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Abstract: The effect of liver fibrosis on mild cognitive impairment (MCI) and dementia risk in type 2
diabetes mellitus (T2DM) patients is unclear. Therefore, we performed a prospective cross-sectional
study on 219 patients with T2DM and older than 60 years to evaluate the association between liver
fibrosis, liver steatosis, and cognitive impairment. The Montreal Cognitive Assessment (MoCA) was
used to screen for MCI or dementia. Liver fibrosis was estimated using the non-invasive Fibrosis-4
(FIB-4) score, and liver steatosis was assessed with the hepatic steatosis index. The mean age was
71 % 6 years, 47% were women and according to MoCA cut-off values, 53.88% had MCI and 16.43%
had dementia. A moderate or high risk of advanced fibrosis was significantly higher in patients
with MCI or dementia compared to those with normal cognition (p < 0.001). After adjusting for
confounders, a FIB-4 score greater than 1.54 was associated with MCI or dementia (p = 0.039).
Multivariate analysis identified age over 70.5 years, antiplatelet medication use, and a FIB-4 score
above 1.54 as the most relevant risk factors. Liver fibrosis, but not liver steatosis, is associated with
MCI or dementia in older T2DM patients, suggesting that FIB-4 score might be a simple biomarker
for the detection of cognitive impairment.

Keywords: type 2 diabetes mellitus; cognitive impairment; metabolic-associated fatty liver disease;

liver fibrosis; cognitive performance

Biomedicines 2024, 12, 1993. https:/ /doi.org/10.3390 /biomedicines12091993

https:/ /www.mdpi.com/journal /biomedicines


https://doi.org/10.3390/biomedicines12091993
https://doi.org/10.3390/biomedicines12091993
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/biomedicines
https://www.mdpi.com
https://orcid.org/0000-0002-4579-4620
https://orcid.org/0000-0001-8565-1811
https://orcid.org/0000-0001-5636-9139
https://orcid.org/0000-0001-9741-2826
https://orcid.org/0000-0002-6549-5652
https://doi.org/10.3390/biomedicines12091993
https://www.mdpi.com/journal/biomedicines
https://www.mdpi.com/article/10.3390/biomedicines12091993?type=check_update&version=1

Biomedicines 2024, 12, 1993

2of 16

1. Introduction

The obesity pandemic has led to an exponential increase in type 2 diabetes mellitus
(T2DM) and metabolic-associated fatty liver disease (MAFLD), previously known as non-
alcoholic fatty liver disease (NAFLD) [1]. The prevalence of T2DM has doubled since
the 1980s [2]. Meanwhile, the prevalence of MAFLD already affects one third of the
global population [3]. Both conditions share pathophysiology, resulting in a bidirectional
relationship between them [1]. These pathologies increase the risk of cardiovascular
diseases, cancer, cognitive impairment (CI), and dementia (DE).

DE affects 43.8 million people worldwide [4]. This condition is chronic, progressive,
and irreversible. Early intervention in risk factors for DE, such as lower education, hyper-
tension, hearing impairment, smoking, obesity, depression, physical inactivity, diabetes,
low social contact, excessive alcohol consumption, traumatic brain injury, and air pollu-
tion, might prevent or delay 40% of DE cases [5]. The comorbidities of type 2 diabetes
mellitus [6] and MAFLD [7] increase the risk of cognitive impairment development and
the risk of progression from such impairment to dementia. Metabolic diseases not only
cause vascular DE through cerebrovascular disease but also increase the risk of Alzheimer’s
disease through mechanisms that are not fully understood [8].

It is hypothesized that type 2 diabetes mellitus would be a precursor to cognitive im-
pairment [9]. Individuals with T2DM have a 1.5-2.5 times higher probability of developing
DE [10]. Several authors suggest that glucotoxicity causes an increase in neuronal insulin
resistance, impaired insulin signaling, a pro-inflammatory state, mitochondrial dysfunction,
and vascular damage, leading to the deposition of 3-amyloid and tau protein [11,12]. These
pathophysiological mechanisms would explain the relationship between both pathologies.
Therefore, the American Diabetes Association (ADA), in its consensus published in 2023,
recommends, with level B evidence, screening for the early detection of mild cognitive
impairment (MCI) or DE for adults 65 years of age or older at the initial visit, annually, and
as appropriate [13]. In this document, they advocate for the use of three screening tools
without preference for any of them (Mini-Mental State Examination, Mini-Cog, and the
Montreal Cognitive Assessment). The presence of cognitive impairment hinders the ability
to perform complex tasks and reduces metabolic control [14]. Additionally, poor metabolic
control impairs cognitive health [15].

MAFLD comprises the progressive disease spectrum from simple steatosis through
non-alcoholic steatohepatitis (NASH), with or without fibrosis, to cirrhosis [16]. Both HIS
(Hepatic Steatosis Index) and FIB-4 (Fibrosis-4) are useful tools in assessing metabolic-
associated fatty liver disease (MAFLD), providing information about the risk of having
NASH and the degree of liver fibrosis, respectively. In some studies, simple hepatic steatosis
has not been linked to cognitive dysfunction, so the presence of fibrosis would be needed to
increase the probability of cognitive impairment [12]. Several studies associate MAFLD with
cognitive impairment [7,8]. Even without the presence of cirrhosis, hepatic fibrosis would
be a risk factor for the development of cognitive impairment [6]. The mechanisms linking
MAFLD to CI are not fully understood. Some authors hypothesize that as intrahepatic
fat accumulation progresses, damaged hepatocytes secrete an excess of pro-inflammatory
cytokines [17]. This can activate microglia and increase the permeability of the blood-brain
barrier (BBB) [18], resulting in the transmission of immune cells and neurotoxic factors to
the brain. Neuroinflammation increases the formation of beta-amyloid plaque, and liver
dysfunction would reduce beta-amyloid clearance, resulting in an increase in total beta-
amyloid concentration [19,20]. These mechanisms would cause neuronal cell injury or death.
Lin et al., 2024, suggest that MAFLD causally reduces global surface area and changes in
the cortical structures of several brain gyri [21]. Neuroinflammation would not be the only
mechanism linking MAFLD and cognitive impairment. MAFLD and T2DM share insulin
resistance as a key pathophysiological feature. Insulin resistance diminishes the expression
of insulin receptors in the brain, which in turn impairs neuronal plasticity, neuroprotection,
neuronal growth, and energy metabolism—key functions that insulin normally supports
under healthy physiological conditions [22]. Moreover, lipotoxicity characterized by the
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harmful accumulation of lipids in non-adipose tissues, particularly in the liver, arises
from the release of free fatty acids (FFAs) from insulin-resistant adipocytes. This process
triggers inflammatory pathways, cellular dysfunction, and lipoapoptosis. In the brain, the
dysregulation caused by lipotoxicity affects orexin, a neuropeptide essential for cognitive
functions, executive function, and learning [23]. An additional pathophysiological factor
in MAFLD-related cognitive impairment is the alteration of the intestinal microbiota,
known as dysbiosis. Dysbiosis is linked to increased intestinal permeability to pathogen-
associated molecular patterns (PAMPs), such as lipopolysaccharides (LPS), and other
bacterial products [24].

The primary purpose of our work is to study the association between liver fibrosis,
liver steatosis, and cognitive impairment in a cohort of people living with T2DM aged over
60 years. For this purpose, we analyzed the basal data from the PHYND study. Briefly,
the PHYND is a unicentric, randomized, double-blind, placebo controlled clinical trial
designed to assess the effect of oral phytate supplementation on cognitive performance,
metabolic control, brain iron deposition, and diabetic retinopathy on elderly patients with
mild cognitive impairment and type 2 diabetes mellitus [25].

2. Materials and Methods
2.1. Subjects and Design

For this purpose, we performed a prospective cross-sectional study. Two hundred
and nineteen consecutive patients with T2DM older than 60 years were recruited in Son
Llatzer University Hospital (Balearic Islands, Spain) from March 2022 until January 2023.
From these 219 patients, 3 groups were created based on cognitive status: “non-cognitive
impairment (non-CI)”, “mild cognitive impairment (MCI)”, and "dementia (DE)”. To
establish the groups, we relied on the cutoff points established in the same MoCA test
based on race/ethnicity and years of education [26].

2.2. Data Recollection
2.2.1. Clinical and Anthropometric Data

Patients’ clinical history was accessed via electronic medical records. During the
study, anamnesis, laboratory analysis, and physical exams were gathered prospectively.
Physical and anthropometric measurements were taken by competent professionals while
the individuals were barefoot and dressed in light clothing.

2.2.2. Laboratory Data

Blood samples were taken in the morning (after a 12 h fast). These samples were allowed
to remain at room temperature for 30 min before being centrifuged to separate the serum.

An automated analyzer (Cell-Dyn Sapphire and Architect cil6200, Abbott,
Chicago, IL, USA) was used to perform hematimetric and biochemical assays. Insulin was
measured using a chemiluminescent immunoassay (Advia Centaur, Siemens,
Munich, Germany).

2.2.3. Diagnostic Assessment

Type 2 diabetes was diagnosed if subjects presented fasting serum glucose >126 mg/dl
(7.0 mmol/L) and/or glycated hemoglobin >6.5 % or were under treatment with hypo-
glycemia drugs [27].

Blood pressure was measured three times after 5 min of rest, while the participant was
sitting quietly. The average of the second and third measurement was recorded. Patients
using antihypertensive drugs as well as those with systolic blood pressure >140 mmHg
and/or diastolic blood pressure > 90 mmHg were categorized as having hypertension [28].

Dyslipidemia was defined as the presence of one of the following factors: LDL choles-
terol levels >130 mg/dL, HDL cholesterol <40 mg/dL (in men) or <50 mg/dL (in women),
triglycerides >150 mg/dL, or lipid-lowering drug treatment. The remission of dyslipi-
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demia was considered if cholesterol and triglycerides were below the diagnostic cutoff
values in the absence of lipid-lowering drugs [29].

Chronic kidney disease (CKD) is defined as kidney damage or glomerular filtration
rate (GFR) <60 mL/min/1.73 m? for 3 months or more, irrespective of cause [30]. Diabetic
retinopathy was diagnosed due to a comprehensive evaluation by an ophthalmologist,
which includes dilated slit-lamp examination including biomicroscopy with a hand-held
lens (90 or 78 diopter), indirect ophthalmoscopy, and testing as appropriate that may
include optical coherence tomography and fluorescein angiography [31].

2.2.4. Liver Fibrosis and Steatosis Risk Assessment

The degree of liver fibrosis was estimated using the non-invasive formula of Fibrosis-4
(FIB-4) liver fibrosis score. We calculated the Fibrosis-4 (FIB-4) score for each participant as
follows: FIB-4 = age (years) x AST (U/L)/[PLT(10°/L) x ALT1/2 (U/L)]. The FIB-4 score
has been validated to have good accuracy for the non-invasive detection of liver fibrosis
across multiple underlying etiologies. With B grade evidence, the ADA recommends in
their 2023 consensus that “Adults with type 2 diabetes or prediabetes, particularly those
with obesity or cardiometabolic risk factors/established cardiovascular disease, should be
screened /risk stratified for nonalcoholic fatty liver disease with clinically significant fibrosis
(defined as moderate fibrosis to cirrhosis) using a calculated fibrosis-4 index (derived
from age, ALT, AST, and platelets even if they have normal liver enzymes)” [32]. FIB-4
was categorized as moderate (FIB-4 between 1.45 and 3.25) or high (FIB-4 > 3.25) risk of
advanced fibrosis [33,34]. Some authors consider the specificity for advanced fibrosis to
be unacceptably low in patients aged >65, suggesting that higher thresholds should be
established in elderly patients. Nevertheless, we show that FIB-4 thresholds non-adjusted
by age have a better performance to link the risk of moderate or advance hepatic fibrosis to
cognitive performance (explained in detail further).

The liver steatosis risk was assessed by the hepatic steatosis index (HSI). We calculated
the hepatic steatosis index (HSI) = 8 x (ALT/AST ratio) + BMI (+2 if female; +2 if diabetes
mellitus). HSI was categorized as < 0.0 (low risk of hepatic steatosis), 30-36 (intermediate
risk of hepatic steatosis), and >36 (high risk of hepatic steatosis) [35].

2.3. Defining Cognitive Performance as an Outcome Variable

Cognitive screening was performed using the Montreal Cognitive Assessment Test
(MoCA). We stratified MoCA results by race/ethnicity and education level before applying
a cutoff value for the MoCA score to achieve more accurate cutoffs, as suggested by
Milani et al., 2018 [26]. SAGE scores of 17 and above are suggestive of a normal condition,
15 and 16 are suggestive of an MCI condition, and 14 and below suggestive of a dementia
condition [36].

2.4. Statistical Analysis

The Kolmogorov-Smirnov or Shapiro-Wilk tests and normality graphs (histogram, Q-Q
plot) were used to determine whether the variables follow a normal distribution. Continuous
variables are expressed as “mean + Standard Deviation”, “mean + Standard Error”, or “me-
dian [interquartile range]”. Categorical variables are expressed as “frequency (percentage)”.

For normally distributed variables, the independent samples ¢-test was used to com-
pare variables between two groups. For more than two groups, the two-tailed ANOVA test
was used to determine the p-value of differences, and the Bonferroni test was used as a post
hoc test to evaluate differences. For non-normally distributed variables, the Kruskal-Wallis
non-parametric test and the Mann-Whitney U test were used. Categorical variables were
compared using the chi-square test or Fisher’s exact test to determine differences between
groups. p-values for the trend were calculated using linear regression analysis.

ROC curves of quantitative risk factors associated with MCI or DE were performed.
The optimal cutoff values of age and FIB-4 were determined by the maximum Youden
index (J), defined as sensitivity + specificity — 1. Linear regression models were fitted to
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assess the associations between FIB-4 and MOCA subscales. Binary logistic regression
models were used to identify risk factors associated with MCI or DE with normal cognitive
function as the reference (odds ratio [OR] = 1). Analysis was performed using the stepwise
backward method. A two-tailed p-value less than 0.05 was considered statistically signifi-
cant. Statistical analyses were performed using SPSS 23.0 (SPSS Inc., Chicago, IL, USA).
The Statistical Package for Social Sciences (SPSS) was used for statistical calculations.

3. Results
3.1. Baseline Patient Characteristics

Demographic and clinical characteristics of the three groups are shown in Table 1. The
median age was 70.6 years (interquartile range (IQR): 66.0-75.3) and patients with MCI or
DE were older than those with a normal cognitive condition (p < 0.05). The prevalence of
MCI in our sample was 53.9% and the prevalence of DE was 16.4%. Normal cognition was
reported in 29.7%. In total, 54.1% of patients were male, the median BMI was 31 (£5.9),
and 196 patients (89.9%) had a duration of T2DM of 10 years or more. None of these
parameters presented significant differences between groups. Patients with MCI or DE did
not present more diabetic complications, such as diabetic nephropathy, atherosclerosis, or
chronic kidney disease. Regarding medication, a higher percentage of patients with high
MCI or DE were taking calcium antagonists and antiaggregant when compared to patients
with normal cognitive function (p = 0.034 and p = 0.001, respectively).

Table 1. Clinical characteristics of patients among MoCA groups. Each value is given as
mean + standard deviation or frequency (percentage). The significance of differences between
groups was determined using a one-way ANOVA or Kruskal-Wallis test for quantitative data and a
chi-square test for qualitative data.

. Normal Cognitive Mild Cognitive .
All Patients Functi(%n Impai r%n ent Dementia p-Value
(n=219) (n=64) (n=118) (n =36)
Anthropometric Measures
Age (years) 70.6 + 6.2 67.0+5.2 714+ 6.2 739 +4.7 <0.001
Gender (male) 118 (54.1%) 35 (54.7%) 65 (55.1%) 18 (50.0%) 0.861
BMI (kg/m?) 31.0£59 31.6 +£6.7 309 +£5.6 304 +£5.1 0.558
Waist circumference (cm) 110 £ 16 112 +17 109 £ 15 107 £ 13 0.502
Systolic blood pressure (mmHg) 144 +£ 19 139 +18 145 £+ 20 144 + 20 0.162
Diastolic blood pressure (mmHg) 79 £11 78 £12 80 £ 11 77 £10 0.448
Pulse pressure (mmHg) 79 +£10 78.6 £7.8 79 £10 80£13 0.946
Comorbidities, Toxics, and Clinical
History
Time from diagnosis DM2
Less than 5 years 8 (3.7%) 3 (4.7%) 4 (3.4%) 1 (2.8%) 0.794
Between 5 and 10 years 14 (6.4%) 6(9.4%) 6 (5.1%) 2 (5.6%)
More than 10 years 196 (89.9%) 55 (85.9%) 108 (91.5%) 33 (91.7%)
Diabetic retinopathy 18 (8.3%) 3 (4.7%) 12 (10.2%) 3(8.3%) 0.439
Diabetic nephropathy 38 (17.4%) 6(9.4%) 23 (19.5%) 9 (25.0%) 0.097
Intermittent claudication 3 (1.4%) 2 (3.1%) 1 (0.8%) 0 (0.0%) 0.335
Cerebrovascular accident 10 (4.6%) 4 (6.3%) 6 (5.1%) 0 (0.0%) 0.330
Polyneuropathy 19 (8.7%) 7 (10.9%) 11 (9.3%) 1 (2.8%) 0.359
Diabetic foot 5(2.3%) 0 (0.0%) 4 (3.4%) 1(2.8%) 0.337
Intermittent claudication 4 (1.8%) 1(1.6%) 3 (2.5%) 0 (0.0%) 0.598
Atherosclerosis 200 (91.7%) 60 (93.8%) 105 (89.0%) 35 (97.2%) 0.288
Hypertension 189 (86.7%) 54 (84.4%) 103 (87.3%) 32 (88.9%) 0.785
Smoking 17 (7.8%) 7 (10.9%) 9 (7.6%) 1(2.8%) 0.584
Alcohol 12 (5.5%) 4 (6.3%) 6 (5.1%) 2 (5.6%) 0.637
Prior cardiovascular disease 1 (0.5%) 1 (1.6%) 0 (0.0%) 0 (0.0%) 0.072
Chronic kidney disease (CKD) 41 (18.8%) 8 (12.5%) 20 (16.9%) 13 (36.1%) 0.011
2 (eGFR 89-60 mL/min/1.73 m?) 87 (39.9%) 26 (40.6%) 48 (40.7%) 13 (36.1%)
3a (eGFR 59-45 mL/min/1.73 m?) 14 (6.4%) 3 (4.7%) 9 (7.6%) 2 (5.6%)
3b (eGFR 44-30 mL/min/1.73 m?) 20 (9.2%) 4 (6.3%) 9 (7.6%) 7 (19.4%)
4 (eGFR 29-15 mL/min/1.73 m?) 0 (0.0%) 4 (3.4%) 2 (5.6%) 6 (2.8%)
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Table 1. Cont.

. Normal Cognitive Mild Cognitive .
All Patients Func tign Impair%nent Dementia p-Value
(n=219) (n=64) (n=118) (n =36)
Medication Use
Angiotensin-converting enzyme
inhibitors /angiotensin II 177 (81.2%) 54 (84.4%) 96 (81.4%) 27 (75.0%) 0.514
receptor-blocking agents
Beta-blockers 81 (37.2%) 17 (26.6%) 46 (39.0%) 18 (50.0%) 0.055
Calcium antagonists 61 (28.0%) 13 (20.3%) 32 (27.1%) 16 (44.4%) 0.034
Statins 187 (85.8%) 53 (82.8%) 102 (86.4%) 32 (88.9%) 0.674
25-hydroxyvitamin D 90 (41.3%) 20 (31.3%) 53 (44.9%) 17 (47.2%) 0.148
Calcium supplements 15 (6.9%) 2 (3.1%) 10 (8.5%) 3 (8.3%) 0.369
Antiplatelets 90 (41.3%) 13 (20.3%) 59 (50.0%) 18 (50.0%) <0.001
Insulin 98 (45.0%) 33 (51.6%) 47 (39.8%) 18 (50.0%) 0.253
Oral antidiabetic medication 211 (96.8%) 64 (100%) 114 (96.6%) 33 (91.7%) 0.075
Uric medication (allopurinol or o o o o
febuxostat)) 35 (16.1%) 8 (12.5%) 20 (16.9%) 7 (19.4%) 0.614
Thiazides 65 (29.8%) 19 (29.7%) 36 (30.5%) 10 (27.8%) 0.925
Furosemide 28 (12.8%) 10 (15.6%) 15 (12.7%) 3(8.3%) 0.577
Metformin 166 (76.1%) 55 (85.9%) 85 (72.0%) 26 (72.2%) 0.092
Semaglutide 50 (22.9%) 19 (29.7%) 27 (22.9%) 4 (11.1%) 0.105
Liraglutide 14 (6.5%) 6(9.4%) 6(5.1%) 2 (5.6%) 0.524
Dulaglutide 36 (16.8%) 8 (12.5%) 21 (17.8%) 7 (7 19.4%) 0.573
Dapaglifozine 35 (16.1%) 8 (12.5%) 20 (16.9%) 7 (19.4%) 0.614
Empaglifozine 65 (29.8%) 19 (29.7%) 36 (30.5%) 10 (27.8%) 0.925
Pioglitazone 15 (6.9%) 2 (3.1%) 10 (8.5%) 3(8.3%) 0.369

3.2. Laboratory Analysis Parameters

Table 2 shows the clinical and biochemical characteristics among MoCA groups. As can
be seen, GFR (calculated with MDR4IDMS formula and CKD-EPI formula) was lower for the
DE group compared to the non-CI and MCI group [DE 66 (44-88); MCI 75 (55-95); non-CI: 77
(59-95) mL/min/1.73 m?; p = 0.004]. Hemoglobin and albumin levels decreased as the MoCA
punctuation decreased (p < 0.001), whereas blood levels of urea and creatinine and the urinary
albumin/ creatinine ratio significantly increased with lower MoCA punctuation (p < 0.05). No
significant difference between groups in HbAlc was reported.

Table 2. Laboratory parameters among MoCA groups. Each value is given as the mean + standard
deviation or median (interquartile range). The p-values for trends were calculated using linear
regression, treating MoCA as categorical variables and laboratory variables as continuous data.

Normal Cognitive Mild Cognitive

All Patients Function Impairment Dementia p-Value

(n=219) (1 = 64) (1 = 118) (n =36) for Trend
Glomer(‘if /fﬂltierf /I\S/IIE)I){‘HDMS 74 + 20 76 + 20 75 + 20 66 + 22 0.013
Gloﬁi‘jﬁﬁf@gi?)ﬁm 74 £ 20 77 £ 18 75 4 20 66 + 22 0.004
Leukocytes (x10? /L) 7.7 £22 7.7 +19 7.6 +24 77423 0.954
Hemoglobin (g/dL) 140+ 16 144+15 141417 133+ 16 0.001
Glucose (mg/dL) 144 + 50 146 + 45 141 + 46 154 + 69 0.440
Urea (mg/dL) 44 419 43 + 18 42 +17 52 424 0.035
Creatinine (mg/dL) 0.96 + 0.35 0.92 + 0.28 0.95 + 0.37 1.07 +0.39 0.042
Urate (mg/dL) 53417 56+ 18 52417 52417 0.328
Sodium (mEq/L) 140.3 + 2.1 1404 + 2.1 1404 + 2.1 139.9 + 2.1 0.230
Potassium (mEq/L) 462 + 048 459 + 0.44 461 + 045 473 +0.62 0.160

Chloride (mEq/L) 103.9 £ 3.0 104.0 £ 2.8 103.9 +2.9 103.7 £3.7 0.684
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Table 2. Cont.
e i mpmed Sl e
(n=64) (n=118)
Calcium (mg/dL) 9.48 +0.44 9.47 £0.42 9.52 +£0.43 9.37 £ 0.46 0.214
Phosphate (mg/dL) 3.48 +0.62 3.57 £0.39 341+ 0.64 3.53 +£0.86 0.887
Total cholesterol (mg/dL) 154 £ 39 153 £ 34 153 + 41 159 + 41 0.491
HDL cholesterol (mg/dL) 43+11 43+8 43+11 43 +£13 0.783
LDL cholesterol (mg/dL) 80 + 30 80 £+ 27 81 £33 82 + 28 0.770
Triglycerides (mg/dL) 151 + 85 154 + 88 149 + 88 153 + 67 1.000
Albumin (g/dL) 4.38 £0.38 447 +0.37 4.37 £0.38 4.25 4+ 0.39 0.004
Phosphatase alkaline (U/L) 76 £+ 30 75 £ 28 75 £27 80 £+ 44 0.401
HbA1lc_NGSPDCCT (%) 74+13 75+£13 73£11 77+18 0.488
25-hydroxyvitamin D3 (ng/mL) 26 £15 27 £13 25+ 14 28 £ 19 0.692
Creatinine urine (mg/dL) 77 £43 72 + 34 76 + 42 87 + 59 0.179
Urinary albumin/creatinine ratio (mg/g) o0+ 146 7= > 192+ 29 0.020
13.8 [8.5-34.6] 13.1[10.2-33.2] 14.2 [8.2-78.3] 13.7 [7.4-42.5]
Microalbuminurie (mg/dL) 4.7 +14.7 25+33 53 +18.9 6.8 £12.1 0.280
Parathyroid hormone (pg/dL) 147.9 £ 88.0 133.1 £ 66.5 1499 +£104.7 163.7 £17.9 0.652
Fibrinogen (mg/dL) 4819 + 844 4974 £ 737 475.1 +£91.9 474.6 +93.1 0.648
Transferrin (mg/dL) 2872 +474 2954 +48.3 283.8 +46.3 281.2 £ 49.6 0.310
C-Reactive protein (mg/dL) 0.88 4+ 5.37 0.46 + 0.39 1.24 +7.28 0.48 +0.44 0.978
Platelets (10° /L) 231.6 £92.8 233.5 £63.5 233.0 £ 110.1 223.7 £ 74.3 0.607
AST (UI/L) 20.1£9.8 20.0 £6.9 20.0 £10.7 202 £11.3 0.935
ALT (UI/L) 211 +£11.2 22.8 £ 11.7 202 +9.6 20.8 +14.7 0.439
Red cell distribution width (%) 140+14 141+15 140+ 14 139+12 0.435
Lymphocytes (%) 304 +9.1 30.0 + 8.7 30.3+£9.0 31.5+10.3 0.430
Mean cell volume (fL) 90.7 £73 91.0£7.0 909 £72 89.8 £ 8.2 0.431
White blood cell count (1000 cells/UL) 77 +22 77+19 76+£24 77+£23 0.954

3.3. Fibrosis Score and Hepatoestatosis Index among MoCA Groups

The data showed a tendency for FIB-4 values to increase as MoCA scores decreased.
The median (£SE) values of FIB-4 were 1.9 (£0.35), 1.55 (£0.06), and 1.33 (£0.06) for DE,
MCI, and non-ClI, respectively (Figure 1A, p-value for trend = 0.006). However, there
was no trend towards greater HSI value as MoCA punctuation decreased. The median
(£SE) values of HSI were 41.6 (£1.0), 42.0 (£0.6), and 43.5 (1.0) for DE, MCI, and non-CI,
respectively (Figure 1B, p-value for trend = 0.185). Furthermore, there was an observed
trend of higher FIB-4 values as HIS scores decreased. The median (+SE) values of HSI were
43.8 (+0.7), 40.7 (£0.6), and 38.2 (1.4) for FIB-4 < 1.45, FIB-4 (1.45-3.25), and FIB-4 > 3.25,
respectively (Figure 1C, p-value for trend = 0.001).

3.4. Fibrosis Score and MoCA Subscales

Univariate and multivariate linear regression analyses were used to investigate the
association of the MoCA subscales with FIB-4 values. Table 3 shows crude and adjusted
beta coefficients adjusted by age, gender, CKD, coronary disease, betablockers, calcium
antagonists, and antiaggregant medication use. As observed, there is a significant corre-
lation between elevated FIB-4 values and reduced language fluency scores in the MoCA
subscales, both in adjusted and crude analyses. A significant negative association was also
observed, and FIB-4 between total MoCA scores.
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-value for yreng <0.001 p-value rr yenq-0.185 -value for yreng <0.001
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FIB-4

Figure 1. FIB-4 values among MoCA groups (A), HSI values among MoCA groups (B), and HIS
values among FIB-4 groups (C). Values are expressed as mean =+ SE. The p-values for trends were
calculated through linear regression, treating the variables of groups as categorical (X-axis) and the
others as continuous (Y-axis).

Table 3. Crude and adjusted beta coefficients from linear regression showing associations of the
MoCA subscales with FIB-4 values.

Crude 95% CI for Crude Adjusted 8 95% CI for

Coefficient B p-Value Coefficient * Adj. B p-Value

V‘suosﬂa“al./ executive ~0.103 (—0.236-0.031) 0.130 ~0.066 (—0.204——0.970) 0.343
unction

Naming —0.082 (—0.215-0.052) 0.229 —0.120 (—0.255-—0.375) 0.080
Attention ~0.033 (—0.167-0.101) 0.633 —0.059 (—0.201-—0.943) 0.415
Language fluency —0.214 (—0.345-—0.083) 0.001 —0.174 (—0.318-0.973) 0.018
Abstraction ~0.115 (—0.248-0.018) 0.090 —0.133 (—0.267-—0.063) 0.054
Memory —0.066 (—0.200-0.067) 0.329 —0.011 (—0.149-—0.278) 0.879
Orientation 0.055 (—0.079-0.189) 0416 0.054 (~0.079-2.230) 0.423
Total MOCA —0.151 (—0.283-—0.018) 0.026 —0.154 (—0.299-0.234) 0.038

* Adjusted by age, gender, CKD, coronary disease, betablockers, calcium antagonist, and antiaggregant medication.

3.5. Optimal Cut-off of Age and FIB-4 Values Associated with MCI or Dementia (vs. no-CI) in
Patients with T2DM

ROC curves and optimal cut-off values were calculated for quantitative risk factors
associated with moderate-severe FIB-4 value (Figure 2). As observed, FIB-4 values greater
than 1.54 exhibited a sensitivity of 42.9% and specificity of 79.7%. The overall accuracy
for FIB-4 above 1.54 exhibited was 53.7%. For individuals aged over 70.5 years, sensitivity
and specificity were 59.7% and 73.4%, respectively. The overall accuracy for age above
70.5 reached 63.8%, surpassing that of the other analyzed variables.

3.6. Risk Factors Associated with MCI or Dementia

Univariate and multivariate logistic regression analyses were used to investigate the
most relevant risk factors associated with the presence of MCI or DE (vs. normal cognition).
The relevant listed factors previously reported in Tables 2 and 3 were initially included in
the models before employing either the enter method (multivariate model 1) or stepwise
and backward elimination (multivariate model 2) (Table 4). In the multivariate model 1,
only three variables remained significantly associated with MCI or DE after adjusting for
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the rest of variables: age older than 70.5 years, use of antiaggregant, and FIB-4 scores higher
than 1.54. The final multivariate model 2 identified age older than 70.5 (3.33 (1.68-6.61);
p = 0.001), use of antiaggregants (3.85 (1.88-7.90); p < 0.001), and FIB-4 higher than 1.54
(2.19 (1.04-4.63) p-value = 0.039) as the most important risk factors associated with MCI or
DE in T2DM.

(a) (b)
Age (years) FIB-4 index
1.0 1.0
0.8 0.8
o =
'S 0.6 1 =06
0.4 0.4 —
b &
0.2 - 0.2
0.0 | I | I 0.0 1 1 T 1
00 02 04 06 08 10 00 02 04 06 08 10
1 - Specificity 1 - Specificity
AUC ilf’: Sensitivity Specificity NPV PPV A?:::l:::::ly
(+) 0 (V)
(95%C1) - 1ue (%) (%) (%) (%) (%)
Age 0.731
(years) (0.660-0.803) >70.5 59.7 734 431844 63.8
FIB-4 0.607 >1.54 42.9 79.7 36.783.5 53.7

(0.528-0.685) ~

Figure 2. ROC curves and optimal cut-off of age and FIB-4 values associated with MCI or dementia
(vs. no-ClI) in patients with T2DM. The optimal cut-off values were determined by the maximum
Youden index (J), defined as sensitivity + specificity — 1. The table indicates the area under the curve
(AUCQ), sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and
overall accuracy of the optimal cut-off values. Green line: optimal value. Blue line: obtained value.

Table 4. Crude and adjusted models of risk factors associated with MCI or dementia in patients
with T2DM. Multivariate analysis was performed using the stepwise backward method. Crude and
adjusted odds ratios (ORs) are indicated in the table. Multivariate model 1 includes all analyzed
variables using the “enter” procedure, while Model 2 indicates only significant variables through a
stepwise-backward procedure. A comparison of the expected and observed frequencies using the
Hosmer-Lemeshow goodness-of-fit test (p-value = 0.863) and an ROC curve (AUC = 0.759; p < 0.001)
indicated a good fit for model 2.

Univariate Analysis Multivariate Model 1 Multivariate Model 2

Crude (95% C.I for . (95% C.I. for . (95% C.Lf or
OR Crude OR) p-Value Adj OR Adj. OR) p-Value Adj OR Adj. OR) p-Value
Age > 70.5 years 4102 (2.160-7.791)  <0.001 2.850 (1.378-5.894) 0.005 3.328 (1.675-6.612) 0.001
Gender (female) 1.016 (0.758-1.362) 0.915 1.094 (0.549-2.178) 0.798
CKD (yes vs. no) 1909  (0.828-4.399) 0.129 1.135 (0.427-3.019) 0.800
Coronary disease 93 (1 003_5.240) 0.049 1.214 (0.401-3.673) 0.731

(yes vs. no)
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Table 4. Cont.
Univariate Analysis Multivariate Model 1 Multivariate Model 2
Crude (95% C.I. for . (95% C.I. for . (95% C.IL.f or
OR Crude OR) p-Value Adj OR Adj. OR) p-Value Adj OR Adj. OR) p-Value

Betabizciir)s (yes 1966  (1.036-3.731) 0.039 1.386 (0.647-2.970) 0.402

Antiaggregants 3923 (1.976-7.790) 0.000 3.920 (1.751-8.775) 0.001 3.859 (1.885-7.901)  <0.001

(yes vs. no)
Calcium
antagonists (yes vs. 1776  (0.884-3.570) 0.107 1.535 (0.689-3.420) 0.295
no)
FIB-4 > 1.54 2942 (1.479-5.852) 0.002 2.365 (1.102-5.077) 0.027 2.195 (1.040-4.631) 0.039

4. Discussion

Our study is the first one to report, using FIB-4 and HIS, that FIB-4 but not HSI values
are negatively correlated with MoCA punctuation in elderly subjects with T2DM. The
presence of a FIB-4 value higher than 1.54 is associated with a 2-fold to 3-fold higher
risk for MCI or DE in elderly patients with T2DM. Seo et al., utilizing data from the
1988-1994 National Health and Nutrition Examination Survey (NHANES), which included
874 individuals diagnosed with MAFLD and 3598 healthy controls under the age of 59,
found that MAFLD was linked to impaired memory and attention even after accounting for
significant confounding variables [37]. However, Weinstein et al., analyzed NHANES data
collected between 2011 and 2014, and contrary to expectations, an MAFLD diagnosis on its
own did not correlate with decreased cognitive performance across any of the administered
tests [38]. However, individuals with both MAFLD and concurrent T2DM exhibited poor
cognitive performance. In another work, by Weinstein et al., while MAFLD itself did
not show an independent association with cognitive dysfunction, a subset of MAFLD
patients at a heightened risk of hepatic fibrosis, as indicated by the NAFLD fibrosis score
(NFS), demonstrated compromised cognitive performance compared to those at lower
risk [39]. In summary, the investigations mentioned fail to conclusively demonstrate
an independent link between the complete range of MAFLD conditions and cognitive
impairment [16]. Nevertheless, there appears to be a correlation between cognitive abilities
and the severity of liver fibrosis. Those living with T2DM seem to have a higher risk
of poor cognitive performance when hepatic fibrosis appears. Tools like HIS and FIB-4
are essential for assessing the risk of NASH and liver fibrosis in MAFLD. While simple
hepatic steatosis has not consistently been linked to cognitive dysfunction, fibrosis appears
to increase the likelihood of cognitive impairment [12]. The exact mechanisms are not
fully understood, but it is hypothesized that the accumulation of intrahepatic fat leads to
the secretion of pro-inflammatory cytokines, activating microglia and increasing blood-
brain barrier permeability [17,18]. This can result in the transmission of immune cells
and neurotoxic factors to the brain, increasing beta-amyloid formation and reducing its
clearance, ultimately leading to neuronal injury or death [19,20]. Furthermore, MAFLD
and T2DM share insulin resistance as a key pathophysiological feature, which diminishes
insulin receptor expression in the brain, impairing critical functions like neuronal plasticity
and energy metabolism [22]. Lipotoxicity can further exacerbate cognitive dysfunction
through the release of free fatty acids and the subsequent triggering of inflammatory
pathways [23]. Additionally, dysbiosis is linked to increased intestinal permeability and the
entry of bacterial products into circulation, further contributing to cognitive decline [24].

It is worth underlining that we developed ROC curves and searched for the optimal
cut-off values associated with MCI or DE. Remarkably, FIB-4 shows good accuracy, for
example with age being the strongest predictor of risk to develop MCI or DE. All these
data suggest that FIB-4 (with an optimal cut-off value of 1.54) could be a useful marker
to identify those elderly patients living with T2DM with a higher risk of developing MCI
or DE. However, McPherson et al., established higher cut-off values to exclude advanced
fibrosis patients using the age-specific cut-offs [33]. They show that age has a significant
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effect on the performance of simple non-invasive fibrosis scores in excluding advanced
fibrosis. There was a significant decrease in specificity for advanced fibrosis in older patients
(>65 years), resulting in a high false positive rate for advanced fibrosis [33]. Because of
this, they established higher cut-off values for the FIB-4 score with punctuation under
2 excluding fibrosis, with scores between 2 and 2.67 requiring further investigation and
with scores higher than 2.67 showing a likely diagnosis of fibrosis [33]. Nevertheless, the
prevalence of MAFLD in elderly patients with T2DM is 56.9%, conferring a higher risk of
developing hepatic fibrosis [40]. We should consider that elderly patients with T2DM may
not benefit from McPherson-proposed cut-off values for cognitive impairment prediction.
It would therefore be worth developing further prospective studies to draw definitive
conclusions about the application of FIB-4 in elderly patients with T2DM.

Our results support the notion that a higher FIB-4 score is associated with a lower
cognitive performance, especially in language fluency. This contradicts previous results.
Executive functioning, closely linked to metabolic conditions like obesity and diabetes,
may be more sensitively detected by the MoCA due to its focus on frontal tasks [8,41].
Kang et al., found that MAFLD was correlated with reduced visuospatial and executive
function [8], while Seo et al., observed decreased performance in specific cognitive tests
among MAFLD patients in the NHANES study [37]. Other studies suggest that MAFLD
may affect cognitive performance through region-specific mechanisms rather than diffuse
dysfunction [38], particularly impacting language domains [42,43]. Further research using
sensitive and valid cognitive tools is needed to confirm these associations.

Secondly, we report a higher-than-expected prevalence of MCI and DE. You et al.,
in a systematic review and meta-analysis, demonstrated in a subgroup analysis that the
prevalence of MCI in patients older than 60 years was 44.3% [44]. In Spain, a nationwide
discharge database selecting T2DM patients aged 60 years or older admitted to Spanish
hospitals from 2011 to 2020 found a prevalence of dementia of 8.31% [45]. We report
a prevalence of MCI of 53.88% and a prevalence of DE of 16.43%. Simo et al., found
results similar to those reported in our study, emphasizing the importance of cognitive
impairment screening in patients with type 2 diabetes [46]. Obviously, our sample is
small and it is a cross-sectional study from a single medical center; therefore, our findings
should be interpreted with caution. However, if cognitive function screening became
routine, we might realize that cognitive decline in individuals with type 2 diabetes is
currently underdiagnosed.

Our results indicate that age is the strongest associated factor for developing MCI or
dementia in patients with T2DM. Being older than 70 years is associated with a 3-fold to
4-fold higher risk for MCI or DE in elderly patients with T2DM. Similar results have been
found in other studies; in fact, aging is the primary risk factor for the development of preva-
lent neurological disorders [47]. Concerning other factors associated with lower cognitive
performance, in our study, the median BMI was 31 (grade I obesity) and higher or lower
BMI levels were not associated with cognitive performance. Evidence from longitudinal
population-based studies indicates that living with obesity in midlife is linked to a higher
risk of dementia later in life [48]. Some studies suggest an “obesity paradox” in late-life,
where obesity appears to protect against cognitive decline and dementia; others refute
this notion [49]. On the other hand, some studies have demonstrated a negative impact
of high BMI in later life on cognition and the risk of dementia [50]. The current study did
not find any notable correlation between the duration of T2DM and cognitive impairment.
This finding contradicts the results of numerous prior studies that have explored this
association. Several studies revealed that individuals diagnosed with T2DM for over five
years exhibit poorer cognitive performance compared to those recently diagnosed [51,52].
We should keep in mind that most of the patients in this study have been living with T2DM
for more than 10 years. Moreover, our results show that patients with MCI or DE did not
present more diabetic complications, such as diabetic nephropathy, atherosclerosis, and
chronic kidney disease. Legdeur et al., found, in 442,428 individuals without dementia
aged >65 years from the longitudinal primary care Integrated Primary Care Information
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(IPCI) database, that vascular disorders are no longer a risk factor for dementia at older
ages (>65 years) [53].

Thirdly, in our study, the use of antiaggregants is associated with a 3- to 4-fold higher
risk for MCI or DE in elderly patients with T2DM. We report a higher use of antiplatelets,
and especially low-dose aspirin, in those with lower cognitive performance. Some authors
hypothesized that low-dose aspirin could potentially safeguard against dementia and
cognitive decline via two primary mechanisms [54,55]: by influencing Alzheimer’s disease-
related pathology and by reducing vascular events. Li et al., showed that in cohort studies,
it was observed that the use of low-dose aspirin was associated with a potential decrease
in the occurrence of dementia, a finding not corroborated by randomized controlled trials
(RCTs). However, the available evidence was deemed insufficient to comprehensively
assess the impact of aspirin on cognitive function and dementia [55]. Recently, Cloud et al.,
revealed a notable rise in intracranial bleeding among individuals taking daily low-dose
aspirin, yet their findings did not show a significant decrease in ischemic stroke incidence.
Therefore, low-dose aspirin is not recommended in primary prevention. These results
could be explained by reverse causality or by a prescription bias effect.

Also, a higher percentage of patients with high MCI or DE were taking calcium
antagonists compared to patients with normal cognition. Hussain et al., in a meta-analysis
based on ten observational studies with a total of 75,239 patients, found that elderly
hypertensive patients who took calcium antagonists experienced a significant reduction of
30% in the risk of developing dementia [56]. In vitro data suggest that the use of calcium
antagonists may minimize the formation of amyloid beta peptide [57]. Our results in these
domains could be explained by reverse causality or by the prescription bias effect.

Chronic kidney disease (CKD) is one of the strongest risk factors for mild cognitive
impairment and dementia [58], and early cognitive impairment also emerges in the initial
stages of CKD and progresses alongside the decline in kidney function [59]. We report a
lower glomerular filtration rate (GFR) (calculated with MDR4IDMS formula and CKD-EPI
formula) for the DE group compared to the non-CI and MCI group. Although the exact
mechanism between CKD and CI is not fully understood, systemic hypertension, arte-
riosclerosis, uremic toxin-related pathways, and the increase in low-grade inflammation
and oxidative stress would be key factors in the brain-kidney relationship [58]. In this
study, we report that the urinary albumin/creatinine ratio significantly increases with
lower MoCA punctuation. It has been reported that albuminuria is independently asso-
ciated with incident cognitive impairment. In fact, urinary albumin/creatinine ratios of
30-299 and >300 mg/g were associated independently with 31% and 57% higher risks
of cognitive impairment, respectively, relative to individuals with albumin/creatinine
ratios lower than 10 mg/g [60]. Albuminuria is strongly correlated with the onset of cog-
nitive impairment, especially at higher estimated glomerular filtration rates (eGFR) [60].
Creatinine-based GFR estimates, like the CKD-EPI equation, often overestimate GFR in indi-
viduals with low muscle mass, potentially misclassifying kidney function in malnourished
individuals at higher risk of cognitive decline. Additionally, albuminuria with a high eGFR
may indicate glomerular hyperfiltration, linked to systemic microvascular abnormalities
that accelerate kidney and cognitive decline [60,61]. We also observed that decreases in
hemoglobin and albumin levels correlated with lower MoCA scores, reflecting the impact
of anemia and malnutrition in CKD on brain oxygenation and metabolism, exacerbating
cognitive impairment. Higher blood urea levels were also associated with lower cognitive
performance [58].

Lastly, we report a trend of higher FIB-4 values as HIS scores decreased. In terms of
pathogenesis, toxic, metabolic, or viral diseases result in hepatocyte damage and immune
cell infiltration, which triggers the activation of hepatic stellate cells (HSCs) to transform into
collagen-producing myofibroblasts [62]. The substitution of liver tissue by fibrotic tissue is
expected if the hepatic injury persists. We are the first ones to show HIS score decreases as
FIB-4 values, which could represent a marker of the progression of MAFLD to NASH.
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Our study has several limitations. First, the sample is small, and it is a cross-sectional
study from a single medical center; therefore, the findings presented here should be in-
terpreted with caution. Even though we found that age, FIB-4 score, calcium antagonist
use, antiaggregant use, hemoglobin, albumin blood levels of urea, creatinine, and albu-
min/creatinine ratio were associated with lower cognitive function, this does not prove
causality. We utilized the FIB-4 index to assess the likelihood of liver fibrosis, acknowl-
edging its potential for reduced specificity in certain scenarios. However, for the most
accurate diagnosis of liver fibrosis, liver biopsy remains the gold-standard diagnostic tool.
By including patients with cerebrovascular disease, we acknowledge the possibility of
cognitive impairment resulting from these events. However, our decision to not exclude
these patients was intended to enhance the ecological validity of our findings. It is impor-
tant to note that the influence of cerebrovascular disease on cognitive outcomes should
be considered when interpreting our results. Future studies may benefit from stratifying
patients based on the presence or absence of cerebrovascular disease to further clarify its
impact on cognitive function in T2DM populations.

Prospective multicentric longitudinal studies are needed to fully clarify how hepatic
fibrosis contributes to the genesis and progression of MCI to DE and to assess the possibility
that FIB-4 score may serve as biomarker to predict MCL

5. Conclusions

We demonstrate that liver fibrosis, but not liver steatosis, is associated with MCI
or dementia in older patients with T2DM. These findings have potentially important
clinical implications because FIB-4 score might be a simple biomarker for the detection of
cognitive impairment. A FIB-4 score greater than 1.54 in individuals older than 65 years
could be a useful tool for identifying individuals at high risk of cognitive impairment.
Antiaggregant use and age are also relevant factors associated with a worse cognitive
performance. Nevertheless, prospective studies are needed to establish the time sequence
in this relationship and clinically relevant findings.

Author Contributions: A.P,, PS., L. M. and EG.; methodology: P.S., LM. and EG.; software: A.P,, PS.,
I.G., LM. and P.C; validation: A.P,, PS.,, L. M. and EG,; formal analysis: A.P, PS.,, LM., M.I.T,, PA.,
AS., AEE. (Ana Espino), A.E. (Ana Estremera), E.R., GJ.A., M.R. and ].L.R,; investigation: P.S. and
L.M.; resources: A.P.,, L.M. and PS.; data curation: A.P.,, LM., A.O,,S.G., PC., 1.G.,, M.G.-E,, M.I.T.
and P.C.; writing—original draft preparation: A.P., LM., M.G.-F,, M.L.T. and P.C.; writing—review
and editing: A.P, PS.,, LM., M.L.T,, A.E. (Ana Espino), A.E. (Ana Estremera), M.G.-F,, ER., GJ.A.,
A.O,SG.,PC,MR,PA,AS. and J.L.R; visualization: P.S., L.M., A.P. and FE.G.; supervision: P.S,,
L.M. and FG,; project administration: P.S., L.M. and EG.; funding acquisition: P.S., L.M. and EG. All
authors have read and agreed to the published version of the manuscript.

Funding: This study was funded by the Instituto de Salud Carlos III through the project “PI120/0471"(co-
funded by the European Regional Development Fund /European Social Fund “A way to make Eu-
rope” /“Investing in your future”). P. Calvo is grateful to the Conselleria d’Educacid, Universitat i
Recerca of the Government of the Balearic Islands for the fellowship FPI_003_2020.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author due to privacy reasons.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Jeeyavudeen, M.S.; Khan, S.K.; Fouda, S.; Pappachan, ].M. Management of metabolic-associated fatty liver disease: The
diabetology perspective. World ]. Gastroenterol. 2023, 29, 126-143. [CrossRef] [PubMed]

2. Danaei, G.; Lu, Y; Singh, G.M.; Carnahan, E.; Stevens, G.A.; Cowan, M.J; Farzadfar, F; Lin, ].K,; Finucane, M.M.; Rao, M.; et al.
Cardiovascular disease, chronic kidney disease, and diabetes mortality burden of cardiometabolic risk factors from 1980 to 2010:
A comparative risk assessment. Lancet Diabetes Endocrinol. 2014, 2, 634-647. [CrossRef]


https://doi.org/10.3748/wjg.v29.i1.126
https://www.ncbi.nlm.nih.gov/pubmed/36683717
https://doi.org/10.1016/s2213-8587(14)70102-0

Biomedicines 2024, 12, 1993 14 of 16

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Chan, K.E; Koh, TJ.L.; Tang, A.S.P; Quek, J.; Yong, ].N.; Tay, P; Tan, D.J.H.; Lim, W.H,; Lin, S.Y.; Huang, D.; et al. Global
Prevalence and Clinical Characteristics of Metabolic-Associated Fatty Liver Disease: A Meta-Analysis and Systematic Review of
10 739 607 Individuals. J. Clin. Endocrinol. Metab. 2022, 107, 2691-2700. [CrossRef] [PubMed]

GBD 2016 Dementia Collaborators Global, Regional, and National Burden of Alzheimer’s Disease and Other Dementias,
1990-2016: A Systematic Analysis for the Global Burden of Disease Study 2016. Lancet Neurol. 2019, 18, 88-106. [CrossRef]
Livingston, G.; Huntley, J.; Sommerlad, A.; Ames, D.; Ballard, C.; Banerjee, S.; Brayne, C.; Burns, A.; Cohen-Mansfield, J.;
Cooper, C.; et al. Dementia Prevention, Intervention, and Care: 2020 Report of the Lancet Commission. Lancet 2020, 396, 413-446.
[CrossRef]

Albai, O.; Frandes, M.; Timar, R.; Roman, D.; Timar, B. Risk Factors for Developing Dementia in Type 2 Diabetes Mellitus Patients
with Mild Cognitive Impairment. Dis. Treat. 2019, 15, 167-175. [CrossRef]

George, E.S.; Sood, S.; Daly, RM.; Tan, S.-Y. Is there an association between non-alcoholic fatty liver disease and cognitive
function? A systematic review. BMC Geriatr. 2022, 22, 47. [CrossRef]

Kang, S.; Kim, E.; Cho, H.; Kim, D.J.; Kim, H.C.; Jung, S.J. Associations between non-alcoholic fatty liver disease and cognitive
impairment and the effect modification of inflammation. Sci. Rep. 2022, 12, 12614. [CrossRef]

Mohamed-Mohamed, H.; Garcia-Morales, V.; Lara, EIM.S.; Gonzélez-Acedo, A.; Pardo-Moreno, T.; Tovar-Galvez, M.1.; Melguizo-
Rodriguez, L.; Ramos-Rodriguez, ].J. Physiological Mechanisms Inherent to Diabetes Involved in the Development of Dementia:
Alzheimer’s Disease. Neurol. Int. 2023, 15, 1253-1272. [CrossRef]

Ninomiya, T. Epidemiological Evidence of the Relationship between Diabetes and Dementia. Adv. Exp. Med. Biol. 2019,
1128, 13-25. [CrossRef]

Bello-Chavolla, O.Y.; Antonio-Villa, N.E.; Vargas-Vazquez, A.; Avila-Funes, J.A.; Aguilar-Salinas, C.A. Pathophysiological
Mechanisms Linking Type 2 Diabetes and Dementia: Review of Evidence from Clinical, Translational and Epidemiological
Research. Curr. Diabetes Rev. 2019, 15, 456-470. [CrossRef] [PubMed]

Bharadwaj, P.; Wijesekara, N.; Liyanapathirana, M.; Newsholme, P,; Ittner, L.; Fraser, P.; Verdile, G. The Link between Type 2
Diabetes and Neurodegeneration: Roles for Amyloid-, Amylin, and Tau Proteins. ]. Alzheimers Dis. 2017, 59, 421-432. [CrossRef]
ElSayed, N.A.; Aleppo, G.; Aroda, V.R.; Bannuru, R.R.; Brown, EM.; Bruemmer, D.; Collins, B.S.; Hilliard, M.E.; Isaacs, D.;
Johnson, E.L.; et al. 13. Older Adults: Standards of Care in Diabetes-2023. Diabetes Care 2023, 46, S216-5229. [CrossRef]
National Institute on Aging. Assessing Cognitive Impairment in Older Patients: A Quick Guide for Health Care Professionals.
Available online: https://www.nia.nih.gov/health /health-care-professionals-information/assessing-cognitive-impairment-
older-patients (accessed on 2 January 2024).

Yaffe, K.; Falvey, C.; Hamilton, N.; Schwartz, A.V.; Simonsick, E.M.; Satterfield, S.; Cauley, J.A.; Rosano, C.; Launer, L.J;
Strotmeyer, E.S.; et al. Diabetes, Glucose Control, and 9-Year Cognitive Decline among Older Adults without Dementia.
Arch. Neurol. 2012, 69, 1170-1175. [CrossRef] [PubMed]

Kjeergaard, K.; Mikkelsen, A.C.D.; Wernberg, C.W.; Gronkjeer, L.L.; Eriksen, P.L.; Damholdt, M.F.; Mookerjee, R.P; Vilstrup, H.;
Lauridsen, M.M.; Thomsen, K.L. Cognitive Dysfunction in Non-Alcoholic Fatty Liver Disease—Current Knowledge, Mechanisms
and Perspectives. J. Clin. Med. 2021, 10, 673. [CrossRef] [PubMed]

Yki-Jarvinen, H. Non-Alcoholic Fatty Liver Disease as a Cause and a Consequence of Metabolic Syndrome. Lancet Diabetes Endocrinol.
2014, 2, 901-910. [CrossRef]

Elahy, M.; Jackaman, C.; Mamo, J.C.; Lam, V.; Dhaliwal, S.S.; Giles, C.; Nelson, D.; Takechi, R. Blood-brain barrier dysfunction
developed during normal aging is associated with inflammation and loss of tight junctions but not with leukocyte recruitment.
Immun. Ageing 2015, 12, 2. [CrossRef]

Wang, H.; Chen, F; Du, Y.-F; Long, Y.; Reed, M.N.; Hu, M.; Suppiramaniam, V.; Hong, H.; Tang, S.-S. Targeted Inhibition of RAGE
Reduces Amyloid-f Influx across the Blood-Brain Barrier and Improves Cognitive Deficits in Db/Db Mice. Neuropharmacology
2018, 131, 143-153. [CrossRef]

Wang, Y.-R.; Wang, Q.-H.; Zhang, T.; Liu, Y.-H.; Yao, X.-Q.; Zeng, F; Li, ].; Zhou, F-Y,; Wang, L.; Yan, J.-C.; et al. Associations
between Hepatic Functions and Plasma Amyloid-Beta Levels—Implications for the Capacity of Liver in Peripheral Amyloid-Beta
Clearance. Mol. Neurobiol. 2016, 54, 2338-2344. [CrossRef] [PubMed]

Lin, Y.-K,; Cai, X.-R.; Chen, ].-Z.; Hong, H.-J.; Tu, K.; Chen, Y.-L.; Du, Q. Non-alcoholic fatty liver disease causally affects the brain
cortical structure:A Mendelian randomization study. Front. Neurosci. 2024, 17, 1305624. [CrossRef]

Craft, S.; Watson, G.S. Insulin and Neurodegenerative Disease: Shared and Specific Mechanisms. Lancet Neurol. 2004, 3, 169-178.
[CrossRef]

Medina-Julio, D.; Ramirez-Mejia, M.M.; Cordova-Gallardo, J.; Peniche-Luna, E.; Canti-Brito, C.; Mendez-Sanchez, N. From Liver
to Brain: How MAFLD/MASLD Impacts Cognitive Function. Med. Sci. Monit. 2024, 30, €943417-13. [CrossRef]

Cheon, S.Y.; Song, ]. Novel Insights into Non-Alcoholic Fatty Liver Disease and Dementia: Insulin Resistance, Hyperammonemia,
Gut Dysbiosis, Vascular Impairment, and Inflammation. Cell Biosci. 2022, 12, 99. [CrossRef] [PubMed]

Pujol, A.; Sanchis, P.; Tamayo, M.I,; Nicolau, J.; Grases, E,; Espino, A.; Estremera, A.; Rigo, E.; Amengual, G.J.; Rodriguez, M.; et al.
Oral Phytate Supplementation on the Progression of Mild Cognitive Impairment, Brain Iron Deposition and Diabetic Retinopathy
in Patients with Type 2 Diabetes: A Concept Paper for a Randomized Double Blind Placebo Controlled Trial (the PHYND Trial).
Front. Endocrinol. 2024, 15, 1332237. [CrossRef]


https://doi.org/10.1210/clinem/dgac321
https://www.ncbi.nlm.nih.gov/pubmed/35587339
https://doi.org/10.1016/S1474-4422(18)30403-4
https://doi.org/10.1016/S0140-6736(20)30367-6
https://doi.org/10.2147/NDT.S189905
https://doi.org/10.1186/s12877-021-02721-w
https://doi.org/10.1038/s41598-022-16788-x
https://doi.org/10.3390/neurolint15040079
https://doi.org/10.1007/978-981-13-3540-2_2
https://doi.org/10.2174/1573399815666190129155654
https://www.ncbi.nlm.nih.gov/pubmed/30648514
https://doi.org/10.3233/JAD-161192
https://doi.org/10.2337/dc23-S013
https://www.nia.nih.gov/health/health-care-professionals-information/assessing-cognitive-impairment-older-patients
https://www.nia.nih.gov/health/health-care-professionals-information/assessing-cognitive-impairment-older-patients
https://doi.org/10.1001/archneurol.2012.1117
https://www.ncbi.nlm.nih.gov/pubmed/22710333
https://doi.org/10.3390/jcm10040673
https://www.ncbi.nlm.nih.gov/pubmed/33572481
https://doi.org/10.1016/S2213-8587(14)70032-4
https://doi.org/10.1186/s12979-015-0029-9
https://doi.org/10.1016/j.neuropharm.2017.12.026
https://doi.org/10.1007/s12035-016-9826-1
https://www.ncbi.nlm.nih.gov/pubmed/26957302
https://doi.org/10.3389/fnins.2023.1305624
https://doi.org/10.1016/S1474-4422(04)00681-7
https://doi.org/10.12659/MSM.943417
https://doi.org/10.1186/s13578-022-00836-0
https://www.ncbi.nlm.nih.gov/pubmed/35765060
https://doi.org/10.3389/fendo.2024.1332237

Biomedicines 2024, 12, 1993 15 of 16

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Milani, S.A.; Marsiske, M.; Cottler, L.B.; Chen, X.; Striley, C.W. Optimal Cutoffs for the Montreal Cognitive Assessment Vary by
Race and Ethnicity. Alzheimers Dement. 2018, 10, 773-781. [CrossRef] [PubMed]

American Diabetes Association. Diagnosis and Classification of Diabetes Mellitus. Diabetes Care 2014, 37 (Suppl. S1), S81-590.
[CrossRef]

Chobanian, A.V.; Bakris, G.L.; Black, H.R.; Cushman, W.C.; Green, L.A.; 1zzo, J.L.; Jones, D.W.; Materson, B.]J.; Oparil, S,;
Wright, ].T.; et al. Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure. Hypertension 2003, 42, 1206-1252. [CrossRef] [PubMed]

National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol
in Adults (Adult Treatment Panel IIT). Third Report of the National Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III) Final Report. Circulation
2002, 106, 3143-3421. [CrossRef]

Levey, A.S.; Eckardt, K.-U.; Tsukamoto, Y.; Levin, A.; Coresh, J.; Rossert, J.; Zeeuw, D.D.; Hostetter, T.H.; Lameire, N.; Eknoyan, G.
Definition and classification of chronic kidney disease: A position statement from Kidney Disease: Improving Global Outcomes
(KDIGO). Kidney Int. 2005, 67, 2089-2100. [CrossRef]

Solomon, S.D.; Chew, E.; Duh, E.J.; Sobrin, L.; Sun, ] K.; VanderBeek, B.L.; Wykoff, C.C.; Gardner, T.W. Diabetic Retinopathy: A
Position Statement by the American Diabetes Association. Diabetes Care 2017, 40, 412-418. [CrossRef]

ElSayed, N.A.; Aleppo, G.; Aroda, VR.; Bannuru, R.R,; Brown, EM.; Bruemmer, D.; Collins, B.S.; Cusi, K.; Hilliard, M.E,;
Isaacs, D.; et al. Addendum. 4. Comprehensive Medical Evaluation and Assessment of Comorbidities: Standards of Care in
Diabetes-2023. Diabetes Care 2023;46(Suppl. 1):549-567. Diabetes Care 2023, 46, 1718-1720. [CrossRef] [PubMed]

McPherson, S.; Hardy, T.; Dufour, J.-E; Petta, S.; Romero-Gomez, M.; Allison, M.; Oliveira, C.P; Francque, S.; Van Gaal, L.;
Schattenberg, ].M.; et al. Age as a Confounding Factor for the Accurate Non-Invasive Diagnosis of Advanced NAFLD Fibrosis.
Am. ]. Gastroenterol. 2017, 112, 740-751. [CrossRef]

Chalasani, N.; Younossi, Z.; Lavine, J.E.; Diehl, AM.; Brunt, EM.; Cusi, K.; Charlton, M.; Sanyal, A.]. The Diagnosis
and Management of Non-Alcoholic Fatty Liver Disease: Practice Guideline by the American Association for the Study of
Liver Diseases, American College of Gastroenterology, and the American Gastroenterological Association. Hepatology 2012,
55,2005-2023. [CrossRef]

Lee, ].-H.; Kim, D.; Kim, HJ.; Lee, C.-H.; Yang, ].I.; Kim, W.; Kim, Y.J.; Yoon, J.-H.; Cho, S.-H.; Sung, M.-W.; et al. Hepatic steatosis
index: A simple screening tool reflecting nonalcoholic fatty liver disease. Dig. Liver Dis. 2010, 42, 503-508. [CrossRef]

Scharre, D.W.; Chang, S.-I.; Murden, R.A.; Lamb, J.; Beversdorf, D.Q.; Kataki, M.; Nagaraja, H.N.; Bornstein, R.A. Self-
Administered Gerocognitive Examination (SAGE): A Brief Cognitive Assessment Instrument for Mild Cognitive Impairment
(MCI) and Early Dementia. Alzheimer Dis. Assoc. Disord. 2010, 24, 64-71. [CrossRef] [PubMed]

Seo, S.W.; Gottesman, R.F; Clark, ].M.; Hernaez, R.; Chang, Y,; Kim, C.; Ha, K.H.; Guallar, E.; Lazo, M. Nonalcoholic Fatty Liver
Disease Is Associated with Cognitive Function in Adults. Neurology 2016, 86, 1136-1142. [CrossRef]

Weinstein, A.A.; de Avila, L.; Paik, ]J.; Golabi, P.; Escheik, C.; Gerber, L.; Younossi, Z.M. Cognitive Performance in Individuals
with Non-Alcoholic Fatty Liver Disease and/or Type 2 Diabetes Mellitus. Psychosomatics 2018, 59, 567-574. [CrossRef] [PubMed]
Weinstein, G.; Davis-Plourde, K.; Himali, J.J.; Zelber-Sagi, S.; Beiser, A.S.; Seshadri, S. Non-alcoholic fatty liver disease, liver
fibrosis score and cognitive function in middle-aged adults: The Framingham Study. Liver Int. 2019, 39, 1713-1721. [CrossRef]
Williamson, R.M.; Price, ].E; Glancy, S.; Perry, E.; Nee, L.D.; Hayes, P.C.; Frier, B.M.; Van Look, L.A.E,; Johnston, G.I.; Reynolds,
R.M.; et al. Prevalence of and Risk Factors for Hepatic Steatosis and Nonalcoholic Fatty Liver Disease in People with Type 2
Diabetes: The Edinburgh Type 2 Diabetes Study. Diabetes Care 2011, 34, 1139-1144. [CrossRef]

Berg, E.v.D.; Dekker, ] M.; Nijpels, G.; Kessels, R.P,; Kappelle, L.]J.; de Haan, E.H.; Heine, R.J.; Stehouwer, C.D.; Biessels, G.J.
Cognitive Functioning in Elderly Persons with Type 2 Diabetes and Metabolic Syndrome: The Hoorn Study. Dement. Geriatr.
Cogn. Disord. 2008, 26, 261-269. [CrossRef]

Takahashi, A.; Kono, S.; Wada, A.; Oshima, S.; Abe, K.; Imaizumi, H.; Fujita, M.; Hayashi, M.; Okai, K.; Miura, I.; et al. Reduced
Brain Activity in Female Patients with Non-Alcoholic Fatty Liver Disease as Measured by near-Infrared Spectroscopy. PLoS ONE
2017, 12, e0174169. [CrossRef] [PubMed]

Tarter, R.E.; Hegedus, A.M.; Van Thiel, D.H.; Schade, R.R.; Gavaler, J.S.; Starzl, T.E. Nonalcoholic Cirrhosis Associated
with Neuropsychological Dysfunction in the Absence of Overt Evidence of Hepatic Encephalopathy. Gastroenterology 1984,
86, 1421-1427. [CrossRef] [PubMed]

You, Y; Liu, Z,; Chen, Y.; Xu, Y.; Qin, J.; Guo, S.; Huang, J.; Tao, J. The Prevalence of Mild Cognitive Impairment in Type 2 Diabetes
Mellitus Patients: A Systematic Review and Meta-Analysis. Acta Diabetol. 2021, 58, 671-685. [CrossRef]

Lopez-De-Andres, A.; Jimenez-Garcia, R.; Zamorano-Leon, J.J.; Omafia-Palanco, R.; Carabantes-Alarcon, D.; Hernandez-Barrera,
V.; De Miguel-Diez, J.; Cuadrado-Corrales, N. Prevalence of Dementia among Patients Hospitalized with Type 2 Diabetes Mellitus
in Spain, 2011-2020: Sex-Related Disparities and Impact of the COVID-19 Pandemic. Int. J. Environ. Res. Public Health 2023,
20, 4923. [CrossRef]

Zuniga, A M.O.; Simé, R.; Rodriguez-Goémez, O.; Hernandez, C.; Rodrigo, A.; Jamilis, L.; Campo, L.; Alegret, M.; Boada, M.;
Ciudin, A. Clinical Applicability of the Specific Risk Score of Dementia in Type 2 Diabetes in the Identification of Patients with
Early Cognitive Impairment: Results of the MOPEAD Study in Spain. . Clin. Med. 2020, 9, 2726. [CrossRef]


https://doi.org/10.1016/j.dadm.2018.09.003
https://www.ncbi.nlm.nih.gov/pubmed/30505927
https://doi.org/10.2337/dc14-s081
https://doi.org/10.1161/01.HYP.0000107251.49515.c2
https://www.ncbi.nlm.nih.gov/pubmed/14656957
https://doi.org/10.1161/circ.106.25.3143
https://doi.org/10.1111/j.1523-1755.2005.00365.x
https://doi.org/10.2337/dc16-2641
https://doi.org/10.2337/dc23-ad09
https://www.ncbi.nlm.nih.gov/pubmed/37356015
https://doi.org/10.1038/ajg.2016.453
https://doi.org/10.1002/hep.25762
https://doi.org/10.1016/j.dld.2009.08.002
https://doi.org/10.1097/WAD.0b013e3181b03277
https://www.ncbi.nlm.nih.gov/pubmed/20220323
https://doi.org/10.1212/WNL.0000000000002498
https://doi.org/10.1016/j.psym.2018.06.001
https://www.ncbi.nlm.nih.gov/pubmed/30086995
https://doi.org/10.1111/liv.14161
https://doi.org/10.2337/dc10-2229
https://doi.org/10.1159/000160959
https://doi.org/10.1371/journal.pone.0174169
https://www.ncbi.nlm.nih.gov/pubmed/28376101
https://doi.org/10.1016/S0016-5085(84)80154-7
https://www.ncbi.nlm.nih.gov/pubmed/6714571
https://doi.org/10.1007/s00592-020-01648-9
https://doi.org/10.3390/ijerph20064923
https://doi.org/10.3390/jcm9092726

Biomedicines 2024, 12, 1993 16 of 16

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Brito, D.V.C.; Esteves, F.; Rajado, A.T.; Silva, N.; ALFA score Consortium; Andrade, R.; Apoldnio, J.; Calado, S.; Faleiro, L.;
Matos, C.; et al. Assessing cognitive decline in the aging brain: Lessons from rodent and human studies. npj Aging 2023, 9, 23.
[CrossRef] [PubMed]

Anstey, K.J.; Cherbuin, N.; Budge, M.; Young, J. Body mass index in midlife and late-life as a risk factor for dementia: A
meta-analysis of prospective studies. Obes. Rev. 2011, 12, e426—-e437. [CrossRef]

Puzianowska-Kuznicka, M.; Kurylowicz, A.; Walkiewicz, D.; Borkowska, J.; Owczarz, M.; Olszanecka-Glinianowicz, M.;
Wieczorowska-Tobis, K.; Skalska, A.; Szybalska, A.; Mossakowska, M. Obesity Paradox in Caucasian Seniors: Results of the
PolSenior Study. J. Nutr. Health Aging 2019, 23, 796-804. [CrossRef]

Benito-Le6n, ].; Mitchell, A.J.; Hernandez-Gallego, ].; Bermejo-Pareja, F. Obesity and impaired cognitive functioning in the elderly:
A population-based cross-sectional study (NEDICES). Eur. ]. Neurol. 2013, 20, 899-e77. [CrossRef]

Gottesman, R.E; Rawlings, A.M.; Sharrett, A.R.; Albert, M.; Alonso, A.; Bandeen-Roche, K.; Coker, L.H.; Coresh, J.; Couper, D.].;
Griswold, M.E.; et al. Impact of Differential Attrition on the Association of Education with Cognitive Change Over 20 Years of
Follow-up: The ARIC Neurocognitive Study. Am. |. Epidemiol. 2014, 179, 956-966. [CrossRef]

Elias, PK; Elias, M.F.; D’Agostino, R.B.; Cupples, L.A.; Wilson, P.W.; Silbershatz, H.; Wolf, P.A. NIDDM and Blood Pressure as
Risk Factors for Poor Cognitive Performance. The Framingham Study. Diabetes Care 1997, 20, 1388-1395. [CrossRef] [PubMed]
Legdeur, N.; van der Lee, S.J.; de Wilde, M.; van der Lei, J.; Muller, M.; Maier, A.B.; Visser, PJ. The association of vascular disorders
with incident dementia in different age groups. Alzheimer’s Res. Ther. 2019, 11, 47. [CrossRef]

Patrono, C. The Multifaceted Clinical Readouts of Platelet Inhibition by Low-Dose Aspirin. . Am. Coll. Cardiol. 2015, 66, 74-85.
[CrossRef]

Li, H.; Li, W,; Zhang, X.; Ma, X.-C.; Zhang, R.-W. Aspirin Use on Incident Dementia and Mild Cognitive Decline: A Systematic
Review and Meta-Analysis. Front. Aging Neurosci. 2021, 12, 578071. [CrossRef] [PubMed]

Hussain, S.; Singh, A.; Rahman, S.O.; Habib, A.; Najmi, A K. Calcium channel blocker use reduces incident dementia risk in
elderly hypertensive patients: A meta-analysis of prospective studies. Neurosci. Lett. 2018, 671, 120-127. [CrossRef]

Lovell, M.A.; Abner, E.; Kryscio, R.; Xu, L.; Fister, S.X.; Lynn, B.C. Calcium Channel Blockers, Progression to Dementia, and
Effects on Amyloid Beta Peptide Production. Oxid. Med. Cell. Longev. 2015, 2015, 787805. [CrossRef] [PubMed]

Xie, Z.; Tong, S.; Chu, X.; Feng, T.; Geng, M. Chronic Kidney Disease and Cognitive Impairment: The Kidney-Brain Axis.
Kidney Dis. 2022, 8, 275-285. [CrossRef]

Hooper, S.R.; Gerson, A.C.; Butler, RW.; Gipson, D.S.; Mendley, S.R.; Lande, M.B.; Shinnar, S.; Wentz, A.; Matheson, M.;
Cox, C.; et al. Neurocognitive Functioning of Children and Adolescents with Mild-to-Moderate Chronic Kidney Disease. Clin. ].
Am. Soc. Nephrol. 2011, 6, 1824-1830. [CrossRef]

Tamura, M.K,; Muntner, P.; Wadley, V.; Cushman, M.; Zakai, N.A.; Bradbury, B.D.; Kissela, B.; Unverzagt, F; Howard, G.;
Warnock, D.; et al. Albuminuria, Kidney Function, and the Incidence of Cognitive Impairment Among Adults in the United
States. Am. . Kidney Dis. 2011, 58, 756-763. [CrossRef]

Pinto-Sietsma, S.-J.; Janssen, W.M.; Hillege, H.L.; Navis, G.; DE Zeeuw, D.; DE Jong, P.E. Urinary Albumin Excretion Is Associated
with Renal Functional Abnormalities in a Nondiabetic Population. J. Am. Soc. Nephrol. 2000, 11, 1882-1888. [CrossRef]
Roehlen, N.; Crouchet, E.; Baumert, T.F. Liver Fibrosis: Mechanistic Concepts and Therapeutic Perspectives. Cells 2020, 9, 875.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1038/s41514-023-00120-6
https://www.ncbi.nlm.nih.gov/pubmed/37857723
https://doi.org/10.1111/j.1467-789X.2010.00825.x
https://doi.org/10.1007/s12603-019-1257-z
https://doi.org/10.1111/ene.12083
https://doi.org/10.1093/aje/kwu020
https://doi.org/10.2337/diacare.20.9.1388
https://www.ncbi.nlm.nih.gov/pubmed/9283785
https://doi.org/10.1186/s13195-019-0496-x
https://doi.org/10.1016/j.jacc.2015.05.012
https://doi.org/10.3389/fnagi.2020.578071
https://www.ncbi.nlm.nih.gov/pubmed/33613260
https://doi.org/10.1016/j.neulet.2018.02.027
https://doi.org/10.1155/2015/787805
https://www.ncbi.nlm.nih.gov/pubmed/26221415
https://doi.org/10.1159/000524475
https://doi.org/10.2215/CJN.09751110
https://doi.org/10.1053/j.ajkd.2011.05.027
https://doi.org/10.1681/ASN.V11101882
https://doi.org/10.3390/cells9040875
https://www.ncbi.nlm.nih.gov/pubmed/32260126

	Introduction 
	Materials and Methods 
	Subjects and Design 
	Data Recollection 
	Clinical and Anthropometric Data 
	Laboratory Data 
	Diagnostic Assessment 
	Liver Fibrosis and Steatosis Risk Assessment 

	Defining Cognitive Performance as an Outcome Variable 
	Statistical Analysis 

	Results 
	Baseline Patient Characteristics 
	Laboratory Analysis Parameters 
	Fibrosis Score and Hepatoestatosis Index among MoCA Groups 
	Fibrosis Score and MoCA Subscales 
	Optimal Cut-off of Age and FIB-4 Values Associated with MCI or Dementia (vs. no-CI) in Patients with T2DM 
	Risk Factors Associated with MCI or Dementia 

	Discussion 
	Conclusions 
	References

