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ABSTRACT
Older patients with ESRD who receive a kidney transplant (KT) may develop post-KT dementia and Alzheimer’s disease (AD) associated with their long-standing kidney disease and/or neurotoxic immunosuppressant agents. To investigate this possibility, we studied 40,918 older (aged $55 years) KT recipients
(January 1, 1999 to December 31, 2011) linked to Medicare claims through the US Renal Data System. We
estimated dementia and AD risk (cumulative incidence) and studied factors associated with these sequelae
using competing risks models. We estimated the risk of death-censored graft loss and mortality after
developing dementia or the AD subtype of dementia, separately, using adjusted Cox proportional hazards
models. Older recipients had a 10-year dementia risk ranging from 5.1% for recipients aged 55–60 years to
17.0% for recipients aged $75 years; 10-year AD risk ranged from 1.0% to 6.7%, respectively. The strongest predictors for dementia and AD were older recipient age and pretransplant diabetes. The 10-year
graft loss risk was 28.8% for those who did not develop dementia and 43.1% for those who did, and the
corresponding mortality risks were 55.7% and 89.9%, respectively. Older recipients with dementia had a
1.52-fold (95% conﬁdence interval, 1.39 to 1.68) increased risk of graft loss and a 2.38-fold (95% conﬁdence
interval, 2.26 to 2.49) increased risk of mortality. We observed similar results for AD. We conclude that
older KT recipients have a high risk of post-KT dementia and AD, and these sequelae associate with a
profound effect on patient and graft survival.
J Am Soc Nephrol 28: 1575–1583, 2017. doi: https://doi.org/10.1681/ASN.2016080816

Kidney transplantation (KT) is a growing treatment
option for older adults with ESRD; there has been a
ﬁve-fold rise in the number of older deceased donor
KT recipients since 1990.1 Access to KT is not only
improving among older KT recipients, but older
candidates who would have been considered marginal in years past are now receiving KT. Current
recipients are not only older but also more likely to
have lengthier pretransplant dialysis, have diabetes
mellitus or hypertension, and receive marginal
kidneys.1 Even with this changing landscape in
transplantation for older adults, there have been
improvements in graft loss and survival such that
older recipients on average experienced 57% lower
mortality and 65% lower graft loss over the past two
decades.1 As older KT recipients live longer with a
J Am Soc Nephrol 28: 1575–1583, 2017

functioning graft, they are at risk of developing agerelated conditions.
Dementia, the state of persistent and progressive
cognitive impairment, is the leading cause of disability
and dependence worldwide,2–4 and Alzheimer’s disease (AD) is the most common subtype of dementia
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accounting for 50%–56% of dementia cases.5 As life expectancy
increases, there is an exponential increase in both the prevalence
and costs of dementia.4,6,7 By 2050, the annual number of incident cases of dementia and AD is projected to double.8

Dementia is a well recognized complication of ESRD9;
among dialysis patients, development of dementia predicts
poor outcomes including disability, hospitalization, and
death.10–15 However, the risk and consequences of dementia
or AD after KT are unclear. We hypothesized that older KTrecipients are at elevated
risk for dementia or AD due to their longTable 1. Characteristics of older KT recipients by incident post-KT dementia
standing kidney disease as well as depenand AD
dence on neurotoxic immunosuppressant
No Dementia
Dementia
AD
Characteristic
agents. In fact, older adults are at the highn=38,606
n=2312
n=570
est risk of the neurotoxic side effects of imRecipient factors
munosuppression drugs,16 particularly the
Age
63.3 (5.8)
65.8 (6.1)
66.9 (5.8)
ubiquitous tacrolimus and steroids.17
Women
37.3
40.6
39.8
As older KT recipients live longer with a
Race
functioning graft, it is important to better
White
52.8
53.9
53.2
Black
26.8
28.3
26.5
understand the post-transplant risk of deHispanic/Latino
13.3
12.9
15.8
mentia and AD. Therefore, the goals of this
Other/multiracial
7.1
4.9
4.6
study were to (1) estimate the risk of inciEducation
dent all-cause dementia and the AD subNone
0.8
1.1
1.1
type of dementia in older KT recipients, (2)
Grade school (0–8)
8.2
8.8
9.8
identify predictors of incident all-cause deHigh school (9–12) or GED
55.6
59.8
61.1
mentia and the AD subtype of dementia,
College/technical school
18.0
16.3
13.5
and (3) compare the subsequent risk of
Associate or bachelor degree
11.4
8.4
9.7
graft loss and mortality between those
Postcollege graduate degree
6.1
5.5
4.9
who developed any dementia or the AD
Cause of ESRD
subtype of dementia and those who did
Glomerular diseases
13.8
9.9
12.5
Diabetes
35.2
41.8
35.6
not.
Hypertension
Other causes
Body mass index
Hypertension
Diabetes
Hepatitis C virus positive
Pre-emptive transplant
Years on dialysis
Previous KT
Transplant factors
PRA
ABO incompatible
0 HLA mismatches
CIT.24 h
Donor factors
Age
Women
Race/Ethnicity
White
Black
Hispanic/Latino
Other/multiracial
Donation after cardiac death
Expanded criteria donor
Hypertension
Diabetes
Hepatitis C virus positive

22.5
28.5
27.9 (4.9)
87.8
45.3
5.2
4.1
3.1 (1.5–4.8)
4.8

20.7
27.6
27.3 (4.7)
85.6
52.8
4.6
4.1
3.0 (1.4–4.6)
3.9

21.8
30.2
26.8 (4.5)
84.6
46.3
4.4
4.0
3.1 (1.4–4.7)
5.1

16.7 (28.6)
0.4
9.2
30.2

14.7 (26.3)
0.2
10.9
33.7

14.9 (26.1)
0
9.3
35.3

42.6 (15.6)
46.2

42.4 (15.7)
45.9

41.6 (15.8)
44.6

70.7
13.0
12.8
3.5
6.3
22.5
25.8
6.2
2.0

69.8
14.5
12.4
3.3
4.3
23.2
25.6
5.9
2.2

68.4
14.0
13.7
3.9
3.3
21.9
24.6
4.4
2.3

Values are presented as percentages, median (interquartile range), or mean (SD). For time on dialysis median
and interquartile range are presented. AD is a subtype of dementia; therefore, the AD cases are a subset of the
dementia cases. Dementia and AD are ICD-reported diagnoses of dementia or AD. GED, General Educational
Development test; PRA, panel reactive antibody; HLA, human leukocyte antigen; CIT, cold ischemia time.
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RESULTS
Study Population

Among 40,918 older KT recipients, average
age was 63.3 years, 37.5% were women, and
26.9% were black. After KT, 2312 had an
International Statistical Classiﬁcation of
Diseases and Related Health Problems
(ICD)-reported diagnosis of dementia
and, of those who developed dementia,
570 (24.7%) had an ICD-reported diagnosis of the AD subtype of dementia (Table 1).
The incidence rate was 17.9 per 1000 recipient-years for dementia and 4.0 per 1000
recipient-years for AD.
Risk of Dementia and AD

Under a competing risks framework, the
10-year risk of post-KT dementia was
5.1% for KT recipients aged 55–60, 7.2%
for recipients aged 60–65, 11.0% for recipients aged 65–70, 15.6% for recipients aged
70–75, and 17.0% for recipients aged 75
and older (Figure 1). Similarly, the risk of
AD increased with age at KT (Figure 2).
The 10-year risk of AD was 1.0% for KT
J Am Soc Nephrol 28: 1575–1583, 2017
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Figure 1. The risk of dementia by age at transplantation. The risk
(cumulative incidence) was estimated for 40,918 older KT recipients using a competing risks survival analysis. Dementia represents the ICD-reported diagnoses of dementia.
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Figure 2. The risk of AD by age at transplantation. The risk
(cumulative incidence) was estimated for 40,918 older KT recipients using a competing risks survival analysis. AD is a subtype of
dementia; therefore, the AD cases are a subset of the dementia
cases. AD represents the ICD-reported diagnoses of AD.

recipients aged 55–60 at KT, 1.8% for recipients aged 60–65,
3.5% for recipients aged 65–70, 4.2% for recipients aged 70–
75, and 6.7% for recipients aged 75 and older.
For perspective, ﬁndings from the Framingham study suggest that the incidence of dementia is 1%–1.5% in adults aged
65 and 7.4%–7.6% in adults aged 75.18 Similarly, in this
population-based cohort of older adults the incidence of AD
is 0.6%–0.9% in adults aged 65 and 4.4%–5.4% in adults aged
75.18

1.27) increased risk of dementia. Patients with a calcineurin
inhibitor–free maintenance immunosuppression regimen
were at a decreased risk of dementia after adjusting for recipient, transplant, and donor factors in the competing risks
model (HR, 0.83; 95% CI, 0.69 to 0.99). However, there was
no association between steroid-free regimens and incident dementia (HR, 1.00; 95% CI, 0.89 to 1.12). None of the induction agents were associated with dementia.

Predictors of Dementia

Predictors of AD

Recipients who developed dementia were older at the time of
KT (65.8 versus 63.3 years old; P,0.001), more likely to be
women (40.6% versus 37.3%; P=0.001), more likely to have
had diabetes at the time of KT (52.8% versus 45.3%;
P,0.001), and less likely to have received a donation after
cardiac death organ (4.3% versus 6.3%; P,0.001) (Table 1).
For every 5-year increase in age at KT, the risk of post-KT
dementia independently increased 1.5-fold (hazard ratio
[HR], 1.50; 95% conﬁdence interval [95% CI], 1.46 to 1.56)
(Table 2). Additionally, recipients who were women (HR, 1.19;
95% CI, 1.09 to 1.29), black recipients (HR, 1.21; 95% CI, 1.09
to 1.33), and recipients with diabetes (HR, 1.64; 95% CI, 1.51
to 1.78) were at increased risk of developing dementia. The
association between diabetes and dementia did not differ by
age (P=0.45) or sex (P=0.51). Compared with recipients with
Associate or Bachelor degrees, those with no education (HR,
1.66; 95% CI, 1.10 to 2.49), grade school education (HR, 1.24;
95% CI, 1.01 to 1.53), and a high school education (HR, 1.23;
95% CI, 1.06 to 1.44) were at increased risk of developing
dementia. For every 5-year increase in time on dialysis the
risk of dementia increased 1.1-fold (HR, 1.09; 95% CI, 1.02
to 1.16). The risk of dementia was decreasing with time since
1999, with a 0.91-fold (95% CI, 0.90 to 0.92) decreased risk of
dementia per calendar year. Additionally, standard criteria deceased donor recipients were at 1.13-fold (95% CI, 1.01 to

Although most predictors of AD were similar to those identiﬁed for dementia, there were some notable differences in the
strength of the associations (Table 2). For every 5-year increase
in age at KT, the risk of AD increased 1.69-fold (95% CI, 1.59
to 1.80). Diabetic recipients were at 1.32-fold (95% CI, 1.11 to
1.56) increased risk of post-KT AD. The association between diabetes and AD did not differ by age (P=0.28) or sex (P=0.77). The
risk of AD was decreasing over time since 1999, with a 0.91-fold
(95% CI, 0.89 to 0.93) decreased risk of AD per calendar year.
Induction and immunosuppression agents were not associated
with incident AD in the competing risks model accounting for
the recipient, transplant, and donor factors.

J Am Soc Nephrol 28: 1575–1583, 2017

Death-Censored Graft Loss, Death with a Functioning
Graft, and Mortality after Post-KT Dementia

The risk of death-censored graft loss, death with a functioning
graft, and mortality was higher among older KTrecipients who
subsequently developed dementia (Table 3). The unadjusted
10-year risk of death-censored graft loss was 28.8% for those
who did not develop post-KT dementia and 43.1% for those who
did; the corresponding 10-year risks of death with a functioning
graft were 46.2% and 86.7% and of mortality were 55.7% and
89.9%. Older KTrecipients with dementia were at 1.52-fold (95%
CI, 1.39 to 1.68) increased risk of death-censored graft loss, at
2.74-fold (95% CI, 2.59 to 2.89) increased risk of death with a
Dementia among Older Kidney Transplant Recipients
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Table 2. Risk prediction models for incident post-KT dementia and AD among
older (age $55) KT recipients
Characteristic
Recipient factors
Age (per 5 yr)
Women
Race/ethnicity
White
Black
Hispanic/Latino
Other/multiracial
Body mass index, kg/m2
,18.5
18.5–25
25–30
$30
Diabetes
Previous transplant
Years on dialysis (per 5 yr)
Education
None
Grade school (0–8)
High school (9–12) or GED
Attended college/technical school
Associate or bachelor degree
Postcollege graduate degree
Transplant factors
ABO incompatible
Year of KT (per 1 yr)
Donor factors
Donor type
Live
Deceased standard criteria
ECD
DCD
Race/ethnicity
White
Black
Hispanic/Latino
Other/multiracial
Hypertension
Diabetes
HCV+
c-statistic

Dementia HR (95% CI)

AD HR (95% CI)

1.50 (1.46 to 1.56)
1.19 (1.09 to 1.29)

1.69 (1.59 to 1.80)
—

Reference
1.21 (1.09 to 1.33)
1.03 (0.90 to 1.18)
0.74 (0.61 to 0.91)

—
—
—
—

0.81 (0.47 to 1.40)
1.22 (1.09 to 1.36)
1.12 (1.01 to 1.24)
Reference
1.64 (1.51 to 1.78)
—
1.09 (1.02 to 1.16)

0.48 (0.12 to 1.97)
1.32 (1.05 to 1.65)
1.11 (0.89 to 1.38)
Reference
1.32 (1.11 to 1.56)
1.31 (0.89 to 1.92)
1.09 (0.97 to 1.22)

1.66 (1.10 to 2.49)
1.24 (1.01 to 1.53)
1.23 (1.06 to 1.44)
1.18 (0.99 to 1.40)
Reference
1.17 (0.94 to 1.47)

1.33 (0.57 to 3.13)
1.26 (0.87 to 1.83)
1.15 (0.86 to 1.52)
0.90 (0.63 to 1.27)
Reference
0.86 (0.54 to 1.35)

4). Older diabetic KT recipients who developed dementia were at 1.66-fold (95% CI,
1.46 to 1.88) increased risk of deathcensored graft loss compared with those
diabetic recipients who did not develop dementia. However, nondiabetic older KT recipients who developed dementia were at
1.36-fold (95% CI, 1.17 to 1.57) increased
risk of graft loss. Additionally, the association between dementia and death with a
functioning graft differed by race
(P=0.04). Nonblack older KT recipients
who developed post-KT dementia were at
2.82-fold (95% CI, 2.65 to 3.00) increased
risk of death with a functioning graft compared with older nonblack recipients who
did not. In contrast, older black KT recipients who developed dementia were at
2.48-fold (95% CI, 2.23 to 2.76) increased
risk of death with a functioning graft.
Death-Censored Graft Loss, Death
with a Functioning Graft, and
Mortality after Post-KT AD

The unadjusted risk of death-censored graft
loss was higher at 5 and 10 years post-KT
0.59 (0.24 to 1.42)
—
among older KT recipient who subsequently
0.91 (0.90 to 0.92)
0.91 (0.89 to 0.93)
developed AD (Table 3); the risk of death
with a functioning graft and mortality was
Reference
—
higher at all times. The 10-year risk of
1.13 (1.01 to 1.27)
—
death-censored graft loss was 29.3% for those
1.01 (0.87 to 1.18)
—
who did not develop post-KT dementia AD
1.06 (0.85 to 1.33)
—
and 38.9% for those who did; the corresponding 10-year risks of death with a func—
Reference
tioning graft were 48.1% and 85.9% and of
—
1.29 (1.01 to 1.64)
mortality were 57.4% and 88.6%. Older KT
—
1.22 (0.95 to 1.55)
recipients with AD were at 1.40-fold (95%
—
1.25 (0.81 to 1.91)
CI, 1.15 to 1.70) increased risk of death1.04 (0.94 to 1.14)
0.98 (0.81 to 1.19)
censored graft loss, at 2.49-fold (95% CI,
1.03 (0.86 to 1.24)
—
1.23 (0.93 to 1.63)
1.33 (0.77 to 2.30)
2.25 to 2.75) increased risk of death with a
0.66
0.69
functioning graft, and at 2.14-fold (95% CI,
All HRs are from a single adjusted competing risks survival model for the dementia and AD outcomes,
1.95 to 2.36) increased risk of mortality, inseparately. AD is a subtype of dementia; therefore, the AD cases are a subset of the dementia cases.
dependent of other recipient, transplant, and
Dementia and AD are ICD-reported diagnoses of dementia or AD. —, not included in model; GED,
donor factors (Table 4). Results were consisGeneral Educational Development test; ECD, expanded criteria donor; DCD, donation after cardiac
death; HCV+, hepatitis C virus-positive.
tent in a sensitivity analysis in which we adjusted for all recipient, transplant, and donor
factors (death-censored graft loss HR, 1.44; 95% CI, 1.18 to 1.74;
functioning graft, and at 2.38-fold (95% CI, 2.26 to 2.49) risk of
mortality, independent of other recipient, transplant, and donor death with functioning graft HR, 2.55; 95% CI, 2.31 to 2.82;
mortality HR, 2.21; 95% CI, 2.01 to 2.42).
factors (Table 4). Results were consistent in a sensitivity analysis
The association between AD and death-censored graft loss
in which we adjusted for all recipient, transplant, and donor
factors (death-censored graft loss HR, 1.55; 95% CI, 1.41 to differed by age (P for interaction=0.01) (Table 4). KT recipients
1.71; death with functioning graft HR, 2.71; 95% CI, 2.57 to aged 55–65 who developed AD were at 1.94-fold (95% CI, 1.46
to 2.58) increased risk of death-censored graft loss compared
2.86; mortality HR, 2.37; 95% CI, 2.26 to 2.49).
with those aged 55–65 who did not develop AD. However, KT
The association between dementia and death-censored graft
recipients aged 65 and older who developed AD were not at risk
loss differed by diabetes status (P for interaction=0.04) (Table
1578
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Table 3. Risk of mortality and death-censored graft loss for
KT recipients with dementia and AD
Dementia and AD Status
Death-censored graft loss
No dementia
Dementia
No AD
AD
Death with a functioning graft
No dementia
Dementia
No AD
AD
Mortality
No dementia
Dementia
No AD
AD

Risk (%)
1-yr

3-yr

5-yr

10-yr

3.5
4.0
3.5
1.2

7.7
11.1
7.8
5.1

12.6
21.0
12.8
14.3

28.8
43.1
29.3
38.9

5.8
19.6
6.0
10.7

12.4
43.2
13.0
32.3

20.9
60.9
21.9
54.8

46.2
86.7
48.1
85.9

7.4
20.8
7.5
11.8

16.0
46.0
16.6
34.7

26.3
64.9
27.4
58.6

55.7
89.9
57.4
88.6

The risks (cumulative incidences) are estimated using a Kaplan–Meier approach. AD
is a subtype of dementia; therefore, the AD cases are a subset of the dementia
cases. Dementia and AD are ICD-reported diagnoses of dementia or AD.

of death-censored graft loss (HR, 1.14; 95% CI, 0.86 to 1.49).
Additionally, the association between AD and death with a functioning graft as well as mortality differed by diabetes status
(P=0.01, P=0.03). Nondiabetic older KT recipients with AD
were at 2.87-fold (95% CI, 2.50 to 3.28) increased risk of death
with a functioning graft as well as at 2.38-fold (95% CI, 2.10 to
2.71) increased risk of mortality compared with older nondiabetic recipients who did not develop AD. In contrast, older diabetic KT recipients with AD were at 2.15-fold (95% CI, 1.86 to
2.49) increased risk of death with a functioning graft and at 1.93fold (95% CI, 1.69 to 2.21) increased risk of mortality.

DISCUSSION

In this national study of 40,918 older KTrecipients, the 10-year
incidence of post-KT dementia ranged from 5% for KT recipients aged 55–60 to 17% for KT recipients aged 75 and older.
Recipient, transplant, and donor factors were associated with
an increased risk of dementia; importantly, maintenance immunosuppression regimens that were free of calcineurin inhibitors reduced the risk of incident post-KT dementia. For
those recipients who subsequently developed dementia, the
10-year risk of death-censored graft loss was 43.1% and mortality was 86.7%. Older recipients who developed post-KT
dementia were subsequently at 1.5-fold (95% CI, 1.39 to
1.68) increased risk of graft loss and 2.7-fold (95% CI, 2.59 to
2.89) increased risk of death with a functioning graft and 2.4-fold
(95% CI, 2.26 to 2.49) increased risk of mortality; similar risks
were observed for older KT recipients who developed post-KT
AD. The effect of dementia on graft loss was stronger in diabetic
recipients and the effect of dementia on death with a functioning
graft was stronger in nonblack recipients.
J Am Soc Nephrol 28: 1575–1583, 2017
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Our observed incidence of post-KT dementia of 11.0% in those
transplanted at ages 65–70, rising to 17.0% for those .75, is
higher than the ﬁndings from the Framingham study of a 1%–
1.5% incidence in adults aged 65 and a 7.4%–7.6% incidence in
adults aged 75.18 Similarly, our observed incidence of post-KTAD
of 3.5% in those transplanted at ages 65–70, rising to 6.7% for
those .75, is higher than the ﬁndings from the Framingham study
of a 0.6%–0.9% incidence in adults aged 65 and a 4.4%–5.4%
incidence in adults aged 75.18 Although both studies used a competing risks survival model, the estimates from the Framingham
study included both diagnosed and undiagnosed cases. These
differences in deﬁning dementia and AD cases are not trivial,
given that a previous validation study suggests that only half of
those who would meet diagnostic criteria for dementia receive a
physician diagnosis of dementia.19 With this estimated rate of
under-diagnosis in mind, the risk of dementia and AD after KT
compared with the general older adult population is even more
substantial than comparing incidence rates would suggest.
We were unable to compare the risk of dementia and AD
among older KTrecipients to that among older dialysis patients
because, to our knowledge, there are no studies of incidence of
ICD-deﬁned dementia or AD in the dialysis population,
let alone studies which accounted for competing risks to estimate the risks of these outcomes. Previous studies of dialysis
patients have focused on the prevalence of dementia.14,20,21
We have extended the study of dementia and AD to the novel
population of KT recipients and conﬁrmed that, like in older
adults8,22–27 and patients of all ages with ESRD on dialysis,13,28
the risk of dementia and AD increases with age and is greater
among women and nonwhite patients as well as those with
lower education and those with diabetes. Importantly, we have
shown that among KT recipients age is a strong risk factor for
dementia and AD, but age alone is not sufﬁcient. Dementia is
not a part of normal healthy aging and many older KT recipients will never develop these cognitive outcomes. We have
also extended the previous ﬁndings of a declining incidence
of dementia in more recent cohorts of older adults to the novel
population of older KT recipients.29 Finally, we identiﬁed calcineurin inhibitor–free maintenance immunosuppression
regimens, one of the few modiﬁable risk factors, as being associated with a decreased risk of incident dementia.
Similar to ﬁndings from studies of older adults30–32 and
patients undergoing dialysis,13 we found that there is a great
burden of mortality among those who develop dementia or
AD. Among ESRD patients of all ages who had a predialysis
diagnosis of dementia, there was a 1.87-fold increased risk of
postdialysis mortality,13 which is a substantially weaker association than we observed for incident dementia and post-KT
mortality. We have also extended these ﬁndings to include an
association between dementia, AD, and graft loss as well as
death with a functioning graft. The increased risk of graft loss
for those with dementia may result from a decline in the ability
to perform self-care tasks including managing medication such
as immunosuppression. Mortality can result among those with
dementia as the result of lacking the ability to perform self-care
Dementia among Older Kidney Transplant Recipients

1579

CLINICAL EPIDEMIOLOGY

www.jasn.org

Table 4. The impact of dementia and AD on death-censored graft loss and
mortality stratiﬁed by age, race, sex, and diabetes status
Effect Modiﬁer
Dementia
Overall risk
Age, yr
55–65
$65
P for interaction
Race
Nonblack
Black
P for interaction
Sex
Men
Women
P for interaction
Diabetes
No
Yes
P for interaction
AD
Overall risk
Age, yr
55–65
$65
P for interaction
Race
Nonblack
Black
P for interaction
Sex
Men
Women
P for interaction
Diabetes
No
Yes
P for interaction

Death-Censored
Graft Loss
HR (95% CI)

Death with
a Functioning
Graft HR (95% CI)

Mortality HR
(95% CI)

1.52 (1.39 to 1.68)

2.74 (2.59 to 2.89)

2.38 (2.26 to 2.49)

1.55 (1.35 to 1.79)
1.51 (1.32 to 1.72)
0.74

2.90 (2.67 to 3.16)
2.78 (2.60 to 2.97)
0.43

2.51 (2.32 to 2.70)
2.40 (2.25 to 2.55)
0.37

1.52 (1.34 to 1.71)
1.53 (1.31 to 1.79)
0.92

2.82 (2.65 to 3.00)
2.48 (2.23 to 2.76)
0.04

2.43 (2.30 to 2.57)
2.22 (2.02 to 2.42)
0.08

1.50 (1.33 to 1.70)
1.56 (1.34 to 1.81)
0.71

2.66 (2.48 to 2.85)
2.86 (2.63 to 3.12)
0.17

2.32 (2.18 to 2.47)
2.47 (2.29 to 2.66)
0.21

1.36 (1.17 to 1.57)
1.66 (1.46 to 1.88)
0.04

2.75 (2.55 to 2.97)
2.69 (2.50 to 2.89)
0.66

2.37 (2.20 to 2.54)
2.35 (1.13 to 1.94)
0.89

1.40 (1.15 to 1.70)

2.49 (2.25 to 2.75)

2.14 (1.95 to 2.36)

1.94 (1.46 to 2.58)
1.14 (0.86 to 1.49)
0.01

2.90 (2.41 to 3.48)
2.50 (2.23 to 2.81)
0.19

2.52 (2.13 to 2.98)
2.13 (1.90 to 2.38)
0.10

1.27 (0.99 to 1.63)
1.61 (1.18 to 2.21)
0.24

2.47 (2.20 to 2.77)
2.60 (2.13 to 3.17)
0.66

2.08 (1.87 to 2.32)
2.33 (1.96 to 2.78)
0.24

1.36 (1.05 to 1.76)
1.47 (1.09 to 1.99)
0.71

2.52 (2.22 to 2.86)
2.48 (2.11 to 2.91)
0.87

2.20 (1.95 to 2.47)
2.11 (1.82 to 2.45)
0.68

1.32 (0.99 to 1.75)
1.48 (1.13 to 1.94)
0.55

2.87 (2.50 to 3.28)
2.15 (1.86 to 2.49)
0.01

2.38 (2.10 to 2.71)
1.93 (1.69 to 2.21)
CONCISE METHODS
0.03

All models are adjusted for the recipient, transplant, and donor factors listed in Table 2. The HR are
estimated using a Cox proportional hazards model with time-varying dementia and AD. AD is a subtype
of dementia; therefore, the AD cases are a subset of the dementia cases. Dementia and AD are ICDreported diagnoses of dementia or AD.

and also from inadequate nutrition, the inability to chew and
swallow, personal safety issues, the inability to communicate new
symptoms, and infections, particularly pneumonia.33,34
This study has a few notable limitations. In order to identify
incident cases of dementia, we had to limit our population to
Medicare-primary KT recipients, a criterion which could differentially affect those under 65 and, thus, the generalizability. However, given that all ESRD patients requiring dialysis therapy are
eligible for Medicare, this is a common inclusion criterion in
studies of ESRD patients.35–40 Additionally, this national registry
does not capture important metrics of aging, like frailty and cognitive function, which may be predictors of incident dementia
1580

after KT. Nor does this national registry capture treatment for dementia and AD, information on a patient’s social environment, or cause
of death-censored graft loss or mortality. Also,
the distinction between the general category of
“dementia” versus the speciﬁc diagnosis of
“AD” is challenging in real-world clinical settings reﬂected in Medicare claims data, and
thus it is likely that the diagnosis of AD is an
underestimate. AD cannot be truly diagnosed without a postmortem pathologic conﬁrmation and it likely that the claims-based
diagnosis of AD more likely reﬂects a doctor’s
suspected diagnosis. Finally, our study was
based on observational data and, thus, it remains unclear whether preventing dementia
or AD would improve the rates of graft loss
and mortality among older KT recipients.
In conclusion, the risk of dementia and AD
among older KT recipients is substantially
greater than the previously published risks of
dementia and AD among older adults in general. A number of recipient, transplant, and donor factors can help predict post-KT dementia
and AD. Importantly, older KT recipients who
are diagnosed with dementia and AD are at increased risk of subsequent graft loss and at more
than twice the risk of death with a functioning
graft and mortality. The risk of dementia and
AD should be weighed against the burden of
dialysis and not adversely affect the decision to
transplant otherwise acceptable older KT candidates. There is the need for greater awareness
of the risk for dementia and AD in older patients
undergoing KT.
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Study Population

We studied 40,918 older (aged $55) kidney-only
transplant recipients between January 1, 1999 and
December 31, 2011, as reported to the Organ Procurement and Transplantation Network (OPTN) and linked to Medicare
claims by the US Renal Data System (USRDS). To allow for appropriate
longitudinal follow-up, the population was limited to those recipients with
Medicare as their continuous primary insurer post-KT. Donor, recipient,
and transplant factors were gleaned from the Scientiﬁc Registry of Transplant Recipients (SRTR). SRTR is a national registry that includes data on
all donors, waitlisted candidates, and transplant recipients in the United
States submitted by the member of the OPTN. The Health Resources and
Services Administration, US Department of Health and Human Services
provides oversight to the activities of the OPTN and SRTR contractors.
As is standard with SRTR and USRDS data, mortality and graft
loss were augmented through linkage with the Social Security Death
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Master File, data from the Centers for Medicare and Medicaid Services
(CMS), and waitlist data. Graft loss was deﬁned as irreversible graft
failure signiﬁed by return to long-term dialysis (ascertained from
CMS), listing for KT (ascertained from SRTR), or retransplantation
(ascertained from SRTR). Death with a functioning graft was deﬁned as
mortality without prior graft loss.

ICD-Reported Diagnosed Dementia and AD
Similar to other studies,41–45 we identiﬁed incident dementia (331.0,
331.1, 331.2, 331.7, 290.0, 290.1, 290.10, 290.11, 290.12, 290.13,
290.20, 290.21, 290.3, 290.40, 290.41, 290.42, 290.43, 294.0, 294.1,
294.8, 797) and AD (331.0) using ICD-9 codes. A previous publication
has reported the sensitivity and speciﬁcity of these Medicare claims as
0.85 and 0.89, respectively, for dementia and 0.64 and 0.95, respectively,
for AD.41 We considered an ICD-reported diagnosis of the AD subtype of
dementia, separate from an ICD-reported diagnosis of all-cause dementia, such that a recipient could have a diagnosis of non-AD dementia and
then a subsequent AD dementia or vice versa. Although dementia is
generally considered an absolute contraindication for transplantation,
we made sure to exclude all older KTrecipients with a claim for dementia
before KT; only 227 (0.6%) were excluded (ﬁnal sample n=40,918).

CLINICAL EPIDEMIOLOGY

Death-Censored Graft Loss, Death with a Functioning
Graft, and Mortality after Dementia and AD
We then estimated the HR for death-censored graft loss, death with a
functioning graft, and mortality associated with developing dementia
or AD using a Cox proportional hazard regression model. We considered dementia as time-varying exposure; in other words, older KT
recipients contributed person-time to the nondementia group until
the diagnosis of dementia, and then they contributed person-time to
the dementia group until graft loss, death with a functioning graft,
mortality, or administrative censoring (February 28, 2016). When
death with a functioning graft was the outcome we censored at graft
loss but did not do so when mortality was the outcome. We used a
parallel approach to study the effect of AD.

Statistical Analyses
All analyses were performed using Stata 14.0. The Johns Hopkins
Institutional Review Board approved the cohort study and the use
of SRTR data. This work was conducted with adherence to the Declaration of Istanbul.
This study was deemed exempt from consent by Johns Hopkins.

Predictors of Dementia and AD
We included recipient factors (sex, age, race, education level, body mass
index, hepatitis C virus status, cause of ESRD, history of hypertension,
history of diabetes, number of years on dialysis, previous KT, and peak
panel reactive antibody), transplant (year of KT, pre-emptive KT, number
of human leukocyte antigen mismatches, ABO incompatibility, and cold
ischemia time), and donor factors (age, race, hypertension, diabetes,
hepatitis C virus status, donation after cardiac death, and expanded criteria donor) as potential predictors. Induction agent (ATG, IL-2 receptor
antagonists, alemtuzumab, OKT3, or no induction) and maintenance
immunosuppression (steroid, tacrolimus, cyclosporine, mycophenolate
mofetil, mTOR, and azathioprine) were ascertained from SRTR and also
considered as predictors of dementia and AD.

Prediction Model for Post-KT Dementia and AD
We used survival analysis to estimate the incidence rate per year and
Cox proportional hazard regression models to identify recipient,
donor, and transplant factors that predicted incident dementia, censoring for end of follow-up (31 December, 2011), end of Medicare
coverage, mortality, or graft loss. The ﬁnal multivariate model of
recipient, donor, and transplant factors was selected based on optimal
parsimony by minimizing the Akaike Information Criterion. We then
calculated the Harrell C-statistic for the model to predict post-KT
dementia. However, because both death and graft loss represent competing risks for dementia, we estimated the associations between the
recipient, donor, and transplant factors and dementia using a competing risks survival regression based on the Fine and Gray proportional subhazards model.46 We tested for effect modiﬁcation of the
association between diabetes and dementia by age and sex. Using this
method, we estimated and plotted the cumulative incidence function,
i.e., the risk of being diagnosed with dementia by a given time. We
then tested whether type of induction and immunosuppression regimen was associated with dementia in the competing risks survival
model. We used a similar approach to identify predictors of AD.
J Am Soc Nephrol 28: 1575–1583, 2017
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