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Chronic Kidney Disease Risk of Isolated
Systolic or Diastolic Hypertension in Young
Adults: A Nationwide Sample Based-Cohort
Study
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Hong Sang Choi, MD, PhD; Chang Seong Kim “*, MD, PhD; Seong Kwon Ma, MD, PhD; Kyung-Do Han, PhD*;
Soo Wan Kim %=, MD, PhD*

BACKGROUND: Hypertension among young adults is common. However, the effect of isolated systolic hypertension (ISH), iso-
lated diastolic hypertension (IDH), or systolic and diastolic hypertension (SDH) among young adults on chronic kidney disease
(CKD) development is unknown.

METHODS AND RESULTS: From a nationwide health screening database, we included 3 030 884 participants aged 20 to 39 years
who were not taking antihypertensives at baseline examination in 2009 to 2010. Participants were categorized as having nor-
mal blood pressure (BP), elevated BP, stage 1 IDH, stage 1 ISH, stage 1 SDH, stage 2 IDH, stage 2 ISH, and stage 2 SDH.
The primary outcome was incident CKD. A total of 5853 (0.19%) CKD events occurred. With normal BP as the reference,
multivariable-adjusted hazard ratios (HRs) (95% Cls) for CKD were 1.14 (95% ClI, 1.04-1.26), elevated BP; 1.19 (95% CI, 1.10-
1.28), stage 1 IDH; 1.24 (95% ClI, 1.08-1.42), stage 1 ISH; 1.39 (95% ClI, 1.28-1.51), stage 1 SDH; 1.88 (95% ClI, 1.63-2.16),
stage 2 IDH; 1.84 (95% ClI, 1.54-2.19), stage 2 ISH; 2.70 (95% CI, 2.44-2.98), stage 2 SDH. The HRs for CKD were attenu-
ated in the patients who were antihypertensive and began medication within 1 year of medical checkup than in those without
antihypertensives.

CONCLUSIONS: Among Korean young adults, those with elevated BP, stage 1 IDH, stage 1 ISH, stage 1 SDH, stage 2 IDH,
stage 2 ISH, and stage 2 SDH were associated with a higher CKD risk than those with normal BP. The CKD risk in ISH and
IDH groups was similar but lower than that in the SDH group. Antihypertensives attenuated the risk of CKD in young adults
with hypertension.
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risk factor globally for overall mortality and mor-
bidity.! Hypertension also plays a crucial role in
the development and progression of kidney failure.3
Blood pressure (BP) rises with a declining kidney

Hypertension is the most important modifiable

function, which in turn aggravates the hypertension.
Moreover, as chronic kidney disease (CKD) worsens,
BP becomes more difficult to control. Thus, it be-
comes a vicious cycle. Therefore, early diagnosis and
prompt treatment are crucial. However, hypertension
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CLINICAL PERSPECTIVE

What Is New?

e Thisis the first study demonstrating the relation-
ship between blood pressure and chronic kid-
ney disease (CKD) development in young adults
using a well-established and validated longitudi-
nal national database.

e Blood pressure levels greatly influenced CKD
development in young adults, including the
elevated blood pressure group; the risk was
greater in SDH than in the ISH or IDH group and
for stage 2 than stage 1 hypertension.

e Increased blood pressure was associated with
increased CKD risk in young adults; antihyper-
tensives reduced CKD risk.

What Are the Clinical Implications?

e The 2017 American College of Cardiology/
American Heart Association guidelines in-
creased the prevalence of hypertension in
young adults.

e Antihypertensives reduced the risk of CKD in
young adults.

Nonstandard Abbreviations and Acronyms

IDH isolated diastolic hypertension
ISH isolated systolic hypertension
SDH systolic and diastolic hypertension

is usually diagnosed late in young adults and this
interdependence complicates the management
of both diseases. In 2017, the American College of
Cardiology/American Heart Association released
an updated guideline with new criteria for hyper-
tension defining stage 1 hypertension as a systolic
BP (SBP) value of 130 mm Hg through 139 mm Hg
or a diastolic BP (DBP) value of 80 mm Hg through
89 mm Hg.* Most of the study populations according
to this guideline comprised middle-aged and elderly
adults, leaving a relative lack of evidence for young
adults aged 20 through 39 years.

Hypertension among young people is common and
affects 1 in 8 adults aged between 20 and 40 years.!
However, the effect of isolated systolic hypertension
(ISH), isolated diastolic hypertension (IDH), or systolic
and diastolic hypertension (SDH) among young adults
on the development of CKD is unknown. Moreover,
hypertension can have harmful health effects even
at a young age. In the short term, it is associated
with higher rates of left ventricular hypertrophy® and
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alterations in the brain volume, suggesting that hyper-
tension in young adults may affect cardiovascular and
brain health.57

Although previous cohort studies have investigated
the association of BP with cardiovascular disease
among young adults,®® they have not studied the as-
sociation of BP with CKD. Moreover, the new definition
led to an increase in the prevalence rate of hyperten-
sion, particularly among young adults.'®"" However,
the awareness and level of treatment for hypertension
remains poor.'?

This nationwide sample-based study aimed to in-
vestigate the association between the BP categories
according to the 2017 American College of Cardiology/
American Heart Association guidelines and the risk of
CKD among young adults using the Korean National
Health Insurance Service database.

METHODS

Data Availability

Because of the confidentiality of data used in this
study and the strict privacy policy of the data holder
stating that these data can be kept only among the
designated research personnel, these data cannot be
made available to others, whether or not they are made
anonymous.

Study Design and Database

The Korean National Health Insurance Service da-
tabase comprises the complete health information
pertaining to 50 million Koreans including an eligibil-
ity database, a medical treatment database, a health
examination database, and a medical care institu-
tion database.®'® The National Health Insurance
Corporation, managed by the Korean government,
is the single insurer to which ~97% of Koreans sub-
scribe. Enrollees of the National Health Insurance
Corporation are recommended to undergo a stand-
ardized medical examination at least once every
2 years. Among 4 944 387 young adults who en-
rolled from 2009 to 2010 (index year), 3 233 386 par-
ticipants who were available for follow up from 2013
to 2016 were selected. To avoid confounders due to
preexisting diseases and minimize the potential ef-
fects of reverse causality, those who had a history
of CKD before the index year were also excluded
(n=111 394). Ultimately, the study sample consisted
of 3 030 884 subjects (Figure 1).

This study was approved by the Chonnam National
University Hospital (study approval number: CNUH-
EXP-2020-228) and National Health Insurance Service,
and it was conducted according to the principles of the
Declaration of Helsinki. The need for written informed
consent was waived by our institutional review board.
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17 539 992 Korean patients in the National Health Insurance
Program underwent examination in the 2009-2010 period

{

4 944 387 patients age 20~39

1 913 503 Excluded
-1 711 001 less than 2 times medical
checkup during 2013-2016
-111 394 Previous CKD
-91 108 Missing covariate values

A4

Eligible subjects (n=3 030 884) assigned into 8 groups
according to the distribution of SBP or DBP

» Grl: Normal BP (n=1 389 298) SBP<120 & DBP<80

» Gr2: Elevated BP (n=352 112) SBP<120-129 & DBP<80

» Gr3: Stage 1 IDH (n=530 142) SBP<130 & DBP<80-89

» Gr4: Stage 1 ISH (n=127 874) SBP<130-139 & DBP<80

» Gr5: Stage 1 SDH (n=423 199) SBP<130-139 & DBP<80-89

» Gro6: Stage 2 IDH (n=61 220) SBP<140 & DBP>90

Gr7: Stage 2 ISH (n=41 037) SBP>140 & DBP<90

v

Gr8: Stage 2 SDH (n=106 002) SBP >140 & DBP>90

Figure 1. Flow diagram of the study.

BP indicates blood pressure; CKD, chronic kidney disease; DBP, diastolic blood pressure; Gr, group; IDH,
isolated diastolic hypertension; ISH, isolated systolic hypertension; SBP, systolic blood pressure; and

SDH, systolic and diastolic hypertension.

Measurements and Definitions

BP measurements were performed during the health
checkup by trained medical staff using the auscul-
tatory or oscillometric methods. The BP measure-
ment protocol recommending at least 5 minutes
of rest in a seated position followed by 2 repeated
measurements at 5-minute intervals was followed.'®
Participants were categorized into 8 mutually ex-
clusive groups: (1) normal BP (untreated SBP <120/
DBP <80 mm Hg; n=1 389 298); (2) elevated BP (SBP
120-129/DBP <80 mm Hg; n=352 112); (3) stage 1
IDH (SBP <130/DBP 80-89 mm Hg; n=530 142);
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(4) stage 1 ISH (SBP 130-139/DBP <80 mm Hg;
n=124 874); (5) stage 1 SDH (SBP 130-139/DBP 80—
89 mm Hg; n=423 199); (6) stage 2 IDH (SBP <140/
DBP >90 mm Hg; n=61 220); (7) stage 2 ISH (SBP
>140/DBP <90 mm Hg; n=41 037); (8) stage 2 SDH
(SBP >140/DBP >90 mm Hg; n=106 002). Body mass
index was calculated as the participant’s weight in
kilograms divided by the square of the participant’s
height in meters. Information on the current smoking
and alcohol consumption habits was obtained by a
questionnaire. Heavy alcohol consumption was de-
fined as alcohol consumption more than 30 g per day.
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Regular exercise was defined as physical activity that
was performed at least 5 times per week. The income
level was dichotomized at the lower 25%. Blood sam-
ples for the measurement of serum glucose and total
cholesterol levels were collected after overnight fast-
ing. 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 preceding the index date. Hypertension was
defined as a previous diagnosis of hypertension as
per the International Classification of Diseases, Tenth
Revision (ICD-10) codes (I110-13, 115) and a history of
using at least 1 antihypertensive drug, or a recorded
SBP of >140 mm Hg, or a DBPe of >90 mm Hg in the
health examination database. Diabetes mellitus (DM)
was identified using the appropriate diagnostic codes
(E11-14) and a 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 a history of lipid-lowering drug use or a total
serum cholesterol concentration of >240 mg/dL in the
health examination database. CKD was defined as
an estimated glomerular filtration rate of <60 mL/min
per 1.73 m? calculated using the CKD Epidemiology
Collaboration equation. The participants’ blood glu-
cose (mg/dL) and total cholesterol (mg/dL) concen-
trations were measured in a fasting state. The quality
of the laboratory tests was 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 National
Health Insurance Service.

Study Outcomes and Follow-Up

The study sample was followed up from the base-
line period up to the date of CKD diagnosis or until
December 31, 2016. The primary end point was in-
cident CKD; it was defined using a combination of
ICD-10 codes (N18-19) and an estimated glomerular
filtration rate of <60 mL/min per 1.73 m? calculated
using the CKD Epidemiology Collaboration equation
on more than 2 occasions during the medical checkup
from 2013 to 2016.

Statistical Analysis

We report the mean+SD with intervals for continuous
variables and the numbers (with percentages) for cat-
egorical variables. To identify the risk of CKD using the
SBP and DBP levels, we calculated the hazard ratios
(HRs) with 95% Cls and analyzed these data using
the Cox proportional hazard regression model. We
analyzed the associations between BP levels and CKD
development using 5 models—Model 1: nonadjusted
model; Model 2: adjusted for age and sex; Model 3:
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adjusted for model 2 plus smoking, alcohol drinking,
physical activity, body mass index, and low income;
Model 4 adjusted for Model 3 plus dyslipidemia, DM,
and estimated glomerular filtration rate. Model 5 ad-
justed for Model 4 and the Charlson Comorbidity
Index."'® We also performed subgroup analyses for
clinically important variables. A P<0.05 was considered
to reflect statistical significance. SAS version 9.3 soft-
ware and SAS survey procedures (SAS Institute, Inc.,
Cary, NC, USA) were used for all statistical analyses.

RESULTS

Baseline Characteristics

Table 1 shows the baseline characteristics of the par-
ticipants with respect to the development of CKD. Of
the total, 5853 (0.19%) subjects developed CKD. The
mean age of those who developed CKD was higher
than that of those who did not. The proportion of men
(72.29%), obesity (body mass index >25), and abdomi-
nal obesity (waist circumference >90 in men, >85 in
women) was higher in the incident CKD than in the
non-CKD group. Comorbidities such as DM, hyper-
tension, dyslipidemia, CKD, and proteinuria were more
prevalent in the CKD group than in the non-CKD group.
The estimated glomerular filtration rate was lower and
BP, total cholesterol, and glucose levels were higher in
the CKD than in the non-CKD group (Table 1).

Of the total number of participants, 530 142 (17.5%)
had stage 1 IDH, 127 874 (4.2%) had stage 1 ISH,
423 199 (14.0%) had stage 1 SDH, 61 220 (2.0%)
had stage 2 IDH, 41 037 (1.4%) had stage 2 ISH, and
106 002 (3.5%) had stage 2 SDH. Participants across
all stages and subtypes of hypertension had higher
body mass index, waist circumference, fasting glu-
cose, and triglycerides levels; more severe DM and
dyslipidemia; and were more likely to be male, current
smokers, and frequent alcohol users than those in the
normal BP group (Table 2).

Isolated SBP or DBP and the Risk of CKD
With normal BP as the reference, the multivariable-
adjusted hazard ratios (95% Cls) for CKD as the out-
come were 1.14 for elevated BP, 1.19 for stage 1 IDH,
1.24 for stage 1 ISH, 1.39 for stage 1 SDH, 1.88 for
stage 2 IDH, 1.84 for stage 2 ISH, and 2.70 for stage
2 SDH groups (Table 3). We also evaluated the effect
of antihypertensive medications on the CKD event.
Antihypertensive medications within 1 year of medi-
cal checkup reduced the CKD risk in all groups sig-
nificantly (Table 3). In order to excluding the effect of
baseline proteinuria between BP and CKD risk, the
analysis was performed only in patients without base-
line proteinuria. The result were similar to those with
baseline proteinuria (Table S1).
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Table 1. Baseline Characteristics of Subjects According to the Incident CKD

CKD Risk of BP in Young Adults

Group None CKD (N=3 025 031) CKD (N=5853) P Value
Age, y 31.82+4.81 35.02+3.82 <0.0001
Sex, male (%) 2026 248 (66.98) 4231 (72.29) <0.0001
Current smoker 1116 411 (36.91) 1905 (32.55) <0.0001
Heavy drinker® 275 023 (9.09) 453 (7.74) 0.0003
Physical activity-regular 430 539 (14.23) 1084 (18.52) <0.0001
Income-low? 449 356 (14.85) 855 (14.61) 0.596
BMI, kg/m? 23.22+3.45 24.63+3.69 <0.0001
Obesity (BMI >25) 843 632 (27.89) 2585 (44.17) <0.0001
BMI 5 level <0.0001

<18.5 190 167 (6.29) 179 (3.06)

18.5-23 1358 376 (44.9) 1854 (31.68)

23-25 632 856 (20.92) 1235 (21.1)

25-30 727 4083 (24.05) 2107 (36)

>30 116 229 (3.84) 478 (8.17)
Waist circumference, cm* 78.41+£9.56 81.62+9.91 <0.0001
Abdominal obesity 401 559 (13.27) 1324 (22.62) <0.0001
Waist circumference 5 level <0.0001

M:<70/F:<65 277 050 (9.16) 305 (5.21)

M:70-79/F:65-74 1226 510 (40.55) 1785 (30.5)

M:80-89/F:75-84 1119912 (37.02) 2439 (41.67)

M:90-99/F:85-94 337 567 (11.16) 1089 (18.61)

M:>100/F:>95 63992 (2.12) 235 (4.02)
Diabetes mellitus 57 867 (1.91) 445 (7.6) <0.0001
Hypertension 266 654 (8.81) 1664 (28.43) <0.0001
Dyslipidemia 219937 (7.27) 1029 (17.58) <0.0001
CCl score 0.32+0.66 0.64+11 <0.0001
CCl grade <0.0001

0 2299 590 (76.02) 3826 (65.37)

1 560 852 (18.54) 1049 (17.92)

2 120 310 (3.98) 550 (9.4)

>3 44 279 (1.46) 428 (7.31)
Proteinuria <0.0001

Negative 2917 819 (96.7) 4865 (83.3)

Trace 56 642 (1.88) 191 (3.27)

1+ 31 342 (1.04) 321 (5.5)

2+ 9589 (0.32) 305 (5.22)

3+ 1738 (0.06) 134 (2.29)

4+ 284 (0.01) 24 (0.41)
Height, cm 169.13+8.17 169.63+7.86 <0.0001
Weight, cm 66.82+13.06 71.3+£13.85 <0.0001
Fasting blood glucose, mg/dL 91.05+£15.43 97.71+£33.39 <0.0001
Systolic blood pressure, mm Hg 118.5+12.87 123.85+15.68 <0.0001
Diastolic blood pressure, mm Hg 74.38+9.27 78.29+11.13 <0.0001
Pulse pressure, mm Hg 4412+8.23 45.55+9.16 <0.0001
Total cholesterol, mg/dL 186.4+33.74 197.74+37.97 <0.0001
Estimated glomerular filtration rate, mL/min/1.73 m? 96.31+51.36 80.26+51.93 <0.0001

Data are presented as mean+SD or frequency (%). BMI indicates body mass index; CCl, Charlson Comorbidity Index; and CKD, chronic kidney disease.

*Alcohol consumptions >30 g/day.

fLow income 25%, abdominal obesity: waist circumference >90 in men, >85 in women.

J Am Heart Assoc. 2021;10:e019764. DOI: 10.1161/JAHA.120.019764



CKD Risk of BP in Young Adults

Bae et al

"1000"0> S81I0B81ED [[e 10} BNJeA of "%Gg BWOdUl MO,
"Moam € U| skep gz asjoiaxe sN0JoBIA 10 SAep GZ 8sjolexe WIsIPIW :asjoiexa Jejnbay,
‘uoIsualIedAy DI[0ISEIP PUE D10}SAS ‘HAS PUE ‘UoIsualadAY O1j01SAS Pale|os! ‘HS| {UoIsUsLIadAL Olj0)SeIp Patejos! ‘Hd ‘einssald poojq Sa1esipul dg(%) Aousnbaij o ‘qSFueaw se pajussaid aie ejed

(65°0) 229 (re'0) Ok (Be0) 982 (G2 0) Le0L (Br0) Ov2 (€0 ot (Lr0) 269 (1°0) Ov6L Juene eseasip Aeupi oUOIYD
(1) s62e (lo2) e28 (90°2) 19zt (99°1) 6859 (ev1) 2181 (g'1) €618 (8¢'1) 998Y (9e1) ez8 81 €2
(€ov) 19ey (26°€) 09k (8ev) 2892 (82°¢€) clo 9k (WRXe12% (k6€) 8LL 0T (l6°€) 28L €L (Fv) 080 28 4
(62'21) €2€ 8L (G21) 28Ls (6v'81) Lee Lt (lezn) ere el (lezb) el 2e (ve'8l) ese 26 (lg°81) 621 59 (ve'6l) 692 292 L
(es92) €zl 18 (g92) 2oy 1 (20°62) 956 G¥ (e22) 95€ /28 (9g22) 6.1 66 (€¢'92) 626 €0¥ (¢'92) g62 892 (€'g2) 92k 9v0 + 0
€,°0%€€°0 12°0¥€€0 2/'0%Ge0 19'0%€0 99'0F€'0 19'0%2€°0 99°'0FLE0 99'0F2e0 X8pu| AHpICIOWOD UOSeUD
89'8%¢l'CS G0L¥66'29 70'9%8Y'LE L0'EFE BY 82 VF'65 G ¥F69'88 Ty YFLOLS €6'GFLY0Y BH wuw ‘einsseud esind
JW €L /Uil W “epel
19 GYFST 16 GZ'89F9Y'86 1/ 6YFL1'G6 28'66F9°C6 99°25%/8'96 LEOrFI8 76 GG'29¥5Z 86 16'25%22/6 uorre} JenIewo|d psrewisy
£9'96¥€5°20¢ G6'GEFG9L61 99'GEF6L /61 Z8'YEFC V6L J0VEFLT 68} 8/°€6¥6/'881 LIEeT6'S8L 16'LEF66°08) /B joIeise|oy0 [eloL
19°62F9Y'86 Y0 LZF76'96 86'61¥20°96 90'81F76°€6 ¥8'G1F96'26 98'GIFYY 16 1Y 716116 98'21¥66'88 Tp/Bw ‘esoon|n
1000°0> 696586 €9'€¥2€'GT v'eFLL Ve 82T EFLE VT L€' EFBS 6T SLEF'ET €¥70'22C 2U/Bx xepur ssew Apog
9€'6¥70/8 £1'6¥89'G8 626775 ¥8 G/'8¥G6'28 99'8¥G8'18 16'8¥769'6/ 1'8F/26. 11°8%88'Y/ WO ‘90UBIBJUINDIID ISIEM
98'9%2re/h 68'9F99°CL) YL/FE9'LLL 20LFGLeL) G2 L¥20TL) 8L/FG2 0Lt 187/%€2°0.) 92'8¥8/°991 wo yBreH
£E'E1F8'8L 18°2VF2LL 2821798 . 1121F9°eL G LIFSLTL G2'2I¥.9'89 8'LIF60°89 1G11F/9'19 B> WBIeoMm
€9l viv L1 (L¥'e1) 9295 (vi'el) 6228 (28°01) 900 9F (ev'8) G4 0L (G0'8) 969 ¢v (v29) L8 €2 (62'7) ¥85 99 elwepidisiq
(00t 200 901+ (oot €0 ¥ (ooh) ozz 19 (29°€) ¥¥S SI (92) 1zee (9e°2) g6 2L (66°1) 2102 (95°1) 289 L2 uoisuspedAH
(90°9) 92v9 (927) vs61 (88°€) €262 (Qre) ese €t (6e°2) 8508 (v0'2) 808 OL (L2'1) 8109 (€0'1) 982 ¥i snijlew seleqelq
(Lon gve Lt (erel) /865 (€9zL) 0822 (ro'el) 290 G B89vL) 122 8L (9g°s1) 2ls 28 (22°G1) 22 99 (6e'st) 228 €12 jowoou|
(8rgl) 880 9k (60°91) #7099 (91 67756 (r0'91) 9/8 29 (re'9l) 668 02 (L0°G1) ¥68 6. (G671 199 25 (eg8cH 290 82k ,s101exq
(8281) 116 6} (88°G1) 8159 (Z1'G1) 5826 66°€1) 2le 65 (G8°L1) 25k Gt (62°01) 0€S ¥ (Lo'e) se2 1e (L9 eet 62 AnesH
(€2'69) LiE €9 (26°89) ¥€0 72 (Lreg) /81 9¢ (8€°09) L1G 952 (50'69) G1G G2 (62°29) 269 €0g (899 021 002 (18°09) 886 S0/ PIN
(6¥'12) 082 22 (59°ge) g8 Ok (€¢2's2) 8v/ GL (€9°G2) 9.t 801 (Fe2) 202 28 (ev'ze) 16 LLL (r1'v€) L02 02h (6¥°e¥) 222 709 SUON
Buuug
(€6°15) 050 GG (es'6Y) Siv 02 (95°27) ¥11 62 (9v'6Y) 962 602 (lg°97) €2t 65 6e'1Y) sy 61 (eg'6¢) 9vL 6EL (18°22) 1ve 98¢ eung
(Ge21) o6€ 8k (16'94) 1769 (2891 9ge Ok (26°G1) 666 29 (6 €89 61 (coel) g6k 2L (lg°e1) 098 /¥ (26) 769 vEL 3
(¢20€) 295 ¢e (Lzee) 199 el (89°9e) 082 12 (L6'7€) S0€ 9vL (Fee) 8LL 8y (66'11) /67 862 (86'9%) 90% S9L (G29) €92 898 BUON
Bunjows
(se'26) 68 /6 (216) 289 /8 (¢e28) 65 €5 (26'88) 725 9.¢ (6€°98) 997 OLL (85°6/) ¥0. 00¥ (81v2) S0z 192 (58°61) 965 269 (erew) xes
TYFYEE 6E7¥8.°2E ViA Gielogols 9 rFLETE €9v¥e8le €LYF50°2¢ €L v788° e 96'7¥9¢e’LE A ‘eby
66'9¥25'96 6'7¥99'18 £9°6¥88'16 60'€F6EC8 60V FLe el 1'ZFr608 9T ¥ F8S 1L ¥6'GF9729 BH ww ‘qg oloiselq
67798k 28'GFI9 Pyl 1L'GFGEBTL 1067222k 682792l 68 VFEYBLL 66'2759°2e! GZ/F10'80L BH ww ‘dg olj0¥sAS
%G°€ %bL %0°2 %0"pL %2’ %G°LL %9°LL %8°Gt solsueloeIRyYD
(€00 901=N) (2€0 L¥=N) (022 19=N) (661 €¢7=N) (v28 221=N) (e¥L 0£G=N) (cLL 25€=N) (862 68€ L=N)
Has ¢ obe1s HSI ¢ obeis Hal g 9beis Has | abeig HSI L ebeis Hai L abeis dg pajens|3 dg [ewoN

uoisusapadAH g abelg

uoisuapadAH | aberg

dnouy aunssaud poojg Aq uoneindod Apnis jo sonsualoeley) auleseg ‘g ajqeL

J Am Heart Assoc. 2021;10:e019764. DOI: 10.1161/JAHA.120.019764



Bae et al

CKD Risk of BP in Young Adults

Table 3. Multivariable Cox Analysis for Incident CKD by Isolated Systolic or Diastolic Hypertension

HR (95% ClI)
BP Group Total (n) CKD (n) % Model 1 Model 2 Model 3 Model 4 Model 5
Total population
Normal 1389 298 1940 0.14 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
Elevated BP 352 112 597 017 1.22 (1.11-1.33) 117 (1.07-1.29) 110 (1.00-1.21) 114 (1.04-1.25) 114 (1.04-1.26)
Stage 1 IDH 530 142 1041 0.20 1.41 (1.31-1.52) 1.33 (1.23-1.43) 1.24 (1.15-1.34) 119 (1.10-1.28) 119 (1.10-1.28)
Stage 1 ISH 127 874 240 0.19 1.35 (1.17-1.54) 1.33 (1.16-1.53) 1.20 (1.05-1.38) 1.23 (1.07-1.41) 1.24 (1.08-1.42)
Stage 1 SDH 423 199 1037 0.25 1.76 (1.63-1.89) 1.63 (1.51-1.77) 1.46 (1.35-1.58) 1.38 (1.27-1.50) 1.39 (1.28-1.51)
Stage 2 IDH 61220 236 0.39 | 277 (2.42-3.17) | 2.25(1.96-2.58) | 1.94 (1.69-2.23) | 1.88 (1.64-2.16) | 1.88 (1.63-2.16)
Stage 2 ISH 41 037 140 0.34 2.45 (2.06-2.91) 2.15(1.81-2.56) 1.80 (1.51-2.14) 1.82 (1.563-2.17) 1.84 (1.54-2.19)
Stage 2 SDH 106 002 622 059 | 4.22(3.86-4.62) | 3.41(3.10-3.75) | 2.81(2.55-3.10) | 2.66 (2.41-2.93) | 2.70 (2.44-2.98)
P for trend <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Population without antihypertensive medication within 1-yr after medical checkup
Normal 1367 616 1739 013 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
Elevated BP 345 095 516 0.15 1.18 (1.07-1.30) 115 (1.04-1.27) 1.08 (0.98-1.20) 112 (1.02-1.24) 113 (1.02-1.24)
Stage 1 IDH 517 647 884 017 1.34 (1.24-1.46) 1.29 (1.18-1.40) 1.21 (1.11-1.31) 1.15 (1.06-1.25) 1.15 (1.06-1.25)
Stage 1 ISH 124 553 201 0.16 1.27 (1.10-1.47) 1.29 (1.11-1.49) 1.16 (1.00-1.35) 1.20 (1.03-1.39) 1.20 (1.03-1.39)
Stage 1 SDH 407 655 849 0.21 1.64 (1.51-1.78) 1.57 (1.44-1.71) 140 (1.28-1.58) | 1.34 (1.23-1.46) | 1.34 (1.23-1.47)
Stage 2 IDH 58 011 188 0.32 | 2.55(2.20-2.97) | 213 (1.83-2.49) 1.85 (1.59-2.16) 1.82 (1.56-2.13) 1.83 (1.57-2.13)
Stage 2 ISH 38 444 102 0.27 | 2.09 (1.71-2.55) | 1.90 (1.55-2.32) 1.59 (1.30-1.95) | 1.65(1.35-2.03) | 1.67 (1.36-2.04)
Stage 2 SDH 96 678 480 0.5 3.92 (3.54-4.34) | 3.27 (2.94-3.63) | 2.71 (2.43-3.02) | 2.62(2.35-2.93) | 2.65 (2.38-2.96)
P for trend <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Population with antihypertensive medication within 1-yr after medical checkup
Normal 21682 201 0.93 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
Elevated BP 7017 81 115 1.25(0.96-1.62) | 1.14(0.88-1.48) 114 (0.87-1.48) 117 (0.90-1.52) 1.16 (0.89-1.51)
Stage 1 IDH 12 495 157 1.26 1.36 (1.10-1.68) 1.22 (0.98-1.51) 1.22(0.99-1.52) | 1.18(0.95-1.47) | 119 (0.96-1.48)
Stage 1 ISH 3321 39 117 1.27 (0.90-1.79) 113 (0.79-1.60) 112 (0.79-1.59) 116 (0.82-1.65) | 1.19(0.83-1.69)
Stage 1 SDH 16 544 188 1.21 1.31 (1.07-1.60) 113 (0.92-1.39) 1.15(0.93-1.42) 1.12 (0.91-1.39) 1.17 (0.94-1.44)
Stage 2 IDH 3209 48 1.50 1.62(1.18-2.23) | 1.36(0.98-1.88) | 1.37(0.99-1.89) | 1.34(0.96-1.85) | 1.37 (0.99-1.90)
Stage 2 ISH 2593 38 1.47 1.69 (1.12-2.25) | 1.36(0.96-1.94) | 1.37 (0.95-1.96) | 1.40(0.98-2.01) | 1.51 (1.05-2.17)
Stage 2 SDH 9324 142 1.52 | 1.65(1.33-2.05) 1.41 (118-1.77) 1.44 (1.14-1.82) 1.44 (1.14-1.81) 1.55 (1.23-1.95)
P for trend <0.0001 0.0037 0.007 0.0082 0.0007

Model 1: nonadjusted model. Model 2: adjusted for age, sex. Model 3: adjusted for Model 2 plus smoking, alcohol drinking, physical activity, body mass
index, low income. Model 4 adjusted for Model 3 plus dyslipidemia, diabetes mellitus, and estimated glomerular filtration rate. Model 5 adjusted for Model 4
plus and Charlson Comorbidity Index. BP indicates blood pressure; CKD, chronic kidney disease; HR, hazard ratio; IDH, isolated diastolic hypertension; ISH,
isolated systolic hypertension; and SDH, systolic and diastolic hypertension.

BP and the Risk of CKD

We also analyzed the risk of developing CKD ac-
cording to the SBP or DBP level. The risk of CKD
increased with an increase in the SBP or DBP level.
Patients taking antihypertensive medication within
1 year of medical checkup showed a lower risk of
CKD than those not taking antihypertensive medica-
tion (Table 4, Figure 2).

use within 1 year of medical checkup in pulse pressure
quintile (Table 5, Figure 2).

Subgroup Analyses

Subgroup analysis for the ISH and IDH groups showed
that the increased CKD risk was attenuated by anti-
hypertensive medication use within 1 year of medical
checkup (Figure 3A).

In the DM and dyslipidemia subgroup analysis, the HRs
for incident CKD were higher in the DM and dyslipidemia
groups than in the non-DM and nondyslipidemia groups.
The relative risks associated with high BP were higher in
women than in men among young adults (Figure 3B).

Pulse Pressure and the Risk of CKD

Highest pulse pressure (Q5, pulse pressure quintile-
highest) increased the risk of developing CKD. The risk
of CKD was attenuated by antihypertensive medication
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Table 4. Multivariable Cox Analysis for Incident CKD by Systolic or Diastolic Blood Pressure Level

HR (95% ClI)
BP Group Total (n) CKD (n) % Model 1 Model 2 Model 3 Model 4 Model 5
Systolic BP, mm Hg
Total population
<100 122 509 128 0.10 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
100-119 1362 150 2009 0.15 1.47 (1.23-1.76) 1.46 (1.21-1.75) 1.35 (1.13-1.63) 1.30 (1.09-1.57) 1.31 (1.09-1.58)
120-139 1399 186 2959 0.21 211 (1.76-2.53) 1.98 (1.64-2.38) 1.69 (1.41-2.04) 1.60 (1.33-1.993) 1.62 (1.35-1.95)
140-159 128 216 536 0.42 418 (3.43-5.08) 3.45 (2.82-4.21) 2.67 (218-3.27) | 2.51(2.04-3.08) | 2.55(2.08-3.13)
>160 18 823 226 1.20 | 12.09(9.70-15.07) | 9.42 (7.52-11.79) | 6.98 (6.55-8.77) | 6.35(5.05-7.98) | 6.57 (5.22-8.26)
Population without antihypertensive medication within 1y after medical checkup
<100 120 834 15 0.10 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
100-119 1340 208 1788 013 1.40 (1.16-1.69) 1.42 (1.17-1.71) 1.32 (1.09-1.59) 1.27 (1.05-1.53) 1.27 (1.05-1.53)
120-139 1359 535 2474 0.18 1.91 (1.569-2.31) 1.86 (1.54-2.25) 1.60 (1.32-1.94) 1.52 (1.25-1.84) 1.53 (1.26-1.85)
140-159 118 627 401 0.34 3.56 (2.89-4.38) 3.09 (2.50-3.82) | 2.41(1.94-2.99) | 2.31(1.86-2.87) | 2.34 (1.88-2.90)
>160 16 495 181 110 11.65 (9.21-14.72) | 9.50 (7.48-12.07) | 7.10 (56.57-9.06) | 6.65(5.21-8.49) | 6.80 (5.32-8.67)
Population with antihypertensive medication within 1y after medical checkup
<100 1675 8 0.48 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
100-119 21942 221 1.01 212 (1.05-4.30) 1.87 (0.92-3.80) 1.85(0.91-3.77) | 1.79 (0.88-3.64) 1.78 (0.87-3.63)
120-139 39 651 485 1.22 2.58 (1.30-5.19) 2.04 (1.00-4.13) 2.03 (0.10-4.13) | 1.96(0.96-3.99) | 1.99 (0.98-4.06)
140-159 9589 135 1.41 2.97 (1.46-6.08) 2.27 (1.10-4.69) 2.28 (1.10-4.73) 2.24 (1.08-4.64) 2.39 (1.15-4.96)
>160 2328 45 1.93 410 (1.93-8.73) 3.19 (1.49-6.84) 3.26 (1.51-7.03) 3.18 (1.47-6.86) 3.47 (1.60-7.50)
Diastolic BP, mm Hg
Total population
<70 670 954 845 0.13 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
70-79 1205 401 1952 0.16 1.29 (1.19-1.39) 1.27 (1.17-1.38) 1.21 (1.12-1.31) 112 (1.03-1.22) 113 (1.04-1.22)
80-89 987 307 2198 0.22 1.77 (1.63-1.92) 1.65 (1.51-1.79) 1.49 (1.37-1.62) 1.33 (1.22-1.45) 1.34 (1.23-1.45)
90-99 117 199 473 0.4 3.21 (2.87-3.60) 2.62 (2.33-2.94) | 2.20 (1.95-2.48) 1.98 (1.76-2.23) 2.00 (1.77-2.25)
>100 50 023 385 0.77 6.15 (5.45-6.94) 4.81(4.25-5.45) | 3.88(3.41-4.41) | 3.37 (2.96-3.83) | 3.43(3.01-3.90)
Population without antihypertensive medication within 1y after medical checkup
<70 661 231 771 0.12 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
70-79 1182732 1701 0.14 1.23 (1.13-1.34) 1.23 (1.13-1.34) 118 (1.08-1.29) 1.09 (1.00-1.19) 1.09 (1.00-1.19)
80-89 957 047 1819 0.19 1.63 (1.50-1.78) 1.56 (1.43-1.70) 1.41 (1.29-1.55) 1.27 (1.16-1.39) 1.27 (1.16-1.39)
90-99 109 457 364 0.33 2.86 (2.52-3.24) 2.41 (212-2.74) 2.04 (1.79-2.33) 1.87 (1.64-2.14) 1.88 (1.65-2.15)
>100 45232 304 0.67 5.80 (6.08-6.62) 4.70 (410-5.39) | 3.82(3.31-4.40) | 3.39(2.94-3.91) | 3.43(2.98-3.95)
Population with antihypertensive medication within 1y after medical checkup
<70 9723 74 0.76 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
70-79 22 669 251 1.11 1.46 (1.13-1.89) 1.33 (1.02-1.73) 1.34 (1.03-1.74) 1.29 (0.99-1.69) 1.31 (1.00-1.71)
80-89 30 260 379 1.25 1.65 (1.29-2.12) 1.41 (1.09-1.83) 1.43 (1.10-1.86) 1.35 (1.04-1.75) 1.40 (1.07-1.82)
90-99 7742 109 1.41 1.86 (1.38-2.51) 1.54 (1.13-2.09) 1.57 (1.15-2.14) 1.50 (1.10-2.05) 1.58 (1.16-2.16)
>100 4791 81 1.69 2.24 (1.63-3.08) 1.86 (1.34-2.58) 1.93 (1.38-2.69) 1.82 (1.31-2.55) 2.01 (1.43-2.81)

Model 1: nonadjusted model. Model 2: adjusted for age, sex. Model 3: adjusted for Model 2 plus smoking, alcohol drinking, physical activity, body mass
index, low income. Model 4 adjusted for Model 3 plus dyslipidemia, diabetes mellitus, and estimated glomerular filtration rate. Model 5 adjusted for Model 4
plus and Charlson Comorbidity Index. BP indicates blood pressure; CKD, chronic kidney disease; and HR, hazard ratio.

DISCUSSION

The present study demonstrated that increased levels
of both SBP and DBP were associated with a higher
risk of CKD in young adults aged 20 to 39 years. Not
only the SBP but also the DBP level was associated
with an increased risk of CKD. Moreover, patients not

taking any antihypertensives within 1 year of medical
checkup showed a higher CKD risk than those com-
mencing antihypertensive medication within 1 year of
medical checkup. Young adults with stage 1 ISH, IDH,
or SDH all had a significantly higher risk for CKD events
than those with normal BP. The risk of CKD associated
with stage 1 ISH and stage 1 IDH was similar but lower

J Am Heart Assoc. 2021;10:e019764. DOI: 10.1161/JAHA.120.019764 8
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Figure 2. Hazard ratios for chronic kidney disease according to index systolic blood pressure, diastolic blood pressure
and pulse pressure in young adult without anti-hypertensive medication within 1 y after medical checkup (A) and with anti
hypertensive medication within 1 y after medical checkup (B).
Adjusted for age, sex, income-low 25%, diabetes mellitus, hypertension, dyslipidemia, current smoker, alcohol consumption, regular

exercise, and estimated glomerular filtration rate.

than the risk of CKD associated with stage 1 SDH. As
expected, the increase in the risk of CKD associated
with ISH, IDH, and SDH was greater in participants
with stage 2 than in those with stage 1 hypertension.
The presence of hypertension at a young age in-
creases the risk of cardiovascular events at middle
age.”® It contributes to early-onset coronary heart
disease, heart failure, stroke, and transient ischemic
attacks.?® Although good national guidelines exist,
the guidelines do not serve low-risk young patients
with hypertension as effectively as they do older pa-
tients. Furthermore, risk assessment is challenging in
young patients because of the limited validity of and a
greater focus on SBP that is less well correlated with
cardiovascular disease outcomes.'®?' Furthermore,
the mechanisms underlying ISH and those underlying
IDH among young adults may differ. A higher systemic
vascular resistance is a major contributor to high DBP,
whereas increased aortic stiffness and a reduced
aortic diameter contribute to high SBP among young
adults.?? However, in the current study, the CKD risk
associated with stage 1 ISH and IDH was comparable.

J Am Heart Assoc. 2021;10:e019764. DOI: 10.1161/JAHA.120.019764

Whether ISH of the young is a benign condition
caused by increased SBP amplification with increased
brachial but normal central SBP?324 or results from in-
creased arterial stiffness and a larger stroke volume
that may evolve into sustained hypertension is debat-
able.???526 Consequently, it is still unclear whether
BP-lowering therapy would benefit young adults with
ISH. Most young adults with stage 1 hypertension
have a low absolute 10-year atherosclerotic cardio-
vascular disease risk and thus would not be suitable
candidates for pharmacological interventions.'"
However, after cumulative exposure to high BP levels,
a decrease in BP levels later in life may not completely
restore the risk of cardiovascular disease to normal
levels in such individuals.?” Therefore, young adults
with stage 1 hypertension should be subjected to fur-
ther risk stratification to identify those individuals who
would benefit from pharmacological therapy in con-
junction with lifestyle changes. In the current study,
stage 1 hypertension group subjects were associated
with a significantly higher risk of CKD than those with
normal BP or elevated BP. Moreover, the risk of CKD
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Table 5. Multivariable Cox Analysis for Incident CKD by Pulse Pressure Quintile

CKD Risk of BP in Young Adults

Pulse HR (95% CI)
Pressure
Quintile Total (n) CKD (n) % Model 1 Model 2 Model 3 Model 4 Model 5
Systolic blood pressure
Total population
Q1 440 377 753 017 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
Q2 679 067 1202 0.18 1.04 (0.95-1.13) 1.02 (0.93-1.11) 0.99 (0.90-1.09) 0.95 (0.86-1.04) 0.95 (0.87-1.05)
Q3 687 095 1210 0.18 1.08 (0.94-1.13) 1.07 (0.98-1.17) 1.02 (0.93-1.12) 1.03 (0.94-1.13) 1.03 (0.94-1.13)
Q4 633 211 1280 0.20 118 (1.08-1.29) 118 (1.08-1.29) 1.09 (0.99-1.19) 1.07 (0.98-1.18) 1.09 (0.99-1.19)
Q5 591 134 1408 0.24 1.39 (1.28-152) 1.38 (1.27-1.51) 1.22 (1.12-1.34) 1.27 (1.16-1.39) 1.29 (1.18-1.41)
P for trend <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Population without antihypertensive medication within 1y after medical checkup
Q1 431789 659 0.15 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
Q2 664 736 1025 0.15 1.01 (0.92-1.11) 1.02 (0.92-1.12) 0.99 (0.90-1.10) 0.95 (0.86-1.05) 0.95 (0.86-1.05)
Q3 671 842 1018 0.15 0.99 (0.9-1.10) 1.08 (0.94-1.14) 0.99 (0.90-1.09) 0.99 (0.90-1.09) 0.99 (0.90-1.10)
Q4 615 220 1087 0.18 1.16 (1.05-1.28) 117 (1.06-1.29) 1.08 (0.98-1.19) 1.08 (0.98-1.19) 1.08 (0.98-1.19)
Q5 572 112 1170 0.20 | 1.34(1.22-1.48) | 1.35(1.22-1.48) | 1.20 (1.09-1.32) 1.26 (1.14-1.38) 1.26 (1.15-1.39)
P for trend <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Population with antihypertensive medication within 1 yr after medical checkup
Q1 9196 99 1.08 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
Q2 23 061 277 1.20 112 (0.89-1.41) 1.07 (0.85-1.35) 1.07 (0.85-1.35) 1.04 (0.83-1.32) 1.05 (0.83-1.33)
Q3 8073 100 1.24 115 (0.87-1.52) 1.04 (0.78-1.38) 1.08 (0.77-1.36) 1.05 (0.79-1.40) 1.06 (0.79-1.40)
Q4 18 819 212 113 1.05 (0.82-1.33) 0.95 (0.74-1.21) 0.94 (0.73-1.19) 0.93 (0.73-1.19) 0.96 (0.75-1.23)
Q5 16 036 206 1.28 | 1.20(0.94-1.52) | 1.14(0.90-1.46) 112 (0.88-1.43) 1.15 (0.90-1.47) 1.20 (0.94-1.53)
P for trend 0.3673 0.6902 0.8583 0.5599 0.3338

Model 1: nonadjusted model. Model 2: adjusted for age, sex. Model 3: adjusted for Model 2 plus smoking, alcohol drinking, physical activity, body mass
index, low income. Model 4 adjusted for Model 3 plus dyslipidemia, diabetes mellitus, and estimated glomerular filtration rate. Model 5 adjusted for Model 4
plus and Charlson Comorbidity Index. BP indicates blood pressure; and HR, hazard ratio.

posed by simultaneous elevation of the SBP and DBP
(SDH group) was higher than that posed by isolated
elevation of either. In addition, in our study antihyper-
tensive therapy reduced the risk of CKD even in young
adults with stage 1 ISH. These results may support the
new 2017 American College of Cardiology/American
Heart Association BP guideline regarding the CKD
risk among young adults. This guideline was based
on the fact that the SPRINT (Systolic Blood Pressure
Intervention Trial) was prematurely ceased because
ofthe benefit of being able to control the SBP levels
of hypertensive patients to <120 mm Hg rather than
<140 mm Hg, thus supporting the aim for a low SBP.?®

Previous studies have reported that compared with
the BP pattern in men, women tend to show a steeper
elevation in BP with age, starting from young adult-
hood and continuing throughout life.?® The possible
explanations include sex differences in the vascular
biology, hormonal factors, and social determinants of
health.®° The relative risk of cardiovascular disease as-
sociated with high BP levels is also higher in women
than in men among young to middle-aged adults.®' In
this study, the subgroup analysis for sex also showed
that the CKD risk was higher in women than in men,

but the antihypertensive medication group did not re-
veal any differences between men and women. Our re-
sults warrant further testing in an independent cohort
to verify if CKD outcomes associated with BP differ
according to the sex.

The strengths of this study include the large na-
tionwide longitudinal health screening database with
high participation and outcome ascertainment rates
owing to electronic linkages to universal health insur-
ance records. This database covers a wide range of
the Korean sample over a long follow-up duration and,
hence, allows inclusion of a sizable number of young
adults. The events in these young participants are con-
sidered premature CKD, an important sample health
outcome measure, yet one that has rarely been stud-
ied in a large sample size.

However, our study also has some limitations. First,
although the 2017 American College of Cardiology/
American Heart Association guidelines recommend
that >2 BP readings be obtained before determining
the stage of BP, in the current study, participants were
classed based on their BP readings assessed during a
single visit. The examination protocol recommends that
the BP be measured twice and the average reading be
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Figure 3. Subgroup analysis for chronic kidney disease risk.
A, Blood pressure group. B, Age, sex, BMI, DM, dyslipidemia. BMI indicates body mass index; and DM,

diabetes mellitus.

used for the analysis. However, in a real-world screen-
ing environment taking place on a nationwide scale,
adherence to the protocol may be limited. Therefore,
the BP measurements used for the classification might
not have fully reflected an individual’'s BP phenotype.
Second, possible residual confounding, including so-
dium intake and psychological factors, may affect the
association between BP and CKD events. Third, our
study was based on Korean adults subscribing to a
universal health insurance and screening program; the
results should be interpreted with caution when ap-
plied to different populations or healthcare systems.
Fourth, because cause and effect are not established,
there is a possibility that worsening hypertension was
the result of CKD in some of the people in the data-
base. Finally, the role of antihypertensives such as

J Am Heart Assoc. 2021;10:e019764. DOI: 10.1161/JAHA.120.019764

renin-angiotensin-aldosterone system blockers in de-
laying the progression of CKD is known, but the impact
of the type of antihnypertensive medication prescribed
was not considered in this studly.

CONCLUSIONS

In conclusion, among Korean young adults, those with
elevated BP, stage 1 IDH, stage 1 ISH, stage 1 SDH,
stage 2 IDH, stage 2 ISH, and stage 2 SDH were as-
sociated with a higher CKD risk than those with nor-
mal BP. The CKD risk associated with ISH and IDH
was comparable but lower than the risk associated
with SDH. Antihypertensive medications attenuated
the risk of CKD in young adults with hypertension.

11
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PERSPECTIVES

This is the first study describing the relationship be-
tween BP and the development of CKD in young
adults using a well-established and validated longitu-
dinal national database. Our study demonstrated the
enormous impact of BP on the development of CKD
in young adults, even in those with elevated BP. The
risk was greater in the SDH group than in the ISH or
IDH group and more prominent for stage 2 hyperten-
sion than for stage 1 hypertension. Although antihy-
pertensive therapy reduced the risk of CKD, we did not
evaluate the impact of the class of the drug, and further
studies are needed to clearly establish the effect of an-
tihypertensive medication on the risk of CKD events in
hypertension of the young.
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Table S1. Multivariable cox analysis for incident CKD by isolated systolic or diastolic hypertension excluding patients with baseline

proteinuria.
HR (95% Confidence interval)
BP group Total (n) | CKD(n) | %
Modell Model2 Model3 Model4 Model5
Total population

Normal 1367 524 1764 0.13 1(ref.) 1(ref.) 1(ref.) 1(ref.) 1(ref.)
Elevated BP 346 756 516 0.15 1.12(1.02-1.24) 1.09(0.98-1.20) 1.03(0.93-1.14) 1.06(0.96-1.18) 1.06(0.96-1.18)
Stage 1 IDH 521413 931 0.18 1.36(1.25-1.47) 1.28(1.18-1.39) 1.21(1.12-1.32) 1.15(1.06-1.25) 1.16(1.06-1.25)
Stage 1 ISH 125934 200 0.16 1.23(1.07-1.43) 1.23(1.06-1.42) 1.12(0.96-1.30) 1.14(0.98-1.33) 1.15(0.99-1.33)
Stage 1 SDH 415750 867 0.21 1.64(1.51-1.78) 1.53(1.40-1.66) 1.38(1.27-1.51) 1.31(1.20-1.43) 1.31(1.21-1.43)
Stage 2 IDH 59 815 196 0.33 2.58(2.23-2.99) 2.09(1.80-2.43) 1.84(1.58-2.14) 1.78(1.53-2.11) 1.78(1.53-2.07)
Stage 2 ISH 40 062 115 0.29 2.28(1.89-2.75) 2.01(1.66-2.42) 1.71(1.41-2.06) 1.73(1.43-2.10) 1.74(1.44-2.11)
Stage 2 SDH 102 263 467 0.46 3.58(3.23-3.96) 2.89(2.60-3.21) 2.42(2.17-2.70) 2.30(2.06-2.57) 2.33(2.08-2.60)

P for trend <.0001 <.0001 <.0001 <.0001 <.0001

HR, hazard ratio; BP, blood pressure; IDH, isolated diastolic hypertension; ISH, isolated systolic hypertension; SDH, systolic and diastolic hypertension.
Model 1: non-adjusted model. Model 2: adjusted for age, sex. Model 3: adjusted for model 2 plus smoking, alcohol drinking, physical activity, BMI, low
income. Model 4 adjusted for model 3 plus dyslipidemia, DM and eGFR. Model 5 adjusted for model 4 plus and Charlson Comorbidity Index.



