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Background: Hypertension is the most important modifiable risk factor for mortality and morbidity in chronic kidney disease and cor-
onary artery syndrome. The effect of hypertension prior to percutaneous coronary intervention (PCI) on the development of end-stage 
renal disease (ESRD) is unknown. 
Methods: We used nationally representative data from the Korean National Health Insurance System—140,164 subjects were en-
rolled during 2010–2015; they were free of ESRD at enrolment, underwent PCI, and were followed up until 2017. Blood pressure (BP) 
was measured within at least 2 years prior to PCI. The primary outcome was the development of ESRD. 
Results: During a median follow-up of 5.4 years, 2,082 participants (1.5%) developed ESRD. The highest systolic BP group (>160 
mmHg) showed a higher hazard ratio (3.69; 95% confidence interval, 2.61–5.23) than the reference group (110–119 mmHg). Simi-
lar results were observed in the highest diastolic BP group (>120 mmHg), which showed a higher hazard ratio than the reference 
group (70–79 mmHg). However, ESRD risk showed a J-shaped relationship with baseline systolic and diastolic BP at 113 and 74 
mmHg in diabetes mellitus subgroup, respectively, after adjustment for potential confounders. 
Conclusion: Our study showed that a high systolic or diastolic BP prior to PCI was independently associated with an increased inci-
dence of ESRD.
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Introduction

Hypertension is the most important modifiable risk factor 

globally for overall mortality and morbidity [1]. Hyperten-

sion also plays a crucial role in the development and pro-

gression to end-stage renal disease (ESRD) [2,3]. Observa-

tional studies have shown that death due to cardiovascular 

(CV) disease increases progressively and linearly with blood 

pressure (BP) [4,5]. However, this linear theory has been 

challenged for nearly three decades, especially for diastolic 

BP (DBP) [6–9]. Physiologically, a J-shaped or U-shaped 

curve phenomenon would be expected to exist in vital signs 

such as BP and other biological signs, with increased mor-

tality exhibited at both ends of the spectrum. The linear 

relationship might be true for the general population but not 

for patients with chronic illness. In particular, after an acute 

coronary syndrome, a J- or U-shaped association has been 

shown between BP and the risk of CV events [10,11]. 

Percutaneous coronary intervention (PCI) is an essential 

treatment modality for coronary artery disease, and follow-

ing advancements in PCI techniques, its indications and 

applications have been widening. Although PCI is mainly 

performed in patients with underlying conditions such as 

diabetes mellitus (DM), chronic kidney disease (CKD), and 

hypertension, resulting in ESRD, data regarding the associa-

tion between BP prior to PCI and ESRD remain insufficient. 

In addition, the association between BP values prior to PCI 

and ESRD risk has not been evaluated. 

To evaluate the role of BP as a predictor of incident ESRD 

in patients undergoing PCI, we analyzed nationally repre-

sentative data from the Korean National Health Insurance 

System.

Methods

Because of the confidentiality of the data used for this study 

and strict privacy policy from the data holder restricting data 

access and use to the designated research personnel only, 

the data cannot be provided to other people, whether or not 

the data are made anonymous.

Study design and database

The Korean National Health Insurance Service (KNHIS) 

comprises a complete set of health information of 50 mil-

lion Koreans, including an eligibility database, a medical 

treatment database, a health examination database, and 

a medical care institution database [12–14]. The National 

Health Insurance Corporation (NHIC) is the single insurer, 

managed by the Korean government, to which approximate-

ly 97% of the Korean population subscribes. Enrollees in the 

NHIC are recommended to undergo a standardized medical 

examination at least every 2 years. Among 270,237 subjects 

who underwent PCI from 2010 to 2015 (index year), 143,981 

subjects were followed up to 31 December 2017. We exclud-

ed 2,440 subjects with missing data for at least one variable. 

To avoid confounding effects of preexisting diseases and 

minimize the possible effects of reverse causality, those with 

a history of ESRD before the index year were also excluded 

(n = 1,123). Ultimately, the study population comprised 

140,164 subjects (Fig. 1). We registered only de novo PCI and 

excluded patients with a history of PCI to avoid the effects of 

past coronary intervention due to coronary artery disease, 

including angina pectoris or myocardial infarction. 

This study was approved by the Institutional Review Board 

Figure 1. Flow diagram of the study. 
BP, blood pressure; DBP, diastolic BP; ESRD, end-stage renal 
disease; NHI, National Health Insurance; PCI, percutaneous 
coronary intervention; SBP, systolic BP.

143,981 patients with checking BP within at least 2-yr prior to PCI

<110 (n = 8,177) <70 (n = 18,330)

≥110, <120 (n = 22,084) ≥70, <80 (n = 44,011)

≥120, <130 (n = 32,562) ≥80, <90 (n = 54,023)

≥130, <140 (n = 41,759) ≥90, <100 (n = 17,124)

≥140, <150 (n = 17,669) ≥100, <110 (n = 5,328)

≥150, <160 (n = 10,222) ≥110, <120 (n = 1,006)

≥160 (n = 7,691) ≥120 (n = 342)

SBP (mmHg) DBP (mmHg) 

Exclude:
- Age < 20 yr (n = 254)
- Variable data missing (n = 2,440)
- Previous ESRD (n = 1,123)

Eligible subjects (n = 140,164) were assigned into 7 groups 
according to the distribution of SBP or DBP

270,237 people underwent PCI in the Korean NHI database in 
2010–2015
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(IRB) of Chonnam National University Hospital (No. CNUH-

EXP-2019-035) and National Health Insurance Service 

(NHIS-2019-1-379), and it was conducted according to the 

principles of the Declaration of Helsinki. The need for writ-

ten informed consent was waived by the IRB.

Measurements and definitions

In the KNHIS, the equipment used to measure BP varies 

between sites. However, most people received their medical 

examinations in the same hospital near their residence, and 

most BP measurements were performed using the same 

equipment in each individual. BP was measured by trained 

clinicians. Systolic BP (SBP) and DBP were measured, and 

the sitting brachial BP was the average of the two measure-

ments taken after the subject had been seated for 5 minutes 

with an arm in the appropriate position. Body mass index 

(BMI) was calculated as the subject’s weight in kilograms 

divided by the square of the subject’s height in meters. Infor-

mation on current smoking and alcohol consumption was 

obtained by a questionnaire. Based on alcohol consumption 

status, participants were categorized as non-drinker, mild 

drinker (<30g/day), or heavy drinker (≥30g/day). Regular 

exercise was defined as physical activity that was performed 

at least five times per week. Income level was dichotomized 

at the lower 25%. Blood samples for the measurement of se-

rum glucose and total cholesterol levels were drawn after an 

overnight fast. Proteinuria was tested by the dipstick method 

and defined as negative, trace, and 1+ to 4+. Comorbidities 

were identified using information gathered in the 1 year 

before the index date. Hypertension was defined as a previ-

ous hypertension diagnosis International Classification of 

Diseases (ICD)-10 codes (I10–13, I15) and a history of taking 

at least one antihypertensive drug, a recorded SBP of ≥140 

mmHg, or DBP of ≥90 mmHg in the health examination da-

tabase. DM was identified using the appropriate diagnostic 

codes (E11–14) and medical history of DM or a recorded 

fasting serum glucose concentration of ≥126 mg/dL in the 

health examination database. Dyslipidemia was identified 

using the appropriate diagnostic code (E78) and history of 

lipid-lowering drug use or a total serum cholesterol concen-

tration of ≥240 mg/dL in the health examination database. 

CKD was defined as an estimated glomerular filtration rate 

(eGFR) of <60 mL/min/1.73 m2 calculated using the CKD 

Epidemiology Collaboration (CKD-EPI) equation. The par-

ticipants’ fasting blood glucose (mg/dL), total cholesterol 

(mg/dL), triglyceride (mg/dL), high-density lipoprotein 

cholesterol (mg/dL), and low-density lipoprotein cholester-

ol (mg/dL) concentrations were measured in a fasting state. 

The quality of the laboratory tests has been warranted by the 

Korean Association for Laboratory Medicine, and the hos-

pitals participating in the National Health Insurance health 

checkup programs are certified by the NHIS.

Study outcomes and follow-up

The study population was followed from baseline to the date 

of ESRD diagnosis or until December 31, 2017, whichever 

came first. The primary endpoint was incident ESRD, which 

was defined using a combination of ICD-10 codes (N18-19, 

Z49, Z94.0, and Z99.2) and a unique code (V code) that was 

assigned in the initiation of renal replacement therapy (he-

modialysis [HD], V001; peritoneal dialysis [PD], V003) and/

or kidney transplantation (KT, V005) during hospitalization. 

All medical expenses for dialysis are reimbursed using the 

Korean Health Insurance Review and Assessment Service 

database. These patients are also registered as special med-

ical aid beneficiaries. Therefore, we identified every patient 

with ESRD in the entire South Korean population and ana-

lyzed the data for all patients with ESRD who started dialysis. 

Codes for treatment or medical expense claims included 

V005 for KT, V001 for HD, and V003 for PD. We excluded 

individuals without previous CKD who had a transplant or 

dialysis code on the same date as an acute renal failure code. 

Subjects on continuous renal replacement therapy or acute 

PD were also excluded.

Statistical analysis

We report the mean ± standard deviation with intervals for 

continuous variables and the numbers (with percentages) 

for categorical variables. Participants were classified into 

seven groups according to the SBP and DBP levels. To iden-

tify the risk of ESRD by SBP and DBP level, we calculated the 

hazard ratios (HRs) with 95% confidence intervals (CIs) and 

analyzed these data using the Cox proportional hazard re-

gression model. We analyzed associations between BP level 

and ESRD development using three models: model 1, crude 

model; model 2, adjusted for model 1 plus age, sex, income, 

DM, dyslipidemia, and hypertension; model 3, adjusted for 
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model 2 plus smoking, alcohol drinking, physical activity, 

and eGFR. We also performed subgroup analysis for DM and 

CKD. A p-value of <0.05 was considered to reflect statistical 

significance. SAS version 9.3 software and SAS survey proce-

dures (SAS Institute, Inc., Cary, NC, USA) were used for all 

statistical analyses.  

Results

Baseline characteristics

Table 1 shows the baseline characteristics of the partici-

pants regarding the development of ESRD. Among all the 

participants, 2,082 (1.5%) developed ESRD during a median 

follow-up duration of 5.4 years. The mean age was higher 

among individuals who developed ESRD than among those 

who did not. The proportion of low income was higher in the 

incident ESRD group than in the non-ESRD group. Comor-

bidities such as DM, hypertension, dyslipidemia, CKD, and 

proteinuria were more prevalent in the ESRD group than in 

the non-ESRD group. GFR and BMI were lower, while BP 

and glucose levels were higher in the ESRD group than in 

the non-ESRD group (Table 1). 

The characteristics of participants classified by levels of 

SBP and DBP are presented in Tables 2 and 3, respectively. 

Subjects in the high SBP group were older, were more likely 

to be women, had a lower income, exercised less, and had a 

higher prevalence of DM and CKD (Table 2). BMI, waist cir-

cumference, and fasting glucose were also higher in the high 

SBP group. Lipid profile was higher in the high SBP group 

(Table 2). Subjects in the higher DBP group were younger, 

were more likely to be men, had a low income, exercised 

Table 1. Baseline characteristics of subjects according to the incident ESRD
Characteristic Non-ESRD ESRD p-value

No. of patients 138,082 2,082

Age (yr) 63.4 ± 10.6 65.4 ± 9.9 <0.001

Male sex 97,897 (70.9) 1,451 (69.7) 0.23

Current smoker 41,174 (29.8) 539 (25.9) <0.001

Heavy drinker 8,958 (6.5) 76 (3.7) <0.001

Regular exercise 28,386 (20.6) 355 (17.1) <0.001

Income-low 29,846 (21.6) 552 (26.5) <0.001

Diabetes mellitus 44,078 (31.9) 1,562 (75.0) <0.001

Hypertension 95,743 (69.3) 1,945 (93.4) <0.001

Dyslipidemia 70,411 (51.0) 1,373 (65.9) <0.001

CKDa 19,562 (14.2) 1,659 (79.7) <0.001

Proteinuria <0.001

  Negative 125,014 (91.2) 728 (35.3)

  Trace 4,326 (3.2) 88 (4.3)

  1+ 4,361 (3.2) 296 (14.4)

  2+ 2,407 (1.8) 482 (23.4)

  3+ 805 (0.6) 369 (17.9)

  4+ 152 (0.1) 97 (4.7)

GFR (mL/min/1.73 m2) 81.8 ± 40.8 41.3 ± 27.7 <0.001

Body mass index (kg/m2) 24.7 ± 3.0 24.5 ± 3.2 0.03

Glucose (mg/dL) 112.2 ± 38.1 136.0 ± 67.9 <0.001

TC (mg/dL) 205.2 ± 46.2 203.6 ± 57.2 0.11

SBP (mmHg) 130.1 ± 15.9 137.5 ± 19.6 <0.001

DBP (mmHg) 79.0 ± 10.3 80.1 ± 12.1 <0.001

Follow-up (yr) 5.5 ± 1.9 2.5 ± 2.0 <0.001

Data are expressed as number only, mean ± standard deviation, or number (%).
CKD, chronic kidney disease; DBP, diastolic blood pressure; ESRD, end-stage renal disease; GFR, glomerular filtration rate; SBP, systolic blood pressure; 
TC, total cholesterol
aEstimated GFR < 60 mL/min/1.73 m2.
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less, and had a higher prevalence of CKD but a lower preva-

lence of DM (Table 3). BMI, waist circumference, and fasting 

glucose were also higher in the high SBP group. Lipid profile 

was higher in the high SBP group (Table 2). 

BP and the risk of ESRD

During a median follow-up period of 5.4 years after the PCI, 

2,082 participants (1.5%) developed ESRD. The highest SBP 

group (>160 mmHg) showed the highest HR of 3.69 (95% 

CI, 2.61–5.23) compared to the reference group (110–119 

mmHg). Similar results were observed for the highest DBP 

group (>120 mmHg) as it showed the highest HR compared 

to the reference group (70–79 mmHg) (Table 4, Fig. 2A, B). 

The risk of ESRD showed a J-shaped relationship with base-

line SBP at 110 mmHg and baseline DBP at 75 mmHg (Table 

4; Fig. 3A, B) after adjustment for age, sex, income, presence 

of DM, dyslipidemia, hypertension, smoking, alcohol drink-

ing, physical activity, and GFR. 

Subgroup analyses

Subgroup analyses for DM and CKD were performed. The 

DM cases showed a J-shaped curve with a baseline of 113 

mmHg for SBP and 74 mmHg for DBP (Fig. 3C, D), while HR 

for incident ESRD showed a linear relationship with SBP and 

DBP among the non-DM cases (Fig. 3E, F). In addition, HR for 

incident ESRD increased only in the DBP > 120 mmHg group 

(HR, 2.24; 95% CI, 1.35–3.72) among the non-DM cases. How-

ever, the cases with DM showed increased HR in the DBP < 70 

mmHg group (HR, 1.43; 95% CI, 1.22–1.68) and the DBP > 120 

mmHg group (HR, 2.65; 95% CI, 1.44–4.88) (Table 5). 

Regarding the CKD subgroup analysis, increased HR for 

incident ESRD was observed in the SBP > 150 mmHg group 

among the non-CKD cases, while increased HR for incident 

ESRD was observed in the SBP > 130 mmHg group among 

the CKD cases (Table 6; Supplementary Fig. 1A, C, available 

online). For DBP, HR for incident ESRD was increased in the 

DBP > 120 mmHg group among the non-CKD cases (HR, 

5.02; 95% CI, 1.79–14.09), while the cases with CKD showed a 

J-shaped curve and increased HR in the DBP < 70 mmHg (HR, 

1.25; 95% CI, 1.07–1.46) and DBP 110–119 mmHg groups (HR, 

1.69; 95% CI, 1.13–2.54) (Table 6; Supplementary Fig. 1B, D).

Discussion

The present study demonstrated that increased levels of 

both SBP and DBP prior to PCI were associated with a higher 

risk of ESRD during a 5.4-year follow-up period after under-

going PCI. Both the SBP and DBP levels were associated with 

the ESRD risk. Moreover, patients with DM undergoing PCI 

showed a J-shaped relationship with SBP and DBP for ESRD 

risk. However, patients without DM undergoing PCI showed 

a linear relationship with SBP and DBP levels for ESRD risk. 

This association persisted after multivariable adjustment for 

important potential confounders. 

In the last few decades, researchers have mainly focused 

on finding a target BP to reduce CV mortality and improve 

outcomes. The 2017 American Heart Association/American 

College of Cardiology hypertension guidelines recommend-

ed a target of <130/80 mmHg for patients with ischemic 

heart disease and DM [15]. The background of this guide-

line was that the Systolic Blood Pressure Intervention Trial 

(SPRINT) was prematurely ceased due to the benefits of 

controlling hypertensive patients’ SBP levels to <120 mmHg 

rather than <140 mmHg, thus supporting the aim for a low 

SBP. The composite endpoint of acute coronary syndrome, 

stroke, acute decompensated heart failure, or death from CV 

causes was 25% less likely in those with a target BP of <120 

mmHg [16]. However, only a few studies have investigated 

the association of BP and ESRD risk in patients undergoing 

PCI. Our data showed that the risk of ESRD is associated 

with increased SBP and DBP. Especially, DBP of PCI with 

DM group showed a J-shape at a baseline DBP of 74 mmHg. 

Böhm et al. [17] reported a significant increase in adverse 

events for SBP below 120 mmHg, potentially due to poor 

perfusion leading to an increased risk of ischemic events. 

White et al. [11] also reported that in patients with type 2 

DM and recent acute coronary syndrome, an average BP 

of <130/80 mmHg was associated with worsened CV out-

comes. Similarly, despite the lack of studies on the adverse 

effects of low BP on ESRD, our results suggest that low BP 

is a poor prognostic factor for ESRD in DM patients who 

underwent PCI. Analyses from other preventive cardiology 

clinical trials support our findings. The Avoiding Cardio-

vascular Events Through Combination Therapy in Patients 

Living with Systolic Hypertension trial also showed similar 

results. This trial included patients with hypertension and 

increased CV risk and found that, compared with an SBP of 
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Figure 2. Incidence rates, HRs, and 95% CIs of ESRD by deciles of SBP (A) and DBP (B). Adjusted for age, sex, income-low 25%, 
diabetes mellitus, hypertension, dyslipidemia, current smoker, alcohol consumption, regular exercise, and estimated glomerular 
filtration rate. 
CI, confidence interval; DBP, diastolic blood pressure; ESRD, end-stage renal disease; HR, hazard ratio; SBP, systolic blood pressure.
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≥140 mmHg, achieving <140 mmHg produced significant 

benefits in the CV outcome, but there was no further benefit 

at lower SBP levels [18]. 

Recent post hoc and secondary analyses of SPRINT have 

shown that patients with low baseline CV risk had less ben-

efit and more adverse renal events in the intensively treated 

group than in the standard group [19]. Furthermore, those 

patients in the lowest quintile of DBP at baseline (61 mmHg) 

had higher rates of CV events, but intensive lowering of 

SBP in this group was still beneficial relative to the low DBP 

Table 5. Multivariate Cox analysis for incident ESRD by level of SBP and DBP in underwent PCI patients (subgroup analysis for DM) 

BP group (mmHg) Total (n) ESRD (n) Duration
(person × yr) IR

Hazard ratio (95% confidence interval)

Model 1 Model 2 Model 3

SBP

  Non-DM

    <110 5,644 15 30,642 0.49 0.79 (0.44–1.39) 0.79 (0.44–1.39) 0.77 (0.43–1.36)

    ≥110, <120 15,370 53 85,321 0.62 1.00 (reference) 1.00 (reference) 1.00 (reference)

    ≥120, <130 22,370 79 123,443 0.64 1.03 (0.73–1.46) 1.02 (0.72–1.45) 1.04 (0.73–1.47)

    ≥130, <140 28,401 162 158,921 1.02 1.64 (1.21–2.24) 1.60 (1.17–2.19) 1.64 (1.20–2.24)

    ≥140, <150 11,411 76 62,928 1.20 1.94 (1.37–2.76) 2.32 (1.18–4.59) 2.37 (1.20–4.68)

    ≥150, <160 6,532 60 36,089 1.66 2.68 (1.85–3.87) 3.12 (1.57–6.23) 3.20 (1.60–6.38)

    ≥160 4,796 75 26,808 2.80 4.51 (3.18–6.42) 5.01 (2.53–9.91) 5.14 (2.60–10.18)

  DM

    <110 2,533 75 12,963 5.79 1.32 (1.00–1.74) 1.32 (1.00–1.74) 1.31 (0.99–1.73)

    ≥110, <120 6,714 155 35,577 4.36 1 (reference) 1 (reference) 1 (reference)

    ≥120, <130 10,192 252 54,108 4.66 1.07 (0.88–1.31) 1.07 (0.88–1.31) 1.09 (0.89–1.33)

    ≥130, <140 13,358 382 71,084 5.37 1.24 (1.03–1.49) 1.26 (1.05–1.52) 1.30 (1.08–1.58)

    ≥140, <150 6,258 263 32,602 8.07 1.85 (1.52–2.25) 2.23 (1.50–3.33) 2.28 (1.53–3.41)

    ≥150, <160 3,690 198 19,070 10.38 2.38 (1.93–2.93) 2.86 (1.91–4.30) 2.94 (1.96–4.42)

    ≥160 2,895 237 14,651 16.18 3.70 (3.02–4.53) 4.47 (2.99–6.69) 4.66 (3.11–6.97)

    p for interaction 0.09 0.10 0.11

DBP

  Non-DM

    <70 11,515 60 61,701 0.97 1.10 (0.82–1.49) 1.04 (0.77–1.41) 1.03 (0.76–1.40)

    ≥70, <80 29,440 142 161,769 0.88 1.00 (reference) 1.00 (reference) 1.00 (reference)

    ≥80, <90 37,331 200 209,254 0.96 1.09 (0.88–1.35) 1.06 (0.85–1.31) 1.06 (0.85–1.32)

    ≥90, <100 11,559 82 64,918 1.26 1.44 (1.10–1.90) 0.88 (0.63–1.22) 0.88 (0.63–1.23)

    ≥100, <110 3,727 23 21,201 1.09 1.24 (0.80–1.93) 0.83 (0.51–1.34) 0.83 (0.51–1.34)

    ≥110, <120 701 8 3,912 2.05 2.34 (1.15–4.76) 1.67 (0.80–3.50) 1.70 (0.81–3.56)

    ≥120 251 5 1,397 3.58 4.08 (1.67–9.94) 2.59 (1.56–4.30) 2.24 (1.35–3.72)

  DM

    <70 6,815 248 34,408 7.21 1.32 (1.13–1.54) 1.45 (1.23–1.70) 1.43 (1.22–1.68)

    ≥70, <80 14,571 413 76,248 5.42 1.00 (reference) 1.00 (reference) 1.00 (reference)

    ≥80, <90 16,692 524 89,509 5.85 1.09 (0.96–1.24) 0.96 (0.84–1.09) 0.972 (0.85–1.11)

    ≥90, <100 5,565 251 29,437 8.53 1.58 (1.35–1.85) 0.81 (0.68–0.98) 0.83 (0.69–1.00)

    ≥100, <110 1,601 91 8,457 10.76 2.00 (1.59–2.51) 1.02 (0.80–1.31) 1.06 (0.82–1.36)

    ≥110, <120 305 24 1,559 15.39 2.84 (1.88–4.29) 1.40 (0.91–2.14) 1.51 (0.98–2.30)

    ≥120 91 11 437 25.20 4.60 (2.53–8.37) 2.33 (1.27–4.29) 2.65 (1.44–4.88)

    p for trend 0.55 0.34 0.32

BP, blood pressure; DBP, diastolic BP; DM, diabetes mellitus; ESRD, end-stage renal disease; IR, incidence rate (per 1000 person-years); 
PCI, percutaneous coronary intervention; SBP, systolic BP.
Model 1: crude model. Model 2: adjusted for age, sex, income, DM, dyslipidemia, and hypertension. Model 3: adjusted for model 2 plus 
smoking, alcohol drinking, regular exercise, and glomerular filtration rate.
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Table 6. Multivariate Cox analysis for incident ESRD by level of SBP and DBP in underwent PCI patients (subgroup analysis for CKD)

BP group (mmHg) Total (n) ESRD (n) Duration
(person × yr) IR

Hazard ratio (95% confidence interval)

Model 1 Model 2 Model 3

SBP

  Non-CKD

    <110 6,907 20 37,378 0.54 1.16 (0.69–1.95) 1.18 (0.70–1.98) 1.16 (0.69–1.96)

    ≥110, <120 19,127 49 105,460 0.46 1.00 (reference) 1.00 (reference) 1.00 (reference)

    ≥120, <130 28,120 77 154,889 0.50 1.07 (0.75–1.53) 1.05 (0.73–1.50) 1.07 (0.74–1.53)

    ≥130, <140 35,854 126 199,710 0.63 1.35 (0.97–1.88) 1.32 (0.94–1.84) 1.36 (0.97–1.90)

    ≥140, <150 14,561 62 80,119 0.77 1.67 (1.15–2.42) 1.81 (0.88–3.71) 1.87 (0.91–3.82)

    ≥150, <160 8,350 45 46,148 0.98 2.09 (1.40–3.14) 2.26 (1.09–4.72) 2.35 (1.13–4.89)

    ≥160 6,024 44 33,670 1.31 2.79 (1.86–4.20) 2.95 (1.41–6.15) 3.07 (1.47–6.41)

  CKD

    <110 1,270 70 6,227 11.24 1.07 (0.81–1.42) 1.02 (0.77–1.35) 1.00 (0.76–1.33)

    ≥110, <120 2,957 159 15,437 10.30 1.00 (reference) 1.00 (reference) 1.00 (reference)

    ≥120, <130 4,442 254 22,662 11.21 1.08 (0.89–1.32) 1.11 (0.91–1.36) 1.12 (0.92–1.36)

    ≥130, <140 5,905 418 30,294 13.80 1.33 (1.11–1.60) 1.41 (1.17–1.69) 1.42 (1.18–1.70)

    ≥140, <150 3,108 277 15,411 18.00 1.73 (1.42–2.10) 2.39 (1.61–3.54) 2.36 (1.59–3.50)

    ≥150, <160 1,872 213 9,012 23.64 2.25 (1.83–2.77) 2.93 (1.97–4.38) 2.91 (1.95–4.33)

    ≥160 1,667 268 7,789 34.41 3.28 (2.69–3.99) 4.71 (3.17–6.99) 4.65 (3.13–6.90)

    p for interaction 0.98 0.94 0.97

DBP

  Non-CKD

    <70 14,929 50 79,703 0.63 1.03 (0.74–1.44) 1.03 (0.74–1.44) 1.025 (0.734–1.430)

    ≥70, <80 37,519 117 205,455 0.57 1.00 (reference) 1.00 (reference) 1.00 (reference)

    ≥80, <90 46,407 156 259,319 0.60 1.08 (0.85–1.37) 1.08 (0.85–1.37) 1.09 (0.85–1.39)

    ≥90, <100 14,433 72 80,966 0.89 1.30 (0.88–1.91) 1.30 (0.88–1.91) 1.30 (0.89–1.92)

    ≥100, <110 4,528 19 25,652 0.74 1.18 (0.68–2.03) 1.18 (0.68–2.03) 1.19 (0.69–2.05)

    ≥110, <120 857 5 4,788 1.04 1.65 (0.65–4.19) 1.65 (0.65–4.19) 1.69 (0.67–4.30)

    ≥120 270 4 1,490 2.68 4.91 (1.75–13.75) 4.91 (1.75–13.75) 5.02 (1.79–14.09)

  CKD

    <70 3,401 258 16,407 15.73 1.25 (1.07–1.46) 1.25 (1.07–1.46) 1.25 (1.07–1.46)

    ≥70, <80 6,492 438 32,561 13.45 1.00 (reference) 1.00 (reference) 1.00 (reference)

    ≥80, <90 7,616 568 39,444 14.40 0.98 (0.86–1.11) 0.98 (0.86–1.11) 0.98 (0.87–1.11)

    ≥90, <100 2,691 261 13,389 19.49 0.83 (0.70–1.00) 0.83 (0.70–1.00) 0.84 (0.70–1.00)

    ≥100, <110 800 95 4,005 23.72 0.96 (0.75–1.22) 0.96 (0.75–1.22) 0.98 (0.77–1.24)

    ≥110, <120 149 27 683 39.52 1.63 (1.09–2.43) 1.63 (1.09–2.43) 1.69 (1.13–2.53)

    ≥120 72 12 344 34.89 1.32 (0.74–2.37) 1.32 (0.74–2.374) 1.43 (0.80–2.57)

    p for trend 0.70 0.64 0.65

BP, blood pressure; CKD, chronic kidney disease; DBP, diastolic BP; ESRD, end-stage renal disease; IR, incidence rate (per 1000 person-years); PCI, 
percutaneous coronary intervention; SBP, systolic BP.
Model 1: crude model. Model 2: adjusted for age, sex, income, diabetes mellitus, dyslipidemia, and hypertension. Model 3: adjusted for model 2 plus 
smoking, alcohol drinking, regular exercise, and glomerular filtration rate.

group [20]. A linear relationship between levels of BP and 

CV outcomes has been observed in the general hypertensive 

population, particularly for stroke; however, in patients with 

coronary artery disease, the relationship of BP and CV out-

comes often shows a J-shaped curve with higher CV event 

rates at lower levels of BP [21]. 

Several pathophysiological mechanisms have been pro-

posed to explain the existence of a J-shaped curve. The 

J-shaped curve may represent an epiphenomenon of in-

creased arterial stiffness; thus, a low DBP level might be 
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a marker of high pulse pressure and increased mortality 

because coronary perfusion occurs during diastole [22]. In 

our analyses, we noticed a J-shaped curve phenomenon just 

for DBP but not for SBP in patients with DM, for which the 

pulse pressure theory would be applicable. However, the hy-

pothesis that a J-shaped curve might be an epiphenomenon 

of severe underlying chronic illness or inflammation seems 

more convincing. 

Unfortunately, there is no published research on the 

measurement of BP during health check-ups prior to PCI 

and ESRD prognosis after PCI. High SBP increases cardiac 

afterload, whereas low DBP may lead to impaired coronary 

perfusion. Therefore, the higher the pulse pressure imme-

diately before PCI, the worse the prognosis after PCI [23]. 

However, it is difficult to determine whether the previous 

study’s mechanism is the same as that of the current study 

due to different participant characteristics and methodolo-

gy. Further research on the mechanism of why BP measured 

within two years prior to PCI affects the progression to ESRD 

after PCI is warranted. However, high BP progressively leads 

to the development of acute coronary syndrome; thus, it can 

be considered an ESRD progression factor. 

This study has several limitations. First, the study pop-

ulation comprised Korean men and women; hence, it is 

uncertain whether these findings can be generalized to 

other ethnic groups. Second, different BP devices were used 

to measure BP, and no standardized protocols were used 

in each center. Third, antihypertensive drugs, such as re-

nin-angiotensin-aldosterone system blockers, are known 

to delay the progression of CKD, but these antihypertensive 

medication effects were not considered in this study. Fourth, 

there are various time differences between BP measurement 

and PCI. The maximal time difference was two years, and 

the average time difference was 1.04 ± 0.57 years. However, 

the time difference effects were not considered in this study. 

In conclusion, our study showed that a high SBP or DBP 

prior to PCI was independently associated with an increased 

incidence of ESRD and low DBP also risk for ESRD in PCI 

patients with DM.
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