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Abstract

Background: Non-alcoholic fatty liver disease (NAFLD) is represented as the most common liver disease worldwide.
NAFLD is associated with metabolic risk factors underpinned by insulin resistance, inflammation and endothelial
dysfunction, leading to extrahepatic changes in central nervous diseases such as cognitive impairment, Alzheimer's
disease and dementia. The aim of the review is to explore the association between NAFLD and cognitive function.

Methods: Using the PRISMA guidelines, a systematic electronic literature search was conducted in four databases:
MEDLINE, PsychINFO, Embase and CINAHL from inception until March 2021. Neuropsychological tests utilised within
each study were grouped into relevant cognitive domains including ‘general cognition; reasoning,‘mental speed,
attention and psychomotor speed;,’'memory and learning; ‘language; ‘visuospatial perception’and ‘ideas, abstraction,
figural creations and mental flexibility’

Results: Eleven observational studies that involved 7978 participants with a mean age of 51 years were included.
Those with NAFLD had poor cognitive performance in three cognitive domains, including ‘general cognition, 'mental
speed, attention and psychomotor speed; and ‘ideas, abstraction, figural creations and mental flexibility’
Conclusion: The observed results from the 11 included studies showed that NAFLD was associated with lower cog-
nitive performance across several domains. However, studies conducted to date are limited to observational designs
and are heterogeneous with varying diagnostic tools used to assess cognitive function.

Trial registration: PROSPERO Registration: CRD42020161640.

Keywords: NAFLD, NAFLD, NASH, Cirrhosis, Cognition, Cognitive function, Cognitive impairment

Background

Non-alcoholic fatty liver disease (NAFLD) is recog-
nised as the most prevalent liver disease affecting
approximately 30% of adults in Australia with simi-
lar, high rates in the United States [1-4]. The burden
of NAFLD continues to rise significantly in Australia
with current estimates of 5.5 million cases in 2019,
with expectations of seven million cases by 2030 [1, 5].
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NAFLD is defined as a spectrum of diseases related to
hepatic fat deposition, ranging from non-alcoholic fatty
liver (NAFL) (simple steatosis) to non-alcoholic stea-
tohepatitis (NASH), which can progress to increased
fibrosis, cirrhosis and hepatocellular carcinoma [3, 6].
Progression from NAFLD to NASH is often described
using the “two hit” hypothesis. The “first hit” consists of
lipid accumulation of fatty acids, increasing susceptibil-
ity of hepatocytes to secondary insults such as oxida-
tive stress, insulin resistance and over production and
release of pro-inflammatory cytokines. This can lead
to the “second hit” which promotes steatohepatitis,
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chronic inflammation and fibrosis [7]. NAFLD occurs
in the absence of excessive alcohol consumption and is
associated with a range of common chronic disease risk
factors such as insulin resistance, hypertension, obesity
and visceral fat accumulation, and dyslipidaemia [1, 6].
Such risk factors are known to be elucidated by inflam-
mation and oxidative stress, which also play a role in
extrahepatic diseases, including central nervous system
diseases such as mild cognitive impairment, Alzhei-
mer’s disease, and dementia [8—10].

The global number of individuals living with demen-
tia is 50 million [11], with the prevalence of cogni-
tive impairment and dementia rising and estimated to
increase amongst older adults (60years and above) to
approximately 2 billion by 2050, accounting for 22% of
the world’s population [12]. Cognitive function encom-
passes multiple mental abilities and skills in reasoning,
perception, memory, verbal and mathematical ability
and problem solving [10, 13, 14]. Cognitive impair-
ments have been associated with reduced ability to per-
form complex tasks such as driving and work-related
activities leading to impaired quality of life and in
more serious cases, premature mortality [15]. Cardio-
vascular disease (CVD), type 2 diabetes (T2DM) and
metabolic syndrome (MetS) frequently co-exist with
NAFLD and are also considered risk factors for cog-
nitive decline [10] and dementia which are increased
with ageing [16-18]. Individuals with NAFLD have
high rates of metabolic syndrome components includ-
ing dyslipidaemia, hypertension, abdominal obesity and
insulin resistance, and there is also accumulating evi-
dence that individuals with NAFLD have an increased
risk of carotid atherosclerosis and carotid intima media
thickness; all of which have been reported to contribute
towards cognitive impairment [19, 20].

Previous cross-sectional and case-control studies
have found that NAFLD is associated with poorer cog-
nitive function across a number of cognitive domains
as assessed using numerous common psychometric
tests [21-23]. Studies in participants with NAFLD and
hepatic encephalopathy have reported that they have
lower brain volume [21], inflammation and hyperam-
monemia [24], all of which are associated with cog-
nitive impairment. Despite the known link between
NAFLD and various cardiometabolic-related diseases
and the underlying mechanisms which drive these
chronic diseases as well as cognitive decline, to date
there has been no published systematic review summa-
rising the relationship between NAFLD and cognitive
impairment. Thus, the aim of this review was to sys-
tematically search the literature to explore the associa-
tion between NAFLD and cognitive function.
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Methods

All methodology related to the analysis was specified
prior to the literature search and detailed in a protocol
registered with PROSPERO (CRD42020161640).

Search strategy

The review adhered to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [25], including independent execution
of literature search and bias assessment, completed
by author SS. MEDLINE, PsychINFO, Embase and
CINAHL electronic databases were searched from
inception until March 2021. The search terms were:
(Cognit* or “Processing speed” or “mini mental state
examination” or MMSE; Neuropsych* or Neurocog-
nit* or Metacognit* or Recall or Memory or “Executive
function” or “Verbal Fluency” or “Reaction time”) AND
(“NAFLD” or “NASH” or “Cirrhosis” or “Non-alcoholic
fatty liver” or “Nonalcoholic fatty liver” or “Non-alco-
holic steatosis” or “Nonalcoholic steatosis”).

Eligibility criteria

Studies of all designs were included if they were in
English language, conducted in humans, included
adults aged 18 years and over with NAFLD or at risk of
NAFLD (as deemed in each paper where NAFLD was
an outcome) and assessed cognitive function in individ-
uals with NAFLD. Studies were excluded if they were
review articles, abstract only, or included participants
with mental health and neurodegenerative diseases
such as Alzheimer’s disease, Parkinson’s Disease (PD)
and PD-related disorders.

Selection process

Title and abstract screening was carried out by one
researcher according to the predefined protocol, and
duplicates and articles which did not meet the eligibil-
ity criteria were excluded. Full text screening was con-
ducted independently by two researchers (SS, SYT),
and where there were any conflicts these were resolved
by a third researcher (ESG). All articles included from
the full-text screen were included in this systematic
review. The search process is outlined in the PRISMA
flowchart in Fig. 1.

Data extraction and grouping

Data was extracted from 11 studies by one researcher
and then re-checked by a second researcher. Data
extraction included the following: author, year pub-
lished, study design, length, population characteristics,
presence of co-morbidities, the measurement meth-
ods for cognitive function and NAFLD, associations
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between NAFLD and cognitive function, and any other
relevant outcomes (e.g. body fat, visceral fat, CVD risk
factors). These findings are shown in Table 1. Due to
the wide range of cognitive tests available and identified
across the 11 studies, the cognitive tests were grouped
into the following seven categories (general cogni-
tion, reasoning, mental speed and attention, memory
and learning, language, visuospatial perception, ideas,
abstraction, figural creations and mental flexibility) as

described by Goodwill et al. [26]. Grouping was carried
out by two researchers.

Quality assessment and risk of bias

The quality of the included papers and risk of bias was
assessed independently using The Academy of Nutrition
and Dietetics Evidence Analysis Library Quality Criteria
Checklist (Table 2) [34]. This checklist consists of an eval-
uation of studies’ relevance (four questions) and validity



Page 4 of 19

(2022) 22:47

George et al. BMC Geriatrics

(CLF9€9)

dnoib j013u0d sA
(SO'LF665) A14vN
:Klouwawl bupjiom
‘UOIIUD}IE PaUIRISNS
‘paads buIssa30.d
-1ssa(g)
F0FE8l)

dnoib |0J3u0d SA
(€0F981) Aluo
Q14VN Adouany [eqiap
-14v (2)

(LOF¥9)

dnoub [013u0d 3y SA
(T0F99:as) dnoib
AJuo g14vN :Alowaw
[eqJaA pake;aQ
(€0F00C

:as) dnoub j0)u0d
YL SA (O F S0C

:as) Aluo a14VYN
:KIOWSW [BQIINA )8
-Ipaww| — 3asqgns buy
-uiea ] pIoM YL (L)

‘ysiueds 09 < 2401S

Xapul J9AI| A11e4

Klowaw buryiom
pue pauleisns ‘paads
Buissadoid sanjonul -

uonnnsqns joq

-wAs uB1p Y1 (€)

Aduanyy [eglan [ed
-l1ob31ed - 353] Aoud
-n|4 [ewiuy 3yl (7)

Aujige

Bujuies| pakejsp pue
S1eIPaWIW| SS3SSE 0}
pasn - y@sgns bul
-uJsea] pJopdYL (1)

%L LL SN
%YL
‘Jos159]0Yd YbIH
%C 19 N1H

%S L1

‘@oUelsISal ulinsu|

%Y'61 Q15800
TW/B400°ST INgG
— |0JIU0D)

%S85 ‘S1I9IN
%8
“_O\_wpmw_ogu L@I
%19/ NLH
%179

19DUeISISaI UlNsu|

%526 A1S200
zw/By0SE INg
-Q4VN

51eak9'g9
:2be g74VN uesy

107 03 1 10 Wol
e1ep A9AING SINYHN

syued ‘Aanins buyidwes

-biued Q14N 66 paseg-uonejndod
siuedpiied zol | ‘|euo129s-ss01D)

[£d] (8100)

So1e1S paliun ‘| 1o Ulo1SUlapA

qsbutpui4

sisoubelp g14¥N

$359) 9AIIUBOD

S31MpIgIOW-0d
/si013ey)s1y

(sojew
U ‘s9jeway u) Xas
‘abe ueaw g14vN

yibua

9z|s a|dwesg ‘ubisap Apnis

A1uno> 1eaj Joyiny

LUONIUBOD pue 74N UdaMIag UOIRDOSSe 34} BUISSaSSe SaIpnis papn|oul JO 9|qel Uoloelixg | ajqeL



(2022) 22:47 Page 5 of 19

George et al. BMC Geriatrics

11 :5]013U03 |4/ bul
-INp SPIOM JO JaQUINN
CL:aT4YN 14/ bur
-INp SPIOM JO JaQUINN

(Rep/60¢ >
uondwnsuod oy
-02|e pue ‘sAebHau
uablue adens g
sineday ‘sAnebau
Apognue D snieday
“B2 95B3SIP JaAI|
21UOIYD JO SASNED
19410 JO 95U3sge aY}

pa1iodal JON

700> d:g14v¥N oy ul Aydesbouoseiyn - |01u0D
01 paJedulod S|0J1U0d ‘d14VN %T'6C NIH
ur1aybry Apuedyiubis JO 1usWabeuew %¢'8S
Sem [4ADULND  pue JUSWISSISSe Y} ejwaepidi|sig sjued
SPIOM JO JSQUINN 10y saulPpING Aued (L4A) diser %9 1+ INATL sieakys  -piied g14VN 7T Apnis 821 (£100)
- 14A (L) Buppopdyided-eisy  Adusny jequany (L) - a4vN 2be 714VN uesyy syuedppled g€ [PUOI1295-5501)) ueder ‘[B 13 lyseyeye|
paien|ens
os|e sl a2e|d pue
SWi 01 UOIRIUBNO -
UOIIRIUINIO (4) S9DUS}
-U3s xo|dwiod Ajjed
-19e3UAS OM] JO Uol
-nadal »sey buiweu
UOI1RIUOIUOD W
-931y3 - abenbuen
(3) ‘syse1 piemydeq
pue plemioy subip
pue 3se1 uoioengns
[BLISS B - UOIUSNY
(P) “{se1 uondeiisge
670=d [BQUSA WSY-OM) B
:UOIRIUBLO (§) pue ysel1 Aouanyy
68°0= d :2benbue (3) Siuauoyd e yse1 g %ETE [SION
95°0=d :uohuany (p) Bupte |iea] - Bul %t L
500> d :bul -UOI1DUNY DAIINDAXT ‘elwaepidipiadAH
-UoI12UNY 9AIIND3XT (D) (2) ||eda1 pakeap - %/°7 NIH
91'0=d :AI0Wa (q) Atowsy () ser %L INTL
S00>d:Son BujAdod-agnd euols - |03uod
-lliqe [enedsonsip (e) -uswip-991y1 pue %9'8Y :SION
(1000>d) dnoib 3Se1 BUIMBIP-320)D - %L/
|013U0D 0} uosiedwod sa1Ige [enredsonsia ‘elwaepidipadAH
ur dnoib g14vyN Ul (e) "uoIsian yspunL %0¢ ‘NLH 6C:(AT4YN) W 'Ly siued
Jamo| Apuedyiubis Aydeibouos JUBWISSISSY 9AN %0€ ‘WAZL (dT4VN) 4 'sieak69 -Died gT4YN 04 Apnis [cZ] (8L0T)
$21025 - Y1-YIOW (L) -eJj|n jeuiwopqy  -1ubo) [easuo (1) - a4vN 2be 714VN uesyy syuedppled ¢ | [PUOI1295-5501)) AIn] RERENENNED)
(sojew
sanIpigiow-0d U ‘s9jewdy u) Xas yibua
gSPuipury sisoubelp g14VN $3591 9AIMUBOD /siopepyysyy  ‘obe uesaw g14VN azis ojdwes ‘ubisap Apnis Anuno> 1eap Joyiny

(panunuod) L ajqey



Page 6 of 19

(2022) 22:47

10000>d v0=1
'$|0J3U0D 01 paledwlod
d14vN ul Aujige
|BUOIIDUNY 3SIOM

Y1M pa1edosse D4
swordwiAs aApIuboD

-040 (1)

1000>d
PuUe‘68C°0-C£00

12 %56 '960°0 4O
:03U0D 0} pasedwiod
Q74VN Ul I9MO| Sem
sne1s aAnubod ay |
—HS-VDOW (1)

uignilg gy
d1v 1V - Ansiwayd

-0Ig WINJISS JI3AI

SI1501e31S
dneday Jo (sn) uone
-njeas diydeibouos

‘Aydesbouosesyn

leuiwopay

“uoIsNjuod
pue sanljige buipuy
pIom ‘ssaujnjiablioy
‘UoI1LIUSDUOD ‘UoN

-uane ‘Alowaw
sainseaw - (D4D)
alleuuonsan sain

1eg aAmubo) (L)

‘Aouanyy

|eqlaA pue bupeadai
9OUUSS (3) palp
-uny e yum buiels
'/ Jo uondengns
|BLI3S 'y 12113 B Jeay
noK Jansuaym dey -
uonua3e (p) 4apIo
9SI9AI PUR BWIES
a1 Ul paieadal siaq
-winu - Alowsw (9)
‘Spuey %20|2 Jo uon
-1s0d Q11 L UI}0|2
e pue 3gnd e MeIp -
S31|Ige SAIDHISUOD
-0SeA () ‘suoidau
-uod buneuslje (e)
“UOISIaA UDIQISS 359)
JUSWISSISSY AN

-1ub0) |easyuoy (1)

pa1iodal JoN

%TT SN
%11 5390
%t NLH
9%SZ NATL
- |onuod
958 ‘SIBW
905 25290
908 :NLH
%0 NATL
- Q4vN

€CL{(d14vN) W'LoL
(@14VN) 4 's1eak s
26 g14VN uesy

81 :(d1dvN) 4
TCT(AIAVN) W
'SIedk 6 /1

26 g714VN uesy

gsBuipuiy

sisoubelp Q14vN

$3591 9AIMUBOD

Sa1MpIgIOW-0d
/510308 )S1Y

(sajew

U ‘s9jewdy u) Xas
‘abe ueaw 14v¥N

George et al. BMC Geriatrics

19A0 dN-MO||0} SAI
-23dsoid ‘Hoyod

-piued gI4YN 2T

syuedpiued | ¢f (€107) e 319 10|13

-pied 14N O

Apnis [011U0D-358D) (8102) 2 12 d1n0diji4

(panunuod) L ajqey



(2022) 22:47 Page 7 of 19

George et al. BMC Geriatrics

(600°0= d) 1591

IS PUe (8200=d)
1-g4] Y3 uo dueW
-Joyiad Ja100d Yyum
P31eID0SSe SEM SISOIqY
paoueApe yum di4vN
yum siuedidiiied
paynuapl

saInspaw dA1uUbOd
YIM J14YN 4O uonvio
-0SsD JUDLIUbIS ON

(€ 0>onel
woyueyd/ianl| e
Buiney se pauysp
Sem aT14vN)
PJNSeaW S1om
wolueyd |eusalxe
Ue WOoJ} 2UO pue
J9AI| YW SeaIR

‘uondadlad

[ensiA - (LOAH)

153} uonezjuebio
|ensiA 19dooH (¥)
S||14s buluoseas
10e1150R - (IS) 3593
sanuejiwis 3y (€)
uonouny

SAIINDIXD - (YA1-g41)
1591 y bupjew
-j1esy ?19|dwod

%8¢ (1 9be1s) NIH

8¢50=0d~-10MH (v) 93143 - punoduiod 0} 3w} djhuiw g %69 WACL
o/ 0=d-WIS (€) 1udeAINba Jalem e Bunjew-jiesy 919|d 897 :IINg Apnis
8lF0=d  Yum (LY ‘uoibuixa -wod o) awl] () - 5|0J3u0) [PUOI1295-5501))
- VYa1-941 (2) ‘sisKleuy abewl)) Klowaw  9%¢'66 (| 96815) N1H (ApNiS 1eaH Wey
0L90=d wolueyd uoneiqijed [ensiA pue [eqan %S0T INATL  LZTHAT4YN) W £SL siued  -Bujwiel4 ay) Apnis
- 3|35 Alowapy W '921[S-8 Yum 1D - 3jeds Alowapy OLEING (Q14WN) 4's1eah 119 -pised Q14YN 8/€  [euonessuab-pinw (6] (6100)
I9ISYI3M YL (L) 1012319p-N NN I9ISYI3M YL (L) - a4vN 2be 714VN uesyy syuedipied /871 ‘paseq-uoneindod  sa1e1S patun [B 13 UIDISUISAA
(sojew
sanIpigiow-0d U ‘s9jewdy u) Xas yibua
gSPuipury sisoubelp g14VN $3591 9AIMUBOD /siopepyysyy  ‘obe uesaw g14VN azis ojdwes ‘ubisap Apnis Anuno> 1eap Joyiny

(panunuod) L ajqey



Page 8 of 19

(2022) 22:47

George et al. BMC Geriatrics

9DUIIBYIP OU —
IsaL uaoL 3yl (6)
3DUIIBYIP Ou :Bul
-Weu aalsuodsay ()
9oUI3YIp ou :BulweU
uoIrPIUOUOD ()
EBlIES

-1ay1p ou :Aduan|4 (e)
- abenbueT (8)
so0>d

:Buew |iel] ()

S0'0> d:aduew
-loj1ad |enide] ()
900>d

:ubisap 3209 (e)

- [eneds (£)

100> d :sanijepow
UBIP [0quIAS (p)
ddUIBYIP

ou :bupen A1eis ()
100>d

:pieogbad anpind (9)
ddUIBYIP

ou :buiddey 1abui4 (e)
10101\-|en1dadiad (9)
9DUI/JIp OU — (3]eds
Kiowd|\ 191Yy2so9p (S)
9OUSIBYIP OU — plem
-ydeq ueds u61q (¥)
9OUSIBYIP OU — plem
-10j ueds ubiq (€)
ddUIBYIP

OU — S9d143eW BAIS
-saJb0.d s,uaney (z)

Asdoiq

J19A1| AQ pawiyuod

Aipeded
SAISURY2IdWOD-
IsaL uaoL 3yl (6)
Bujweu aaisuodsay
(2) ‘Bulweu uopel
-uoluo) (g) ‘Aousny4
(e) :abenbueT (8)
‘Buew

|led] (3) ‘@duewiiopiad
[en1oe] (q) ‘ubisap
3oig (8) sjeneds (£)
‘'sallifepous 1UBIP
|OQUIAS (p) ‘Buldely
K1e31S (2) ‘pieogbad
anpind (q) ‘buiddey
196Ul (B) 4030
-lenydaciad (9)
‘ueseldng

() 's1812055€ PallRd
(0) ‘Klowawi jeunbi4
(q) AJowaw [ea1607
(e) :(3@2S K1oWd
131y2s9m ()
‘paemypeq

ueds u61q (v)
‘piemioy

ueds ub1q (€)
CANEIIEMVNTECIEN
-Uou - S3d111eW dAIS
-sa1b60.d s,uaney (z)

2dUIAYIp  |e2160j0I3s ‘[eDJWaYD  9dUudbI|[21Ul [BGIDA sjued
ou - 153} dduabi|P1Ul -oIq ‘[edlup - — 1591 9dudbijdul DL -piued 14N 0€ [0g]
24npid Apoqesd (1) sisoubelp diedsH  a4nydid Apoqgesd (1) paniodal 10N 26e Q74VN ueay syjuedppled o ApNis [0J3U0D-958D)  S1EIS PRIUN (#861) '|p 19 11|
(sojew
sanIpigiow-0d U ‘sajewdy u) Xas yibua
gsBuipuiy sisoubelp g14VN $3591 9AIMUBOD /siopepysty  ‘obe uesaw g14VN azis ojdwes ‘ubisap Apnis Anuno> 1eaj Joyiny

(panunuod) L ajqey



(2022) 22:47 Page 9 of 19

George et al. BMC Geriatrics

11ds pup 153s
‘1 14S uo sadupuiiojiad

4omo] poy J14YN

YIIM SJUDdIDILIDY

Err'L 03 LLE0 1D %56
'0880=9 - 11as (€)
91017000 1D %S6
‘0L1'0=¢g-15as (@)
6/911 03S/6'0 1D %S6
'£T8/=9- 114S (1)

DUBJIP OU — 1S3
uos.ia1ad-umoug (S)
9DUSIIp OU —

1s9] 3Inbi4 xajdwo>
Yyua119150-A3Y ()
10000>d - 14AG (€)

‘punoseyn
Ag pauIW -119p se
SISO1R3])S 2I9A3S /218
-19pOW Sse pauyap
sem 74N UssAjeue
Ansiuiayd jpuueyd
-NW pajewoine
LEL 1YRUH Yum
pakesse a1am (1Y
") SOWAZUS JAIT
12oNPSURIL ZHIN 0'S
puUE /'€ @ LM
SUILDRW Y06-YSS
BQIYSOL B M
punosesn Aq uoneu
-luiexe Jsppejq|es

‘Asdoiqg
J9AI] snoaueindiad
e Ag pawyuod

“Uol1eJIUIOUOD
pue ‘||edas ‘bujuies)
191 - (17@s) 3saL
Buluies ubIg
leras 8yl (€)
Awjiqe bul

-pod pue uonuane
|BNSIA S355955E -
(Ls@s) 1saL uon
-nmsqns 161q
loquiAs ayL (2)
paads Jojoul-|ensia
Sy asuodsal
sainseaw - (L 1YS)
159] Swil] uoideay
ajduns sy (1)
"KIOWRW UI91-1I0YS
W0} UOJBWIOjUI

Jo Aedap Jo a1es oy}
saInseawl - s3]
u0s1319d4-umoug (s)
Aujige buiules)
[eIUSPIDUI - 3S9)
2inb14 xajdwo)
yua1sQ-£ay ()
[ensiA

w21 Loys - (LYAE)
159] UonuILRY
|ensip uojuag (€)
'9102s piemioy sybip
a1 ueyy Jabuoj ubIp
2UO SI 1.y} subIp jo
Bupis e 1eadal 03
Ajo1eindde paiinbail
S|el Jo Jlaquinu

%S0 {015

% 7T IWR[IS3
-012153|0YydJadAH
%S/ “NLH

%Z'S WaTl

— S|0JIUOD)

%S'L :{0nS

9%} °0€ eI
-aej0J3159|0YDIadAH
9%€'9€ :N.LH
%9°€ L WaTL

- 14N

SIeah6 01
:2be g4VN uesy

1ued

-bined a14vN v£8
syuedpnied z/44

(Aonuns

- Il SANVHN) Apnas
ECOEummymmOLU

$91LIS PaluN

[cel (9100) 1812 093

500>d-1s9] bul Sem pue ‘suoll 9yl -1sa9] buiuiea 71 (a14vN)
-uieaq uedsesdns (g) -eujuiexa [edisAyd uedseidns (7) 411 (gT14vYN) W siued
SdUSIBYIp OU — pue A101SIy [eDIUl)D  AIOWSW 21eIpaUWI ‘sieak 7' /¢ :obe -pied 14N €2 el
1s9] ueds ubIqg (1) ‘51591 |e2160j0IaS - 3s3) ueds ubIq (1) paniodal 10N Q14vN uesap sijuedpiled o Apnis [0J3U0D-958D)  S1EIS PRMIUN (/861) '|p 19 11|
(sojew
sanIpigiow-0d U ‘s9jewdy u) Xas yibua
gSPuipury sisoubelp g14VN $3591 9AIMUBOD /siopepyysyy  ‘obe uesaw g14VN azis ojdwes ‘ubisap Apnis Anuno> 1eap Joyiny

(panunuod) L ajqey



Page 10 of 19

(2022) 22:47

George et al. BMC Geriatrics

SU DAIIR[I YY ‘Ol1BI SPPO YO ‘[BAIDIUI 9OUSPLYUOD | (S0°0 < d) 193449 OU {(S0°0 > d) 199449 1uedyiubis q

sise3 Kouanyy [_qUIA 4/ ‘1593 Buiuies| uBIp [eLas [7aS ‘1593 Buop [eLas (S ‘4591 uonnisgns HBIP [oquiks | SAS 1593 W} UOIOEI S|AWIS [HHS 1S3} SIIIIB|ILUIS YIS ‘g 393 UOIIdBUUOD Jaquinu g1 ON

'y/ 1591 UOI1DBUUOD JACWINU /DN ‘SISO1eD]S D1|OL0d|e-UoU HS/N ‘DSeasip 1aAl| A11e D1|0Yod|e-uou g74yN ‘DWoIpuAs dijogelaw SIapy ‘uswiieduwl SAIMUBOD pliw (D) ‘UOISISA URIGIS JUSWISSISSE SAIIUBOD [ea1IUOW YS-IOW
‘UOISIIA YSIYIN] JUDWISSISSE DAIIUBOD [33UO Y-V IO ‘1593 Buidesy aul| £ 17 ‘uoisuspiadAy N H ‘4593 uopesiuebio [ensia 1adooy JOAH ‘3593 [oquiks 1BIP 1S 1S9} uoinuisgns [oquwiks UBIP 3y 1SS ‘@41euuonsanpd
sainjle4 9ANIUBOD D4 ‘1591 UOIIUSIDI [BNSIA UOIUDG [HYAF ‘XdPUl ssew Apod jjyg ‘Dselajsueljoulwe axelledse | Sl ‘aseleydsoyd auljese 47y ‘Oseiajsueiioujwe aujue|e [7y 159} ADuany [ewiue | { :SUOIIDIAIQQY .

(S000=d'9¢'L F0'8¢C
SAQ'L F69¢) S|0U0D
01 pasedwod usym
21025 IS sl
13m0l e pey a14vYN
—3ISWW (L)

(1000>d)

SISOYMIID pue HSYN Ul
palieduwl ‘g14YN Ul
SdUaJayip Ou - 117 (S)
(100>d)

HSYN PUe (1000 > d)
SISOy Ul paliedul]
‘14N Ul 9duaiayip
ou —1s9] bumoq
lelias 3yl (v)
(L000> d) Slsoyhd
pue HSYN ul pasedul
‘T14VN Ul 9ou134
Jipou—g-1JN (€)
(100°0> d) sisoyi

-1 pue HSYN Ylim
syualed ul paliedwl
‘d74VN Ul 9duaisy

P OU - ¥-1IN (2)

‘usened oyo3 UaAn
1ybug Jo uondP
AQ pauyap sem
S1501e335 DlledaH
‘T4VN Joj Asdoiq
19AI7 'Bd 9 < anjeA
SSSUYIS JaAI| B pue
$1S01e315 JO Bulpuy
punose}n JsAl
‘Jeaf snojaaid sy
ut Aep/b 0z > Jo uon
-dwinsuod joyode
pue syuow g 1ses|
1B 10} |V JO S|oA9)
winiss pasesiou|

(ISWI)
uoljeulwexs ajels
|eausw-1uliy (1)

|ened
-SONSIA = (117) 359
Bupdes aul ayy ()

paads
[eusW —3s3] bun
-3oq |elas 3yl (¥)
paads

[e3USW ~ (g-LDN)
g 1591 UoId3UUO0)
J3quinN 3yL (€)
paads

[eusW — (V-LDN)
V 1591 UO13d3UUO0)
J3quinN 3yL (2)

0:gAD shoinalg
%691
ejuwaepidi|sig

%¥'8 ‘WAL

%/°S L NLIH
€GCING

- 5|0J3u0)

%S/°€ *AdAD SnoIAaId
%881l
elwaepidi|sig
%8'8¢ ‘WACL

%0°5¢ ‘NIH
£'8CINg

—d14vN

SIeak /'€G
:9be g74VN uesiy

siued

-Pied g14vN 08
syuedpnled €91

Apnis joiuod ase)  (adoin3) Ay

[e€] (8L0D)
‘|e 19 opuowiojonn|

HSVN 40 SISOy ‘Apnas [ed1bojo3sIY paads [eyusw S:(@14VYN) W ¥ Jued
‘QT4VN Ul @duau3) Buunp pauieigo - (15Q) 35331 joquis (@14VN) 4 's1eah Gy -Diued @14YN 67 izd]
-ipou-1sai(l) Asdoiq Jann paniodal 10N :2be g74VN uesy syuedppied g/ | Apnis joauod ase)  (2doin3) uteds (z107) e 19 odij24
(sojew
sa1IpIqioW-0d U ‘s9jewdy u) Xas yibua
gsPuipuiy sisoubelp @14vN s1s9) 9A1IUBOD /siopepyysiy  ‘obe uesw g14V¥N 9zis ajdwes ‘ubisap Apmis Anuno) 1e3d) ‘loyiny

(penunuod) L ajqeL



Page 11 of 19

(2022) 22:47

George et al. BMC Geriatrics

VN VN VN

VN

VN

VN

ipaiels
Alleapd uon
-sanb ydieasal
A A A A A OYISEMTL
suonsanp Aupijep

{91q1sesy
2inpano.d 1o
uonUIAIIUI
A A A A A ayls|y
;92130e.d 2|
-12191p 01 UJ2d
-U0d Jo anss|
UOWIWOD P
Apnis jo o1doy
10 (3|qeLeA
Juspuadapul)
ainpado.d Jo
uonRUIAIIUI
3Y1 JO sN20J
A A A A A EEINES
jinoge
24D P|NOM
dnoib uone)
-ndod/syuald
/sauaned ayy
1ey1 didoy
10 (3|qeLen
1uspuadap)
SW0dIN0o Ue
Apnis sioyine
A A A A A PUYlpldc
;dnoib uone)
-ndod/suap
/sauaned aya
10} S9WO0dIN0
panoiduy uj
1INsal (JNJssad
-dNS punoy 41
ainpaso.d Jo
UOIUSAJIUI
paipnis syl
Bupuawaduwi
WN WN WN WN N PINOM "L
suoIISINY dUELAI|DY

[6zl610C [£zl8l0T [e€lgloT
‘uIRISUIRM ‘UIPRISUIB\\  ‘opuowojonn]

[L€]
/861 “19)Ie]

[o€]
¥861 “493el

[82] LL0T
‘Iyseyese)

[cel [Lzl8L0T el [€2] [zzlsloT
910Z ‘095 Simodily  zioz‘odip4 €102 ‘NoNI3 S EIICMIIED)

LISIPRYD UMD AY[BND JO 3SN Y3 YIM S3IPNIS | | 3Y3 JO |esieidde [ediud g ajqel



Page 12 of 19

(2022) 22:47

{Paqdsep
510108} Bul
UEVSEMU]
SIS ¢|1e1op
ul paquosap
(s)uosueduwod
Aue pue
‘1saJ91Ul JO
1npoid
Jo ssapoud
‘ainpadoid 10y
DB} aInsodxe
Juswibal
Juswiiean
/UONUSAIRUI
A A A A A A A A A A A OUIsEM9
{selq jo
uoldNPOIU
1uaAaid 0}
pasn buipul|q
A A A A Jeapun A A A A A A SBM'S
{PaqLdsep
(S|lemerpyum)
o|dwes
[eulbLIo ayy
woJj S3550|
Buipuey jo
spoyaw
A VN VN N N N N A VN N A QIO Y
ipasn
plepueis 35U
-19424 a1end
-oldde ue sem
10 9|gesedwiod
sdnoib Apnis
A A A A N A A A 1eapun N A QUM '€
iselq wolj 231
syuaned/s1oaf

-gns Apnis
JO UOID3RS
A A A N N A A A A A A OUISEMC
6zl 6L0T [£zZl8L0T [e€lgLoT [Le] [og] [8zl 10T [cel [LzlsLoz vzl [ez] [zzlsLoz
‘uRisuRM ‘ulRlsuld\\  ‘opuowojonn] /86l I91el 861 U3nIeL ‘Iyseyeyel 910C ‘039S “wmodily Loz ‘odipd  €L0Z ‘Mo A31PAIRD

George et al. BMC Geriatrics

(panunuod) g ajqey



(2022) 22:47 Page 13 of 19

George et al. BMC Geriatrics

LON, 2J€ suol1sanb Ayipijea 8y} 01 slamsue dy3 JO (10W IO XIS) 1sow = (—) dA1eBaN "buosis Ajjeuonndadxa si Apnis 1eyl a1edipul Jou op £ pue ‘9 ‘g ‘g suolsanb
eLIR1LD ANIPIjeA 3Y3 01 SIoMSUE Y1 = (@) [eAIN3N *(,S3A, [BUOIIPPE SUO 15E3] 18 pue / pue ‘g ‘¢ ‘7 eLILD Buipnpdur) 94, 1€ suolisanb ALIpijeA ay1 01 SIamsue Sy JO 150W = (+) 3AINSOd "3|qedl|ddy JON YN SUoiDIAIqqY 4

5|00} |estesdde a3 se pasn sem 3si3d3YD) euid) A)fend pue (1y3) A1eiqr sisk|euy 92USPIAT $2138331Q PUE UOILINN JO Awapedy 3y ,

Buney
ﬂ B
+ aA1MSOd + aAnsod @ |ennaN @ |ennaN + aAnisod + aA1MSOd + aAnIsod + aAnsod + aAnIsod + annisod + aAnIsod lleddan0

Ayun
diysiosuods
1o buipuny
s,Apnis 01 anp
A A A N A A A A A A A SBIgS|OL

{UOI1RISPISUOD
(SIIVEN 3
suoneywl|
pue saselq

YM s3nsai
Aq pauoddns
SUOISN|PUOD
A A A N N A A A N A A AV 6

islojesipul
3WOINO
Jo adAy
pue ubisap
Apnis ay3 1oy
el doidde
SisAeue [ed
-13513€35 93
A A A Jeapun A A A A A A A SeM '8
{9|qeljo1 pue
pljeA sjuswW
-aInseaw ay}
pue pauysp
A|Jes|d 1sa193ul
JO SN1els Jo

uonIpuod 10
Soul021N0
A A A A A A A A A A A QDML
[62]16L0C [£218L0T l€€18L0T (L€l lo€] (821 £LOT lzel [LZl8LOoT vzl txd] [zzl8Loz
‘URISUIBI\  ‘UIBISUISA\  ‘OpuoWOloNN]  /86L U9MEl  YB6LUSMEL  ‘Iyseyexel  9LOT ‘09 omodily  zLoz'odipd  ELOZWONIT  RIGANSD

(panunuod) zajqel



George et al. BMC Geriatrics (2022) 22:47

(ten questions). Based on these criteria, the researcher
assigned each article a quality rating of positive, neutral
or negative (+, @, —).

Data analysis

Qualitative analyses were carried out and results were
presented narratively. For the qualitative analysis, differ-
ence in measures between NAFLD and control groups or
pre- and post- in prospective studies and change between
groups where appropriate, were reported, depending on
the analysis reported for individual studies. Data were
considered statistically significant if the reported p-value
was <0.05. Due to the heterogeneity of interventions, and
measured outcomes, a meta-analysis was not possible.

Results

Study selection

The literature search process is shown in Fig. 1. The
search strategy resulted in 1893 articles, of which 1229
remained after duplicates were removed. From this, 1135
articles were deemed ineligible as a result of title and
abstract screening. Ninety-four studies were eligible for
full-text screening and 84 were excluded for the following
reasons: non-NAFLD population (n =36), abstract only
(n =29), no cognitive outcome(s) (n =15), duplicates
(n =2), and not available online (7 =2). One additional
study was added through manual search of references
(n =1); there were no clinical trials found and thus, 11
observational studies were included in this systematic
review.

Study characteristics

The data extracted from the included 11 studies are
presented in Table 1. All studies were of observational
design; five were case-control [21, 24, 30, 31, 33], five
were cross-sectional [22, 27-29, 32], and one was a
cohort study [23]. The articles were published between
1984 and 2019. The studies were conducted in the United
States, Turkey, Japan, Serbia, United Kingdom, Italy and
Spain, and included a total of 7978 participants aged
between 37 and 70years (mean 51 years). The risk of bias
assessment for each study is reported in Table 2. Nine
articles received a positive quality rating [21-24, 27-30,
32], and two articles received a neutral quality rating [31,
33]; indicating majority of the studies posed a low risk of
bias. While the risk of bias tool applied does not assess
publication bias there appears to be a combination of
positive and negative results in the included studies. The
cognitive abilities and associated neuropsychological
tests measured in each study are summarised in Table 3.
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Cognitive abilities

General cognition

Four studies including two case-control [21, 33], one
cross-sectional [22] and one cohort study [23] inves-
tigated the associations between general cognitive
performance and NAFLD using multiple neuropsycho-
logical tests. All four studies reported that individuals
with NAFLD had significantly lower general cognitive
function, measured with the Serbian [21] and the Turk-
ish [22] MOCA (n =76 and n =213 respectively), MMSE
(n =163) [33], and the cognitive symptoms questionnaire
(CFQ) (n =431) [23].

Reasoning

One case-control study conducted in the US including
40 adults with a mean age of 41 years utilised the Raven’s
Progressive Matrices to evaluate reasoning and found
no significant difference between those with or without
NAELD [30].

Mental speed, attention and psychomotor speed

Five studies including three cross-sectional [22, 27, 32]
and two case-control studies [24, 30] reported on the
mental speed, attention and psychomotor speed. Over-
all, three studies indicated poorer performance in this
cognitive domain in those with NAFLD [27, 30, 32], with
one additional study indicating only those with the more
progressed state of the disease, NASH, having poorer
cognitive outcomes [24]. Two of these studies were cross-
sectional studies conducted in the US and included 1102
and 4472 participants with mean ages of 69 and 41years,
respectively [27, 32]. Only one of the five included stud-
ies in this domain indicated that NAFLD or NASH was
not associated with cognitive performance. One study
reported that individuals with NASH had evidence of
cognitive decline [22, 24]. Collectively, it appears that
mental speed, attention and psychomotor speed in the
majority (three out of five studies) was negatively influ-
enced in individuals with NAFLD.

Memory and learning

Five studies including three case-control [22, 30, 31] and
two cross-sectional studies [29, 32] utilised multiple neu-
ropsychological tests to report on the memory and learn-
ing domain. Two observational studies (one case-control
and a cross-sectional study) reported lower memory and
learning test scores (Supraspan Learning test and Ben-
ton Visual Retention test and Serial Digit Learning test)
in adults with NAFLD [31, 32]. Conversely, another three
studies that used the Wechsler Memory Scale [27, 32]
or the Delayed Recall Memory test (MoCA-TR) [22] did
not observe significant difference in logical and figural
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memory among those with NAFLD. Collectively, the
limited data available assessing memory and learning in
those with NAFLD is conflicting and inconclusive.

Language

Two studies including one cross-sectional [28] and one
case-control [30] examined the effects of NAFLD on the
language domain of cognitive performance. One cross-
sectional study in Japan (# =39) reported significantly
lower scores in the Verbal Fluency Task (VFL) among
individuals with NAFLD [28]. On the other hand, another
study in the US (n =40) did not find significant group
differences using the VFT, the Confrontation Naming
task, and the Peabody Picture Intelligence test and Token
test [30]. However, this latter study used a Crohn’s Dis-
ease control group. It is also difficult to compare the
findings between studies due to the different cognitive
function tests used. Overall, the number of studies and
participants included in this cognitive domain is limited,
include small sample sizes, and the findings are conflict-
ing and thus inconclusive.

Visuospatial perception

Five studies including two cross-sectional [22, 29] and
three case-control studies [21, 24, 30] reported on the
visuospatial perception cognitive domain. Three of the
five studies found poorer visuospatial perception scores,
measured with MOCA [21, 22] or Tactual Performance
task [30], in individuals with NAFLD. Conversely, no sig-
nificant group differences were found in three studies
for visuospatial perception as assessed using the Hooper
Visual Organisation test [29], Block Design task [30] and
Line Tracing test were used [24]. Together, these observa-
tions indicate that NAFLD may be associated with lower
visuospatial perception and cognitive impairment.

Ideas, abstraction, figural creations and mental flexibility
Four studies including three cross-sectional [22, 27, 29]
and one case-control [30] observed differences in the
Ideas, Abstraction, Figural creations and Mental flex-
ibility domain. Three studies (one case-control and two
cross-sectional) reported significantly higher scores in
the Trail Making task, indicating cognitive impairment,
in individuals with NAFLD [22, 29, 30]. Another cross-
sectional study that used the Animal Fluency test also
observed cognitive decline (lower scores) in those with
NAFLD [27]. Individuals with NAFLD also had poorer
abstract reasoning skills in two studies, as measured by
the Phenomic Fluency, Two-item Verbal Abstraction
and Similarities test [22, 29]. In total, all available studies
consistently reported that NAFLD was associated with
poorer ideas, abstraction, figural creations and mental
flexibility.

Page 15 0of 19

Discussion

This systematic review, which is the first to examine the
association between NAFLD and cognitive function,
included 11 observational studies with 7978 participants
across five countries. Based on the current literature
available, the findings indicate that NAFLD is likely asso-
ciated with poorer cognitive function across a number
of domains. Specifically, three out of seven domains
assessed in this review indicated there was evidence of
poor cognitive performance in participants with NAFLD,
including ‘general cognition, ‘mental speed, attention
and psychomotor speed; and ‘ideas, abstraction, figural
creations and mental flexibility. The remaining cogni-
tive domains (reasoning, memory and learning, language,
visuospatial perception) produced conflicting and thus
inconclusive findings potentially due to the limited num-
ber of studies and heterogenous designs and methodolo-
gies (e.g. study populations and cognitive tests).

The findings from this review indicating that NAFLD,
the ‘hepatic manifestation’ of the metabolic syndrome,
was associated with cognitive decline is in line with
other literature indicating that metabolic syndrome
and its components are strongly implicated in cognitive
decline [35]. The reason why only three of the seven cog-
nitive domains explored in this review were more likely
to be impacted by NAFLD may relate to differences in
the characteristics of the studies included. As all studies
included the assessment of multiple cognitive domains, it
is unlikely results showing cognitive decline with NAFLD
were due to study design or sample size in the respective
studies. Studies that investigate cognitive decline typi-
cally focus on older adults as this is when cognition is
most sensitive to change [36, 37]. What was noted how-
ever was that only one of the 11 studies in this review
included older adults with a mean age above 65 years and
the overall mean age of participants in this review was
middle aged [27]. Therefore, there was heterogeneity in
the timing and rate of cognitive decline in different cog-
nitive measures based on age and this may explain the
mixed findings in terms of the link with only three of the
seven cognitive domains assessed in this review. There
are known disparate effects on cognition with numerous
cognitive domains exhibiting decline such as memory
and fluid cognition, while others are preserved with age
such as language or vocabulary [38]. Declines in ‘general
cognition, ‘mental speed, attention and psychomotor
speed; and ‘ideas, abstraction, figural creations and men-
tal flexibility’ may be explained by the fact that cognitive
tasks requiring verbal fluency, processing or transform-
ing information to make a decision, working memory
and executive functioning are particularly sensitive to
changes with age [35]. This decline is worsened with age,
but the fact that this review demonstrated a decline in
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Table 3 Cognitive abilities and neuropsychological tests used in assessment in included studies®
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Cognitive abilities Neuropsychological tests® Cognitive No difference  Study
impairmentseen  seenin
in NAFLD NAFLD
General Cognition Montreal Cognitive Assessment test Serbian version — + Filipovic et al. 2018 [21]
Montreal Cognitive Assessment Turkish version + Celikbilek et al. 2018 [22]
Mini Mental State Examination + Tuttolomondo et al. 2018 [33]
Cognitive Failures Questionnaire + Elliott et al. 2013 [23]
Reasoning Raven's Progressive Matrices - Tarter et al. 1984 [30]
Mental speed, Atten- Digit Symbol Substitution Test + Weinstein et al. 2018 [27]
tion an Psychomotor MoCA-TR Attention: Sustained attention task - Celikbilek et al. 2018 [22]
spee MoCA-TR Attention: A serial subtraction task - Celikbilek et al. 2018 [22]
MoCA-TR Attention: Digits forward and backward - Celikbilek et al. 2018 [22]
tasks
Digit span forward - Tarter et al. 1984 [30]
Digit span backward - Tarter et al. 1984 [30]
Mental control - Tarter et al. 1984 [30]
Purdue Pegboard + Tarter et al. 1984 [30]
Stary Tracing - Tarter et al. 1984 [30]
Symbol Digit Substitution Test + Seoetal. 2016 [32]
The Simple Reaction Time Test + Seoetal. 2016 [32]
Symbol Digit Modalities Test + Tarter et al. 1984 [30]
The number connection test A - Felipo et al. 2012 [24]
The number connection test B - Felipo et al. 2012 [24]
The Serial Dotting Test - Felipo et al. 2012 [24]
Memory and learning  The Wechsler Memory Scale (verbal and visual) - Weinstein et al. 2019 [29]
Logical memory - Tarter et al. 1984 [30]
Figural memory - Tarter et al. 1984 [30]
Paired associates - Tarter et al. 1984 [30]
Supraspan - Weschler Memory Scale - Tarter et al. 1984 [30]
Supraspan Learning Test + Tarter et al. 1987 [31]
Digit Span Test - Tarter etal. 1987 [31]
Benton Visual Retention Test + Tarter et al. 1987 [31]
Rey-Osterreith Complex Figure Test - Tarter et al. 1987 [31]
Brown-Peterson Test - Tarter et al. 1987 [31]
The Serial Digit Learning Test + Seo et al. 2016 [32]
Language Fluency - Tarter et al. 1984 [30]
Confrontation Naming - Tarter et al. 1984 [30]
Responsive Naming - Tarter et al. 1984 [30]
Peabody Picture Intelligence Test - Tarter et al. 1984 [30]
A Verbal Fluency Task + Takahashi et al. 2017 [28]
The Token Test - Tarter et al. 1984 [30]
Visuospatial perception MoCA-TR Visuospatial abilities: Clock drawing + Celikbilek et al. 2018 [22]
MoCA-SR visuoconstructive: Draw a cube and a + Filipovic et al. 2018 [21]
clockin 11:10 position of clock hands
MoCA-TR Visuospatial abilities: Three-dimensional + Celikbilek et al. 2018 [22]
cube-copying task
Hooper Visual Organization Test - Weinstein et al. 2019 [29]
Block Design - Tarter et al. 1984 [30]
Tactual Performance + Tarter et al. 1984 [30]

The Line Tracing Test

Felipo et al. 2012 [24]
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Table 3 (continued)
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Cognitive abilities Neuropsychological tests® Cognitive No difference Study
impairment seen  seenin
in NAFLD NAFLD
Ideas, abstraction, The Animal Fluency Test + Weinstein et al. 2018 [27]
figural creations and ] )
mental flexibility Trail Making + Tarter et al. 1984 [30]
MoCA-TR Executive functioning abilities: Trail Making + Celikbilek et al. 2018 [22]
B task
MoCA-TR Executive functioning abilities: Phonemic ~ + Celikbilek et al. 2018 [22]
fluency task
MoCA-TR Executive functioning abilities: Two-item + Celikbilek et al. 2018 [22]
verbal abstraction task
Time to complete trail-making B minus time to + Weinstein et al. 2019 [29]
complete trail-making A test
The Similarities Test + Weinstein et al. 2019 [29]

2 Abbreviations: MOCA-TR Montreal Cognitive Assessment Turkish, MOCA-SR Montreal Cognitive Assessment Serbian, NAFLD Non-alcoholic fatty liver disease, NASH
Non-alcoholic steatohepatitis, MMSE Mini mental state examination, T2DM Type 2 diabetes mellitus, CFQ Cogpnitive failures questionnaire, VFT Verbal fluency task

B Plus (+) = impaired cognitive function observed in NAFLD for specific cognitive test. Negative (—) = no association or similar association observed in NAFLD for

specific cognitive test

cognition which was more pronounced in NAFLD in
individuals aged 37-61years suggests that this condition
may contribute to early onset cognitive decline particu-
larly in certain domains.

There are numerous potential underlying mechanisms
that may explain the possible early onset of cognitive
decline with NAFLD. These include insulin resistance
and progressive lipid deposition in the liver in NAFLD,
comorbidities which are highly prevalent in middle aged
populations and have been shown to increase periph-
eral hyperinsulinemia, lipid peroxidation, and system-
atic inflammatory damage to brain cells [38]. Obesity,
T2DM and the MetS co-exist with NAFLD and are all
driven by inflammation and oxidation, which contribute
to impaired vascular function, and subsequently poorer
cognitive function [39]. Furthermore, emerging evi-
dence suggests that NAFLD poses an additional risk for
dysbiosis by disrupting the gut brain axis and thus may
also deteriorate cognition in individuals with this disease
[40]. Liver diseases especially NAFLD and its more pro-
gressed form, NASH, can lead to elevated ammonia lev-
els (also known as hyperammonemia) [41, 42], and when
combined with inflammation this can lead to cognitive
impairment [24]. This is supported by the only study in
this review that assessed NAFLD severity and demon-
strated that participants with NASH showed significant
cognitive impairment compared to those with only sim-
ple steatosis (NAFLD) [24]. Therefore, NAFLD co-exist-
ing with multiple co-morbidities (e.g. chronic diseases,
hyperinsulinemia, systemic inflammation and extrahe-
patic change to the central nervous system) and/or more
progressed NAFLD, namely NASH, theoretically will

exacerbate cognitive impairment. In part support of this
notion, there is evidence in middle-aged adults showing
that cognitive decline is associated with the presence of
other comorbidities such as adiposity [40]. The findings
from this review shows some early evidence that this may
be the case for NAFLD and cognition, although more
research is needed to confirm this relationship.

This review contains several strengths including a com-
prehensive and systematic search in multiple databases
and achieving an overall positive Risk of Bias assessment
score (Table 2). Furthermore, this review provides early
evidence on the possible association between NAFLD
and cognition across various domains. All of the studies
included measured cognitive function using validated
diagnostic criteria, including a variety of standardised
neuropsychological tests such as MoCA, MMSE and
CFQ. This review was also robust in that we pooled and
discussed studies based on cognitive domains using a
previously established method [26]. However, the review
had several limitations such as the small number of stud-
ies and participant numbers included and an absence of
clinical trials to demonstrate causation. All studies were
observational in design and predominantly case-control
and cross-sectional. A further limitation was the hetero-
geneous diagnostic tools, with unknown cross-compa-
rability used to measure cognitive function, making the
comparison of research findings difficult. This limitation
has also been raised in previous reviews, where there is
an urgent need for consensus on using standard cogni-
tive assessments [44, 45]. In addition, due to the hetero-
geneity of populations, with regard to co-morbidities and
severity of NAFLD and tools to assess cognition amongst
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studies and the scarcity of literature reporting on the
relationship between NAFLD and cognitive function, a
meta-analysis could not be conducted. Finally, there is a
known association between cognition and other chronic
conditions such as diabetes and cardiovascular disease
and therefore without well designed studies that can con-
trol for these cardiometabolic conditions it is difficult to
deduce what the role of NAFLD is specifically, outside of
the cluster of metabolic conditions.

Conclusion

In conclusion, this review of 11 studies indicates that
there is an association between NAFLD and lower cog-
nitive performance. Particularly, that young and middle-
aged adults with NAFLD had poorer cognitive function
across several domains, including ‘general cognition,
‘mental speed, attention and psychomotor speed;, and
‘ideas, abstraction, figural creations and mental flexibil-
ity! This suggests that NAFLD in mid-life may accelerate
cognitive decline in certain domains, particularly those
that aren’t preserved with older age. However, prospec-
tive, adequately powered longitudinal studies that used
valid and sensitive tools are needed to confirm the asso-
ciation between NAFLD and cognition in the future.
Future studies should also consider standard tools to
enable comparison of results between studies, in order
to promote a better understanding of the relationship
between NAFLD and cognition, and as practical tools to
identify those at risk of cognitive decline.
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