18) 1.11(1.02,1.21) 

65-69 14266 1216 107510  11.31  1(Ref.) 1(Ref.) 1(Ref.) 1(Ref.) 1(Ref.) 

70-74 48346 4588 360065  12.74  1.13(1.06,1.21) 1.13(1.05,1.21) 1.13(1.05,1.21) 1.12(1.05,1.20) 1.12(1.05,1.20) 

75-79 24501 2222 184181  12.06  1.11(1.03,1.20) 1.13(1.05,1.22) 1.13(1.05,1.22) 1.13(1.04,1.22) 1.10(1.02,1.19) 

80-84 64746 6556 482899  13.58  1.23(1.15,1.32) 1.24(1.16,1.33) 1.24(1.16,1.33) 1.23(1.15,1.32) 1.20(1.12,1.28) 

85-89 18792 2007 140569  14.28  1.35(1.24,1.46) 1.38(1.27,1.49) 1.38(1.28,1.50) 1.36(1.26,1.47) 1.30(1.20,1.41) 

90-94 23623 2645 175058  15.11  1.41(1.31,1.52) 1.43(1.33,1.54) 1.43(1.32,1.54) 1.40(1.30,1.51) 1.31(1.21,1.42) 

95≤ 12172 1540 88786  17.35  1.60(1.47,1.75) 1.62(1.49,1.77) 1.61(1.48,1.76) 1.58(1.44,1.72) 1.42(1.29,1.56) 

Heart failure 

SBP <100 1932 247 13609 18.15 1.36(1.17,1.57) 1.27(1.10,1.47) 1.26(1.09,1.46) 1.31(1.13,1.51) 1.32(1.13,1.53) 

100-109 8612 905 63863 14.17 1.08(1.00,1.17) 1.04(0.96,1.13) 1.03(0.95,1.12) 1.06(0.98,1.15) 1.07(0.98,1.16) 

110-119 32551 3397 244715 13.88 1.06(1.00,1.11) 1.04(0.99,1.10) 1.04(0.99,1.09) 1.05(1.00,1.11) 1.06(1.00,1.11) 

120-129 46530 4736 353355 13.40 1(Ref.) 1(Ref.) 1(Ref.) 1(Ref.) 1(Ref.) 

130-139 70892 7447 538542 13.83 1.04(1.00,1.08) 1.04(1.00,1.09) 1.04(1.00,1.09) 1.03(0.99,1.07) 1.03(0.99,1.07) 

140-149 30001 3175 227442 13.96 1.05(1,10.11) 1.06(1.01,1.12) 1.06(1.01,1.12) 1.03(0.98,1.09) 1.03(0.98,1.09) 

150-159 19351 2239 146225 15.31 1.18(1.11,1.25) 1.18(1.11,1.26) 1.18 (1.12,1.26) 1.15(1.08,1.21) 1.14(1.07,1.21) 

160≤ 15694 2044 116421 17.56 1.37(1.30,1.46) 1.37(1.29,1.46) 1.36(1.28,1.44) 1.31(1.23,1.39) 1.29(1.21,1.39) 

DBP <60 3486 429 25518 16.81 1.20(1.07,1.35) 1.14(1.02,1.28) 1.12(1.00,1.26) 1.13(1.01,1.27) 1.17(1.04,1.31) 

60-64 15631 1732 115926 14.94 1.05(0.97,1.13) 1.03(0.95,1.11) 1.01(0.94,1.09) 1.02(0.95,1.10) 1.04(0.96,1.12) 

65-69 14266 1487 108298 13.73 1(Ref.) 1(Ref.) 1(Ref.) 1(Ref.) 1(Ref.) 

70-74 48346 5115 364642 14.03 1.02(0.96,1.09) 1.02(0.95,1.08) 1.02(0.95,1.08) 1.01(0.95,1.08) 1.02(0.95,1.08) 

75-79 24501 2361 186519 12.66 0.93(0.86,1.00) 0.94(0.88,1.01) 0.95(0.88,1.02) 0.94(0.88,1.01) 0.93(0.86,1.00) 

80-84 64746 6974 490196 14.23 1.04(0.98,1.11) 1.04(0.98,1.11) 1.05(0.99,1.12) 1.04(0.97,1.10) 1.02(0.96,1.08) 

85-89 18792 1993 143416 13.90 1.06(0.98,1.14) 1.07(1.00,1.16) 1.08(1.00,1.16) 1.06(0.98,1.14) 1.02(0.94,1.10) 

90-94 23623 2622 178590 14.68 1.11(1.04,1.19) 1.12(1.04,1.20) 1.13(1.05,1.21) 1.09(1.02,1.17) 1.04(0.97,1.12) 



95≤ 12172 1477 91065 16.22 1.26(1.16,1.37) 1.26(1.16,1.37) 1.27(1.17,1.38) 1.22(1.13,1.33) 1.13(1.04,1.24) 

All Cause death 

SBP <100 1932 559 14093 39.67 1.55(1.40,1.71) 1.27(1.15,1.40) 1.26(1.14,1.39) 1.27(1.15,1.41) 1.35(1.21,1.49) 

100-109 8612 1956 65607 29.81 1.21(1.14,1.28) 1.08(1.02,1.14) 1.07(1.01,1.13) 1.08(1.02,1.14) 1.12(1.06,1.19) 

110-119 32551 6851 251266 27.27 1.08(1.04,1.12) 1.04(1.00,1.07) 1.03(0.99,1.06) 1.03(1.00,1.07) 1.05(1.01,1.09) 

120-129 46530 9144 362578 25.22 1(Ref.) 1(Ref.) 1(Ref.) 1(Ref.) 1(Ref.) 

130-139 70892 14076 552914 25.46 1.02(0.99,1.05) 1.04(1.01,1.07) 1.04(1.01,1.07) 1.04(1.00,1.07) 1.02(0.99,1.05) 

140-149 30001 6160 233665 26.36 1.05(1.01,1.09) 1.10(1.06,1.15) 1.10(1.06,1.14) 1.09(1.05,1.13) 1.06(1.02,1.10) 

150-159 19351 4046 150587 26.87 1.07(1.03,1.12) 1.12(1.08,1.17) 1.12(1.07,1.17) 1.10(1.06,1.15) 1.06(1.01,1.11) 

160≤ 15694 3834 120488 31.82 1.30(1.24,1.36) 1.35(1.29,1.41) 1.33(1.27,1.39) 1.31(1.25,1.37) 1.23(1.17,1.29) 

DBP <60 3486 869 26326 33.01 1.30(1.19,1.42) 1.17(1.07,1.27) 1.15 (1.06,1.26) 1.16(1.06,1.26) 1.18(1.08,1.28) 

60-64 15631 3622 119203 30.39 1.24(1.17,1.31) 1.18(1.11,1.25) 1.17(1.10,1.24) 1.17(1.11,1.24) 1.18(1.12,1.25) 

65-69 14266 2635 111261 23.68 1(Ref.) 1(Ref.) 1(Ref.) 1(Ref.) 1(Ref.) 

70-74 48346 10018 374433 26.76 1.14(1.08,1.19) 1.13(1.08,1.19) 1.13(1.08,1.19) 1.13(1.08,1.19) 1.13(1.08,1.19) 

75-79 24501 4671 191202 24.43 1.07(1.02,1.13) 1.12(1.06,1.18) 1.12(1.06,1.18) 1.12(1.06,1.18) 1.11(1.05,1.17) 

80-84 64746 13252 503830 26.30 1.14(1.09,1.19) 1.17(1.12,1.23) 1.18(1.12,1.23) 1.17(1.12,1.23) 1.16(1.10,1.21) 

85-89 18792 3662 147244 24.87 1.11(1.05,1.17) 1.17(1.11,1.24) 1.18(1.12,1.25) 1.17(1.11,1.24) 1.15(1.08,1.22) 

90-94 23623 5125 183735 27.89 1.22(1.16,1.29) 1.29(1.22,1.36) 1.29(1.22,1.36) 1.28(1.21,1.35) 1.25(1.17,1.32) 

95≤ 12172 2772 93964 29.50 1.34(1.26,1.43) 1.42(1.34,1.51) 1.42(1.33,1.51) 1.40(1.31,1.49) 1.34(1.25,1.44) 

Model 1; Age, sex 

Model 2: Age, sex, smoking, alcohol consumption, regular exercise, body mass index, dyslipidemia, chronic 

kidney disease, Charlson Comorbidity Index 

Model 3: Age, sex, smoking, alcohol consumption, regular exercise, body mass index, dyslipidemia, chronic 

kidney disease, insulin treatment, number of oral diabetes medication, fasting plasma glucose. Charlson 

Comorbidity Index 

Model 4: Age, sex, smoking, alcohol consumption, regular exercise, body mass index, dyslipidemia, chronic 

kidney disease, insulin treatment, number of oral diabetes medication, fasting plasma glucose, hypertension 

medication, Charlson Comorbidity Index 

Model 5: Age, sex, smoking, alcohol consumption, regular exercise, body mass index, dyslipidemia, chronic 

kidney disease, insulin treatment, number of oral diabetes medication, fasting plasma glucose, hypertension 

medication, Charlson Comorbidity Index, systolic or diastolic blood pressure 



Figure S1. Kaplan–Meier estimates of survival and Incidence probability by eight groups of systolic blood 

pressure and diastolic blood pressure for composite primary outcomes. 



Figure S2. Kaplan–Meier estimates of survival and Incidence probability by eight groups of systolic blood 

pressure and diastolic blood pressure for myocardial infarction (A), stroke (B), heart failure (C) and all-cause 

death (D) 
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