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ABSTRACT
Objectives  It is unclear whether kidney disease is a 
risk factor for developing dementia. We examined the 
association between kidney disease and risk of future 
dementia.
Design and setting  Nationwide historical registry-based 
cohort study in Denmark based on data from 1 January 
1995 until 31 December 2016.
Participants  All patients diagnosed with kidney disease 
and matched general population cohort without kidney 
disease (matched 1:5 on age, sex and year of kidney 
disease diagnosis).
Primary and secondary outcome measures  All-cause 
dementia and its subtypes: Alzheimer’s disease, vascular 
dementia and other specified or unspecified dementia. We 
computed 5-year cumulative incidences (risk) and hazard 
ratios (HRs) for outcomes using Cox regression analyses.
Results  The study cohort comprised 82 690 patients with 
kidney disease and 413 405 individuals from the general 
population. Five-year and ten-year mortality rates were 
twice as high in patients with kidney disease compared 
with the general population. The 5-year risk for all-cause 
dementia was 2.90% (95% confidence interval: 2.78% 
to 3.08%) in patients with kidney disease and 2.98% 
(2.92% to 3.04%) in the general population. Compared 
with the general population, the adjusted HRs for all-cause 
dementia in patients with kidney disease were 1.06 (1.00 
to 1.12) for the 5-year follow-up and 1.08 (1.03 to 1.12) 
for the entire study period. Risk estimates for dementia 
subtypes differed substantially and were lower for 
Alzheimer’s disease and higher for vascular dementia.
Conclusions  Patients diagnosed with kidney disease 
have a modestly increased rate of dementia, mainly driven 
by vascular dementia. Moreover, patients with kidney 
disease may be underdiagnosed with dementia due to high 
mortality and other comorbidities of higher priority.

INTRODUCTION
Dementia is a common, progressive age-
related neurological disorder diagnosed 
when acquired cognitive impairment has 
become severe enough to compromise social 
and/or occupational functioning.1 Although 
the incidence rates of dementia have 
decreased modestly over the last 30 years, the 
prevalence of dementia is increasing world-
wide, likely due to increased life expectancy.2 
This has enormous costs for the individuals 

and families affected, as well as the healthcare 
and society.3

Kidney disease is another disorder with a 
high (close to 10%) and increasing preva-
lence, partly due to ageing population, and 
increased incidence rates of hypertension 
and diabetes mellitus.4

Kidney disease and dementia share risk 
factors such as increasing age, hypertension, 
diabetes mellitus, hyperlipidaemia and the 
pathophysiology of small vessel disease.5 6 One 
potential link between kidney disease and 
dementia could be common susceptibility of 
kidney and brain tissue to vascular injury.7 
Kidney disease is associated with oxidative 
stress, chronic inflammation and changes in 
coagulation, and it might also affect the brain 
or cerebral vasculature indirectly or directly 
through metabolic derangements and uremic 
toxins.7

A previous population-based study in 
Taiwan found a hazard ratio (HR) of 1.41 
for all-cause dementia in patients with a diag-
nosis of kidney disease (N=37 049) compared 
with the general population (N=74 098).8 
However, these findings may not be appli-
cable to European populations, and the 

Strengths and limitations of this study

►► This is the first European population-based study ex-
amining the association between hospital-diagnosed 
kidney disease and risk of future dementia.

►► We conducted a nationwide registry-based cohort 
study of all Danish residents with kidney disease 
and a 1:5 matched general population comparison 
cohort without kidney disease during a study period 
from 1995 to 2016.

►► We did not have data on albuminuria or estimated 
glomerular filtration rate.

►► Not all individuals with kidney disease or demen-
tia are hospital diagnosed and thus captured in the 
Danish registries.

►► Results pertaining to dementia subtypes should be 
interpreted cautiously due to potential differential 
misclassification of dementia subtypes, particularly 
among patients with kidney disease
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Taiwanese study did not examine potential differences 
across dementia subtypes. Furthermore, previous studies, 
where kidney disease was defined as persistent albumin-
uria or estimated glomerular filtration rate (eGFR) below 
60 mL/min/1.73 m2, reported mixed results.9–13 Thus, 
whether kidney disease is associated with risk of dementia 
is presently uncertain. We investigated this for all-cause 
dementia and dementia subtypes (Alzheimer’s disease, 
vascular dementia and other dementia) in a nationwide 
cohort study.

METHODS
We followed the Strengthening the Reporting of Obser-
vational Studies in Epidemiology guidelines for reporting 
of cohort studies in epidemiology.

Study cohort
We conducted a nationwide cohort study of all Danish 
patients with hospital-diagnosed kidney disease and a 
matched general population comparison cohort without 
kidney disease during a study period from 1 January 1995 
until 31 December 2016.

A flow chart of the study cohort is shown in figure 1. 
We identified 122 670 patients with a first-time kidney 
disease diagnosis recorded during the study period. 
Next, we excluded patients who died (N=32 196) or did 
not reside in Denmark (N=465) during the first year 
after kidney disease diagnosis. Further exclusion criteria 
were diagnosis of dementia (N=1909) and prodromal 
signs of dementia, that is, mild cognitive impairment and 
amnestic syndrome (N=303) before kidney disease diag-
nosis. Additionally, we excluded patients diagnosed with 
dementia (N=1300) and prodromal signs of dementia 
(N=156) during first year after a kidney disease diagnosis, 
because dementia diagnosed in this period is unlikely to 
be a consequence of kidney disease. Finally, we limited 
the cohort to adult patients aged 18 and above. The 
remaining 82 690 patients comprised our kidney disease 

cohort. For each patient in the kidney disease cohort, up 
to five individuals from the general population without 
a kidney disease diagnosis prior to index date were 
randomly selected and matched on age (birth year), sex 
and calendar year of index date, that is, date of kidney 
disease diagnosis. Matching was performed as individual 
matching with replacement.14 The general population 
comparison cohort comprised 413 405 individuals, who 
were alive and had no dementia, mild cognitive impair-
ment, amnestic syndrome or kidney disease prior to study 
entry.

Diagnoses
Diagnoses of kidney disease (exposure), dementia 
(outcome), mild cognitive impairment, amnestic 
syndrome and covariates were based on diagnoses 
obtained from the Danish National Patient Registry and/
or the Danish Psychiatric Central Research Registry. These 
registries, covering all Danish hospitals, have recorded 
hospital admissions since 1977 and 1969 respectively, as 
well as outpatient specialist clinic visits since 1995.15–17 
We used all primary and secondary discharge diagnoses 
for all hospitalisations and outpatient clinic visits, but not 
emergency room visits (as diagnoses in this setting may 
be tentative and thus less valid). Diagnoses were identi-
fied according to the WHO’s International Classification 
of Diseases 8th edition (ICD-8) until the end of 1993 and 
10th edition (ICD-10) thereafter (online supplemental 
table 1). We used the date of hospital admission or start 
of outpatient clinic follow-up as the date for all diagnoses.

Kidney disease
In the main analysis, we used an extended definition of 
kidney disease including chronic kidney disease as well 
as several other persistent kidney diseases, dialysis treat-
ment and kidney transplant (for ICD codes, see online 
supplemental table 1). Importantly, this extended kidney 
disease definition did not include acute and/or poten-
tially reversible kidney injury. In a sensitivity analysis, we 
used chronic kidney disease (restricted to ICD-8 792 and 
ICD-10 N18) as the exposure for all-cause dementia only. 
Kidney Disease Improving Global Outcomes (KDIGO) 
defines chronic kidney as persistent (>3 months) 
eGFR  <60 mL/min/1.73 m2 or kidney damage, often 
ascertained by the presence of albuminuria.18

Dementia
The validity of all-cause dementia is high with a posi-
tive predictive value of 86% in the Danish registries.19 
Dementia subtypes were mutually exclusive, and we 
only used the first coded dementia subtype: Alzhei-
mer’s disease, vascular dementia and other (specified or 
unspecified) dementia, the latter comprising the majority 
of dementia diagnoses (for ICD codes, see online supple-
mental table 1). As about one-third of cases with other 
dementia without specification may be attributable to 
Alzheimer’s disease,19 we also included a combined 
outcome of Alzheimer’s disease and other dementia.

Figure 1  Study flow chart. Cohort of patients with incident 
kidney disease and individuals of the matched general 
population comparison cohort during 1995–2016.
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Covariates
We identified cardiovascular disease (CVD), CVD risk 
factors, (any) cancer and socioeconomic status as poten-
tial confounders due to their reported associations with 
kidney disease and dementia (listed in table 1).5 6 20 All 
covariates were assessed prior to study entry. CVD covari-
ates were angina pectoris, myocardial infarction, stroke, 
peripheral arterial disease, venous thromboembolism, 
heart failure, heart valve disease and atrial fibrillation. 
Covariates related to CVD risk factors were hypercholes-
terolaemia, hypertension, obesity, diabetes mellitus and 
chronic obstructive pulmonary disease as a proxy for 
smoking. CVD risk factors were based on diagnoses from 
the Danish National Patient Registry and additionally 
on prescriptions of lipid lowering and antihypertensive 
drugs (see Anatomical Therapeutic Chemical codes in 
online supplemental table 1) from the Danish National 
Prescription Registry, containing detailed individual-level 
data on prescriber, patient and products for all outpatient 
prescriptions dispensed since 1995.21

Covariates related to socioeconomic status were highest 
education achieved, personal gross income and employ-
ment status obtained from the Integrated Database for 
Labor Market Research, established in 1981.22 Education 
was categorised as: low (elementary school only), medium 
(high school and/or academy profession degree) and 
high (bachelor’s, master’s or higher degree). Personal 
gross income was categorised in quartiles. Employment 
status was categorised as: employed, retired and unem-
ployed. We used employment status during the 12–24 
months preceding the study entry, since employment 
status during the year prior to kidney disease diagnosis is 
likely to underestimate the peak employment status.

Patient and public involvement
No patients involved.

Statistical analysis
We compared cumulative incidence (risk) of death as 
well as all-cause dementia (taking the competing risk of 
death into account) for the kidney disease and compar-
ison cohorts. HRs for all-cause dementia and dementia 
subtypes and their corresponding 95% CIs were calcu-
lated using Cox regression analyses with time-on-study 
as the time scale. Proportional hazards assumption was 
tested graphically by log–log plots, and no violations were 
detected (online supplemental figure 1). Age, sex and 
calendar year of index date were already controlled for 
in the unadjusted Cox model, as these were the matching 
criteria. However, to account for the matching method-
ology and due to the built-in selection bias (see the Discus-
sion section) as the matching could not be completely 
retained, the adjusted Cox model therefore included 
adjustments for age (age groups listed in table  1), sex 
and calendar year of index date, as well as other poten-
tial confounders (as listed in table 1). Participants with 
missing values (<1% of personal gross income and <11% 
of employment status and education level each) were 

excluded from the adjusted analyses. Participants were 
followed from 1 year after index date until a diagnosis 
of dementia or censoring at 31 December 2016, emigra-
tion or death, whichever came first. Thus, the minimum 
follow-up time was 1 year and maximum 22 years. Because 
all diagnoses and vital and emigration status are regis-
tered in national registries, we had no losses to follow-up.

We performed predefined stratification analyses for age 
(18–49, 50–59, 60–74, 75–84 and >85 years), sex, calendar 
year of index date (1995–2003 or 2004–2016), CVD, CVD 
risk factors, socioeconomic factors and follow-up time 
(1–5 years, 1–10 years and 1–22 years). Finally, in order 
to assess whether the risk of all-cause dementia was linked 
to kidney disease severity, we stratified the kidney disease 
cohort by presence or absence of kidney failure (defined 
as receiving dialysis treatment and/or kidney transplant, 
for codes see online supplemental table 1).

All analyses were performed using SAS V.9.4 (SAS 
Institute).

RESULTS
The study cohort consisted of a kidney disease cohort 
of 82 690 patients with kidney disease and a comparison 
cohort of 413 405 matched individuals from the general 
population without kidney disease. The median age was 
69 years (IQR: 56–78 years). Women comprised 41% of 
all participants, and 71% were enrolled during 2004–
2016 and the remaining 29% during 1995–2003 (table 1). 
Diagnoses of CVD and CVD risk factors were much more 
frequent in the kidney disease cohort than in the compar-
ison cohort (table  1). Furthermore, the kidney disease 
cohort had lower income, higher unemployment rate and 
lower education than the comparison cohort (table  1). 
Finally, the follow-up time was shorter for the kidney 
disease cohort than for the comparison cohort, with a 
median of 3.7 and 5.2 years, respectively (table 1). This 
difference reflects a higher mortality rate in the kidney 
disease than the comparison cohort: 5-year and 10-year 
mortality was twice as high in patients with kidney disease 
compared with the general population (figure 2). During 
the study period, 466 071 (94%) participants died, 78 555 
(95%) from the kidney disease cohort and 387 516 (94%) 
from the comparison cohort.

Kidney disease and risk of developing dementia
During follow-up, 3462 (4.19% of 82 690) patients with 
kidney disease and 21 879 (5.29% of 413 405) individ-
uals from the comparison cohort developed dementia, 
the majority classified as other dementia (table  2). 
Alzheimer’s disease was more frequent in the compar-
ison cohort, and vascular dementia in the kidney disease 
cohort (table 2).

The 5-year, 10-year and 22-year risks of all-cause 
dementia were lower in patients with kidney disease 
than in the general population: 2.90% (95% CI 2.78% to 
3.08%), 4.96% (4.79% to 5.14%) and 7.05% (6.70% to 
7.41%) for the kidney disease cohort and 2.98% (2.92% 
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Table 1  Characteristics of study cohort at baseline

Kidney disease cohort Comparison cohort

Number of participants, N 82 690 413 405

Age groups, years

 � 18–49, N (%) 14 718 (17.8) 73 530 (17.8)

 � 50–59, N (%) 11 059 (13.4) 55 330 (13.4)

 � 60–74, N (%) 29 021 (35.1) 145 116 (35.1)

 � 75–84, N (%) 20 381 (24.6) 102 063 (24.7)

 � ≥85, N (%) 7511 (9.1) 37 366 (9.0)

Women, % 33 589 (40.6) 167 914 (40.6)

Calendar period of kidney disease diagnosis

 � 1995–2003, N (%) 24 410 (29.5) 122 013 (29.5)

 � 2004–2016, N (%) 58 280 (70.5) 291 392 (70.5)

Any cancer, N (%) 10 813 (13.1) 36 216 (8.8)

Angina pectoris, N (%) 17 346 (21.0) 38 656 (9.4)

Myocardial infarction, N (%) 10 303 (12.5) 22 061 (5.3)

Stroke, N (%) 7885 (9.5) 19 210 (4.6)

Peripheral artery disease, N (%) 9673 (11.7) 16 109 (3.9)

Venous thromboembolism, N (%) 3703 (4.5) 9351 (2.3)

Heart failure, N (%) 12 154 (14.7) 14 370 (3.5)

Heart valve disease, N (%) 4700 (5.7) 9080 (2.2)

Atrial fibrillation, N (%) 10 723 (13.0) 24 431 (5.9)

Hypercholesterolaemia, N (%) 32 780 (39.6) 85 679 (20.7)

Hypertension, N (%) 66 500 (80.4) 202 597 (49.0)

Obesity, N (%) 8146 (9.9) 10 189 (2.5)

Diabetes mellitus, N (%) 23 271 (28.1) 19 159 (4.6)

Chronic obstructive pulmonary disease, N (%) 10 218 (12.4) 26 936 (6.5)

Personal gross income during the year preceding the index date

 � First quartile, N (%) 21 347 (25.8) 91 250 (22.1)

 � Second quartile, N (%) 24 556 (29.7) 101 853 (24.6)

 � Third quartile, N (%) 20 786 (25.1) 105 992 (25.6)

 � Fourth quartile, N (%) 15 823 (19.1) 110 942 (26.8)

 � Missing, N (%) 178 (0.2) 3368 (0.8)

Employment status during the 12–24 months preceding the index date

 � Employed, N (%) 22 654 (27.4) 147 470 (35.7)

 � Unemployed, N (%) 3234 (3.9) 13 049 (3.2)

 � Retired, N (%) 46 838 (56.6) 226 446 (54.8)

 � Missing, N (%) 9964 (12.1) 26 440 (6.3)

Highest education achieved*

 � Low, N (%) 34 928 (42.2) 149 632 (36.2)

 � Medium, N (%) 29 666 (35.9) 156 227 (37.8)

 � High, N (%) 9276 (11.2) 64 942 (15.7)

 � Missing, N (%) 8820 (10.7) 42 604 (10.3)

Follow-up period, years

 � Total, years 425 894 2 746 040

 � Median (IQR), years 3.68 (1.54–7.34) 5.24 (2.39–9.98)

Values are expressed as numbers, frequencies, median and interquartile (IQR) values.
*Education was categorised as: low (elementary school only), medium (high school and/or academy profession degree) and high (bachelor’s, master’s 
or higher degree).
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to 3.04%), 6.03% (5.94% to 6.12%) and 10.39% (10.17% 
to 10.60%) for the comparison cohort (figure 2).

The estimates for dementia subtypes were lowest for 
Alzheimer’s disease and highest for vascular dementia 
(table 2).

The adjusted HR (aHR) for all-cause dementia was 
stable over time. 1.06 (1.00 to 1.12) for up to 5 years 
of follow-up, 1.08 (1.03 to 1.13) for up to 10 years of 
follow-up and 1.08 (1.03 to 1.12) for up to 22 years of 
follow-up (table 2). When we restricted the kidney disease 
exposure to chronic kidney disease only, the aHR for 
all-cause dementia was 1.04 (0.98 to 1.10) for up to 22 
years of follow-up and very similar for shorter follow-up 
(table 2).

In analyses stratified by age, there was a stepwise 
decrease in HRs of all-cause dementia with increasing 
age: the aHRs for 18–49, 50–59, 60–74, 75–84 and ≥85 
years age groups were 1.14 (0.78 to 1.67), 1.32 (1.09 
to 1.61), 1.16 (1.08 to 1.24), 1.01 (0.95 to 1.08) and 
0.90 (0.77 to 1.04), respectively. The rate of all-cause 
dementia did not differ by sex, calendar year of index 
date or socioeconomic factors. Kidney disease was also 
associated with increased HR for dementia in most CVD 
subgroups (myocardial infarction, stroke, peripheral 
arterial disease, venous thromboembolism, heart failure 
and heart valve disease) and CVD risk factors (atrial fibril-
lation, hypertension, obesity and diabetes mellitus), but 
estimates were imprecise (figure 3). Results for dementia 
subtypes showed consistent results (online supplemental 
figure 2).

Kidney disease severity and risk of developing dementia
In the kidney disease cohort, fewer patients with end-stage 
kidney disease developed dementia during follow-up 
compared with other patients with kidney disease: 3.3% 
(61 out of 1866) of patients with dialysis treatment or 
kidney transplant and 4.2% (3401 out of 80,982) of 
patients without these interventions.

DISCUSSION
In this nationwide study of nearly 500 000 participants, we 
found that being diagnosed with kidney disease is associ-
ated with a modestly increased risk of future dementia. 
When we restricted the exposure to chronic kidney 
disease only, the association was similar.

We found substantially smaller estimates than the 
only previous population-based study, where investi-
gators in Taiwan found an HR of 1.41 (1.32 to 1.50) 
for all-cause dementia in patients with kidney disease 
compared with the general population.8 This may partly 
be explained by differences between these Asian and 
European populations, study design differences or both. 
Our study included more recent data, five times as many 
participants, finer age matching and a longer follow-up 
period. Furthermore, we included dialysis treatment, 
kidney transplantation and hypertensive nephropathy 
in our kidney disease definition, and we did not exclude 
participants based on other kidney-related diagnoses. 
In contrast, the Taiwanese study excluded patients with 
these and several other kidney-related diagnoses. Thus, 
our study likely included relatively more patients with 
severe kidney disease in the kidney disease cohort and 
mild kidney disease in the comparison cohort. Finally, 
while we excluded patients who were diagnosed with 
dementia within 1 year after kidney disease diagnosis, the 
Taiwanese study did not do this, and in this population, 
the incidence rate ratio for less than 2 years of follow-up 
was substantially higher than the incidence rate ratio for 
two or more years of follow-up.8

A meta-analysis of cross-sectional and cohort studies 
including more than 50 000 participants showed an asso-
ciation between kidney disease (eGFR <60 mL/min/1.73 
m2) and cognitive impairment.13 The cognitive domains 
that were predominantly affected (ie, orientation, atten-
tion, concept formation and reasoning) differed from 
those affected by dementia, suggesting that kidney 
disease may be more closely linked with other cognitive 

Figure 2  Cumulative incidences of (A) death and (B) all-cause dementia in patients with kidney disease (kidney disease cohort) 
and individuals in a matched population without kidney disease (comparison cohort).
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impairment than with dementia. Unfortunately, we did 
not have data on cognitive performance.21 22

Interestingly, studies that mainly included eGFR 
measurements within the normal range showed a stronger 
association between albuminuria and dementia than 
between eGFR and dementia.9–12 23 This finding suggests 
that albuminuria may be a better marker than eGFR of 
more advanced kidney disease. Unfortunately, we did not 
have data on albuminuria or eGFR.

The lack of a strong association between kidney disease 
and dementia may possibly be explained in part by 

survivor bias due to very high mortality among patients 
with kidney disease.24 As dementia increases with age, 
patients with kidney disease may not survive long enough 
to develop dementia. Indeed, the fraction of partici-
pants diagnosed with dementia was lower in patients 
with severe than mild kidney disease (3.3% of patients 
with dialysis treatment or kidney transplant vs 4.2% of 
patients without these interventions). This finding may 
reflect survivor bias or might suggest that clinicians are 
more likely to underdiagnose dementia in the presence 
of life-threatening illness and reduced life expectancy 

Figure 3  Risk of all-cause dementia in patients with kidney disease compared with individuals in a matched population 
without kidney disease stratified by covariates listed in table 1.
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(detection bias). This inference is further supported by 
our stratification analyses, that show lower risk estimates 
in the presence of CVD, for example, myocardial infarc-
tion, and CVD risk factors known to be associated with 
increased mortality.25 In contrast, a previous Danish study 
of 314 911 patients with myocardial infarction matched 
with 1 573 193 individuals from the general population 
reported that myocardial infarction was associated with 
higher risk of vascular dementia but not with risk of 
all-cause dementia or other subtypes.26 Taken together, 
these findings suggest a possible misclassification bias 
for dementia subtypes as clinicians may be more likely to 
diagnose vascular dementia, and less likely Alzheimer’s 
disease, in patients with dementia and kidney disease or 
myocardial infarction than in individuals without these 
diseases.

Since HRs may change over time, the observed modest 
association between kidney disease and dementia may 
be limited to the first few years after a kidney disease 
diagnosis. On the other hand, the period-specific HRs 
are prone to a built-in selection bias.24 In our study, this 
translates to preferential censoring of patients, due to 
death, from the kidney disease cohort in the beginning 
of follow-up. With increasing follow-up time, this can lead 
to a relative increase in the proportion of individuals 
susceptible to dementia in the comparison cohort and 
thereby explain why the unadjusted HRs attenuated with 
increasing follow-up time. Due to this built-in selection 
bias, the matching could not be retained, and for this 
reason we included matching covariates in our adjusted 
analysis. This can possibly explain why the unadjusted 
HRs attenuated, while the aHRs did not attenuate with 
increasing follow-up time.

The major strength of our study is its design: large 
nationwide registry-based cohort study with individual-
level data and a complete follow-up on all Danish patients 
with hospital-diagnosed kidney disease and a matched 
general population comparison cohort without kidney 
disease during a study period from 1995 to 2016.

Limitations of our study include selection, survival and 
surveillance bias. As we did not perform multiple imputa-
tions for income, employment status and education level, 
the exclusion of participants with missing values may have 
biased our estimates. However, this would only bias the 
estimates if the missing values were not random. The unbi-
ased estimates may be even larger if the missing values are 
linked to lower levels of income, employment and educa-
tion. Further limitations are misclassification bias (of 
kidney disease, dementia and covariates), unmeasured 
or residual confounding, quality of coding and validity of 
diagnoses. The positive predictive value of kidney disease 
coded in the Danish National Patient Registry has been 
reported to be 100%, whereas completeness may only be 
37%; that is, not all individuals with kidney disease are 
captured.27–29 While the positive predictive value of all-
cause dementia and Alzheimer’s disease in the Danish 
National Patient Registry is 86% and 81%, respectively, it 
is lower for other dementia subtypes.19 Thus, the results 

pertaining to dementia subtypes should be interpreted 
cautiously. This caveat is particularly important since our 
results are compatible with differential misclassification 
of dementia subtypes among patients with kidney disease, 
where vascular risk factors are especially common, and 
the general population, where vascular risk is lower. 
Furthermore, we used the date of hospital admission 
or start of outpatient clinic follow-up as the date for all 
diagnoses since the exact day is not available. This may 
have introduced a bias, particularly in the beginning of 
the follow-up. Additionally, there is a variable lag time 
between dementia onset and the date of diagnosis. Finally, 
since all diagnoses are recorded by hospital physicians, 
mild kidney disease and mild dementia treated only by a 
general practitioner would not be recorded unless they 
were also assessed in the hospital or an outpatient clinic 
setting.

In conclusion, patients diagnosed with kidney disease 
have a modestly increased risk of being diagnosed with 
future dementia. This association is mainly driven by 
diagnoses of vascular dementia, and it may be limited 
to the first few years after the kidney disease diagnosis. 
On the other hand, patients with kidney disease may be 
underdiagnosed with dementia due to high mortality and 
other comorbidities of higher priority, and the true risk of 
future dementia may be somewhat higher than our study 
suggests.
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