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Abstract
Background: Dementia is prevalent and underdiagnosed in the dialysis population. We 
aimed to develop and validate a simple dialysis dementia scoring system to facilitate iden-
tification of individuals who are at high risk for dementia.
Methods: We applied a retrospective, nested case- control study design using a national 
dialysis cohort derived from the National Health Insurance Research Database in Taiwan. 
Patients aged between 40 and 80 years were included and 2940 patients with incident 
dementia were matched to 29,248 non- dementia controls. All subjects were randomly 
divided into the derivation and validation sets with a ratio of 4:1. Conditional logistic 
regression models were used to identify factors contributing to the risk score. The cutoff 
value of the risk score was determined by Youden's J statistic and the graphic method.
Results: The dialysis dementia risk score (DDRS) finally included age and 10 comorbidi-
ties as risk predictors. The C- statistic of the model was 0.71 (95% confidence interval 
[CI] 0.70– 0.72). Calibration revealed a strong linear relationship between predicted and 
observed dementia risk (R2 = 0.99). At a cutoff value of 50 points, the high- risk patients 
had an approximately three- fold increased risk of having dementia compared to those 
with low risk (odds ratio [OR] 3.03, 95% CI 2.78– 3.31). The DDRS performance, including 
discrimination (C- statistic 0.71, 95% CI 0.69– 0.73) and calibration (p value of Hosmer−
Lemeshow test for goodness of fit = 0.18), was acceptable during validation. The OR 
value (2.82, 95% CI 2.37– 3.35) was similar to those in the derivation set.
Conclusion: The DDRS system has the potential to serve as an easily accessible screening 
tool to determine the high- risk groups who deserve subsequent neurological evaluation 
in daily clinical practice.
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INTRODUC TION

Dementia is a syndrome characterized by impairment in various 
cognitive domains, leading to decline in independence and daily 
functions [1]. It is estimated that currently approximately 50 mil-
lion people have dementia worldwide, and the number is pro-
jected to rise to 130 million by 2050 [2], becoming a huge burden 
on caregivers and the healthcare system [3,4]. Since the kidney 
and brain have similar microvascular structures and share many 
common risk factors for vascular injury, patients with chronic kid-
ney disease (CKD) are susceptible to a wide range of neurological 
disorders, including dementia [5– 7]. In addition, kidney failure it-
self has been proven to be one of the etiologies for developing 
dementia [5]. Therefore, it is not surprising that moderate to se-
vere cognitive impairment is highly prevalent in the dialysis pop-
ulation as compared to an age- matched population [8]. Because 
the dialysis procedures and the treatments for concomitant co-
morbidities have already consumed substantial healthcare expen-
diture, the presence of dementia in dialysis patients will lead to 
loss of productivity and further stress the social and healthcare 
systems [9– 11].

Most nephrologists and dialysis staff are not trained to rec-
ognize cognitive changes in patients with CKD/kidney failure, 
and thus cognitive impairment and dementia are likely to be un-
derdiagnosed in this population [8,12,13]. Recognizing dementia 
is pivotal to improving clinical care, including tailored communica-
tion and education, evaluating self- care ability, medical decisions, 
management of behavioral and psychological symptoms, providing 
mental and social support for caregivers, and setting goal of care 
and end- of- life care planning according to the associated morbid-
ities and mortality rates [12,14,15]. The construction of a simple 
screening tool to identify dialysis patients probably with dementia 
on the basis of obtainable clinical parameters will alert primary 
care physicians to detect these patients, especially when these 
parameters are successfully incorporated into the hospital infor-
mation system. Direct application of the dementia scoring systems 
which have been developed primarily for the general population 
[16– 18] in the dialysis population might not be practical because 
the weights of potential indicators are quite different from those 
in the general population [5]. This study was aimed at developing 
and validating an easy- to- use scoring system that incorporates 
predictors readily available in general practice that can be used to 
stratify dialysis patients into low-  and high- risk groups and deter-
mine the necessity for referral for further neurocognitive tests/
imaging studies.

METHODS

Data source

The data in this study were retrieved from the National Health 
Insurance Research Database (NHIRD) in Taiwan. The National 
Health Insurance (NHI) program is a nationwide healthcare insur-
ance program. It provides nearly every type of medical service for 
beneficiaries and covers more than 99% of Taiwan's entire popula-
tion (more than 25 million residents) [19]. The detailed information 
about these claim data is then maintained in the NHIRD after link-
ing with each individual's demographic profile (birth date, sex, place 
of residence). The diagnoses in this database are defined based on 
the International Classification of Disease, Ninth Edition (ICD- 9) codes. 
To avoid claim errors, the National Health Insurance Administration 
performs random inspections of the claim data, and medical institu-
tions are fined heavily if these data are not found to be compatible 
with the diagnoses. This procedure undoubtedly ensures the ac-
curacy of the diagnoses in the NHIRD and many of the major ill-
nesses, such as stroke, diabetes, hypertension, and hyperlipidemia, 
have been validated to prove accuracy [20]. This study was con-
ducted after approval by the Institutional Review Board (IRB) of the 
National Cheng Kung University Hospital (B- EX- 108- 024). Since 
personal identification information is encrypted before releasing the 
data to researchers, informed consent was able to be waived from 
the IRB of the institute.

Identification of the study population and 
study design

A retrospective, population- based, nested case- control study de-
sign was applied in this study. The study population was derived 
from a specific cohort consisting of all patients with kidney failure 
registered in the Catastrophic Illness Certificate Database who had 
initiated dialysis therapy for more than three consecutive months 
during the period from 1 January 1998, to 31 December 2010. Any 
patient with kidney failure is certificated for catastrophic illness if 
kidney failure is regarded to be in an irreversible status. Before ap-
proval, this process is reviewed by expert nephrologists according 
to the relevant medical information, including underlying etiolo-
gies attributable to kidney disease, indications of initiating dialysis, 
laboratory data, and sonographic reports, to evaluate the necessity 
of long- term dialysis. In addition, patients with kidney failure cer-
tificated for catastrophic illnesses can be waived from copayment 
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when accessing medical services. These two processes not only im-
prove diagnostic accuracy but also facilitate the adherence of these 
patients to the NHI program.

By taking the incidence of dementia as the outcome variable, we 
first excluded individuals with missing or extreme age or gender val-
ues, inconsistent death dates, dementia diagnosed before identifica-
tion of kidney failure, or renal transplantation before the initiation of 
maintenance dialysis therapy to construct the retrospective dialysis 
cohort (Figure 1). To estimate the effects of potential covariates on 

the risk of dementia, a nested case- control design was applied in this 
study. Incident dementia was defined as the diagnosis (Alzheimer's 
disease [ICD- 9: 331.0], vascular [ICD- 9: 290.4], or unspecified de-
mentia [ICD- 9: 290.0– 290.3, 294.1, 331.1, and 331.2]) recorded 
once or more during inpatient care or twice or more during ambu-
latory care with a minimum interval of >30 days within 1 year. Any 
patient defined as having incident dementia during the follow- up pe-
riod after enrollment was selected as a case subject. For each case 
subject, other individuals without any diagnosis of dementia on the 
date of incident dementia of the case subject were classified as can-
didates for the control group. In other words, the date of incident 
dementia was the index date for each case and the corresponding 
control. Up to 10 control subjects for each case were randomly se-
lected using the incidence- density sampling method (Figure S1). In 
addition, the incidence of dementia increased incrementally after 
the age of 40 years in our study population, and a previous study 
suggested that patients aged 80 years or older qualify for cognitive 
screening because age alone is enough to result in an increased risk 
of dementia. We therefore confined our study population to those 
aged between 40 and 80 years [5,16]. With a control- to- case ratio 
of 10, we selected 29,248 non- dementia controls for the 2940 pa-
tients with incident dementia. All the case subjects with their corre-
sponding controls were randomly allocated into the derivation and 
validation sets at a 4:1 ratio. The derivation set was used to generate 
a prediction model, and the validation set was used for validation of 
the established prediction model.

Model construction used to estimate the DDRS

We selected age, sex, dialysis vintage, and various comorbidities 
listed in Table 1, which have been proven to be risk factors for de-
mentia in previous studies as candidates for predictors [21– 23]. Age 
was calculated by the difference between the birthday and the index 
date. Dialysis vintage was calculated from the date at which mainte-
nance dialysis therapy was initiated to the index date of the case and 
control subjects. An individual was considered to have the selected 
comorbidity if he or she had these diagnosis ICD- 9 codes at least 
once during inpatient care or twice during ambulatory care 30 days 
apart within 1 year before the index date (Table S1).

The variables significantly associated with risk for demen-
tia in the univariate conditional logistic regression analysis (p 
value < 0.05) in the derivation set were selected to construct the 
final multivariate conditional logistic regression model. Since hemo-
dialysis (HD) and peritoneal dialysis (PD) conferred a similar risk of 
dementia in our study and others, dialysis modality was not selected 
as one of the parameters in the final model [24]. A score for each 
variable was then created by dividing the regression coefficient (i.e., 
β) for each variable in the final model by the β of age and round-
ing to the nearest integer. A total score to predict risk of dementia 
was calculated from adding the scores of all variables. To examine 
the linear relationship between age and risk of dementia, we con-
structed a multivariate logistic regression model treating age as an 

F I G U R E  1  Flow chart of the construction of the dialysis cohort 
for developing the dialysis dementia risk scoring system
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ordered categorical variable (Figure S2). The results of the trend test 
revealed a significantly linear relationship between age and risk of 
dementia (p value < 0.0001), which supported the inclusion of age 
as a continuous variable in the model.

Discrimination, calibration, and 
validation of the DDRS

The C- statistic was used as the indicator of discrimination for the 
predictive risk- scoring system. Both Youden's J statistic and the 
graphic method were applied to facilitate the determination of 
the cutoff point used to differentiate between the low-  and high- 
risk groups. Using this cutoff point, the sensitivity and specific-
ity were calculated accordingly. For assessing the calibration, we 
first divided the study population into 10 risk groups according 
to their predicted risks of dementia, and then these data were 
plotted against their corresponding observed risks for dementia 
in each group. Finally, validation of the scoring algorithm was per-
formed using the data in the validation set. Discrimination and 
calibration were evaluated in the same manner as that used for 
the derivation set.

Statistical analysis

Continuous variables were compared using the Student's t test, 
and comparisons of differences between categorical variables 
were analyzed using the Chi- square test or Fisher's exact test. 
The potential problem of multicollinearity between independent 
variables was evaluated based on the variance inflation factors. 
While sensitivity analyses were conducted, between- model dif-
ferences in the C- statistic values were compared using DeLong's 
test. All statistical analyses were performed using SAS, version 9.4 
(SAS Institute). A p value <0.05 was considered to be statistically 
significant.

RESULTS

Baseline characteristics of the national dialysis cohort

The initial distribution of HD and PD in this national dialysis co-
hort was 93.72% and 6.28% and it finally shifted to 98.33% and 
1.67%, respectively, after the matching process. Table 1 shows the 
differences in clinical characteristics between the case (n = 2940) 

TA B L E  1  Clinical characteristics of the dementia and control subjects used to develop the dialysis dementia risk scoring system

Variable

Derivation data Validation data

Dementia patients 
(n = 2352)

Control subjects 
(n = 23,399) P value

Dementia patients 
(n = 588)

Control subjects 
(n = 5849) P value

Age, mean (SD) 69.87 (7.79) 69.74 (7.89) 0.4552 69.85 (7.98) 69.54 (8.02) 0.3678

Sex, male n (%) 986 (41.92) 10,325 (44.13) 0.0401 244 (41.50) 2,541 (43.44) 0.3638

Dialysis vintage (year), mean (SD) 2.74 (2.44) 3.68 (2.72) <0.0001 2.79 (2.58) 3.67 (2.67) <0.0001

Comorbidities, n (%)

Diabetes mellitus 1705 (72.49) 13,084 (55.92) <0.0001 435 (73.98) 3,254 (55.63) <0.0001

Stroke 1235 (52.51) 6,854 (29.29) <0.0001 303 (51.53) 1,718 (29.37) <0.0001

Anemia 1775 (75.47) 17,110 (73.12) 0.0142 452 (76.87) 4,282 (73.21) 0.0550

Heart failure 1329 (56.51) 11,848 (50.63) <0.0001 311 (52.89) 2,975 (50.86) 0.3484

Hypertension 2265 (96.30) 21,691 (92.70) <0.0001 567 (96.43) 5,403 (92.37) 0.0003

Hyperlipidemia 576 (24.49) 4834 (20.66) <0.0001 141 (23.98) 1,174 (20.07) 0.0251

Coronary artery disease 1510 (64.20) 13,447 (57.47) <0.0001 363 (61.73) 3,376 (57.72) 0.0600

Peripheral vascular disease 740 (31.46) 7181 (30.69) 0.4386 175 (29.76) 1,741 (29.77) 0.9984

Depression 633 (26.91) 2548 (10.89) <0.0001 150 (25.51) 645 (11.03) <0.0001

Obstructive sleep apnea 22 (0.94) 228 (0.97) 0.8540 11 (1.87) 61 (1.04) 0.0688

Insomnia 1169 (49.70) 9189 (39.27) <0.0001 274 (46.60) 2,316 (39.6) 0.0010

Alcoholism 30 (1.28) 312 (1.33) 0.8152 17 (2.89) 78 (1.33) 0.0028

Traumatic brain injury 364 (15.48) 2344 (10.02) <0.0001 91 (15.48) 588 (10.05) <0.0001

Parkinson's disease 403 (17.13) 1220 (5.21) <0.0001 93 (15.82) 314 (5.37) <0.0001

Myocardial infarction 338 (14.37) 2790 (11.92) 0.0005 80 (13.61) 720 (12.31) 0.3640

Atrial fibrillation 289 (12.29) 2732 (11.68) 0.3795 69 (11.73) 697 (11.92) 0.8967

Hyperthyroidism 50 (2.13) 501 (2.14) 0.9611 9 (1.53) 114 (1.95) 0.4799

Hypothyroidism 92 (3.91) 632 (2.70) 0.0007 24 (4.08) 159 (2.72) 0.0580

Abbreviation: SD, standard deviation.
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and control subjects (n = 29,248) in the derivation and validation 
sets. Among the study subjects in the derivation set, the demen-
tia patients had a higher prevalence of the comorbidities listed in 
Table 1, with the exception of peripheral vascular disease, obstruc-
tive sleep apnea, alcoholism, atrial fibrillation, and hyperthyroidism. 
Additionally, the dementia patients were slightly female- dominant 
and had a shorter dialysis vintage.

Construction, discrimination, and calibration of the 
DDRS model

After selection of the covariates significantly associated with risk 
of dementia in the univariate conditional logistic regression model, 
only age and 10 comorbidities were retained in the final multivari-
ate conditional logistic regression model (Table 2). Table 2 shows 
the odds ratio (OR) associated with each predictor as well as the 
points assigned to it. Age was assigned as 0 points at age 40 years 
and increased one point per year up to 40 points at age 80 years. 
After conversion of the coefficient ratios to points, the point val-
ues could be interpreted as an increased risk of being older by that 
number of years. For instance, a 40- year- old patient with diabetes 
has an equivalent risk of dementia to that of a 47- year- old individ-
ual without any of the comorbidities listed in Table 2. Parkinson's 
disease, depression, and stroke were the top three highest- risk 
comorbidities for dementia in descending order, and anemia and 
hyperlipidemia were the lowest two, which were only assigned 
one point. Therefore, the range of DDRS could range from 0 (age 
40 years without any other predictor) to 107 points (age 80 years 
with all the other predictors).

Discrimination of the final model based on the C- statistic (95% 
confidence interval [CI]) was acceptable in this study: 0.71 (95% CI 

0.70– 0.72) [25]. Calibration of this final model also showed a strong 
linear relationship between predicted and actual dementia risk 
(R2 = 0.99; Figure 2). When setting 50 points as the cutoff value de-
termined by Youden's J statistic and the graphic method (Figure 3), 
we could stratify dialysis patients into low- risk and high- risk groups 
(Table 3) with a sensitivity of 63.48% (95% CI 61.53%– 65.42%), a 
specificity of 64.13% (95% CI 63.15%– 65.10%), and an OR of 3.03 
(95% CI 2.78– 3.31), respectively.

Validation of the DDRS system

When applied to the validation set, the DDRS model also had 
acceptable discrimination (C- statistic 0.71, 95% Cl 0.69– 0.73) 
and good calibration (p value of the Hosmer−Lemeshow test 
for goodness of fit = 0.180). The sensitivity (60.54% [95% CI 
56.59%– 64.50%]), specificity (64.73% [95% CI 62.77%– 66.68%]), 
and OR (2.82, 95% CI 2.37– 3.35) were similar to those in the deri-
vation set.

Sensitivity analysis

To validate whether the proposed DDRS model was specific for pre-
dicting dementia, we performed a sensitivity analysis by applying it 
to another two illnesses, lung cancer (ICD- 9 codes: 162−163) and 
hepatocellular carcinoma (ICD- 9 code: 155), which are unrelated to 
dementia. The C- statistics for the lung cancer and hepatocellular 
carcinoma models were all 0.63, and the C- statistics between these 
two models and the DDRS model were statistically different (all p 
values < 0.05). The results of the sensitivity analyses supported the 
specificity of the DDRS model.

Predictor β coefficient aOR (95% CI) P value Points

Age 0.06 1.06 (1.05– 1.08) <0.0001 Age (years) −40

Comorbid conditions

Diabetes mellitus 0.41 1.50 (1.38– 1.64) <0.0001 7

Stroke 0.74 2.09 (1.93– 2.26) <0.0001 12

Anemia 0.06 1.07 (0.98– 1.17) 0.1593 1

Hypertension 0.18 1.19 (0.99– 1.44) 0.0715 3

Hyperlipidemia 0.05 1.06 (0.96– 1.16) 0.2571 1

Depression 0.80 2.23 (2.02– 2.45) <0.0001 13

Insomnia 0.20 1.23 (1.13– 1.33) <0.0001 3

Traumatic brain 
injury

0.35 1.42 (1.28– 1.58) <0.0001 6

Parkinson's disease 1.05 2.87 (2.55– 3.22) <0.0001 17

Hypothyroidism 0.24 1.27 (1.03– 1.56) 0.0266 4

C- statistic 0.71 (0.70– 0.72)

Abbreviations: aOR, adjusted odds ratio; CI, confidence interval.

TA B L E  2  Predictors for risk of 
dementia with associated odds ratios and 
derived risk scores from a national dialysis 
cohort
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DISCUSSION

Through the retrospective nested case- control study design, we 
developed and validated a simple risk scoring system for dementia 
screening in a dialysis population. To the best of our knowledge, this 
scoring system is the first one to be specifically designed for iden-
tifying dementia patients in the dialysis population. The validation 
results revealed that the model was robust with satisfactory discrim-
ination and calibration. The two- step strategy is now adopted for 
dementia diagnosis worldwide, and is recommended to be integrated 

in clinical practice in guidelines [26]. The first step is to provide an 
initial brief screening, usually by a non- specialist. The second step 
is to perform a subsequent comprehensive diagnostic workup for 
those identified as high- risk patients by dementia specialists. Such a 
strategy is proven to increase new diagnoses of dementia by a factor 
of two to three [27] and might be particularly useful in populations 
with a high prevalence of dementia, such as the dialysis population. 
Due to the nature of low cost, no labor- consuming and automatically 
continuous update, DDRS has the potential to be the choice for a 
first- step screening tool when it is integrated into the hospital in-
formation system. Despite its relative low sensitivity and specificity 
for identifying dementia patients, DDRS might serve as a prototype 
model which could be further improved by including more param-
eters (clinical features and/or biomarkers), just as the evolution of 
CHADS2 to CHAD2DS2- VASc. In addition, the change of the cutoff 
value to accommodate the clinical service capacity is an alternative 
way to apply this scoring system (Figure S3). More research is still 
warranted to evaluate cost- effectiveness, potential benefits and 
harms, and acceptability to patients and clinicians before clinical 
implementation.

Cerebrovascular disease and CKD have considerably overlap-
ping risk factors, and microvascular disease is undoubtedly a major 
contributing factor to cognitive impairment in the CKD population. 
In addition to these traditional vascular risk factors, nephrogenic 
(albuminuria, anemia, uremia, inflammation, oxidative stress, vascu-
lar calcification, and impaired amyloid clearance and its associated 
synaptopathy [28,29]) and dialysis- associated risk factors (intradi-
alytic hypotension and hyperviscosity, etc.) may also play roles in 
pathogenesis of cognitive impairment [13]. A screening tool or scor-
ing system for dementia in the end- stage renal disease population 
therefore should be tailored to these patients.

F I G U R E  2  The relationship between predicted and observed 
risk of dementia in a national dialysis cohort

F I G U R E  3  The distribution of dementia 
risk score points for dialysis patients with 
and without dementia in the national 
dialysis cohort
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To the best of our knowledge, the DDRS system proposed in this 
work is the first one specifically designed to quantify dementia risk 
in a dialysis population. Therefore, we are unable to compare the 
performance of our model with others. There are screening mod-
els developed for dementia risk prediction in the general popula-
tion [30,31]. The performances of these models differed in the key 
parameters they used, including cognitive tests, health and vascu-
lar risk indices, multifactorial models (combining demographic and 
neuropsychological measures with health or genetic variables), mul-
tistage screening, or multi- dementia subtype preclinical grouping 
[30,31]. In general, their C- statistics, sensitivities, and specificities 
varied in the ranges 0.49– 0.91, 20%– 93%, and 35.7%– 94%, respec-
tively, which are comparable with our results [30,31]. In addition, 
the C- statistic of our model (0.71) is also comparable with other 
widely used risk indices, including the Dementia Screening Indicator 
(0.68– 0.78) [16], ARO all- cause mortality risk score for dialysis pa-
tients (0.68– 0.79) [32], the CHA2DS2- VASc (0.66– 0.79) [33], and the 
Framingham coronary heart disease prediction risk scores (0.79– 
0.83) [34]. To improve the performance of this model, a prospective 
regular collection of the 11 components of this scoring system and/
or adding other potential candidate parameters might facilitate con-
struction of a better model by using either the mixed- effect model, 
generalized estimating equation model, or methods of machine/
deep learning.

Low education level is an important risk factor for dementia 
[16,18], and previous risk prediction systems applied in general 
populations always include education level as one of their predic-
tors [16,18,31]. To clarify the relationship between education level 
and the 11 predictors in the DDRS model, we constructed a mul-
tivariate logistic regression model using a local dialysis patient da-
tabase (n = 293) and treated education level (> or ≤6 years) as the 
dependent variable and the 11 predictors as independent variables. 
The C- statistic of the logistic regression model was 0.85, which 
indicated that the combination of age and 10 comorbidities could 
serve as good surrogate markers of education level. Thus, absence 
of education level in our model might not be a major limitation of our 
study. Since there are complex pathways between education and 
dementia, there might be variance in dementia that is explained by 
education but not explained by comorbidities (e.g. through cognitive 

reserve). More research is still needed to evaluate whether the in-
clusion of education in our model can improve the performance of 
prediction or not.

The proposed DDRS model, in which only age is considered as 
unmodifiable, may lay the ground for initiating specific intervention 
studies aimed at reducing the risk of dementia in the dialysis pop-
ulation. In the general population, clinical evidence suggests that 
dementia risk or declines in cognitive function can indeed be ame-
liorated through therapeutic and preventive interventions in some 
of the comorbidities included in our DDRS system [35]. Although 
poor glucose control has been proven to be associated with greater 
declines in cognitive function [36], evidence from randomized trials, 
including ACCORD MIND and ACCORDION MIND, revealed that 
intensive glucose control does not ameliorate declines in cognitive 
function [37,38]. However, some small pilot studies showed that sev-
eral specific medications or formulas could better preserve cognitive 
function or brain volume, or improve disease biomarker levels [39– 
41]. The SPRINT MIND study revealed that in adults with hyper-
tension, treating systolic blood pressure <120 mm Hg as compared 
with <140 mm Hg is associated with lower risk of mild cognitive im-
pairment, with no significant interaction with CKD status [42]. Since 
the SPRINT MIND study did not enroll patients with an estimated 
glomerular filtration rate of less than 20 mL/min/1.73 m2, caution is 
required in the application of the study results to dialysis patients. 
Depression and hypothyroidism are known to be associated with 
increased risk of dementia and are regarded as reversible illnesses 
contributing to dementia [43].

The key strength of this study is the application of a nationwide 
database to derive the predictors for risk prediction. The nature 
of the reimbursement data- originated database leads to very few 
missing data in the NHIRD, as shown in our study (Figure 1). The 
high coverage, high accessibility, and low copayment results in high 
adherence of beneficiaries to the NHI program, which greatly mini-
mizes potential selection and information biases.

Several limitations should also be addressed. First, some risk 
factors for dementia, such as low educational attainment, obesity, 
physical inactivity, social isolation, and uremic specific risk factors, 
such as dialysis adequacy and uremic toxins, are not included in 
the NHIRD and could not be incorporated into this scoring system. 

TA B L E  3  Sensitivity and specificity of the dementia risk scores among dialysis patients when applied to high-  and low- risk groups

Optimal cutoff value

Derivation data Validation data

Risk With dementia
Without 
dementia Total Risk With dementia

Without 
dementia Total

50 High 1493 8394 9887 High 356 2063 2419

Low 859 15,005 15,864 Low 232 3786 4018

Total 2352 23,399 25,751 Total 588 5849 6437

Sensitivity 63.48% (95% CI 61.53%– 65.42%) 60.54% (95% CI 56.59%– 64.49%)

Specificity 64.13% (95% CI 63.15%– 65.10%) 64.73% (95% CI 62.77%– 66.68%)

Odds ratio 3.03 (2.78– 3.31) 2.82 (2.37– 3.35)

Abbreviation: CI, confidence interval.
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Previous evidence suggests that physical inactivity and social isola-
tion increases the risk of dementia, possibly through an increase in 
the risk of diabetes, hypertension, stroke, or depression [44– 47]. 
Therefore, these selected illnesses could serve as surrogate markers 
and at least partly explain the effects of the above factors for risk of 
dementia absent in our model. As regards the role of dialysis ade-
quacy in risk of dementia, recent studies including one small random-
ized controlled trial failed to prove the link between dialysis adequacy 
and cognitive impairment [48– 50]. Conversely, several uremic toxins 
are found to be correlated with impaired cognitive function in dialysis 
patients [51]. Further large- scale clinical studies are still needed to 
clarify the issues. Second, the diagnosis of dementia and comorbid-
ities totally depends on the claim data from the NHI program rather 
than a standardized assessment of all members in the cohort, which 
may increase the uncertainty related to the diagnosis. The potential 
of missing coding or coding errors may result in misclassifications. 
Nevertheless, such issues would only bias the association toward 
the null effect and thus underestimate the predictive power of our 
scoring system. Furthermore, the accuracy of diagnostic codes for 
most of the key variables in our scoring system (i.e., acute ischemic 
stroke, acute myocardial infarction, hypertension, diabetes mellitus, 
hyperlipidemia, Parkinson's disease, and depression disorder) and 
the outcome variable, dementia, were previously validated [52– 57]. 
Most of the sensitivities, specificities, and positive predictive values 
of these variables were above 86.4%, which suggested a high accu-
racy of diagnostic codes for these variables, and largely limited the 
potential disease misclassification bias in our study. Third, the sever-
ity of comorbidities may be associated with different degrees of risk 
of developing dementia [58,59], and we did not assign different score 
points in different stratifications of severity of comorbidities. Since 
the severity of comorbidities should comprise variables with dynamic 
changes (e.g., HbA1c, blood pressure level) or may be subjective be-
cause of the difficulty in terms of quantification (e.g., severity of in-
somnia or depression), the inclusion of these variables when modeling 
a scoring system may be too complicated to be easily applicable under 
clinical conditions. Forth, the false- negative rate of DDRS is high 
(36.52%). Among patients whose DDRS values are <50, physicians 
should always take dementia into consideration if dialysis patients 
present any symptoms of memory impairment interfering with the 
activities of daily living, unexplained decline of function or personal 
hygiene, poor compliance to medical therapies, or new onset of psy-
chiatric symptoms. In such circumstances, screening instruments for 
cognitive impairment including the Montreal Cognitive Assessment 
or Mini- Mental State Examination can be applied for ascertainment. 
Additional labor- intensive study or neurologist referral should be con-
sidered if there is high suspicion after the above two- step screening 
process. Fifth, although the results of validation in one- fifth of the na-
tional dialysis cohort were excellent, the score performance remains 
unclear without external validation. All these estimates were mainly 
derived from an Asian population, which might limit the generalizabil-
ity of the DDRS to other racial/ethnic groups, and the optimal cutoff 
value of the DDRS system might vary in different countries/regions.

In conclusion, to efficiently identify dementia patients in a dial-
ysis population we proposed a DDRS system for primary care phy-
sicians that demonstrated acceptable discrimination and calibration 
performance. Dialysis patients whose DDRS score is ≥50 could be 
regarded as at high risk for dementia and should potentially be con-
sidered for subsequent cognitive function screening. The inclusion 
of only age and 10 comorbidities in the DDRS makes it possible to 
easily integrate it into clinical programs, which could in turn facilitate 
clinical decision- making and improve dementia care quality and pre-
ventive strategies in the dialysis population.
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