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Associations among Alzheimer disease, depressive
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Background: Alzheimer disease (AD) and depressive disorder (DD) are prevalent among elderly end-stage kidney disease (ESKD) pa-
tients. However, whether preexisting mental health disorders increase the risk of ESKD is not well understood. The risk of incident
ESKD in patients with or without underlying AD or DD was evaluated in a nationwide cohort of elderly people in Republic of Korea.
Methods: This study used data from the National Health Insurance Service-Senior cohort in Republic of Korea. Among the 558,147
total subjects, 49,634 and 54,231 were diagnosed with AD (AD group) or DD (DD group), respectively, during the follow-up period.
Propensity score matching was conducted to create non-AD and non-DD groups of subjects. AD and DD diagnoses were analyzed as
time-varying exposures, and the study outcome was development of ESKD.

Results: The incidence rates of ESKD were 0.36 and 1.17 per 1,000 person-years in the non-AD and AD groups, respectively. After
adjustment for clinical variables and competing risks of death, the risk of incident ESKD was higher in the AD group than in the non-
AD group (hazard ratio [HR], 1.67; 95% confidence interval [Cl], 1.34-2.08). The incidence rates of ESKD in the non-DD and DD
groups were 0.36 and 0.91 per 1,000 person-years, respectively. The risk of ESKD development was also higher in the DD group
than the non-DD group (HR, 1.44; 95% Cl, 1.19-1.76).

Conclusion: The risk of ESKD development was higher in subjects diagnosed with AD or DD, suggesting that central nervous system
diseases can adversely affect kidney function in elderly people.
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Introduction [1]. At the same time, the prevalence of mental health dis-

orders among elderly people is growing rapidly. More than
Between 2015 and 2050, the proportion of the elderly pop-  20% of adults aged 60 and older suffer from mental health
ulation is estimated to double from 12% to 22% worldwide  disorders [2]. The most common mental health disorders
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in this age group are dementia and depressive disorder
(DD), which are reported to affect approximately 5% and
17% of the elderly population, respectively [3,4].

Mental health has been found to be closely related to
the prevalence of kidney disease. Cognitive impairment is
found in 30% to 60% of patients undergoing hemodialysis,
which is at least twice the value observed in age-matched
controls [5]. In addition, in a cohort of 3,349 participants,
those with moderate kidney failure were associated with a
37% increased risk of dementia, showing that the link be-
tween cognitive impairment and kidney disease is not lim-
ited to patients with advanced kidney failure [6]. Similarly,
DD was found in about 20% of patients with severe chronic
kidney disease (CKD) and 40% of patients on dialysis [7].

The pathophysiology underlying the relationship be-
tween mental health disorders and kidney disease is not
fully understood. However, the concept of brain-kidney
crosstalk has been raised recently, suggesting that diseas-
es in the kidney can affect brain function, and vice versa
[8]. Retention of uremic toxins that results from reduced
kidney function has been proposed as a factor that affects
the central nervous system (CNS) and could initiate men-
tal health disorders [9]. Observational studies showing an
increased risk of incident dementia and DD among CKD
patients suggest the presence of such kidney to brain cross-
talk [5,7]. On the other hand, CNS dysfunction can induce
neurohumoral changes, hormonal disturbances, and im-
munologic responses that could affect kidney function [10].
Nonetheless, clinical findings supporting brain to kidney
crosstalk are lacking.

To assess whether mental health disorders affect kidney
function, the risk of incident end-stage kidney disease
(ESKD) development was compared in patients with or
without Alzheimer disease (AD) or DD by evaluating
claims information from a nationwide health insurance
database in Republic of Korea.

Methods

Data source

Data were retrieved from the National Health Insurance
Service (NHIS)-Senior cohort database. More than 98%

of the Korean population is enrolled in the mandatory
NHIS program, and the remaining people, who are in

754  www.krcp-ksn.org

the lowest income bracket, receive government benefits.
The NHIS-Senior cohort, composed of 558,147 people, is
constructed as a 10% representative sample of 5.5 million
beneficiaries aged >60 years in 2002. The cohort was fol-
lowed from January 1, 2002, through December 31, 2015, or
until eligibility disqualification due to death or emigration.
Further details regarding the cohort have been published
previously [11]. The data can be accessed on the National
Health Insurance Data Sharing Service homepage of the
NHIS (http://nhiss.nhis.or.kr) after approval by the Nation-
al Health Information data request review committee. The
NHIS-Senior cohort provides medical claims data that have
been deidentified at the individual level.

This study was conducted in accordance with the princi-
ples of the Declaration of Helsinki and the protocol was ap-
proved by the Institutional Review Board of Yonsei Univer-
sity Health System Clinical Trial Center (No. 4-2020-1382).
The informed consent requirement was waived because
this was a retrospective analysis.

Study population

Of the 558,147 subjects in NHIS-Senior cohort, those who
were younger than 65 years or older than 90 years at base-
line (n = 130,149) and those who were followed for less
than 1 year (n = 14,469) were excluded. A 3-year washout
period was applied from January 1, 2002, to December 31,
2004. The participants were divided into AD and DD eval-
uation cohorts. Those diagnosed with AD or ESKD during
the washout period (n = 3,805) were excluded from the
AD evaluation cohort. Those diagnosed with DD or ESKD
during the washout period (n = 18,447) were excluded from
the DD evaluation cohort (Fig. 1). The index date for all
participants was January 1, 2005 (Fig. 2).

Data collection

Baseline medical histories, including comorbidities and
medications, were acquired for the washout period. Base-
line demographic data of age, sex, urban residence, and
income were acquired as of 2005. Diagnoses and medical
services were defined based on International Classifica-
tion of Diseases, 10th revision (ICD-10) codes and claim
records. Diagnoses of AD and DD were defined using ICD-
10 codes (F00 or G30 for AD; F32, F33, F34, or F38 for DD)
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Total of 558,147 subjects in NHIS-Senior cohort

AD evaluation cohort DD evaluation cohort
Exclusion (n = 148,423) Exclusion (n = 163,065)
- Baseline age <65 or 290 yr (n = 130,149) - Baseline age <65 or 290 yr (n = 130,149)
- Follow-up <1 yr (n = 14,469) — — - Follow-up <1 yr (n = 14,469)
- Diagnosed with AD or ESKD during the wash-out - Diagnosed with DD or ESKD during the wash-out
period (n = 3,805) period (n = 18,447)
A\ 4 A4
Total of 409,724 subjects from NHIS-Senior cohort Total of 395,082 subjects from NHIS-Senior cohort
AD Non-AD DD Non-DD
(n =49,634) (n =360,090) (n =54,231) (n =340,851)
1:1 Propensity score matching 1:1 Propensity score matching
AD Non-AD DD Non-DD
(n =49,634) (n =49,634) (n =54,231) (n =54,231)

Figure 1. Flow diagram of the study.
NHIS, National Health Insurance Service; AD, Alzheimer disease; DD, depressive disorder; ESKD, end-stage kidney disease.

| Development of AD and DD with ICD-10 codes and claim data |

Baseline medical
history ascertainment
with ICD-10 codes
and claim data |

ESKD outcome ascertainment with ICD-10 codes and claim data |

Death from all-cause ascertainment via KOSIS data |

2002 2005 2015 vyear
+ >4 >
Wash-out period Follow-up period
Cohort ent Start of follow-u Diagnosis of AD or DD
= P 9 Unaffected - Affected

Affected group

Unaffected group

Figure 2. Schematic depiction of the study design.
AD, Alzheimer disease; DD, depressive disorder; ESKD, end-stage kidney disease; ICD-10, International Classification of Diseases, 10th

revision; KOSIS, Korean Statistical Information Service. NHIS-Senior, National Health Insurance Service-Senior.
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and a concurrent prescription record for dementia- or
DD-related treatment for at least 30 days during the fol-
low-up period. Donepezil, rivastigmine, galantamine, and
memantine were considered to be dementia-related treat-
ments, and tricyclic antidepressants, selective serotonin
reuptake inhibitors, serotonin-norepinephrine reuptake
inhibitors, and atypical antidepressants were DD-related
treatments. Further details regarding the ICD-10 codes and
medications used to define the covariates are presented in
Supplementary Table 1 (available online). Subjects were
considered to have comorbidities when the condition was
a discharge diagnosis after hospitalization or was docu-
mented as a diagnosis more than once in an outpatient set-
ting. Residential area was defined using 17 district codes,
and income was determined according to participant
health insurance premium in 2005.

Exposure and outcomes

Diagnoses of AD or DD were analyzed as time-varying ex-
posures. Those newly diagnosed with AD or DD during the
follow-up period were assigned to the AD or DD group, re-
spectively (Fig. 2). Subjects diagnosed with AD or DD after
development of ESKD were treated as exposure unaffected.
The study outcome was development of ESKD, defined
using ICD-10 codes (Z49.1, Z49.2, 794.0, 7Z99.2, or T86.1) or
dialysis treatment-related claim codes that were repeated
for at least 90 days during follow-up.

Statistical analysis

The normality of the parameter distribution was tested
graphically using histograms. All continuous variables are
expressed as median and interquartile range (IQR). To ac-
count for possible differences in baseline characteristics
between the affected and non-affected groups, 1:1 propen-
sity score matching was performed using the greedy (near-
est neighbor) method. The propensity score was estimated
as the probability of being diagnosed with AD or DD using
a logistic regression based on demographic and medical
data. Standardized mean differences were determined to
confirm the balance between the groups. Variables were
considered well balanced when the standardized mean dif-
ference was less than 0.10. All of the covariates used for es-
timating the propensity score were included in the adjust-
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ed models [12]. The subdistribution hazard ratio (sHR) was
assessed with all-cause death as a competing risk to evaluate
the association between AD or DD and ESKD incidence
using the Fine and Gray method [13]. The index date of the
subdistribution hazard model was January 1, 2005, and the
subjects were followed to the censoring point, defined as
development of ESKD or eligibility disqualification (Fig. 2).
The proportional hazard assumption was tested based on
Schoenfeld residuals [14]. Sensitivity analyses were per-
formed to confirm the main findings. First, considering
the possibility of selection bias inherent in the matching
procedure, evaluations were performed using the propen-
sity scores as weights to account for selection assignment
differences [15]. The top and bottom one percentiles of the
weight were eliminated to reduce the effect of extremely
small or large weights. Second, subgroup analyses were
performed according to sex, residential area, and disease
onset. Median age at AD or DD diagnosis was determined
from the entire cohort, and early onset was defined as a
diagnosis before the median age for that disease. Third, to
consider the possibility that CKD could have a causal effect
on AD or DD development, analyses were conducted after
excluding participants diagnosed with CKD of <180 days
prior to AD or DD diagnosis. For all analyses, a p-value less
than 0.05 was considered statistically significant. All sta-
tistical analyses were performed using Stata for Windows
version 15.0 (StataCorp LLC, College Station, TX, USA) and
SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).

Results
Baseline characteristics

The baseline characteristics of the participants before pro-
pensity score matching are shown in Supplementary Table
2 (available online). In the AD evaluation cohort, 360,090
and 49,634 participants were allocated to the non-AD and
AD groups, respectively. The median age of the patients in
the AD group was 74 years (69-78 years), and 30.1% were
male. Compared with the non-AD group, those in the AD
group were older, more likely to be female, and had lower
prevalence of hypertension (HTN) and peripheral arterial
disease. In the DD evaluation cohort, the non-DD and DD
groups contained 340,851 and 54,231 people, respectively.
In the DD group, the median age of patients was 70 years
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(67-75 years), and 34.8% were male. Those in the DD group
were younger and more likely to be female than subjects in
the non-DD group. Patients in the AD and DD groups were
subjected to 1:1 propensity score matching within the AD
evaluation cohort and DD evaluation cohort, respectively.
After propensity score matching, baseline characteristics
were well balanced (Table 1).

Incidence of end-stage kidney disease
In the AD evaluation cohort, during a median (IQR) fol-

low-up of 10 years (9-10 years), 297 and 168 cases of
incident ESKD occurred in the non-AD and AD groups,

respectively. Per 1,000 person-years, the incidence rate of
ESKD was 0.36 in the non-AD group and 1.17 in the AD
group (Table 2). During a median (IQR) follow-up duration
of 10 years (10-10 years) in the DD evaluation cohort, 309
and 216 cases of incident ESKD occurred in the non-DD
and DD groups, respectively. The corresponding incidence
rates per 1,000 person-years were 0.36 in the non-DD
group and 0.91 in the DD group (Table 2).

Effect of Alzheimer disease or depressive disorder on end-
stage kidney disease development

When subdistribution hazard models were constructed

Table 1. Baseline characteristics of the subjects after propensity score matching

AD evaluation cohort

DD evaluation cohort

Variabl . |
bl (n N %66%4) (n= 4%3,634) SMD (n E%rltl,)z%i) (n= 5DA|?,231) SMDP
Demographic data
Age (yr) 74 (69-78) 74 (69-78) 0.002 70 (67-75) 70 (67-75) 0.002
Age at AD/DD diagnosis (yr)® 80 (76-85) 76 (73-80)
Age at ESKD diagnosis (yr)® 78 (74-82) 79.5 (76-83) 77 (73-81) 78 (74-81)
Time from AD/DD to ESKD (mo)® 21.0 (8.7-39.9) 31.8 (9.5-51.4)
Male sex 14,799 (29.8) 14,924 (30.1) 0.01 18,319 (33.8) 18,853 (34.8) 0.02
Follow-up duration (yr) 10 (9-10) 10 (9-10) 0.02 10 (10-10) 10 (10-10) 0.004
Urban residence 25,423 (51.2) 25,720 (51.8) 0.01 29,526 (54.4) 29,510 (54.4) 0.001
Income, highest tertile 14,503 (29.2) 14,866 (30.0) 0.02 17,489 (32.2) 17,752 (32.7) 0.01
Comorbidity
Hypertension 16,730 (33.7) 17,182 (34.6) 0.02 21,113 (38.9) 21,511 (39.7) 0.02
Diabetes mellitus 5,062 (10.2) 5,447 (11.0) 0.02 5,625 (10.4) 5,866 (10.8) 0.01
Dyslipidemia 4,183 (8.4) 4,533 (9.1) 0.02 6,712 (12.4) 7,056 (13.0) 0.02
Chronic kidney disease 305 (0.6) 301 (0.6) 0.002 352 (0.6) 394 (0.7) 0.003
Myocardial infarction 662 (1.3) 774 (1.6) 0.02 841 (1.6) 1,015 (1.9) 0.02
Congestive heart failure 2,495 (5.0) 2,773 (5.6) 0.02 2,906 (5.4) 3,150 (5.8) 0.02
Peripheral arterial disease 915 (1.8) 896 (1.8) 0.002 2,772 (5.1) 3,005 (5.5) 0.02
Cerebrovascular disease 2,876 (5.8) 2,968 (6.0) 0.02 3,636 (6.7) 3,861 (7.1) 0.02
Malignancy 1,576 (3.2) 1,618 (3.3) 0.004 2,061 (3.8) 2,296 (4.2) 0.02
Chronic liver disease 2,429 (4.9) 2,518 (5.1) 0.01 3,661 (6.8) 3,840 (7.1) 0.01
COPD 5,695 (11.5) 6,012 (12.1) 0.02 7,283 (13.4) 7,549 (13.9) 0.01
Osteoporosis 7,003 (14.1) 7,160 (14.4) 0.01 8,898 (16.4) 9,055 (16.7) 0.01
Medication history
RAAS blocker 9,853 (19.9) 10,337 (20.8) 0.02 12,666 (23.4) 12,924 (23.8) 0.01
DHP-CCB 12,827 (25.8) 12,975 (26.1) 0.02 16,079 (29.6) 16,225 (29.9) 0.02
Statin 3,749 (7.6) 4,047 (8.2) 0.02 5,716 (10.5) 6,104 (11.3) 0.02
Diuretics 4,067 (8.2) 4,322 (8.7) 0.01 5,466 (10.1) 5,765 (10.6) 0.01

Data are expressed as median (interquartile range) or number (%).

AD, Alzheimer disease; COPD, chronic obstructive pulmonary disease; DD, depressive disorder; DHP-CCB, dihydropyridine calcium channel blocker; ESKD,
end-stage kidney disease; RAAS, renin-angiotensin aldosterone system; SMD, standardized mean difference.

“These variables were not included in estimating the propensity scores.
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Table 2. Comparison of end-stage kidney disease risk according to incident AD or DD using competing risk regression

Event rate per 1,000 Crude HR, sHR

Adjusted HR?,

Variable person-years (95% Cl) pvalue sHR (95% Cl) p-value
AD evaluation cohort
Non-AD 0.36 Reference Reference
AD 1.17 1.86 (1.50-2.30) <0.001 1.67 (1.34-2.08) <0.001
DD evaluation cohort
Non-DD 0.36 Reference Reference
DD 0.91 1.75(1.43-2.13) <0.001 1.44 (1.19-1.76) <0.001
AD, Alzheimer disease; Cl, confidence interval; DD, depressive disorder; HR, hazard ratio; sHR, subdistribution HR.
“Adjusted for clinical variables used to estimate propensity scores (listed in Table 1).
0.02 0.02 ~
Non-AD AD | Non-DD —— DD
8 3
[ [
() (0]
o o
[} (&)
£ £
2 0.01+ o 0.01+
g sHR (95% CI) = 1.67 (1.34-2.08) B sHR (95% CI) = 1.44 (1.19-1.76)
= p < 0.001 = p <0.001
IS IS
> >
(&) O
e “__.-_:—_—F::’_"‘ S — —_—.:;.::'—_-4::::‘-:_ kS
O T :_“I_-- — T T 0 T _-—--‘I—'___ T T T
2 4 6 8 10 2 4 6 8 10

Follow-up (yr)

Follow-up (yr)

Figure 3. Cumulative incidence curves of incident end-stage kidney disease in propensity score-matched subjects diagnosed
with AD (A) or DD (B). Adjusted for clinical variables used to estimate propensity scores (listed in Table 1) and competing risk of all-

cause death.

AD, Alzheimer disease; DD, depressive disorder; Cl, confidence interval; sHR, subdistribution hazard ratio.

with death as a competing risk for incident ESKD, the risk
of ESKD development was significantly higher in the AD
group than the non-AD group (sHR, 1.86; 95% CI, 1.50-
2.30) in the AD evaluation cohort. This risk was attenuated
but still statistically significant after adjusting for additional
confounding variables (sHR, 1.67; 95% CI, 1.34-2.08). In
the DD evaluation cohort, the risk of ESKD was higher in
the DD group than the non-DD group (sHR, 1.75; 95% CI,
1.43-2.13), and that relationship was maintained after ad-
justing for additional confounding demographic and clin-
ical variables (sHR, 1.44; 95% CI, 1.19-1.76) (Table 2). The
cumulative incidence curves constructed for participants
in the AD evaluation cohort show that the time to develop-
ment of incident ESKD was significantly longer in the non-
AD group than the AD group (p < 0.001) (Fig. 3A). Similarly,
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the time to incident ESKD development in the DD evalu-
ation cohort was significantly longer in the non-DD group
than the DD group (p < 0.001) (Fig. 3B).

When subgroup analyses were performed according to
sex, residential area, and AD or DD onset, no significant in-
teractions were found between the subgroups, suggesting
that the associations found in the main analysis would be
significant regardless of subgroup (Table 3).

Sensitivity analyses

To further account for possible selection bias, evaluations
were made after propensity score weighting. In the AD
evaluation cohort, the risk for ESKD development was
higher in the AD group than in the non-AD group (adjusted
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sHR, 1.51; 95% CI, 1.27-1.79). In the DD evaluation cohort,
ESKD development risk was higher in the DD group than
the non-DD group (adjusted sHR, 1.18; 95% CI, 1.02-1.37)
after adjusting for confounding factors (Supplementary

Table 3, available online). To minimize possible causal
effects of CKD on development of AD or DD, evaluations
were conducted after excluding those diagnosed with CKD
prior to diagnosis of AD or DD. The baseline characteristics

Table 3. Subgroup analyses of end-stage kidney disease risk in subjects diagnosed with AD or DD

Subgroup

No. of patients

Crude HR, sHR (95% Cl)

p-value Adjusted HR?, sHR (95% Cl) p-value  p for interaction

AD evaluation cohort

Sex
Male
Non-AD
AD
Female
Non-AD
AD
Residential area
Urban residence
Non-AD
AD
Rural residence
Non-AD
AD
Disease onset
Non-AD
Early onset AD"
Late onset AD"

DD evaluation cohort

Sex
Male
Non-DD
DD
Female
Non-DD
DD
Residential area
Urban residence
Non-DD
DD
Rural residence
Non-DD
DD
Disease onset
Non-DD
Early onset DD°
Late onset DD°

29,723
14,799
14,924
69,545
34,835
34,710

51,143
25,423
25,720
48,125
24,211
23,914

49,634
25,967
23,667

37172
18,319
18,853
71,290
35,912
35,378

59,036
29,526
29,510
49,426
24,705
24,721

54,231
28,786
25,445

Reference
1.63 (1.20-2.23)

Reference
2.09 (1.55-2.81)

Reference
1.85 (1.42-2.42)

Reference
1.82 (1.27-2.61)

Reference
1.92 (1.52-2.43)
1.07 (0.79-1.46)

Reference
1.86 (1.42-2.45)

Reference
1.62 (1.20-2.18)

Reference
1.52 (1.18-1.96)

Reference
2.22 (1.61-3.07)

Reference
1.58 (1.27-1.96)
1.27 (1.14-1.80)

0.71
Reference
0.002 1.56 (1.14-2.14) 0.006
Reference
<0.001 2.07 (1.54-2.80) <0.001
0.81
Reference
<0.001 1.82(1.39-2.38) <0.001
Reference
0.001 1.92 (1.33-2.76) <0.001
0.99
Reference
<0.001 1.68 (1.32-2.12) <0.001
0.65 1.87 (1.31-2.67) 0.001
0.67
Reference
<0.001 1.67 (1.27-2.19) <0.001
Reference
0.002 1.53 (1.15-2.05) 0.004
0.15
Reference
0.001 1.43 (1.11-1.84) 0.006
Reference
<0.001 1.99 (1.40-2.76) <0.001
0.84
Reference
<0.001 1.52 (1.22-1.89) <0.001
0.03 1.43 (1.05-1.95) 0.02

AD, Alzheimer disease; Cl, confidence interval; DD, depressive disorder; HR, hazard ratio; sHR, subdistribution HR.
Adjusted for clinical variables used to estimate propensity scores (listed in Table 1) and competing risk of all-cause death. bEarly and late onset were
defined based on the median age of AD or DD diagnosis.
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of those participants are shown in Supplementary Tables 4
and 5 (available online). Evaluations of those participants
revealed that the incident ESKD risk was still higher in the
AD group than the non-AD group (adjusted sHR, 1.37; 95%
CI, 1.06-1.77) and higher in the DD group than the non-
DD group (adjusted sHR, 1.33; 95% CI, 1.07-1.60) after
adjusting for confounding factors (Supplementary Table 6,
available online).

Discussion

This study evaluated the risk of ESKD development among
patients diagnosed with AD or DD using data from a na-
tionwide representative elderly population cohort in Re-
public of Korea. The incidence rate of ESKD was higher
among those with AD or DD than in people without AD or
DD, respectively. In addition, those with AD or DD were
at a higher risk for developing ESKD. This association was
significant even after adjusting for confounding factors, in-
cluding underlying CKD. Moreover, the significance of the
relationship was maintained in sensitivity analyses using
propensity score weighting. These findings suggest that
preceding mental health conditions such as AD and DD
affect kidney function, increasing the risk of ESKD.
Connectivity between the kidney and the CNS is sug-
gested as one cause of the high prevalence of CNS disor-
ders in patients with kidney disease. The possibility that
underlying kidney disease could give rise to neurologic
complications through cytokine-induced damage, oxida-
tive stress, and accumulation of neurotoxic metabolites has
been demonstrated in clinical and animal studies [8,16,17].
Recently, in addition to that kidney to brain crosstalk, the
possibility of brain to kidney crosstalk has been proposed
on the basis of several clinical phenomena. Acute kidney
injury is a common accompaniment of traumatic brain
injury and ischemic stroke, with reports that up to 23% of
traumatic brain injury patients develop acute kidney injury
[18-20]. In addition, hemodynamic and neurohormonal
changes and induction of inflammatory responses upon
brain death are implicated as key factors that cause acute
rejection after kidney allograft transplantation [10]. Howev-
er, those findings mainly involve acute disease states, and
whether CNS disorders chronically affect kidney function
is not well known. The results of this study, which show
that the risk of ESKD is significantly higher in AD or DD
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patients than in people without those underlying mental
health problems, suggest that brain to kidney crosstalk
could chronically affect kidney function. These results
are supported by a recent study conducted in China that
showed that severity of depressive symptoms correlated
with rapid kidney function decline [21].

Several steps of this study aimed to increase the likeli-
hood that the assessed risk would be determined by AD or
DD and not by other confounding factors. HTN and dia-
betes mellitus (DM) are underlying conditions well known
to affect kidney function. The prevalence of patients with
DM did not differ between those with or without AD or DD
even before propensity score matching. Although patients
with HTN were more prevalent in the non-AD group than
the AD group, the difference was not large and was well
balanced after propensity score matching, lowering the
chances that underlying comorbidities played a role in the
elevated ESKD risk reported here. In addition, the associa-
tion between incident ESKD and AD or DD was maintained
following additional confounding factor adjustments and
propensity score matching. Moreover, when propensity
score weighting was used to balance the baseline charac-
teristics between groups with or without AD or DD, the
significance of risk increase was maintained, which further
reduced the possibility that confounding factors affected
the reported risk of ESKD development.

Underlying CKD is another potential factor that can affect
ESKD risk, with the rate of kidney function decline being
aggravated in patients with CKD [22]. However, the preva-
lence of CKD at baseline did not differ between the groups
with or without AD or DD. In addition, further adjustments
for prevalent CKD after propensity score matching did not
compromise the association between incident ESKD risk
and AD or DD. Moreover, in the sensitivity analysis that
excluded patients diagnosed with CKD before AD or DD
diagnosis, the incident ESKD risk increase in patients with
AD or DD was maintained, suggesting that this association
is independent of underlying CKD. Nonetheless, the possi-
bility that other factors not included in the analyses affect
the risk of ESKD development cannot be ignored, and eval-
uations that include more variables are required to confirm
the findings of this study.

Several mechanisms could explain the increased risk of
ESKD in patients with AD or DD. An increase in sympa-
thetic nervous system activity can alter kidney blood flow
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and glomerular filtration, leading to accelerated kidney
function decline [10]. The dysregulation in sympathetic
tone that results from an acute brain injury is suspected
to be one reason that traumatic brain injury patients often
develop acute kidney injury [23]. Reports showing that
sympathetic nervous system activity is elevated in patients
with AD or DD further support that possibility [24,25]. Al-
terations in the cerebral renin-angiotensin system (RAS)
might also contribute to the brain to kidney crosstalk ob-
served in this study [26]. An animal study in rats revealed
that the cerebral RAS affects kidney function in DM [27].
Changes in cerebral RAS have also been implicated in
patients with DD [28,29]. In addition, upregulation of the
brain RAS has been closely linked to the pathogenesis of
AD [29,30]. Systemic inflammation caused by CNS disor-
ders might also affect kidney function. Microglial cells in
AD have been reported to release inflammatory cytokines,
including interferon-y and interleukin (IL)-1p [31-33]. In
DD patients, serum levels of IL-6 and tumor necrosis fac-
tors have been found to be increased [34]. Considering that
chronic systemic inflammation is a well-known risk factor
for kidney disease, the inflammatory milieu accompanying
AD and DD could increase the risk of ESKD in such pa-
tients [35].

Kidney function is a known risk factor for mental health
disorders [7,36,37]. Although kidney function could not
be accurately determined because of the inevitable limita-
tions of analyzing a large health insurance claims database,
several actions were taken to reduce the chances of under-
lying kidney disease affecting the onset of ESKD. First, pro-
pensity score matching was conducted between the groups
with or without AD or DD for underlying CKD. In addition,
matching was performed for major CKD risk factors such
as HTN, DM, and heart failure. Second, to further reduce
the possibility of bias, additional adjustments were made in
assessing the sHR, including CKD and CKD risk factors as
covariates. Third, a sensitivity analysis excluding those di-
agnosed with CKD at baseline was performed to lower the
chances that underlying CKD played a role. Nonetheless,
completely eliminating the probability that undetermined
underlying CKD had an effect on the outcome was not pos-
sible with this dataset. Therefore, the suggestive findings
of this study need to be evaluated in further investigations
that include data on kidney function.

This study has several limitations. First, the limitations

related to the observational nature of this study should be
addressed. Although actions to evaluate the risk of ESKD
after onset of AD or DD have been applied, no causal rela-
tionship can be ascertained due to the retrospective design
of this study. Further prospective investigations are needed
to confirm the findings of this study. Second, because the
evaluation used information from a NHIS claims database,
the possibility of misclassified comorbidities should be
considered. In addition, diagnosis codes for a particular
comorbid condition might have been omitted if the patient
was not being actively treated for that comorbidity. None-
theless, the accuracy of AD classification through ICD-10
codes has been validated for the NHIS database [38]. In ad-
dition, concurrent use of AD- and DD-related medications
was considered to improve diagnostic precision. Because
all dialysis patients in the Republic of Korea are supported
by a copayment assistance policy through the NHIS, ESKD
outcomes are accurately identifiable. Third, laboratory
data and detailed demographic data were not available.
Although CKD was considered as a comorbidity based on
diagnosis codes, it was not possible to account for relative
kidney function. In addition, factors that could have affect-
ed DD, such as family history or occupational status, could
not be included in the analyses.

In conclusion, the risk of ESKD development was higher
in elderly patients diagnosed with AD or DD than in those
who did not have those disorders. These results suggest
that preceding mental health disorders could play a role
in subsequent development of kidney disease. However,
further detailed prospective investigations are needed for
confirmation.

Conflicts of interest

Tae-Hyun Yoo is the Editor-in-Chief of Kidney Research
and Clinical Practice and was not involved in the review
process of this article. All authors have no other conflicts of
interest to declare.

Acknowledgments

The National Health Information Database was provided
by the National Health Insurance Service of Korea. We
thank the National Health Insurance Service for its cooper-
ation.

www.krcp-ksn.org 761



Kidney Res Clin Pract 2022;41(6):753-763

Authors’ contributions

Conceptualization, Project administration, Resources,
Software: SCK, JTP

Data curation: SCK, HBK, HWK, YS]J, JTP

Formal analysis: SCK, HBK, JTP

Investigation, Methodology: SCK, HBK, HWK, JTP
Supervision: SHH, THY, SWK

Visualization: SCK, JTP

Writing-original draft: SCK, JTP

Writing-review & editing: SCK, JTP

All authors read and approved the final manuscript.

ORCID

Shin Chan Kang, https://orcid.org/0000-0002-6507-2676
Hee Byung Koh, https://orcid.org/0000-0002-4510-2823
Hyung Woo Kim, https://orcid.org/0000-0002-6305-452X
Young Su Joo, https://orcid.org/0000-0002-7890-0928
Seung Hyeok Han, https://orcid.org/0000-0001-7923-5635
Tae-Hyun Yoo, https://orcid.org/0000-0002-9183-4507
Shin-Wook Kang, https://orcid.org/0000-0002-5677-4756
Jung Tak Park, https://orcid.org/0000-0002-2325-8982

References

—

. National Institutes of Health (NIH)/World Health Organization.
Global health and aging [Internet]. Bethesda (MD): NIH; c2011
[cited 2021 Dec 29]. Available from: https://www.nia.nih.gov/
sites/default/files/2017-06/global_health_aging.pdf.

2. World Health Organization (WHO). Mental health of older
adults [Internet]. Geneva (Switzerland): WHO; c2017 [cited 2021
Dec 29]. Available from: https://www.who.int/news-room/fact-
sheets/detail/mental-health-of-older-adults.

3. World Health Organization (WHO). Global action plan on the
public health response to dementia 2017-2025 [Internet]. Ge-
neva (Switzerland): WHO; ¢2017 cited 2021 Dec 29]. Available
from: https://www.who.int/publications/i/item/global-action-
plan-on-the-public-health-response-to-dementia-2017---2025.

4. Luppa M, Sikorski C, Luck T, et al. Age- and gender-specific
prevalence of depression in latest-life: systematic review and
meta-analysis. ] Affect Disord 2012;136:212-221.

5. Bugnicourt JM, Godefroy O, Chillon JM, Choukroun G, Massy

ZA. Cognitive disorders and dementia in CKD: the neglected

kidney-brain axis. ] Am Soc Nephrol 2013;24:353-363.

762

www.krcp-ksn.org

6. Seliger SL, Siscovick DS, Stehman-Breen CO, et al. Moderate
renal impairment and risk of dementia among older adults:
the Cardiovascular Health Cognition Study. / Am Soc Nephrol
2004;15:1904-1911.

7. Palmer S, Vecchio M, Craig JC, et al. Prevalence of depression in
chronic kidney disease: systematic review and meta-analysis of
observational studies. Kidney Int 2013;84:179-191.

8. Lu R, Kiernan MC, Murray A, Rosner MH, Ronco C. Kid-
ney-brain crosstalk in the acute and chronic setting. Nat Rev
Nephrol 2015;11:707-719.

9. Simoes E Silva AC, Miranda AS, Rocha NP, Teixeira AL. Neuro-
psychiatric disorders in chronic kidney disease. Front Pharma-
¢0l2019;10:932.

10. Nongnuch A, Panorchan K, Davenport A. Brain-kidney cross-
talk. Crit Care 2014;18:225.

11. Kim YI, Kim YY, Yoon JL, et al. Cohort Profile: National Health
Insurance Service-Senior (NHIS-Senior) cohort in Korea. BMJ
Open 2019;9:024344.

12. Nguyen TL, Collins GS, Spence J, et al. Double-adjustment
in propensity score matching analysis: choosing a threshold
for considering residual imbalance. BMC Med Res Methodol
2017;17:78.

13. Fine JP, Gray RJ. A proportional hazards model for the subdistri-
bution of a competing risk. ] Am Stat Assoc 1999;94:496-509.

14. Grambsch PM, Therneau TM. Proportional hazards tests and di-
agnostics based on weighted residuals. Biometrika 1994;81:515-
526.

15. Guo S, Fraser MW. Propensity score analysis: statistical methods
and applications. Los Angeles: SAGE publications; 2014.

16. Kovalcikova A, Gyurdszova M, Vavrincova-Yaghi D, et al. Oxi-
dative stress in the brain caused by acute kidney injury. Metab
Brain Dis 2018;33:961-967.

17. Liu M, Liang Y, Chigurupati S, et al. Acute kidney injury leads
to inflammation and functional changes in the brain. J Am Soc
Nephrol 2008;19:1360-1370.

18. Moore EM, Bellomo R, Nichol A, Harley N, Macisaac C, Cooper
DJ. The incidence of acute kidney injury in patients with trau-
matic brain injury. Ren Fail 2010;32:1060-1065.

19. Li N, Zhao WG, Zhang WE Acute kidney injury in patients with
severe traumatic brain injury: implementation of the acute
kidney injury network stage system. Neurocrit Care 2011;14:377-
381.

20. Zorrilla-Vaca A, Ziai W, Connolly ES Jr, Geocadin R, Thompson
R, Rivera-Lara L. Acute kidney injury following acute ischemic

stroke and intracerebral hemorrhage: a meta-analysis of preva-


www.nia.nih.gov/sites/default/files/2017-06/global_health_aging.pdf.
www.nia.nih.gov/sites/default/files/2017-06/global_health_aging.pdf.
www.who.int/news-room/fact-sheets/detail/mental-health-of-older-adults.
www.who.int/news-room/fact-sheets/detail/mental-health-of-older-adults.
www.who.int/publications/i/item/global-
https://doi.org/10.1016/j.jad.2010.11.033
https://doi.org/10.1016/j.jad.2010.11.033
https://doi.org/10.1016/j.jad.2010.11.033
https://doi.org/10.1681/asn.2012050536
https://doi.org/10.1681/asn.2012050536
https://doi.org/10.1681/asn.2012050536
https://doi.org/10.1097/01.asn.0000131529.60019.fa
https://doi.org/10.1097/01.asn.0000131529.60019.fa
https://doi.org/10.1097/01.asn.0000131529.60019.fa
https://doi.org/10.1097/01.asn.0000131529.60019.fa
https://doi.org/10.1038/ki.2013.77
https://doi.org/10.1038/ki.2013.77
https://doi.org/10.1038/ki.2013.77
https://doi.org/10.1038/nrneph.2015.131
https://doi.org/10.1038/nrneph.2015.131
https://doi.org/10.1038/nrneph.2015.131
https://doi.org/10.3389/fphar.2019.00932
https://doi.org/10.1186/cc13907
https://doi.org/10.1186/cc13907
https://doi.org/10.1136/bmjopen-2018-024344
https://doi.org/10.1136/bmjopen-2018-024344
https://doi.org/10.1136/bmjopen-2018-024344
https://doi.org/10.1186/s12874-017-0338-0
https://doi.org/10.1186/s12874-017-0338-0
https://doi.org/10.1186/s12874-017-0338-0
https://doi.org/10.1186/s12874-017-0338-0
https://doi.org/10.1080/01621459.1999.10474144
https://doi.org/10.1080/01621459.1999.10474144
https://doi.org/10.1093/biomet/81.3.515
https://doi.org/10.1093/biomet/81.3.515
https://doi.org/10.1093/biomet/81.3.515
https://doi.org/10.1007/s11011-018-0204-8
https://doi.org/10.1681/asn.2007080901
https://doi.org/10.1681/asn.2007080901
https://doi.org/10.1681/asn.2007080901
https://doi.org/10.3109/0886022x.2010.510234
https://doi.org/10.3109/0886022x.2010.510234
https://doi.org/10.3109/0886022x.2010.510234
https://doi.org/10.1007/s12028-011-9511-1
https://doi.org/10.1007/s12028-011-9511-1
https://doi.org/10.1007/s12028-011-9511-1
https://doi.org/10.1007/s12028-011-9511-1
https://doi.org/10.1159/000479338
https://doi.org/10.1159/000479338
https://doi.org/10.1159/000479338

Kang, et al. Dementia, depression, and end-stage kidney disease

21.

22.

23.

24.

25.

26.

27.

lence rate and mortality risk. Cerebrovasc Dis 2018;45:1-9.
Zhang Z, He P, Liu M, et al. Association of depressive symptoms
with rapid kidney function decline in adults with normal kidney
function. Clin ] Am Soc Nephrol 2021;16:889-897.

Janmaat CJ, van Diepen M, van Hagen CC, Rotmans JI, Dekker
FW, Dekkers OM. Decline of kidney function during the pre-di-
alysis period in chronic kidney disease patients: a systematic
review and meta-analysis. Clin Epidemiol 2018;10:613-622.
Khalid E Yang GL, McGuire JL, et al. Autonomic dysfunction fol-
lowing traumatic brain injury: translational insights. Neurosurg
Focus 2019;47:E8.

Aharon-Peretz J, Harel T, Revach M, Ben-Haim SA. Increased
sympathetic and decreased parasympathetic cardiac in-
nervation in patients with Alzheimer’s disease. Arch Neurol
1992;49:919-922.

Veith RC, Lewis N, Linares OA, et al. Sympathetic nervous sys-
tem activity in major depression: basal and desipramine-in-
duced alterations in plasma norepinephrine kinetics. Arch Gen
Psychiatry 1994;51:411-422.

McKinley M]J, Albiston AL, Allen AM, et al. The brain renin-an-
giotensin system: location and physiological roles. Int ] Biochem
Cell Biol 2003;35:901-918.

Liu Y, Li L, Qiu M, et al. Renal and cerebral RAS interaction
contributes to diabetic kidney disease. Am J Transl Res 2019;
11:2925-2939.

28.Vian J, Pereira C, Chavarria V, et al. The renin-angiotensin system:

a possible new target for depression. BMC Med 2017;15:144.

29. Phillips MI, de Oliveira EM. Brain renin angiotensin in disease. J

30.

31.

32.

33.

34.

35.

36.

37.

38.

Mol Med (Berl) 2008;86:715-722.

Wright JW, Harding JW. Contributions by the brain renin-angio-
tensin system to memory, cognition, and Alzheimer’s disease. J
Alzheimers Dis 2019;67:469-480.

Meda L, Cassatella MA, Szendrei GI, et al. Activation of microgli-
al cells by beta-amyloid protein and interferon-gamma. Nature
1995;374:647-650.

Kawanokuchi J, Mizuno T, Takeuchi H, et al. Production of inter-
feron-gamma by microglia. Mult Scler 2006;12:558-564.

Wang WY, Tan MS, Yu JT, Tan L. Role of pro-inflammatory cyto-
kines released from microglia in Alzheimer’s disease. Ann Transl
Med 2015;3:136.

Dowlati Y, Herrmann N, Swardfager W, et al. A meta-analysis of
cytokines in major depression. Biol Psychiatry 2010;67:446-457.
Fried L, Solomon C, Shlipak M, et al. Inflammatory and pro-
thrombotic markers and the progression of renal disease in
elderly individuals. J Am Soc Nephrol 2004;15:3184-3191.

Davey A, Elias ME Robbins MA, Seliger SL, Dore GA. Decline in
renal functioning is associated with longitudinal decline in glob-
al cognitive functioning, abstract reasoning and verbal memory.
Nephrol Dial Transplant 2013;28:1810-1819.

Yaffe K, Ackerson L, Kurella Tamura M, et al. Chronic kidney
disease and cognitive function in older adults: findings from the
chronic renal insufficiency cohort cognitive study. / Am Geriatr
Soc 2010;58:338-345.

Kim D, Yang PS, SungJH, et al. Less dementia after catheter abla-
tion for atrial fibrillation: a nationwide cohort study. Eur Heart J
2020;41:4483-4493.

www.krcp-ksn.org

763


https://doi.org/10.1159/000479338
https://doi.org/10.2215/cjn.18441120
https://doi.org/10.2215/cjn.18441120
https://doi.org/10.2215/cjn.18441120
https://doi.org/10.2147/clep.s153367
https://doi.org/10.2147/clep.s153367
https://doi.org/10.2147/clep.s153367
https://doi.org/10.2147/clep.s153367
https://doi.org/10.3171/2019.8.focus19517
https://doi.org/10.3171/2019.8.focus19517
https://doi.org/10.3171/2019.8.focus19517
https://doi.org/10.1001/archneur.1992.00530330041013
https://doi.org/10.1001/archneur.1992.00530330041013
https://doi.org/10.1001/archneur.1992.00530330041013
https://doi.org/10.1001/archneur.1992.00530330041013
https://doi.org/10.1001/archpsyc.1994.03950050071008
https://doi.org/10.1001/archpsyc.1994.03950050071008
https://doi.org/10.1001/archpsyc.1994.03950050071008
https://doi.org/10.1001/archpsyc.1994.03950050071008
https://doi.org/10.1016/s1357-2725(02)00306-0
https://doi.org/10.1016/s1357-2725(02)00306-0
https://doi.org/10.1016/s1357-2725(02)00306-0
https://www.ncbi.nlm.nih.gov/pubmed/31217864
https://www.ncbi.nlm.nih.gov/pubmed/31217864
https://www.ncbi.nlm.nih.gov/pubmed/31217864
https://doi.org/10.1186/s12916-017-0916-3
https://doi.org/10.1186/s12916-017-0916-3
https://doi.org/10.1007/s00109-008-0331-5
https://doi.org/10.1007/s00109-008-0331-5
https://doi.org/10.3233/jad-181035
https://doi.org/10.3233/jad-181035
https://doi.org/10.3233/jad-181035
https://doi.org/10.1038/374647a0
https://doi.org/10.1038/374647a0
https://doi.org/10.1038/374647a0
https://doi.org/10.1177/1352458506070763
https://doi.org/10.1177/1352458506070763
https://www.ncbi.nlm.nih.gov/pubmed/26207229
https://www.ncbi.nlm.nih.gov/pubmed/26207229
https://www.ncbi.nlm.nih.gov/pubmed/26207229
https://doi.org/10.1016/j.biopsych.2009.09.033
https://doi.org/10.1016/j.biopsych.2009.09.033
https://doi.org/10.1097/01.asn.0000146422.45434.35
https://doi.org/10.1097/01.asn.0000146422.45434.35
https://doi.org/10.1097/01.asn.0000146422.45434.35
https://doi.org/10.1093/ndt/gfs470
https://doi.org/10.1093/ndt/gfs470
https://doi.org/10.1093/ndt/gfs470
https://doi.org/10.1093/ndt/gfs470
https://doi.org/10.1111/j.1532-5415.2009.02670.x
https://doi.org/10.1111/j.1532-5415.2009.02670.x
https://doi.org/10.1111/j.1532-5415.2009.02670.x
https://doi.org/10.1111/j.1532-5415.2009.02670.x
https://doi.org/10.1093/eurheartj/ehaa726
https://doi.org/10.1093/eurheartj/ehaa726
https://doi.org/10.1093/eurheartj/ehaa726

