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Abstract

was not consistent.

also by hemodialysis itself.

Background: Chronic kidney disease is a major risk factor for dementia, but the influence of hemodialysis itself on
the development of dementia remains unclear. We previously reported that non-diabetic patients on maintenance
hemodialysis have preserved cognitive function; hemodialysis removes blood amyloid B (AB), which is a major cause

of Alzheimer’s disease in the brain; and the number of AR deposits in the postmortem brains of hemodialysis patients
was significantly less compared to that in age-matched controls not undergoing hemodialysis. We aimed to evaluate

the influence of hemodialysis on the development of dementia.

Methods: We accessed the Japanese Society for Dialysis Therapy Renal Data Registry between December 31, 2009,
and December 31, 2010. Dementia was identified in 120,101 patients undergoing maintenance hemodialysis.
The association between hemodialysis duration and dementia risk was analyzed using logistic regression analysis.
Results: There was a significant decrease in the dementia risk with an increase in the hemodialysis duration, with odds
ratios (95% confidence intervals) of 0.78 (0.74-0.82) and 0.88 (0.78-0.99) for every 10 years in non-diabetic and diabetic
patients, respectively. However, in diabetic patients, the correlation between hemodialysis duration and dementia risk

Conclusion: A longer hemodialysis duration was correlated with a lower dementia risk, but the correlation between
hemodialysis duration and dementia risk in diabetic patients was much weaker and vaguer than that in non-diabetic
patients. This finding does not appear to contradict greatly the assumption that the reduction in dementia
risk with a prolonged hemodialysis duration in non-diabetic patients was caused not only by the survivor effect but
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Background

Chronic kidney disease (CKD) is a major risk factor for
dementia [1, 2]. Fukunishi et al. [3] reported that the
annual incidence rate of dementia among elderly patients
was 7.4 times higher in those on hemodialysis than in
those from the general population. Lin et al. [4] showed
that there is no significant difference in dementia risk
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between patients undergoing hemodialysis and those
undergoing peritoneal dialysis. However, the influence
of long-term hemodialysis itself on the development
of dementia remains unclear.

Alzheimer’s disease (AD) is a major cause of dementia
[5], and the accumulation of amyloid  (Ap) protein in
the brain in this condition was thought to cause cognitive
impairment [6]. Moreover, the metabolic degradation of
AP and its clearance from the brain are impaired in
patients with AD [7]. If AP clearance from the brain can
be increased, it is considered that AD could be prevented
or even treated. To this end, treatment with antibodies
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against AP has been shown to result in cognitive improve-
ment and reduced AB burden in the brain among patients
with AD [8]. Furthermore, in a current human clinical
trial, patients with AD are being treated with peripheral
administration of albumin, which is an Ap-binding
substance, and this phase 2 trial already has reported
improved cognitive function in patients with AD [9]. Kato
et al. [10] showed that hemodialysis removes AP, and
Kitaguchi et al. [11] showed that cognitive function was
maintained or improved in most patients undergoing
maintenance non-diabetic hemodialysis over a period of
18 to 36 months. Sakai et al. [12] reported that the
deposition of AP in postmortem brain tissue was
decreased significantly in patients who had undergone
hemodialysis compared to that in age-matched
patients who had not undergone hemodialysis. Reusche et
al. [13] reported similar results. These reports suggest that
hemodialysis itself may prevent development of AD
through removal of AP from the blood.

The Japanese Society for Dialysis Therapy (JSDT) has
been conducting epidemiologic studies in dialysis
facilities throughout Japan since 1968. Since 1983,
more than 700,000 patients have been registered in an
electronic database, including those who have died
(JSDT Renal Data Registry [JRDR]) [14]. The influence
of hemodialysis therapy itself on the development of
dementia is unclear. Therefore, we evaluated the influence
of hemodialysis therapy itself on the development of
dementia using data from the JRDR.

Methods

Database search

The JSDT has been conducting annual surveys at dialysis
facilities in Japan since 1968, and since 1983, all patients
undergoing dialysis at the target facilities have been
registered in the JRDR for monitoring [14]. The present
study used the JRDR.

Subjects

Data from 282,010 patients undergoing chronic
hemodialysis therapy at the end of 2009 were extracted
from the JRDR (JRDR09002 dataset). At first, we
selected the target patients based on their status at the
end of 2009. To ensure uniformity of treatment
conditions of the target patients, we excluded patients
who underwent treatments other than hemodialysis.
Cerebrovascular disease (CVD) is known to be a major
risk factor for the development of dementia [5], but the
type of dementia expected to be responsive to the
preventive effects of hemodialysis is AD [10, 11].
Therefore, we excluded patients with preexisting brain
infarction or brain hemorrhage. Furthermore, to analyze
the dementia incidence, we excluded patients with
preexisting dementia and those with missing data at the
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end of 2009. A total of 149,534 patients were included in
the baseline dataset. Next, based on the data obtained at
the end of 2010, we excluded patients who had died,
were lost to follow-up, and had an unclear history of
dementia. To avoid the influence of dementia caused by
CVD, we excluded those with newly developed brain
infarction or hemorrhage and those without information
regarding these conditions. Finally, 120,101 patients
were included in the analysis.

Diabetic patients are regarded as a high-risk group for
AD and vascular dementia (VaD) [15]. Therefore, we
speculated that the effect of blood AB removal by
hemodialysis might be weakened by diabetes with strong
risk of dementia, particularly AD. Further, some parts of
dementia among diabetic patients are reported as inde-
pendent diseases because dementia developed in these
patients has unique pathologic conditions [16]. Thus, we
analyzed not only the whole target patient group but
also patients without (non-diabetic group, z =80,207)
and with (diabetic group, n = 39,894) diabetes separately.

The baseline characteristics of these patients are
summarized in Tables 1 and 2. The selection process for
the target patients is summarized in Fig. 1.

Dementia survey

The presence or absence of concomitant dementia, brain
infarction, and brain hemorrhage was investigated
through surveys conducted in 2009 and 2010 [14, 17].
The questions and possible answers are shown in
Table 3.

A note stating, “A patient’s primary doctor should
answer this question” was added. When assessing the
dementia risk, patients designated as “with dementia
(requiring no care)” and “with dementia (requiring care)”
at the end of 2010, but not in 2009, were recorded as
patients with newly developed dementia.

Covariates

Among the items included in the 2009 and 2010 surveys,
the following were used as covariates in a logistic
regression analysis: Kt/V for urea calculated with a single
pool model (Kt/V) [18]; body mass index (BMI),
predialysis serum albumin level (albumin level),
predialysis serum C-reactive protein level (CRP level),
and predialysis whole blood hemoglobin level (hemoglobin
level); history of myocardial infarction, limb amputation, or
hip fracture; activities of daily living (ADLs); and place
of residence. The response options for the questions
regarding history of brain infarction, brain hemorrhage,
myocardial infarction, limb amputation, and hip
fracture were “Yes” and “No.” The response options for
the items on ADLs and place of residence are presented
in the footnotes of Tables 1 and 2.
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- “JSDT 09002 dataset”
Chronic dialysis patients at the end of 2009: 282,010

28,233 patients who were not on facility hemodialysis
at the end of 2009 were excluded.

« Facility hemodialysis patients at the end of 2009:
253,777

104,243 patients who met any of the following conditions
at the end of 2009 were excluded.

* Any of essential information (age, sex, dialysis duration,
causes of ESRD, history of dementia, history of brain
hemorrhage and/or history of infarction) were missing

* The patients who had dementia

* The patients who had brain hemorrhage

* The patients who had brain infarction

+ Subjects for the dementia risk analysis

Facility hemodialysis patients at the end of 2009: 120,101
(80,207 non-diabetic patients and 39,894 diabetic
patients)

29,433 patients who met any of the following conditions
at the end of 2010 were excluded.
*Those who died or were missed
« Those whose history of dementia, brain hemorrhage
and/or brain infarction were unclear
* Those who newly got brain hemorrhage
*Those who newly got brain infarction

Fig. 1 Selection process for patients. Data from the Japanese Society for Dialysis Therapy (JSDT) Registry were used
A

Statistical analysis

All analyses were performed using the Statistical
Analysis System, version 9.4 (SAS Institute, Inc.,, Cary,
NC, USA). The incidence rate of dementia from the
end of 2009 to the end of 2010 was calculated using
the following formula: incidence rate of dementia
(cases/1000 person-years) =the number of patients
with newly developed dementia during the observa-
tion period (cases)/the total person-years of the
target patients during the observation period (person-
years) x 1000.

The time of dementia onset was not recorded in this
survey. Therefore, the length of follow-up for patients
who suffered dementia during 2010 was assumed to be
0.5 years when the incidence rate of dementia was
calculated.

Because of the lack of data on the time of dementia
onset, for the analyses of dementia risk, logistic
regression models were constructed. All P values were
two sided. In all models, the hemodialysis duration at

Table 3 The questions and answer options in the dementia survey

« Questions
Please indicate the presence or absence of dementia in the patient.

Please provide as much information as you can about the conditions
of the patient during dialysis treatment or consultation.

(Note that the primary doctor should provide the answer.)
« Answer options

Without dementia

Without dementia (requiring no care)

Without dementia (requiring care)

Unspecified

the end of 2009 was used as the independent variable
and the prevalence of dementia at the end of 2010 was
used as the dependent variable. In these analyses, age-
adjusted and multifactor models were used.

The age and hemodialysis duration values used in this
report were calculated as of the end of 2009. As age is
the most independent risk factor of dementia, the age-
adjusted model included only age and hemodialysis
duration as independent variables. The multifactor
model included baseline factors from the age-adjusted
model plus additional clinical covariates (i.e., sex; comor-
bidity of diabetes; Kt/V; BMIL; albumin level; CRP level;
hemoglobin level; history of myocardial infarction, limb
amputation, or hip fracture; ADLs; and place of
residence). Age, hemodialysis duration, Kt/V, BMI,
albumin level, CRP level, and hemoglobin level were
incorporated as continuous variables, whereas the other
factors were incorporated as stratified categorical variables
(Tables 1 and 2). A missing value of each covariate was
treated as “a missing value group” and was analyzed.

In the multifactor model analysis, we analyzed not
only the whole target patients but also non-diabetic and
diabetic patients separately, to compare the tendency of
dementia risk of these two patient groups. In these
separated analyses, we incorporated hemodialysis
duration as a stratified variable into the analytic model
to confirm the dementia risk trend associated with
elongation of hemodialysis duration. The hemodialysis
duration was stratified into the following intervals: O to
1,2t04,5t09, 10 to 14, 15 to 19, 20 to 24, and > 25 years.
Because patients initiated on hemodialysis within 2 years
frequently have significant residual renal function, we
considered hemodialysis duration of <2 years as a
separate category. The mean value of age, which is the
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most independent risk factor, was quite similar between
the hemodialysis duration groups (Tables 1 and 2).

Finally, to evaluate how the exclusion of patients by
the end of 2010 affected the results (Fig. 1, n =29,433),
we conducted the following sensitivity analyses. We
analyzed the dementia risk under the assumptions that
none of the excluded patients suffered dementia
(negative analysis) and that all excluded patients
suffered dementia (positive analysis). These analyses
were conducted on the non-diabetic and diabetic
patients separately, using the multifactor model.

Results

Diabetes and dementia risk

The overall dementia incidence was higher in diabetic
than in non-diabetic patients (35.5 cases/1000 person-
years; 95% confidence interval [CI], 33.8-37.3 vs. 30.9
cases/1000 person-years, 95% CI, 29.7-32.1; Table 4). In
the multifactor model analysis, the diabetic patients did
not have significant risk of dementia compared with
non-diabetic patients. (Table 5).

Covariates and dementia risk

The associations between the covariates and dementia
risk, which were obtained from the whole patient
analysis using the multifactor model, are shown in
Table 5. Female sex, elder age, and higher CRP level
were associated with higher dementia risk. The dementia
risk was higher in those with than in those without a
history of hip fracture, whereas the risk was lower in
those with than in those without a history of amputa-
tion. Predictably, reduced ADLs and residence at a
hospital or care facility were associated with dementia.

Table 4 Dementia incidence according to hemodialysis duration
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Hemodialysis duration and dementia risk

As shown in Table 4, there was a decrease in the dementia
incidence with an increase in hemodialysis duration in
non-diabetic patients, but there was no such association
in diabetic patients.

When we analyzed the whole target patient group,
which included those without and with diabetes
simultaneously, longer hemodialysis duration was
associated significantly with lower dementia risk in the
age-adjusted and multifactor model analyses (Fig. 2a).

On the other hand, when we analyzed patients without
and with diabetes separately, the analytic results were
different. In non-diabetic patients, longer hemodialysis
duration was associated significantly with lower demen-
tia risk in the age-adjusted and multifactor model
analyses, similar to the whole patient group analyses
(Fig. 2b). However, in diabetic patients, we found no
significant association between hemodialysis duration
and dementia risk in the age-adjusted model analysis.
The multifactor model analysis showed a significant
correlation between hemodialysis duration and dementia
risk, but the correlation was much weaker than that
found in non-diabetic patients (Fig. 2c).

Figure 3 shows the results of the analyses in which
hemodialysis duration was treated as a stratified but not
as a continuous variable. These analyses were done using
a multifactor model. Non-diabetic patients had a consist-
ent decrease in dementia risk with an increase in
hemodialysis duration from the shortest to the longest
duration strata (Fig. 3a). However, in contrast, diabetic
patients had only a vague association between
hemodialysis duration and dementia risk. The association
between hemodialysis duration and dementia risk was not
consistent along with the elongation of hemodialysis
duration (Fig. 3b). At less than 5 years of hemodialysis

Hemodialysis ~ Non-diabetic patients

Diabetic patients

duration (year) Number of Person-years Number of

Incidence rates of

Number of Person-years Number of  Incidence rates of

patients patients who dementia (cases/1000 patients patients who dementia (cases/1000
developed person-year) developed person-year)
dementia 95% Cl) dementia (95% Cl)
0-1 14,787 14,452.5 669 463 ( 429 - 499 ) 12756 12,500.0 512 358 (329 - 391 )
2-4 17,293 16,952.5 681 402 ( 373 - 433 ) 13342 13,053.0 578 391 (361 - 424 )
5-9 19,984 19,684.5 599 304 ( 281 - 330 ) 10273 10,085.5 375 322 (291 - 356 )
10-14 12479 12,3365 285 231 (206 - 259 ) 2785 27365 97 301 (247 - 368 )
15-19 7452 7398.0 108 146 (121 - 176 ) 605 593.0 24 345 (231 - 514 )
20-24 4138 4109.0 58 141 ( 109 - 183 ) 98 96.0 4 349 (131 - 931 )
25- 4074 4054.5 39 96 (70 - 132 ) 35 340 2 506 ( 127 - 2025 )
Total 80,207 78,987.5 2439 309 ( 297 - 321 ) 39894 39,0980 1592 355 ( 338 - 373 )

Incidence rate of dementia (cases/1000 person-years) = the number of patients with newly developed dementia during the observation period (cases)/the total
person-years of the target patients during the observation period (person-years) x 1000. The length of follow-up for patients with dementia was assumed to be 0.5 years

Cl confidence interval
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C-reactive protein, OR odds ratio
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ORs for development of dementia
for every 10 years of hemodialysis duration

Fig. 2 Dementia risk for hemodialysis duration. The dementia risk for hemodialysis duration was analyzed for each different patient group using
the age-adjusted or multifactor model. The age-adjusted model included only age and hemodialysis duration as independent variables. The
multifactor model included baseline factors from the age-adjusted model plus additional clinical covariates (i.e., sex, comorbidity of diabetes,
Kt/V, BMI, albumin level, CRP level, hemoglobin level, history of myocardial infarction, limb amputation, or hip fracture, ADLs, and place of residence).
The duration of hemodialysis was treated as a continuous variable. Please note that the X axis is a linear plot. a The target patients of the analysis were
the whole target patients. b The target patients of the analysis were only the non-diabetic patients. ¢ The target patients of the analysis
were only the diabetic patients. Asterisk indicates the number of patients who suffered dementia. Dagger indicates ORs for development
of dementia for every 10 years of hemodialysis duration. ADLs activities of daily living, BMI body mass index, Cl confidence interval, CRP

duration, the dementia risk seemed to increase along with
the elongation of the hemodialysis duration, but, on the
contrary, from five to 19 years, it seemed to decrease.
At over 20 years of hemodialysis duration, the dementia
risk seemed to increase again along with elongation of
the duration.

Figure 4 shows the result of sensitivity analysis. In the
negative and positive analyses in the non-diabetic
patients, the dementia risk decreased with increasing
hemodialysis duration (Fig. 4a). However, in the positive
analysis of diabetic patients, the risk of dementia tended
to increase with prolongation of hemodialysis duration
(Fig. 4b).

Discussion

Our study showed that the dementia risk in non-diabetic
patients decreased with prolongation of hemodialysis
duration. However, we must consider the survivor effect
when analyzing the relationship between hemodialysis
duration and dementia incidence.

The survivor effect is a bias caused by a prolonged
period of observation for incidence in the target cohort.
As the observation period increases, more patients with
risk factors will drop out from the target cohort upon
reaching the designated endpoints. As a result, the
incidence rate tends to decrease with an increase in the

observation period. In our study, hemodialysis duration
also was the exposure period, with hemodialysis as a risk
factor. Therefore, we must consider the survivor effect
of hemodialysis duration in this study.

On the other hand, CKD is a reported risk factor of
dementia [1, 2]. If we consider hemodialysis duration as
the exposure period and consider CKD as a risk factor, a
longer hemodialysis duration may be expected to
increase dementia risk. However, in our study, the
dementia risk in non-diabetic patients decreased as the
hemodialysis duration increased. This result may suggest
that the risk-reducing power of the survivor effect over-
came the risk-enhancing power of CKD in non-diabetic
patients throughout the entire hemodialysis period.
However, we could not necessarily identify a clear
relationship between dialysis duration and dementia risk
in diabetic patients.

In general, the survivor effect appears to be stronger
when more patients drop out from the target cohort as
they reach the designated endpoints. For example, the
dementia risk was significantly lower in patients with a
history of limb amputation (odds ratio [OR], 0.66 [95%
CI, 0.56-0.77]; the OR compares patients “with limb
amputation history” to those “without limb amputation
history”; Table 5). Moreover, previous research has
shown that the survival rate was low in hemodialysis
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Fig. 3 Dementia risk for hemodialysis duration as a stratified variable. The dementia risk for hemodialysis duration was analyzed as a stratified
variable using the multifactor model. The multifactor model included the following factors as independent variables: hemodialysis duration,
age, sex, comorbidity of diabetes, Kt/V, BMI, albumin level, CRP level, hemoglobin level, history of myocardial infarction, limb amputation, or
hip fracture, ADLs, and place of residence. Please note that the X axis is a log-linear plot. a The target patients of the analysis were only the
non-diabetic patients. b The target patients of the analysis were only the diabetic patients. Asterisk indicates the number of patients who
suffered dementia. Dagger indicates ORs for development of dementia. ADLs activities of daily living, BMI body mass index, CI confidence
interval, CRP C-reactive protein, OR odds ratio
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Fig. 4 Sensitivity analyses for the excluded patients’ influence evaluation. The sensitivity analyses were conducted to evaluate how the exclusion
of patients affected the results. We analyzed the dementia risk under the assumptions that none of the excluded patients had dementia (negative analysis)
and that all the excluded patients had dementia (positive analysis). These analyses were conducted using the multifactor model, which
included the following factors as independent variables; hemodialysis duration, age, sex, comorbidity of diabetes, Kt/V, BMI, albumin level,
CRP level, hemoglobin level, history of myocardial infarction, limb amputation, or hip fracture, ADLs, and place of residence. Please note
that the X axis is a linear plot. a The target patients of the analysis were only the non-diabetic patients. b The target patients of the analysis
were only the diabetic patients. Asterisk indicates the number of patients with dementia. Dagger indicates ORs for development of dementia for every
10 years of hemodialysis duration. ADLs activities of daily living, BMI body mass index, Cl confidence interval, CRP C-reactive protein, OR odds ratio
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patients with a history of limb amputation [19].
This also is confirmed in our mortality risk analysis
(Additional file 1: Table S1). The mortality risk
increased significantly when hemodialysis duration in-
creased in non-diabetic and diabetic (Additional file 1:
Table S2). However, the relationship between mortality
risk and hemodialysis duration was much stronger in the
diabetic patients than in non-diabetic patients. Based
on these findings, we may be able to assume that the
survivor effect was stronger in diabetic patients than
in non-diabetic patients. However, the relationship
between dementia risk and hemodialysis duration in
diabetic patients was much weaker or vaguer than
that in non-diabetic patients (Figs. 2 and 3). Therefore, we
might be able to consider that the reduction in dementia
risk with prolonged hemodialysis duration in non-diabetic
patients was caused not only by the survivor effect but
also by some other factors, such as hemodialysis itself.

AD is a major cause of dementia [5], in which accu-
mulation of AP in the brain results in cognitive impair-
ment [6]. Moreover, in these patients, the metabolic
degradation of AP and its clearance from the brain are
impaired [7]. If AP clearance from the brain can be
increased, AD might be prevented or even treated. It has
been shown that hemodialysis removes AP [10] and that
the cognitive function of non-diabetic patients was
maintained or improved among those undergoing
maintenance hemodialysis over a period of 18 to
36 months [11]. Additionally, AB deposition was signifi-
cantly weaker in the postmortem brains of patients who
had undergone hemodialysis than in age-matched
controls who had not undergone hemodialysis [12], and
this finding is comparable to the finding in the study by
Reusche et al. [13]. Although Lin et al. [4] showed that
there is no significant difference in dementia risk
between patients undergoing hemodialysis and those
undergoing peritoneal dialysis, Jin et al. [20] showed that
AP removal from the blood by peritoneal dialysis also
reduces AP in the brain interstitial fluid. These reports
suggest that hemodialysis might reduce the dementia
risk through removal of AP from the blood of patients.

It is known that hemodialysis patients have a high
morbidity risk of cerebrovascular events [21], and CVD
is a major risk factor for VaD. We excluded patients with
a clear history of CVD (Fig. 1). Therefore, we may
assume that most cases in our analysis had a type of
dementia other than VaD. In the study by Sekita et al.
[22] on dementia in the general population in Japan,
approximately 46% of individuals had AD and 30% had
VaD. If we apply this finding to our study in which
patients with CVD were excluded, we might be able to
assume that approximately two thirds of our patients
with dementia had AD. However, we may have to
consider the possibility that patients suffered VaD without
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presenting with clear symptoms of CVD, and it is known
that patients with CKD tend to experience VaD rather
than AD [23]. Therefore, we may have to consider that
the patients with dementia among our target patients still
include many with VaD. However, it is reported that the
vascular lesion of patients with CKD also is a risk for AD
[24]. Furthermore, it has been reported that many patients
with cerebrovascular dementia have concomitant AD [5];
thus, we believe that hemodialysis may suppress the devel-
opment of dementia in this patient group to some extent.

In this survey, despite the notification that the primary
physician should determine the presence or absence of
dementia, no standard criteria were specified and there
was no information on dementia severity. We cannot
exclude the possibility that this ambiguity of dementia
diagnosis influenced the analytic results. Patients with
long hemodialysis duration might be well known by their
own physicians in charge. This situation might make it
easier for the physicians to be aware of their patients’
dementia. On the other hand, the physicians might tend
to answer “without dementia” from force of habit.
However, even if we suppose the possibility of “negative
diagnosis bias” of long-term dialysis patients, we cannot
explain the reason why the risk suppression effect of
hemodialysis duration in diabetic patients is weaker than
that of non-diabetic patients.

On assessing patients in this study, we found no
apparent relationship between hemodialysis duration
and age (Tables 1 and 2). Moreover, the influence of age
was adjusted using the logistic regression analysis.
Therefore, it is difficult to consider that a deviation in
age with a prolonged hemodialysis duration affected the
analytical results.

The discontinuation of dialysis after dementia onset by
a substantial number of patients could exacerbate the
survivor effect. However, among the 8367 patients
excluded from our analytical cohort due to death during
2010, only 33 (0.4%) died due to discontinuation of
dialysis. Thus, discontinuation of dialysis does not
appear to contribute substantially to the survivor effect.

Considering the aforementioned findings, the assump-
tion that hemodialysis itself may prevent development
of AD in non-diabetic patients does not appear to have
a major conflict with our results. Our results may not
show clearly the dementia-preventing effect of
hemodialysis therapy. However, if we can interpret this
result as “the first finding,” showing the dementia-
preventing effect of hemodialysis therapy based on the
real clinical data obtained from a large cohort of
patients, this result may have important implications in
the prevention of dementia. Therefore, we reported this
result in this study.

Although hemodialysis is considered to be preventive
against the incidence of dementia, it does not imply that
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the incidence of dementia in the hemodialysis patients is
absolutely lower than that in the general population.
The incidence of dementia in the > 65-year-old target
patients was 50.0 and 59.0 cases/1000 person-years
among those without and with diabetes, respectively
(Additional file 1: Table S3). On the other hand, it is
reported that the incidence of dementia in the > 65-year-
old Japanese general population was 30.5-35.6 cases/
1000 person-years [25]. This finding suggests that the
absolute value of the incidence of dementia in
hemodialysis patients is still higher than that in the
general population. This may suggest that the dementia
risk-reducing effect of hemodialysis did not overcome
the risk caused by CKD itself, which every hemodialysis
patient faced.

Because it is known that renal failure patients without
hemodialysis have a 2.86 times higher risk of cognitive
impairment than healthy subjects [2], we consider that
the high dementia risk of hemodialysis patients may not
have resulted from hemodialysis therapy but from their
renal failure. There may be some patients who had
dementia or cognitive impairment prior to dialysis
initiation. Therefore, in this study, we evaluated the
relationship between dementia risk and the patients’
hemodialysis duration.

In the present analysis, we found no significant risk of
dementia related to Kt/V (Table 5). Kt/V is considered
to be the dialysis efficiency indicator of the small
substance because the target substance of Kt/V is urea
and its molecular weight is only 60 Da. On the other
hand, the molecular weight of AP, which is considered
to be related to the occurrence of AD, is 4 kDa and is
much heavier than urea. Recently, Kawaguchi et al. [26]
reported that dialyzers remove A from the blood, not
by the dialysis phenomenon but by adsorption during
hemodialysis therapy [26]. Kato et al. [10] also reported
that the reduction rate of blood AP concentration of a
4-h hemodialysis session is approximately 34.9 to 53.0%.
Based on these reports, we may be able to assume that
the reduction rate of AP in our target patients was simi-
lar to that reported by Kato et al. [10]. These findings
suggest that our result of Kt/V having no dementia risk
does not necessarily conflict with our hypothesis that
the hemodialysis prevents development of AD through
removing Ap.

Regarding removal of large molecular weight substances
from the blood, the hemodiafiltration therapy, which uses
dialysis and the filtration phenomenon, generally is
considered to have a higher efficiency than hemodialysis.
However, because the main mechanism of removing
AP from blood is not dialysis but the adsorption
phenomenon of the dialyzer membrane, we may be
able to consider that the choice of blood purification
method, such as hemodialysis or hemodiafiltration,
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may not make much difference in the dementia
preventive effect.

Diabetes is a known risk factor for dementia [15].
Hanyu et al. [16] recently mentioned that dementia in
diabetic patients should be regarded as an independent
disease (i.e., diabetes-related dementia) because it results
from pathologic conditions related to diabetes. Following
their concept, we separated the target patients based on
their comorbidity of diabetes in our study. A unique
disease entity causing dementia also may explain the
weak or absent association between hemodialysis
duration and dementia risk in diabetic patients. In our
analysis, the multifactor model showed no significant
dementia risk in diabetic patients compared with non-
diabetic patients (Table 5). When we tentatively analyzed
the dementia risk for the comorbidity of diabetes using a
simple analytic model that contains only age and
hemodialysis duration as covariates other than comor-
bidity of diabetes, we showed that diabetic patients
had a significant OR for dementia of 1.13 (95% CI,
1.07-1.20, P =0.0001; Additional file 1: Table S4). We
considered that this finding may show that the
influence of the comorbidity of diabetes was confounded
by other covariates in the multifactor model analysis.

We conducted a sensitivity analysis to evaluate how
the exclusion of patients by the end of 2010 affected the
results. In the negative and positive analyses of non-
diabetic patients, the dementia risk decreased with
increasing hemodialysis duration (Fig. 4a). This result
suggested that the exclusion of patients by the end of
2010 did not affect the relationship between dementia
risk and hemodialysis duration among the non-diabetic
patients. Although the negative analysis of diabetic
patients showed that the dementia risk decreased with
prolongation of hemodialysis duration, the positive
analysis of diabetic patients showed to the contrary that
the risk of dementia increased with prolongation of
hemodialysis duration (Fig. 4b). This result showed that
the dementia risk possibly may increase along with
prolongation of hemodialysis duration in diabetic
patients. But the diabetic patients may also have a weak
negative relationship between the dementia risk and
their hemodialysis duration because the multifactor
model analysis of the diabetic patients showed a weak
but significant negative relationship between the demen-
tia risk and hemodialysis duration (Fig. 2c).

Our analysis showed that advancing age, female sex, a
high CRP level, history of hip fracture, low ADLs, and
admission to facilities or hospitals were significant risk
factors for dementia (Table 5). These risk factors have
been reported as significant for dementia in previous
studies [27-30]. Anemia has been reported to be a risk
factor for cognitive impairment [31]. However, our
analysis did not show a significant association between
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hemoglobin level and dementia risk. We considered that
the effects of hemoglobin on dementia probably were
confounded by other covariates (Additional file 1: Table S5).
Our study had several limitations. First, the diagnostic
criteria for dementia were not specified clearly, and the
assessment of dementia was based on a simple query to
the respondents at each facility. Despite the notification
that the primary physician should determine the
presence or absence of dementia, no standard criteria
were specified and there was no information on demen-
tia severity. Second, the database used did not include
many factors, including hypertension, hyperlipidemia,
low socioeconomic status, and low education status,
which have been reported to affect dementia risk in
patients with CKD [32]. Third, we could not completely
exclude survivor bias despite our efforts to mitigate the
effect by incorporating many covariates in the regression
model. To resolve these problems in the future, exten-
sive cohort studies should be performed among patients
undergoing hemodialysis and care should be taken to
collect detailed information related to the onset of AD.

Conclusion

A longer hemodialysis duration was correlated with a
lower dementia risk in non-diabetic patients, but not
in diabetic patients. This finding does not appear to
contradict greatly the assumption that the reduction
in dementia risk with a prolonged hemodialysis
duration in non-diabetic patients was caused not only
by the survivor effect but also by hemodialysis itself.

Additional file

Additional file 1: Table S1. Mortality risk analysis. Table S2. Mortality
risk with hemodialysis duration. Table S3. Dementia incidence of the
subjective patients of the present study whose age is more than 65 years
old. Table S4. Dementia risk of diabetes calculated using a simple
analytic model. Table S5. Dementia risk of hemoglobin level calculated
using a simple analytic model. (DOC 13433 kb)
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