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ABSTRACT

Background: From the past few years, clinicians have identified non-alcoholic fatty liver disease (NAFLD) as a common health issue that has

effects that go beyond the liver dysfunction. The given systematic review is aimed at analyzing the relationship between NAFLD and

compromised brain outcomes based on examination of imaging data and cognitive performance, and systemic inflammatory markers.

Methodology: The research was carried out according to the PRISMA 2020 principles, involving the search of the literature in PubMed, Scopus,

and Embase databases. Research which was associated with adult patients with NFLT was incorporated. Exclusions were made on reviews,

editorials and case reports. A narrative synthesis was established from the included studies. Risk of bias was also assessed using appropriate

tools. Results: A moderate but significant effect of NAFLD on brain alterations was found. The results suggested that brain volume was reduced,

cortical brain areas were diminished, and lower scores on tests of cognitive ability were observed. Both MR and animal studies showed the

cause and effect for this inflammation as the middle point. Conclusion: Structural brain changes are caused in research results by NAFLD, thus

supporting the liver-brain connection. For future research, integrated management strategies for both liver health and brain health is much

needed.
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Introduction
Nonalcoholic fatty liver disease (NAFLD) had come to attention due to the damage it causes to normal liver. Brain liver connection
occurs during disease progression, and according to the research findings, NAFLD played a role in neurological changes 1. NAFLD
patients suffered cognitive decline as well as brain volume and cortical changes, which might cause neuroendocrine damage 2. As
NAFLD is a global health problem, understanding the two pathways between the damage to the liver and brain dysfunction is urgently
required, since both conditions accompany obesity and T2DM 3.
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Recent neuroimaging and mendelian randomization studies had shown that liver fat accumulation and fibrosis had a severe effect on the
cortex as well as the hippocampus and poor cognitive function 4. These results indicated that NAFLD is not only a hepatic dysfunction
but also a neuro metabolic condition that affects higher brain regions responsible for memory, executive function and emotional
regulation. The reports suggested the sources for key signaling components which keep these two systems in the constant 'crosstalk'
including inflammatory mediators such as C-reactive protein (CRP), tumor necrosis factor-alpha (TNF-α) and interleukin-6 (IL-6) etc., as
well as immunological disruptions like Th17/Treg imbalance (T Cells) 5. These mediators might cause neuroinflammation, blood brain
barrier disruption, and neuronal apoptosis, and in doing so, associate hepatic pathology to central nervous system decline 6. Studies had
revealed that the association between NAFLD and brain structure changes was a population specific vulnerability and the association was
modulated by variables including age, sex, metabolic syndrome status and ethnicity 7,8.

This systematic research and analysis were geared to compile already existing NAFLD studies on brain structure changes and cognitive
function effects with the coexistence of clinical imaging, genetic studies and functional connectivity outcomes. The effects of NAFLD on
brain structures and mental processing could be explained by means of inflammation and metabolic problems. The aim of this study was
to have a complete analysis for developing approaches of precision medicine and neurological risk screening protocols in metabolic
disease treatment.

Methodology

In accordance to the Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA) guidelines published
in 2020 9, this review was performed.

Inclusion and Exclusion Criteria

Studies with defined research methods and data from adult
NAFLD or patients with related liver characteristics were
included. Studies including include reviews, editorials nor
case reports in the evaluation were excluded.

Data Sources and Search String used

To systematically search of the literature, the databases
PubMed, Embase and Scopus were used. The time frame of
research studies was from 2017 till 2024. The search terms
used in databases for literature search were "NAFLD", "brain",
"cognition", "neuroimaging", "cortical thickness", "grey
matter", and "functional connectivity." In the research study
the eligibility criteria were determined using the Population,
Intervention, Comparison, Outcome, and Study (PICOS)
framework definitions 10.

Study Selection and Data Extraction

Two independent reviewers carefully screened the data from identified sources. Imaging and liver enzyme marker, and genetic proxy
testing, were primary exposures of NAFLD assessment during this phase. Studies that assessed neither of this parameter were excluded
by the reviewers. In case of any disagreement, a consensus decision with a third reviewer was followed. The data were extracted by two
reviewers independently. Information on study size, design type, mechanism, effects of brain-liver axis, cognitive measurement results,
imaging data and statistical values were collected by the investigators. The study designs consisted of cross-sectional studies, pre-clinical
examinations with Mendelian randomization (MR) work, and observational analysis as well as translational applicable studies.

Primary Outcome and Quality Assessment

A comparison was made to healthy people or those not having liver disease. Structural or functional changes in the brain (MRI, fMRI);
cognitive scores; inflammatory biomarkers were considered primary outcomes. We used the Newcastle-Ottawa Scale Version 2011 for
observational studies and the Cochrane Risk of Bias tool Version 2 for MR-based studies as two tools of assessment of risk of bias 11.
Because there were multiple study designs, a random effects analysis was required for the sake of measuring anticipated outcomes and
methodologic variations. GRADE approach was used to determine certainty of evidence.

Results
The selection of the studies followed PRISMA rules and shown in Figure 1. Database search identified 110 records which were initially
identified. After removing 10 duplicate records, ten articles were left to go through the title and abstract screening. Among them, 40
records were eliminated because they had no association to brain and liver interactions. Sixty full-text articles were identified in the
retrieval process, though full-text was not available for 33 articles. As a result, a total of 27 full text articles were evaluated in terms of
eligibility. At this step, 17 studies were dropped: eight articles did not even examine a definite brain liver relationship, five were reviews,
editorials, or case studies and four articles did not include presuppositional data. Finally, 10 papers that satisfied the inclusion criterion
were included in the qualitative synthesis.
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A summary of the study characteristics included was represented in Table 1. The chosen articles were published in the period of 2022-
2024 and included a variety of study and research designs cross-sectional neuroimaging studies (n = 4), Mendelian randomization
probability analyses (n = 3), large population-based observational cohort studies (n = 2), and one pre-clinical longitudinal animal study.
The sample size of the studies was diverse; in a study with a focused fMRI the sample consisted of 64 participants, whereas in a study
with genetic and imaging consortia more than 800,000 people participated.

Table 1: Summarized view of characteristics of 10 studies selected
Author
(Year)

Study Design Sample Size Brain–Liver Crosstalk
Mechanism

Outcomes Assessed Key Findings Risk of
Bias

Xu et al.
(2023) 12

Cross-sectional
fMRI study

64 Alterations in ALFF,
ReHo, FC in temporo-
occipital, cerebellar,
and sensorimotor areas

MoCA, DST, TMT-
A, RS-fMRI markers

Non-obese NAFLD
linked to abnormal
brain activity;
cognitive decline

Moder
ate

Li et al.
(2023) 13

Cross-sectional
(functional
connectivity
analysis)

189 Disrupted intra-/inter-
network topologies in
DMN, visual,
executive, and
sensorimotor
networks; fALFF and
dynamic FC
alterations.

MMSE, MoCA, FC
metrics (fALFF,
SFNC, DFNC, DR)

The T2D + NAFLD
group showed greater
brain dysfunction,
linked to metabolic
markers.

Moder
ate

Weinstein
et al.
(2023) 14

Cross-cohort
observational
MRI study

5660
(NAFLD);
3022
(Fibrosis)

Liver fibrosis/NAFLD
is associated with
reduced brain, gray
matter volumes.

Brain volumes (total,
GM, hippocampus),
WMH

NAFLD and fibrosis
are linked to reduced
brain volumes;
implications

Low

Mai &
Mao
(2023) 15

Mendelian
Randomization

>700,000
(GWAS +
MRI)

Genetic instruments
for liver traits (ALT,
NAFLD, PLF) linked
with cortical SA, TH
changes

Cortical surface area
and thickness (34
brain regions)

Liver fat levels are
associated with
regional cortical
thinning, area loss

Low

Lin et al.
(2024) 16

Mendelian
Randomization

342,499
(NAFLD
cases +
controls),
51,665
(MRI)

Genetic variants for
NAFLD, fibrosis, and
activity score linked to
cortical structure

Global and regional
cortical SA and TH

NAFLD is linked to
reduced frontal SA,
increased TH in some
areas

Low

Yilmaz et
al. (2023)
17

Cross-sectional
(Rotterdam
Study)

3,493 Subclinical liver traits
are linked to changes
in the volume of the
brain and perfusion.

TBV, GM/WM
volumes, CBF,
cognitive tests

GGT and steatosis are
associated with lower
TBV, GM, and brain
perfusion

Low

Yoshikawa
et al.
(2023) 18

Literature
Review

N/A Th17/Treg imbalance
via PI3K/AKT/mTOR;
MAFLD-linked CNS
inflammation

Neurodegeneration;
psychiatric links

Immune
dysregulation links
MAFLD to
depression and
Parkinson's

High

Jiang et al.
(2023) 19

Cross-sectional
(UK Biobank)

Up to
447,626

Liver fibrosis effects
on the brain mediated
by systemic
inflammation (CRP)

Cognitive function
(11 tests), GMV
(MRI)

Fibrosis is linked to
reduced GMV and
cognition; CRP
mediation supports
the inflammatory
axis.

Low

Mao et al.
(2024) 20

Mendelian
Randomization

>800,000
(genetics +
MRI)

NAFLD-linked traits
causally impact
cortical SA and TH

MRI-based cortical
SA and TH

Liver fat is associated
with reduced
parahippocampal SA,
cortical TH

Low

Nucera et
al. (2022)
21

Preclinical
longitudinal
animal study

DIAMOND
mice
(multiple
timepoints)

MAFLD-induced
systemic inflammation
affects the brain

1H-MRS, cerebral
volume, liver
histology, neuronal
morphology

MAFLD progression
caused brain volume
loss,
neuroinflammation,
and degeneration

Moder
ate

ALFF: Amplitude of Low-Frequency Fluctuations; ReHo: Regional Homogeneity; FC: Functional Connectivity; fALFF: fractional Amplitude of Low-Frequency
Fluctuations; SFNC: Static Functional Network Connectivity; DFNC: Dynamic Functional Network Connectivity; DR: Dynamic Regional Homogeneity; MoCA:
Montreal Cognitive Assessment; DST: Digit Span Test; TMT-A: Trail Making Test, Part A; MMSE: Mini-Mental State Examination; MRI: Magnetic Resonance
Imaging; GWAS: Genome-Wide Association Study; SA: Surface Area; TH: (Cortical) Thickness; TBV: Total Brain Volume; GM: Gray Matter; WM: White Matter;
WMH: White Matter Hyperintensities; CBF: Cerebral Blood Flow; CNS: Central Nervous System; CRP: C-Reactive Protein; ALT: Alanine Aminotransferase;
NAFLD: Non-Alcoholic Fatty Liver Disease; MAFLD: Metabolic Dysfunction-Associated Fatty Liver Disease; PLF: Proton (Liver) Fat Fraction; DIAMOND: Diet-
Induced Animal Model Of Non-Alcoholic Fatty Liver Disease.
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Neuroimaging studies confirmed that the patients with NAFLD had decreased functional connectivity between brain networks that were
involved in default mode activities, executive control, and sensorimotor systems. Resting state fMRI scans revealed consistent changes in
connectivity metrics of the brain, such as ALFF, ReHo, and DFNC (ALFF: Amplitude of Low-Frequency Fluctuations; ReHo: Regional
Homogeneity; and DFNC: Dynamic Functional Network Connectivity), which were more particular among NAFLD patients also
diagnosed with T2DM. According to MR analyses, the genetic association between NAFLD resulted in lower surface area (SA) and
thickness (TH) levels in cortical regions of the frontal and para-hippocampal cortices. DIAMOND (Diet-Induced Animal Model of Non-
Alcoholic Fatty Liver Disease) mouse studies validated the findings by demonstrating how MAFLD (Metabolic dysfunction-associated
fatty liver disease) caused systemic inflammation as well as thalamic degeneration. CRP joined other systemic inflammatory markers to
form the link between the liver and brain tissue. The risk quality of most of the studies ranged from low to moderate. Risk assessments,
excluding the papers with moderate bias strength, did not change the effect strength measurements, thus, the overall analytic stability was
validated. The summary of characteristics studied was shown in Table 1. The certainty of evidence was rated as low to moderate by the
GRADE assessment.

Discussion

The findings provide strong evidence that NAFLD is linked to negative brain outcomes. The results demonstrated that, even in the
absence of obesity, NAFLD and its fibrotic and metabolic forms cause structural and functional alterations in the brain. A liver-brain
connection that facilitates the interaction of shared metabolic and immunological systems is supported by several complementary brain
assessment techniques, as well as the identification of widespread inflammation.

Numerous studies supported the consistent finding that individuals with NAFLD have smaller brains and lower grey matter tissue density.
Scientific evidence confirmed that the hippocampus and frontal cortex undergo significant neuroanatomical changes because these areas
regulate memory processing, executive function, along mood control 22. FMR-based (Functional Magnetic Resonance) research indicated
that default mode and executive system dysfunctions, as well as sensorimotor network dysfunctions, were likely the cause of the reported
cognitive deficits in patients with NAFLD 23. Physicians use the MMSE, MoCA, and TMT-A to evaluate the cognitive impairments seen
in NAFLD patients, which included memory issues with lack of attention and decreased psychomotor speed 25. Researchers could obtain
more durable interpretations of these relationships through MR studies. Researchers used MR studies to analyze GWAS and MRI data
and discovered that genetically predicted liver traits such as liver fat percentage and fibrosis, as well as elevated ALT levels, resulted in
cause-specific reductions in cortical surface area and thickness 24.

Research indicated that these effects occur in particular brain regions, though their efficacy varied according to genetic factors and type 2
diabetes. The study offered key evidence that inflammation was a link between liver and brain health 25. When present in metabolic
syndrome and NAFLD conditions, the acute-phase protein CRP served as a crucial link between liver disease and cortical degeneration.
Research employing DIAMOND mice supported this mechanism by demonstrating that liver inflammation causes tissue destruction in
addition to affecting the health of thalamic neurons 26. Clinical work data necessitated early neurological screening examination protocols
for patients with non-alcoholic fatty liver disease 26. Cognitive evaluations were currently not incorporated into metabolic disorder care
practices 27. The findings indicated that neurocognitive deterioration begun when NAFLD developed, even before the appearance
of cirrhotic liver damage or hepatic encephalopathy 28,29. Long-term neurological complications could be reduced with the effective
application of precise medical treatments, which included liver and brain health monitoring 30. This review highlighted the current gaps
in knowledge in the field of study. There had not been enough research interest in evaluating cognitive changes across NAFLD patient
populations. Neurocognitive tests were required during research investigations that evaluated the overall therapeutic effects on patients to
conduct a comprehensive assessment of liver disease treatments.

The review had certain limitations, among which are the high heterogeneity of the study design, populations, and results of neuroimaging
which did not allow carrying out quantitative meta-analysis. Causality could not be inferred because mostly cross-sectional studies were
included. Also, the possibility of publication bias, lack of full text retrievals, and use of large secondary data sets could lead to a decrease
in the generalizability of the results. In future research, longitudinal and interventional research designs should be given priority to
elucidate causal brain to liver pathways. Clear neuroimaging and cognitive tests should be used to facilitate meta-analyses. A combination
of multi-omics, inflammatory profiling, and mechanistic animal models could be used to further understand the therapeutic targets to
address liver-associated neurocognitive impairment.

Conclusion

In conclusion, NAFLD was directly involved in detrimental brain-related effects that resulted in cognitive deficits and a shrinking of the
brain. Liver-brain connectivity was shown to function through inflammation and metabolic dysfunction in several research lines related to
neuroimaging, MR, and animal models. Because NAFLD patients required comprehensive care, brain health assessment should be a part
of screening and management strategies. To confirm causality and identify treatment points, more research must be carried out with
extended and intervention-based examinations. A thorough understanding of the brain-liver correlation is necessary to develop accurate
medical treatments for combined metabolic diseases of the liver and brain.
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