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Background: Recent studies have shown that patients with end-stage renal disease (ESRD) are at elevated risk of dementia. Howev-
er, whether kidney transplantation (KT) lowers the risk for incident dementia remains unclear. 
Methods: From the Korean National Health Insurance Service database, we identified incident KT recipients aged ≥40 years without 
any history of dementia between 2007 and 2015. We also established a pair of age-, sex-, and inclusion year-matched control co-
horts of patients with incident dialysis-dependent ESRD and members of the general population (GP) without a history of dementia, 
respectively. Cases of incident all-cause dementia, including Alzheimer disease (AD), vascular dementia (VD), and other kinds of de-
mentia, were obtained from baseline until December 31, 2017. 
Results: We followed 8,841 KT recipients, dialysis-dependent ESRD patients, and GP individuals for 48,371, 28,649, and 49,149 pa-
tient-years, respectively. Their mean age was 52.5 years, and 60.6% were male. Over the observation period, 55/43/19 KT recipi-
ents, 230/188/75 dialysis-dependent ESRD patients, and 38/32/14 GP individuals developed all-cause dementia/AD/VD. The risks 
of incident all-cause dementia, AD, and VD in KT recipients were similar to those in GP (hazard ratio: 0.74 [p = 0.20], 0.74 [p = 0.24], 
and 0.59 [p = 0.18], respectively) and significantly lower than those in dialysis-dependent ESRD patients (hazard ratio: 0.17 [p < 
0.001], 0.16 [p < 0.001], and 0.16 [p < 0.001], respectively). Older age and diabetes mellitus at the time of KT were risk factors for 
incident all-cause dementia and AD in KT recipients. 
Conclusion: This is the first study to show a beneficial impact of KT on incident dementia compared to dialysis dependency.  
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Introduction 

Dementia, a state of persistent and progressive cognitive 

dysfunction characterized by impairments in memory re-

sulting in a loss of independent function, is a common and 

destructive geriatric syndrome that affected an estimated 

47 million people in 2015 globally [1–4]. Currently, it has an 

estimated prevalence of 5% to 7% in individuals aged ≥60 

years. Given that the number of affected individuals is pre-

dicted to be 131 million worldwide by 2050 [2,3], dementia 

is considered one of the greatest socioeconomic burdens. 

Aging is an important but non-modifiable risk factor for all-

cause dementia. Potentially modifiable risk factors include 

hypertension, diabetes mellitus, dyslipidemia, cardiovas-

cular disease, cerebrovascular disease, diet, lifestyle, and 

education [2,3]. 

Individuals with chronic kidney disease (CKD) are at 

higher risk for cognitive decline than the general popula-

tion (GP) due to having both more traditional cardiovas-

cular risk factors (see above) and nontraditional kidney 

disease-related factors such as albuminuria, retention of 

uremic metabolites, anemia, polypharmacy, and dialy-

sis-related factors [4,5]. The prevalence of cognitive impair-

ment in patients with CKD ranges from 10% to 40% and is 

significantly increased in patients with dialysis-dependent 

end-stage renal disease (ESRD) [4,6]. Cognitive impair-

ment including dementia is likely to display higher rates of 

nonadherence with treatment regimens and contributes to 

adverse outcomes including higher risks of death, dialysis 

withdrawal, and hospitalization among dialysis-dependent 

ESRD patients [4,6]. Given that there is no specific treat-

ment for dementia, it is encouraging that there appears 

to be an improvement in cognitive function after kidney 

transplantation (KT) among vulnerable dialysis-dependent 

ESRD patients. Improving cognitive function after KT may 

be attributable to vanishing uremia-related neurotoxicity 

and reducing CKD-associated comorbidities like cerebro-

vascular disease [7–10]. 

KT is considered the best treatment option for ESRD pa-

tients mainly due to deriving survival benefits and a better 

quality of life even with increases in the age and comorbid-

ities of contemporary transplant recipients [11–14]. How-

ever, given that KT recipients live longer with a functioning 

graft compared to dialysis-dependent ESRD patients and 

take possible neurotoxic immunosuppressants, they might 

be at risk for incident age-related conditions, including 

neurodegenerative diseases [15,16]. There are limited data 

on whether KT lowers the risk of dementia development or 

not among dialysis-dependent ESRD patients. Therefore, 

we aimed to estimate the risk of incident dementia in KT 

recipients compared to dialysis-dependent ESRD patients 

and the GP using nationwide cohort data in this study. 

Methods 

This study was conducted according to the 2013 Decla-

ration of Helsinki and good clinical practice guidelines 

and the study protocol was approved by the Institutional 

Review Board of Seoul National University Hospital (No. 

H1903-097-1018). The South Korean government approved 

access to the Korean National Health Insurance System 

(NHIS) database for the present study. The need for in-

formed consent was waived because this study retrospec-

tively used data from the NHIS. 

Data source 

This study was a nationwide population-based cohort 

study that used information from the Korean National 

Health Information Database provided by the NHIS. In 

South Korea, the National Health Security System is a man-

datory social insurance program composed of the National 

Health Insurance and Medical Aid under the supervision 

of the Ministry of Health and Welfare [17,18]. The NHIS is 

the only insurer managed by the government, covers ~97% 

of the Korean population, and provides universal health 

coverage. Hence, the Korean NHIS retains an extensive da-

tabase on patient demographics, medical service use, and 

disease diagnoses according to International Classification 

of Disease, 10th revision (ICD-10), codes, and lifestyle de-

tails that researchers may access. In the claims database, 

ESRD patients undergoing dialysis or transplantation 

receive additional insurance coverage, which is also iden-

tified by specific insurance codes mandatorily applied for 

these patients.  

Study participants 

We analyzed incident KT recipients registered in the Ko-

rean National Health Information Database between 2007 
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and 2015. In addition, we established a pair of control 

groups composed of dialysis-dependent ESRD patients and 

GP individuals, respectively, through 1:1 direct matching 

with the study population. GP individuals without a previ-

ous ESRD history were directly matched according to age, 

sex, and inclusion year, while dialysis-dependent ESRD pa-

tients without a previous KT history were directly matched 

according to age, sex, inclusion year, hypertension, and 

diabetes mellitus. During matching, those who failed to 

enter a matched pair were excluded from the study. Subse-

quently, we excluded matched pairs aged <40 years, those 

with a history of dementia, or those with prior multi-organ 

transplantation. 

Study outcomes and follow-up 

The primary outcome was incident all-cause dementia, 

including Alzheimer disease, vascular dementia, and other 

kinds of dementia. Dementia was diagnosed on the basis of 

relevant ICD-10 codes (F00 or G30 for Alzheimer disease; 

F01 for vascular dementia; and F02, F03, or G31 for other 

dementias) with simultaneous prescription of ≥1 medica-

tions for dementia (rivastigmine, galantamine, memantine, 

or donepezil). When there were codes for both Alzheimer 

disease and vascular dementia, the principal diagnosis was 

extracted as the final diagnosis. Follow-up assessments 

were performed from baseline to outcome events, with 

data censored at death or December 31, 2017. Addition-

al censoring was conducted for each study group under 

the following conditions: when KT recipients returned to 

maintenance dialysis, dialysis patients underwent KT, or 

GP individuals received any renal replacement therapy. 

Data collection 

We collected demographic characteristics, including age, 

sex, and economic status. Economic status was divided 

into a medical aid group or quartile groups based on the 

individuals’ insurance fees. Baseline comorbidities, in-

cluding diabetes mellitus (E11–14), hypertension (I10–13 

and I15), and dyslipidemia (E78), were identified based 

on combinations of the medical history, ICD-10 codes, 

and prescription codes within 3 years before the inclusion 

date. Baseline cardiovascular diseases (including stable 

and unstable angina [I20], myocardial infarction [I21–23], 

ischemic heart disease [I24, I25], heart failure [I50], and 

cerebrovascular disease [I63–66]) were identified based 

on ICD-10 codes within 3 years before the inclusion date. 

Stroke included ischemic stroke (I63, I64) and intracerebral 

hemorrhage (I60–62), based on the ICD-10 code. Unique 

codes given for maintenance dialysis (V001 or O7011–7020 

for hemodialysis, V003 or O7071–7075 for peritoneal dial-

ysis) and V005 or R3280 for transplantation allowed iden-

tification of information regarding kidney replacement 

therapy [19]. We recorded the duration of dialysis before 

the inclusion date for KT recipients and dialysis-dependent 

ESRD patients as continuous variables. We assessed the 

main dialysis modality as that performed for the longest 

duration before the inclusion date. Further, if peritoneal 

dialysis and hemodialysis were performed during similar 

periods, we recorded the dialysis type as mixed. For the 

KT recipients, pre-emptive transplantation was defined as 

having a previous dialysis duration of <3 months. Immu-

nosuppressive agent usage was reported as follows for the 

KT group: desensitization therapy, including rituximab or 

plasmapheresis; induction treatment (interleukin-2 re-

ceptor antagonist, antithymocyte globulin, or none); and 

initial maintenance immunosuppressants except for ste-

roids (tacrolimus, cyclosporine, mycophenolate mofetil, or 

others). No missing values for any variables were present.  

Statistical analysis  

We described baseline characteristics using means ± stan-

dard deviations for continuous variables and as frequen-

cies (percentages) for categorical variables. Among-group 

differences in continuous and categorical variables were 

analyzed using the Mann-Whitney U test or Kruskal-Wallis 

test and the chi-square or Fisher exact test, respectively. 

We plotted Kaplan-Meier curves to present the cumulative 

incidence probability of all-cause dementia, Alzheimer dis-

ease, and vascular dementia and performed the log-rank 

test to examine among-group differences. The incidence 

rate of dementia was calculated as the number of events 

per 1,000 person-years. Cox proportional hazards analyses 

were performed to calculate hazard ratios (HRs) for the 

occurrence of all-cause dementia, Alzheimer disease, and 

vascular dementia separately in KT recipients compared 

to those in dialysis-dependent ESRD patients and the GP. 

A two-sided p-value of <0.05 was considered statistically 
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tacrolimus, respectively. 

Between-group comparison of the incidence probability 
of dementia 

Kaplan-Meier curves of the incidence probability of all-

cause dementia disease/Alzheimer disease/vascular de-

mentia for up to 10 years according to the three groups are 

shown in Fig. 2. Within the observation periods, 55, 230, 

and 38 KT recipients, dialysis-dependent ESRD patients, 

and GP individuals developed all-cause dementia, respec-

tively. The annual incidence rates of all-cause dementia in 

KT recipients, dialysis-dependent ESRD patients, and the 

GP were 1.14, 5.94, and 0.77 per 1,000 person-years, respec-

tively. After adjusting for age, sex, diabetes mellitus, hyper-

tension, dyslipidemia, income, dialysis vintage period, and 

cardiovascular disease (model 3), KT recipients showed 

a similar risk of incident all-cause dementia to that of the 

GP group (adjusted HR, 0.74; 95% confidence interval [CI], 

0.46–1.17; p = 0.20) but a significantly lower risk compared 

to dialysis-dependent ESRD patients (adjusted HR, 0.17; 

95% CI, 0.12–0.23; p < 0.001). During the follow-up period, 

Alzheimer disease and vascular dementia were found in 

43/19 KT recipients, 188/75 dialysis-dependent ESRD pa-

tients, and 32/14 GP individuals, respectively. Similar find-

ings were noted for the risk of incident Alzheimer disease 

significant. All analyses and calculations were performed 

using SAS version 9.4 (SAS Institute). 

Results 

Baseline characteristics of study participants 

After exclusion (Fig. 1), we followed 8,841 KT recipients, di-

alysis-dependent ESRD patients, and individuals in the GP 

for 48,371, 28,649, and 49,149 patient-years, respectively, 

until an outcome event, censoring at death, or December 

31, 2017. Table 1 presents among-group comparisons of 

patients’ baseline characteristics. In the total population, 

the mean age was 52.5 ± 7.4 years, and 60.6% were male. 

The proportion of KT recipients with Medical Aid coverage 

was lower and higher compared to dialysis-dependent 

ESRD patients and GP individuals, respectively. The pro-

portion of comorbidities such as diabetes mellitus, hyper-

tension, and dyslipidemia in KT recipients was similar and 

higher compared to those in dialysis-dependent ESRD 

patients and the GP, respectively. KT recipients received 

preemptive KT in 32.1% of cases and received hemodial-

ysis mainly before KT. In terms of immunosuppressants, 

16.6%, 86.5%, and 82.2% of KT recipients underwent pre-

KT desensitization therapy, induction treatment using 

basiliximab, and immunosuppression maintenance using 

Figure 1. Study population.
ESRD, end-stage renal disease; KT, kidney transplantation; NHIS, National Health Insurance System.

Individuals undergoing incident KT from Korean NHIS database (n = 13,179)

Matched for age, sex, inclusion year, 
hypertension, diabetes mellitus Matched for age, sex, inclusion year

Excluded
Did not match with ESRD (n = 1,943) 
Aged <40 yr (n = 2,066)
Had a history of all types of dementia (n = 201) 
Underwent multiple organ transplants (n = 128)

Eligible individuals in KT cohort
(n = 8,841)

 In general population-matched cohort
(n = 8,841)

In dialysis-dependent ESRD-matched 
cohort (n = 8,841)
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Table 1. Baseline characteristics of patients among kidney transplantation, dialysis, and general population groups

Variable Kidney transplant
(n = 8,841)

Dialysis
(n = 8,841)

General population
(n = 8,841) p-value

Age (yr)  52.5 ± 7.4 52.5 ± 7.4 52.5 ± 7.4 >0.99 
 40–44 1,469 (16.6) 1,469 (16.6) 1,469 (16.6)
 45–49 1,849 (20.9) 1,849 (20.9) 1,849 (20.9)
 50–54 2,184 (24.7) 2,184 (24.7) 2,184 (24.7)
 55–59 1,694 (19.2) 1,694 (19.2) 1,694 (19.2)
 60–64 1,090 (12.3) 1,090 (12.3) 1,090 (12.3)
 65–69 443 (5) 443 (5.0) 443 (5.0)
 ≥70 112 (1.3) 112 (1.3) 112 (1.3)
Male sex 5,360 (60.6) 5,360 (60.6) 5,360 (60.6) >0.99
Year grading >0.99
 2007–2009 1,958 (22.1) 1,958 (22.1) 1,958 (22.1)
 2010–2012 3,021 (34.2) 3,021 (34.2) 3,021 (34.2)
 2013–2015 3,862 (43.7) 3,862 (43.7) 3,862 (43.7)
Income <0.001
 Medical aid 1,259 (14.2) 2,631 (29.8) 110 (1.2)
 Q1 1,277 (14.4) 1,580 (17.9) 1,947 (22.0)
 Q2 1,290 (14.6) 1,503 (17.0) 1,729 (19.6)
 Q3 1,818 (20.6) 1,642 (18.6) 2,083 (23.6)
 Q4 3,197 (36.2) 1,485 (16.8) 2,972 (33.6)
Charlson comorbidity index 4.7 ± 2.9 5.3 ± 3.0 0.8 ± 1.7 <0.001
Diabetes mellitus 3,787 (42.8) 3,787 (42.8) 790 (8.9) <0.001
Hypertension 8,223 (93.0) 8,223 (93.0) 1,948 (22.0) <0.001
Dyslipidemia 4,966 (56.2) 4,195 (47.4) 1,214 (13.7) <0.001
Dialysis modality NA
 Preemptive 2,841 (32.1) 0 (0) 8,841 (100)
 Hemodialysis 3,878 (43.9) 6,910 (78.2) 0 (0)
 Peritoneal dialysis 1,613 (18.2) 1,070 (12.1) 0 (0)
 Mixed 509 (5.8) 861 (9.7) 0 (0)
Dialysis vintage period 3.0 ± 3.4 3.5 ± 3.1 0 ± 0 NA
 <3 mo 3,215 (36.4) 634 (7.2) 8,841 (100)
 3–12 mo 758 (8.6) 1,642 (18.6) 0 (0)
 1–2 yr 669 (7.6) 1,468 (16.6) 0 (0)
 2–3 yr 574 (6.5) 1,121 (12.7) 0 (0)
 3–4 yr 570 (6.4) 807 (9.1) 0 (0)
 4–5 yr 557 (6.3) 676 (7.6) 0 (0)
 >5 yr 2,498 (28.3) 2,493 (28.2) 0 (0)
Immunosuppressive treatment NA
 Desensitization 1,472 (16.6) 0 (0) 0 (0)
 Induction
  No use 370 (4.2) 8,841 (100) 8,841 (100)
  ATG 824 (9.3) 0 (0) 0 (0)
  Basiliximab 7,647 (86.5) 0 (0) 0 (0)
 Maintenance CNI
  No use 242 (2.7) 8,841 (100) 8,841 (100)
  Tacrolimus 7,266 (82.2) 0 (0) 0 (0)
  Cyclosporine 1,333 (15.1) 0 (0) 0 (0)
Data are expressed as mean ± standard deviation or number (%).
ATG, antithymocyte globulin; NI, calcineurin inhibitor; NA, not available; Q, quartile.
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Predictors of dementia in kidney transplantation recipients  

The recipients with incident all-cause dementia were older 

at the time of KT (52.4 years vs. 60.5 years, p < 0.001) and 

had higher proportions of diabetes mellitus (42.7% vs. 

69.1%, p < 0.001), dyslipidemia (56.1% vs. 70.9, p = 0.04), 

and cardiovascular disease (24.2% vs. 38.2%, p = 0.03) at the 

time of transplantation compared to KT recipients without 

dementia (Supplementary Table 1, available online). In the 

and vascular dementia (Alzheimer disease: adjusted HR, 

0.74 [95% CI, 0.44–1.23] in KT recipients vs. the GP group 

and adjusted HR, 0.16 [95% CI, 0.11–0.22] in KT recipients 

vs. dialysis-dependent ESRD patients; vascular dementia: 

adjusted HR, 0.59 [95% CI, 0.27–1.28] in KT recipients vs. 

the GP group and adjusted HR, 0.16 [95% CI, 0.10–0.27] in 

KT recipients vs. dialysis-dependent ESRD patients) (Table 

2, 3).  

Figure 2. Comparison of disease risk among KT, dialysis-dependent ESRD, and GP groups. (A) Risk of all-cause dementia. (B) Risk 
of Alzheimer disease. (C) Risk of vascular dementia.
ESRD, end-stage renal disease; GP, general population; KT, kidney transplantation. 

Time (yr) Time (yr) 

Time (yr) 

Log-rank p < 0.001

Dialysis-depedent ESRD
KT recipients
GP

Dialysis-depedent ESRD
KT recipients
GP

Dialysis-depedent ESRD
KT recipients
GP

Log-rank p < 0.001

Log-rank p < 0.001
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multivariable Cox regression analysis, the risk of all-cause 

dementia increased with age at KT. Additionally, recipients 

with diabetes mellitus were at increased risk of developing 

all-cause dementia (adjusted HR, 2.01 [95% CI, 1.13–3.79]; 

p = 0.02). However, incident all-cause dementia was not 

associated with hypertension, dyslipidemia, or cardio-

vascular disease. Moreover, there were no associations of 

incident all-cause dementia with sex, income, dialysis vin-

tage period, and immunosuppressants (Table 4). Similarly, 

the recipients with incident Alzheimer disease were older 

at the time of KT and had a higher proportion of diabetes 

mellitus compared to recipients without Alzheimer disease 

(Supplementary Table 2, available online). Similarly, KT 

recipients with incident vascular dementia were older than 

those without vascular dementia (Supplementary Table 3, 

available online). In the multivariable Cox regression anal-

ysis, older age and diabetes mellitus at the time of KT were 

risk factors for Alzheimer disease (Supplementary Table 4, 

available online). Diabetes mellitus was also a risk factor 

for vascular dementia (Supplementary Table 5, available 

online). 

Table 4. Risk prediction models for incident all-cause dementia in post-KT recipients

Variable
Modela Modelb

HR (95% CI) p-value HR (95% CI) p-value
Age (yr)
 40–44 0 (0) >0.99 0 (0) >0.99
 45–49 0.47 (0.12–1.825) 0.28 0.49 (0.13–1.91) 0.31
 50–54 1 (Reference) 1 (Reference)
 55–59 3.02 (1.22–7.48) 0.02 2.79 (1.12–6.94) 0.03
 60–64 5.00 (2.01–12.35) 0.001 4.54 (1.81–11.38) 0.001
 65–69 13.71 (5.52–34.03) <0.001 12.90 (5.09–32.70) <0.001
 ≥70 17.09 (4.39–66.60) <0.001 13.44 (3.38–53.35) <0.001
Sex
 Female vs. male 0.83 (0.48–1.44) 0.50 1.03 (0.58-1.82) 0.93
Income
 Medical aid 1 (Reference) 1 (Reference)
 Q1 1.41 (0.43–4.62) 0.57 0.65 (0.18–2.03) 0.42
 Q2 2.42 (0.84–6.97) 0.10 0.92 (0.31–2.73) 0.88
 Q3 1.24 (0.41–3.80) 0.70 0.46 (0.15–1.43) 0.18
 Q4 2.10 (0.80–5.49) 0.13 0.72 (0.26–1.95) 0.51
Diabetes mellitus 3.38 (1.90–5.99) <0.001 2.07 (1.13–3.79) 0.02
Hypertension 4.57 (0.63–33.07) 0.13 2.87 (0.39–21.13) 0.30
Dyslipidemia 2.30 (1.29–4.13) 0.005 1.53 (0.84–2.81) 0.17
Cardiovascular disease 2.12 (1.23–3.65) 0.007 1.18 (0.67–2.07) 0.57
Dialysis vintage period (yr) 1.00 (0.91–1.09) 0.97 1.02 (0.93–1.12) 0.68
Immunosuppressants
 Desensitization 1.64 (0.84–3.21) 0.14 1.59 (0.80–3.17) 0.19
 Induction
  ATG 1 (Reference) 0.91 1 (Reference) 0.86
  Basiliximab 0.94 (0.34–2.61) 1.10 (0.39–3.12)
 Maintenance CNI
  Tacrolimus 1 (Reference) 0.77 1 (Reference) 0.82
  Cyclosporine 0.90 (0.45–1.80) 1.08 (0.54–2.18)

ATG, antithymocyte globulin; CI, confidence interval; CNI, calcineurin inhibitor; HR, hazard ratio; KT, kidney transplant; Q, quartile.
aUnadjusted. bAdjusted for age, sex, diabetes mellitus, hypertension, dyslipidemia, cardiovascular disease, income, dialysis vintage period (continuous vari-
able), and immunosuppressants.

https://www.krcp-ksn.org/upload/media/j-krcp-21-182-Supplementary-Table-2.pdf
https://www.krcp-ksn.org/upload/media/j-krcp-21-182-Supplementary-Table-3.pdf
https://www.krcp-ksn.org/upload/media/j-krcp-21-182-Supplementary-Table-4.pdf
https://www.krcp-ksn.org/upload/media/j-krcp-21-182-Supplementary-Table-5.pdf
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Discussion 

In this nationwide population-based longitudinal cohort 

study, we evaluated the risks of incident all-cause demen-

tia, Alzheimer disease, and vascular dementia in KT recip-

ients compared to those in dialysis-dependent ESRD pa-

tients and the GP, respectively. We identified that the risks 

of incident all-cause dementia, Alzheimer disease, and 

vascular dementia in KT recipients were significantly lower 

and similar compared to both those in dialysis-dependent 

ESRD patients and the GP. Older age and diabetes mellitus 

at the time of KT were risk factors for incident all-cause 

dementia and Alzheimer disease in KT recipients, and di-

abetes mellitus at the time of KT was also a risk factor for 

incident vascular dementia in KT recipients. To our knowl-

edge, this is the first study to show the beneficial effect of 

KT on de novo dementia in ESRD patients compared to 

dialysis-dependent patients. Interestingly, from this study, 

we determined that the risk of incident dementia in KT 

recipients was comparable even to that of the GP when 

matched according to age and sex. 

An elevated risk of cognitive impairment, including in-

cident dementia, in dialysis patients has been explored in 

previous studies [4,5,20–22]. Moreover, dialysis-dependent 

ESRD itself is considered an etiological risk factor for de-

mentia according to a cause-specific hazard model [23]. 

Consistent with previous studies, our results revealed that 

dialysis-dependent ESRD patients have an increased risk 

of incident all-cause dementia/Alzheimer disease/vascular 

dementia compared to the GP. Pathophysiologic mecha-

nisms for the occurrence and progression of dementia in 

patients with CKD and dialysis-dependent ESRD have been 

reported to be traditional risk factors like older age, hyper-

tension, diabetes mellitus, dyslipidemia, and cardiovascu-

lar disease; nontraditional kidney disease-related factors 

such as albuminuria, retention of uremic toxin, anemia, 

and vascular calcification; and ESRD treatment-associated 

risk factors including intradialytic hypotension, cerebral 

edema, and thrombotic events [4,6,20,24–32]. 

More recently, KT recipients have been reported to have 

a greater risk for post-KT dementia than previously pub-

lished estimates of the dementia risk among GP individuals 

[33]. However, the risks of incident all-cause dementia and 

specific subtypes of dementia in KT recipients are similar 

to those in the GP according to the results of our study. A 

simple comparison of the incidence between KT recipients 

and the GP without adjustment of comorbidities in differ-

ent individual cohorts was postulated as the cause for the 

elevated risk of dementia. In our data, the dementia risk 

of KT recipients was not higher than that of the GP after 

adjustment of demographics, comorbidities, and income. 

A previously published epidemiological study reported 

that the incidence of age- and sex-standardized dementia 

was 8.6/1,000 person-years in those with >65 years of age 

[34]. In the present study, the incidence of dementia was 

0.8/1,000 person-years in the GP with >40 years of age—

a finding that appears low because subjects aged 40 to 65 

years were included in the study. Because most demen-

tia-related epidemiologic studies have been conducted in 

population groups with >65 years of age [35], we reported 

that the incidence of dementia in patients aged ≥65 years 

was 5.8/1,000 person-years in our cohort—a finding that is 

similar to previous results (Supplementary Table 6, avail-

able online). Consistent with the results of a previously 

published study [33], older age and diabetes mellitus at the 

time of KT are risk factors for incident all-cause dementia 

and Alzheimer disease according to the present study.  

We found that KT recipients have a significantly lower 

risk of incident all-cause dementia/Alzheimer disease/

vascular dementia than dialysis-dependent ESRD patients. 

Why is KT related to a lower risk of dementia than that of 

dialysis-dependent ESRD patients? Pathophysiologically, 

KT may reverse the underlying mechanisms that cause 

cognitive impairment in ESRD patients, including non-

traditional kidney disease-related factors and ESRD treat-

ment-associated factors, as mentioned above [15]. A pre-

vious study reported that high middle molecule clearance 

rates improve general cognitive and executive functions in 

patients undergoing peritoneal dialysis [31]. Since insuf-

ficient middle molecule clearance (a limitation of current 

dialysis) is improved in post-KT patients, it may have an 

impact on the low incidence of dementia found. Second, 

protein-bound uremic toxin is associated with cognitive 

function in hemodialysis patients [32]. Protein-bound 

uremic toxin removal is also a limitation of current dialysis 

and may explain the low incidence of dementia found in 

post-KT patients. Third, the risk of incident stroke in KT 

recipients was significantly lower and similar to those in 

dialysis-dependent ESRD patients and the GP, respectively, 

based on the results of our study (Supplementary Table 7, 

https://www.krcp-ksn.org/upload/media/j-krcp-21-182-Supplementary-Table-6.pdf
https://www.krcp-ksn.org/upload/media/j-krcp-21-182-Supplementary-Table-7.pdf
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available online). These results may explain why vascular 

dementia was lower in the KT group than in dialysis-de-

pendent ESRD patients. Several studies have addressed 

the overall beneficial effect of transplantation on cognitive 

function [4,6–8,10,15,36,37]. However, these studies en-

rolled small sample sizes and focused on neuropsycholog-

ical performance, not dementia. To our knowledge, this is 

the first large-scale cohort study to estimate the risks of in-

cident all-cause dementia and dementia subtypes among 

KT recipients compared to dialysis-dependent ESRD pa-

tients. Furthermore, given that there are limited data on the 

efficacy or safety of pharmacological therapy for dementia 

in ESRD patients [4] and dialysis may not offer the same 

benefits as having normal kidney function [15], reducing 

the risk of dementia may be a reason for recommending 

KT in dialysis-dependent ESRD patients at high risk of inci-

dent dementia. 

This study has several limitations. First, we did not 

use dialysis-dependent ESRD patients awaiting KT as a 

matched control group because we did not have informa-

tion on the transplant waitlist. Therefore, potential selec-

tion bias remains. Second, due to the limited information 

obtainable from claims data, we could not adjust for sev-

eral variables that can affect the occurrence of dementia, 

including lifestyle factors like exercise and sleep habits; 

laboratory findings such as hemoglobin, parathyroid 

hormone, and uremic toxin concentrations; and dialysis 

adequacy. Third, we analyzed observation data; therefore, 

it remains unclear why KT recipients are less likely to de-

velop dementia. Nonetheless, this is the first large-scale 

study to compare the incidence of all-cause dementia, Alz-

heimer disease, and vascular dementia among KT recipi-

ents, dialysis-dependent ESRD patients, and the GP using 

a nationwide dataset in which the insured are covered by 

single compulsory insurance with a 100% claims rate. Our 

findings demonstrated that KT is associated with a lower 

risk of dementia compared to that of dialysis-dependent 

ESRD patients. Therefore, KT could be suggested for dialy-

sis-dependent ESRD patients at risk of incident dementia. 

In conclusion, this epidemiologic study provides evi-

dence that the risks of incident all-cause dementia, Alz-

heimer disease, and vascular dementia in KT recipients 

are significantly lower than those of dialysis-dependent 

ESRD patients and similar to those in the GP even after 

adjustment for potential confounding factors. Moreover, 

we found that older age and diabetes mellitus at the time 

of KT are independent risk factors for the onset of all-cause 

dementia and Alzheimer disease in KT recipients. Diabetes 

mellitus at the time of KT is also a risk factor for the devel-

opment of vascular dementia in KT recipients.  
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