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ABSTRACT

Background. The association between visit-to-visit blood pressure (BP) variability and dementia risk in chronic kidney
disease (CKD) patients has rarely been studied.

Methods. In this retrospective observational study, individuals who received three or more general health screenings
were identified in the nationwide database of Korea. Those with persistent non-dialysis-dependent CKD [estimated
glomerular filtration rate (eGFR) <60 mL/min/1.73 m? or dipstick albuminuria >1+] were included. The study exposure
was systolic or diastolic BP variability, calculated as the variation independent of the mean and categorized into
quartiles (Q4: the highest quartile; Q1: the lowest quartile). The risks of all-cause dementia, including Alzheimer’s
disease and vascular dementia, were analyzed by Cox regression adjusted for various clinical characteristics, including
baseline BP and eGFR values.
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Results. We included 103 139 CKD patients and identified 7574 (7%) dementia events, including 5911 (6%) Alzheimer’s
disease cases, 886 (1%) vascular dementia events and 777 (1%) cases categorized as other types of dementia. Higher
systolic BP variability was significantly associated with higher risks of all-cause dementia {[Q4 versus Q1], hazard ratio
[HR] 1.173 [95% confidence interval (CI) 1.102-1.249], P for trend < .001}. The results were also significant for the risk of
Alzheimer’s disease [HR 1.162 (95% CI 1.083-1.248), P < .001] and vascular dementia [HR 1.282 (95% CI 1.064-1.545),

P = .039]. The results were similar when diastolic BP variability was the exposure, as high diastolic BP variability was
significantly associated with higher risks of all-cause dementia [HR 1.191 (95% CI 1.117,1.270), P < .001].

Conclusions. Higher visit-to-visit BP variability is significantly associated with a higher risk of dementia in CKD patients.

Keywords: blood pressure, chronic kidney disease, epidemiology, hypertension

INTRODUCTION

The risk of dementia, a state of cognitive decline, is increased in
chronic kidney disease (CKD) patients [1, 2]. The prevalence of
dementia is reported to be higher in those with a lower glomeru-
lar filtration rate, and CKD patients with dementia experience
severe impairments in quality of life [2]. Considering the global
aging trend and increasing prevalence of CKD in the elderly pop-
ulation, the importance of dementia in CKD patients is consid-
ered to further increase.

Metabolic disorders have been reported to be closely linked
to dementia risks in CKD patients, as in the general population
[3,4]. Among such disorders, hypertension, one of the most com-
mon comorbidities found in CKD patients, has been reported to
be associated with the risk of dementia [3, 5]. A previous clin-
ical trial showed that extensive blood pressure (BP) control re-
duced the risk of dementia regardless of kidney function, sug-
gesting that thorough management of hypertension may also be
beneficial for dementia risk in CKD patients [6]. Furthermore, a
previous study showed that visit-to-visit BP variability was sig-
nificantly associated with the risk of dementia in the general
population [7], suggesting that reducing high BP variability may
be helpful to ameliorate the risk of dementia. However, a large-
scale study investigating the clinical significance of visit-to-visit
BP variability in regards to dementia risk and focusing on CKD
patients has yet to be performed. Such evidence would be help-
ful for guiding BP control strategies in CKD patients, particularly
as BP variability is increased in individuals with kidney function
impairment [8, 9].

In this study, we aimed to investigate the association be-
tween visit-to-visit BP variability and the incident risk of de-
mentia in non-dialysis-dependent CKD patients identified from
a nationwide health screening cohort in Korea. We hypothesized
that CKD patients with high BP variability would have a high risk
of dementia.

MATERIALS AND METHODS
Ethics considerations

The study was performed in accordance with the principles of
the Declaration of Helsinki and was approved by the institu-
tional review board of Seoul National University Hospital (E-
2012-006-1177). The investigation of the Korea National Health
Insurance Service (NHIS) database was approved by the relevant
government organization (NHIS-2021-1-366). The need to obtain
informed consent was waived by the above organizations, as
the study was observational and investigated anonymous public
databases.

Study setting

This study was a retrospective observational cohort study in-
cluding individuals who underwent nationwide general health

screenings in Korea, which has been previously described
[10, 11]. Korea is one of the nations that provides general health
insurance services for all people with Korean citizenship, and
the NHIS is the single insurer. In Korea, the NHIS provides
free-of-charge health screenings for the general population, in-
cluding clinicodemographic assessments, lifestyle evaluations
and laboratory measurements. Health screenings, provided on
an annual or biennial basis, are performed by registered health
screening centers in Korea. Because the health screening data
are linked to the claims database, which includes information
related to nationwide insured medical services, studies as-
sessing various health outcomes and comorbidities have been
performed based on these data.

In the current study, following our previous study [12], we
first identified non-dialysis-dependent CKD patients based on
estimated glomerular filtration rate (eGFR) and dipstick urine
albumin results measured in consecutive health screenings.
After determining the visit-to-visit BP variability of the study
population, the association between BP variability and the
risk of dementia, identified from the claims database, was
investigated.

Study population

We first screened individuals who had received baseline health
screenings from 2013 to 2014. As three or more health screenings
were necessary to determine visit-to-visit BP variability, those
who had two or more health screenings before the baseline vis-
its were included [12]. After excluding those with missing infor-
mation for any collected variable, the target CKD population in-
cluded those with persistent eGFR <60 mL/min/1.73 m? or dip-
stick albuminuria >1+ during the exposure assessment period.
We excluded those with an eGFR <15 mL/min/1.73 m?. As we
aimed to assess incident dementia risks, those with prevalent
dementia before the baseline visits were excluded.

Ascertainment of BP exposures

Considering its clinical significance in elderly people among
whom CKD is prevalent [13], systolic BP variability was the main
exposure of this study. Variability in diastolic BP value was also
calculated as another exposure variable. BP measurements were
performed by each health screening center via automated or
manual reading. We calculated variability independent of the
mean (VIM), which was the main exposure in previous studies
regarding variabilities in metabolic parameters [12, 14]. VIM has
the advantage of being independent of mean levels, which is
distinct from the standard deviation or coefficient of variation.
Calculation of VIM transforms standard deviation into a value
uncorrelated with the mean value by dividing with mean levels
and multiplying by the regression coefficient from a linear re-
gression model [15]. The collected exposures were divided into
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quartiles (Q1: the lowest quartile; Q4: the highest quartile). We
also assessed the baseline BP values as another supplemental
exposure.

Ascertainment of study outcomes

Dementia events were identified according to multiple prescrip-
tion histories of antidementia drugs and relevant International
Classification of Diseases, Tenth Revision (ICD-10) diagnostic
codes in the claims database. The diagnostic codes included
Alzheimer’s disease (FOO or G30), vascular dementia (FO1) and
other types of dementia (FO2, FO3 and G31) [7]. Along with all-
cause dementia, Alzheimer’s disease and vascular dementia
were separately analyzed as secondary outcomes. When an in-
dividual had both diagnoses, we followed the principal diagno-
sis or the event was categorized as another type of dementia
if the principal diagnosis was also mixed. The outcome defi-
nition was considered to have certain validity, as prescription
for dementia treatment medications (acetylcholinesterase in-
hibitors or N-methyl-D-aspartate receptor antagonists) requires
documented evidence of cognitive dysfunction following the cri-
teria suggested by the National Health Insurance System: a Mini-
Mental State Examination score <26 and either a Clinical De-
mentia Rating >1 or a Global Deterioration Scale score >3 [16].
Follow-up was initiated after the exposure assessment was com-
pleted, the day after the baseline visits, and was censored on the
last date of data availability or the date of death.

Ascertainment of covariates

We collected information on age and sex at baseline. At base-
line health screenings, the following anthropometric measures
and lifestyle factors were assessed: body mass index (BMI), waist
circumference, current smoking history, alcohol intake (>0 g
of alcohol intake/day) and regular physical activity (moderate-
intensity physical activity >5 days or vigorous-intensity phys-
ical activity >3 days/week). Claims information was used to
collect information on economic status and medical comorbidi-
ties such as low income, diabetes mellitus (ICD-10 codes E11-
14 with relevant antidiabetic medication history), hypertension
(ICD-10 codes 110-13 or I15 with relevant antihypertensive med-
ication history), dyslipidemia (ICD-10 code E78 with relevant
dyslipidemia medication history), chronic lung disease (ICD-10
codes J41-44) and cancer (specific insurance code for malignan-
cies in the NHIS data). Baseline laboratory data were collected
from the health screening results, including baseline eGFR, pres-
ence of dipstick albuminuria (>1+), fasting glucose, high-density
lipoprotein and low-density lipoprotein. The variability in eGFR
during the exposure assessment period was also collected as a
covariate, as kidney function variability may determine BP vari-
ability itself [12, 17]. The variability of eGFR was also determined
as VIM by including three or more eGFR values for each individ-
ual. In addition, the number of examinations was identified as a
variable that could reflect the health-seeking behavior of a sub-
ject and reflect measurement errors that may occur when health
screening examinees attend different health exam centers [12].

Statistical analysis

The risk of dementia was assessed according to BP exposure,
in ordinal categories, by Cox regression analysis with a univari-
able model, an age- and sex-adjusted model and multivariable
model, including age, sex, smoking status, alcohol usage, reg-
ular physical activity, low-income status, BMI, diabetes melli-
tus, dyslipidemia, antihypertensive medication usage, baseline
systolic BP, diastolic BP, pulse pressure, eGFR values at baseline,

Individuals who received = 3
national health screenings until
2013~2014 in Korea
(N =11,651,753)

Individuals with missing variables in
q exposures or covariates ]
i (N =612,966) :

Individuals who were eligible for
screening for CKD
(N =11,038,787)

A

Individuals with eGFR < 60 or
albuminuria confirmed in
2 3 health screenings
(N =112,966)

| Individuals with eGFR < 150r |
---------- F history of transplantation/dialysis |
: (N = 9475) i

Individuals with
. prevalent dementia history !
: (N =352) :

A

Individuals with
non-dialysis dependent CKD
without prevalent dementia
(N =103,139)

FIGURE 1: Study population.

eGFR variability and number of health exams. Kaplan-Meier sur-
vival curves were used to plot the cumulative risk of dementia
according to BP variability. We performed subgroup analysis di-
viding the study population according to sex and the presence
of decreased eGFR (<60 mL/min/1.73 m?) at baseline. We calcu-
lated interaction term P-values in the multivariable model to as-
sess whether there was a significant interaction with the vari-
able used to divide the subgroups. Two-sided P-values <0.05 for
trend according to the ordinal exposure were considered statis-
tically significant in the survival analysis and interaction term
P-values <0.1 were considered to indicate a possible presence of
an interaction. All statistical analyses were performed with SAS
(version 9.4; SAS Institute, Cary, NC, USA).

RESULTS
Study population

There were 11 651 753 individuals who underwent three or
more health screenings during the exposure assessment period
(Figure 1). Among them, 112 966 individuals had a persistent
eGFR <60 mL/min/1.73 m? or dipstick albuminuria >1+. After
excluding those with prevalent end-stage kidney disease or de-
mentia histories, 103 139 non-dialysis-dependent CKD patients
with identifiable BP variability were included in the final study
population.

Baseline characteristics

The study population had a mean age of 68.4 & 10.0 years and
was 49% male (Table 1). The baseline mean systolic BP and
diastolic BP values were 29.7 + 15.7 and 77.3 £+ 10.1 mmHg,
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Table 1. Clinical characteristics of the study population according to systolic BP variability
Characteristics Total Q1 Q2 Q3 Q4
Sample size, n 103 139 25783 25786 25788 25782
Age (years), mean + SE 68.4 +10.0 68.1 + 10.0 67.8 £10.2 68.2 +£ 10.0 69.3+£9.7
Male sex, n(%) 50 402 (49) 12 895 (50) 12 886 (50) 12684 (49) 11937 (46)
BMI (kg/m?), mean + SE 2479 +£3.23 2491+ 3.18 2487 £3.18 2476 +£3.23 246+33
Waist circumference (cm), mean + SE 84.87 +8.83 85.13 £8.7 85.01 +£8.74 84.81+889 84.53+8.97
BP variability (variation independent of mean, unit), mean + SE 10.02 + 5.7 3.72+£1.58 746 £1.02  11.08 £1.16 17.81+4.12
Systolic BP (mmHg), mean + SE 129.7 £ 15.7 130.45 + 11.4 129.9 £+ 13.7 129.4 £ 15.8 129.0 £ 20.5
Diastolic BP (mmHg), mean + SE 77.3+10.1 77.8+8.9 77.5+£95 77.1+10.1 76.7 £ 11.7
Health screenings, n(%)

3 92789 (90) 23 838 (92) 22647 (88) 22663 (88) 23641 (92)

4 5968 (6) 1187 (5) 1682 (7) 1722 (7) 1377 (5)

5 4382 (4) 758 (3) 1457 (6) 1403 (5) 764 (3)
Social factors, n(%)

Urban residence 57 125 (55) 13 940 (54) 13 855 (54) 14 214 (55) 15 116 (58)

Low income (<25th percentile) 19 143 (19) 4506 (17) 4727 (18) 4947 (19) 4963 (19)
Lifestyle factors, n(%)

Current smoker 10 989 (11) 2615 (10) 2762 (11) 2802 (11) 2810(11)

Alcohol intake (>0 g/day) 24 659 (24) 6361 (25) 6435 (25) 6183 (24) 5680 (22)

Regular physical activity 23158 (22) 6136 (24) 5935 (23) 5845 (23) 5242 (20)
Comorbidities, n(%)

Diabetes mellitus 37 094 (36) 8997 (35) 8961 (35) 9269 (36) 9867 (38)

Hypertension 80 362 (78) 19 219 (75) 19524 (76) 20128 (78) 21491 (83)

Cancer 4626 (4) 1171 (5) 1083 (4) 1157 (4) 1215 (5)

Chronic lung disease 13319 (13) 3244 (13) 3101 (12) 3382 (13) 3592 (14)

Dyslipidemia 55 265 (54) 13733 (53) 13 666 (53) 13763 (53) 14 103 (55)

Chronic heart failure 7196 (7) 1572 (6) 1621 (6) 1803 (7) 2200 (9)

Atrial fibrillation 3908 (4) 880 (3) 891 (3) 972 (4) 1165 (5)
Medication history, n(%)

ACEI or ARB 64 152 (62) 15 271 (59) 15 565 (60) 16 089 (62) 17 227 (67)

Calcium channel blocker 46 732 (45) 11258 (44) 11211 (43) 11615 (45) 12 648 (49)

Beta-blocker 23566 (23) 5359 (21) 5665 (22) 5878 (23) 6664 (26)

Insulin 8475 (8) 1889 (7) 1965 (8) 2151 (8) 2470 (10)

Statin 45719 (44) 11 241 (44) 11279 (44) 11 338 (44) 11 861 (46)
There are no missing data in the table. ACEL: angiotensin-converting enzyme inhibitor; ARB: angiotensin II receptor blocker; SE: standard error.
Table 2. Laboratory characteristics of the study population according to systolic BP variability
Characteristics Total Q1 Q2 Q3 Q4
Sample size, n 103139 25783 25786 25788 25782
Fasting glucose (mg/dL), mean =+ SE 110.65 + 33.53 110.57 +£32.92 110.32 £ 334 110.57 + 33.42 111.14 + 34.38
Total cholesterol (mg/dL), mean + SE 187.04 &+ 41.46 188.35 £+ 41.29 187.58 + 41.12 186.93 + 414 185.31 + 41.96
HDL (mg/dL), mean =+ SE 49.63 + 13.58 49.87 +£13.76 49.69 + 13.78 49.51 +13.29 49.46 + 13.48
LDL (mg/dL), mean + SE 107.82 + 37.73 108.78 &+ 37.31 108.4 + 37.34 107.87 £+ 38.52 106.21 + 37.68
Hemoglobin (g/dL), mean + SE 13.07 £ 1.79 13.2+1.79 13.17 £ 1.79 13.07 £ 1.78 12.86 + 1.79
Urine albuminuria (>1+), n(%) 29 099 (28) 7383 (28.64) 7281 (28) 7341 (28) 7094 (28)
Serum creatinine (mg/dL), mean =+ SE 1.38 + 0.46 1.36 + 0.44 1.38 + 0.46 1.39 + 0.46 1.42 +0.49
eGFR (mL/min/1.73 m?), n(%)

>60 12131 (12) 3395 (13) 3208 (12) 2994 (12) 2534 (10)

>30-<60 84185 (82) 20972 (81) 20 962 (81) 21042 (82) 21209 (82)

>15-<30 6823 (7) 1416 (5) 1616 (6) 1752 (7) 2039 (8)
eGFR variability (variation independent of 7.56 + 10.47 7.2 +10.76 7.43 +10.67 7.6 +10.54 8.02 +9.88

mean, unit), mean =+ SE

There are no missing data in the table. HDL: high-density lipoprotein; LDL: low-density lipoprotein; SE: standaard error.

respectively. Most (90%) of the study population received three
health screenings. The mean BMI was 24.79 + 3.23 kg/m?, with
a mean waist circumference of 84.87 + 8.83 cm. In the study
population, 11% were smokers, 24% were alcohol users and
22% engaged in regular physical activity. The prevalence of
hypertension and diabetes mellitus was 78% and 36%, re-

spectively. Among the study population, 12% had a baseline
eGFR >60 mL/min/1.73 m? but persistent albuminuria, while
others had a baseline eGFR <60 mL/min/1.73 m? (Table 2).
When the characteristics were stratified according to BP vari-
ability, the group with higher visit-to-visit systolic BP variability
had a lower male proportion and a lower BMI. The group with
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FIGURE 2: Kaplan-Meier survival curves show the cumulative risks for dementia according to systolic BP variabilities. The y-axes indicate the cumulative adjusted
incidence probability and the x-axes indicate the time (years). The survival curves are stratified by BP variability quartiles [black: Q1 (low variability), blue: Q2, green:
Q3 and red: Q4 (high variability)]. The survival tables are presented below the survival curves.
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FIGURE 3: Kaplan-Meier survival curves show the cumulative risks for dementia according to diastolic BP variabilities. The y-axes indicate the cumulative adjusted
incidence probability and the x-axes indicate the time (years). The survival curves are stratified by BP variability quartiles [black: Q1 (low variability), blue: Q2, green:
Q3 and red: Q4 (high variability)]. The survival tables are presented below the survival curves.

higher BP variability tended to have a higher proportion of cur-
rent smokers and a lower proportion of individuals engaging in
regular physical activity. The prevalence of diabetes mellitus, hy-
pertension and eGFR <60 mL/min/1.73 m? was also higher in
those with higher BP variabilities. The number of exams did not
show a notable relationship with the ordinal systolic BP variabil-
ity variable.

Risk of dementia according to BP exposure

During a median 3.9 years (interquartile range: 3.3-4.5), we iden-
tified 7574 (7%) dementia events, including 5911 (6%) Alzheimer’s
disease cases, 836 (1%) vascular dementia cases and 777 (1%)
cases of other types of dementia.

The incidence rate of dementia was higher in the higher
quartiles of systolic BP variability (Q1: 17.4, Q2: 17.6, Q3: 18.6 and
Q4: 24.3/1000 person-years) (Fig. 2). In the regression analyses
(Table 2), even in the stringently adjusted multivariable model,

the risk of dementia was significantly higher in the groups
with higher systolic BP variabilityw (Table 3). The results were
similar when Alzheimer’s disease and vascular dementia were
separately analyzed as the outcome. Regarding the hazard ratios
(HRs) for vascular dementia and Alzheimer’s disease according
to the systolic BP variability exposure, the high systolic BP vari-
ability (Q4) group showed 27% higher adjusted HRs for vascular
dementia and 16% higher adjusted HRs for Alzheimer’s disease.

When diastolic BP variability was assessed as the exposure
(Table 3 and Fig. 3), similar results were identified for all-cause
dementia, as higher visit-to-visit diastolic BP variability was sig-
nificantly associated with higher risks of dementia. Such a sig-
nificant association was also identified between diastolic BP
variability and Alzheimer’s disease risks. However, for vascular
dementia risks, the association, which was significant only in
the univariable model, was attenuated in multivariable models.

In the analysis with baseline BP values (Supplemental data,
Table S1), the associations were attenuated or inconsistent

Gz0z Arenige Gz uo Jesn Aysieaiun Buy-Bunyd Aq 2£69159/9061/8/S L/eIo1E/MO/Wod dnoolwepeoe//:sdiy wol pepeojumoq



1511

BP variability and dementia in CKD

Downloaded from https://academic.oup.com/ckj/article/15/8/1506/6516947 by Chung-Ang University user on 25 February 2025

‘SWEXd YI[eaY JO I9quinu pue A[IqeLIeA Y IHD ‘QUIdskq 1 san[ea ¥ D9 ‘amssaid asind ‘dg d1[oiseIp ‘dg d1[01sAs aurfaseq ‘93esn 19320[q-€19q ‘93esn 19320[q [UUEYD WNI(ed ‘93esn 19300[q 103dadai I
UISU2}013UR/I0}IQIYUT SWAZUS SUNISAUOD-UISUS}OISUE Jo A103sTY ‘erwuapidi[sAp ‘SniI[[aw sa3aqeIp ‘INd ‘Sniels swodul-mo[ ‘Aianoe [edsrsAyd 1e(n3ai ‘98esn [oyod[e ‘snjels Surjows ‘Xas ‘93e 10J paisn(pe sem [9poU S[BLIBAI}NUWI S,

(82°'1-588°0) ¥90°T (S££'1-2S6'0) ¥H1°T (955'1-8£0'1) 96Z°T Yard ¥68 €6 95¢ zee st 170)
(821°1-99£°0) 0£6°0 (1ST°1-28£°0) 6¥6°0 (981°1-908°0) 8£6°0 1C 596 66 90T £SE 9T €0
(S8T'1-608°0) 6260 (112'1-£28°0) 100°T (€82'1-9£8°0) 090°T 44 0€S /6 81¢ 98/ ST 70
BIIUSWSP
¥6S° ERLCICIEN| L0T°0 ERLCICIEN| 800° ERUEICIEN| 12 €9/ 16 90z Y.L ST 70 Ie[nosep
(¥62°T-81T'T) €0T'T (6S€'T-SLT'T) ¥9C°T (ce91-21%'1) 8151 06T ¥68 €6 83/T zeTse YO
(£91°'1-200'T) Z80'T (€8T'1-910'T) 960°T (T%2'1-990'T) ST'T ST 596 66 iz £S€ 9T €0
(9ST'1-€66°0) T£0'T (€T T-£00'T) £80°'T (S/T'1-560'T) TST'T 67T 0¢€S /6 6VhT 98/ ST z0
9seasIp
100"> 2dULIRJY 100°0 > 2dULIRJY 100"> 2dULIRJY 9L €9/ 16 8Tzl ¥/ ST 70 S IDWIYZTY
(z9z'1-601'T) €81°T (62€'1-69T°T) 9%C'T (85°'T-16€°T) €871 [Aiz4 ¥68 €6 €LTT zee st 170)
(£6T'1-¥66'0) €90°T (€ST'T-600'T) 6£0°T (902'1-550'T) 82T'T S8l 596 66 SH8T £S€ 9T €0
(z€1'1-066'0) 6S0°T (0ST'1-900'1) 920°T (S¥T'1-680'T) ¥9T°T 16T 0¢€S /6 8581 98/ ST z0
BIUSWIAP Aiqerrea
100> ERLEICIEN| 1000 > ERLEICIEN| 100> CRiCIEICH €91 €9/ 16 86ST ¥/ ST 70 Luy  4gonoiselq
(zes1-¥50'T) TLTT (8T9°T-9TT'T) ¥¥E'T (89£°1-61Z'T) 89%'T 8T %1296 €T 78LST O
(8T%'1-€96°0) 69T°T (S¥¥'1-286'0) T61'T (#9%'1-566°0) £0Z'T €T S69 /6 8TC 88/ ST €0
(182°1-658°0) 6¥0°T (z82°1-658'0) 0S0°T (692°1-158°0) 6£0°T 0T 046 L6 L61 98/ ST 20
eIUSWSP
6€0° EAICICIEN £00°0 ERLCICIEN 100> ERLCICIEN 61 €LT L6 831 €8/ ST 70 Ie[nosep
(T¥2'1-9£0'T) 9ST'T (£6T'1-921'1) 80Z'T (¥6¥'1-L62'T) T6E'T 061 $12 96 0e8T 78/ ST i70)
(680°'T-££6°0) OTO'T (¥0T°1-156°0) SZO'T (SET'T-££6'0) €S0°T a2 S69 /6 80¥T 88/ ST €0
(£80'1-¥£6°0) 800'T (880'1-5£6°0) 600°T (z80'1-626°0) €00'T L€l 0/6 L6 Shel 98/ ST 70
9seasIp
100> ERLEICIEN| 1000 > ERLEICIEN| 100> ERLEICIEN| L€l €LT L6 8zeT €8/ S¢C 10 SIaWIdYZ[Y
(cvT'1-560'T) 99T°T (6671-9%1'T) ZC1T (€8%'1-60€'T) €6€°T vt $12 96 LEET 78L ST Y0
(#60'1-856°0) ¥20'T (60T'1-2£6'0) 8£0'T (£€1'1-966°0) ¥90'T 981 S69 /6 S181T 88/ ST €0
(980'1-056°0) 910°T (£80'1-156°0) 910°T (6£0'T-¥¥6°0) 600°T 9/T 046 L6 [TLT 98/ ST z0
BIIUSWP Ayiqerrea
100> ERLCICIEN| 1000 > ERLCICIEN| 100> ERiEIEICH /T €LT L6 S69T €8/ ST 70 Luy 49 oroishs
oanfea-d (1D %S6) ¥H (puan 103) (1D %56) ¥H (puan 103) (1D %56) ¥H (s1eak-uosiad (s1eak u‘quang  u‘azis a[ntenb Eliétenilale) ainsodxg
‘[opow S[qeLBAN[NN  SNn[eA-d  ‘[9powl paisn(pe-xas  anfea-d ‘[opowi d[qeLreAtu) Q00T 1ad) 3exr  -uosiad) sidwes ainsodx3
pue -a3y 2dUIpIdUL uoneinp
dn-mor[og

sjuaned @D ur (WIA) L1iqeLea dg 01 SuIpIodde eRUSWAP JO JSIY “€ d[qeL



1512 | S.Parketal.

in the multivariable models, although the regression analyses
identified a significant association between higher systolic BP or
lower diastolic BP and dementia risks in the univariable model.
The adjusted HRs were nonlinear according to systolic BP quar-
tiles, as Q2 and Q3 showed the lowest hazards, while Q1 (low
baseline systolic BP) and Q4 (high baseline systolic BP) showed
higher adjusted HRs for dementia. Diastolic BP showed a simi-
lar association with dementia risks, as the Q2 group showed the
lowest adjusted HRs for dementia, while those with higher base-
line diastolic BP showed higher risks.

Subgroup analysis of BP variability

When the population was stratified into male and female sub-
groups, most results indicated the absence of a sex inter-
action with BP variability exposure regarding dementia risks
(Supplemental data, Table S2). A suspected interaction by sex
was identified only for the association between diastolic BP
variability and the risk of Alzheimer’s disease; however, a sig-
nificant association was identified in both males and females
(Supplemental data, Table S3), suggesting that higher BP vari-
ability was significantly associated with dementia risks regard-
less of sex.

When the study population was stratified according to base-
line eGFR <60 mL/min/1.73 m?, the incidence rates for de-
mentia in CKD patients with baseline eGFR <60 mL/min/1.73
m? were ~2- to 3-fold higher than those among individu-
als without such reduced baseline eGFR. The interaction term
P-values indicated that there was no significant interaction
of eGFR <60 ml/min/1.73 m? with BP variability exposure
(Supplemental data, Table S2). On the other hand, related to
the small number of samples and events of those with base-
line eGFR >60 mL/min/1.73 m?, the analysis within the subgroup
without reduced baseline eGFR was considered underpowered,
as large confidence intervals (CIs) were observed (Supplemental
data, Table S4).

DISCUSSION

In this nationwide observational study, including non-dialysis-
dependent CKD patients, we demonstrated that higher visit-to-
visit BP variability was significantly associated with higher risks
of dementia, including risks of Alzheimer’s disease and vascu-
lar dementia. The association was significant regardless of sex or
reduced baseline eGFR, further suggesting that the results may
be applied to the general CKD population. Our study encourages
clinicians to pay attention to visit-to-visit BP variability and its
association with cognitive function impairment in the popula-
tion with kidney function impairment.

The prognostic importance of visit-to-visit or day-to-day BP
variability has been emphasized in previous studies, as high BP
variability has been associated with adverse cardiovascular or
kidney outcomes [9, 12, 14]. In addition, a recent study suggested
that the visit-to-visit BP variability is significantly associated
with dementia risks in the general population [7]. Considering
that kidney function impairment is one of the conditions
associated with a substantial increase in BP variability [8, 18],
further investigation focusing on the clinical significance of BP
variability in regard to the dementia risks of CKD patients is
warranted. Herein we performed a large-scale observational
study investigating the association between visit-to-visit BP
variability and dementia risks and identified that high BP
variability is a significant risk factor for dementia risks in CKD
patients. The main strengths of this study are a large sample
size of CKD patients with available multiple measurements for

BP parameters, nationwide dementia events identified through
the claims database and wide ranges of adjusted covariates
covering multiple aspects that may confound the associations
between BP variability and dementia risks.

In our results, unlike the null or inconsistent results ob-
served for baseline BP exposures, high BP variability showed
a consistent and prominently significant association with de-
mentia risk even after adjusting for baseline BP values. This
encourages clinicians to pay attention not only to BP val-
ues at a single time point, but also to BP trends or visit-to-
visit BP variability and their association with dementia risks
in CKD patients. Furthermore, a future trial may test whether
minimizing such BP variability would have a beneficial effect
on the cognitive function of individuals with kidney function
impairment.

The high risk of cognitive function impairment in CKD pa-
tients or in those with kidney function decline has been noted
previously, particularly in those with chronic hypertension and
cardiovascular risk factors [3, 6]. The vascular hypothesis ex-
plaining the mechanism of cognitive function impairment de-
velopment supports stringent control of cardiovascular risk fac-
tors to prevent cognitive function impairment, as endothelial
dysfunction or vascular injury would cause subclinical ischemic
injuries or microbleeds, resulting in an accelerated cognitive
function decline [1, 19]. Considering that high visit-to-visit BP
variability may lead to repetitive brain ischemic-reperfusion in-
jury that results in neuronal damage or impaired neuronal pro-
tein synthesis, the state of high BP variability may be considered
another vascular risk factor related to the risk of Alzheimer’s
disease [20]. Additionally, high BP variability, which is directly
associated with arterial stiffness, may cause cerebral small ves-
sel diseases, contributing to the risk of vascular dementia [21].
As CKD is a state where high BP variability and cardiovascular
risk factors are common [3], the clinical importance of visit-to-
visit BP variability related to dementia risks may be accentuated
in the population with kidney function impairment.

There are several limitations of this study. First, the study
sample is affected by healthy volunteer bias considering the low
prevalence of CKD in the health screening data, although the
prevalence of CKD has been reported to be 8.2% in the general
population in Korea [22]. Second, survivorship bias is another
source of selection bias in this study, as multiple health screen-
ing exams over 3-5 years were required to determine BP expo-
sures. Third, the measurements of BP values were not standard-
ized among the health screening centers, although the centers
were quality controlled by the NHIS of Korea. Different measure-
ment devices or methods might have caused measurement bias
and affected the BP exposures, particularly as the variability ex-
posures were determined from few BP measurements. In addi-
tion, information on quantified proteinuria was unavailable, and
dipstick albuminuria results were used to determine urine ab-
normalities, which would be a source of measurement bias. Last,
this observational study cannot determine the efficacy of an in-
tervention reducing BP variability for reducing dementia risks
in CKD patients. A future trial is necessary to assess the bene-
fits of controlling hypertension along with achieving stable BP
without fluctuation for the risk of dementia in individuals with
kidney function impairment.

In conclusion, high BP variability is associated with a higher
risk of dementia in CKD patients. Recent trends of visit-to-visit
BP variability may be evaluated when assessing cognitive dys-
function risks in individuals with kidney function impairment.
Current study findings may be considered when designing op-
timal BP control strategies for CKD patients with high risks of
cognitive function impairment.
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