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Abstract
Background: The challenges of the COVID-19 pandemic extend to concerns about vaccine side effects, particularly potential links to
neurodegenerative diseases such as Alzheimer’s disease (AD).

Aim: This study investigates the association between COVID-19 vaccination and the onset of AD and its prodromal state, mild
cognitive impairment (MCI).
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Design: A nationwide, retrospective cohort study leveraging data from the Korean National Health Insurance Service was conducted.

Methods: The study, conducted in Seoul, South Korea, analyzed data from a random 50% sample of city residents aged 65 and
above, totaling 558 017 individuals. Participants were divided into vaccinated and unvaccinated groups, with vaccinations
including mRNA and cDNA vaccines. The study focused on AD and MCI incidences post-vaccination, identified via ICD-10 codes,
using multivariable logistic and Cox regression analyses. Patients with vascular dementia or Parkinson’s disease served
as controls.

Results: Findings showed an increased incidence of MCI and AD in vaccinated individuals, particularly those receiving mRNA
vaccines, within three months post-vaccination. The mRNA vaccine group exhibited a significantly higher incidence of AD (odds
ratio [OR]: 1.225; 95% confidence interval [CI]: 1.025-1.464; P=0.026) and MCI (OR: 2.377; CI: 1.845-3.064; P < 0.001) compared to the
unvaccinated group. No significant relationship was found with vascular dementia or Parkinson’s disease.

Conclusions: Preliminary evidence suggests a potential link between COVID-19 vaccination, particularly mRNA vaccines, and
increased incidences of AD and MCI. This warrants the need for further research to elucidate the relationship between vaccine-
induced immune responses and neurodegenerative processes, advocating for continuous monitoring and investigation into the vac-

cines' long-term neurological impacts.

Introduction

The emergence of coronavirus disease 2019 (COVID-19) pan-
demic, caused by severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) in late 2019, swiftly necessitated the
development of effective vaccines, leading to an unprecedented
global vaccination campaign.® The rapid pace of these vaccines'
development and their critical role in controlling the virus
spread and reducing disease severity have been remarkable.>™*
Despite the demonstrated efficacy of COVID-19 vaccinations in
preventing severe illness, hospitalizations and deaths associ-
ated with COVID-19,” concerns about potential long-term side
effects remain a subject of ongoing research and pub-
lic concern.®

Alzheimer's disease (AD), a progressive neurodegenerative dis-
order, represents a significant public health concern, especially
with an aging global population.” The complex etiology of AD,
influenced by genetic, environmental and lifestyle factors,®
makes understanding any potential links between widely admin-
istered COVID-19 vaccines and the development or progression
of AD crucial. Yet, to date, there is a scarcity of data on this po-
tential association.” Given the potential association between
long-COVID syndrome and neurodegenerative disorders, it would
also be important to assess subjects who received vaccinations
but do not yet have long-COVID syndrome to better understand
the association between COVID-19 vaccination and the develop-
ment of the AD continuum.*®**

This report aims to explore the potential association between
COVID-19 vaccination and the development of AD and its prodro-
mal state, mild cognitive impairment (MCI), by examining
National Health Insurance Service (NHIS) data from Seoul, South
Korea. The study's strength lies in its large sample size and the
use of the comprehensive NHIS database and the early assess-
ment of subjects before the Omicron pandemic to better describe
the nature of COVID-19 vaccinations beyond or before the effect
of long-COVID syndrome on AD development.

Methods
Data source

This retrospective cohort study analyzed data from the Korean
NHIS, selecting a random 50% sample of Seoul's population resid-
ing in the city as of 1 January 2021, to assess the incidence of AD
and MCI following COVID-19 vaccination. The dataset, detailed
with medical records from 2020 to 2021, adhered to the
International Classification of Diseases, 10th Revision (ICD-10),
for consistent disease categorization.™® This study was performed
in accordance with the ethical standards as laid down in the

1964 Declaration of Helsinki and its later amendments, and
was conducted following the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines, en-
abling a detailed population-based cohort analysis by utilizing the
extensive medical claims and diagnostic data from the NHIS.*?

Study population

This study encompassed 4 348412 Seoul residents, randomly se-
lected from the NHIS, amounting to half of the city's population
as of 1January 2021. After excluding individuals under 20years,
4203887 people remained for analysis. As of 30 September 2021,
3839014 were identified as vaccinated and 364873 as non-
vaccinated. Inclusion criteria were limited to individuals who
had received both doses of the COVID-19 vaccine by 30
September 2021; those who did not receive their second dose by
this deadline were omitted. Consequently, 2154389 vaccinated
and 350953 non-vaccinated individuals were left after further ex-
cluding deceased subjects. The index date for vaccinated individ-
uals was the date of their second dose received by 30 September
2021, while for non-vaccinated individuals, it was established as
1 October 2021. Ultimately, 558017 individuals aged 65 or older
(519330 vaccinated; 38687 unvaccinated) were included in the
analysis (Figure S1in the Supporting Information, Table 1).

To assess the link between vaccination and the onset of spe-
cific diseases, medical records from a year prior to the index date
were reviewed and participants with any record of the pertinent
diseases during this period were excluded (Figure S1 in the
Supporting Information). The onset of the diseases was marked
by a primary or secondary diagnosis after the index date.
Diseases were identified using ICD-10 codes, covering a range of
conditions including MCI, AD, vascular dementia, other forms of
dementia, Parkinson’s disease (PD), neurodegenerative disorders,
cranial neuropathy, autonomic dysfunction, insomnia and obe-
sity.** Detailed definitions of each ICD-10 code are provided in
Table S1 in the Supporting Information. Briefly, AD was
defined when the diagnostic code of FOO (dementia in Alzheimer
disease) or G30 (Alzheimer disease) was registered; MCI was de-
fined when the diagnostic code F06.7 (mild cognitive disorder)
was registered.

Outcome measurements

The incidence of AD and MCI in the vaccinated population was
compared with that in the unvaccinated population after con-
trolling for potential confounders. Multivariable logistic regres-
sion and Cox regression models were employed to assess the
association between COVID-19 vaccination and subsequent MCI
and AD development. We also investigated the incidence of post-
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Table 1. Baseline characteristics of the participants stratified by COVID-19 vaccination.
Total P
No Yes
(n=558017) (n=38687) (n=519330)
Gender, n (%) <0.001
Male 265 718 (47.62) 15 746 (40.70) 249 972 (48.13)
Female 292 299 (52.38) 22 941 (59.30) 269 358 (51.87)
Age, mean (SD), years 72.90 (6.57) 75.23 (8.67) 72.73 (6.35) <0.001
60-69 years, n (%) 220 084 (39.44) 13297 (34.37) 206 787 (39.82)
70-79years, n (%) 244 137 (43.75) 14 169 (36.62) 229 968 (44.28)
>80years, 1 (%) 93796 (16.81) 11221 (29.00) 82575 (15.90)
Insurance level, n (%) <0.001
Low 154 979 (27.77) 12 402 (32.06) 142 577 (27.45)
Middle 123 290 (22.09) 9389 (24.27) 113901 (21.93)
High 279 748 (50.13) 16 896 (43.67) 262 852 (50.61)
CCL n (%) <0.001
0 243 918 (43.71) 22 614 (58.45) 221304 (42.61)
1 144 394 (25.88) 6411 (16.57) 137 983 (26.57)
>2 169 705 (30.41) 9662 (24.97) 160 043 (30.82)
Comorbidity, n (%)
Diabetes mellitus 42 315 (7.58) 2463 (6.37) 39852 (7.67) <0.001
Hyperlipidemia 169 336 (30.35) 8286 (21.42) 161 050 (31.01) <0.001
Hypertension 313681 (56.21) 13 336 (34.47) 300 345 (57.83) <0.001
COPD 309 643 (55.49) 15131 (39.11) 294 512 (56.71) <0.001
Prior COVID-19 infection, n (%) 3905 (0.70) 510 (1.32) 3395 (0.65) <0.001
First vaccination product, n (%)
AZD1222 327 358 (63.03) NA 327 358 (63.03) NA
BNT162b2 191601 (36.89) 191 601 (36.89)
mRNA-1273 371 (0.07) 371 (0.07)
Second vaccination product, n (%)
AZD1222 320137 (61.64) NA 320137 (61.64) NA
BNT162b2 198820 (38.28) 198 820 (38.28)
MRNA-1273 372 (0.07) 372(0.07)
JNJ-78436735 1 (0.00) 1 (0.00)
First to second vaccination product, n (%)
AZD1222-A7D1222 320 135 (61.64) NA 320 135 (61.64) NA
AZD1222-BNT162b2 7222 (1.39) 7222 (1.39)
AZD1222-JNJ-78436735 1 (0.00) 1 (0.00)
BNT162b2-AZD1222 2(0.00) 2(0.00)
BNT162b2-BNT162b2 191 598 (36.89) 191 598 (36.89)
BNT162b2-mRNA-1273 1(0.00) 1(0.00)
mMRNA-1273-mRNA-1273 371 (0.07) 371(0.07)
First to second vaccination type, n (%)
No vaccination 38687 (6.93) 38 687 (100.00) 0 NA
mRNA vaccination only 191 970 (34.40) 0 191 970 (36 96)
cDNA vaccination only 320 135 (57.37) 0 320135 (61.64)
Heterologous vaccination 7225 (1.29) 0 7225 (1.39)
Vaccination interval, months, mean (SD) 56.76 (26.57) 0 (0) 56.76 (26.57) NA

COVID-19, coronavirus disease 2019; n, number; SD, standard deviation; CCI, Charlson comorbidity index; COPD, chronic obstructive pulmonary diseases;

AZD1222, AstraZeneca ChAdOx1-S recombinant vaccine; BNT162b2, Pfizer-BioNTech Comirnaty; mRNA-1273, Moderna Spikevax; JNJ-78436735, Janssen/Johnson
and Johnson COVID-19 vaccine; NA, not applicable or not available.

vaccination vascular dementia and PD as control groups for AD
to better understand the potential causes underlying abnormal
protein aggregation after the vaccination.

The study measured the cumulative incidence rates of MCI or
AD per 10000 individuals, comparing vaccinated and non-
vaccinated groups at intervals of one week, two weeks, one
month and three months post-vaccination. The covariates in-
cluded were gender, age, insurance level, Charlson comorbidity
index (CCI),** diabetes mellitus, hypertension, hyperlipidemia,
chronic obstructive pulmonary disease and a history of previous
COVID-19 infection. The identification of comorbidities and pre-
vious COVID-19 infections was based on primary or secondary di-
agnoses recorded at least twice within the year preceding the
index date.

Participants were categorized into four groups according to
their vaccination status: unvaccinated, mRNA vaccine only,
cDNA vaccine only and a combination of the two. The mRNA
vaccine-only group received the Pfizer-BioNTech (BNT162b2) or

Moderna (mRNA-1273) vaccines for both doses, while the cDNA
vaccine-only group completed the Oxford-AstraZeneca
(ChAdOx1 nCoV-19) or Johnson & Johnson (Ad26.COV2-S) vac-
cines. A heterologous vaccine group consisted of individuals vac-
cinated with both mRNA and cDNA vaccines. The National
Health Insurance (NHI) premium, reflecting monthly income lev-
els including earnings and capital gains, was used as a proxy for
income. The study categorized participants into three income
groups: low, middle and high, based on medical aid enrollees and
percentiles (0-33%, 34-66%, 67-100%) among NHI enrollees. The
CCI diseases were monitored, and participants were classified as
having a CCI score of 0, 1 or >2 based on primary or second-
ary diagnoses.

Statistical analysis

Statistical evaluations in this study were conducted using SAS
Enterprise Guide (version 8.3, SAS Institute, Cary, NC, USA). The
distribution normality of the data was verified using the
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Table 3. Hazard ratio (HR) of mild cognitive impairment (MCI) and Alzheimer’s disease (AD) following COVID-19 vaccination.
Disease Variables Value HR 95% CI P
MCI 1st-2nd vaccination type No vaccination 1 Ref
mRNA vaccination only 2.342 1.818-3.018 <0.001
cDNA vaccination only 1.742 1.332-2.278 <0.001
Heterologous vaccination 2.088 1.253-3.481 0.005
Gender Female 1.615 1.457-1.789 <0.001
Age Year 1.037 1.026-1.047 <0.001
Insurance level Low 1 Ref
Middle 0.963 0.828-1.120 0.628
High 1.228 1.091-1.381 0.001
CCI 0 1 Ref
1 1.143 0.998-1.308 0.053
>2 1.173 1.010-1.362 0.036
Comorbidity Diabetes mellitus 0.820 0.718-0.936 0.003
Hypertension 0.760 0.681-0.848 <0.001
Hyperlipidemia 1.174 1.045-1.319 0.007
COPD 1.089 0.910-1.301 0.352
COVID19 1.570 0.973-2.532 0.065
AD 1st-2nd vaccination type No vaccination 1 Ref
mRNA vaccination only 1.209 1.013-1.444 0.036
cDNA vaccination only 0.806 0.633-1.027 0.081
Heterologous vaccination 0.337 0.083-1.373 0.129
Gender Female 1.253 1.115-1.409 <0.001
Age Year 1.140 1.131-1.149 <0.001
Insurance level Low 1 Ref
Middle 1.044 0.893-1.220 0.591
High 0.838 0.735-0.956 0.008
CCI 0 1 Ref
1 1.042 0.886-1.225 0.623
>2 1.082 0.905-1.294 0.386
Comorbidity Diabetes mellitus 1.203 1.032-1.403 0.018
Hypertension 0.874 0.768-0.995 0.042
Hyperlipidemia 0.761 0.665-0.871 <0.001
COPD 1.024 0.837-1.253 0.816
COVID19 0.907 0.452-1.818 0.782

COVID-19, coronavirus disease 2019; CI, confidence interval; CCI, Charlson comorbidity index; COPD, chronic obstructive pulmonary diseases; NA, not applicable

or not available.

Kolmogorov-Smirnov test. We presented baseline characteristics
as means + standard deviation for continuous metrics and as fre-
quency (percentages) for categorical factors. The impact of
COVID-19 vaccination on the occurrence of MCI or AD was
analyzed using Student’s t-test for continuous variables, and chi-
square or Fisher’s exact tests for categorical variables. The cu-
mulative incidence rates were calculated as occurrences per
10000 individuals. Multiple logistic regression was employed to
determine odds ratios (ORs) and their 95% confidence intervals
(CIs) for the association between COVID-19 vaccination and MCI
or AD development. Cox proportional hazards models were uti-
lized to compute hazard ratios (HRs) and their 95% CIs. A P-val-
ues threshold of <0.05 (two-sided) was set for determining
statistical significance.

Ethical approval

The study was approved by the Institutional Review Board of the
Ewha Women'’s University Hospital (IRB No. EUMC 2022-07-003)
and the requirement for informed consent was waived by the
IRB. All data were anonymized before retrieval.

Results

Baseline characteristics of the participants stratified by COVID-
19 vaccination status are provided in Table 1. In individuals with
mRNA vaccination only, the three-month post-vaccination inci-
dence was significantly higher for MCI (OR: 2.377; 95% CI: 1.845-
3.064; P<0.001) and AD (OR: 1.225; CI: 1.025-1.464; P=0.026)
compared to those unvaccinated. Individuals who received cDNA

vaccines only (OR: 1.763; CI: 1.348-2.306; P<0.001) and cross-
vaccination (OR: 2.114; CI: 1.267-3.525; P=0.004) also exhibited a
significant increase in MCI incidence compared to those unvacci-
nated (Table 2). The risk of developing MCI and AD after the vac-
cination remained unchanged, particularly in the mRNA
vaccination group, compared to the unvaccinated groups. The
HR for MCI in individuals vaccinated only with mRNA vaccines
was 2.342 (95% CI: 1.818-3.018, P<0.001), with cDNA vaccines
only was 1.742 (95% CI: 1.332-2.278, P < 0.001) and with heterolo-
gous vaccination was 2.088 (95% CI: 1.253-3.481, P=0.005). For
AD, the HR in individuals vaccinated only with mRNA vaccines
was 1.209 (95% CI: 1.013-1.444, P=0.036; Table 3). The study
found no significant association between COVID-19 vaccination
and the development of vascular dementia and PD (Table 4).

Discussion

This nationwide, population-based study explored the incidence
rates of AD and MCI following COVID-19 vaccination in Seoul,
Republic of Korea, revealing a higher incidence in the vaccinated
group compared to the unvaccinated group. Notably, this in-
crease was observed as early as 12 weeks post-mRNA vaccina-
tion, suggesting its potential temporal association with the onset
of AD continuum.

The observed trend raises questions about the role of vaccine-
induced immune responses in neurodegenerative processes.
COVID-19 vaccines, particularly mRNA types, are designed to
elicit robust immune response.’ This response could potentially
influence the pathogenesis of AD, characterized by abnormal
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Table 4. Hazard ratio (HR) of vascular dementia and Parkinson’s disease following COVID-19 vaccination.

Disease Variables Value HR 95% CI P
Vascular dementia 1st-2nd vaccination type No vaccination 1 Ref
mRNA vaccination only 1.230 0.548-2.761 0.616
cDNA vaccination only 0.786 0.287-2.147 0.638
Heterologous vaccination NA NA NA
Gender Female 0.846 0.539-1.329 0.468
Age Year 1.100 1.059-1.142 <0.001
Insurance level Low 1 Ref
Middle 0.694 0.345-1.395 0.305
High 0.915 0.550-1.522 0.733
CCI 0 1 Ref
1 1.524 0.781-2.974 0.217
>2 2.149 1.084-4.261 0.029
Comorbidity Diabetes mellitus 0.944 0.539-1.651 0.839
Hypertension 0.824 0.494-1.375 0.459
Hyperlipidemia 0.886 0.519-1.512 0.656
COPD 1.247 0.635-2.446 0.522
COVID19 NA NA NA
Parkinson’s disease 1st-2nd vaccination type No vaccination 1 Ref
mRNA vaccination only 1.129 0.649-1.963 0.668
cDNA vaccination only 0.830 0.450-1.532 0.552
Heterologous vaccination 0.495 0.064-3.824 0.500
Gender Female 0.768 0.576-1.024 0.072
Age Year 1.045 1.017-1.074 0.002
Insurance level Low 1 Ref
Middle 0.750 0.494-1.139 0.177
High 0.824 0.596-1.139 0.241
CCI 0 1 Ref
1 1.415 0.948-2.112 0.089
>2 1.803 1.189-2.736 0.006
Comorbidity Diabetes mellitus 0.638 0.437-0.932 0.020
Hypertension 0.994 0.718-1.376 0.969
Hyperlipidemia 0.912 0.650-1.278 0.592
COPD 0.960 0.583-1.579 0.871
COVID19 0.714 0.100-5.101 0.737

COVID-19, coronavirus disease 2019; CI, confidence interval; CCI, Charlson comorbidity index; COPD, chronic obstructive pulmonary diseases; NA, not applicable

or not available.

protein aggregation, namely amyloid-beta plaques and tau tan-
gles.’® As the mRNA encoded in the SARS-CoV-2 vaccine is
known to cross the blood-brain barrier, or at least disrupt the
barrier, the SARS-CoV-2 spike protein might interact with
amyloid-beta proteins, affecting their aggregation and influenc-
ing microglial activation.” This interaction may potentially exac-
erbate the cognitive decline associated with AD by promoting an
environment conducive to inflammation and protein misfold-
ing."” Additionally, lipid nanoparticles in mRNA vaccines can ac-
tivate Toll-like receptors, leading to inflammatory reactions that
might exacerbate neuroinflammatory pathways associated with
AD pathogenesis.'” Such inflammatory reactions may trigger a
cytokine storm involving interleukin-1 beta and tumor necrosis
factor-alpha, which have been implicated in both acute and
chronic neuroinflammatory responses that accelerate the pro-
gression of AD.'® Furthermore, N1-methylpseudouridine in
mRNA vaccines may cause ribosomal frameshifting during trans-
lation, resulting in aberrant protein products that could contrib-
ute to neurodegenerative processes.’® These aberrant proteins
could disrupt normal cellular functions, including autophagic
processes, and thereby lead to the accumulation of neurotoxic
protein aggregates that are hallmark features of AD.?° Albeit not
confirmed, the molecular mimicry related to S-protein formed by
SARS-CoV-2 vaccine should also be considered as a source of au-
toimmune responses potentially exacerbating AD pathology.?*
Moreover, vaccines could induce a cascade of low level neuroin-
flammatory responses, known contributors to the development
and progression of neurodegeneration.’ Further exploration of

these mechanisms could provide additional insights into the
long-term effects of mRNA vaccines on the central nervous sys-
tem and their potential link to neurodegenerative diseases, in-
cluding AD.

The higher incidence of AD post-vaccination in older individu-
als and females might reflect demographic differences in AD as
well as in immune response to vaccines. Older adults often ex-
hibit a heightened inflammatory response, which could predis-
pose them to faster progression of neurodegenerative diseases.??
Similarly, sex differences in immune system functioning could
account for the increased susceptibility observed in females.??

The distinct post-vaccination effects were not observed in the
development of vascular dementia compared to the results from
MCI and AD. This lack of association suggests that the observed
increase in AD continuum incidence post-vaccination might be
specific to Alzheimer's pathology and not to the vascular etiolo-
gles of dementia (Table 4). No increase in the incidence and risk
of PD after the vaccination, in line with a previous report,” may
indicate a potential link between COVID-19 vaccination and ab-
normal aggregation in specific proteins, which findings need to
be verified in long-term follow-up studies (Table 4).

We excluded participants with prior diagnoses of pertinent
diseases, including MCI and AD from our study to reduce the risk
of reverse causation. The absence of an increase in HRs in PD and
vascular dementia also supports the strong association between
COVID-19 vaccination and AD continuum. If reverse causation
was at play, we would expect to see similar effects in other neu-
rodegenerative or acute neurological conditions like PD and
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vascular dementia. However, despite these efforts and findings,
the potential for reverse causation cannot be entirely ruled out.
The early increase in the incidence of AD continuum may have
also contributed to the initial vaccinating policy of the country,
such that the elderly or those with illness, who may have a
higher risk of AD or MCI, were more likely to be vaccinated at
the beginning.

The study's strength lies in its large sample size and the use
of the comprehensive NHIS database. However, there are limi-
tations that need to be addressed in future studies. First, the
major limitation is the short duration of follow-up up to
3months, given that AD is a chronic neurodegenerative disor-
der. The low prevalence of COVID-19 infection in the cohort,
coupled with the study's timing before the omicron pandemic,
also limits the assessment of long-COVID effects on AD. In the
meantime, from a different perspective, it is worth noting that
this cohort can be a platform to better describe the nature of
COVID-19 vaccinations beyond or before the effect of long-
COVID syndrome on AD development. It is also notable that
the incidence and risk of development of MCI and AD after
mRNA vaccination became more prominent by 12 weeks, which
warrants future studies with longer follow-up periods.
Especially, datasets including post-omicron wave will be crucial
to understanding the long-term impact of COVID-19 and vacci-
nations on development and progression of the AD continuum.
Second, this study focused on specific population (Seoul resi-
dents, aged >65); thus, the findings may not be generalizable to
other populations or age groups and warrant further investiga-
tion in both domestic and international cohort with a broader
range of ages. Third, while this study explored the implications
of COVID-19 vaccinations on AD, it is also essential to consider
the findings from studies that indicate the protective effects of
other vaccinations, such as flu and shingles vaccines, against
AD development.?*?® This aspect highlights the need for com-
prehensive research into how various types of vaccinations
might influence AD risk. Fourth, the diagnostic accuracy of MCI
and AD based on records from a nationwide database such as
NHIS may be less precise than diagnoses derived from detailed
neuropsychological tests, brain imaging and additional bio-
markers that assess neurodegenerative changes. A recent liter-
ature on the AD diagnostic accuracy by comparing diagnostic
codes alone versus diagnostic codes plus medication history
revealed that the latter underestimates the actual prevalence
of the disease.”® Conversely, diagnosis based solely on codes
closely approximates the real prevalence of AD, a method we
have adopted to assess the development of MCI and AD in
this study.?®

Overall, the beneficial effects of COVID-19 vaccination, which
have clearly improved mortality and morbidity associated with
COVID-19, cannot be overlooked.”>™ This study provides prelimi-
nary evidence of a potential association between COVID-19 vacci-
nation and increased incidence of MCI and AD. While the
findings highlight a need for cautious interpretation, they
demonstrate the importance of ongoing surveillance and re-
search into the long-term effects of COVID-19 vaccines on AD
continuum. Further research will also need to include prospec-
tive human studies and preclinical investigations into the under-
lying biological mechanisms, especially those involving
abnormal protein aggregation and neuroinflammation. This
comprehensive approach will enhance our understanding of the
risk-benefit balance of COVID-19 vaccinations, particularly in
populations at risk for neurodegenerative disorders.
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