Dialysis Modality and Cognitive Outcomes in Chronic Kidney Disease: A Systematic
Review and Meta-Analysis

Clinical and experimental Nephrology
Ali Malik ; Hamid Reza Khademi Mansour ; Sukruth Pradeep Kundur ; Aryan Hunjan ; Rumail Zaheer.

Faculty of Life Sciences & Medicine, King’s College London, London, United Kingdom
Email: ali.t. malik@kcl.ac.uk

SUPPLEMENT 3: FULL STUDY CHARACTERISTICS INCLUDING STUDY DESIGN,
LOCATION, AND SAMPLE SIZE

St |Pu | Stud | Stud | Study | Tota ([H [P | Follo | Main Key findings | Fundi

ud |bli |y y Type || D |D |[wup |outcom ng
y |cat| Setti | Peri time |es
io | ng od
n
A | Wil | Moro | Octo | Cross- | 91 7 12 |N/A KDQOL | The No
C |ey |cco, |[ber, |sectio 110 SF v1.3, | univariate fundin
Alo Unive | 2018 | nal MCS analysis g
ui rsity study showed that
20 hospi the Physical
21 tal Component

Score (PCS),
the cognitive
function, and
the dialysis
staff
encourageme
nt were better
in PD
patients (p =
0.03,p=
0.04,and p =
0.007,
respectively),
while the
multiple
linear
regression
indicates that
the PCS, the
dialysis Staff
encourageme
nt, and the
patient's
satisfaction
subscores
decreased
within
patients on



mailto:ali.t.malik@kcl.ac.uk

HD
compared
with those on
PD (p = 0.01,
p = 0.03, and
p =0.02,
respectively)
and that the
burden of the
kidney
disease and
the work
status
subscores
increased
within
patients on
HD against
those on PD
(p = 0.007
and p = 0.04,
respectively).

Wil | Haeu | Octo | Cross- | 40 2 |2 [NA |[(VBM Significant 2018

Pa
rk

20
20

ey |ndae |ber |sectio 0|0 MRI, cognitive Inje
Br | Paik |2018 | nal Consorti | decline in Univer
ain | Hospi | to study um to PD, no sity
an | tal, Marc Establis | statistical resear
d Inje h h a difference in | ch
Be | Unive | 2019 Registry | HD grant
ha | rsity for
vio Alzheim
ur | Colle er's
ge of
Medi Disease
cine, Assess
Busa ment
n, Packet
Kore (CERAD
a -K),
Verbal
Fluency
test, the
Trail
Making
Test B,
Stroop
test
color
reading,
the
Korean
version
of the

Boston




Naming
Test (K-
BNT),
10-word
list
immedia
te
memory,
15-

min
delayed
recall
and
recogniti
on,
delayed
figure
recall,
construc
tional
praxis,
and the
Mini-
Mental
State
Examina
tion
(MMSE)
in the

CERAD-
K
(MMSE-
KC). The
Verbal
fluency
test, the
Trail
Making
Test

B test,
and the
Stroop
test

Zh
an

20
24

Ce
reb
ral
Co
rte

Cond
ucted
at
vario
us
institu
tions
in
China

May
2021
and
May
2022

Cross-
sectio
nal
study

101
(49
healt
hy)

~N N

N/A

neurops
ychologi
cal
testing
(MMSE,
MoCA
scores),
rs-fMRI
paramet
ers such

significant
alterations in
brain activity
patterns
between the
HD and PD
groups. No
significant
difference in
cognition

This
study
was
suppor
ted by
the
Natura
|
Scienc
e




includ as between HD | Found
ing fractiona | and PD ation
the I of
Medi amplitud China
cal e of low-
Scho frequenc
ol of y
Chine fluctuatio
se ns
PLA, (fALFF),
First and
Medi Regional
cal Homoge
Cent neity
er of (ReHo)
Chine
se
PLA
Gene
ral
Hospi
tal,
and
other
affiliat
ed
cente
rs.
D |Kid|Germ |May |Longit [271 |1 |1 |1 Cognitiv | PD was Germa
Ne | ne |any |2014 | udinal 6 [0 |year |e associated n
um |y - study 3 |8 function | with better Feder
an | Int May (Trail cognitive al
n |ern 2015 Making | function Ministr
20 | ati Test-B, | outcomes y of
18 | on d2- than HD; Educat
al Revision | improvement | ion
-Test, s observed in | and
KDQOL- | both groups | Resea
CF) over time. rch
F |[Pe | Unite [ 2006 | Retros | 121, |1 |8, | Upto |Incidenc | PD patients Suppo
W |rito | d - pectiv |623 |1 |6 |3.75 |eof had a lower | rted by
olf | ne | State | 2008 | e 2, |6 |years |dementi [incidence of |[the
gralal |[s, cohort 9 |3 ain dementia Nation
m | Di |using study 6 ESRD compared to | al
20 |aly [ USR 0 patients | HD patients | Center
15 |[sis | DS (3.9% vs. for
Int | data 7.3% over 3 | Advan
ern years); HD cing
ati modality Transl
on associated ational
al with higher Scienc
dementia risk | es,

Nation




even after al
adjustments. | Institut
es of
Health
(Grant
Numb
er
8UL1IT
R0O000
55)
and
resour
ces
and
facilitie
s at
the
Cleme
ntJ
Zabloc
ki VA
Medic
al
Center
in
Milwau
kee,
WI
F |Fr |Cond |June | Cross- |94 2 | N/A Brain Both HD and | This
Xl |ont|ucted | 2021 | sectio | (42 7 gray PD groups study
ao |ier |at to nal healt matter showed gray |was
20 |s |vario |June |study |hy) volume | matter funded
24 |in |[us 2022 changes | volume by
Ne | hospi in reductions variou
uro | tals in patients | comparedto |s
sci | China with controls, with | grants
en |, CKD on | different from
ce |includ hemodia | affected brain | the
ing lysis regions.HD Shang
the (HD) patients had | hai
First and more Comm
Medi peritone | substantial ittee of
cal al volume Scienc
Cent dialysis | reductionsin |e and
er of (PD).Cor | some brain Techn
Chine relation | areas than ology
se of PD and
PLA cognitive | patients.Cog | the
Gene impairm | nitive function | Shang
ral ent scores hai
Hospi scores (MMSE and | Munici
tal. (MMSE | MoCA) were | pal
and positively Health
MoCA) | correlated




with gray | with gray Comm
matter matter ission
volume | volume.
changes
H | Kid | Pekin | Marc | Cross-|120 |3 |6 | N/A Cognitiv | HD had more | Suppo
C |ne|g h sectio [(30 |0 |0 e severe rted by
Pi |y Unive | 2013 | nal ND) function; | neuroimaging | New
20 |Blo |rsity |- study Modified | abnormalities | Centur
16 |[od | First | Marc Mini- y
Pr | Hospi | h Mental Excell
es |tal, 2015 State ent
sur | China Examina Talent
e tion s from
Re (3MS), Educat
se Trail- ion
arc Making Depart
h Tests A ment
and B, of
Repeata China,
ble Baxter
Battery Corp
for the of
Assess China,
ment of ISN
Neurops Resea
ychologi rch
cal Award
Status
(RBANS
)
neuroim
aging
(MRI:
white
matter
hyperint
ensity,
sulcal/ve
ntricular
atrophy)
H | On |Data |Janu |Retros | 145, |6 |9, | Avera | Incidenc | HD patients: | This
Hu | cot | from |ary |pectiv [868 |3, |5 |ge e of Adjusted study
ng |arg| Taiw |1, e (7293 |6 |follow | dementi | Hazard Ratio | was
20 |et [an’s | 1999 | cohort | 34 7 12 |-up a, (aHR) = 1.64, | funded
17 Longi |,to |study |matc |2 time |including | indicating a in part
tudin | Dec hed was | Alzheim | 64% higher by the
al emb contr 424 |ers risk of Nation
Healt | er ols) years | disease | developing al
h 31, for (AD), dementia Cheng
Insur | 2010 HD vascular | compared to | Kung
ance patie | dementi | matched Univer
nts a (VaD), | controls.PD | sity,




Data
base

and
3.23
years
for
PD
patie
nts.

and
unspecifi
ed
dementi
a (UnD).

patients: aHR
=2.21,
indicating a
121% higher
risk of
developing
dementia
compared to
matched
controls.

Taiwa
n
Ministr
y of
Health
and
Welfar
e
Clinica
| Trial
and
Resea
rch
Center
of
Excell
ence,
China
Medic
al
Univer
sity
Hospit
al,
Acade
mia
Sinica
Taiwa
n
Bioban
K,
Tseng-
Lien
Lin
Found
ation,
Taiwa
n

Brain
Diseas
e
Found
ation,
and
the
Katsuz
o and
Kiyo
Aoshi
ma
Memor
ial
Funds




H |Tr |Depa |Janu |[Cross-|181 |5 |5 [N/A |Assess | The cognitive | Not
Oz [an |rtmen [ary |sectio [(69 |4 |8 ment of | impairment specifi
ca |[spl |[tof to nal KT) cognitive | and mood ed
n |ant|Neph | May | study function | disturbances
20 |ati |rolog | 2014 using were most
15 |on |y, the Brief | severe in the
Pr | Atatu Cognitiv | HD group,
oc |rk e State | moderate in
ee | Unive Examina | the PD
din | rsity, tion group, and
gs | Erzur (BCSE) | mild in the KT
um, Evaluati | group. KT
Turke on of patients
y anxiety | scored
and significantly
depressi | better on the
on BCSE than
sympto | both HD and
ms using | PD patients,
the indicating
Hospital | better
Anxiety | cognitive
and function.HD
Depressi | patients
on Scale | exhibited the
(HADS). | highest levels
of anxiety
and
depression,
followed by
PD patients,
with KT
patients
showing the
lowest levels.
J Re | Cond | Not | Cross-|42 2 |2 |N/A | Symbol | No significant | N/A
Ra | nal | ucted | spec | sectio 2 10 Digit difference in
dic | Fai | at the [ ified | nal Modalitie | cognitive and
20 |lur [ Unive study s Test motor
11 (e |rsity (SDMT) | function
(20 | Hospi and between
11) | tal Complex | patients on
Split, Reactio | HD and PD.
Croat meter Higher serum
ia Drenova | levels of
¢ (CRD- | albumin,
series). | creatinine,
and calcium
were
associated
with better

cognitive and
motor




performance

among all
patients.
K |He | Unive | Not |Cross-|145 |7 Asse | Trail HD patients | Funde
Gri | alt |rsity |spec |sectio 7 ssme | making | showed d by
va |h [Colle [ified |nal nts test significant the
20 |Ps | ge study cond * Acute | improvement | Alexan
03 [yc |Lond ucted | neurops |sin dros
hol | on pre- | ychologi | neuropsychol | Onassi
og |and and cal (NP) | ogical s
y | other 24 changes | performance | Found
hospi hours | in ESRD | 24 hours ation
tals in post- | patients | post-dialysis | and
Lond dialys | undergoi | across the
on, is (for | ng HD multiple Reta
UK HD) |and PD. | cognitive Lila
domains, Westo
likelydueto |[n
physiological | Institut
recovery.PD | e for
patients Neurol
showed ogical
minimal Studie
changes, S
reflecting the
stability of
continuous
therapy.Chan
ges in certain
biochemical
markers
(urea,
creatinine,
potassium,
etc.) aligned
with cognitive
improvement
sin HD
patients,
though
biochemistry
and NP
improvement
s were not
consistently
correlated.
K |Ne |renal [ Not |cross- |155 |5 N/A The Cognitive The
La |phr|unit |spec |sectio 4 study impairment study
mb | olo | in ified | nal assesse | was was
ert |gy |large study. d prevalentin | funded
20 | (20 | Austr cognitive | patients with | by the
17 | 17) | alian impairm | ESKD, Austral
ent (Cl) | especiallyin |ian




Hospi using those and
tal the undergoing New
Montreal | dialysis (HD | Zealan
Cognitiv |and PD). HD |d
e patients had | Societ
Assess | the highest y of
ment prevalence of | Nephr
(MoCA) | Cl (55.6%), ology.
tool. followed by
PD (48%),
with
significantly
lower rates in
pre-dialysis
and kidney
transplant
groups.
K |Hy | Cond | Dec |Cross-| 107 2 Brain In cross- The
Ts | per|ucted | emb [ sectio years | atrophy . study
uru | ten | in er nal for progress | sectional did not
ya |sio [ Japa |2008 |and longit | ion as analysis, PD | receiv
20 [n n,as |to longitu udinal | measure _ ’ e
24 |Re |part |Dec |[dinal analy |d by patients financi
se |ofthe |emb |obser sis changes | showed a al
arc | Obse | er vation in gray o suppor
h |rvatio | 2013 | al matter significantly | t from
nal study vol_ume lower pharm
Study ratio . aceuti
on (GMR) | baseline cal
Cere over GMR than compa
bro- time nies or
and using HD specifi
Cardi MRI. ; C
ovasc Compari patients.Over fundin
ular son of the 2-year g
Com annual agenci
plicati GMR follow-up, PD es
ons decline | patients
in between .
Chro PD and exhibited a
nic HD faster decline
)Pfldne patients. in GMR
Disea compared to
se .
(VCO HD patients
HP (-0.68 vs.
)St“dy -0.28
percentage

points/year),

even after




adjusting for
confounding
factors. The
findings
indicate that
brain atrophy
progresses
more rapidly
in PD
patients,
which may

increase the

risk of
cognitive
impairment.
Kal |A |two the |Cross-{490 |3 |5 [N/A Modified | PD patients | Suppo
ira | me | urban | first | sectio 3 |1 Mini- had more rted by
o0 |ric [ perito | year |nal 8 Mental memory the
20 |an |neal |ofa |[study State impairment Minne
10 | Jo |dialys | 3- Examina | but less apolis
urn | is year tion impairment in | Medic
al | units |longi (BMS)7 | executive al
of |in tudin to test function Resea
Kid | Minn | al overall compared to | rch
ne | eapol | stud (global) | HD patients. | Found
y |is y ?? cognitive | 66.7% of PD | ation
Dis | and function; | patients had | and
ea | St the moderate to | the
se | Paul, Hopkins | severe Nation
s, | Minn Verbal cognitive al
20 | esota Learning | impairment, Institut
11. Test- similar to HD |e on
Revised | patients Aging.
(HVLRT- | (73.4%).
R)8 to
test
verbal
memory
(12-word
list);
Color
Trails 1
and 2 (a
test
similar to

Halsted-




Reitan

Trails A
and B,
but
using
alternati
ve colors
instead
of
numbers
for Trail
B)
M | Th | Depa | April | Cross- | 87 2 [ N/A EORTC | HD patients | N/A
Ma|e |rtmen | 1995 | sectio 2 QLQ- reported
jko | Int |tof to nal C30, significantly
wic | ern | Neph | Marc | study. Cantrill | lower quality
z |ati |[rolog |h ladder, | of life across
20 |on |y, 1996 and physical,
00 [al | Medi HADS. social,
Jo | cal cognitive,
urn | Unive and general
al | rsity functioning
of |of compared to
Art | Gdan controls.
ifici | sk,
al | Polan
Or |d.
ga
ns,
Vol
23,
No
.7,
20
00.
M | Ne | Multic | Data | cross- | 482 2 |6to Treatme | PD patients grant
Ro | phr | entre |colle |sectio | (PS 4 |24 nt showed from
bin | olo | study | cted | nal M) 1 | mont | satisfacti | higher the
ski |gy |[cond |6to |[study hs on (TS), |treatment Germa
20 [Di |ucted | 24 after | psycholo | satisfaction, |n
17 |aly |in 55 | mont the gical and | autonomy, Ministr
sis | dialys | hs initiati | physical | and cognitive |y for
Tr |is after on of | state, functioning Educat
an | cente | the dialys | cognitive | compared to | ion
spl |rs initia is. functioni | HD patients. | and
ant | acros | tion ng trail Resea
ati |s of making rch
on | Germ | dialy test, and
(20 | any. |sis. shared
17) decision-
making

(SDM),




summati

on of all
these
tests
O |[Cli |Imper|Nov |prosp |102 4 ontreal | Hemodialysis | partiall
lya | nic | ial emb | ective mont | Cognitiv | patients y
ser[al |Colle |er cohort hs for | e experienced | funded
e |Kid|ge 2013 | study upto | Assess |a more rapid | by
20 | ne |[Renal|to 2 ment decline in Baxter
16 |y |and |Octo years | (MoCA) | executive Health
Jo | Trans | ber Macarth | function care
urn | plant | 2015 ur compared to
al | Centr Compet | peritoneal
in |e, ency dialysis
20 | Ham Assess | patients.
17 | mers ment Dialysis
mith Tool patients (HD
Hospi (MacCA | and PD)
tal, T-T). exhibited
Lond faster
on, declines in
UK cognitive
function
compared to
CKD
patients.
P |Jo | Feder|Janu | Cross- |99 3 |3 [N/A | Cognitiv | HD patients | The
Gi |(urn|icoll [ary |sectio [(33 |3 |3 e had study
us [al | Unive | 2024 | nal Heal function | significantly | did not
ep |of |[rsity study | thy) measure | lower have
pe | Cli | Hospi d using | cognitive extern
20 | nic | tal, the reserve al
24 |al |ltaly Cognitiv | scores (total | fundin
Ne e CRI and g; no
phr Reserve | subscores) spons
olo Index than PD ors
ay Question | patients and | were
naire controls.PD involve
(CRIqg), | patients din
which scored higher | study
includes | on cognitive | design
scores function or data
for compared to | analysi
educatio | HD patients, |s
n, though lower
working | than
activity, | controls.The
and study
leisure suggests
time. cognitive
impairment

may be more
severe in HD




patients due
to factors like

fluid shifts
and
inflammation.
P |Jo | Phra | Sept | Cross-|90 6 |3 [N/A Thai In HD N/A
Sit | urn [ mong | emb | sectio 0|0 Mental patients, the
hin | al | kutkla | er nal State prevalence of
am |of |o 2003 | study Examina | dementia
su |the [ Hospi | to tion was 8.3%,
wa | Me | tal, Aug (TMSE). | while it was
n |dic | Bang |ust Thai 3.3% in the
20 |al [kok, |2004 Depressi | CAPD group.
05 [ As | Thalil on The
so |and. Inventor | prevalence of
cia y (TDI). | depression
tio was 6.7% in
n both HD and
of CAPD
Th groups.
ail
an
d
S |[Ne |Royal [ 2011 | Pilot 80 512 |12 digit PD patients N/A
Ge | phr | Suss |- cohort 9 |1 [mont |[symbol |showeda
org|on |[ex 2012 | study hs test more rapid
e |cli [Coun (DST), cognitive
20 | nic |ty FAS decline than
13 |al | Hospi verbal those on HD
pra | tal, fluency
cti | Bright (FASVF)
ce |on, , digit
UK span
backwar
ds
(DSB)
and
trails (B-
A) (TBA)
S |Yo |Hally [July- |cross- |56 2 |2 [N/A The The CPD N/A
junf{ns [m Octo | sectio 9 |7 Korean group
g |ei ber | nal version | showed
20 | Me | Unive | 2009 | study of the significantly
13 |d rsity mini- higher K-
Jo [ Kang mental MMSE score
urn | nam state (27.8+2.9 vs.
al | Sacre exam 26.1+3.1,
d (K- p=0.010)
Heart MMSE) | and lower
Hospi was K-BDI score
tal applied | (12.0£8.4 vs.
to 20.2+10.4,




screen p=0.003)

the compared

patient’s | with the

cognitive | MHD group.

function, | The

while the | percentage of

Korean | patients with
version | depression

of the symptoms

Beck was higher in

Depressi | the MHD

on group (51.7%

Inventor |vs. 18.5%)

y (K-

BDI)

was

used for

depressi

on

screenin

g
S |[Me | Unive | Dec |cross- |99 1 [1 |NA EEG CKD patients | Not
Lai | dic | rsity |emb |sectio 5 |6 patterns, | showed funded
20 |ine | Hospi | er nal cognitive | significant
16 tal 2013 | study function | cognitive and

“Polic | - (NPZ5 psychological

linico | Marc tests), impairments,

Umb |h psycholo | notably on

erto 2015 gical EEG,

1, assessm | particularly

Sapie ents PD and HD

nza (MMPI-2 | patients.

Unive and Lower eGFR

rsity SAT-P), |and higher

of and inflammation

Rom correlati | markers

e, ons with | (CRP)

Italy CKD- correlated
related with poorer
variables | outcomes.

CKD and KT
patients had
persistent
mental health
issues
despite
treatment.
T |Th | Kona | Patie [ Prosp |75 4 (3 (24 SF-36 Physical and | N/A
Hir | era | n- nts ective, 5 |0 [mont |scores, |social
am | pe | Kosei | refer | obser hs MMSE | component
tsu | uti | Hospi | red vation scores, | scores of the

c tal, betw SF-36




20
20

Ap
her
esi

an
Di

aly
sis

Japa

een
Octo
ber
2013
and
Dec
emb
er
2016

with
a 24-
mont

follo

up.

al
study.

CES-D
scores

significantly
improved in
PD patients
at 24 months
com- pared
with those
observed at
baseline
(42.8 vs.
394;P<
0.05and 46.4
vs. 37.3; P <
0.05,
respectively);
how- ever,
scores
remained
unchanged in
HD patients.
MMSE
scores were
significantly
decreased at
12 and 24
months in HD
patients (29.0
vs. 26.0,
25.0;P <
0.05), but
remained
unchanged in
PD patients.
Moreover,
CES-D
scores
significantly
worsened at
24months in
HD patients
(12.8 vs.
16.5), but
remained
unchanged in
PD

Til
ki

20
04

Up
sal

Jo
urn
al
of
Me
dic
al

Depa
rtmen
ts of
Neur
ology
and
Intern
al
Medi
cine

Not
ment
ione

Cross-
sectio
nal
study

52

~N =

N/A

P300
cognitive
potential
obtained
from
auditory
stimuli
with the
oddball
paradig

P300 latency | N/A
was longer in
HD patients
than in the
control group
and CAPD
patients.




Sci | Ondo m and
en | kuz the Mini-
ce | Mayi Mental
s |s State
Unive (MMS)
rsity, examina
tion
Medi
cal
Facul
ty,
Sams
un,
Turke
y
Wil | A | Depa | 2002 | cross- | 30 2 (1 [N/A Dodrill CAPD Not
lia | me | rtmen sectio 010 Stroop, | patients mentio
ms |ric |tof nal Kaufman | showed ned
20 [an | Medi study Brief overall stable
04 |Jo |cine Intelligen | performance
urn | and ce Test, | on measures
al | Neur Beck of attention
of | opsyc Depressi | and memory.
Kid | holog on However,
ne |y Inventor | hemodialysis
y | Unit, y-Il. patients
Dis | Unite showed
ea |d significant
se | Healt changes (P <
s h 0.05)in
auditory
Servi memory for
ces both
Hospi immediate
tals, and delayed
John recall, with
son the
City, greatest
NY. impairment
occurring 67
hours
postdialysis.
Y |Sci|Taiw |Janu |Retros 552 |5 |3 |N/A Diagnosi | During the This
T |ent|an ary | pectiv | 64 2,12 s of study period, | work
Lin | ific | Longi | 1, e 319 dementi | 3775 patients | was
20 |rep | tudin | 1998 | cohort 3 |2 a were suppor
15 |ort | al to study 2 diagnosed ted in
s Healt | Dec with part by
h emb dementia in grants
Insur | er the HD group | from




ance
Data
base

31,
2007

(177.5 per
10,000
person-years
incidence
rate) and 181
patients in
the PD group
(145.9 per
10,000
person-years
incidence
rate).

the
intram
ural
grants
from
the
Kaohsi
ung
Medic
al
Univer
sity
Hospit
al




